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What is a Nutrivore?

Nutrivore is a revolutionary yet simple dietary concept: Get all the nutrients our bodies need from the foods

we eat. That's it!

no o-tri-vor’

noun

A person who chooses foods to supply all the nutrients their body needs to thrive.

A diet predominantly comprised of nutrient-dense whole foods.

A radical yet simple idea: Get all the nutrients we need from the food we eat.

Nutrivore represents a completely new way to think about
foods. Instead of labeling foods as “good” or "bad", we look at

the overall quality of the whole diet.

The concept of Nutrivore is very simple: Choose foods such
that the total of all the nutrients contained within those
foods adds up throughout the day to meet or safely exceed
our daily requirements for the full complement of essential
and nonessential (but still very important) nutrients
required to fully meet our body's physiologic needs, without
consuming excess energy (i.e., while also staying within our

daily caloric requirements).

The easiest way to do this is to have the foundation of

the diet be a wide variety of nutrient-dense whole and
minimally-processed foods, including selections from all
of the nutritionally distinct food families. But, how do we
identify the most nutrient-dense options? That's where the

Nutrivore Score comes in!

What is the Nutrivore Score?

Simply put, the Nutrivore Score is an objective way to quantify the

nutrient-density of foods!

Nutrient density refers to the concentration of nutrients (mainly

vitamins and minerals, but also protein, fiber, phytonutrients, and other

micronutrients) per calorie of food. High nutrient-density foods supply

a wide range of nutrients (or alternatively, high levels of a specific,

important nutrient) relative to the calories they contain.

"The Nutrivore Score is a measurement of the total amount of

nutrients per calorie a food contains.”
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What Is a Good Nutrivore Score?

Any food with a Nutrivore Score over 150
contributes more nutrients than calories
to the diet but note that there is no cusp
below which a food is "bad” and above
which a food is “good”. In fact, there are
plenty of examples of foods with lower
scores that are still incredibly valuable
sources of nutrients. For example, cheese
has an average Nutrivore Score of 140
but is also the most concentrated food

source of calcium!

This example shows us that all foods lie

on a spectrum of nutrient density and the

Nutrivore Score is just one tool to help

identify good options. Overall, we want

to focus on whole and minimally-processed foods but it's also important to remember that we don't need to feel
guilty about eating a food that isn't particularly nutrient-dense. Instead, let's focus on celebrating any choice we

make that is nutrient focused.

Nutrivore Foundational Foods

The easiest path to Nutrivore is to have the foundation of the diet be a wide variety of nutrient-dense whole and
minimally-processed foods, including selections from all of the nutritionally-distinct food families, which I call
the Nutrivore foundational foods. We've covered all of these foods (and then some) in the previous four chapters;
so here, I will compile that information into one place while summarizing the scientific studies that provide us
with some guidance on how many servings of each Nutrivore foundational food family we need to support overall
health.

We use the term food family to denote a more granular approach to food groups. So, instead of the usual five food
groups (vegetables, fruit, dairy products, protein foods, and grains), I divide foods up into a few dozen categories
where each member is much more closely related nutritionally, such as cruciferous vegetables (a.k.a. the cabbage
family), mushrooms, shellfish, citrus fruits, and pulse legumes each as their own food family. You can view every
member of a food family as nutritionally interchangeable—swapping broccoli for Brussels sprouts, or lemons

for limes, or oysters for mussels, for example. I deem a food family to be nutritionally-distinct when it offers

nutrients that are difficult or impossible to get from other food families.

The Nutrivore foundational foods are really just those groups of foods that offer something special nutritionally,

because when it comes to food choices, the more different ones we make within food subgroups, the better.

S Nutrivore Foundational Foods



Nutrivore Foundational Foods

Foods benefit our health by supplying us with nutrients our bodies can use as biological constituents or for
biological processes. Foods that supply a wide range of important nutrients, or alternatively, a large amount of
a nutrient that's harder to get, quantitatively improve health, for example, by reducing risk of chronic disease.
When determining which foods form the foundation of Nutrivore, we first look at what nutrients those foods
contain that are hard or impossible to get from other sources. Then we look at the vast variety of studies
evaluating how varying intake levels of those foods impact health outcomes, the most relevant of which is
all-cause mortality, but also cardiovascular disease and risk factors, cancer prevention, risk of developing and

worsening type 2 diabetes, and risk of neurodegenerative disease.

THE NUTRITIONALLY-DISTINCT NUTRIVORE
FOUNDATIONAL FOODS ARE:

vegetables in general cruciferous vegetables root vegetables leafy vegetables
(the cabbage family)
mushrooms alliums (the onion family) fruit in general citrus fruits
berries pulse legumes nuts and seeds seafood

These food families each have something uniquely beneficial to offer us and we maximize both our nutrient

density and health benefits when we focus on these foods as the foundation of our diet.

But this does not mean these are the only foods to eat on Nutrivore; it just means that getting all of the nutrients
your body needs from the foods you eat will be easiest when you prioritize these foods in your diet. You can
then round out your diet with whatever other foods you choose. There are plenty of other food families with

nutritional merit, they just aren't so amazing to be elevated to foundational food status.

Let's review the 12 Nutrivore foundational food families and the nutrients they deliver that earn them this status!

Nutrivore Foundational Foods



Vegetables

Vegetables are rich sources of diverse fiber types, a vast array
of phytonutrients, vitamin C, vitamin K, manganese and cop-
per, with many also being abundant in B-vitamins (especially

B1, B5, B6, biotin and folate), potassium, and magnesium.

In general, aim for at least five servings of vegetables, and as

much as you want above that amount. A serving is one cup for

most raw vegetables and two cups for raw leafy veggies. Most

vegetables will shrink to half a cup when cooked. You don't

need to weigh or measure your veggie servings—approxima-

tions are just fine. And yes, your servings of cruciferous vegeta-

bles, root vegetables, leafy vegetables, mushrooms and alliums also count towards your five-plus servings of

total vegetables.

If eating five or more servings of veggies feels intimidating, you're not alone! In fact, the average vegetable
consumption is a mere 1.64 cup equivalents of vegetables per day, which is about one third of optimal intake.
What's important to know is that every bit counts—you'll get way more health bang for your veggie serving
buck going from zero to some than you will from going to quite a lot to even more—so it's okay to work up to

that intake slowly over time.

Note that Nutrivore uses the culinary definition of a vegetable (i.e., savory applications in the kitchen) rather
than the botanical definition (i.e., any plant part not derived from the ovary of a plant) because the culinary
definitions better align with the nutrient profiles. So yes, you can think of tomatoes, cucumber, okra and avo-

cadoes all as vegetables!

Select from as many different vegetable families as possible. In addition to the foundational food families

specified below (cruciferous vegetables, alliums, mushrooms, root vegetables and leafy vegetables), other

veggie families include:

» nightshades (e.g., tomatoes, e seavegetables (e.g., kom- o edible-podded legumes (e.g.,
peppers, potatoes, eggplant bu, kelp, nori kelp, arame, snap peas, green beans, snow
and chilis) wakame) peas)

e beet family (e.g. beets, chard, ¢ thistle family (e.g., artichoke e summer squash (e.g., zucchini
amaranth, dragon fruit and and cardoons) and pattypan squash)
prickly pear) o ginger family (e.g. ginger, o other veggies (e.g. asparagus,

e parsley family (e.g., parsley, turmeric, and galangal) fiddleheads, sea beans,
carrots, celery, fennel, dill, avocados, and olives)

parsnips, and cilantro)

Nutrivore Foundational Foods



Cruciferous Vegetables
(The Cabbage Family)

Members of the cruciferous veggie family—Ilike broccol,
Brussels sprouts, cabbage, and turnips—tend to be high in
beneficial fiber types, vitamin C, vitamin K, biotin, folate,
manganese, carotenoids, and polyphenols; but the super
special nutrients they contain that elevate them to foundation-

al foods status are glucosinolates.

The scientific literature makes a strong case for aiming for one
serving of cruciferous vegetables daily—two is even better! A
serving is one cup measured raw, and two cups for leafy cruciferous veggies like kale. Most cruciferous veg-

gies will shrink to about half a cup when cooked.

Examples of cruciferous vegetables include:

e arugula ¢ Chinese broccoli e mizuna

e bok choy e collard greens e mustard
e broccoli o daikon o radish

e Brussels sprouts e horseradish e rutabaga
e cabbage o kale e tatsoi

o cauliflower e kohlrabi

Leafy Vegetables

Nutritionally, leafy greens have diverse nutrient profiles, but
they all tend to be high in beneficial fiber types, folate, man-
ganese, magnesium, carotenoids, polyphenols and vitamin K.
While we technically can get all of these nutrients from other
vegetables, leafy vegetables are our best sources, packing a ton
of nutrients into a very low-calorie package, which is why they

turn up as protective again and again in scientific studies.

Scientific studies make a strong case for a serving of leafy veg-
etables every day, and two servings daily would be even better! A serving is two cups measured raw, which

shrinks to a third to half a cup when cooked.

Nutrivore Foundational Foods



Examples of leafy vegetables include:

o amaranth greens o Lkale e radicchio

e arugula e komatsuna e sorrel

e beet greens e lettuce e spinach

e chard e microgreens e sprouts

e collard greens e mizuna o sweet potato leaves
e cress e mustard greens e watercress

e dandelion e pealeaves

e endive e purslane

Root Vegetables

Root vegetables are any underground plant part consumed as

vegetables, though not all of them are “true” roots.

Botanically, bulbs like onions, corms like taro, rhizomes like

ginger, and tubers like potatoes aren't actually roots, but in

the Nutrivore and culinary worlds, they all count! Even winter

squash, which are botanically fruit, are included in the root vege-

table family because they are nutritionally and culinarily similar.

Root vegetables tend to be rich in slow-burning carbohydrates,

beneficial fiber types, B-vitamins (other than vitamin B12) and minerals, most notably copper, magnesium,

manganese, phosphorus and potassium.

Scientific research makes a strong case for eating at least one serving of root vegetables daily. A serving of

root vegetables is one cup, chopped and measured raw, which shrinks to about half a cup when cooked.

Examples of root vegetables include:

e acornsquash e celeriac o kabocha squash o spaghetti squash
e arrowroot o daikon e lotusroot sweet potato

e bamboo shoot e delicata squash e parsnip taro

e beetroot e ginger e potato tiger nut

e butternut squash e Hubbard squash e pumpkin turnip

e carrot o Jerusalem artichoke e radish water chestnut

e cassava (akatapioca, e jicama e rutabaga yam

yuca)

Nutrivore Foundational Foods



Alliums (The Onion Family)

The onion family, also known as alliums, includes hundreds of
different species belonging to the genus Allium, although the ones
we're most likely to see on a dinner plate are onions, garlic, leeks,
chives, scallions, and shallots. Nutritionally, alliums tend to be
excellent sources of beneficial fiber types, vitamin B6, folate, vita-
min C, vitamin K, manganese, potassium, copper, and iron. What's
more, alliums boast a number of important phytonutrients—most
notably their thiosulfinates which is the special thing they have
that elevates them to foundational food status, but also carotenoids

and polyphenols.

A strong case can be made based on the current scientific evidence for aiming for three servings of alliums per
week, and a serving per day would be even better. A serving of garlic is one tablespoon, or about three cloves.
A serving of chives is a quarter cup, chopped. A serving of all other alliums is one cup, chopped, measured raw,

which shrinks to about half cup when cooked.

Examples of alliums include:

+  chives «  leek +  spring onion

+ elephant garlic + onion + shallot

« garlic » scallion ¢ Tramp
Mushrooms

Mushrooms aren't just superbly nutrient-dense, they also contain
unique fiber types and phytonutrients that support our health in
many ways but that we can't get in any other food; plus they are by
far our best source of ergothioneine (also known as the longevity
vitamin)! Mushrooms earn their foundational food status in multi-

ple ways!

Scientific studies show that even a serving of mushrooms per

week is beneficial, but from an ergothioneine perspective, aiming

for three servings per week is a better target to get the longevity

benefits of the longevity vitamin! Of course, there's no maximum

amount of mushrooms to eat, so if you want to eat a serving or even two daily, go for it! A serving is one cup mea-

sured raw, and most mushrooms will shrink to about half cup when cooked.
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Examples of mushrooms include:

boletus
button mushroom
chanterelle

cremini

Fruits

lion's mane
maitake
morel

oyster mushroom

Fruit are rich sources of diverse fiber types and a vast array of

phytonutrients—complementary to those in vegetables—in

addition to vitamin C and copper, with many also being a good

source of B-vitamins (especially B1, B2, B5, B6, biotin and folate),

vitamin K, manganese, magnesium, and potassium.

In general, aim for two or three servings of fruit per day. It's okay
to eat more fruit than that, but this is the sweet spot for the most
health benefit. A serving is one cup for raw fruits. Most fruits will

shrink to about half a cup when cooked. And yes, your servings of

citrus and berries also count towards total fruit.

« portobello
- shiitake
«  white mushroom

- wood ear mushroom

Select from as many different fruit families as possible. In addition to the foundational food families specified

below (citrus fruit and berries), other fruit families include:

Citrus fruits offer a wide array of vitamins and minerals, but they're

apple family (e.g., apples, pear,

and quince)

stone fruit (e.g., peaches,

nectarines, plums and cherries)

Citrus

melons (e.g., watermelon,

honeydew, cantaloupe, and

casaba melon)

tropical and subtropical fruit
(e.g., mango, banana, kiwi,

pineapple, and pomegranate)

most valuable for their highly bioavailable vitamin C,

carotenoids, polyphenols and beneficial fiber types—the combina-
tion of flavonoids, pectin fiber, and vitamin C is what elevates citrus

fruits to foundational food status.

A strong case can be made based on the current scientific research
for aiming for three servings per week of citrus fruits, and up to a

serving or even two per day. A serving is one cup, raw, or a medium

sized fruit.

1"

«  other fruit (e.g., grapes,

pawpaw, persimmon)
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Examples of citrus fruits include:

+  blood orange «  kaffir lime + mandarin

« Buddha's hand «  keylime +  Meyer lemon

« citron +  kumquat e orange

+ clementine « lemon +  pomelo

« grapefruit « lime - tangerine
Berries

Nutritionally, berries truly stand out among the fruits thanks to
their awesome polyphenol content, especially anthocyanins, which
is how they earn foundational food status. They tend to be partic-
ularly high in vitamin C (especially strawberries, supplying 141% of
the daily value per cup!), beneficial fiber types, manganese, and in

some cases vitamin K, and other vitamins and minerals.

In general, eating two or more servings of berries per week is great

for overall health, but again, there's no limit to the benefits of ber-

ries! A serving is one cup, measured raw.

Examples of berries include:

+ agai « elderberry «  mulberry

«  blackberry + goji +  muscadine

+  blueberry « gooseberry «  Oregon grape
« cloudberry «  huckleberry « raspberry

« cranberry « lingonberry « salmonberry
+ currant + loganberry « strawberry

Pulse Legumes

In epidemiological studies, consumption of legumes is frequently as-
sociated with better health and greater longevity. This is attributable
to their amazing nutrient-density. Pulse legumes—Iike lentils, chick-
peas, soybeans and black beans—are an extremely concentrated
source of beneficial fiber types that are known to increase the growth
of probiotic bacteria in our guts, which is how they earn foundational
food status. Plus, they're typically great sources of vitamin B1, vita-
min B2, vitamin B6, biotin, folate, copper, iron, magnesium, manga-
nese, phosphorous, potassium, selenium and zinc! They contain a

good amount of protein and typically are very high in polyphenols.

12 Nutrivore Foundational Foods



All in all, even a serving or two per week of pulse legumes—Ilike lentils, chickpeas, soybeans and black beans—is

going to deliver health benefit, but the preponderance of scientific evidence supports four servings per week as

a great goal for optimal health. Of course, there's no maximum amount of legumes, so you can eat them up to

every meal if you like! A serving of whole pulse legumes is half a cup cooked, which is the equivalent of one ounce

(or about one fifth of a cup) for raw, dried pulse-legumes (like dried beans or lentils). A serving of tofu, tempeh or

natto is a quarter cup.

Examples of pulse legumes include:

+ black bean +  Great Northern bean
+ black-eyed pea « kidneybean

«  chickpea « lentil

+ common bean « limabean

« cranberry bean « navybean

« favabean + mung bean

Nuts and Seeds

Nuts are some of the most nutritious, whole-food healthy fat
sources out there! They tend to be our best food sources of vita-
min E, plus contain beneficial fiber types, alpha-linolenic acid, and
monounsaturated fats, the collection of which grants nuts and
seeds foundational food status. They are also usually good sources
of copper, magnesium, manganese, vitamin B, biotin, folate, poly-

phenols and phytosterols (which lower cholesterol).

It really doesn't take much to see impressive health benefits with
nuts and seeds, just three 1-ounce servings per week are associat-

ed with huge effects in scientific studies. One ounce (28 grams) of

«  peas (split)

e peanut

- pigeon pea

«  pinto bean

+ runner bean

« soybean

nuts and seeds translates to about a quarter cup if they're whole or chopped, and to two tablespoons for nut and

seed butters. Importantly, more is not better with nuts and seeds—studies show that benefits cap out at about an

ounce per day.

Examples of nuts and seeds include:

+ almonds » hazelnut

« Brazilnut +  hemp

« cashew » macadamia nut
+ chia . pecan

« coconut e pinenut

« flax . pistachio

13

poppy
pumpkin
sesame
sunflower seed

walnut
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Seafood

Seafood is our best source of long-chain omega-3 fatty acids by a

mile, solidifying foundational food status, but that's not all! Fish is

a great source of vitamins B1, B2, B3, B6, B9, B12 and E, zinc, phos-

phorus, magnesium, iron, copper, potassium and selenium, with

oily cold-water fish also providing substantial amounts of vitamin

A and vitamin D. Fish with bones remaining, such as canned salm-

on and sardines, are the best dietary sources of calcium in the food

supply. And marine fish are an excellent dietary source of iodine.

And, shellfish are extremely rich sources of vitamin B12, zinc,

copper and selenium while also providing impressive amounts of

vitamin A, vitamin C, vitamin D, iron, copper, calcium, phosphorus,

potassium, magnesium, manganese, iodine and selenium. Shellfish also contain smaller but still notable amounts
of vitamins B1, B2, B3, Bs, B6, and B9, while also providing dozens of trace minerals. Fish and shellfish are typical-

ly, but not always, combined in scientific studies.

Scientific studies make a compelling case for aiming for at least three servings of seafood per week, and up to ev-
ery meal. A serving of seafood is four ounces (115 grams) raw, or about three ounces cooked, about the same size

as your palm.

Examples of seafood include:

« anchovy «  herring + sardine
+ bass « lobster « scallop

« catfish «  mackerel «  shrimp
+ clam «  mahi mahi +  snapper
+ cod « mussel « squid

« crab » octopus - tilapia

« crawfish » oyster + trout

+ hake + prawn + tuna

+ halibut + salmon

Honorable Mentions

It's worth highlighting a few additional food families with impressive health and nutritional benefits, but which
are more nutritionally interchangeable than the Nutrivore foundational foods. You can think of these foods as a
bonus if you're looking to up the ante on nutrient density. The honorable mentions of food families are: herbs and

spices; olives, avocados and their oils; sea vegetables; fermented foods; tea; broth; and organ meats.
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Beyond boosting the flavor of your dish, HERBS and SPICE S

are concentrated food sources of antioxidant phytonutrients. The
health benefits we can glean from herbs and spices are as varied

as their distinctive tastes. A good goal is to consume at least one
teaspoon of a mix of dried herbs and spices, equivalent to one table-

spoon fresh, each day.

OLIVES, AVOCADQOS, and THEIR OILS are our best foods
sources of oleic acid and are also rich in polyphenols and vitamin
E. A serving of olive or avocado oil is one tablespoon, and a serving
of olives or avocado is % cup, whole or sliced for olives, sliced or

mashed for avocado. A good goal is to aim for one or two servings of olives, avocados, or their oils daily.

SEA VEGETABLES deliver unique fiber types, special carotenoids, and 10 times more trace minerals than
terrestrial plants. A serving of fresh or rehydrated seaweed is 1 cup (about 15 grams), whereas a serving is §
grams for dried sea vegetables and 3 grams for sheets (like nori wraps; one of which weighs about 3 grams). A

good goal is to aim for at least two servings per week, and up to a serving daily.

FERMENTED FOQODS, especially raw and unpasteurized, are great sources of probiotics and postbiotics.
Some fermented condiments like fish sauce and soy sauce are pasteurized so, while these are great choices, they
don't provide all the goodness of other fermented foods. The same is true for vinegar brine-pickled vegetables
and eggs, lactofermented meats like salami, and sourdough bread—since heat is involved, you're missing out on
live probiotics. There isn't a specific daily recommended intake for probiotics, but every little bit counts! A great

goal is to eat some fermented foods every day.

TE A —especially white, green, oolong, black and pu'er teas—are concentrated sources of polyphenols, including
catechins. A variety of clinical trials show that drinking two or three cups per day reduces cardiovascular disease
risk, reduces risk of some forms of cancer, improves bone mineral density, reduces risk of type 2 diabetes, and re-
duces risk of depression! Herbal teas vary in their phytonutrient content, and aren't as well studied, but are also

good choices. A good goal is to drink two or more 8-ounce cups of tea daily.

BROTH OR STOCK —especially when made from the highest collagen tissues like beef marrow bones,
chicken feet or fish heads, and long-simmered—is a great source of collagen protein. In addition to improving
joint health, collagen improves the appearance of aging skin (including increasing elasticity and moisture, and
decreasing fine lines and wrinkles), bone mineral density in menopausal females, and can increase muscle mass
and strength in young and old alike. Most studies of collagen consumption show benefits at 10 to 20 grams daily,

which is about what you get in once cup of broth.

ORGAN MEAT, like liver, kidney and heart, delivers more nutrition per calorie and per serving than just about
any other protein foods—mollusks like oysters, mussels and clams are also impressively nutrient dense. Liver

and kidney tend to be very high in vitamin A, all of the B vitamins, choline, copper, iron, selenium, zinc and coen-
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zyme Q10. (Coenzyme Q10 is a vitaminlike compound with incredi-
ble benefits for human health, including helping to treat or prevent
cardiovascular disease, type 2 diabetes, neurological diseases, gum
disease, infertility, migraine, and some cancers.) Even though heart
isn't quite as vitamin- and mineral-rich as liver and kidney, it's the
single best food source of coenzyme Q10, containing about four
times more than liver or kidney. These are exactly the type of im-
pressively nutritious food that earns more room for quality-of-life
foods. A serving is 3.5 ounces (100 grams), measured raw, or about 3
ounces cooked, which can be approximated to the size of your palm.
A good goal is to eat 3 to 5 servings of organ meat per week, but any

amount is a nutritional win.

Incorporating any or all of the above foods into your diet is a health boon, by upping your intake of beneficial

nutrients.
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Introduction to Vegetables

No broad category of food says "nutritional powerhouse”
quite like vegetables do! From their dazzling array of phy-
tonutrients, to their outstanding variety of vitamins and
minerals, to their high content of gut-health-boosting fiber,
veggies have a well-earned reputation for being some of the

healthiest foods we can eat.

In fact, vegetables have a unique combination of features
that pushes them to the top of the health scoreboard. In

particular, they're among our very best sources of:

- PHYTONUTRIENTS. Plants produce a variety of
biologically active compounds needed for their growth,
reproduction, and defense (including against patho-
gens, predators, and other plants). We refer to these
compounds as “phytonutrients"—and while they serve
important purposes for plants, they also impart a num-
ber of health benefits for humans! The phytonutrients
concentrated in vegetables have been shown to benefit nearly every area of health: reducing the risk
of cardiovascular disease and cancer, serving as antioxidants, lowering inflammation, reducing type 2
diabetes risk, promoting healthy blood pressure, lowering blood lipids, and even reducing overall mor-

tality. Wow!

- FIBER AND PREBIOTIC CARBOHYDRATES. As plant components, vegetables provide a
number of different types of carbohydrate with numerous benefits for gut health (including promoting
regularity, maintaining the gut microbiota, and reducing the risk of several chronic diseases!),

including:
. CELLULOSE (the main component of plant cell walls)
- HEMICELLULOSE (another common component of plant cell walls)
- PECTIN (a water-soluble and highly fermentable fiber)
« LIGNIN (a type of fiber with lots of branches made of chemicals called phenols)
« CHITIN (a fiber similar to cellulose, found abundantly in mushrooms)
« CHITOSAN (a highly fermentable fiber similar to chitin)
- GUMS (a diverse group of fibers that plants secrete when they are damaged)
- BETA-GLUCANS (viscous, fermentable fibers closely related to gums)

- MUCILAGES (soluble fibers rich in the simple sugars xylose, arabinose, and rhamnose)
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- FRUCTANS (fructose-rich soluble and highly fermentable fibers)

« RESISTANT STARCH (an insoluble but highly fermentable carbohydrate that plays a major
role in generating short-chain fatty acids by gut bacteria)

- MICRONUTRIENTS. On a per-calorie basis, it's hard to beat veggies in terms of micronutrient con-
tent! This food group delivers an enormous range of vitamins and minerals, with different vegetables
serving as rockstars in their own unique way here: some boasting high levels of vitamin C, others shin-
ing in the vitamin Bg (folate) department, others providing abundant vitamin K. (This makes it extra

important to “eat the rainbow"!)

Given their generous contributions of health-promoting compounds, it couldn't come as a surprise that

science supports a high consumption of these foods!

Nutrivore Foundational Foods
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What Counts as a Vegetable?

For the sake of defining the “vegetable” group, this category includes any part of a plant that we eat for
food—with the exception of sweet fruits and seeds. And while technically not a plant, fungi (mushrooms)

and algae (seaweeds) are also included here!

Many vegetables fall into one of five sub-categories, united either by their botanical family or their nutri-

tional similarities:
- ALLIUMS (including chives, garlic, green onion, leek, onion, ramps, scallion, shallots, and spring onion)

- CRUCIFERQUS VEGETABLES (including cabbage, cauliflower, broccoli, turnips, Brussels
sprouts, collard greens, kohlrabi, gai lan, kale, bok choy, rapini, horseradish, daikon, rutabaga, radish,

mustard greens, watercress, and garden cress)

- LEAFY VEGETABLES (including lettuces, endive, escarole, frisee, radicchio, Swiss chard,
spinach, lambsquarters, beet greens, amaranth greens, celery, cilantro, dill, fennel, hogweed, lovage,
parsley, leafy cruciferous veggies like arugula, bok choy, collard greens, kale, mustard greens,
cabbage, watercress, and garden cress, and herbs like basil, lavender, lemon balm, peppermint, sage,

spearmint, and tarragon)

« MUSHROOMS (including the common mushroom, shiitake, oyster, enoki, maitake, cremini,

portabella, puffballs, boletus, chanterelles, truffles, and morels)

- ROOT VEGETABLES (including beets, carrots, cassava, celery root, jicama, parsnips, potatoes,

sweet potatoes, taro, and yams)

As vegetable sub-groups, the above categories tend to have some shared nutritional features (and
subsequently, generalizable health benefits). Alliums, for example, are rich in thiosulfinates—a class of
sulfur-containing compounds that exhibit powerful anticancer properties, as well as antioxidant, anti-
inflammatory, and anti-clotting effects. Cruciferous vegetables are known for their glucosinolates, which
break down into isothiocyanates after the plant cells get damaged—in turn delivering significant anti-
cancer, anti-diabetic, cardioprotective, antimicrobial, antioxidant, and neuroprotective effects. Leafy
vegetables are famous for their cancer-fighting chlorophyll and fiber, while mushrooms contain a high
content of ergothioneine—a non-proteinogenic amino acid with powerful antioxidant, anti-inflammatory,
and detoxification properties, shown to combat diseases associated with aging and oxidative stress (in fact,
it's known as the "longevity vitamin!"). Meanwhile, root vegetables provide us with prebiotic carbohydrates
(including resistant starch, inulin, fructooligosaccharides, and pectin) that beneficially modulate our gut

microbiota.

However, plenty of veggies exist outside these sub-groups! Some botanical families provide us with only a
few vegetables each that we commonly eat—such as the nightshade family, parsley family, Cucurbitaceae
(gourd) family, and thistle family, to name a few. This group of misfits is the "other vegetable” category, and

very much deserves a tour of its own! (We'll get to that shortly.)
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The Health Benefits of
Vegetables

Across the board, there's huge benefits to be had for eating
more vegetables! Including more veggies in our diet has
been linked to lower risk of overall mortality, improved
cardiovascular health, reduced risk of type 2 diabetes, pro-
tection against numerous cancer types, better gut health,
better metabolic health and body composition, reduced
risk of depression, better bone health, and more. Here's a

rundown of what the research shows!

Vegetables and All-
Cause Mortality

Vegetables have been shown to reduce the
risk of death from all causes—meaning
they promote longevity. For example, a
2014 meta-analysis showed that just three
servings of vegetables per day reduced all-cause mortality

risk by 25%)!

Vegetables and Cardiovascular Disease

Vegetables offer enormous protection for cardiovascular health, including heart disease
and stroke! A 2022 meta-analysis showed that compared to eating no vegetables,
consuming four or five servings daily reduced the risk of ischemic stroke by 23.2%,
hemorrhagic stroke by 15.9%, and ischemic heart disease by 22.9%. A 2023 longitudinal
study also found that among women (but not men), consuming 326 to 398 g of vegetables daily was

associated with a 40% lower risk of stroke, compared to the lowest quintile of intake (0 to 212 g daily).

A 2017 systematic review and meta-analysis similarly showed that high versus low intake of vegetables was
associated with an 11% reduction in cardiovascular disease risk. In a dose-response analysis of the data,
every 200 g increase in daily vegetable intake corresponded with a 13% drop in stroke risk and 16% drop in

coronary heart disease risk!

Vegetables and Type 2 Diabetes

Vegetables are strongly supportive of metabolic health, and can even reduce the risk of
type 2 diabetes. A 2022 meta-analysis showed that compared to eating no vegetables,
consuming four or five servings daily reduced the risk of type 2 diabetes by 26.1%!
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Vegetables and Cancer

Vegetables are protective against both overall cancer risk, and a variety of individual

cancer types!

When it comes to overall cancer protection, a 2017 systematic review and dose-response meta-analysis of
prospective studies found that high versus low intake of vegetables was associated with a 5% reduction in
total cancer risk. Similarly, every 200 g increase in daily vegetable intake corresponded with a 4% drop in

cancer risk!

And, let's not forget about variety! A 2004 prospective study found that over the course of 10 years, greater

variety in vegetable intake was associated with a 36% lower risk of cancer.

- Breast Cancer: In a 2021 systematic review and meta-analysis of prospective studies,

higher total vegetable consumption was associated with 27% lower risk of ER-/PR- breast cancer.

- Lung Cancer: A 2016 systematic review and meta-analysis of prospective studies found
that compared to people with the lowest intake of vegetables, those with the highest intakes had
an 8% lower risk of developing lung cancer. Likewise, for every 100 g increase in daily vegetable

intake, lung cancer risk dropped by 6%!

A 2019 meta-analysis looked at the data based on smoking status, and found that vegetable
consumption was associated with a 13% lower risk of lung cancer among current smokers,
specifically. What's more, every 100 g increase in vegetable intake was associated with a 3% lower

risk of lung cancer among this population.

. Head and Neck Cancer: Beyond just incidence, vegetables could protect against
death from some cancer types! A 2020 systematic review and meta-analysis of cohort studies
found that among head and neck cancer patients, a high vegetable intake prior to diagnosis was

associated with a 25% lower risk of death.

. Ovarian Cancer: Similar to head and neck cancers, a 2020 systematic review and meta-
analysis of cohort studies found that among ovarian cancer patients, a high vegetable intake

prior to diagnosis was associated with a 22% lower risk of death.

. Bilia ry (Bile Duct) Cancer: A 2021 meta-analysis of 14 studies found that participants
with the highest versus lowest intake of vegetables had a 52% lower risk of biliary cancer. In a
dose-response analysis, every 100 g increase in daily vegetable intake was associated with a 69%

reduction in cancer risk!

. Gastric (Stomach) Cancer: A 2020 pooled analysis of 25 studies found that a
higher versus lower intake of vegetables was associated with a 32% lower risk of gastric cancer.

Similarly, consuming 10 portions of vegetables each day was associated with a 49% lower risk!
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Bladder Cancer: In a 2021 international study of over half a million participants,
women in the highest versus lowest tertile of vegetable intake had a 21% lower risk of bladder

cancer. However, no significant relationship was found for men.

Likewise, in a 2015 meta-analysis of 27 studies (12 cohort and 15 case-control studies), the
highest versus lowest category of vegetable intake was associated with a 16% lower risk of this
cancer; what's more, every 200 g daily increase in vegetable intake was associated with an 8%

drop in risk.

Esophageal Cancer

A 2022 meta-analysis found that compared to eating no vegetables, consuming four or five
servings daily reduced the risk of esophageal cancer by 28.5%!

Glioma

Vegetables could help protect against a relatively rare brain cancer called glioma. A 2022
meta-analysis of 33 observational studies found that compared with the lowest intakes, the

highest intakes of total vegetables was associated with a 16% reduction in glioma risk.
Endometrial Cancer

A 2023 meta-analysis of 27 observational studies found that the highest versus lowest
category of vegetable intake was associated with a 24% lower risk of endometrial cancer.

Liver Cancer

A 2019 meta-analysis of prospective cohort studies found that higher vegetable intake was
associated with a 39% reduction in liver cancer risk. For men specifically, the risk reduction
was 50%! Likewise, with every 100 g per day increase in vegetable intake, liver cancer risk

dropped by 4%.

Colorectal Cancer

A 2017 case-control study found that among men, a high total intake of vegetables reduced the

risk of colorectal cancer by 52%; for women, the risk reduction was 63%!

Vegetables and Inflammatory Bowel Disease

Vegetables could help protect against inflammatory bowel diseases. A 2021 systematic
review and meta-analysis found that high intakes of vegetables were associated with a

44% lower risk of ulcerative colitis and a 48% lower risk of Crohn's disease.
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Vegetables and Body Weight Regulation

Vegetables also offer significant benefits for body weight regulation. A 2018 systematic

review of cohort studies found that consuming more than four servings of vegetables

per day was associated with a 73% lower risk of weight gain over time. A 2004 analysis
of Nurse's Health Study data found that over the course of a 12-year follow up, participants with the largest

increase in vegetable intake had the lowest risk of obesity (a 28% risk reduction!).

Vegetables and Depression

Veggies for better psychological health? Yes please! A 2018 systematic review and meta-

analysis of epidemiological studies found that people with the highest versus lowest

intake of vegetables had a 14 - 25 % lower risk of depression, with the greatest protection
seen in cross-sectional studies. Analyzed a different way, every 100-gram increase in daily vegetable intake

was associated with a 3 - 5% drop in depression risk!

Vegetables and Metabolic Health

A meta-analysis from 2018 found that the highest versus lowest category of vegetable

intake was associated with a 15% lower risk of metabolic syndrome.

What's more, vegetables may benefit metabolic health independently of weight loss. A 2023 study found
that among overweight and obese young people, those in the highest tertile of vegetable intake (about three
or four servings daily or greater) had a 94% lower likelihood of being a metabolically unhealthy phenotype,
per the International Diabetes Federation definition. In other words, veggie consumption supports better

metabolic health even within higher weight ranges!

Vegetables and Gallstone Disease

Vegetables may even help protect against gallstones—a condition in which hardened

pieces of bile form in the gallbladder or bile ducts. A systematic review and meta-analysis
from 2019, encompassing over 1.5 million participants, found that higher versus lower consumption of
vegetables was associated with a 17% lower risk of gallstones. For every 200 g daily increase in vegetable

intake, gallstone risk dropped by 4%!

Vegetables and Acute Pancreatitis

A 2013 population-based prospective cohort study of more than 80,000 adults found that
over the course of 12 years of follow up, vegetable intake was significantly protective for
non-gallstone-related acute pancreatitis (a condition that causes the pancreas to become rapidly inflamed).

Specifically, every two additional vegetable servings per day corresponded with a 17% risk reduction!

These protective effects were even more pronounced among regular alcohol drinkers: for participants
consuming over one drink per day, the highest versus lowest quintile of vegetable intake was associated
with a whopping 71% reduction in risk! Similarly, for participants with BMIs of at least 25 kg/mz2, higher

vegetable consumption reduced risk by 51%.
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Vegetables and Frailty

Vegetables may be protective of frailty—a geriatric syndrome in which people become

more susceptible to adverse health outcomes as they age. In a 2016 dose-response analysis

of three prospective cohorts, with an average follow-up time of 2.5 years, consuming three
portions of vegetables daily (compared to no vegetables) was associated with a 48% lower risk of incident
frailty. Consuming even one or two servings was also protective, corresponding with a 31% and 44% lower risk,

respectively!

A 2020 longitudinal study likewise found that among older people with robust health at baseline, consuming
one or more portions of vegetables per day was associated with significantly lower risk of developing pre-frailty
or frailty, compared to consuming less than one portion daily. Consuming four portions or more each day

reduced the risk by 47%)!

Vegetables and Cognitive Disorders

In a 2022 meta-analysis of observational studies, higher intake of vegetables was associated
with a 25% lower risk of cognitive disorders, particularly cognitive impairment and

dementia.

Vegetables and Chronic Obstructive
Pulmonary Disease

Vegetables could be beneficial for chronic obstructive pulmonary disease (COPD)—a group of conditions
caused by damage to the airways or other parts of the lung, resulting in blocked airflow (such as chronic
bronchitis and emphysema). In a 2020 dose-response meta-analysis of observational studies, encompassing
eight studies and 244,154 participants, vegetable intake appeared protective against COPD. For highest versus

lowest category of vegetable intake, risk of this disease was reduced by 24%!

Vegetable and Bone Health

A 2017 population-based cross-sectional study found that for the highest versus lowest tertile

of vegetable intake, osteoporosis risk dropped by 20 — 43% (depending on the bone site).
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How Many Vegetables Do We
Need to Eat to Get Their Health
Benefits?

In general, to reap maximum health benefits,
science supports an intake of 500 to 600 g of
vegetables daily (that's a little over a pound,
or about five to eight servings depending

on the vegetable), and as much as you want
above that. To help envision what this looks
like: a serving is one cup (that's about the size
of your fist) for most raw vegetables, and two
cups (or two fists) for raw leafy veggies. Most
vegetables will shrink to half a cup (or half a
fist) when cooked. You don't need to weigh or
measure your veggie servings—approxima-

tions are just fine.

However, if the idea of that many vegetables

seems daunting, fear not! It's okay to work

up to this lofty goal—every step in the right

direction counts. Even though scientific

studies show the more vegetables we eat, the

better, there's a substantially bigger impact

on health going from zero veggies to 200 g daily than there is going from 600 g to 800 g. In other words,
lots is good, but some is much, much better than none! If you can manage just three servings for now,

you're doing great.

Here's some more good news: when it comes to vegetables, you really can't go wrong! Barring issues like
food intolerances or allergies, virtually any veggie you add to your diet will contribute something great.
Whether it grows above ground or below, is starchy or leafy, or is raw or cooked, every vegetable deserves
a place at the table. So, if you don't normally consider yourself a veggie fan, finding the ones you do enjoy

eating is a perfectly fine strategy.
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Vegetables and Their
Food Groups

Some vegetables belong to two veggie families. For example, kale is both a cruciferous vegetable and a leafy

vegetable, carrots belong to both the parsley family and root veggies,

"Other vegetables” encompasses all the veggies that don't fit into any of the other large plant families. It

contains many of our most well-loved veggies—including some botanical fruits that we use as culinary

vegetables (like tomatoes and peppers), immature legumes (like sugar snap peas and green beans),

asparagus, artichokes, and many more!

As a more comprehensive list, here's some common members of this group:

- CRUCIFEROUS VEGETABLES . ROOT VEGETABLES
- broccoli . carrots
- Brussels sprouts . cassava
. cauliflower . potatoes
- kale - rutabaga
- radishes . sweet potatoes
. ALLIUMS . LEAFY VEGETABLES
. chives - chard
- garlic - endive
- leeks . kale
. onions . lettuce
. shallots . spinach
. MUSHROOMS . NIGHTSHADES
- cremini - chilis
- oyster - eggplant
. portabella - peppers
. shiitake . potatoes
- white . tomatoes

7
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BEET FAMILY
- amaranth
. beets
- chard
- dragon fruit
. prickly pear
PARSLEY FAMILY
. celery
. cilantro
- fennel
- parsley
. parsnips
SEA VEGETABLES
. arame
- kombu kelp
- nori kelp
. sea lettuce
- wakame
WINTER SQUASH
- acorn squash
- butternut squash
- kabocha squash
- pumpkin
- spaghetti squash

GINGER FAMILY

- galangal

- ginger

- turmeric
EDIBLE-PODDED LEGUMES

- green beans

- shap peas

. show peas
THISTLE FAMILY

. artichoke

. cardoons
SUMMER SQUASH

- pattypan squash

. zucchini
OTHER VEGGIES

. asparagus

. avocados

. fiddleheads

. olives

- sea beans
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Nutritional Highlights from the
“Other Vegetables” Group

Like all veggies, members of the "other vegetables”
food group are generally high in phytonutrients,
fiber, and micronutrients. However, because they
hail from so many different taxonomic families,
individual vegetables in this group are all unique in
what they provide! Let's take a look at some of the

top features of this diverse category of veggies.

For starters, eggplants are particularly rich in
anthocyanins—a type of plant pigment that gives
these veggies their beautiful deep purple color.
Anthocyanins appear to have anti-inflammatory
and neuroprotective effects, could improve glucose
tolerance, may reduce the risk of chronic diseases
like heart disease and cancer, and may even have
pain-relieving properties (due to an affinity for
certain "pain-sensation” cell membrane receptors in
the brain!).

One particular anthocyanin in eggplants, delphinidin, exhibits anti-cancer activity against a number of
cancer cell types, including breast, ovarian, lung, colon, prostate, liver, bone, blood, and skin cancers. It also
has anti-inflammatory effects, neuroprotective activity, cardio-protective effects, liver-protective activity
(reducing liver fibrosis and inflammation), ACE inhibitory activity (giving it blood pressure lowering
effects), anti-diabetic activity, antiviral activity, and protective effects against osteoporosis (by reducing
bone resorption and inhibiting the differentiation of osteoclasts—AKA specialized cells that break down
bone tissue). It's even shown beneficial effects on the gut microbiota, enhancing the proliferation of
bifidobacteria and lactobacillus-Enterococcus species, and inhibiting the growth of some pathogens such

as Clostridium histolyticum.

Eggplants also contain a derivative of delphinidin called nasunin, which also has powerful health-protec-
tive effects! This anthocyanin has been shown to protect cells from DNA damage, act against colon cancer

cells, suppress angiogenesis, and scavenge free radicals.

Eggplants are also uniquely high in acetylcholine—a form of choline that functions as a neurotransmitter.
In fact, studies have shown that owing to its acetylcholine content, eggplant can reduce hypertension and

improve mental status!
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"Other vegetables” of the Cucurbitaceae family—including zucchini, cucumber, summer squash, luffah,
bitter melon, and gourds—contain compounds called cucurbitacins, a type triterpene with a number

of disease-protective activities. Curcurbitacins have been particularly well-studied for their anti-cancer
actions, with experiments showing they can induce apoptosis (programmed cell death), autophagy, and cell
cycle arrest, while also inhibiting cancer cell proliferation, epigenetic alterations, angiogenesis (the creation
of new blood vessels for tumor growth), and cancer cell invasion and migration. There's even evidence that
curcurbitacins can enhance the effectiveness of chemotherapy and radiotherapy treatments, and also pro-
tect against drug resistance during cancer therapy! One specific curcurbitacin, called curcurbitacin D, is
particularly toxic to a number of human cancer types—including lung, pancreatic, oral, colon, breast, and

hormone-dependent prostate cancer cells.

Beyond their anti-cancer actions, cucurbitacins have also demonstrated anti-inflammatory, anti-diabetic,

cardio-protective, liver-protective, and immune-modulating activities. These phytonutrients really do it all!

Meanwhile, peppers provide us with capsaicin (in the case of "hot"” peppers) and its non-pungent analog,
capsiate (found in sweet peppers). Capsaicin is what gives chili pepper its characteristic heat, but it also has
a number of health benefits for humans! For example, pre-clinical experiments show it can enhance energy
expenditure and reduce the accumulation of body fat, giving it a potential role in body weight regulation.

It also has pronounced anti-diabetic actions, anti-inflammatory and antioxidant properties, anti-cancer
effects, and cardio-protective effects. And while this phytonutrient is known to cause gastrointestinal
distress in some people, a growing body of evidence also suggests it could beneficially modulate the gut

microbiota!

Although less well-studied than capsaicin, the capsiate in sweet peppers shows evidence for many of the
same health effects as capsaicin. Some experiments show it can enhance energy expenditure and raise
core body temperature similarly to capsaicin, although to a somewhat lesser degree—namely by activating
TRVP1 receptors in the gut (in turn activating the sympathetic nervous system and inducing the release

of catecholamines, which then increase thermogenesis and fat breakdown). In animal and in vitro studies,
capsiate has also demonstrated some pain-relieving properties, and also appears to enhance lipid and glu-

cose uptake in liver cells. More research is needed in humans!

Meanwhile, tomatoes are famous for providing lycopene—a type of antioxidant carotenoid (it has ten
times more free radical scavenging ability than alpha-tocopherol!) with anti-inflammatory, cognitive en-
hancing, and neuroprotective properties. It's been shown to reduce the risk of aggressive forms of prostate
cancer, and higher intakes are associated with a lower risk of chronic diseases like cardiovascular disease,
neurological disorders, and cancer (especially laryngeal, oral, and pharyngeal cancers). Although scientists
are still researching its precise mechanisms of action, it may modulate the cellular redox environment, pro-
tect LDL cholesterol from oxidizing, and reduce neuroinflammation. In the gut, lycopene has antimicrobial

activity against some pathogens, while promoting the growth of important probiotic species.

Asparagus are uniquely high in two saponins called diosgenin and protodioscin—which have been shown
to induce cancer cell death, reduce the uptake of cholesterol, lower LDL levels (while increasing HDL levels),

and prevent the initiation and development of colon cancer in animal models.
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Green-colored members of the “other vegetable” category are also good sources of chlorophyll—the pig-
ment that traps light for photosynthesis and gives plants their green color. But, chlorophyll has important
functions for humans, too! It can actually combat some of the harmful compounds formed when meat gets
cooked, and also has significant anti-inflammatory and antioxidant properties. Some research even shows
it can beneficially modulate the gut microbiota, including in ways that contribute to healthy body composi-

tion. Asparagus, green beans, and edible-podded peas are good sources.

All of these incredible features are on top of the already vast array of phytonutrients found in vegetables in

general—inclduing specific well-studied polyphenols such as:

- KAEMPFEROL (an antioxidant with wide-ranging cancer-fighting properties, as well as an
ability to reduce inflammation, regulate the immune system, act as an antimicrobial, prevent dia-
betes, reduce cardiovascular disease risk factors, prevent neurodegenerative diseases like Alzhei-

mer's disease, improve bone health, and aid weight loss)

« QUERCETIN (shown to reduce blood pressure, enhance insulin sensitivity, reduce inflamma-

tion, support wound healing, and even boost immunity)

- LUTEOLIN (which may help reduce inflammation, regulate the immune system, reduce allergic
responses, protect the brain, protect against cancer, reduce the risk of neurodegenerative diseas-

es, and reduce pain)

- CHLOROGENIC ACID (shown to help reduce blood sugar, prevent diabetes, aid in weight

loss, reduce blood pressure, aid in homocysteine detoxification, and enhance mood)

- P-COUMARIC ACID (which may reduce inflammation, reduce intestinal inflammation, regu-
late the immune system, improve bone density, act as an antidepressant, prevent cancer, protect

against kidney damage, and protect against tissue damage caused by drugs and alcohol)

..among many, many more!
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Other Vegetables Nutrivore Scores

As far as their Nutrivore Scores go, “other vegetables” rank as follows:

Root Vegetables | 701 Cruciferous Vegetables | 3740
and Winter Squash Arugula | 2019

Broccoli| 2833

Acorn squash, raw | 297
Beets | 2013

Butternut squash, raw | 670
Carrots | 899

Brussels Sprouts | 2817
Cabbage | 2034
Cauliflower | 1585

Jicama | 234
. Collard Greens | 3323

Onions | 380
Kale | 4233

Parsnips | 372
Radish | 5863

Potatoes | 272

Red Cabbage | 1369

Pumpkin, raw [ 1036
Radishes | 5863

Mushrooms | 2704
Chanterelle | 1555

Sweet potatoes | 379

Spaghetti squash, | 286

raw Cremini | 2279
Turnips | 1954 Enoki | 4434
Maitake | 3551

Morel | 2271

Alliums (the Onion | 2142
Oyster | 2550

Family)

Chives | 3531 Portobella [ 1483
Garlic | 5622 Shiitake | 4343
Leek | 1128 White button | 1872

Onion, raw | 380

Onion, sweet, raw | 170
Shallots, raw | 740
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Nightshades

812

Eggplant (raw)

563

Other Vegetables

744

Heart of palm, canned

707

Artichoke

771

Okra

859

Asparagus

1385

Bamboo shoots

776

Peppers, sweet green

1094

Capers, canned

5247

Peppers, sweet red

1358

Cardoon, raw

1039

Peppers, green chili

1234

Cucumber

472

Peppers, red chili

987

Green beans (raw)

605

Tomatillos

621

Heart of palm, canned

707

Tomatoes

983

Okra

859

Peas, edible-podded
(raw)

669

Sea Vegetables

1036

Summer squash, all
varieties (raw)

1596

Zucchini, raw

1477
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The Great Tomato Debate

Out of all the botanical fruits we call vegetables,
tomatoes have a particularly colorful history. In fact,
the fruit-or-veggie debate made it all the way into the
United States Supreme Court, in the Nix v. Hedden
case of 1893/

In 1883, President Chester A. Arthur had signed a tar-
iff act that (among other things!) imposed a 10% duty
on imported vegetables, while exempting imported
fruits. So, when a New York City fruit seller named
John Nix found himself owing taxes on a large tomato
import from the West Indies, he believed the taxation
was wrongful: after all, tomatoes were a fruit, not a

vegetable!

Insisting he was owed back duties, Nix filed a lawsuit

against the city’s tariff collector, a man named Ed-

ward L. Hedden. In court, Nix argued that tomatoes

should be considered fruits under the common botanical definition; meanwhile, Hedden contended that

they should be classified as vegetables based on their common culinary use.

"o

After reading aloud the definitions of “fruit,’ “vegetables,” and "tomato"” from three different dictionaries,
and calling forth two witnesses who had both been working in the produce-selling business for 30 years,
the Supreme Court made its ruling. In a unanimous decision, it declared that for tariff purposes, tomatoes

should be classified as vegetables because they are commonly used as such in meals.

Ultimately, the Court acknowledged that a tomato is a botanical fruit, but prioritized what they called the
"ordinary" definitions of fruit and vegetable. And where tomatoes were concerned, they were more fre-

quently eaten with the main course rather than dessert—the latter being the domain of fruit.

When it comes to vegetables, just remember: the more the merrier, but some is better than none! Every

step you take in the direction of "more vegetables” will pay off.

So, there we have it: in the grocery store, the kitchen, and the Supreme Court, tomatoes are a vegetable!
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Some Practical Pointers

Storing Common Vegetables

As a general rule for vegetables, remove any ties or
rubber bands, and store the veggies in plastic bags
punctured with holes to allow for good airflow or in
open containers covered with a damp towel. Pack veg-
etables loosely in the refrigerator. Some vegetables,
like leafy greens, can be soaked in a sink full of cool
water before being stored, while others, like mush-
rooms and herbs, should not be washed until just

prior to use.

If you find yourself with a surplus of produce, nearly
all fruits and vegetables can be stored in the freezer.
Freeze them in small pieces on sheet trays, and then
place the frozen pieces in airtight containers or re-

sealable freezer bags for use later.

See the list below for storage information for

specific vegetables.

- ARTICHOKES: Store in the fridge in an

airtight container with a damp piece of paper towel inside.

- ASPARAGUS: Store upright in a glass or bowl filled with water at room temperature for up to a

week, or store in the fridge.

- BASIL: Store on the counter loosely packed in a jar with a small, damp piece of paper towel

inside.

- BEETS: Wash and store in an open container with a wet towel on top. Cut off any tops and store

them separately.

- BROCCOLI: Wrap in a damp towel and place in an open container in the fridge. Use as soon as

possible.

- BRUSSELS SPROUTS: If on the stalk, store the entire stalk the fridge. If loose, store in an

open container with a damp towel on top.

- CABBAGE: Store on the counter for up to a week, or in the crisper drawer of the fridge. Peel off

the outer leaves if they start to wilt.

- CARROTS: Wrap in a damp towel and store in a closed container in the fridge. Cut off the tops

and store them separately.
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. CAULIFLOWER: Store in a closed container in the fridge. Use as soon as possible.

- CELERY: Store in a cup or bowl of shallow water on the counter for up to a week. For lon-

ger-term storage, wrap in aluminum foil and place in the fridge.
« CELERY ROOT: Wrap in a damp towel and place in the crisper drawer of the fridge.

- FENNEL: Store in a cup or bowl of shallow water on the counter for up to several days. For lon-

ger-term storage, place in the fridge in a closed container with a little water.
- GARLIC: Store in a cool, dark place.

- GINGER: Store unpeeled in a plastic bag and place in the crisper drawer of the fridge. Ginger

roots can also be frozen and microplaned directly from frozen.
- GREEN GARLIC: Store in an airtight container in the fridge.
- HERBS: Store in a glass or vase full of water in the fridge.

- LEAFY GREENS: Remove any bands or twist ties and store in an airtight container with a
damp cloth.

- LEEKS: Store in a shallow cup of water on the counter (so that only the very bottoms of the

stems have water), or wrapped in a damp towel in the crisper drawer of the fridge.
- OKRA: Store with a dry towel in an airtight container in the fridge. Use as soon as possible.
- ONION: Store in a cool, dark, dry place.
- MUSHROOMS: Keep in the fridge in their original packaging or a paper bag.

- PARSNIPS: Wrap in a damp cloth and store in an open container in the crisper drawer of the

fridge.
- POTATOES: Store in a cool, dark, well-ventilated place.

- RADISHES: Store in an open container in the fridge with a wet towel placed on top. Remove the

greens and store them separately.
- RHUBARB: Wrap in a damp towel and place in an open container in the fridge.
- RUTABAGAS: Store in a closed container in the crisper drawer of the fridge.

- SPINACH: Store loose in an open container in the crisper drawer, and refrigerate as soon as

possible. Spinach loves to stay cold.

- SPRING ONIONS: Remove any bands or twist ties and store in the crisper drawer of the
fridge.

- SWEET POTATOES: Store in a cool, dark, well-ventilated place.

- TURNIPS: Store in an open container covered with a moist cloth. Remove the greens and store

them separately.
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Cruciferous
Veggies

Nutrivore Foundational Foods



38

What Are Cruciferous Veggies?

Many cruciferous veggies actually originated thousands
of years ago as a single species of uncultivated wild
cabbage, Brassica oleracea. Over time, this species was
bred into many now-familiar cultivars such as cabbage,
cauliflower, broccoli, Savoy cabbage, Brussels sprouts,
collard greens, kohlrabi, gai lan (Chinese broccoli), and
kale! Many additional crucifers are cultivars of another
species, Brassica rapa: turnips, napa cabbage, bok choy,
mizuna, and rapini all fall here. The rest are subspecies
of Brassica nigra, Brassica juncea, Brassica napus, and
Brassica carnita, and include veggies such as horserad-
ish, watercress, garden cress, radish, daikon, collard

greens, rutabaga, and mustard greens. Yum!

In all, we've managed to turn all parts of Brassica plants

into foods we can eat. Some Brassica cultivars were bred

to have edible roots (like rutabaga and turnips), some
were bred for their leaves (like kale and collards), some
were bred for edible buds (like Brussels sprouts), some

were bred for their flowers (like cauliflower and brocco-

li), some were bred for their stems (like kohlrabi), and some were bred for their seeds (like mustard). Hence

why a mere six Brassica species are able to produce such a diverse range of veggies!

Crucifers are originally native to Western Europe, the Mediterranean, and some temperate areas of Asia.

But, thanks to so many years of cultivation, they're now available all over the world—growing in regions as

radically different as Alaska and Spain!
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What Makes Cruciferous
Veggies So Great?

When it comes to health-promoting compounds, these veggies tick all the boxes: they're packed with phyto-
nutrients, teeming with vitamins and minerals, and bursting with fiber. Crucifers, how do we love thee? Let

us count the ways!

Phenomenal Phytonutrients

One of the most unique features of crucifers is that they
contain glucosinolates—a type of sulfur-containing
phytonutrient found exclusively in Brassica plants, and
which give these vegetables their characteristic pungent
flavor. Glucosinolates aren't biologically active on their
own, but when the cells of cruciferous veggies get dam-
aged (such as by chewing, cutting, or other processing),
they release an enzyme called myrosinase. This enzyme
then breaks down glucosinolates into new compounds
called isothiocyanates, which is where the real magic

happens!

Research spanning human epidemiology, animal models,

and in vitro experiments shows that isothiocyanates have

significant anti-cancer, anti-diabetic, cardioprotective,

antimicrobial, antioxidant, and neuroprotective effects.

For example, the isothiocyanate sulforaphane has been

studied for its ability to halt cancer cell growth, kill can-

cer cells, upregulate a number of phase II detoxification

enzymes, and protect healthy cells from damage from environmental carcinogens! Another isothiocyanate
called indole-3-carbinol, which gets converted from the glucosinolate glucobrassicin, has also been shown

to cause cancer cell death and cell cycle arrest, along with altering estrogen metabolism.

Additionally, cruciferous vegetables tend to be high in several important carotenoids—including not only
beta-carotene (which can be converted to vitamin A within the body), but also lutein and zeaxanthin. Lutein
and zeaxanthin play major roles in maintaining eye health, due to their high concentration in the retina and
their ability to filter harmful blue-light rays (in turn protecting critical parts of the eye from light-induced
oxidative damage). As a result, these two phytochemicals can help protect against age-related macular

degeneration and cataracts, as well as reduce the risk of retinitis pigmentosa.
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Crucifers from the above-ground parts of Brassica plants are also excellent sources of chlorophyll—the
pigment that traps light for photosynthesis and gives plants their green color. But, chlorophyll has import-
ant functions for humans, too! It can actually combat some of the harmful compounds formed when meat
gets cooked, and also has significant anti-inflammatory and antioxidant properties. Some research even
shows it can beneficially modulate the gut microbiota, including in ways that contribute to healthy body

composition.

Crucifers with a purplish or reddish color—such as

red radishes, purple cauliflower, red cabbage, purple
Brussels sprouts, and purple kale—contain a group of
flavonoids called anthocyanins. Anthocyanins appear

to have anti-inflammatory and neuroprotective effects,
could improve glucose tolerance, may reduce the risk of
chronic diseases like heart disease and cancer, and may
even have pain-relieving properties (due to an affinity for
certain “pain-sensation” cell membrane receptors in the

brain!).

Lastly, crucifers are great sources of some other notable

phytonutrients. For example, many are high in querce-

tin—a flavonoid that's been shown to reduce blood pres-

sure, enhance insulin sensitivity, reduce inflammation,

support wound healing, and even boost immunity. These

activities give it protective effects against diabetes, can-

cer, cardiovascular disease, arthritis, and even neurode-

generative diseases like Alzheimer’s disease! Crucifers also tend to be high in kaempferol, an antioxidant
with wide-ranging cancer-fighting properties (including reducing tumor growth, preventing metastasis,
inducing cancer cell death, and stopping tumors from creating new blood vessels). Kaempferol intake is

linked to lower rates of liver, colon, skin, stomach, bladder, and pancreatic cancer.

Magnificent Micronutrients

Crucifers are rich in some important vitamins and minerals! Although they vary in their exact nutritional

profiles, they tend to be high in the following micronutrients:

« VITAMIN K, which plays a vital role in coagulation, bone metabolism, cellular function, and the
prevention of soft tissue calcification. Two cups of raw, chopped kale contains 162% of the DV for this
nutrient! Cabbage, Brussels sprouts, broccoli, garden cress, watercress, gai lan (Chinese broccoli), and

mustard greens are also wonderful sources of vitamin K.

- VITAMIN B9 (FOLATE), an essential B vitamin that plays roles in blood cell production, the for-
mation of genetic material (including DNA), cell growth, cardiovascular health, cancer protection, and
cognitive and neurological health. Broccoli, kale, collard greens, cauliflower, Brussels sprouts, mustard
greens, gai lan (Chinese broccoli), savoy cabbage, and daikon are all great sources!
Nutrivore Foundational Foods



- VITAMIN C, a water-soluble vitamin with powerful antioxidant properties, with important roles in
the immune system and collagen production. Mustard greens, kale, gai lan (Chinese
broccoli), kohlrabi, garden cress, bok choy, savoy cabbage, daikon, broccoli, rutabaga, turnips, cauli-

flower, and cabbage are chock full of vitamin C.

. CALCIUM, a major structural component of bones and teeth that also serves as an electrolyte—a
type of electricity-conducting mineral needed for regulating nerve impulses, muscle contraction,
heartbeat, blood pH, and fluid balance. Mustard greens, kale, and collard greens all contain about 10%

or more of the DV for calcium per cup.

- MAGNE SIUM, an essential mineral that acts as an electrolyte and structural component in cells and
bone tissue, and that serves as a cofactor for hundreds of different enzymes (giving it a role in over

300 metabolic reactions!). Rainbow chard provides 14% of the DV of magnesium in a 2-cup serving!

- MANGANE SE, a mineral that serves as a cofactor and component of numerous enzymes—giving it
roles in carbohydrate metabolism, amino acid synthesis, gluconeogenesis, detoxification, lipid pro-
cessing, free radical defense, bone and collagen formation, and wound healing. Mustard greens, kale,
gai lan (Chinese broccoli), garden cress, savoy cabbage, rutabaga, turnips, broccoli, and collard greens

all contain notable amounts!

Fabulous Fiber

On top of all their other health-promoting goodies, crucifers are amazing sources of fiber. Fiber is a great
example of a nutrient that isn't labelled as essential, but that is absolutely fundamental for our health!
Along with regulating gut motility (promoting regularity) and some gastric hormones, it supplies our gut
bacteria with fermentable substrate (i.e., food!) so that important microbes can flourish and remain diverse.
High fiber intake also reduces the risk of cardiovascular disease and of many forms of cancer (especially
colorectal cancer, but also liver cancer, pancreatic cancer, and others), and promotes overall lower inflam-
mation. High-fiber diets reduce the risk of mortality in cases of kidney disease and diabetes, and can even

reduce your risk of dying from an infection!

Per100 g of raw vegetable, crucifers contain the following amounts of fiber:
- ARUGULA: 169
- BOK CHOY: 1.0g

- BROCCOLI: 2.6g - KALE: 219

- BRUSSELS SPROUTS: 3.8 - KOHLRABI: 369

. CABBAGE: 239 - MUSTARD GREENS: 3.2g
- CAULIFLOWER: 2g + RADISHES: 169

. COLLARDS: 4g - RUTABAGA: 2.3g

. GAI LAN (CHINESE BROCCOLI): 264  ° TURNIP:18¢
. GARDEN CRESS: 1.1g - WATERCRESS: o.5g

- HORSERADISH: 3.3 Nutrivore Foundational Foods



42

Health Benefits of
Cruciferous Veggies

Given their awesome phytonutrient, micronutrient, and fiber profiles, it shouldn't come as a surprise that
cruciferous veggies have demonstrated wide-ranging health benefits and protection against a number of

diseases. Here's a rundown of the many ways they've been scientifically shown to benefit our health!

Reduced risk of cardiovascular disease:

Crucifers are astoundingly heart-healthy! Their cardioprotective effects are due in large part
to their glucosinolates, which are able to improve lipid metabolism (including reducing LDL

cholesterol), reduce inflammation, and lower oxidative stress.

Specifically, studies have directly linked cruciferous veggie consumption with improved cardiovascular

and mortality outcomes. For example, a 2017 systematic review and meta-analysis—which included data

from 95 studies evaluating fruit and vegetable intake—found that eating 100 grams of cruciferous vegeta-
bles per day (about one serving) led to an 18% decrease in ischemic stroke, a 17% decrease in hemorrhagic

stroke, and a 12% decrease in all-cause mortality and cardiovascular disease!

Likewise, a 2019 meta-analysis showed that cruciferous vegetables were some of the most health-pro-
tective items to consume on a daily basis. For every 100 grams of cruciferous vegetables consumed daily,

cardiovascular disease risk dropped by 11%, and all-cause mortality risk decreased by 10%.

A 2011 analysis of the Shanghai Women’s Health Study and Shanghai Men’s Health Study (encompassing

134,796 adults) also found substantial heart benefits for regularly eating cruciferous vegetables. Compared
to people with the lowest intake of crucifers (one or two servings per week), individuals who ate one or two
servings daily (an average of 166 grams per day for women and 208 grams per day for men) had an as-

tounding 31% lower risk of cardiovascular disease mortality, and a 22% lower risk of total mortality.

Reduced inflammation:

A 2014 trial of healthy young adults found that eating a high-cruciferous-vegetable diet reduced

some markers of inflammation associated with several disease states—particularly the inflam-

matory cytokine interleukin-6, or IL-6.

Reduced risk of cancer:

Cruciferous vegetables are true warriors against cancer. In fact, many of the activities of their
glucosinolates directly translate to cancer protection—including upregulating genes involved
in protecting against DNA damage, inflammation, and oxidative stress, while also increasing

the activity of detoxification enzymes that help remove toxic substances and carcinogens from the body.
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But, that's not alll The chlorophyll in green crucifers is also a powerful cancer fighter, capable of binding

to carcinogens and inhibiting their intestinal absorption—in turn preventing them from reaching your tis-
sues and causing harm. In fact, chlorophyll binds to some of the most widespread foodborne carcinogens
we're exposed to, including those that form when cooking meat at high temperatures (polycyclic aromatic
hydrocarbons and heterocyclic amines) and those that can contaminate peanuts, corn, and dried spices

(aflatoxin-B1).

In all, science shows that cruciferous vegetables (and their various bioactive compounds) can induce cancer
cell death, inhibit the growth and proliferation of cancer cells, and reduce inflammation and oxidative

stress (both drivers of cancer initiation and progression).

With that in mind, it's no surprise that a variety of prospective cohort and case-control studies have found

that overall cruciferous vegetable consumption is associated with lower risk of:

- BLADDER CANCER (up to a 20% lower risk)

- BREAST CANCER (up to a 15% lower risk)

- COLORECTAL CANCER (up to an 18% lower risk)
- ENDOMETRIAL CANCER (up to a 21% lower risk)
- GASTRIC CANCER (up to a 19% lower risk)

- LIVER CANCER (up to a 27% lower risk)

- LUNG CANCER (up to a 25% lower risk)

- OVARIAN CANCER (up to an 11% lower risk)

- PANCREATIC CANCER (up to a 21% lower risk)

- PROSTATE CANCER (up to a 10% lower risk)

Reduced risk of diabetes:

Cruciferous veggies could even help protect against diabetes! A 2016 meta-analysis of
prospective studies found that people with the highest versus lowest consumption of
cruciferous vegetables had a 16% lower risk of developing diabetes over the course of follow-up, even when

other diabetes risk factors were accounted for (like BMI, smoking, and physical activity).

A 2012 randomized double-blind trial found that for type 2 diabetics, consuming 10 g daily of broccoli

sprouts led to significantly lower insulin levels and HOMA-IR (an important indicator of insulin resistance)
measurements than the placebo group. Likewise, a 2016 placebo-controlled crossover trial found that
consuming 7 g or 14 g of kale with a high-carbohydrate meal led to significantly lower blood sugar rises in

people with elevated fasting blood sugar levels.

And, a variety of animal studies have found that red cabbage in particular can combat not only diabetes,
but also complications of the disease. For example, in animal models of diabetes, red cabbage extract has
been shown to ameliorate diabetic nephropathy, inhibit digestive enzymes linked to type 2 diabetes, lower
blood sugar levels, lower glycated hemoglobin levels, improve glucose tolerance, and increase the number

of pancreatic beta-cells—all while also reducing vascular complications caused by diabetes.
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Improved gut health:

Crucifers also happen to be incredibly beneficial for gut health! In fact, many of their health
benefits come specifically through the interplay of their fiber and phytonutrients with the

gut microbiota.

For example, trials of high-cruciferous-vegetable diets have shown that these vegetables can very quickly
improve the state of our gut microbiota. In one controlled crossover feeding study, participants under-
went several different two-week diets—including a control diet low in fiber and phytochemicals, and a diet
rich in cruciferous vegetables (cauliflower, cabbage, broccoli, and radish sprouts). A mere two weeks on a
high-cruciferous vegetable diet was enough to cause significant compositional changes in the participants’

gut microbiotal

In another randomized crossover study, healthy adults spent two weeks eating a diet high in crucifer-
ous vegetables (including broccoli and cauliflower), with a two-week washout period between the dietary
phases. High intake of these vegetables led to a lower abundance of sulfate-reducing bacteria—a big boon
for gut health, because these microbes have been associated with ulcerative colitis and irritable bowel

syndrome!

Some studies have also examined specific cruciferous vegetables in relation to gut health. In an experiment
with rats, for example, a diet supplemented with kale was able to improve microbial diversity, enhance
several bacterial metabolic functions, and combat the inflammatory state induced by a high-fat diet.
Another study of rats with human-associated microbiota found that four weeks of daily Brussels sprouts
consumption led to higher levels of the important short-chain fatty acids butyrate and acetate. And in a.
controlled feeding study in humans, 18 days of eating 200 g of cooked broccoli daily not only caused
beneficial shifts in the gut microbiota composition (including a positive change in the Bacteroidetes to
Firmicutes ratio, which has been associated with leanness in a number of studies); it also increased

biological pathways involved in endocrine function and energy metabolism!
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Cruciferous Vegetable
Nutrivore Scores

Wondering how crucifers stack up in terms of their Nutrivore score? Here's a list of some of the most

common crucifers and their SUPER scores:

Arugula

2019

Bok Choy

3428

Broccoli

2833

Brussels Sprouts

2817

Cabbage

2034

Cauliflower

1585

Collard Greens

3323

Gail Lan
(Chinese Broccoli)

2431

Garden Cress

11265

Horseradish

850

Kale

4233

Kohlrabi

2497

Mustard Greens

S464

Radish

5863

Rapini (Broccoli Rabe)

4155

Red Cabbage

1369

Rutabaga

766

Turnip

1954

Watercress

6929
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What About the Goitrogens?

Cruciferous vegetables have long been haunted by rumors that they're
bad for thyroid health. This is because some of their glucosinolates act as
goitrogens—compounds that interfere with thyroid hormone synthesis,

typically by blocking iodine uptake by the thyroid gland.

Early studies in iodine-deficient animals showed that high consumption

of cabbage or other cruciferous vegetables increased the incidence of

goiters, leading to recommendations that people with hypothyroidism

steer clear of this plant family (and in some cases, fears that too many

crucifers could cause thyroid dysfunction even in people with initially

healthy thyroids). But, research in living humans has painted a much

different picture! For example, a human trial found that eating 150 grams of Brussels sprouts daily for four
weeks had no effect on thyroid function, even though these veggies contain some of the highest levels of

goitrogens out of any crucifer. A 2019 human trial found that 12 weeks of supplementation with a broccoli

sprout extract (treated to be particularly high in isothiocyanates, the main goitrogen in broccoli) had no
effect on thyroid function, even in people with autoimmune thyroid disease. And, a 2015 meta-analysis of
18 studies found that cruciferous vegetable intake was only associated with thyroid cancer in areas with

widespread iodine deficiency.

What's more, some evidence suggests cruciferous vegetables might support thyroid health on the whole!
Animal studies show that supplementation with broccoli or rutabaga sprouts reduces inflammation and
oxidative stress in the thyroid, improving thyroid function even in cases of iodine-deficiency hypothyroid-

ism. More research is needed in humans to test whether this pans out for us, too.

On the whole, cruciferous vegetables—especially at realistic intakes—appear to be a health-promoting
food even for people with autoimmune thyroid disease and subclinical hypothyroidism. And, there's

definitely no reason to believe they'll harm the thyroid health of people without existing thyroid disease!
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A Note on Fermentation

Some crucifers, particularly various cabbages and rad-
ishes, are also commonly used for lacto-fermentation
(think: sauerkraut and kimchi!). In fact, fermentation
has been used as a preservation method for cruciferous

veggies for thousands of years.

When fermented, these veggies offer a unique set of
health benefits above and beyond their regular fresh
state (which is already a high bar to surpass!). For exam-
ple, unpasteurized fermented cabbage contains probiot-
ic bacteria such as Lactobacillus brevis and Lactobacillus
plantarum, which have immune-modulating effects;
Lactobacillus brevis may be particularly beneficial for its
ability to resist antibiotic exposure—making sauerkraut

potentially useful during antibiotic treatment.

Not only that, but the fermentation process leads to the
degradation of glucosinolates into bioactive isothiocy-
anates, and in some cases, unique phytonutrients not
present in the unfermented plant are formed (such as

gentisic acid)!
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Raw vs. Cooked

When it comes to veggies, the million-dollar question is

quite often... raw or cooked?!

In the case of crucifers, there are pros and cons to both!
Raw crucifers retain their full content of heat-sensitive
nutrients, including vitamin C and vitamin B1 (thiamin),
vitamin B2 (riboflavin), vitamin B3 (niacin), vitamin Bg5
(pantothenic acid), vitamin B6 (pyridoxine), and vitamin
B9 (folate). They also contain fully active myrosinase, the
enzyme responsible for turning glucosinolates into
isothiocyanates—which means raw crucifers are likely to

provide the highest levels of bioactive compounds.

But, cooking has some perks of its own! For one, it helps
break down the tough fiber that can make raw crucifers
hard to digest, in turn enhancing the accessibility of any
nutrients bound to the cell wall or locked inside the cells.
Cooking can also enhance the flavor of these vegetables,
as well as reduce their bulky volume (due to water evapo-
ration) so we can fit more cruciferous goodness into our

stomachs!

Interestingly, even though heat deactivates myrosinase,

some common human gut bacteria actually possess myrosinase-like activity of their own. This means that
any cooked cruciferous veggies that make it down to our colon (where those gut microbes reside) still have
a shot at producing isothiocyanates, even if the enzymes in the vegetables themselves are no longer active.
Having a thriving, diverse gut microbiome (particularly with myrosinase-secreting members of Lactobacil-

lus, Enterococcus, Bacillus, and others!) increases our ability to obtain isothiocyanates from cooked crucifers.

That being said, the specific method of cooking makes a big difference here! While boiling generally reduc-
es both micronutrient and phytonutrient content of cruciferous veggies, steaming and stir-frying are far

less damaging, and even preserve some of the myrosinase activity.

In short, a mix of raw and gently cooked crucifers looks like the ticket for getting the best of all worlds!
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Are You a Supertaster?

Do you find cruciferous veggies tough to stomach because they're just
too bitter? If so, your genes might be to blame! A substantial number
of people (around 25-30% of the population) are what's known as
supertasters—possessing a heightened sensitivity to taste, particu-
larly bitterness. These supertasting-powers come from carrying two
copies of a TAS2R38 gene variant, which causes the tongue to have a
relatively higher density of taste buds (and consequently, more taste
receptors that allow for the perception of bitterness). This can cause

cruciferous vegetables to taste less palatable.

But fear not! Even if you happen to be a supertaster, there are still ways
to prepare cruciferous vegetables so that their tastiness—rather than bitterness—shines. Here are some

easy ideas:

. COOK THEM. Simply cooking your crucifers will help reduce the bitterness present in their
raw state! Steaming, roasting, stir-frying, or grilling them can help to mellow out their flavor and

bring out their natural sweetness.

. SEASON THEM UP! Adding flavorful seasonings can help mask the bitterness of cruciferous
vegetables. For example, try adding garlic, lemon juice, or herbs such as thyme or basil to your
veggie dishes.

- PAIR THEM WITH OTHER FOODS. Pairing cruciferous vegetables with foods that have
complementary, non-bitter flavor profiles can also help reduce their perceived bitterness. For
example, try adding sweet or savory ingredients to your dish, such as roasted sweet potatoes,
caramelized onions, or bacon!

SELECT WISELY. Young cruciferous vegetables tend to be less bitter than older ones. When

shopping, look for young, fresh crucifers with bright green or purple leaves, which are an indica-

tion of their freshness and tenderness.
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Some Practical Pointers

To get the most out of your cruciferous veggies, quality and freshness are huge wins! That means knowing
how to properly select and store crucifers once they've made it home to your kitchen. Not only will these

tips help your veggies last longer, they'll also help preserve their nutrient content!

But fear not! Even if you happen to be a supertaster, there are still ways to prepare cruciferous vegetables

so that their tastiness—rather than bitterness—shines. Here are some easy ideas:

Selection:

« When it comes to leafy crucifers (like chard, kale, and
collard greens), LOOK FOR ONES WITH FIRM,
VIBRANTLY COLORED LEAVES—avoiding
ones that are yellowing, wilted, or showing brown

spots.
- LOOK FOR UNIFORMITY —selecting veggies

that are comparable in size, shape, and color. This in-
dicates they were harvested at the same time, which
means they'll have a similar taste and texture (as well

as cook more evenly).

- FOR ROOT CRUCIFERs (like turnips, rutaba-
gas, and radishes), look for ones that feel heavy for
their size, with unblemished skin and a firm texture.
Smaller root crucifers are younger and sweeter, with

what's generally considered the best flavor.

- CABBAGES SHOULD HAVE FIRM, DENSE HEADS, feel heavy for their size, and have

vibrantly colored leaves.

« Broccoli and cauliflower should feel HEAVY FOR THEIR SIZE, have consistent coloration, and
have heads that are firm and tightly closed.

- When it comes to Brussels sprouts, LOOK FOR ONES THAT ARE BRIGHT GREEN, have

tightly packed leaves, are free from mold, and feel firm when you squeeze them. Smaller sprouts tend

to be sweeter and more tender!

- WHEN POSSIBLE, CHOOSE SEASONAL! Although crucifers are often available year-round,

choosing the varieties in season helps ensure the best flavor and nutrient content.

- KEEP THEM DRY!/ Before storing your crucifers, make sure they're totally dry. Excess moisture

can lead to mold growth and spoilage. If you wash them before storing, you can pat them dry with
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Storage:

a paper towel or use a salad spinner to remove

excess water.

- STORE IN THE REFRIGERATOR.

Crucifers won't last long on the counter!

- KEEP THEM SEPARATE FROM
ETHYLENE PRODUCERS. Cruciferous veg-
etables are sensitive to ethylene gas, which some
botanical fruits (such as avocados, bananas, pears,
peaches, kiwis, cantaloupe, apples, peppers, and
tomatoes) emit as they ripen. Exposure to ethylene
can cause crucifers to wilt, yellow, and spoil more
quickly. So, make sure they don't have any eth-

ylene-producing neighbors where you store them!

- USE WITHIN A FEW DAYS. Cruciferous veggies really shine when eaten fresh, so try to use
them within a few days of purchase (three to five is best, but they can sometimes last up to a week). If
you need to store them longer, blanching and freezing them can help preserve their freshness. (This
is an easy process of quickly cooking the veggies in boiling water, and then putting them in an ice

bath before transferring them to the freezer!)

With all that in mind, specific crucifers have some storage nuances! For example, cauliflower stores best in
a perforated bag in the fridge, while cabbage does well if it's wrapped in a damp paper towel before storage
(it's also an exception to the rule in that it doesn't need to be blanched before freezing!). Meanwhile, Brus-
sels sprouts are best stored untrimmed. Crucifers that are root veggies (like turnips and rutabagas) also

have a much longer fridge life, lasting up to two weeks!

Seasonality:

- ARUGULA: Arugula is a cool-weather crop that is typically in season from early spring through
late fall.

- BOK CHOY': Bok choy is also a cool-weather crop that is typically in season from late fall
through early spring.

- BROCCOLI: Broccoli is typically in season from late fall to early spring, with its peak season

being in the winter months.

- BRUSSELS SPROUTS: Brussels sprouts are also in season in the fall and winter months—
typically from September through February.

- CABBAGE : Cabbage is a cool-weather crop, in season from late fall through early spring.
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. CAULIFLOWER: Cauliflower is in season in the fall and winter months, typically from
September through January.

- COLLARD GREENS: Collard greens are in season from late fall to early spring, with their

peak season being in the winter months.

- KALE: Kale is a hardy green that can be grown year-round, but its peak season is from mid-

winter through early spring!

- KOHLRABI: Kohlrabi is also a cool-weather crop, and is typically in season from early spring
through late fall.

- MUSTARD GREENS: Mustard greens are in season in the cooler months of the year, typically
from late fall through early spring.

- RADISHES: Radishes are a spring and fall crop, with peak season being in the cooler months.

-« TURNIPS AND RUTABAGAS: Turnips are a cool-weather crop and are typically in season
from late fall through early spring.

It's worth noting that growing seasons can vary depending on the location and climate, so this list may not
apply to all regions. It's always a good idea to check with local farmers or markets to see what's in season in

your areal!
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Introduction to Root Veggies

They might grow beneath the ground, but that
doesn't mean they're lowly! Root veggies are among
the most nutrient-dense carbs in the plant kingdom,
boasting an impressive array of vitamins, minerals,
fiber, and phytonutrients. They were also one of the
earliest foods consumed by humans: archeological
evidence suggests people were roasting them at least
170,000 years ago (and likely eating some raw well
before then!).

Even today, in many parts of the world, root
vegetables are more important as a staple food than
grains—especially West and Central Africa, and
Oceana. Their versatility, along with their ability to

store without spoiling for long periods after being

harvested, has made them important crops for numerous societies and regions.

But, the perks of root veggies go well beyond their convenience. Let's take a look at these amazing veggies

and the ways they benefit our health!
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What Are Root Veggies?

Like many edible plants, the term “"root vegetable”
can mean different things depending on whether

we use a botanical definition or a culinary one. Since
we'e talking about food, we'll go with the latter: root
vegetable refers to any vegetable that grows beneath
the ground! This includes not only “true” roots (like
sweet potatoes and yacon), but also bulbs (like onions
and garlic), rhizomes (like ginger and lotus root),
corms (like taro and water chestnuts), and tuberous

stems (like potatoes and Jerusalem artichokes).

As you might imagine, that offers us quite a few va-
rieties and options in the root veggie world! Some of

the most commonly eaten root vegetables include:

- BEETS

- BURDOCK ROOT

- CARROTS

- CASSAVA (ALSO KNOWN AS YUCA)
- CELERY ROOT (AKA CELERIAC)
- CHICORY ROOT

- DAIKON

- FINGERROOT

- GARLIC

- GINGER

- HORSERADISH

. JERUSALEM ARTICHOKES
(AKA SUNCHOKES)

- JICAMA

- KOHLRABI

- LOTUS ROOT
- ONIONS

. PARSNIPS

. POTATOES

. RADISHES

. RUTABAGAS

. SHALLOTS

. SWEET POTATOES
. TARO

. TURMERIC

. TURNIPS

- WATER CHESTNUTS
. YACON

- YAMS (yep, they're not the same as sweet

potatoes! Even though “yam" is often used
interchangeably with “sweet potato,” they
actually belong to an entirely different plant
family, and are distinguished by their rough,
bark-like skin)
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What Makes Root Veggies
So Great?

Root veggies don't always get as much nutritional attention as their non-starchy counterparts (hello, leafy
greens and crucifers!), but they actually contain a wealth of health-promoting fibers, micronutrients, and
phytonutrients. The exact mix of compounds varies considerably from veggie to veggie, but one thing is

universally true: every root veggie offers something special! Here's a rundown of what they can deliver.

Prebiotic Carbohydrates

Root veggies contain an amazing mix of
carbohydrates with prebiotic activity (that is, feed-
ing the beneficial species of bacteria in the gut).
Depending on the specific root veggie, you'll find
any combination of resistant starch, fructooligo-
saccharides, inulin, or pectin—all of which improve
not only gut health, but also the various other body
systems affected by the state of our gut!

Resistant starch is among the most famous of these

prebiotic carbohydrates. It's a type of highly fer-

mentable, insoluble fiber that "resists” the action of

human digestive enzymes, due to its molecular structure. Rather than being fully broken down in the small
intestine like most starches, it passes on to the colon to become food for important gut microbes (which
then ferment the starch to produce short-chain fatty acids like acetic acid, propionic acid, and butyric

acid—all of which have awesome health properties of their own!).

Both human and animal studies have shown that resistant starch and its short chain fatty acid (SCFA)
metabolites can improve intestinal barrier function, reduce the production of colon cancer precursors, help
regulate macronutrient metabolism, increase insulin sensitivity, lower blood sugar responses after high-
carb meals, reduce hunger, increase satiation, improve blood lipids, and help combat obesity. There's even
evidence that resistant starch helps boost immunity, due to its influence on immune cell production and

inflammatory compounds in the gut!

On top of that, the SCFAs produced via bacterial fermentation serve as the main food source for intestinal
epithelial cells, giving them a huge role in promoting gut health. These unique fats have also been shown
to reduce the risk of inflammatory diseases, maintain a healthy gut barrier, and aid in the absorption of

important minerals (including copper, calcium, magnesium, iron, and zinc).
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Potatoes that have been cooked and cooled are

an excellent source of resistant starch (the cook-
ing-and-cooling process modifies the starch struc-
ture to become resistant). But, cassava, yam, water

chestnuts, and taro also contain resistant starch!

Meanwhile, inulin and fructooligosaccharides

are soluble fibers that are similar in nature, dis-

tinguished mainly by their structural differences

(inulin has a longer structure with more cross-links,

whereas fructooligosaccharides are shorter and

linear). Both have amazing prebiotic properties,

significantly boosting populations of Lactobacillus

and Bifidobacterium—which collectively carry out

a huge number of roles, including producing vita-

mins, preventing pathogens from colonizing the

gut mucosa (including E. coli), protecting against yeast overgrowths, improving the gut barrier function,
reducing endotoxin transport, exerting anti-cancer and anti-diabetic effects, and increasing the generation
of SCFAs in the gut. Inulin and fructooligosaccharides have also been shown to improve the absorption of
calcium and other minerals in the intestine (in fact, studies have shown these fibers improve bone health in

humans!), combat constipation, and reduce blood cholesterol and triglyceride levels.

Inulin and fructooligosaccharides are particularly abundant in chicory root, Jerusalem artichokes, onions,

yams, burdock root, jicama, and yacon!

Root veggies also supply pectin, a potent prebiotic fiber made up of a long chain of indigestible sugars.
Although pectin is more commonly known for being an ingredient that helps thicken jams and jellies, it
also possesses a number of benefits for humans! Across studies, pectin has been shown to alter the ratio of
gut bacteria in favorable ways, as well as generate SCFAs—with a number of downstream effects such as
lowering blood sugar levels, delaying gastric emptying, exerting protective effects against colon cancer,
reducing blood levels of insulin and sugar, enhancing the absorption of some minerals, promoting regular-
ity, protecting against pathogenic infections in the gut, and binding to heavy metal ions (in turn reducing
their retention and protecting against toxicity). Pectin has also been shown to modulate the immune sys-

tem, likely through its effects on the gut microbiota—giving it a beneficial role in conditions like allergies.

Among the root veggies, pectin is found in the highest quantities in carrots, turnips, potatoes, sweet pota-

toes, burdock root, and chicory root.

Phenomenal Phytonutrients

In order to survive in the challenging environment underground, root vegetables produce a number of
phytonutrients as defenses—allowing them to evade predators and pathogens in the soil, as well as tri-
umph over competing plants. Luckily for us, these phytonutrients come with a huge range of benefits for

human health!
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For example, root veggies with yellow or orange coloration (such as carrots and sweet potatoes) are high in
carotenoids—plant pigments that increase resistance to oxidative stress, reduce inflammation, and have
been shown to support vision health (particularly age-related eye diseases like macular degeneration and
cataracts). Research shows a high intake of carotenoids could even protect against metabolic syndrome and
diabetes!

Betalains are another class of red to yellow pigments found in certain root veggies (particularly beets, but
also some less-common tubers like ulluco—an important crop in the Andean region of South America).
Along with serving as powerful antioxidants, betalains have strong anti-inflammatory effects. Research
suggests betalains could reduce the risk of cancer, cardiovascular disease, type 2 diabetes, and potentially
neurodegenerative diseases, while also protecting the liver and kidney from damage. They're also capable

of helping improve blood lipid and blood sugar levels!

Many root veggies also contain anthocyanins—another type of plant pigment with cardioprotective, neu-
roprotective, anti-inflammatory, blood-sugar-lowering, and anti-cancer properties. Studies suggest they

could help protect against heart disease and diabetes, and may even have pain-reducing properties. These
phytonutrient pigments impart blue, purple, or deep red colors to plants, and are found in radishes, sweet

potatoes, turnips, red onions, cassava, and carrots.

Root vegetables also contain an array of polyphenols—a category of phytonutrients with significant anti-
oxidant and anti-inflammatory properties. These compounds play a huge role in protecting against cancer,
heart disease, diabetes, asthma, osteoporosis, neurodegenerative diseases, and other conditions associated
with oxidative stress. Although thousands of polyphenols exist, some of the most common in root veggies

include:

- QUERCETIN (found in radishes, carrots, chicory root, garlic, jicama, parsnips, burdock root,
onions, beets, celery root, kohlrabi, potatoes, rutabagas, sweet potatoes, taro, and cassava), which

has been shown to suppress inflammation in the brain and promote a healthy gut barrier.

« APIGENIN (found in carrots, cassava, onion, rutabagas, horseradish, chicory root, and celery
root), which has been shown to reduce inflammation, protect against cancer and diabetes, im-

prove brain health, reduce pain, and induce a calming effect.

. KAEMPFEROL (found in beets, carrots, water chestnuts, onions, radish, celery root, and chico-
ry root), which can reduce inflammation, regulate the immune system, protect against cancer, act
as an antimicrobial, prevent diabetes, reduce cardiovascular disease risk factors, prevent neuro-

degenerative diseases (like Alzheimer's disease), improve bone health, and aid weight loss.

« LUTEOLIN (found in carrots, beets, water chestnuts, celery root, rutabagas, sweet potatoes,
horseradish, taro, kohlrabi, chicory root, and burdock root), which is strongly neuro-protective
with anti-cancer activity, along with being able to reduce inflammation, regulate the immune
system, reduce allergic responses, prevent toxicity associated with chemotherapy and radiation,

and reduce pain.
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- HYDROXYCINNAMIC ACIDS such as p-coumaric acid, caffeic acid, ferulic acid, chlorogenic
acid, and sinapic acid (found in carrots, radishes, parsnips, onions, beets, chicory, garlic, onion,
and turnips), which have powerful anti-diabetic, anti-inflammatory, antioxidant, and anti-cancer
effects; they may help protect against neurodegenerative diseases and other conditions related to

oxidative stress.

Root veggies from the Brassica family (such as horseradish, rutabaga, turnips, radishes, and kohlrabi) are
rich in glucosinolates—a type of sulfur-containing compound that gets converted into bioactive isothio-
cyanates when the plant cells are chewed, cut, crushed, or otherwise damaged. Research spanning human
epidemiology, animal models, and in vitro experiments shows that isothiocyanates have significant an-
ti-cancer, anti-diabetic, cardioprotective, antimicrobial, antioxidant, and neuroprotective effects! In experi-
ments, the isothiocyanates sulforaphane and indole-3-carbinol have shown particularly impressive abilities

to kill cancer cells and halt cancer cell growth.

Root veggies in the Allium family (which include onions, garlic, and shallots) are also uniquely high in or-
ganosulfur compounds, which show evidence of protecting against stomach and colorectal cancers (due
to inhibiting carcinogenesis in various parts of the digestive tract, modifying detoxification enzymes, and

preventing DNA damage).

A number of root veggies also contain saponins—chemical compounds that can reduce cholesterol levels,
protect against oxidative stress, inhibit tumor growth, improve lipid metabolism, and even protect against

obesity! Saponins can be found in yams, potatoes, onions, garlic, sweet potatoes, beets, and cassaval!

Magnificent Micronutrients

Root veggies are rich in a number of vitamins and minerals! Although they vary in their exact nutritional
profiles, their role as storage organs (storing nutrients and energy for the rest of the plant) means they

tend to accumulate specific micronutrients. These include:

- COPPER, a trace mineral involved in glucose and cholesterol metabolism, gene expression, free
radical scavenging, red blood cell production, and the growth, development, and maintenance of
various organs (including the heart and brain). One cup of Jerusalem artichokes has 43% DV of
copper! One cup of cooked sweet potato contains 22% of the DV for copper and the same amount
of turnips has 12% DV. Other high-copper root veggies include kohlrabi, cassava, potato, beets,

and leeks.

- VITAMIN B4 (FOLATE), an essential B vitamin that plays roles in blood cell production, the
formation of genetic material (including DNA), cell growth, cardiovascular health, cancer pro-
tection, and cognitive and neurological health. A cup of cooked beets contains 37% of the DV for
folate, and a cup of cooked parsnips contains 22% of the DV. Cassava and leeks are also notable

sources of folate.

« IRON, a mineral needed for the function of numerous proteins involved in electron transport,

energy metabolism, oxygen transport and storage, DNA replication and repair, free radical

Nutrivore Foundational Foods



60

scavenging, and oxidative processes. One cup of Jerusalem artichokes contains 12% of the DV for

iron. Sweet potatoes, potatoes, cassava and beets also contain notable amounts.

MAGNE SIUM, an essential mineral that acts as an electrolyte and structural component in cells
and bone tissue, and that serves as a cofactor for hundreds of different enzymes (giving it a role
over 300 metabolic reactions!). High-magnesium root veggies include Jerusalem artichoke, cassa-

va, daikon, rutabaga, sweet potatoes, and potatoes.

MANGANE SE, a mineral that serves as a cofactor and component of numerous enzymes—
giving it roles in carbohydrate metabolism, amino acid synthesis, gluconeogenesis, detoxification,
lipid processing, free radical defense, bone and collagen formation, and wound healing. Jerusalem

artichoke, beets, cassava, leeks, parsnips, and sweet potatoes are high in manganese.

VITAMIN B3 (NIACIN), a water-soluble B vitamin that's needed for over 400 enzymes involved
in DNA repair, fatty acid synthesis, antioxidant systems, detoxification, hormone synthesis, and
macronutrient breakdown. One cup of cassava has 14% the DV for niacin. Jerusalem artichokes,

sweet potatoes, potatoes, and yacon are also great sources!

VITAMIN BS (PANTOTHENIC ACID), a water-soluble vitamin needed for metabolizing
many drugs and toxins, as well as forming derivatives that participate in the synthesis of choles-
terol, fatty acids, melatonin, the neurotransmitter acetylcholine, steroid hormones, heme, and
vitamins A and D. Jerusalem artichokes, sweet potatoes, potatoes, garlic, and parsnips are high in

this nutrient.

POTASSIUM, an electrolyte mineral with roles in a wide variety of life-sustaining processes
such as heart function, muscle contraction, nerve impulse transmission, blood pressure control,
blood pH, and fluid balance. Jerusalem artichokes, kohlrabi, turnips, parsnips, cassava and sweet

potatoes are good sources of potassium.

VITAMIN B1(Thiamin), a water-soluble vitamin that serves as a cofactor for a variety of en-
zymes involved in carbohydrate and amino acid metabolism, RNA and DNA production, and
generating energy for the Krebs cycle. One cup of Jerusalem artichokes contains 10% the DV for
thiamin, and rutabaga contains 11% the DV. Garlic, cassava, parsnips, potatoes, yacon, and yams

are also some delicious thiamin-filled sources.

VITAMIN B6 (PYRIDOXINE), a group of six water-soluble compounds required by over 100
different enzymes to carry out functions in protein metabolism, fatty acid metabolism, neu-
rotransmitter production, gluconeogenesis, hemoglobin synthesis, the release of glucose from
glycogen, and energy metabolism (particularly the production of ATP in the Krebs cycle). Root

veggies high in vitamin B6 include cassava, Jerusalem artichoke, kohlrabi, and sweet potato.

VITAMIN C, a water-soluble vitamin with powerful antioxidant properties, with important roles
in the immune system and collagen production. Kohlrabi contains 93% of the DV for vitamin C
in a one cup serving, while cassava has an impressive 113%. Other awesome sources of vitamin C

include Jerusalem artichoke, leeks, parsnips, radish, rutabaga, and turnips.
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Health Benefits of Root Veggies

Given how many awesome things they contain, it shouldn't come as a surprise that root veggies have
demonstrated wide-ranging health benefits and protection against a number of diseases. When studied as

a general food group, they've been shown to be protective against the following conditions:

All-cause mortality
In a 2019 review of available meta-analyses, every 100 g increase in daily root vegetable

consumption was associated with a 24% reduction in all-cause mortality!

Mental health

A 2021 cross-sectional study found that among family caregivers of people with demen-
tia, higher root vegetable consumption was associated with lower incidence and severity

of anxiety and depression.

Cancer
A prospective study from 2005 found that among Swedish women, root vegetable con-

sumption was associated with a lower risk of kidney cancer. In fact, root veggies had the
strongest inverse association with kidney cancer out of any vegetable sub-group: eating

at least one serving per day (compared to none) was linked to a 51% decrease in risk!

Another prospective study from 2006 found that eating at least three servings of root vegetables per week,
compared to less than half a serving per week, was associated with a 57% lower risk of stomach cancer.

And, a 2012 analysis of the European Prospective Investigation into Cancer and Nutrition found that root

vegetable intake was significantly protective of aggressive forms of the disease, reducing risk by 13%.

Cognitive decline
A 2011 prospective cohort study found that higher root veggie consumption was asso-

ciated with reduced cognitive decline over time—specifically, cognitive flexibility and
cognitive function. In fact, people with the lowest root vegetable consumption had over

three times the cognitive decline of people with the highest intake!

Diabetes

Root veggies may even be protective against diabetes! In a 2012 analysis of the EPIC-

InterAct prospective study, encompassing over 16,000 participants, root veggies were

the only fruit or vegetable subtype inversely associated with diabetes (a 13% reduction in

risk for the highest versus lowest quartile of intake).
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Specific Veggies

Because they belong to a number of different plant families (and therefore possess unique phytochemi-
cal and nutrient profiles), root veggies are more often studied individually than as a collective group. And

when we look at the science on a veggie-by-veggie basis, their health perks are even more dazzling!

- BEETS: Research shows beets are awesome for cardiovascular health, due to their ability to
reduce blood pressure, blood sugar, and blood glucose! They can even potentially benefit athletic
performance due to their nitrate content, as well as reduce muscle soreness. Various components

of beets have also been shown to inhibit cancer growth and induce autophagy.

. CARROTS: Along with famously supporting eye health (due to their rich content of carot-
enoids), carrots are incredibly beneficial for the gut! Specifically, a variety of studies have shown
that carrot consumption alters the composition and diversity of the gut microbiota, improves

intestinal function, and reduces fecal pH.

- CHICORY ROOT: Incredibly rich in fermentable fibers, chicory root has a major role in
promoting gut health and feeding beneficial intestinal bacteria (as well as promoting regularity
and relieving constipation). It's also been shown to help modulate the immune system, reduce
DNA mutations, protect against liver damage, and protect against pathogenic infections

(whether from bacteria, fungi, parasites, or viruses!).

- JERUSALEM ARTICHOKES: Incredibly rich in prebiotic fibers, Jerusalem artichokes have
been shown to help with digestive health, regulate blood sugar and blood pressure levels, reduce

cholesterol levels, and exert anti-cancer activities!

- RADISHE S: Radishes are particularly famous for their anti-diabetic activities—promoting
glucose uptake, reducing glucose absorption in the intestine (by inhibiting a-amylase and a-glu-
cosidase enzymes involved in sugar breakdown), and affecting hormones involved in glucose
regulation (including adiponectin and insulin). Radishes may even help prevent diabetes-induced

oxidative damage, due to their array of antioxidant phytonutrients.

- RUTABAGAS: Rutabagas are particularly high in glucosinolates that possess antioxidant
properties, and which have been shown to reduce inflammation and inhibit the growth of

colorectal, breast, and prostate cancer cells.

- SWEET POTATOES: Sweet potatoes exhibit antioxidative, anti-inflammatory, anti-obesity,
liver-protective, anti-aging, blood-sugar-lowering, and immunomodulatory properties. Pur-
ple-fleshed sweet potato is a particular rockstar here, with studies showing its various compo-
nents can exert anti-cancer properties against colon tumors, stomach cancer, breast cancer, and
bladder cancer cells. Not only that, but sweet potatoes also show promise for enhancing cognitive
performance and memory, in part by reducing inflammation and preventing free radical damage

in the brain.

- TURNIPS: Turnips have been shown to exhibit anti-tumor, anti-diabetic, antioxidant, anti-
inflammatory, anti-hypertensive, kidney-protective, liver-protective, and even pain-reducing

properties!
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- YAMS: Yams have shown positive effects on brain function, cancer protection, diabetes, and
even weight loss! Many of these benefits are related to its phytosteroid diosgenin, which
demonstrates significant hypoglycemic, antioxidant, anti-inflammatory, cholesterol-lowering,
and anti-cancer properties (particularly against colon cancer, leukemia, squamous carcinoma,
liver cancer, gastric cancer, breast cancer, and lung cancer cells). Yam may even help boost brain
health, with both animal and human studies showing improvements in cognitive function,

memory, and learning.
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Root Vegetable Nutrivore
Scores

Root veggies vary considerably in their Nutrivore scores, with radishes topping the list at a whopping 5863

(skyrocketing to 6660 for the white icicle variety of radish)! The full list includes:

Acorn squash, raw

297

Beets

2013

Jicama

234

Burdock Root

182

Kohlrabi

2497

Butternut squash, raw

670

Lotus Root

351

Carrots

899

Onions

380

Cassava

224

Parsnips

372

Celery root
(AKA celeriac)

345

Potatoes

272

Pumpkin, raw

1036

Chicory Root

207

Radishes

5863

Garlic

5622

Rutabagas

766

Ginger

192

Sweet potatoes

379

Horseradish (paste)

850

Spaghetti squash, raw

286

Hubbard squash, raw

358

Taro

178

Jerusalem artichokes
(AKA sunchokes)

195

Turnips

1954
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What’s the Deal With Potatoes?

For years, potatoes have received a fair bit of nega-
tive press—the vast majority of which is undeserved!
Although potatoes can indeed be problematic for
people with nightshade sensitivity, they're a far cry
from the empty-calorie, high-glycemic starch they're
often portrayed as. In fact, potatoes are good sourc-
es of vitamin C, vitamin B6, potassium, manganese,
niacin, magnesium, folate, and even iron! With a
Nutrivore score of 272, they're considered a medium
nutrient-dense food. They also routinely rank high in
satiety index studies, suggesting they're actually one

of the most satiating foods we can eat!

Part of the potato confusion is due to the way they're commonly prepared and eaten. In observational
studies, potato consumption is often in the form of fried foods (such as French fries or potato chips) rather
than more healthful preparations (like baking or boiling)—making it hard to determine whether subse-
quent health outcomes are from the potatoes themselves, or from the processing methods and additional
ingredients accompanying them. In fact, studies that adjust for confounders generally show that non-fried
potatoes are neutral when it comes to diabetes and cardiovascular disease risk, and may even be linked to a

reduced risk of total mortality.

Likewise, some bioactive compounds in potato (including alpha-chaconine and gallic acid) have been shown
to induce the death of some cancer cells, including prostate, colon, and liver. The resistant starch in potato
can also help improve insulin sensitivity, boost satiety, decrease blood sugar levels, promote feelings of

fullness, and reduce food intake.

In other words, there's no reason to view potatoes as an exception to the “root veggies are awesome” rule!

Spuds deserve a place at the table just as much as their rooty cousins.
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A Note on Contaminants

Among the many impressive features of root
vegetables is one potential bummer: their role as plant
storage organs makes them uniquely capable of accu-
mulating heavy metals (especially lead and cadmium),
pesticides, microplastics, and other contaminants from
the surrounding soil. Analyses of root veggies from
polluted environments show they tend to have a higher
concentration of contaminants than other edible plant

parts.

Luckly, most of us don't need to worry about the
contaminants in root veggies, even when buying
conventional, since they aren't high enough to harm
human health. If you do live in an area with high levels
of industrial pollution, you can reduce your exposure
by making sure to peel and cook your root veggies

before eating them, which can reduce the levels of

contaminants by over 50%! Other options are to opt for organic root vegetables, or buy from farms located

away from industrial pollution, or shop at farmers markets (where you'll be likely to encounter vendors

who use sustainable, low-pollution farming methods). And of course, this is yet another reason to advocate

for solutions to pollution.
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Some Practical Pointers

Root veggies tend to be hardy (no surprise, given they've already roughed it underground!), but selecting

and storing them for quality and freshness helps ensure you get the best root veggie bang for your buck.

Here are some tips to keep in mind!

Selection:

+ In general, root veggies should be springy and

hard—the very opposite of selecting ripe fruit!
+ Select veggies that feel heavy for their size.

+ Avoid buying root vegetables with gashes,
bruises, soft spots, wrinkling, or other signs of

damage.

« If you're choosing root veggies that have their
greens attached (such as a bunch of beets or
radishes), check to make sure the stems and

leaves are bright, firm, and not wilting.

- When it comes to potatoes, choose ones that are
smooth (with small "eyes"), well-shaped, and free

from green spots, shriveling, or sprouts.

Storage:

Although root veggies can be left at room temperature
without spoiling for longer periods than many other
vegetables, they can also begin sprouting or decomposing
when exposed to light or warmth for extended periods!

As a general rule, they store best when unwashed, in cool,
dark, humid spaces, at temperatures between 32 and 40
degrees F. Keeping them in paper or plastic bags in the
crisper is ideal. For root veggies that have their greens still
attached, removing the greens and storing them separate-

ly can help prevent early spoilage.
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Seasonality:

- BEETS: Beets are typically in season from late summer through late fall or early spring.

- CARRQOTS: Carrots are available year-round, but they are at their best in the summer and fall.

CASSAVA: Cassava can be harvested year-round!

« CELERY ROOT: Celery root's peak season is the fall and spring.

. JERUSALEM ARTICHOKES: Jerusalem artichokes are in season in the late fall and winter.

KOHLRABI: Kohlrabi is also a cool-weather crop, and is typically in season from early spring

through late fall.

PARSNIPS: Parsnips are at their best in the fall and winter.

POTATOES: Potatoes are available year-round, but their peak season is in the fall and winter.

RADISHE S: Radishes are a spring and fall crop, with peak season being in the cooler months.

RUTABAGAS: Rutabagas are in season from early fall through spring.

SWEET POTATOES: Sweet potatoes are in season in the fall, although they're generally avail-

able year-round.

TARO: The best season for taro is typically late summer.

TURNIPS: Turnips are a cool-weather crop and are typically in season from late fall through

early spring.
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Introduction to Leafy Vegetables

When it comes to nutritional bang for the calo-
rie buck, it's hard to beat leafy vegetables! These
versatile foods have been part of the human
diet since time immemorial, eventually earning
their place as staples in ancient cultures around
the globe. For example, lettuce was first farmed
in Ancient Egypt as early as 2680 BC, where it
went from being a wild-growing weed to a food
crop used for its leaves and seed oil. Selection
of brassica plants with enlarged leaves led to
the development of kale in 5th century BCE.
Meanwhile, Ancient Egyptians and Romans
considered arugula leaves an aphrodisiac—and
some writers even suggest this was the reason
monasteries were forbidden to grow arugula

during the Middle Ages!

Today, leafy vegetables are known not only for their culinary diversity, but also for their outstanding health

benefits. In fact, they're among the most nutrient-dense foods on the planet, packed with phytonutrients,

micronutrients, and fiber. Don't be-leaf it? Lettuce take a closer look at this fantastic food group!
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What Are Leafy Vegetables?

Leafy vegetables include any plant leaves eaten as vegetables. And while many food groups are united by a

specific taxonomic family, leafy vegetables include members from all over the plant kingdom!

Most of the leafy veggies we eat come from the lettuce family, chard family, chicory family, Brassica (cruci-
ferous) family, parsley (umbellifer) family, and mint family, but we also eat members of the legume family
(such as pea shoots), the plantain family (such as broadleaf plantain), the daisy family (such as dandelion
greens), the carnation family (such as chickweed), the valerian family (such as lamb's lettuce), the buckwheat
family (such as sorrel), and the morning glory family (such as sweet potato greens and water spinach)... just

to name a few!

Some of the most common leafy vegetables from the lettuce family include:

. BUTTERHEAD LETTUCE And from the brassica family: And from the mint family:

- GREEN LEAF - ARUGULA - BASIL

- ICEBERG LETTUCE . BOK CHOY . LAVENDER

- OAK LEAF LETTUCE - BROCCOLI LEAVES - LEMON BALM

- RED LEAF - CABBAGE - PEPPERMINT

- ROMAINE LETTUCE .- COLLARD GREENS . SAGE

- SUMMERCRISP LETTUCE - GAI LAN . SPEARMINT
And from the chicory family: - GARDEN CRESS - TARRAGON

. KALE

- BELGIAN ENDIVE
- CURLY ENDIVE

- MUSTARD GREENS
- RAPINI (BROCCOLI RABE)

. ESCAROLE
. FRISEE . RED CABBAGE
. RADICCHIO . SAVOY CABBAGE
. WATERCRESS
And from the chard family:

- AMARANTH GREENS
- BEET GREENS

- LAMBSQUARTERS

- SPINACH

- SWISS CHARD

And from the parsley family:
- CARROT TOPS
. CELERY
. CILANTRO
. DILL
- FENNEL
- HOGWEED
.- LOVAGE
- PARSLEY
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On top of "full size” leafy vegetables, microgreens are worth a mention here too! Microgreens are the tasty
small shoots of vegetables and herbs, picked right after the first leaves have developed. Along with hav-

ing delicate textures and distinctive flavors, microgreens are bursting with nutritional goodness. In fact,
microgreens are significantly more nutrient-dense than their fully grown counterparts—boasting around
a 40% higher concentration of phytonutrients, along with impressive levels of chlorophyll, carotenoids, and
many vitamins and minerals. They also contain fewer anti-nutrients than mature plants, making it easier

for our bodies to access the minerals they contain.

Common microgreens include:

- BRASSICA FAMILY MICROGREENS (cauliflower, broccoli, watercress, radish, arugula,
cabbage, mustard, kale, kohlrabi)

. LETTUCE MICROGREENS

. CHICORY FAMILY MICROGREENS (endive, chicory, radicchio)

. ALLIUM FAMILY MICROGREENS (garlic, onion, leek, chives)

. MELON FAMILY MICROGREENS (melon, squash, cucumbez)

. CHARD FAMILY MICROGREENS (amaranth, Swiss chard, beet, spinach, quinoa)
. PARSLEY FAMILY MICROGREENS (dill, carrot, celery, fennel)

. MINT FAMILY MICROGREENS (basil, marjoram, mint, rosemary, sage, oregano)
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What Makes Leafy Vegetables
So Great?

One of the coolest things about leafy vegetables is
their diversity of health-promoting compounds.
Because they can come from so many different
plant families, they possess a huge array of phyto-
nutrients micronutrients, and of course, fiber. Let's

take a look at what these tasty veggies have to offer!

Phenomenal Phytonutrients

When it comes to the phytonutrients in leafy vege-
tables, some are near-universal for this food group

and some are specific to certain plant families.

For starters, leafy green vegetables are among the

only foods that contain sulfoquinovose—a unique

sulfur-containing sugar derived from glucose. In

plants, it plays a role in photosynthesis; in humans,

it may have important effects on gut health! Specifically, sulfoquinovose promotes the growth of a select
few gut bacteria, one being Eubacterium rectale—a key microbe for producing butyrate, reducing intesti-
nal inflammation, and maintaining colonic motility. Kale, spinach, and watercress are particularly high in

this special phytonutrient!

Green-colored leafy vegetables are also excellent sources of chlorophyll—the pigment that traps light for
photosynthesis and gives plants their green color. It boasts significant anti-inflammatory and antioxidant
properties, with some research even showing it can beneficially modulate the gut microbiota—including in

ways that contribute to healthy body composition.

What's more, the chlorophyll in green leafy vegetables is also a powerful cancer fighter, capable of binding
to carcinogens and inhibiting their intestinal absorption—in turn preventing them from reaching our
tissues and causing harm. In fact, chlorophyll binds to some of the most widespread foodborne carcinogens
we're exposed to, including those that form when cooking meat at high temperatures (polycyclic aromatic
hydrocarbons and heterocyclic amines) and those that can contaminate peanuts, corn, and dried spices
(aflatoxin-B1). Chlorophyll can also help mitigate the potentially carcinogenic properties of heme iron—the

form of iron abundant in red meat!
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Leafy vegetables with a purplish or reddish color—such as
red cabbage and purple kale—contain a group of flavonoids
called anthocyanins. Anthocyanins appear to have anti-in-
flammatory and neuroprotective effects, could improve glu-
cose tolerance, may reduce the risk of chronic diseases like
heart disease and cancer, and may even have pain-relieving
properties (due to an affinity for certain "pain-sensation”

cell membrane receptors in the brain!).

Dark green leafy vegetables are also outstanding sources

of carotenoids—plant pigments that increase resistance

to oxidative stress, reduce inflammation, and have been
shown to support vision health (particularly age-related eye
diseases like macular degeneration and cataracts). Research
shows a high intake of carotenoids could even protect
against metabolic syndrome and diabetes! In particular,
vegetables like spinach, kale, and collard greens tend to be
high in beta-carotene (a precursor to vitamin A) and lutein
(a carotenoid present in high concentration in the retina,

and that helps filter harmful blue-light rays).

On top of all that, leafy vegetables boast some specific phy-

tonutrients associated with the particular plant family they come from! Lettuces, for example, have several
health-promoting compounds not found in other vegetables. These include a special carotenoid called
lactucaxanthin, which demonstrates anti-diabetic activity, as well as the compounds lactucin and lactuco-

picrin, which have potent pain-reducing properties and gentle sleep-inducing effects!

Meanwhile, one of the standout features of chard family leafy vegetables is the presence of betalains—a
group of phytonutrients that give many of these vegetables their unique coloration. For example, betalains
are responsible for the burgundy hue in beet leaf stems, and the yellow, pink, or red color of Swiss chard

stems!

Brassica family plants are exclusive sources of glucosinolates—a type of sulfur-containing phytonutrient
that gives these veggies their characteristic pungent flavor. Leafy brassicas are no exception! Glucosino-
lates break down into another compound, isothiocyanates, when damaged via chewing, cutting, or other
processing. Isothiocyanates, in turn, have tremendous anti-cancer properties, including against bladder
cancer, lung cancer, colon cancer, breast cancer, and pancreatic cancer. In fact, one particular isothiocya-
nate, sulforaphane, has become famous for its cancer-fighting activity, with studies showing it can block

DNA mutations and stop cancer cells from multiplying!

Leafy members of the parsley family (such as parsley, carrot tops, dill, fennel, and cilantro) are known for

containing apigenin—a type of flavone with wide-ranging protective effects against diabetes, Alzheimer’s
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disease, depression, insomnia, and cancer. It's also shown antimicrobial activity against a number of
pathogens, including many of the ones responsible for foodborne illness. And, parsley family leaves also
contain phytonutrients called phthalides, which support cardiovascular health and can help reduce high

blood pressure!

And no phytonutrient spotlight would be complete without a tour of the mint family leafy vegetables!

Basil, lemon balm, spearmint, peppermint, tarragon, lavender, and sage not only have delightful flavors and
aromas; they're also rich in volatile oils and an astounding number of phytonutrients. These include
rosmarinic acid (a powerful anti-inflammatory and anti-cancer compound, with potential benefits for
arthritis, colitis, and atopic dermatitis); ursolic acid (a triterpene compound that can improve insulin
signaling, reduce heart tissue damage, fight inflammation, boost antioxidant levels in the brain, protect
against muscle wasting, and block cancer growth), limonene (a monoterpene that exhibits anti-cancer,
antioxidant, anti-inflammatory, pain-reducing, cardio-protective, liver-protective, anti-microbial,

immune-modulating, and diabetes-reducing activity)... just to name a few!

Believe it or not, that's still just scratching the surface of the phytonutrient goodness in leafy vegetables.
The flavonoids quercetin and kaempferol present in leafy greens like kale have been extensively studied for
their protective activity against heart disease, inflammation, cancer, and hypertension. Chickweed contains
phytonutrients like phytosterols and saponins that have been shown to support digestion and healthy

body composition. And dandelion greens contain an anti-diabetic phytonutrient called chlorogenic acid!

Magnificent Micronutrients

As far as vitamin and minerals go, leafy vegetables pack a mighty bang for the buck! These veggies vary in

their exact nutritional profiles, but they tend to be high in the following micronutrients:

- VITAMIN K, which plays a vital role in coagulation, bone metabolism, cellular function, and the
prevention of soft tissue calcification. A two-cup serving of raw kale contains 162% of the DV for
this nutrient! Cabbage, garden cress, watercress, gai lan, bok choy, and mustard greens are also

wonderful sources.

- VITAMIN B4 (FOLATE), an essential B vitamin that plays roles in blood cell production, the
formation of genetic material (including DNA), cell growth, cardiovascular health, cancer pro-
tection, and cognitive and neurological health. Kale, collard greens, mustard greens, gai lan, and

savoy cabbage are all great sources!

- VITAMIN C, a water-soluble vitamin with powerful antioxidant properties, with important roles
in the immune system and collagen production. Mustard greens, kale, gai lan, garden cress, bok

choy, savoy cabbage, and cabbage are chock full of vitamin C!

- CALCIUM, a major structural component of bones and teeth that also serves as an electrolyte—
a type of electricity-conducting mineral needed for regulating nerve impulses, muscle contrac-
tion, heartbeat, blood pH, and fluid balance. Mustard greens, kale, and collard greens all contain

10% or more of the DV for calcium per two-cup serving.
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- MANGANE SE, a mineral that serves as a cofactor and component of numerous enzymes—giv-
ing it roles in carbohydrate metabolism, amino acid synthesis, gluconeogenesis, detoxification,
lipid processing, free radical defense, bone and collagen formation, and wound healing. Mustard

greens, kale, gai lan, garden cress, savoy cabbage, and collard greens all contain notable amounts!

Fabulous Fiber

Across the board, leafy vegetables are fantastic sources of fiber. Fiber is a great example of a nutrient that
isn't labelled as essential, but that is absolutely fundamental for our health! Along with regulating gut motili-
ty (promoting regularity) and some gastric hormones, it supplies our gut bacteria with fermentable substrate

(i.e., food!) so that important microbes can flourish and remain diverse.

High fiber intake also reduces the risk of cardiovascular disease and of many forms of cancer (especially col-
orectal cancer, but also liver cancer, pancreatic cancer, and others), and promotes overall lower inflammation.
High-fiber diets reduce the risk of mortality in cases of kidney disease and diabetes, and can even reduce your

risk of dying from an infection!

Although all leafy vegetables supply plenty of fiber, leafy members of the chicory family deserve a shout-out
for their high content of inulin—a prebiotic fiber with tremendous benefits for gut health (including boosting
levels of the beneficial Bifidobacterium genus). Although most heavily concentrated in chicory root, inulin

is also present in smaller amounts in the leaves of chicory family vegetables (think: endive, escarole, frisée,

radicchio!).

Per serving, leafy vegetables contain the following amounts of fiber:
- ARUGULA: o6g
- BASIL: oag
- BEET GREENS: 2.8g
- BELGIAN ENDIVE: 3.1g
- BOK CHOY: 1.0g
- BUTTERHEAD LETTUCE: 1.21g
. CABBAGE: 2.0g
- CELERY: 16g
- CILANTRO: o0.2g
- COLLARD GREENS: 2.9g
- CURLY ENDIVE (CHICORY): 2.3g
- DANDELION GREENS: 3.9¢9
- DILL: 0.2g
- FENNEL: 2.8g
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- GARDEN CRESS: 11g

- GREEN LEAF LETTUCE: 13g

- ICEBERG LETTUCE: 12g

- KALE: g.1g

- MUSTARD GREENS: 3.2g

- NEW ZEALAND SPINACH: 159
- PARSLEY:3.3g

- PEPPERMINT: 8.0g

- RADICCHIO: o.9g

- RAPINI (BROCCOLI RABE): 2.7g
- RED CABBAGE: 2.1g

- RED LEAF LETTUCE: 0.9g

- ROMAINE LETTUCE: 2.g

- SAVOY CABBAGE: 3.9

- SPEARMINT: 6.8g

« SPINACH: 2.2¢g

- SWEET POTATO GREENS: 5.3g
- SWISS CHARD: 169

- WATER SPINACH: 21g

- WATERCRESS: 0.5g
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Health Benefits of Leafy
Vegetables

Given their awesome phytonutrient, micronutrient, and fiber profiles, it shouldn't come as a surprise that
Leafy veggies have demonstrated wide-ranging health benefits and protection against a number of diseas-

es. Here's a rundown of the many ways they've been scientifically shown to benefit our health!
Reduced risk of cardiovascular disease:

Leafy vegetables are awesome for the heart! A prospective study from 2013 found that
consuming 1.5 servings of leafy greens per day, versus 1.5 servings per week, is associated

with a 17% lower risk of coronary heart disease.

Better cognitive health:

A prospective study from 2018 found that eating just 1.3 servings of green leafy vegeta-

bles per day is associated with the equivalent of being 11 years younger in cognitive age.

Likewise, a 2019 cross-sectional study found that for people 55 and older, eating some leafy vegetables
every day (versus not eating them every day) is associated with a whopping 78% reduction in risk of mild

cognitive impairment!

Reduced risk of breast cancer:

Leafy vegetables could slash the risk of one of the most common cancers. A prospective

study from 2012 tracked over 31,000 women and found that for every 50-gram increase in

leafy vegetable consumption per day, the risk of developing breast cancer dropped by 15%. (For reference,
50 grams of kale is less than a cup!) This same study found that participants eating over 56 grams of leafy
vegetables daily had a 30% lower risk of developing breast cancer, compared to those eating less than 15

grams daily.

Reduced risk of lung cancer:

For people at high risk of lung cancer, regularly eating salads can be enormously protec-

tive. A1993 case-control study found that relative to eating no lettuce, eating lettuce more

than three times per week reduced the risk of lung cancer by 49% among former and current smokers.
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Reduced risk of colorectal cancer:

Upping those leafy veggies could protect against colorectal cancer! A case-control study

from 2017 found that men with the highest versus the lowest intake of green vegetables
had a 51% lower risk of developing colorectal cancer. Similarly, in a 2004 prospective study of over 107,000
men and women, frequent green leafy vegetable consumption was associated with a 40% lower risk of

death from rectal cancer.

Reduced risk of stomach cancer:

Leafy vegetables can even protect against stomach cancer!In a 2006 prospective study of

over 81,000 adults, those consuming at least three servings of green vegetables per week

had a 36% lower risk of stomach cancer than those consuming less than half of a serving per week.

Reduced risk of diabetes:

Leafy vegetables can dramatically reduce the risk of diabetes. A cross-sectional study

from 1999 found that compared to infrequent consumption of salad vegetables (including
leaves), eating salad vegetables daily or near-daily all year long was associated with an 84% lower risk of
diabetes. (The all-year-long part is the key here: eating these veggies only during the summer didn't offer

the same protection!)

And, a 2008 prospective study of over 71,000 nurses found that for every additional serving of leafy vegeta-

bles consumed per day, diabetes risk dropped by 9%!

And, a variety of animal studies have found that red cabbage in particular can combat not only diabetes, but
also complications of the disease. For example, in animal models of diabetes, red cabbage extract has been
shown to ameliorate diabetic nephropathy, inhibit digestive enzymes linked to type 2 diabetes, lower blood
sugar levels, lower glycated hemoglobin levels, improve glucose tolerance, and increase the number of pan-

creatic beta-cells—all while also reducing vascular complications caused by diabetes.

Reduced risk of non-alcoholic fatty liver disease:

Eating leafy vegetables on a daily basis could protect against fatty liver disease. According

to a cross-sectional study from 2021, eating leafy green vegetables at least seven times

per week was associated with a 28% lower risk of developing non-alcoholic fatty liver disease, compared to

almost never eating green vegetables.

Improved gut health:

In a 2022 study of rotational shift workers, dark green leafy vegetable consumption was
associated with higher production of beneficial short-chain fatty acids in the gut. In

an experiment with rats, a diet supplemented with kale was able to improve microbial
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diversity, enhance several bacterial metabolic functions, and combat the inflammatory state induced by a

high-fat diet!

Improved bone health:

A 2009 study of female college students found that daily consumption of green vegetables
(including leaves) was associated with a five-fold lower risk of low bone mass, compared to

not eating green vegetables daily! And, a randomized controlled trial from 2020 found that among mid-

dle-aged and older individuals, consuming 200 grams of leafy vegetables daily improved markers of bone

formation—which, if continued, would be expected to boost long-term skeletal health.

Lower risk of death from all causes:

There's even evidence that leafy veggies reduce the risk of all-cause mortality. A 2019
review found that for every 100 grams of green leafy vegetables or salad eaten per day
(that's less than a quarter of a pound!), there was a 22% reduction in all-cause mortality.
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Leafy Vegetables Nutrivore Scores

Given their ultra-low calorie content and ultra-high nutrient content, it shouldn't come as a surprise that
leafy vegetables knock it out of the ballpark in terms of Nutrivore Scores! As a group, leafy vegetables have

an average Nutrivore Score of 3476. On a veggie-by-veggie basis, their scores are:

Arugula | 2019 Kale | 4233
Basil | 3381 Mustard greens | 5464
Beet greens | 3259 New Zealand | 5541

spinach
Parsley | 5491

Belgian endive | 2390
Bok choy | 3428
Butterhead lettuce | 1934
Cabbage | 1857

Celery | 767
Cilantro | 2609

Collard greens | 3323
Curly endive | 3086

Peppermint | 1011
Radicchio | 2171

Rapini (broccolirabe) | 4155
Red cabbage | 1369
Red leaf | 2684

Romaine lettuce | 2128

Savoy cabbage | 1321

Dandelion greens | 2815

Spearmint | 914

Dill | 1940
Fennel | 663 Spinach | 4548
Fiddlehead | 1721 Sweet potato greens | 1775
Gailan | 2431 Swiss chard | 6198

Water spinach | 1297
Watercress | 6929

Garden cress | 11265
Green leaf Lettuce | 2245

Iceberg lettuce | 773
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What About Iceberg Lettuce?!

You've probably heard rumors that iceberg let-
tuce is the nutritional equivalent of cardboard—
barely supplying anything other than water

and some fiber. Although it's true that iceberg
lettuce doesn't pack quite the nutritional punch
that other lettuces do (it has about a third of the
nutrients per calorie of other lettuce types), it's
still filled with fiber, vitamin K, and polyphenols.
In fact, iceberg lettuce is more nutrient-dense
than a number of other foods widely considered
health promoting, such as blackberries and sock-
eye salmon. So, there's no need to avoid iceberg
lettuce— especially if you enjoy its mild, crispy

crunch!
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Some Practical Pointers

If you've ever opened a bag of spinach and found a clump of slimy leaves, or found yourself tossing out half
a head of lettuce due to wilting and browning, you've probably realized how delicate these vegetables can

be! Luckily, proper selection and storage can help them stay fresh and flavorful.

Selection:

+ Choose fresh-looking leafy vegetables with vibrant color
and crisp leaves. Avoid any that are wilted, yellowing,

or showing dark spots.

+ Check for moisture, avoiding leaves that are overly wet

or slimy.

» Inspect the stems for signs of browning or rot; fresh
stems indicate the leafy vegetables are still relatively

young and may have a longer lifespan in the fridge.

« When possible, choose seasonall Although leafy vegeta-
bles are often available year-round, choosing the
varieties in season helps ensure the best flavor and

nutrient content.

Storage:

+ Refrigerate immediately! To help extend their lifespan,
refrigerate your leafy vegetables as soon as possible

after bringing them home.

» Keep them dry—moisture can lead to spoilage and

decay.

« If purchased pre-washed in a plastic clamshell con-
tainer, store in the refrigerator as-is, making sure
to keep the container sealed and tightly closed after

opening.

« If purchased loose, pick out any wilted, slimy, or
browning leaves, and wash and dry the remaining
ones. You can wash your leafy veggies by submerging them in a bowl of cold water, lifting and

re-dunking gently until any dirt or debris is removed, and then drying in a salad spinner.

« If you're short on fridge space, you can use the “rolling method” to store! Lay the veggies out on
paper towels, loosely roll the towels, then place the roll into a re-sealable bag and store in the
crisper drawer.
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- If you have more abundant fridge space, you can use larger containers to store (this will help
prevent your leafy veggies from getting crushed)! Line the bottom of a lidded container with
paper towels, loosely fill the container with your leafy vegetables, then add one more layer of

paper towels before securing the lid.

- Even when stored properly, tender veggies (like baby spinach, arugula, and butterhead lettuce)
generally won't last beyond a week, so eat ASAP! Heartier leafy vegetables (like kale, swish chard,

broccoli rabe, or collards) can generally last a bit longer.

Seasonality:

Leafy vegetables have different peak seasons depending on the climate, local growing conditions, and the

specific type of leafy green. With that in mind, here are the general seasons for some popular leafy greens!

- ARUGULA: Arugula is a cool-weather crop that is typically in season from early spring through
late fall.

- BOK CHOY': Bok choy is also a cool-weather crop that is typically in season from late fall
through early spring.
- CHICORY (ENDIVE, RADICCHIO): Chicory varieties like endive and radicchio are often in

peak season in the fall and winter.

.« COLLARD GREENS: Collard greens are in season from late fall to early spring, with peak sea-

son being in the winter months.

- KALE: Kale is a hardy green that can be grown year-round, but its peak season is from mid-win-

ter through early spring!

- LETTUCE: Many types of lettuce, such as iceberg, are available year-round—but generally

speaking, lettuces are a cool-weather crop most widely available in the early spring and fall.

- MUSTARD GREENS: Mustard greens are in season in the cooler months of the year, typically
from late fall through early spring.

- SPINACH: For spinach, peak season is typically in the spring (March to June) and fall (September
to November). It tends to bolt (go to seed) in hot weather, so it's often harvested before the summer
heat!

. SWISS CHARD: Swiss chard is typically in peak season from late spring through early fall. It

can withstand some heat, but it's often at its best in cooler temperatures.

Given the enormous assortment of leafy vegetables out there, you can always check with local farmers or

markets to see what's in season in your areal!
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Introduction to Mushrooms

Edible mushrooms have a rich history of
consumption in cultures around the globe. For
example, the ancient Greeks believed that mush-
rooms could help give warriors strength while
they fought, and Roman emperors employed
"food tasters” to make sure the mushrooms they
ate weren't poisonous. In Chile, edible mush-
rooms have been found in archaeological sites
dating back 13,000 years. Egyptian pharaochs
prized mushrooms as a delicacy, while common-
ers were prohibited from eating (or even touch-
ing!) them. Even Otzi the Iceman, Europe's oldest
known human mummy, was carrying two species
of mushrooms when he died—both of which were

preserved along with his body in glacier ice!

Today, mushrooms continue to be highly valued for their taste (hello, umami!), versatility, and medicinal

qualities. But, the full extent of their benefits reach as far and wide as the mycelium they spring from. Let's

take a tour of the fabulous fungus among-us!

Nutrivore Foundational Foods



87

What are Mushrooms?

Although they're often lumped in with veg-
etables, mushrooms are technically neither
plant nor animal: they're part of an entirely
separate biological kingdom called fun-

gi. Specifically, mushrooms are the fleshy,
fruiting bodies of fungi, emerging from a
larger underground root-like network called
the mycelium. Discernable by their stem and
cap structure, mushrooms can vary tremen-
dously in size, shape, color, and texture. One
of their most unique differences relative to
the plant kingdom is that they don't contain
chlorophyll to produce their own food (ener-
gy); rather, they extract nutrients from other

organisms—both dead and alive!

While the fungi kingdom encompasses seven different phyla, the vast majority of edible mushrooms

belong to only two of them: the Basidiomycota phylum (which includes “gilled” mushrooms like the com-

mon mushroom, shiitake, oyster, enoki, maitake, cremini, portabella, puffballs, boletus, and chanterelles),

and the Ascomycota phylum (which features truffles and morels). Of course, many tens of thousands of

mushrooms belong to these phyla, too, that aren't edible!

Currently, over 200 mushroom species are cultivated for human consumption, though only a small fraction

of them are widely available.
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What Makes Mushrooms
So Great?

Given their unique not-a-plant, not-an-animal status, it's
not surprising that mushrooms contain some important
and unusual compounds. Here's a rundown of the most

notable ones!

Ergothioneine

One of the most awesome nutritional features of mush-
rooms is their high content of ergothioneine—also

known as the "longevity vitamin!”

Ergothioneine is a non-proteinogenic amino acid derived

exclusively from our diet. It has powerful antioxidant,

anti-inflammatory, and detoxification properties shown

to combat diseases associated with aging and oxidative

stress. And, it has an ability to absorb ultraviolet light—giving it a role in preventing DNA damage asso-
ciated with UV radiation! Research suggests it can help protect against cardiovascular disease, cancer,

liver disease, cataracts, frailty, and Alzheimer's disease, while also enhancing memory, reducing the risk of
depression, reducing neuroinflammation, and improving sleep. There's even evidence for a beneficial role in
female fertility and pregnancy (including supporting fetal development and reducing the risk of preeclamp-

sia)!

Amazingly, studies show that ergothioneine reduces all-cause mortality and is associated with longer lifes-
pan. For example, a 2020 study that followed 3200 health-conscious people for over two decades found that
out of 112 different metabolites in their blood, ergothioneine was the dominant predictor of cardiovascular

disease and all-cause mortality. More specifically, the higher the blood levels, the lower the risk of cardio-

vascular disease and death! Similarly, another 2020 study showed that lower dietary intake of ergothi-

oneine in America compared to four European countries correlated strongly with shorter average lifespan.

Although scientists are still studying how this fascinating nutrient works, we know that it plays a major
role in ageing-related signaling cascades in the body, which have a linear relationship with lifespan. And, it
appears particularly important as a “stress vitamin” that comes into play during times of disease, duress,

inflammation, and other damaging states.

Mushrooms exceptionally high in ergothioneine are shiitake (24.4 mg per cup), enoki (19.4 mg per cup), mai-

take (12.2 mg per cup), and oyster (11.3 mg per cup). In fact, these mushrooms are the very best sources of er-
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gothioneine out of any food, containing many times more than the highest non-mushroom source (tempeh,
which contains 3.4 mg per serving). However, all mushrooms will supply at least some ergothioneine, and

collectively rank as the leading dietary source of this nutrient!

Phenomenal Phytonutrients

Mushrooms contain a truly impressive array of phytonutrients, all with their unique contributions to

health. Some of the standouts include:

. CATECHINS, which act as antioxidants as well as boost the activity of antioxidant enzymes. Cat-
echins are also anti-inflammatory, modulate the immune system, exert anti-bacterial activity, have

anti-cancer properties, and can boost metabolism and promote healthy weight loss.
- GALLIC ACID, which can reduce inflammation and possibly help treat depression and infection.

- GENTISIC ACID, which has anti-inflammatory, antioxidant, and antirheumatic properties—

while also protecting cells from gamma radiation!

« MYRICETIN, which can help protect against neurodegenerative diseases (like Parkinson's and
Alzheimer's), glaucoma, diabetes, inflammation, liver damage, cardiovascular disease, photoaging,

thrombosis, allergies, and hypertension.

- P-COUMARIC ACID, which can help regulate the immune system, improve bone density,
protect against gancer and kidney damage, and even protect against tissue damage induced by

alcohol and drugs.

- PROTOCATECHUIC ACID, a potent antioxidant that can protect against liver damage, cardio-

vascular disease, cancer, ulcers, and bacterial or viral infection.
- SYRINGIC ACID, which may protect against cancer, diabetes, liver damage and lung damage.

- VANILLIC ACID, which can act as a pain reliever while also protecting against infection and

liver damage—as well as delivering awesome antimicrobial properties!

Mushrooms are also particularly rich in a class of phytonutrient called triterpenes (including ergosterol,
ganoleucoin, ganoderic acid and pyrrole alkaloids), which have wide-ranging benefits for sleep, focus, liver
function, immunity, brain function, nervous system health, digestion, blood pressure regulation, and cancer
protection. About 80 different triterpenes have been isolated from reishi alone, some of which are known to
kill liver cells, inhibit histamine release from mast cells (providing an anti-allergic effect), and deliver cardio-

protective effects.

Vitamin D

Although mushrooms are rich in a number of micronutrients (as we'll see next!), vitamin D deserves a
special shout-out here! One of mushrooms’ many unique features is their ability to produce vitamin D in

response to UV exposure, due to naturally containing several vitamin D precursors (including ergosterol,
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a precursor to vitamin D2, and 22,23-dihydroergosterol, a precursor to vitamin D4). In fact, mushrooms are

the only non-animal food with notable amounts of bioavailable vitamin D!

In general, wild-harvested mushrooms contain high levels of vitamin D (often the entire daily value!) due to
being exposed to sunlight out in nature, while commercially grown mushrooms contain negligible amounts
(due to being grown in atmospherically controlled growing rooms with little to no UV light). But, some
growers intentionally expose their mushrooms to UV radiation to produce vitamin D as well. These mush-
rooms will typically be labeled as containing vitamin D on the package, and can boast just as much—if not

more—vitamin D than wild mushrooms.

And, here's where it gets exciting: mushrooms can actually generate vitamin D in response to UV exposure
even after they've been harvested! A variety of studies show that exposing fresh-picked mushrooms, such as
white button or oyster, to sunlight for 15 — 30 minutes increases their vitamin D content up to at least 25%
of the DV, and often much higher (100% of the DV or more!). Sliced mushrooms generate even higher
vitamin D quantities, due to increased surface area allowing for greater exposure of vitamin D precursors
to UV light. Sun-dried mushrooms also generate vitamin D during their dehydrating process, regardless of

how they were grown.

That's right: this means you can make your own “vitamin D enhanced" mushrooms at home, simply by

giving them some sunlight prior to use. Pretty cool, huh?

Magnificent Micronutrients

Beyond vitamin D, mushrooms are fabulous sources of some other vitamins and minerals. They contain

notable quantities of:

. COPPER, a trace mineral involved in glucose and cholesterol metabolism, gene expression, free
radical scavenging, red blood cell production, and the growth, development, and maintenance of
various organs (including the heart and brain). Mushrooms rich in copper include cremini (48% of
the DV per cup!) and white button (34% of the DV); portobella, oyster, and maitake mushrooms con-

tain about a quarter of the DV for this nutrient.

- SELENIUM, a trace mineral that helps form over two dozen selenoproteins involved in reproduc-
tion, thyroid hormone metabolism, antioxidant defense, DNA synthesis, and immunity. High-seleni-

um mushrooms include cremini (41% of the DV per cup!) and portabella (29% of the DV).

- VITAMIN BS (PANTOTHENIC ACID), a water-soluble B vitamin that serves as a cofactor for
coenzyme A—which in turn is critical for metabolizing many drugs and toxins and synthesizing
cholesterol, fatty acids, melatonin, the neurotransmitter acetylcholine, steroid hormones, heme, and
vitamins A and D. White button, cremini, and shiitake mushrooms all contain a little over a quarter

of the DV for this nutrient per cup!
- VITAMIN B2 (RIBOFLAVIN), avitamin that helps form important coenzymes involved in

oxidation-reduction reactions, antibody production, energy production, growth and development,
skin and hair health, and the metabolism of several other nutrients. Mushrooms rich in riboflavin

include cremini (33% of the DV per cup), white button (30% of the DV), and oyster (23% of the DV).

Nutrivore Foundational Foods



q1

- VITAMIN B3 (NIACIN), a water-soluble B vitamin that's needed for over 400 enzymes involved
in DNA repair, fatty acid synthesis, antioxidant systems, detoxification, hormone synthesis, and
macronutrient breakdown. Maitake mushrooms contain 32% of the DV for niacin per cup, while

oyster, portabella, and white button mushrooms contain around a quarter of the DV.

- VITAMIN B7 (BIOTIN), a water-soluble B vitamin that plays an important role in energy metab-
olism (serving as a coenzyme for five carboxylase enzymes), neurotransmitter production, cellular
function, and the function of various organs. Per cup, maitake mushrooms contain 65% of the DV

for biotin, while white button, portabella, and cremini mushrooms contain around half the DV.

Fabulous Fiber

One of the most fascinating differences between plants and mushrooms lies in their fiber type. While the
cell walls of plants are made of cellulose, the cell walls of mushrooms are composed of entirely different
carbohydrate structures—namely chitin, chitosan, and glucans. And, these fibers offer some powerful

perks, especially for the gut!
- CHITIN is a type of fermentable oligosaccharide fiber found only in a handful of foods (apart

from mushrooms, it's in insect exoskeletons, fish scales, and the shells of crustaceans). It's partic-
ularly beneficial for immunity and gut health, with studies showing it can support the growth of
beneficial bacteria such as Bifidobacterium, Lactobacillus, Bacteroides, and Akkermansia, while
also decreasing levels of the inflammatory microbe Desulfovibrio. Chitin has also been shown to
protect gut barrier integrity in animal models of metabolic syndrome, while also normalizing the

gut microbiota composition.

. CHITOSAN is a polysaccharide that's only naturally occurring in the cell walls of fungi, includ-
ing mushrooms. A variety of experiments show chitosan increases gut microbial diversity and
decreases levels of potential pathogens (such as Escherichia and Shigella), while also reshaping
the gut microbiota to induce anti-diabetic effects. It's also been shown to suppress the growth of

Helicobacter, a microbe responsible for stomach ulcers.

« GLUCANS are polysaccharides with impressive immune-modulating and anti-inflammatory
qualities. Mushrooms are particularly rich sources of beta-glucans (more specifically, (1-3),(1-6)-be-
ta-glucans, which are different than the type of beta-glucans in grains like oats), which play an
extremely positive role in gut health—including feeding populations of beneficial bacteria like
Lactobacillus and Bifidobacterium, and increasing the production of short-chain fatty acids.
Research suggests that this fiber's actions upon the gut microflora (as well as bacterial metab-
olites) contributes to its anti-cancer, anti-inflammatory, anti-diabetic, cardio-protective, and

immune-modulating effects!
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Health Benefits of Mushrooms

When it comes to human health, mushrooms'’ nutritional uniqueness translates to some powerful disease
protection. An ever-growing body of research suggests mushrooms (and their unusual compounds) can

boost our health on a number of fronts. Here's a rundown of their best-studied health benefits!

Reduced risk of cancer:

Mushrooms and their polysaccharides have been shown to exhibit anti-tumor activities

across a number of cancer cell types. So far, at least 32 species of mushrooms have shown
anti-cancer potential! And, human studies confirm a protective effect of mushrooms on cancer incidence
and death. A 2021 meta-analysis found that people with the highest versus lowest mushroom consump-
tion had a 34% lower risk of cancer. Additional research suggests a protective effect of mushrooms against

some specific cancer types, including:

- BREAST CANCER: A 2021 meta-analysis found that people with the highest versus lowest in-

take of mushrooms had a 35% lower risk of developing breast cancer. And, a 2010 study suggest-
ed that greater mushroom intake was particularly protective against hormone receptor positive

tumors (a 70% lower risk for highest versus lowest mushroom intake).

- LIVER CANCER: Ina 2013 analysis of the Shanghai Women's and Men's Health Studies, partic-

ipants in the highest quartile of mushroom intake (over 10 g daily) had a 34% lower risk of devel-

oping liver cancer, compared to people in the lowest quartile (2 g or less daily).

- OVARIAN CANCER: A case-control study from 2013 found that people who consumed more
than 2 g of mushrooms per day on average had a 32% lower risk of ovarian cancer, compared to

people whose mushroom consumption was under 2 g daily.

- PROSTATE CANCER: In a 2020 pooled analysis of cohort studies, participants eating mush-
rooms at least three times per week (compared to less than once per week) had a 17% lower risk of

developing prostate cancer.

.- STOMACH CANCER: A 2023 meta-analysis of 11 studies found that higher mushroom con-

sumption was associated with a significantly lower risk of stomach (gastric) cancer. Specifically,

people with the highest versus lowest consumption had an 18% lower risk.

What's more, several compounds extracted from mushrooms form the basis of cancer drugs! For example,
the drug lentinan is derived from shiitake mushrooms, and has demonstrated anti-cancer activity through
its ability to inhibit tumor angiogenesis. It's also used in some countries to boost the efficacy of cancer

treatments. A 2019 review of clinical studies confirmed that lentinan could improve the quality of life for
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cancer patients, while also boosting the effectiveness of chemotherapy and radiation therapy. Another drug
called polysaccharide-K (brand name Krestin) is derived from turkey tail mushroom, and is an approved

adjuvant for cancer therapy in Europe and Japan.

In all, we're still just scratching the surface of how mushrooms, including specific varieties and individual

compounds, affect cancer in humans. Future research will continue to expand our knowledge here!

Anti-diabetic effects:

A number of mushroom varieties have demonstrated blood sugar-lowering effects,

including white button, cremini, shiitake, oyster, maitake, cordyceps, chaga, shaggy mane,
and reishi mushrooms. Likewise, specific components of mushrooms (including their polysaccharides and
terpenoids) have been shown to impact insulin receptors in ways that increase insulin sensitivity and re-
duce insulin resistance, while also inhibiting glucose absorption, increasing pancreatic beta-cell mass, and
increasing insulin signaling pathways. So far, at least 104 different mushroom polysaccharides have been
identified as having anti-diabetic effects! More studies (especially clinical trials) are needed in humans to

explore these exciting findings.

Cardiovascular protection:

Avariety of in vitro, animal, and human studies have demonstrated a possible protective
effect of mushrooms on cardiovascular health. This includes both individual mushroom
types, and mushrooms as a collective group! Oyster mushrooms, for example, have been
shown to reduce levels of triglycerides and oxidized LDL (the latter being a major compo-
nent of arterial plaque); experiments show that shiitakes can likewise inhibit LDL oxidation, while maitake

and shiitake mushrooms can decrease both VLDL levels and blood pressure. And 2019 experiment found

that in an animal model, a mixture of portabella and shiitake mushrooms was able to reduce the formation

of atherosclerotic plaque.

A 2021 randomized controlled trial found that in people with elevated blood lipids, 66 days of shiitake

mushroom consumption reduced triglyceride levels by 10%. And, a 2021 systematic review of prospective

studies determined that edible mushrooms have favorable impacts on LDL cholesterol, HDL cholesterol,

total cholesterol, and triglycerides, while also potentially helping lower blood pressure.

However, some studies on this subject have yielded conflicting findings, and more research is needed to

determine the effects of mushroom consumption on actual cardiovascular outcomes.
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Healthy pregnancy:

Mushrooms may help protect against some maternal complications during pregnancy—
especially related to blood pressure and weight. In a 2020 clinical trial, participants were
required to eat 100 g of mushrooms daily, beginning before pregnancy and extending to
the 20th week of gestation. Compared to the placebo group, participants in mushroom
group had a significantly lower incidence of high blood pressure, preeclampsia, gestational diabetes, and
excessive gestational weight gain. Likewise, they were three times less likely to have a baby with macroso-

mia (excessively large size)!

Reduced anxiety:

Could a mushroom a day keep the anxiety away? Research suggests it very well may! So

far, animal studies have shown that mushrooms (particularly specific varieties like lion's
mane and reishi) exert anti-anxiety effects. One mouse experiment from 2021 found that lion's mane helped
relieve anxiety by improving sleep disruptions, while a 2018 experiment determined that lion's mane (in the
form of an extract) quelled anxiety by promoting neurogenesis in mood-related brain regions (particularly
the hippocampus). Additional animal research suggests specific phenols and flavonoids in mushrooms may

be responsible for some of these effects. More research is needed in humans!

Lower risk of depression:

A 2021 analysis of prospective cohort data found that people who reported consuming
mushrooms (compared to people who didn't) had a 69% lower risk of depression. In-
triguingly, even eating relatively small amounts of mushrooms (just shy of 5 g daily) was
associated with this protective effect. Likewise, a 2022 study of nearly 88,000 Korean
adults found that compared to people who rarely or never ate mushrooms, those who ate at least one serv-
ing per month had significantly lower incidence of depression. Specifically, eating mushrooms monthly was
associated with an 8% lower risk of depression; eating mushrooms between once a month and three times
per week was associated with a 12% lower risk of depression; and eating mushrooms at least three times

weekly was associated with a 14% lower risk of depression.

And, a 2022 review determined that lion's mane mushroom, in particular, was beneficial for patients with
major depressive disorder—Ilikely due to its content of 5-hydroxy-L-tryptophan (5-HTP), a direct precursor

to the neurotransmitter serotonin (which itself plays a role in regulating mood)!

Protection against cognitive decline:

In a 2022 analysis of prospective cohort data, participants in the highest category of
mushroom intake (13.4 g daily on average) versus the lowest intake had significantly better

scores on cognitive tests, suggesting a protective effect against cognitive decline.
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Improved gut health:

Due in large part to their unique polysaccharides, mushrooms have phenomenal benefits

for gut health. Individual mushroom types have been studied here: in mice, white button

mushrooms have been shown to increase microbial diversity and expedite healing from
gut infections, while oyster mushrooms stimulate the growth of important Bifidobacterium strains. Shiita-
ke mushroom polysaccharides can alter the spatial structure of rodent gut microbiomes and significantly
(and beneficially!) alter bacterial ratios. Reishi mushrooms contain polysacchardies that feed Bifidobacteria
members, with the potential to improve intestinal barrier function and reduce obesity by modulating the

gut microbiota.

And while studies on specific gut disorders are more limited, evidence here, too, points to a beneficial role
of mushrooms. In a 2011 trial, a mushroom extract (from the species Agaricus blazei) was given to patients
with irritable bowel diseases (ulcerative colitis or Crohn's disease) for 12 days. The results showed signif-
icant decreases in levels of inflammatory cytokines in blood, with ulcerative colitis patients also seeing a
reduction in fecal calprotectin, a marker of intestinal inflammation and disease activity. A 2016 study using
the same extract found improvements in fatigue, intestinal symptoms, and quality of life in ulcerative

colitis patients!

Interestingly, a 2016 study also found that in a mouse model of ulcerative colitis, lion's mane mushroom
extract significantly decreased intestinal bleeding, improved body weight and colon length, and beneficially
altered the production of nitric oxide, malondialdehyde, and superoxide dismutase in ways that suppressed

oxidative stress. Similar findings came from a 2021 study of experimental colitis in rats.

Improved bone health:

Fascinatingly, studies suggest mushrooms could help support healthy bones. In a 2016 ex-
periment using a mouse model of osteoporosis, extracts of turkey tail mushroom, maitake
mushroom, and shiitake mushroom were able to decrease the activity of osteoclasts (cells
that break down bone tissue), while shiitake extract increased the activity of osteoblasts
(cells that build bone tissue). A combination of shiitake and maitake mushrooms, in particular, were able
to reduce bone loss at the animals’ lumbar spine. Additional research shows that a number of commonly
eaten mushrooms, including oyster, are able to improve bone stability by influencing various steps of bone

formation and mineralization.

A 2021 experiment using bone cells from healthy and osteopenic women found that treatments with oyster
and reishi mushrooms (in the form of powders and extracts) had beneficial effects on bone physiology,

at least in part by altering the gut microbiota and short-chain fatty acid production. And, several studies
suggest that vitamin D-enhanced mushrooms support bone formation by providing a bioavailable source

of this nutrient.
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More studies are needed in humans to understand the potential benefits of mushrooms on osteoporosis

and other bone-related disorders.

Lower all-cause mortality:

Eating more mushrooms appears protective against death from all causes. In a 2021 anal-
ysis of Third National Health and Nutrition Examination Survey (NHANES III) data, people

who reported eating mushrooms (compared to those who didn't) had a 16% lower risk of

all-cause mortality. This finding persisted even after adjusting for important confounders like major life-

style factors, overall diet quality, demographic features, total energy intake, and other dietary components.
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Mushroom Nutrivore Scores

Thanks to their incredibly low energy density and high micronutrient content, mushrooms have some tru-

ly impressive Nutrivore Scores. In fact, the average Nutrivore Score for this food group is 2704! For some

specific common mushrooms, the Nutrivore Scores are:

Chanterelle

1555

Cremini

2279

Enoki

L4334

Maitake

3551

Morel

2271

Oyster

2550

Portobella

1483

Shiitake

4343

White button

1872
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Some Practical Pointers

Properly selecting and storing mushrooms is key for maintaining their quality and flavor! Here are some

important tips to help maximize the lifespan (and minimize the waste!) of your mushrooms.

Selection:

+ Make sure your mushrooms are fresh by looking for ones
that have a firm texture and smooth caps, while being

free from blemishes, bruises, or discoloration.

+ Avoid mushrooms that appear slimy or have a strong,

unpleasant odor.

+ Buy your mushrooms in small batches! Mushrooms are
highly perishable, so it's best to buy only what you need

for immediate use.

Storage:

+ To keep mushrooms fresh, store them in a paper bag or a porous container in the refrigerator.
Avoid storing in plastic bags or airtight containers, since this can cause moisture to build up (in

turn accelerating spoilage)!

+ As tempting as it may be to get the dirt of ASAP, avoid
washing your mushrooms before storing them. Mush-
rooms are like sponges, and can easily absorb water—
leading to a loss of texture and flavor. Wait to wash them

until just before use.

« Remove packaging immediately. If your mushrooms
come in a plastic-wrapped container (especially one
without perforations), remove the packaging as soon as
you get home. This helps prevent moisture buildup and

prolongs the mushrooms' freshness.

« Use mushrooms within a few days of purchase. The
longer they sit in the refrigerator, the higher the chances

of spoilage.

« If you have an abundance of mushrooms, consider preserving them by drying, freezing, or pickling

them. This can help extend their shelf life by several months or more!
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- Speaking of freezing: to freeze mushrooms properly, first clean and slice them, them spread them
in a single layer on a baking sheet. Place the sheet in the freezer until the mushrooms are firm, then

transfer them to a freezer-safe storage bag.

« Before cooking, clean your mushrooms by gently wiping off any dirt or debris with a damp paper

towel. You can also trim the mushroom ends if they appear dry, woody, or discolored.

Seasonality:

The seasonality of edible mushrooms varies depending on the species and geographic location. But, here’s a

general rundown of when the most common mushrooms are available!
- MOREL MUSHROOMS: Morels typically appear in the spring, usually from late March to early
May.
« CHANTERELLE MUSHROOMS: Chanterelles are often found in late summer and early au-

tumn, typically from July to October.

- PORCINI MUSHROOMS:These are usually found in late summer to early autumn, ranging
from August to October.

.- OYSTER MUSHROOMS: Oyster mushrooms can be found year-round, but they're most
abundant in the late spring and early autumn. They tend to thrive in cooler and more humid

conditions.

- SHIITAKE MUSHROOMS: Shiitakes are cultivated year-round, and are available commercial-
ly throughout the year. But, they can also be found in the wild during the late summer and early

autumn!

- ENOKI MUSHROOMS: Enoki mushrooms are available throughout the year (due to being

typically grown indoors), but they're more commonly associated with winter.
- MAITAKE MUSHROOMS: Maitake mushrooms are typically found in late summer to early

autumn, ranging from August to October.

- WHITE BUTTON AND CREMINI MUSHROOMS: these mushrooms are available year-
round, do to being widely commercially grown. (Fun fact: they're actually the same variety of

mushroom, just harvested at different stages of growth!)
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Introduction to Alliums

Alliums, also called the onion family, are
a group of plant foods known for their
distinctive taste and powerful health
properties. The word “allium” is believed
to derive from the Greek dAéw (or aleo),
which means “avoid,” and refers to the
potent odor of these vegetables! Along
with their role as modern culinary
staples (virtually every global cuisine
includes them!), alliums have been
cultivated since prehistoric times for
use as food, medicine, ornamental

purposes, and religious practices.

In fact, these foods were among the first cultivated crops in ancient civilizations! Each member played a

fascinating and important part in human history:

« GARLIC was used in ancient Greece to kill parasites, treat medical conditions, honor gods, and
increase resiliency (the original Olympic athletes consumed garlic as a “performance enhancer”!),
while the ancient Egyptians fed garlic cloves to the builders of the pyramids in order to improve

their strength and vigor.

- ONIONS have been a part of the human diet since the Bronze Age! The ancient Greeks used to
eat pounds of onions in preparation for Olympic competitions, and ancient Egyptians considered
onions to symbolize eternity, due to their concentric rings and spherical shape. (King Ramses IV

was even entombed with onions in his eye sockets!)

 Humans have been cultivating LEEKS since at least the ancient Egyptian times, but there is

some evidence that they were grown in Mesopotamia as well.

- CHIVES (the only allium variety that are true herbs!) are native to both the Old World and New
World, with cultivation dating back 5000 years.

- SCALLIONS (also called green onions) have been used in Asian cultures for at least 2000 years

as both a vegetable and medicinal herb.

Pretty cool, huh? It gets even better! On top of their historical significance, culinary diversity, widespread

cultivation, and ability to totally transform the flavor of a meal, alliums are packed with health benefits. In

fact, allium consumption is consistently linked to lower risk of many chronic diseases, including lower risk

of cancer, improved cardiovascular health, and more. Let's take a look at what this delicious food group has

to offer!
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What Are Alliums?

The allium family includes over 900 different species belonging to the genus Allium. Most members of this
family grow from bulbs or rhizomes (AKA underground plant structures that store nutrients and energy),

which give rise to the plants’ leaves, stems, and flowers. In most cases, all parts of the plant are edible!

Although members of the allium family number in the hundreds, only about 30 have ever been cultivated by
humans. Among those, even fewer are widely used today. The ones you're most likely to see on your dinner

plate are:
. CHIVES
. GARLIC
GREEN ONION
. LEEK
. ONION
. RAMPS
SCALLION
. SHALLOTS
. SPRING ONION
. WILD GARLIC

FUN FACT: beyond their use as food, some Allium species are grown for their aesthetic and ornamental
appeal. Species like Allium giganteum ("giant onion") and Allium aflatunense (“Persion onion”) produce strik-

ing globe-shaped flower clusters in various colors, making them popular choices in garden landscapes!
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What Makes Alliums
So Great?

Most of the health benefits attributed to allium
vegetables are driven by their unique phytonutri-
ent content, but they also contain some important
micronutrients and prebiotic fiber. Here are some
highlights!

Phenomenal Phytonutrients

Alliums owe many of their outstanding health proper-

ties to their phytonutrients. Most notably, they're rich

sources of thiosulfinates—a class of sulfur-contain-

ing compounds totally unique to the allium family!

Thiosulfinates are formed when allium vegetables

are damaged (such as from chewing, chopping, or

crushing), which releases an enzyme called alliinase

from its compartments within the plant cells. When alliinase reacts with the sulfoxides also present in alli-

um vegetables, the result is the formation of biologically active thiosulfinates.

Thiosulfinates are what give alliums their pungent aroma and flavor. But, that's not all that they do: thiosul-
finates also possess a huge range of biological activities that make them incredibly disease-protective! As a
group, these phytonutrients exhibit powerful anticancer properties, as well as antioxidant, anti-inflamma-
tory, and anti-clotting effects. Thiosulfinates exert their effects by modulating important enzymes (like the
cytochrome P450 superfamily and glutathione S-transferases) that help detoxify carcinogens and prevent
DNA mutations.

While at least 19 beneficial thiosulfinates have been identified in various alliums, the most famous is allicin,
formed from the precursor alliin. Allicin has well-established anti-cancer and anti-tumor effects, while also
being strongly cardioprotective (such as by reducing elevated blood pressure and blood lipids, and improv-
ing circulation) and possessing antibacterial, antifungal, and anti-parasitic activities! It's extremely concen-

trated in garlic, but also found in onions, leeks, ramps, shallots, and scallions.

Additional thiosulfinate precursors in alliums include methiin (found in garlic, onions, leeks, and shallots),
propiin (abundant in onions and shallots), and isealliinin (found in onions and shallots). As with allicin, these
precursors transform into active thiosulfinates with important health properties—including anti-microbial,

anti-inflammatory, and gut microbiota-modulating activities!
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After their initial formation, thiosulfinates can further decompose other beneficial sulfur-containing com-
pounds, including diallyl disulfide, diallyl trisulfide, ajoene, and S-allyl cysteine. These compounds feature their
own biological activities, adding to the wide-ranging health protection conferred by alliums!

For example:

- DIALLYL SULFIDE can boost the detoxification functions of the liver, increase production of
the antioxidant enzyme glutathione S-transferase, and has liver-protective, cardioprotective, and

anti-cancer effects.

- DIALLYL DISULFIDE (a major component of garlic) exhibits anti-cancer, anti-inflammatory,

antioxidant, antimicrobial, cardioprotective, and neuroprotective activities.

- DIALLYL TRISULF IDE can inhibit cell proliferation, alter enzyme activities, and modulate
immune function in ways that protect against cancer. It also has cardioprotective properties, may

help reduce the risk of metabolic syndrome, and can boost immune activity against viruses.

- AJOENE is a powerful antioxidant with antithrombotic, anticancer, antiviral, antibacterial, and

antifungal properties.

- And, S-ALLYL CYSTEINE has antioxidant, anti-inflammatory, neuroprotective, and anti-can-

cer properties—including the ability to suppress cancer cell proliferation, adhesion, and invasion!

Whew! Believe it or not, it doesn't end there: alliums also contain at least 52 different flavonols—a class of

phytonutrients within the flavonoid group.

For example, alliums are excellent sources of the flavonol quercetin, which has powerful antioxidant, an-
timicrobial, anti-inflammatory, anti-aging, and immune-modulating properties! A variety of mechanistic
and human studies have shown this phytonutrient can inhibit the early stages of viral infections (including
influenza and coronaviruses), improve insulin sensitivity (making it beneficial for diabetes), lower blood
pressure and blood lipid levels (making it beneficial for cardiovascular health), reduce fat accumulation in
the liver (helping protect against non-alcoholic fatty liver disease), regulate the gut microbiota (making

it great for supporting gut health), reduce neuroinflammation (helping lower the risk and progression of
neurodegenerative diseases like Parkinson's and Alzheimer’s), and reduce allergy symptoms. Quercetin
has also shown anti-cancer activity against a number of cancer cell types, including prostate cancer, liver
cancer, colon cancer, ovarian cancer, breast cancer, and melanoma. Onions are the richest source of this
phytonutrient, with red onions boasting the highest amounts of all! Leeks, green onions, and shallots also

contain quercetin.

Alliums are also good sources of the flavonol kaempferol, which can reduce inflammation, regulate the
immune system, protect against cancer, act as an antimicrobial, prevent diabetes, reduce cardiovascular
disease risk factors, prevent neurodegenerative diseases (like Alzheimer’s disease), improve bone health,

and aid weight loss. Chives, leeks, scallions, are the best allium sources of this phytonutrient!

Additionally, allium vegetables (especially onions) contain the flavonol myricetin, which can help protect

against neurodegenerative diseases (like Parkinson's and Alzheimer’s), glaucoma, diabetes, inflammation,
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liver damage, cardiovascular disease, photoaging, thrombosis, allergies, and hypertension. They're also
sources of the flavonol isorhamnetin—a compound that protects heart and artery cells from damage and
inflammation, while also helping reduce blood pressure. Sweet onions are particularly high in this phyto-

nutrient!

Beyond their flavonol content, green-colored alliums (think: leeks, chives, and scallions) are good sourc-

es of chlorophyll—the pigment that traps light for photosynthesis and gives plants their green color. In
humans, chlorophyll can help counteract some of the harmful compounds formed when meat gets cooked,
and also has significant anti-inflammatory and antioxidant properties. Some research even shows it can

beneficially modulate the gut microbiota, including in ways that contribute to healthy body composition!

Lastly, some alliums are high in carotenoids—phytonutrients that bestow yellow, orange, red, and purple
pigmentation. Carotenoids play major roles in maintaining eye health due to their high concentration in
the retina and their ability to filter harmful blue-light rays (in turn protecting critical parts of the eye from
light-induced oxidative damage). As a result, these phytochemicals can help reduce the risk of age-related
macular degeneration and cataracts. Leeks, chives, and green onions, and scallions are particularly high in

carotenoids!

It's worth noting that the phytonutrient content of alliums varies not only based on species and cultivars,
but also on the growing environment, post-harvest practices, and season! For example, the flavonol content
of onions has been shown to increase during storage (especially after three or six months), and light expo-
sure induces flavonol synthesis in fresh cut onions! Organic onions have also been shown to have higher

flavonol content (especially quercetin) than conventionally grown onions.

Magnificent Micronutrients

Nutritionally, alliums don't provide much in the way of macronutrients (at least not in the quantities we

typically consume them!), but they do deliver some important micronutrients. The top ones include:

- MANGANE SE, a mineral that serves as a cofactor and component of numerous enzymes—giv-
ing it roles in carbohydrate metabolism, amino acid synthesis, gluconeogenesis, detoxification,
lipid processing, free radical defense, bone and collagen formation, and wound healing. Leeks are

particularly high in this nutrient, delivering 19% of the DV per 1 cup serving.

- VITAMIN B4 (FOLATE), an essential B vitamin that plays roles in blood cell production, the
formation of genetic material (including DNA), cell growth, cardiovascular health, cancer protec-

tion, and cognitive and neurological health.

- VITAMIN C, a water-soluble vitamin with powerful antioxidant properties, with important roles
in the immune system and collagen production. Per cup serving, strawberries contain nearly the

entire DV for this nutrient!

- VITAMIN K, which plays a vital role in coagulation, bone metabolism, cellular function, and the

prevention of soft tissue calcification.
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Fabulous Fructans

Alliums are rich in a special type of carbohydrate called fructans, made up of strings of fructose molecules.
For plants, fructans serve as a storage carbohydrate alternative to starch; for humans, fructans have pre-

biotic properties that can benefit gut health (and beyond)!

In general, fructans have important functions in regulating the gut microbiota and immunity. A 2018 sys-
tematic review and meta-analysis of 64 different fiber studies found that compared to other fiber types,
fructan consumption was associated with significantly greater abundance of Bifidobacterium and Lactoba-
cillus—two important probiotic bacteria that help protect against pathogenic infections (including E. coli),
boost immunity, reduce gut inflammation, produce vitamins, combat yeast overgrowths, improve the gut
barrier function, and even exhibit anti-cancer and anti-diabetic effects. Fructans have also been shown to
interact with immune cells within the intestinal lumen, in turn modulating immune responses through-
out the body. These carbohydrates are even being studied as potential reactive oxygen species scaven-

gers—decreasing inflammation and improving the redox environment of the intestine!

The main fructan in alliums, inulin, has been particularly well-studied. Research shows that that inulin
significantly increases levels of SCFA-producing bacteria, including those producing the highly beneficial
butyrate (which feeds epithelial cells and may help protect against colorectal cancer!). It's also been shown
to influence lipid metabolism, help regulate glucose and insulin levels, and even enhance mineral absorp-

tion.

A randomized controlled trial from 2017 found that among adults with mild constipation, inulin consump-
tion suppressed the abundance of Bilophila—a gut microbe associated with impaired gut barrier function

and inflammatory bowel disease. A 2019 clinical trial found that consuming a diet based on inulin-rich veg-

etables (providing a total of 15 g of inulin-type fructans per day, for a period of two weeks) led to greater

satiety, as well as reduced cravings for sweet, salty, and fatty foods!

The underground bulbs of allium plants are among the richest food sources of fructans. Per 100 g, alliums

have the following fructan content:
- GARLIC: 174 ¢
- SHALLOTS: 89g
- SPRING ONION BULB: 6.3g
- ONION: 1.8¢g
- LEEK, WHOLE: o5¢g
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Health Benefits of Alliums

Science has confirmed what many ancient cultures discovered about these amazing foods: they truly are

medicinal!l Here's a tour of what the most up-to-date research shows.

Reduced risk of cancer:

Perhaps more than any other health condition, alliums have been studied in relation to
cancer risk—with research suggesting benefits for a number of different cancer types!

Here's a snapshot of what the studies show:

- BREAST CANCER: A2022 meta-analysis found that for the highest versus lowest catego-
ries of total allium intake, breast cancer risk was reduced by 30%! For garlic specifically, the risk

reduction was 23%, and for onions, it was 25%.

. COLORECTAL CANCER: A 2014 meta-analysis of observational studies found a 22%

reduced risk of colorectal cancer and a 12% reduced risk of colorectal adenomatous polyps for the

highest versus lowest intake of total allium vegetables; the risk reduction was 15% for garlic or
onion, specifically! And, a case-control study from 2016 found a staggering 79% reduction in col-
orectal cancer risk with higher versus low total allium intake. In this study, garlic, garlic stalks,
leek, onion, and spring onion intake were all individually protective as well. Additionally, a 2020
meta-analysis found that among case-control studies, there was a 29% reduction in colorectal

cancer risk for the highest versus lowest categories of garlic intake!

- ENDOMETRIAL CANCER: A 2005 case-control study found a 24% reduced risk of endome-
trial cancer in the highest (at least 9.6 g daily) versus lowest (les than 1 g daily) quartile of allium
intake. In premenopausal women, the results were even more pronounced with a 59% reduced

risk!

- GASTRIC (STOMACH) CANCER: A 2011 meta-analysis found that for every 20 g daily
increase in allium consumption (approximately the weight of one garlic bulb), gastric cancer risk
dropped by 9%! This same analysis showed a 46% reduced risk of gastric cancer for the highest
versus lowest consumption of allium vegetables. Similarly, a 2015 case-control study found a
41% lower risk of gastric cancer with consumption of at least two portions of onions per week, a
31% lower risk with high garlic intake, and a 30% lower risk with frequent use of both garlic and
onion. And most recently, a 2023 follow-up of a randomized intervention trial found that over the
course of 22.3 years, every 2.2 lb increase in garlic intake per year was associated with a 17% lower
risk of developing gastric cancer; total allium intake was also protective! (Along with their known
anti-cancer effects, both in vitro and in vivo studies have shown that allium vegetables have an

antibacterial effect against H. pylori, a key risk factor for gastric cancer.)
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-« LUNG CANCER: A 2016 case-control study found that consuming raw garlic at least twice per
week (compared to never) was associated with a 50% lower risk of lung cancer! Similarly, a 2013

case-control study found that higher garlic consumption was associated with a 21% lower risk of

developing lung cancer.

- OVARIAN CANCER: A 2021 systematic review and meta-analysis, encompassing 97 cohort

studies, found a 21% reduced risk of ovarian cancer with consumption of allium vegetables.

- PROSTATE CANCER: A 2002 case-control study found that men consuming over 10 g of

total allium vegetables per day were 49% less likely to develop prostate cancer than men consum-
ing under 2.2 g daily. For the highest versus lowest intake of garlic, the risk reuction was 53%,
and for scallions, it was 70%! Likewise, a 2013 meta-analysis found an 18% lower risk of prostate

cancer for the highest versus lowest intake of allium vegetables.

- UPPER AERODIGESTIVE TRACT CANCERS (ORAL CAVITY, PHARYNX,
LARYNX, NECK, AND ESOPHAGUS): A 2016 meta-analysis found that total allium con-
sumption (comparing highest versus lowest intakes) was associated with a 21% lower risk of
squamous cell carcinoma of the upper aerodigestive tract; for garlic or onion, the risk reduction
was 26% and 28%, respectively. This protective effect was strongest in case-control studies—

a whopping 44% reduction in risk for the highest allium consumption!

- NON-DIGESTIVE TRACT CANCERS: A 2022 meta-analysis of case-control and cohort
studies found that the highest versus lowest consumption of allium vegetables was associated
with a 14% lower risk of non-digestive tract cancers (collectively encompassing lung cancer,
breast cancer, prostate cancer, ovarian cancer, head and neck cancer, endometrial cancer, cervix

cancer, and liver cancer).

Reduced risk of cardiovascular disease:

A 2020 systematic review and meta-analysis (including 81 cohort studies and over 4
million subjects!) found that the highest versus lowest consumption of alliums was
associated with a 67% lower risk of cardiovascular disease mortality, a 33% lower risk of coronary heart

disease mortality, and an 11% lower risk of stroke!

Specific alliums have also been linked to reduced cardiovascular risk factors. For example, a 2014 meta-
analysis of randomized controlled trials found that garlic powder (in doses ranging from 300 mg to 1400
mg daily, for a period of seven days to one year) lowered triglyceride levels by 15.83 mg/dL, LDL cholesterol
levels by 8.11 mg/dL, fasting blood glucose levels by 17.30 mg/dL, and systolic and diastolic blood pressure

levels by 4.34 mmHg and 2.36 mmHg, respectively. A 2019 umbrella review of meta-analyses likewise found

that garlic consumption had a powerful cholesterol-lowering effect—with eight weeks of garlic consump-
tion leading to a 17.2 mg/dL drop in total cholesterol levels. And, a 2021 meta-analysis encompassing 10
randomized controlled trials found that onion supplementation significantly improved HDL and LDL

cholesterol levels.
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Protection against non-alcoholic fatty liver
disease (NAFLD):

A 2020 controlled clinical trial found that 12 weeks of consuming four 400 mg tablets of garlic powder per
day significantly improved multiple risk factors for NAFLD—including insulin resistance, fasting blood
sugar, waist circumference, body fat percent, skeletal muscle mass, total antioxidant capacity, and serum

concentration of superoxide dismutase.

Healthy weight regulation:

A 2023 systematic review and meta-analysis found that among people with obesity, onion
intake resulted in significant reductions in body weight, BMI, and waist circumference.
A 2019 randomized controlled trial found that consumption of 9 g of onion powder daily, for a period of 12
weeks, led to a significant reduction in abdominal fat among participants with low baseline HDL levels.

And a 2020 randomized controlled trial found that 12 weeks of steamed onion consumption significantly

reduced body fat percentage and fat mass (particularly visceral abdominal fat) without impacting lean

body mass!

A 2020 controlled clinical trial found that 12 weeks of 1600 mg of garlic powder a day (spread into four

tablets) led to significant reductions in body fat percent and waist circumference, relative to the placebo
group. And, a 2023 randomized controlled trial found that among patients with PCOS, eight weeks of garlic
supplementation (800 g daily) led to significant reductions in BMI and waist circumference, as well as

reducing markers of oxidative stress!

Improved blood sugar control:

Some evidence suggests alliums could help regulate blood sugar, particularly in
diabetics. A 2017 meta-analysis of nine randomized controlled trials concluded that garlic consumption
effectively lowers fasting blood sugar levels and HbA1c among type 2 diabetics, with improvements in-
creasing with longer duration of garlic consumption. A 2010 trial of patients with type 1 and type 2 diabetes
likewise found that consuming 100 g of raw red onion significantly reduced blood sugar levels four hours

after eating!

Better bone density:

Alliums show potential for helping improve bone health! A 2016 trial of middle-aged and
post-menopausal adults found that consuming 100 mL of onion juice daily for eight weeks improved bone
mineral density and antioxidant activity; additional in vitro experiments by the researchers found that
onion helped protect against bone breakdown. A 2009 study similarly showed that for peri-menopausal and
post-menopausal women over the age of 50, consuming onions at least once per day was associated with

5% greater bone density than those who consumed onions once per month or less. And, a 2017 double-blind
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randomized trial of post-menopausal women with osteoporosis found that consumption of two garlic tab-

lets daily, for a period of 30 days, reduced markers of oxidative stress associated with osteoporosis!

Improved cognitive health:

Although the research is limited, some evidence suggests a beneficial effect of allium

intake on cognitive health—including improved cognitive performance and protection
against depression. A 2015 placebo-controlled trial of healthy adults found that five weeks of consuming
400 mg of garlic daily (in the form of dried powder) led to significant improvements in visual memory and

attention! Likewise, a randomized controlled trial from 2021 found that among healthy elderly adults, 24

weeks of daily onion powder supplementation helped prevent cognitive decline—largely by improving de-
pressive symptoms and elevating motivation. What's more, where depression is concerned, a 2023 analysis
of two cohort studies found that compared to the lowest onion intake, higher onion intakes were associat-

ed with up to a 27% reduced risk of depressive symptoms.

Protection against drug-resistant infections:

Some evidence suggests alliums could help protect against drug-resistant infections!
A 2012 study found that garlic extract had a strong inhibitory effect against drug resistant Escherichia
coli, Pseudomonas aeruginosa, Bacillus subtilis, Staphylococcus aureus, Klebsiella pneumoniae, Shigella sonnei,
Staphylococcusepidermidis, and Salmonella typhi! Likewise, a 2021 study found that allium extracts were

active against multidrug resistant Candida species.

Improved sleep:

Although more research is needed, some evidence suggests allium consumption could

support better sleep! A 2020 randomized controlled crossover trial found that among

adults who were dissatisfied with their sleep, five days of consuming onion extract tablets reduced the
amount of time it took to fall asleep, significantly improved sleep quality (including entering deep sleep),

and reduced markers of stress.

Reduced risk of all-cause mortality:

A 2017 meta-analysis of prospective studies found that for every 100 g increase in daily

allium intake, risk of all-cause mortality dropped by 24%! Likewise, high versus low allium

intake was associated with a 15% decrease in death from all causes.

Individual alliums vegetables have been associated with a reduction in death from all causes, too: for exam-

ple, a 2019 cohort study of elderly adults found that those who consumed garlic at least once a week lived

longer than participants who ate garlic less frequently. For those who ate garlic at least five times per week,
there was an 11% lower risk of death from all causes compared to those who ate garlic less than once per

week! (The risk reduction was 8% for people who ate garlic between one time and four times per week.)

110 Nutrivore Foundational Foods


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5783112/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4550798/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8482389/
https://pubmed.ncbi.nlm.nih.gov/36477763/
https://pubmed.ncbi.nlm.nih.gov/36477763/
https://pubmed.ncbi.nlm.nih.gov/22540232/
https://pubmed.ncbi.nlm.nih.gov/33613054/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7708608/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5837313/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6683033/

11

veggies:

Allium Nutrivore Scores

The average Nutrivore Score of alliums is a whopping 2142! And, when it comes to individual allium

Chives

3531

Garlic

5622

Green onion (tops only)

2097

Leek

1128

Onion, raw

380

Onion, sweet, raw

170

Onion, welsh, raw

1704

Scallion

1932

Shallots, raw

740

Spring onion

1932
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Scallion vs. Green Onion vs.
Spring Onion

When it comes to telling similar-looking alliums
apart, three are known to cause some confusion:
scallions, green onions, and spring onions! While
these veggies resemble each other in appearance
(and tend to be used interchangeably in the kitchen),

they're technically different from each other.

For starters, scallions are younger than green onions

(that is, harvested at an earlier stage of their growth).

But, there’s another technical difference too: scallions

(Allium fistulosum) come from a species of onion that

does not form bulbs, while green onions either come from onion varieties that do not form bulbs, or are

harvested very young from regular onions that would eventually form bulbs if left to grow!

Meanwhile, spring onions are older than both scallions and green onions. They possess a small, round,
white bulb at their base that's larger than that of scallions or green onions, and have a slightly stronger

flavor due to their maturity. Now you know!
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Onion Tears No More!

If you've ever cut open a raw onion, you've probably
encountered the painful, tear-inducing sting these
alliums are known for! It's not because onions are
mean: it's because they produce a chemical irritant
called syn-Propanethial-S-oxide, which stimulates
the eye's lachrymal (tear) glands. Specifically, upon
getting cut, onions release lachrymatory-factor
synthase into the air, which converts the onion sulf-
oxides into sulfenic acid—an unstable molecule that
then re-arranges itself into syn-Propanethial-S-ox-
ide. Syn-Propanethial-S-oxide then forms a cloud
around the onion, makes contact with our eyes, and reacts with the thin layer of water covering our eyes to

create sulfuric acid (among other irritating substances)!

Luckily, there are some tear-free ways to cut up onions:

- COOL YOUR ONIONS OFF BEFORE CUTTING THEM! This helps slow down the
enzymatic process that leads to onion tears. You can let your onions chill in the refrigerator,
dunk them in ice water right before cutting, or stick them in the freezer for 15 minutes to rapidly

cool them.

- SHARPEN YOUR KNIFE! Using a well-sharpened blade to cut onions helps minimize the
amount of damage and bruising the onion endures, resulting in a lower release of the chemicals

that lead to syn-Propanethial-S-oxide production.
- CUT YOUR ONIONS NEXT TO A FAN OR UNDER A KITCHEN VENT. Helping

disperse the gas-producing chemicals released by onions can prevent some of them from

reaching your eyes.

- WEAR GOGGLES (AND A NOSE PLUG)! If all else fails, wearing well-sealed goggles can
help protect your eyes while cutting onions. The addition of a nose plug offers further protection,

preventing the lachrymatory factor from traveling up your nose and to your eyes!
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Some Practical Pointers

Getting the most out of your alliums is a matter of proper selection and storage! Here are some pointers.

Selection:

« Choose onions and garlic bulbs that are firm and free of

soft spots, sprouting, or mold.

» For leeks and shallots, select ones with crisp green tops

and firm, unblemished bulbs.

« Avoid alliums with signs of bruising, cuts, or excessive
moisture.

Storage and Cleaning:

- ONIONS: Store in a cool, dry, and well-ventilated place (such as a ventilated basket or bowl).
Don't store them near potatoes or apples, as they can release moisture and ethylene gases that

cause each other to spoil!

- GARLIC: Keep garlic bulbs in a cool, dry place, preferably in a well-ventilated container or a

garlic keeper. Avoid storing them in the refrigerator—this can cause them to sprout!

- LEEKS: Store leeks in the refrigerator. They can be kept in a plastic bag or wrapped in a damp

paper towel to prevent dehydration.

- SHALLOTS: Keep shallots in a cool, dark, and dry location. They can also be stored in the

refrigerator for longer shelf life.

- For LEEKS AND GREEN ONIONS, trim any wilted or discolored green tops before storing.

This can help extend their freshness.

- Ensure that different allium vegetables are stored separately, as they can impart their strong

flavors to each other.

» Periodically check stored alliums for signs of sprouting, mold, or rot. Remove any affected ones to

prevent spoilage from spreading.
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Fruits
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Introduction to Fruits

Along with vegetables, fruit is one of the few food
categories with near-universal acclaim: from fiber to
phytonutrients to micronutrients (especially vitamin
C), these foods deliver a health-promoting bounty in
a tasty package!

Importantly, fruit delivers health benefits indepen-
dent of vegetables, so it's best to incorporate both
into our regular diets. And far from being “nature’s
candy", eating two to three servings of fruit daily is
optimal for reducing risk of cardiovascular disease,
type 2 diabetes, obesity, chronic obstructive pulmo-
nary disease, chronic constipation, and inflammato-
ry bowel disease. So, embrace fruit as a convenient
snack, a healthy dessert, a whimsical addition to
salads, and a sophisticated flavoring agent in the

form of salsas, jams, and chutneys.
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Fruits and Their Food Groups

Botanically speaking, fruits are seed-bearing struc-
tures that develop from the ovary of a flowering
plant. However, some foods fitting this criteria—Ilike
tomatoes, eggplant, zucchini, and olives—are more
commonly used as vegetables in the kitchen. So, for
the sake of defining a food group, we'll stick with the
culinary definition of fruit: fruits are what we use in
sweet applications, while vegetables (even if they're
botanically considered fruit!) are what we use in

savory applications.

Two sub-categories of fruit even serve as their

foundational foods! These are:

- BERRIES, which consist of any small, pulpy
fruit with lots of little seeds, and include fruits
such as acai berries, bilberries, blackberries,

blueberries, boysenberries, cloudberries, cran-

berries, currants, elderberries, goji berries, gooseberries, huckleberries, lingonberries, loganberries,

marionberries, mulberries, raspberries, salal berries, salmonberries, strawberries, tayberries, and

thimbleberries.

- CITRUS FRUITS, which come from plants of the citrus genus and includes fruits such as bergamot,

blood orange, Buddha's hand, citron, clementine, finger lime, grapefruit, kaffir lime, key lime, kumquat,

lemon, lime, mandarin, meyer lemon, orange, pomelo, Satsuma, tangelo, tangerine, and yuzu.

As fruit sub-groups, the above categories tend to have some shared nutritional features (and subsequent-

ly, generalizable health benefits). Due to their edible skins and seeds, berries boast a higher concentration

of fiber, fat, and phytonutrients than most fruits deliver—providing phytosterols like sitosterol and stig-

masterol (which help block absorption of cholesterol in the small intestine), tannins (which have antiox-

idant, lipid-lowering, blood pressure lowering, antimicrobial, and oral-health boosting properties), and a

surprising amount of alpha-linolenic acid (the only truly essential omega-3 fat)! Meanwhile, citrus fruits

are famously high in vitamin C, while also being rich in some unique flavanones such as hesperidin and

naringin—which have potent antioxidant, anti-inflammatory, anti-diabetic, anti-cancer, lipid-lowering,

neuroprotective, and cardioprotective properties, as well as an ability to enhance the growth of beneficial

microbes in the gut. (Combined with the highly fermentable pectin in these fruits, this makes citrus a

fantastic choice for gut health!)
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Beyond citrus and berries, a diverse (and delicious) world of additional fruits exist, including:

- APPLE FAMILY FRUITS, which belong to the sub-family pomoideae (also called pome
fruit) within the plant family Rosaceae, a.k.a. the rose family. That's right, apples are related
to roses! These fruits include apple, Asian pear, crabapple, medlar, pear, quince, rose hip, and

rowan.

« MELONS, which are the sweet, juicy fruits produced by members of the plant family Cucurbi-
taceae, and are related to squash and cucumbers. These include canary melon, cantaloupe, casa-
ba, Christmas melon, Crenshaw melon, derishi, Galia, honeydew, horned melon, melon pear,
muskmelon, Persian melon, Russian melon, and watermelon... among many other lesser-known

melons!

- STONE FRUITS (also known as drupes), which are fruits containing a single pit (or stone)
surrounded by edible flesh. These include apricot, apriums, cherry, chokecherry, greengage,

hawthorn, loquat, nectarine, peach, plum, and pluots.

- TROPICAL AND SUBTROPICAL FRUITS, which grow in the in the hot, humid regions
near the earth's equator (tropical fruits) or in the subtropical regions adjacent to them (sub-
tropical fruits). These include acerola, banana, camucamu canistel, cherimoya, coconut, custard
apple, date, dragonfruit, durian, fig, grapes, guava, jackfruit, jujube, kiwi, longan, loquat, lychee,
mamey sapote, mango, mangosteen, papaya, passion fruit, pawpaw, persimmon, pineapple,
plantain, pomegranate, rambutan, soursop, star fruit (carambola), sugar apple, and tamarind,

among many other exotic members!
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What Makes Fruit So Great?

Like other plant foods, fruits offer a trio of health-pro-
moting compounds: phytonutrients, fiber, and micro-
nutrients. However, fruit really shines in a few specific

departments here!

Phenomenal Phytonutrients

Phytonutrients are biologically active compounds
produced by plants for their growth, reproduction, and
defense (including against pathogens, predators, and
other plants). But, they also impart a number of health
benefits for humans! When it comes to fruit, some of

the most common phytonutrients are:

-« ANTHOCYANIDINS, which possess

anti-inflammatory, anti-pain, and neuropro-

tective effects. They're also what give some

fruits a blue, purple, or deep red color! Anthocyanidins are found in blueberries, cranberries,

blackberries, plums, red and black grapes, cherries, and raspberries.

- FLAVANONES, which have the ability to reduce inflammation, reduce blood lipids, reduce hy-

pertension, exert antioxidant activity, improve insulin sensitivity, and potentially protect against

heart disease. They're found abundantly in citrus fruit like oranges, grapefruit, tangerines, and

lemons!

- FLAVANOLS (including kaempferol, myricetin, and quercetin), which are known to increase

plasma antioxidant capacity, decrease DNA damage in lymphocytes (a type of white blood cell),

interrupt the growth of certain cancers, reduce diabetes risk, protect neurons from oxidative

damage, and suppress inflammation in the brain. They're abundant in apples, cherries, and pears.

- FLAVAN-3-0OLS, which help maintain the elasticity of blood vessels (improving blood flow)

and potentially reduce our risk of certain cancers and heart disease. They're found in dark-

skinned fruits like elderberries, cranberries, cherries, black currants, and grapes, as well as

apples, bananas, peaches, pears, and strawberries.

- TANNINS, which act as antioxidants and can reduce blood pressure, protect against harmful

microbes, and improve blood lipids. Some tannins can benefit dental health by combating harm-

ful oral bacteria and inhibiting plaque formation! They're found in pomegranates, persimmons,

and berries.
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- LYCOPENE, which is famous for supporting prostate health and potentially reducing the risk
of certain cancers, heart disease, osteoporosis, and diabetes. It's found in reddish or pinkish fruits

like apricots, papaya, watermelon, guava, mango, pink grapefruit, and peaches.

« LUTEIN AND ZEAXANTHIN, which support eye health (they're highly concentrated in the
retina, and help filter out damaging blue light rays) and can help prevent cataracts and age-relat-
ed macular degeneration. They're found in kiwi fruit, oranges, grapes, honeydew melons, man-

goes, peaches, nectarines, and apples.

- STILBENES (including resveratrol, rhapontigenin, pterostilbene, and pinosylvin), which are
powerful antioxidants that can interfere with all stages of cancer development, as well as poten-
tially protect against neurological diseases (including Alzheimer's), cardiovascular disease, and

diabetes. Stilbenes are highly concentrated in grape skins, cranberries, and blueberries.

Fabulous Fiber

The types of fiber found in fruit can not only promote regularity, but also reduce inflammation, reduce risk
of heart disease, improve blood sugar control, slow down the absorption of simple sugars (hence why fruit
tends to have a low glycemic load, despite having a relatively high sugar content), bind to substances in the
digestive tract (such as bile salts and toxins), protect against colorectal cancer, and help our gut critters

flourish and produce beneficial short-chain fatty acids.

Compared to other plant foods, fruit is particularly high in the soluble fiber pectin; in fact, it makes up an
average of 35% of the cell wall content of fruit fiber! Pectin is a potent prebiotic, encouraging the growth of
butyrate-producing bacteria belonging to Clostridium cluster XIV and Sutterella. Likewise, pectin appears
to enhance the survival of Lactobacillus (including Lactobacillus fermentum and Lactobacillus reuteri) in

the stomach and small intestine, boosting its ability to reach the colon.

Magnificent Micronutrients

Although fruit isn't quite as nutrient dense as vegetables, these foods tend to provide high levels of certain
micronutrients! In particular, many fruits are great sources of vitamin C—a water-soluble vitamin with
powerful antioxidant properties, with important roles in the immune system and collagen production.
Many fruits are also good sources of potassium—an electrolyte mineral with roles in a wide variety of
life-sustaining processes such as heart function, muscle contraction, nerve impulse transmission, blood
pressure control, blood pH, and fluid balance. However, individual fruits all have their own unique micro-

nutrient composition, providing a range of additional vitamins and minerals. Once again, variety is key!
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A Spotlight on Unique Fruits
and Their Benefits

Because fruits hail from so many different taxonomic
families, individual fruits are all unique in what they
provide! Let's take a look at some of the top beneficial

nutrients unique to only certain fruits.

Plantains and under-ripe bananas deserve a special
shout-out for their high content of resistant starch—a
type of highly fermentable carbohydrate that bypass-

es digestion in the small intestine, instead feeding the
microbes in our colons. Resistant starch is particularly
famous for feeding short-chain fatty acid-producing bac-
teria and enhancing levels of butyric acid. In particular,
bananas and plantains provide resistant starch in the
form of RS2, which is protected from digestion because
of its molecular structure (and only becomes accessible

to human digestive enzymes after being cooked).

Meanwhile, melons are some of our very best sources of l-citrulline—an amino acid that serves as precur-
sor for l-arginine, subsequently boosting nitric oxide production in the body. Citrulline and its metabo-
lites are extremely beneficial for cardiovascular health due to helping improve blood flow, reducing blood
pressure, and enhancing vasodilation. And, citrulline may even play a role in immunity! Watermelon is
exceptionally high in citrulline (containing up to 3.5 mg of citrulline per gram!); in fact, the word “citrul-
line” comes from Citrullus lanatus, the Latin term for watermelon. But, other melons like casaba melon,

cantaloupe, and horned melon are also good sources of this amino acid.

Mango is a uniquely high source of a polyphenol called mangiferin, which serves as an incredibly powerful
antioxidant (even more potent than vitamin C or vitamin E). It's also been shown to have anti-inflamma-
tory, anti-cancer, antimicrobial, anti-atherosclerotic, pain-relieving, blood lipid lowering, immunomod-
ulatory, anti-diabetic (by inhibiting glucose absorption in the intestine), and antiallergenic properties.
Mangiferin also chelates iron, and may have benefits for reducing oxidative damage from iron overload

disorders (such as hereditary hemochromatosis)!

Another famous tropical fruit, pineapple, contains a special group of protein-digesting enzymes called
bromelain (named from Bromeliaceae—the plant family pineapple belongs to!). Bromelain has been shown
to act directly upon cancer cells, as well as modulate the immune, hemostatic, and inflammatory systems
in the body. It's even demonstrated an ability to inhibit blood clotting, and some evidence suggests it helps

with joint pain and stiffness!
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One of the major bioactive compounds in mangosteen is alpha-mangostin—a type of xanthone that's been
shown to exert anti-obesity, anti-cancer, anti-hyperglycemic, anti-dyslipidemia, anti-inflammatory, and an-
ti-diabetic effects in experimental studies. Several human trials have likewise shown benefit of mangosteen

fruit and juice on weight loss.

As arare "fatty fruit”, coconut has some unique features! In particular, it's a great source of medium-chain
triglycerides (MCTs)—a type of saturated fat composed of at least two medium-chain fatty acids. MCTs
have exceptionally rapid and direct absorption (straight from the intestine to the liver), allowing them to be
quickly burned for fuel. Research shows they have benefits for weight loss and body composition—includ-
ing by spontaneously reducing appetite and food intake, and by increasing resting energy expenditure via
thermogenesis (heat production). MCTs may also help increase insulin sensitivity among diabetics, im-

prove memory and cognition in Alzheimer's patients, improve exercise performance, and boost gut health.

Some fruits such as grapes, cherries, bananas, pears, and apples are natural sources of melatonin—a
natural compound (specifically, an indoleamine) that has excellent antioxidant properties and high free
radical-scavenging capacity, along with playing important roles in the regulation of circadian rhythms,
metabolism, and the immune system! In studies, consumption of melatonin-containing fruit (like cherries)
has been shown to significantly increase melatonin levels in the body, increase sleep time, and enhance

sleep efficiency in humans.

Many fruits such as bananas, dates, nectarines, persimmons, plums, watermelon, and pomegranate are
also high in a type of soluble fiber called fructans, which have important prebiotic properties! In studies,
fructan consumption is associated with significantly greater abundance of the very important bacteria
Bifidobacterium and Lactobacillus compared to other fiber types, enhancing the production of short chain
fatty acids. In addition, fructans can interact with immune cells in the intestinal lumen, in turn helping
modulate immune responses in the body! These fibers are even being investigated for their free radical

scavenging abilities, potentially improving the redox environment of intestinal cells.

And of course, no fruit discussion would be complete without mentioning grapes! In particular, grapes
(and the red wine made from them) are our main dietary sources of resveratrol—a stilbene with power-
ful anti-inflammatory and antioxidant properties. Studies show resveratrol can thwart all three stages of
cancer development (initiation, promotion, and progression) by modulating the pathways involved in cell
division, cell growth, cell death, inflammation, angiogenesis (the development of new blood vessels), and
metastasis (the spread of tumors). Across epidemiological studies, clinical trials, and mechanistic experi-
ments, resveratrol has also been shown to exhibit immunomodulatory, neuroprotective, cardio-protective,
glucose-lowering, and lipid regulatory effects—giving it wide-ranging benefits for chronic diseases such as

cardiovascular disease, diabetes, liver diseases, obesity, Alzheimer's disease, and Parkinson's disease.

Lastly, a variety of fruits (including apples, pears, and grapes) provide us with proanthocyanidins, also
known as condensed tannins. These phytonutrients have demonstrated anti-cancer, antioxidant, anti-dia-
betic, anti-inflammatory, anti-arthritis, neuroprotective, and antimicrobial properties. They also appear to

protect against some eye diseases!
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The Health Benefits of Fruit

Although "fruit and vegetables” are often lumped togeth-
er when talking about the benefits of plant foods, fruit
is independently beneficial for our health! That means
that we benefit from adding fruit to our diet even if we're

eating plenty of veggies.

Health benefits attributed to specifically fruit include

reductions in all-cause mortality, improved cardiovas-

cular health, protection against many forms of cancer,

reduced risk of type 2 diabetes, reduced risk of metabolic

syndrome, long-term weight management, protection

against lung cancer, reduced risk of depression, im-

proved gastrointestinal health, reduced risk of frailty, reduced severity of chronic obstructive pulmonary
disease, better cognitive health, and even stronger bones. Whew! (Worth noting here, whole fruit, rather

than fruit juice, tends to be most protective.) Let's take a look at what the research shows!

Fruit and All-Cause Mortality

Some research suggests fruit reduces the risk of death from all causes—a general reflec-

tion of health and longevity. In a 2017 systematic review and meta-analysis, the highest

intakes of fruit (compared to the lowest intakes) were associated with a 13% lower risk

of overall mortality. For every 200 g per day increase in fruit consumption, risk of death
from all causes dropped by 15%! These benefits reached their maximum around 600 g of fruit daily, corre-

sponding with a 19% reduction in mortality risk.

Fruit and Cardiovascular Disease

Some research has linked fruit consumption to better cardiovascular health, including pro-

tection against heart disease. A 2006 meta-analysis of cohort studies, encompassing a total

of 221,080 participants, found that for every portion of fruit consumed daily, risk of coronary
heart disease dropped by 7%; some studies included in this analysis saw risk reductions of up to 19% per

fruit serving!

Similarly, a 2017 systematic review and dose-response meta-analysis of prospective studies found that high
versus low intake of fruit was associated with a 14% lower risk of coronary heart disease, 18% lower risk

of stroke, and 13% lower risk of cardiovascular disease in general. In the dose-response analysis, for every
200 g per day increase in fruit consumption, risk of coronary heart disease dropped by 10%, risk of stroke

dropped by 18%, and risk of cardiovascular disease dropped by 13%!
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A 2022 prospective study also detected a protective effect of fruit on death from cardiovascular disease. In
this study, the highest versus lowest quintile of fruit intake was associated with a 9% reduction in cardio-

vascular mortality!

Fruit and Cancer

Higher fruit intake has been associated with a lower risk of numerous cancers, as well as a
reduction in overall cancer risk! A 2017 systematic review and dose-response meta-analy-
sis of prospective studies found that high versus low intake of fruit was associated with an 8% lower risk of

total cancer. Every 200 g increase in daily fruit intake was also associated with a 4% drop in risk!

. Breast Cancer: In a 2021 systematic review and meta-analysis of prospective studies,
higher total fruit intake was associated with a 7% lower risk of breast cancer in general, and a 7%

lower risk of postmenopausal breast cancer specifically.

- Lung Cancer: A 2016 systematic review and meta-analysis of prospective studies found
that people with the highest versus lowest intakes of fruit had an 18% lower risk of developing
lung cancer. In a dose-response analysis of the data, every 100 g increase in fruit consumption

was associated with an 8% reduction in lung cancer risk!

« A 2019 meta-analysis looked at the data based on smoking status, and found that fruit consump-
tion was associated with a 14% lower risk among current smokers and a 9% lower risk among for-
mer smokers. Likewise, every 100 g increase in daily fruit intake was associated with a 5% lower

risk in current smokers and a 4% lower risk in former smokers.

. Ovarian Cancer: Fruit could also help reduce the risk of mortality from certain cancers.
A 2020 systematic review and meta-analysis of cohort studies found that among ovarian cancer

patients, a high fruit intake prior to diagnosis was associated with an 18% lower risk of death.

. Gastric (Stomach) Cancer: A 2020 pooled analysis of 25 studies found that a higher
versus lower intake of fruit was associated with a 24% lower risk of gastric cancer. On top of that,

consurming six servings of fruit per day (compared to no fruit) was associated with a 36% lower

risk of this cancer type!

. Bilia ry (Bile Duct) Cancer: A 2021 meta-analysis of 14 studies found that participants
with the highest versus lowest intake of fruit had a 53% lower risk of biliary cancer. When looking

at dose-response associations, every 100 g increase in daily fruit intake dropped the risk by 11%.

. Bladder Cancer: Ina 2020 pooled analysis of 13 cohort studies, fruit intake was protective
of bladder cancer in women, though not in men. Specifically, every 100 g increase in daily fruit

intake was associated with an 8% reduction in bladder cancer risk. In a larger 2015 meta-analysis
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that also included case-control studies, the highest versus lowest category of fruit intake was

associated with a 19% lower risk among participants!

. Glioma: Fruit is potentially protective against the brain cancer glioma. A 2023 meta-analysis,
including 24 articles and over 2.1 million participants, found that the highest versus lowest cate-

gory of fruit intake was associated with a 15% lower risk of glioma.

. Endometrial Cancer: A 2023 meta-analysis of 277 observational studies found that the
highest versus lowest category of fruit intake was associated with a 19% lower risk of endometri-

al cancer.

. Colorectal Cancer: A2017 case-control study found that among women, a high total

intake of fruit reduced the risk of colorectal cancer by 59%!

. Esophag eal Cancer: A 2022 meta-analysis found that the lowest versus highest fruit

consumption was associated with a 36% lower risk of esophageal cancer!

Fruit and Type 2 Diabetes

Boosting our fruit intake could help protect against type 2 diabetes! A 2023 prospective

cohort study of nearly 80,000 adults found that whole fresh fruit intake was associated
with lower diabetes risk. For every 100 g per day increase in fruit intake, diabetes risk dropped by 2.8%;
for participants with normal glucose tolerance at baseline, the risk reduction was 15.2% per every 100 g
of fruit! Likewise, in people with normal blood sugar levels at baseline, consuming fruit more than seven
times per week (compared to less than one time per week) was associated with a whopping 48.6% lower
risk of diabetes.

Controlled trials have also shown an anti-diabetes effect of fruit! In a 2023 meta-analysis of 19 randomized

controlled trials, fruit consumption significantly decreased participants’ fasting blood sugar levels.

Fruit and Metabolic Syndrome

Fruit is also a boon for our metabolic health in general! A 2018 meta-analysis of 26 obser-
vational studies found that higher fruit consumption was associated with a 19% lower risk
of metabolic syndrome. And, a dose-response analysis from 2019 found that every 100 g

daily increase in fruit intake was associated with a 3% drop in risk!

A separate meta-analysis from 2018 had similar findings, showing that the highest versus lowest category

of fruit consumption was associated with a 13% lower risk of metabolic syndrome.
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Fruit and Depression

Numerous studies suggest a beneficial effect of fruit on psychological conditions, par-
ticularly depression. In a 2015 longitudinal study, consumption of at least two pieces of

fruit per day was associated with an 18% lower risk of depression!

A 2018 meta-analysis of 27 studies found that people with the highest versus lowest fruit intake had be-
tween a 17 - 24% lower risk of depression, depending on the study type. A meta-regression of the data also
found that in cohort studies, every 100 g increase in fruit intake was associated with a 3% lower risk of

depression.

Similarly, a 2023 analysis of cross-sectional data found that compared to the lowest quartile of fruit intake
(less than 0.12 cup daily), the highest quartile (over 1.49 cups daily) was associated with a 31% lower risk of
depression. A Mendelian randomization analysis (which uses genetic variation to help determine cause and

effect) confirmed the relationship was causal!

In a 2023 cross-sectional and Mendelian randomization analysis, using data from the National Health and
Nutrition Examination Survey, the highest versus lowest quartile of fruit intake (over 1.49 cups vs. under
0.12 cups daily) was associated with a 31% lower risk of depression. The Mendelian randomization analysis
confirmed a causative protective association, and also found that fruit intake was associated with a de-
creased risk of traits related to depression—including feeling lonely (18% lower risk), feeling miserable (21%
lower risk), feeling fed-up (25% lower risk), irritable mood (11% lower risk), and neuroticism (15% lower risk).

Wow!

Fruit and Inflammatory Bowel Disease

A 2021 systematic review and meta-analysis found that fruit consumption was protective
against inflammatory bowel diseases, with higher intakes being associated with a 31% low-

er risk of ulcerative colitis and a 53% lower risk of Crohn's disease.

Fruit and Constipation

Fruit can help with other gastrointestinal issues, too! A 2022 systematic review and
meta-analysis of randomized and crossover studies found that on the whole, fruits can
increase levels of beneficial Lactobacillus acidophilus, improve stool consistency, increase

stool frequency, and alleviate overall symptoms of constipation!

Fruit and Gestational Diabetes

Fruit could help protect against some complications of pregnancy, particularly gestational
diabetes. A 2023 systematic review and meta-analysis, encompassing 12 different studies,
found that each 100 g increase in daily fruit consumption was associated with a 3% reduc-

tion in gestational diabetes risk. Another systematic review and meta-analysis from 2020
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similarly found that women with a higher intake of fruit prior to pregnancy had a 5% lower risk of gesta-

tional diabetes.

Fruit and Frailty

Fruit may be protective of frailty—a geriatric syndrome in which people become more

susceptible to adverse health outcomes as they age. In a 2016 dose-response analysis of

three prospective cohorts, with an average follow-up time of 2.5 years, consuming three
portions of fruit daily (compared to no fruit) was associated with a 52% lower risk of developing frailty.
Consuming even one or two servings was also protective, corresponding with a 41% and 42% lower risk,

respectively!

A 2020 longitudinal study likewise found that among older people with robust health at baseline, consum-
ing between three and six portions of fruit per day significantly reduced the risk of developing pre-frailty
or frailty, compared with consuming less than 1.5 portions per day. These higher fruit intakes reduced the

risk by 42 — 48%!

Fruit and Chronic Obstructive Pulmonary Disease

Fruit could be beneficial for chronic obstructive pulmonary disease (COPD)—a group
of conditions caused by damage to the airways or other parts of the lung, resulting in
blocked airflow (such as chronic bronchitis and emphysema). A 2019 systematic review and meta-analysis

found that the highest versus lowest intake groups for fruit had a 26% lower risk of COPD.

Fruit and Cognitive Disorders

Could fruit help support our cognitive health? Some research points to "yes!” In a 2022
meta-analysis of observational studies, higher intake of fruit was associated with a 17%

lower risk of cognitive disorders—particularly cognitive impairment and dementia.

Fruit and Bone Health

A 2017 population-based cross-sectional study found that for the highest versus lowest
tertile of fruit intake, average bone mineral density was significantly higher, and osteo-

porosis risk dropped by 11 — 52% (depending on the bone site).
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How Much Fruit Do We Need to
Eat to Get Their Health Benefits?

In general, science points to a "sweet spot” for fruit

intake at around two or three servings per day (with a

serving being 1 cup, or a fist-sized amount, of raw fruit).

Both less and more than this amount isn't as beneficial,
although even up to four or five servings per day is still

better than eating no fruit!

Why isn't this a case of “the more, the better?” In short,
most studies show that this amount provides the
majority of the benefits we can glean from high fruit
intake. The dose response relationship between fruit

consumption and our overall health isn't linear, mean-

ing that each serving we add to our diets doesn't impact our health equally. The benefits of fruit intake

increase until we hit that two-serving mark, with additional fruit intake not offering additional benefits. Of

course, variety matters here, too: eating a serving of two different fruits per day delivers more benefits than

eating two or three servings of the same type of fruit.

A 2019 analysis by the CDC found that only 12.5% of adults eat the current recommended intake of fruit. So,

if you're able to hit that two-serving sweet spot (or close to it), you're doing great!
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Fruit Nutrivore Scores

As far as their Nutrivore Scores go, “other Fruits” rank as follows:

Citrus Fruits

391

Clementines

2N

Melons

307

Grapefruit, pink and red

361

Cantaloupe

457

Grapefruit, white

315

Watermelon

405

Lemon

477

Honeydew melon

228

Lime

344

Orange, California Valencia

397

Tropical and
Subtropical Fruit

406

Orange, Florida

401

Coconut meat

179

Berries

294

Dates, medjool

81

Blackberries

743

Dragon fruit, red flesh

800

Blueberries

396

Dragon fruit, white
flesh

357

Boysenberries (frozen)

263

Figs, raw

158

Cranberries

288

Golden Kiwi

500

Goji berries (dried)

780

Green kiwi

453

Mulberries

719

Pineapple

358

Raspberries

491

Papaya

636

Strawberries

762

Pomegranate

256

Stone Fruit | 294

Mango

342

Apricot | 260

Apple Family

204

Cherry 171

Apple

213

Peach | 295

Asian pear

621

Plum | 521

Pear

145

129

*25 to 50% of nutrient data missing
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What About Fructose?

Although fruit has a long-standing reputation as a
health food, you may have also heard arguments against
its consumption owing to its fructose content. Luckily,

these arguments are generally unfounded!

First, contrary to popular belief, fructose isn't the only
type of sugar in fruit—and in some cases, it's not even
the main sugar in fruit! All fruit contains a mixture of
fructose, glucose, and sucrose (which metabolizes into
equal parts fructose and glucose in our bodies). And,
each type of fruit has a slightly (or significantly) different

proportion of these sugars.

For example, papayas, grapes, and most berries are

about half fructose and half glucose. Grapefruit is about

a quarter fructose and a quarter glucose, with the rest coming from sucrose. And, when we calculate total
metabolic fructose (the fructose in the fruit when we eat it, plus the fructose that gets cleaved from sucrose
molecules during digestion), we see that most fruit yields roughly equal parts fructose and glucose. Which
is great news! While fructose has to get processed in the liver, glucose is used directly by our cells for en-
ergy, and doesn't pose the same metabolic consequences as extremely high fructose intakes (nonalcoholic

fatty liver, lipogenesis, and inflammation).

Second of all, while it's true that high fructose consumption (in the 75 to 100 grams per day range) is
associated obesity, diabetes, non-alcoholic fatty liver disease, and cardiovascular disease, these effects are
all exacerbated by co-occurrence of vitamin D deficiency, inactivity, and high fat intake. Population studies
show that fructose consumption (from all sources, including soda) is not associated with obesity below 40

grams daily.

It's unknown how high fructose consumption can be tolerated if we're only getting it from whole fruit, but
there are examples of hunter-gatherers who eat tons of fruit and who are extremely healthy. And, studies
show that fruit is definitely not the same as refined sources like high-fructose corn syrup. A 2018 study
that compared the impact on metabolic markers of a high-fructose diet (100 grams daily!), achieved either
by eating fruit or high-fructose corn syrup showed that, while both high-fructose diets caused detriments
to metabolism compared to the low-fructose diet (<10 grams daily), the high-fructose corn syrup diet was
worse than the fruit diet, and the effect was magnified in obese people compared to people who were a

healthy weight.
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All in all, the scientific evidence supports staying below about 40 grams per day of fructose from all

sources. For reference, that translates to 4 to 8 servings of fruit per day, depending on the fruit!

There's no reason to avoid fruit on account of it being unhealthy, nutrient-poor, “nature’s candy”, or
worthless on the disease protection front. And while we probably don't want to be eating more than 7 or 8
servings of fruit per day, it's a fantastic carbohydrate source that deserves more love than it sometimes

gets!
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Does an Apple a Day Keep the
Doctor Away?

The aphorism "an apple a day keeps the doctor
away" was coined in 1913, but was based on a
much older rhyme, “eat an apple on going to bed
and you'll keep the doctor from earning his bread,”
which originated in Wales in 1866! What's even
cooler than the etymology is how intuitive these
phrases were because there is considerable sci-
entific evidence showing that consuming this fa-
vorite fruit significantly lowers the risk of certain
cancers, cardiovascular disease, type 2 diabetes,

and all-cause mortality plus more!

One key nutrient that apples contain, and which contributes to the many benefits of eating apples, is dihy-
drochalcones, including phloretin and phloridzin. Dihydrochalcones are a class of secondary metabolites of
flavonoids that are widespread in very low levels in plants, and only found in higher levels in about 30 plant
families—the only abundant source in the human diet is apples. The health beneficial properties of dihy-
drochalcones include potent antioxidant activity, antidiabetic, antitumor, antithrombotic, neuroprotective,

estrogenic, anti-inflammatory, antibacterial, antiviral, and immunomodulatory properties.

A 2017 systematic review and meta-analysis, encompassing 95 studies evaluating fruit and vegetable
intake, showed eating 100 grams of apples and pears, about once serving, per day led to a 20% decrease in

all-cause mortality! That's impressive!
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Practical Pointers

Storing Common Fruits

Fruits generally will continue to ripen if left sitting out
on the countertop. Once perfectly ripe, these fruits can
typically be refrigerated for at least a few days (even
bananas can be refrigerated once ripened to your liking,
although the peels will darken in the fridge). Exceptions
are grapes, citrus, and berries, which will only deterio-

rate on the counter and should be refrigerated.

Fruits that give off high levels of ethylene (a ripening
agent), like apples, can prematurely ripen and spoil
surrounding vegetables. You can take advantage of this
property to speed up the ripening of other fruits like
bananas, peaches and avocadoes—simply add to a paper

bag with an apple or two, and store at room temperature until ripe.

If you find yourself with a surplus of produce, nearly all fruits and vegetables can be stored in the freezer.
Freeze them in small pieces on sheet trays, and then place the frozen pieces in airtight containers or re-

sealable freezer bags for use later.

The list below provides storage information for specific fruits. All fruits and vegetables stored at room

temperature should be stored out of direct sunlight.

See the list below for storage information for specific vegetables.

- APPLES: Store in a bowl or basket with good airflow at room temperature. For longer storage,

keep in a cardboard box in the fridge.

- APRICOTS: Store in a bowl or basket with good airflow at room temperature. Store in the
fridge when fully ripe.

- AVOCADOS: Store in bowl or paper bag at room temperature. To speed up ripening, place in a
paper bag with an apple.

- BANANAS: Store in a basket with good airflow or hang on a banana holder at room tempera-

ture. To slow down ripening, take them apart and store them spaced apart.
- BERRIES: Store in the refrigerator and wash right before you eat them.
- CITRUS: Store in a cool place with good airflow.
- CHERRIES: Store in an airtight container in the fridge and wash right before you eat them.
. CUCUMBERS: Store wrapped in a moist towel in the fridge.

- DATE S: Drier dates (like Deglet Noor) can be stored in the original packaging in a cupboard.

Moist dates (like Medjool) should be refrigerated in a container that allows for airflow, |
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- EGGPLANT: Store in a container with a moist towel in the fridge.
- FIGS: Store in a paper bag or a container that allows airflow in the fridge.

- GRAPES: Store in a bag or a container that allows airflow in the crisper drawer of the fridge and

wash right before you eat them.
« KIWIS: Keep at room temperature until ripe, then refrigerate.

- LEMONS AND LIMES: Store in a bowl that allows airflow on the counter. For longer storage,
keep in the refrigerator (but they can absorb the odors of foods stored beside them).

- MANGOES: Store on the counter until ripe, then move to the refrigerator.

- MELONS: Store uncut in a cool, dry place, out of the sun, for up to a couple of weeks. Softer
melons like cantaloupe should be moved to the fridge when ripe. Cut melon should be kept in the

fridge with the cut side covered with plastic wrap or cut-side down on a plate.

- NECTARINES: Store in a bowl that allows airflow on the counter and refrigerate only when
fully ripe. To hasten ripening, place in a paper bag with an apple.

- ORANGES: Store at room temperature in a bowl or basket that allows airflow. For longer-term

storage, move to the refrigerator.

- PEACHES: Store in a bowl that allows airflow on the counter and refrigerate only when fully

ripe. To hasten ripening, place in a paper bag with an apple.

- PEARS: Store in a bowl or basket that allows for airflow or in a paper bag. To hasten ripening,

store in a paper bag with an apple.
- PEPPERS: Store in a container with a moist towel in the fridge.

- PERSIMMONS: Store at room temperature until fully ripe, and then move to the refrigerator.

To hasten the ripening process, place in a paper bag with an apple.

- PLUMS: Store at room temperature until fully ripe, and then move to the refrigerator.
- POMEGRANATES: Store in a cool, dry place.
- PINEAPPLE S: Whole pineapples can be stored on the counter until ripe. Once ripe, pineapple

can be stored whole or peeled and cut in an airtight container in the fridge.

- RASPBERRIE S: Wash in a solution of 1 part vinegar to 3 parts water and drain well. Place the

berries in a bowl lined with a dry paper towel, replacing the paper towel when it gets damp.
- STRAWBERRIES: Store in a paper bag in the fridge and wash right before you eat them.

- TOMATOES: Store in a bowl that allows airflow on the counter. Use immediately when ripe or

freeze for cooking.

- WATERMELON: Keep uncut on the counter at room temperature. Store in the fridge after

cutting.
« WINTER SQUASH: Store in a cool, dark, well-ventilated place.

- ZUCCHINI AND OTHER SUMMER SQUASH: Wrap in a damp cloth and store in the
fridge.
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Citrus
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Introduction to Citrus

Ajuicy orange, a tart grapefruit, a sweet tangerine...
the citrus family provides us with some of our most

well-loved fruits! In fact, citrus has been present in

the human diet since ancient times, originally domes-

ticated by indigenous cultures throughout tropical
and subtropical regions of Asia and the Malay Archi-
pelago. From the years 3000 to 1500 BCE, citrus were
among the canoe plants carried by voyagers from
Austronesia to Micronesia and Polynesia. And by the
year 310 BC, the very first citrus fruit—the citron—
reached Europe, where it spent hundreds of years

being the only citrus known there!

Today, citrus is one of the world's most important
fruit crops, grown in over 140 different countries
across the globe. Oranges lead in popularity (they ac-
count for over half of the world's citrus production!),
but tangerines, lemons, and grapefruits are also

widely grown and enjoyed.

Although many of us consume citrus for their deli-
cious taste, they also happen to be incredibly health

promoting. Let's take a tour of this juicy food group!
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What Are Citrus Fruits?

Citrus fruits come from plants of the citrus genus, a group of flowering shrubs and trees in the rue family
(AKA Rutaceae). Botanically speaking, citrus fruits are actually a special type of berry called a hesperidi-

um—ocharacterized by a tough outer rind, a segmented interior, juicy pulp, and enclosed seeds.

Some of the most common citrus fruits today include:
- BERGAMOT
- BLOOD ORANGE
- BUDDHA’S HAND
. CITRON
- CLEMENTINE
- FINGER LIME
- GRAPEFRUIT
- KAFFIR LIME
- KEY LIME
- KUMQUAT
- LEMON
. LIME
- MANDARIN
- MEYER LEMON
- ORANGE
. POMELO
- SATSUMA
- TANGELO
- TANGERINE
- YUZU

In all, there are more than 2,500 types of citrus fruits (and more than 600 types of oranges alone!). Many of
these fruits aren't separate species, but hybrids of other existing citrus fruits. For example, grapefruits are
actually a hybrid of the pomelo and sweet orange, and tangelos are a hybrid of either mandarin oranges or

tangerines and grapefruit!
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What Makes Citrus So Great?

Citrus contains an outstanding combination of phytonutrients, micronutrients, and fiber. Here's the

lowdown!

Phenomenal Phytonutrients

Citrus fruits are bursting with phytonutrients—
particularly a unique class of flavonoids known as
flavanones. Flavanones are universally present in
citrus fruits, and are responsible for not only their
distinctive bitter taste, but also many of their health
benefits.

On the whole, flavanones have impressive free rad-

ical-scavenging activity, with evidence suggesting

they can help protect against various chronic dis-

eases (including cardiovascular disease and cancer),

lower blood lipids, improve insulin sensitivity, reduce

hypertension, lower inflammation, and exert anti-

oxidant activity. In the gut, flavanones interact with

and influence the microbiota, and these interactions may be responsible for many of these phytonutrients’
biological effects! Some flavanones also appear to traverse the blood-brain barrier, giving them potential

roles in protecting against neurodegenerative diseases.

Some of the specific flavanones in citrus fruits include:

- HESPERIDIN, one of the most abundant flavanones in citrus (found in particularly high concen-
trations in the fruit peels and membranes). Hesperidin has potent antioxidant, anti-inflammatory;,
anti-diabetic, anti-cancer, neuroprotective, and cardioprotective properties, and may help improve
blood vessel function! It's also a boon for gut health, helping increase populations of probiotic bac-
teria like Bifidobacterium bifidum and Bifidobacterium adolescentis. Hesperidin acts as an antiox-
idant not only through radical scavenging, but also due to enhancing cellular antioxidant defenses,

and has been shown to protect against oxidative stress from high fat diet-induced high blood sugar.

- HESPERITIN, the aglycone of hesperidin. It has significant anti-inflammatory, anti-cancer, and
lipid-lowering abilities (reducing both cholesterol and triglycerides), with a notable ability to reduce

secretion of apoB (the main protein found in low-density lipoproteins).

- NARINGIN, predominantly found in grapefruits, and to a lesser extent in oranges and lemons.

Naringin gives a bitter taste to citrus fruits, and has been studied for its potential antioxidant and
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anti-inflammatory properties. Studies of nar-
ingin have shown its antioxidant effect is due to
reducing reactive oxygen species and increasing
antioxidant defenses, including catalase, gluta-
thione peroxidase, and superoxide dismutase.

It may likewise enhance ethanol metabolism,
increase bone cell activity, stimulate DNA repair
in prostate cancer cells, act as an anti-apoptotic
agent, and stimulate the growth of beneficial
microbes (such as bifidobacteria) in the gut—in
turn increasing the generation of SCFAs. It's also
known for its ability to affect the absorption of

certain drugs in the digestive system!

- NARINGENIN, the aglycone of naringin. Nar-
ingenin has lipid-lowering, anti-obesity, anti-di-
abetic, and liver-protective properties, including
combatting fatty liver disease. It's also been
shown to inhibit the growth of some pathogens (such as E. coli, Staphylococcus aureus, and

Salmonella typhimurium).

- NEOHESPERIDIN, a bitter-tasting flavanone particularly abundant in Seville oranges. It's been
shown to alter the gut microbiota in a way that helps prevent colorectal tumors and potentially

even protect against obesity!

- ERIODICTYOL and its glycoside ERIOCITRIN, found in limes and lemons. These flavanones
have neuroprotective, anti-cancer, vascular protective, kidney protective, liver protective, lipid-low-
ering, and immune-modulating effects, with an ability to inhibit inflammation and oxidative stress.
They're particularly promising in the prevention and treatment of diabetes, due to improving insu-

lin production and subsequently enhancing glucose uptake!

- NARIRUTIN, found in oranges, limes, lemons, mandarins, grapefruit, and satsumas. Along with
possessing anti-inflammatory and antioxidant properties, it's demonstrated wide-ranging health
effects including neuroprotection, liver protection, anticancer activity, anti-allergic activity, antidi-

abetic activity, anti-obesity action, and immunomodulation.

- PONCIRIN, a bitter-tasting flavanone glycoside particularly abundant in mandarin oranges. It has
anti-inflammatory activity (through inhibiting the production of PGE2 and IL-6), and may help pro-
tect against bacterial and viral infections, bone loss, liver injury, gastritis, some cancers, and even

Alzheimer's disease.

But, the list of citrus phytonutrients doesn't end there! These fruits are also rich in limonoids, a type of
triterpenoid that's been the subject of numerous studies (with promising findings as far as human health

is concerned). Citrus limonoids such as limonin, obacunone, deacetylnomilin, and nomilin have been been
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shown to exert anti-cancer, antimicrobial, anti-diabetic, and antioxidant activities, all of which contribute
to the protective effects that show up in observational studies of citrus consumption. These phytonutrients
demonstrate antiproliferative activity against human cancer cells (including liver cancer, meningioma, leu-
kemia, lymphoma, pancreatic cancer, breast cancer, and colon cancer cells), and some research has shown
that limonoids combined with curcumin from turmeric have an additive effect that makes this duo particu-

larly powerful in fighting colon cancer.

On top of that, citrus limonoids can modulate inflammatory pathways, and some limonoids have been
shown to decrease circulating biomarkers of chronic inflammatory conditions (such as cardiovascular dis-

ease, diabetes, cancer, and nonalcoholic fatty liver disease).

Citrus are also great sources of carotenoids—plant pigments responsible for these fruits’ lovely orange,
yellow, or pinkish colors! About 115 different carotenoids have been identified in various citrus species,
including alpha- and beta-carotene, lycopene, beta-cryptoxanthin, lutein, zeaxanthin, and violaxanthin. In
general, carotenoids increase resistance to oxidative stress, reduce inflammation, and have been shown
to support vision health (particularly age-related eye diseases like macular degeneration and cataracts).

Research shows a high intake of carotenoids could even protect against metabolic syndrome and diabetes!

Some citrus fruits, particularly blood oranges, are also great sources of anthocyanins—plant pigments

that possess significant antioxidant activity. Along with their ability to capture free radicals, anthocyanins
have cardioprotective, neuroprotective, anti-inflammatory, blood-sugar-lowering, and anti-cancer proper-
ties. Studies suggest they could help protect against heart disease and diabetes, and may even help reduce

the perception of pain!

Some other amazing phytonutrients in citrus include:

- DIDYMIN, a flavonoid found in a variety of citrus fruits (like oranges, lemons, mandarins, grape-
fruit, lemons, and bergamot). It has antioxidant, neuroprotective, liver-protective, anti-inflamma-
tory, cardioprotective, and anti-cancer activity against several different cancer cell types (includ-

ing lung and neuroblastoma). It also has promising anti-diabetic potential!

- NOBILETIN, a flavone found in mandarin oranges, tangerines, grapefruit, and oranges. It has
anti-inflammatory, antioxidant, lipid-lowering, cardioprotective, and neuroprotective activity,
with in vitro and animal studies suggesting it could suppress bone loss and improve insulin sen-
sitivity. It's shown particular promise for improving cognitive deficits and pathological features

in Alzheimer's and Parkinson's disease.

- QUERCETIN, a flavonoid that's been shown to suppress inflammation in the brain and promote

a healthy gut barrier.

- LUTEOLIN, a flavonoid that's strongly neuro-protective with anti-cancer activity, along with be-
ing able to reduce inflammation, regulate the immune system, reduce allergic responses, prevent

toxicity associated with chemotherapy and radiation, and reduce pain.

140 Nutrivore Foundational Foods



And when it comes to different types of citrus? The more, the merrier! Although they share plenty of things
in common, citrus fruits all have unique phytonutrient profiles, with some bioactive compounds being spe-
cific to certain fruits. For example, hesperidin and narirutin are the dominant flavanones in sweet oranges
and mandarins, while neohesperidin is more dominant in sour oranges. Pummelos and grapefruit contain
an abundance of naringin, while lemons are rich in eriocitrin. More brightly colored citrus (like Cara Cara
oranges) tend to be higher in carotenoids. So, the greater variety of citrus we eat, the broader the spectrum

of phytonutrients we obtain!

Magnificent Micronutrients

As far as micronutrients go, citrus are superstars in a few key areas. Most famously is their high content of
VITAMIN C—a water-soluble vitamin with powerful antioxidant properties, with important roles in the

immune system and collagen production.

In fact, the vitamin C content of citrus helped form one of the first controlled clinical trials recorded in
medicine, centuries before vitamin C was even discovered. In 1747, while on board the HMS Salisbury, a phy-
sician named James Lind treated men suffering from scurvy (a disease of vitamin C deficiency) with various
remedies including cider, sea-water, vinegar, vitriol, garlic paste and citrus fruit (two oranges and one lemon
daily). By the end of the week, sailors receiving citrus fruit felt well enough to help their counterparts, who

were not so lucky!

Even though vitamin C was not yet known at that time, these results helped address this serious illness and
protect sailors from potentially deadly deficiency. In fact, the Royal Navy made sure all sailors had lemon
juice to drink when they were at sea for voyages longer than one month. And as homage to Lind's contribu-

tions, to this day a lemon tree adorns the official crest of the British Institute of Naval Medicine!

Along with vitamin C, citrus offers notable amounts of some other vitamins and minerals, including:

- COPPER, a trace mineral involved in glucose and cholesterol metabolism, gene expression, free
radical scavenging, red blood cell production, and the growth, development, and maintenance of
various organs (including the heart and brain). Kumquats offer over 10% DV of copper, and limes

also offer a notable 7% DV per serving.

- FOLATE, an essential B vitamin that plays roles in blood cell production, the formation of genet-
ic material (including DNA), cell growth, cardiovascular health, cancer protection, and cognitive
and neurological health. California Valencia oranges provide nearly 10% DV of folate, while navel

oranges are a close second at almost 8% DV per serving.

- POTASSIUM, an electrolyte mineral with roles in a wide variety of life-sustaining processes such
as heart function, muscle contraction, nerve impulse transmission, blood pressure control, blood
pH, and fluid balance. There is a swath of citrus fruits that are all neck-in-neck for potassium pro-

viding around 5% DV per serving: tangerines, clementines, oranges and kumquats.

- VITAMIN BS (PANTOTHENIC ACID), a water-soluble B vitamin that serves as a cofactor for

coenzyme A—which in turn is critical for metabolizing many drugs and toxins and synthesizing
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cholesterol, fatty acids, melatonin, the neurotransmitter acetylcholine, steroid hormones, heme,
and vitamins A and D. The fruits that offer around 4-5% DV of this vitamin are oranges, grapefruit

and tangerine.

- VITAMIN B6 (PYRIDOXINEY), a group of six water-soluble compounds required by over 100
different enzymes to carry out functions in protein metabolism, fatty acid metabolism, neu-
rotransmitter production, gluconeogenesis, hemoglobin synthesis, the release of glucose from
glycogen, and energy metabolism (particularly the production of ATP in the Krebs cycle). Orang-

es, tangerines and lemons all provide a noteworthy 4-6% of this vitamin per serving.

- VITAMIN B7 (BIOTIN), a water-soluble B vitamin that plays an important role in energy
metabolism (serving as a coenzyme for five carboxylase enzymes), neurotransmitter production,
cellular function, and the function of various organs. Oranges are the standout biotin source at

over 7% of this nutrient per serving.

Fabulous Fiber

The fiber in citrus is another major driver of this food group's health benefits! Most citrus fruits are rich in
the fibers pectin, cellulose, lignin, and hemicellulose, which have benefits ranging from improved digestion

to cholesterol reduction (and in some cases, serve as fermentable prebiotics for our gut bacteria).

Citrus pectin, in particular, has exciting potential for our health. Pectin is soluble in water and is highly
fermentable (meaning very little passes through to the colon, since it's is so readily fermented by bacteria in
the small intestine). Pectins are rich in galacturonic acid and can be found in several types of configurations
(further subdividing this class of fibers by structure). Some research indicates that citrus pectin can sup-
port weight loss, and this fiber has been shown to inhibit the binding of fibroblast growth factor (FGF) with
the FGF receptor—in turn potentially affecting cholesterol metabolism. In vitro studies have shown that
pectins may have a role in cancer protection and treatment due to their ability to reduce metastasis, angio-

genesis, and solid tumor growth.

When it comes to supporting our gut health, citrus is a particularly worthy addition to our diet. Pectin from
lemon has been shown to stimulate the bacteria Ruminococcaceae and Succinivibrionaceae, which in turn
produce butyrate that our intestinal cells use for fuel (and which exert important anti-cancer effects). The
citrus phytochemicals naringin and hesperidin appear to stimulate short-chain fatty acid production and
enhance the growth of Bifidobacterium bifidum, Bifidobacterium adolescentis, and the Clostridium coc-

coides/Eubacterium rectale cluster.

Per 100g of raw citrus fruit, the fiber contents of some of the most popular varieties are:
« CLEMENTINES: 17g
- GRAPEFRUIT: 1.6g
- KUMQUATS: 6.5g
- LEMONS: 2.8g
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- LIMES: 2.8g

- ORANGE, CALIFORNIA VALENCIA: 2.5g
- ORANGES, FLORIDA: 2.4g

- ORANGES, NAVEL: 2.2g

- TANGERINES: 1.8g
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Health Benefits of Citrus Fruits

Regular consumption of citrus fruits has been linked to wide-ranging protection against disease—includ-
ing cardiovascular disease, neurological conditions, cancer, endometriosis, and obesity! Here's the full

SCoop.
Reduced risk of cardiovascular disease:

Research consistently shows citrus fruits to be powerfully cardioprotective. For example,

a 2011 cohort study of over 10,600 Japanese adults with no history of cardiovascular

disease found that compared to infrequent intake of citrus fruits, consuming citrus
near-daily was associated with a 43% lower risk of cardiovascular disease in men and 49% lower risk in

women.

Similarly, a 2017 systematic review and meta-analysis of 95 studies found that high versus low citrus con-

sumption is significantly associated with lower risk of cardiovascular disease and mortality, including:
» 9% lower risk of coronary heart disease

+ 26% lower risk of total stroke (as well as a 12% lower risk with every 100 g of citrus consumed
daily)

» 22% lower risk of ischemic stroke
« 26% lower risk of hemorrhagic stroke

« 22% lower risk of cardiovascular disease (as well as an 8% lower risk with every 100 g of citrus

consumed daily)

Reduced risk of depression:

Likely owing to some of its neuroprotective and neuro-modulating phytonutrients, citrus

could help protect against some mood disorders like depression. A 2016 prospective co-
hort study, following more than 82,000 women over a 10-year period, found a significant protective effect
of citrus consumption on this condition: participants who consumed at least two servings of citrus fruit or
citrus juice per day had a 18% lower risk of depression, compared to those consuming less than one serving

per week!

Reduced risk of dementia:

Citrus may offer cognitive benefits beyond just mood. In a 2017 cohort study, encompass-

ing over 13,000 elderly Japanese participants, frequent citrus consumption was associated
with a lower risk of developing dementia over the course of 5.7 years. After controlling for other variables,

consuming citrus 3 — 4 times per week was associated with a 18% lower risk of dementia, compared to con-
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suming citrus twice or fewer times per week; for those consuming citrus almost every day, the risk reduc-

tion was 23%! A 2020 case-control study similarly found a protective effect of citrus consumption on early

onset dementia.

Reduced risk of cancer:

Alarge body of research has been conducted on citrus intake and cancer risk, with evi-

dence pointing to a protective effect for many different cancer types!

For example, a 2021 meta-analysis of 21 observational studies found that people with the highest versus

lowest intake of citrus fruit had a 9% lower risk of lung cancer. A dose-response analysis of the data found

that maximum risk reduction occurred with 60 g of citrus per day.

A 2023 meta-analysis, encompassing eight observational studies, found that high citrus fruit consumption

was associated with a 16% lower risk of renal cell carcinoma (a type of kidney cancer), with every 100 g

increase in citrus intake correlating with a 13% reduction in risk.

Similarly, some evidence suggests a protective effect of citrus on breast cancer. A quantitative systematic

review from 2014 found that high (versus low) intake of citrus fruits was associated with a 10% lower risk of

this disease!

A 2009 systematic review found that higher citrus intake was associated with a 17% lower risk of pancreat-

ic cancer—although due to weak study designs, more research is needed here to confirm this relationship.

Citrus may be particularly helpful in preventing digestive system cancers. A 2016 meta-analysis of co-

hort studies found that citrus intake was strongly inhibitive of stomach cancer—particularly a subtype

of stomach cancer that occurs near the top of the stomach near the esophagus, known as cardia gastric
cancer. For this type of stomach cancer, consuming 100 g of citrus per day was associated with a 40% lower
risk! A 2019 analysis of 15 case-control studies similarly found that compared to the lowest third of citrus
intake, higher citrus consumption was associated with a 20% reduction in stomach cancer risk. The protec-

tive of effects of citrus reached their maximum at three servings per week.

And, a massive 2023 meta-analysis, encompassing 24 studies and over one million participants, found that
higher intake of citrus fruit was associated with a 9% lower risk of colorectal cancer. A dose-response anal-

ysis further found that maximum protection (15% lower risk) occurred with 120 g of citrus per day.

Citrus could even benefit bladder cancer! A 2014 meta-analysis of observational studies found a 15% reduc-
tion in bladder cancer risk for high versus low intake of citrus. When limited to case-control studies, the

risk reduction was an even higher 23%.

Similarly, citrus fruit appears protective against several different head and neck cancers. A 2019 meta-anal-
ysis found citrus consumption to be significantly protective against nasopharyngeal cancer, with higher
intakes associated with a 28% lower risk. Analyzed a different way, the data showed that consuming citrus

four times per week was associated with a 21% reduction in cancer risk!
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A 2016 literature review determined that every 100 g increase in citrus fruit consumption was associated
with a 14% lower risk of esophageal cancer. These findings were consistent with a 2015 meta-analysis,
which found that higher citrus intake was associated with a 27% reduction in esophageal cancer risk, as

well as a 2018 meta-analysis, which showed citrus is particularly protective against a subtype of esophageal

cancer known as esophageal squamous cell carcinoma (a 51% lower risk of this cancer for high versus low

citrus intake!).

And, a 2018 meta-analysis found that citrus had an impressive protective effect against oral cancer: people

with the highest citrus intake (versus the lowest intake) had a staggering 50% lower risk of both oral cavity

cancer and pharyngeal cancer!

Improved body weight regulation:

A 2020 systematic review and meta-analysis of 13 randomized clinical trials found that

citrus consumption (and/or supplementation with citrus extracts) led to significant de-

creases in body weight, BMI, waist circumference, and hip circumference.

Lower risk of endometriosis:

Some evidence suggests citrus may be protective against endometriosis—a painful con-

dition that occurs when endometrial tissue grows outside the uterus. In a 2018 analysis of
case-control studies, citrus fruit consumption had a particularly strong inverse relationship with endo-
metriosis: women consuming at least one serving of citrus fruit daily had a 22% lower endometriosis risk,

compared to those consuming less than one serving per week!

Lower risk of all-cause mortality:

A 2017 systematic review and meta-analysis of 95 studies found that high versus low cit-
rus consumption was associated with a 10% lower risk of death from all causes!
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Citrus Nutrivore Scores

Citrus fruits have an average Nutrivore Score of 391.

Clementines

291

Grapefruit, pink and red

361

Grapefruit, white

315

Kumquats

381

Lemon

477

Lime

344

Orange, California Valencia

397

Orange, Florida

401

Orange, Navel

408

Pomelo

273*

Tangerines/mandarin oranges

238

*25 to 50% of nutrient data missing
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A Note on Grapefruit

Although grapefruit is perfectly healthy for most people, it
has a unique contraindication! This fruit contains high
levels of furanocoumarins—compounds that interfere
with the cytochrome P450 superfamily of liver enzymes,
and as a result, create potentially harmful drug interac-

tions.

Specifically, furanocoumarins get metabolized by the en-
zyme CYP3A4 and then bond the active site of the enzyme,
inactivating it. When CYP3A4 activity gets impaired, the
body no longer metabolizes many drugs as expected—
including many statins, calcium channel blockers, lorata-
dine (Claritin), clarithromycin, certain pain medications,
and some immunosuppressants. As a result, one of two

things can happen:

Blood levels of these drugs can rise (if the drug requires
liver enzymes to become inactivated), causing
in more severe side effects or even brand new side

effects; or,

Blood levels of the drugs can fall (if the drug requires

liver enzymes to become an active metabolite), resulting in a loss of the therapeutic effect.

In either case, the consequence can be dangerous! In all, over 85 medications are either known or predicted
to interact with grapefruit, and eating just a single whole grapefruit or drinking 200 mL of grapefruit juice
can be enough to cause drug overdose toxicity. Moral of the story, we should make sure to double-check

any prescriptions for interactions before we enjoy our grapefruit!
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To Juice or Not to Juice?!

One of the most popular ways to consume citrus is in the
form of juice. But, how does this stack up to eating citrus

whole?

First, the good news: citrus juice indeed delivers some
of the good stuff citrus contains, and is much more than
empty calories! Along with boasting plenty of vitamin

C, citrus juice retains a number of phytonutrients (espe-
cially flavanones) that contribute to these fruits' health
benefits.

A 2021 review concluded that citrus juice may help benefi-

cially modulate inflammatory and immune responses in

the body, while a 2017 review found that citrus juice has a

number of impressive anti-cancer properties. Likewise, a

2020 controlled clinical trial found that habitual orange

juice consumption (300 mL daily for 60 days) created

positive shifts in the gut microbiota, in turn enhancing

glycemic control and lowering some blood lipids

(including reducing fasting glucose, insulin, insulin resistance, and triglycerides)! In general, citrus juice

appears to have prebiotic properties owing to some of its phytonutrients (like hesperidin and naringin).

However, while a glass of fresh-squeezed OJ here and there certainly won't hurt, eating the whole fruit is
really where it's at! Research looking at the bioactive compound content and antioxidant capacity of dif-
ferent parts of citrus fruits—the juice sacs, the segment membranes, and the segments—shows that the
concentration of phenolic compounds and total antioxidant capacity is highest in the segment membranes,
which get removed during juicing. Similarly, studies of Cara Cara oranges, navel oranges, and clementine

mandarins have found higher carotenoid values in the pulp versus juice.

On top of that, in nearly all citrus fruits, very high concentrations of phenolic compounds exist in the albe-
do—the white spongy layer between the fruit segments and the outer skin. (Although this part of the citrus
fruit isn't necessarily the tastiest to eat, adding some of it to a smoothie or other recipe can help mask the

flavor and deliver a major phytonutrient punch.)

So, while there's little to suggest citrus juice is harmful to health, opting for whole fruit whenever possible

ensures we'll receive all the nutritional goodness available from these foods!
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Some Practical Pointers

To get the most out of our citrus fruits (both taste-wise and nutrient-wise), proper selection and storage is

a must. Here are some tips for picking out the very best fruits, as well as keeping them fresh.

Selection:

« Choose fruits that feel heavy for their size, as this often

indicates juiciness.

+ Look for fruits with smooth, firm skin, avoiding those

with soft spots or wrinkles.

- Different citrus varieties have different colors when ripe,
but in general, vibrant and uniform color is a good indi-
cator of ripeness! (For example, oranges should have a

bright orange hue, while lemons should be a rich yellow.)

« Select fruits that emit a fresh, strong, citrusy aroma.

This can be a sign of ripeness and flavor.

+ Opt for fruits that are average in size for their variety.

Storage:

Fun fact: we can maximize our nutrition intake from citrus by
how we store these fruits! There's some evidence that storing
citrus at temperatures higher than 5°C (about 41°F) for long
periods of time increases their loss of vitamin C, so it's best to
eat our citrus soon after bringing them home, or storing it in
very cool temperatures. Once refrigerated, citrus can store for

several weeks without going bad!

Seasonality:

The specific seasons for citrus fruits can vary depending on the
region and climate. However, here's a general guide for when

some popular citrus fruits reach their peak season:
- NAVEL ORANGES: November until March or April
- VALENCIA ORANGES: March to September
. GRAPEFRUITS, WHITE OR YELLOW: November to June
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.« GRAPEFRUITS, PINK OR RED: December to June

- LEMONS: year-round, but peak season from May to August

. LIMES: year-round, with peak season in summer

- BLOOD ORANGES: December until April

« CLEMENTINE'S: Between late October and January

- TANGERINES: November to April

- POMELOS: Fall and winter months, typically from November to April
- KUMQUATS: November to June

Many citrus fruits are available year-round in grocery stores due to global sourcing. For the freshest and

most flavorful citrus, though, consider purchasing fruits when they're in peak season in your local areal!
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Berries
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Introduction to Berries

Berries are a truly ancient food in the human diet,
and have been part of the human diet since long
before agriculture. In fact, they were a seasonal
staple of prehistoric hunter-gatherer populations
all around the world—including in extreme envi-
ronments like the Arctic, where they served as one
of the few available plant foods for far north-dwell-
ing populations like the Inuit and the Sami. Black-
berries were even found preserved in the stomach
contents of the 2500-year-old "Haraldskser Wom-

an,” a bog body found in Denmark!

Throughout the centuries, berries continued to
be eaten fresh, dried, fermented, and turned into

important survival foods like pemmican (a mixture

of berries, meat, and fat that originated with Indigenous tribes of North America). And, science has given us

plenty of reasons to keep eating them today! These nutrient-dense superfoods are not only delicious; they're

also consistently linked with powerful and diverse health benefits.

So, no need for us to beat around the bush: let's gobble up the details about the amazing world of berries!
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What Are Berries?

Like many plant foods, berries have both a botanical definition and a culinary one. From a botanical
standpoint, berries include any fruit produced from the ovary of a single flower, containing multiple seeds
and fleshy pulp. By that definition, berries include some surprising members (bananas, watermelon,
tomatoes, grapes, eggplant, and pumpkin!) while excluding some we'd expect to see on the list (like

blackberries, strawberries, and raspberries).

However, most of us are much more familiar with the culinary definition: berries being any small, pulpy
fruit with lots of little seeds. Along with being a more intuitive classification, this definition makes berries
easier to discuss as a food group with shared nutritional features and health benefits. So, that's the

definition we'll be using here!

With that in mind, the berry food group includes some fruits that many of us are already familiar with,

such as:
- BLACKBERRIES
- BLUEBERRIES
- CRANBERRIES
- HUCKLEBERRIES
- RASPBERRIES
- STRAWBERRIES
- BLACKBERRY-RASPBERRY HYBRIDS such as boysenberries, tayberries, and loganberries

However, while these might be the most common berries on store shelves and local bushes, it's far from a
complete list! There are actually over 400 different species of berries, ranging dramatically in flavor (from

super sweet to mouth-puckering tart) and color (yellow, red, purple, white, green, and blue)!

Some of these more unique berries include:

. AQAi BERRIES, which are small, round, and dark purple, somewhat resembling a grape, and

are a major staple of some traditional populations in the Brazilian Amazon
- BILBERRIES, which are a European relative of the blueberry
- CLOUDBERRIES, which belong to the rose family and are amber-colored and tart
- ELDERBERRIES, which are earthy, tart-sweet berries known for their medicinal benefits
- GOJI BERRIES OR WOLFBERRIES, which are native to Asia and have been an ingredient

in traditional Chinese, Japanese, Korean, and Vietnamese medicine since the 3rd century BC
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- GOOSEBERRIES, which are round, brightly green colored, and striped
. LINGONBERRIES, which are similar to cranberries but less tart
- MARIONBERRIES, which are cultivars of blackberries and have sweet, tart, complex flavors

- MULBERRIES, which grow on deciduous trees of the Morus genus and can be white, lavender,
or black

- RED, WHITE, AND BLACK CURRANTS, which are bush-grown berries often consumed
dried

- SALAL BERRIES, which are dark blue, distinctively flavored, and meaty textured
- SALMONBERRIES, which belong to the rose family, resemble raspberries in shape and size,

and have a subtle sweet taste

- THIMBLEBERRIES, which are delicate, sweet, and bright red
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What Makes Berries So Great?

When it comes to human health, berries are jam-packed
with beneficial compounds (pun totally intended)! Not
only are they rich in some important micronutrients;
their edible skins and seeds means we get a higher
concentration of fiber, fat, and phytonutrients than most

fruits deliver.

Phenomenal Phytonutrients

Berries offer an outstanding spectrum of phytonutrients,

which drive many of their health-promoting properties!

For one, the bright colors of berries deliver more than

just aesthetic appeal: they're also the result of phytonutrient plant pigments that have numerous biological
effects! For example, berries are great sources of anthocyanins—a type of plant pigment that bestows blue,
purple, and red coloration. Anthocyanins appear to have anti-inflammatory and neuroprotective effects,
could improve glucose tolerance, may reduce the risk of chronic diseases like heart disease and cancer, and
may even have pain-relieving properties (due to an affinity for certain “pain-sensation” cell membrane
receptors in the brain!). Blueberries, raspberries, cranberries, black currants, salal berries, bilberries,

mulberries, and blackberries are particularly rich in anthocyanins!

Many berries also contain carotenoids—phytonutrients that bestow yellow, orange, red, and purple pig-
mentation. Goji berries, cloudberries, and blueberries are particularly good sources of the carotenoids lutein
and zeaxanthin, which play major roles in maintaining eye health due to their high concentration in the
retina and their ability to filter harmful blue-light rays (in turn protecting critical parts of the eye from light-
induced oxidative damage). As a result, these two phytochemicals can help reduce the risk of age-related
macular degeneration and cataracts. Goji berries, specifically, are also a great source of the carotenoid

astaxanthin—an antioxidant that helps protect against damage from UV rays.

Berries also contain phytosterols (including sitosterol and stigmasterol), which can help block absorption
of cholesterol in the small intestine, due to having a similar chemical structure to animal cholesterol. As a
result, these phytochemicals can help reduce high levels of LDL cholesterol in the blood (without impacting
HDL levels) and potentially reduce the risk of heart disease.

Additionally, berries are good sources of tannins—astringent phytonutrients that serve as antioxidants,
improve blood lipids, reduce blood pressure, help fight microbial infection, and can even benefit dental
health (by combatting harmful oral bacteria and inhibiting plaque formation). Berries high in tannins

include blueberries, strawberries, cranberries, and raspberries.
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And, that's still only scratching the surface of the phytonutrients
berries are bursting with! They also contain phenolic acids like
ellagic acid (which has antiviral, anti-cancer, and anti-inflamma-
tory activity) and gallic acid (which possesses antioxidant activ-
ity three times greater than vitamin E or C!), quercetin (which
has cardio-protective and anti-cancer properties), ursolic acid
(which has immune-modulating, anti-diabetic, anti-inflammatory,
liver-protective, cardio-protective, and antimicrobial effects), and
pterostilbene (the main antioxidant in blueberries, which is an
analog of resveratrol and may play a particularly beneficial role in

Alzheimer's disease!).

In all, each type of berry boasts its own unique phytonutrient composition (and subsequently, health

benefits), making it a great idea to “eat the rainbow"!

Fabulous Fiber

Berries are excellent sources of fiber, particularly in the form of cellulose, pectin, and hemicellulose. Fiber
is a great example of a nutrient that isn't labelled as essential, but that is absolutely fundamental for our
health! Along with regulating gut motility (promoting regularity) and some gastric hormones, it supplies
our gut bacteria with fermentable substrate (i.e., food!) so that important microbes can flourish and remain
diverse. High fiber intake also reduces the risk of cardiovascular disease and of many forms of cancer (es-
pecially colorectal cancer, but also liver cancer, pancreatic cancer, and others), and promotes overall lower
inflammation. High-fiber diets reduce the risk of mortality in cases of kidney disease and diabetes, and can

even reduce your risk of dying from an infection!

Per cup serving, berries contain the following amounts of fiber:
. BLACKBERRIES: 769
. BLUEBERRIES: 3.6
. BOYSENBERRIES: 79
. CRANBERRIES: 3.6¢
. ELDERBERRIES: 10.2g
. GOJI BERRIES: 36¢
. HUCKLEBERRIES: 3.6g
. MARIONBERRIES: 76g
. RASPBERRIES: 8g
. STRAWBERRIES: 3¢
. TAYBERRIES: 6.5g
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Magnificent Micronutrients

Berries are well known for their nutrient density, and each variety has a unique profile of micronutrients

Here are some highlights!

. COPPER, a trace mineral involved in glucose and cholesterol metabolism, gene expression, free
radical scavenging, red blood cell production, and the growth, development, and maintenance of
various organs (including the heart and brain). High-copper berries include blackberries (about a

quarter of the DV per cup) and raspberries (12% of the DV).

- MANGANE SE, a mineral that serves as a cofactor and component of numerous enzymes—giv-
ing it roles in carbohydrate metabolism, amino acid synthesis, gluconeogenesis, detoxification,
lipid processing, free radical defense, bone and collagen formation, and wound healing. Blackber-
ries contain 40% of the DV for manganese, while raspberries contain 36%, and blueberries and

strawberries contain about a quarter of the DV.

- VITAMIN C, a water-soluble vitamin with powerful antioxidant properties, with important roles
in the immune system and collagen production. Per cup serving, strawberries contain nearly the
entire DV for this nutrient! Blackberries and raspberries contain about a third of the DV, while

blueberries and cranberries contain 16%.

- VITAMIN E, a fat-soluble vitamin that serves as an important antioxidant, protecting the lipids
in cell membranes from oxidative damage. Berries high in vitamin E include blackberries (about a

third of the DV per cup), raspberries (28% of the DV), and cranberries (11% of the DV).

- VITAMIN K, which plays a vital role in coagulation, bone metabolism, cellular function, and the
prevention of soft tissue calcification. Blackberries and blueberries contain about a quarter of the

DV per cup.

Did Someone Say Omega-3?!

Although berries aren't typically known for their fat content, they actually contain slightly higher amounts
than most fruits, due to their abundance of tiny edible seeds! And, this makes them a surprising source of

fat alpha-linolenic acid (ALA), the only truly essential omega-3 fatty acid.

Although ALA doesn't always get as much attention as the long-chain omega-3s DHA and EPA abundant in
fatty fish, that's not for lack of benefits! In fact, ALA has been independently associated with decreases in
cardiovascular risk factors (including triglycerides, total cholesterol, LDL cholesterol, and blood pressure),
a reduction in arterial plaque, healthier heart rhythm, and better cardiovascular disease outcomes (includ-

ing lower rates of heart disease mortality and arrhythmia). A 2021 meta-analysis, encompassing nearly 1.2

million participants, found that every 1 g daily increase in ALA intake was associated with a 5% drop in both

cardiovascular disease mortality and all-cause mortality!

Additionally, ALA has been identified as potentially cancer-protective. Higher blood and tissue levels of ALA
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are associated with lower incidence of colon cancer, rectal cancer, and breast cancer (as well as lower risk
of existing breast cancer metastasizing). Likewise, a variety of in vitro experiments show that ALA can
inhibit the proliferation of various cancer cell types—including breast cancer cells, bladder cancer cells,

colon cancer cells, prostate cancer cells, and esophageal cancer cells.

Although ALA has been less thoroughly studied for other conditions, research has also linked higher ALA
intake with a reduced risk of pneumonia, stroke, multiple sclerosis-related depression and fatigue, mul-
tiple sclerosis relapse, and clinical depression. There's even some evidence it can inhibit the growth of H.

pylori, the bacteria responsible for stomach ulcers.

On top of that, ALA can be partially converted into DHA and EPA, in turn contributing to the health effects
of these longer-chain omega-3 fats—including their important roles in regulating inflammation, pain

perception, blood pressure, neurological health, immunity, eye health, gut health, and fetal development!

Per cup serving, some common berries contain the following amounts of ALA:
- RASPBERRIES:10% of the DV (155 mg)
- BLACKBERRIES: 8% of the DV (135.4 mg)
- ELDERBERRIES: 8% of the DV (124 mg)
- STRAWBERRIES: 6% of the DV (98.8 mg)
- GOJI BERRIES: 6% of the DV (90 mg)
- LOGANBERRIES: 5% of the DV (87 mg)
- BLUEBERRIES: 5% of the DV (85.8 mg)
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Health Benefits of Berries

Although many studies lump berries in with “fruit” as a general category, research looking specifically at
the effects of berry consumption confirms what we might already suspect: berries are berry berry good for
us! In fact, they show benefits for conditions as wide-ranging as cancer, neurological disease, cardiovascu-

lar disease, type 2 diabetes, osteoporosis, and gut health. Here's a rundown of the impressive evidence!

Reduced risk of cancer:

Berries and their phytonutrients have been shown to affect cancer risk and progression
in a number of ways—including protecting cells against oxidative damage, inhibiting cell
proliferation, suppressing inflammation, inducing apoptosis (programmed cell death), inhibiting the for-

mation of blood vessels that feed tumors, and protecting against DNA damage.

Animal and human studies have confirmed these protective effects! For example, a variety of rodent exper-
iments have shown that berries such as blueberries and black raspberries can protect against colon and

esophageal tumor growth. In humans, a 2011 clinical trial of colon cancer patients found that consuming

60g of freeze-dried strawberries every day, for a period of one to nine weeks, led to decreased expression of

tumor markers in some patients.

Cognitive benefits:

A 2012 longitudinal study found that higher berry intake (particularly strawberries and
blueberries) was associated with a slower rate of cognitive decline. Specifically, eating
berries at least once per week, compared to less than one serving per month, was associated with up to a

2.5-year delay in cognitive aging!

Likewise, a small 2011 trial of older adults found that daily consumption of wild blueberry juice led to im-
provements in memory performance, learning, and word recall, and a trend towards reduced depressive
symptoms. A 2017 trial similarly found that among healthy older adults, consuming 30 mL of a blueberry
concentrate daily for 12 weeks led to improvements in working memory, as well as improved blood uptake
and activation in brain areas associated with cognitive function. And, a 2014 trial found that in children

aged 8 to 10, one-time consumption of a blueberry drink led to significant improvements in delayed recall.

Lastly, a 2022 systematic review, spanning 12 studies, looked at the effect of berry consumption on cog-
nitive function in healthy individuals, and found significant positive effects across all cognitive domains

(memory, motor skill, executive functioning, attention and concentration, and processing speed)!
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Reduced risk of cardiovascular disease:

Berries have been shown to help reduce risk factors for cardiovascular disease! For ex-

ample, a 2018 systematic review and meta-analysis found that berry intake could reduce
total cholesterol, LDL "bad” cholesterol, triglycerides, and blood pressure, while increasing the level of
HDL “good"” cholesterol. A randomized controlled trial from 2015 found that blueberries in particular could
improve endothelial function in adults with metabolic syndrome. And, a 2011 crossover trial of overweight
individuals showed that after six weeks of consuming a daily strawberry beverage, inflammatory and
thrombotic (blood-clot forming) responses were reduced after eating a high fat, high carbohydrate meal!
And, a randomized controlled trial from 2019 found that among people with metabolic syndrome, consum-
ing a cup of blueberries daily for six months resulted in a 12 to 15% reduction in cardiovascular risk (owing

to sustained improvements in lipid profiles, nitric oxide activity, and vascular function).

Reduced risk of type 2 diabetes:

Research suggests that berries could be a boon for blood sugar control, insulin resis-

tance, and diabetes risk! For example, a 2010 trial of obese, insulin-resistant adults found
that consuming a smoothie containing 22.5g of blueberry bioactives, twice daily for six weeks, significantly
increased their insulin sensitivity relative to the placebo group (who received smoothies without any blue-
berry components). A 2011 randomized controlled trial similarly found that adding a strawberry beverage
to a high-carbohydrate, moderate-fat meal helped reduce the subsequent inflammatory and insulin re-

sponses of participants.

And, another 2010 randomized controlled trial found that among healthy (non-diabetic) people, consuming
a 150g of a berry puree (consisting of bilberries, cranberries, blackcurrants, and strawberries) was able to
reduce their blood glucose response to table sugar. A similar trial from 2013 found that consuming either
1509 of strawberries or 150g of a mixed berry puree (strawberries, bilberries, cranberries, and blackcur-

rants) was able to reduce the participants’ insulin response to wheat bread and rye bread.

Appetite regulation:

A small 2015 trial found that compared to consuming a 65-calorie snack of confectionary
sweets, consuming a 65-calorie snack of mixed berries resulted in decreased subsequent

energy intake later in the day!

Protection against Parkinson’s disease:

A 2012 pooled analysis of two American cohort studies, examining nearly 130,000 health
professionals, showed that people in the highest versus lowest quintile of berry consumption had a 23%
decrease in risk for Parkinson's disease. A similar effect was seen with consumption of one of the main phy-

tonutrients in berries, anthocyanins (24% decrease).
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Improved gut health:

Given their generous fiber content and many prebiotic phytonutrients, it's not surprising
that berries have been shown to improve gut health—particularly through modulating the
gut microbiome. In fact, research consistently shows they can enhance the presence of good bacteria while

also inhibiting the growth of pathogens!

For example, 2022 systematic review and meta-analysis of 11 studies found that among the various fruit
types, berries (along with citrus and pome fruits) had a profound ability to increase levels of Bifidobacteri-
um—~probiotic bacteria that help reduce inflammation, protect against colon cancer, produce B vitamins,

and ferment fiber into beneficial short-chain fatty acids. A 2020 review found that berries are able to allevi-

ate gut inflammation by modulating pro-inflammatory cytokines. Meanwhile, a 2005 experiment of eight
different berry types found that raspberries and cloudberries were the most potent inhibitors of pathogens
like Salmonella and Staphylococcus aureus, while cranberries protected against the growth of Listeria, and

blueberries were able to reduce endotoxin transport across the gut barrier!

Better bone health:

Research suggests a protective role of berries and their unique constituents on bone health.

A randomized crossover trial from 2023 found that in postmenopausal women, consuming

freeze-dried blueberries daily (an equivalent of up to 1 cup fresh) for a period of six weeks led to significant

improvements in bone calcium retention, indicating protection against bone loss.

A 2014 review noted that in experimental studies, specific berries (particularly blueberries, elderberries,
and cranberries) have been shown to decrease the rate of bone degradation, increase the proliferation of
bone marrow cells, increase whole-body bone mineral density and bone mass, increase the number of

osteoblasts (bone-building cells), and decrease the number of osteoclasts (bone-degrading cells). One

rodent study from 2014 using an experimental model of osteoporosis identified delphinidin, one of the ma-

jor anthocyanidins in berries, as a particularly important player in protecting against bone loss!

Lower risk of all-cause mortality:

Yep, berries may even be protective of death from all causes—a general measure of
health and longevity. A 2017 systematic review, encompassing data from 95 studies,

found that eating 100 grams of berries (about two-thirds of a cup) per day on average led

to an 8% decrease in all-cause mortality. Similarly, a prospective study that followed 10,000 Norwegian
men for four decades found that compared to not eating any berries, consuming garden berries (red cur-
rants, strawberries, or raspberries) more than 14 times per month was associated with a 23% lower risk of

all-cause mortality, while eating wild berries (blueberries, cowberries, or cloudberries) more than 14 times
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Berries Nutrivore Scores

Berries have an average Nutrivore Score of 489! Some individual berries are as follows:

Blackberries | 743
Blueberries | 396

Boysenberries (frozen) | 263
Cloudberries | 646
Cranberries | 288

Currants, black | 811

Currants, red or white | 393
Elderberry | 546
Goji berries (dried) | 780

Gooseberries | 459
Huckleberries | 317
Mulberries | 719

Raspberries | 491

Salmonberries | 327

Strawberries | 762
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A Note on Foraging

Berries are often considered the quintessential "forage food™:
depending on where you grew up, you might even have some
childhood memories of picking sun-ripened berries off near-
by bushes (and maybe eating most of them before they made it

home!). And, there's no reason to stop just because you're an adult!

Although not all berries grow in all regions, the list of wild edi-
ble berries is a long one, and chances are good that at least some
varieties may be available near you. Huckleberries, salmonberries,
salal, wild strawberries, wild blackberries, wild blueberries, cran-
berries, mulberries, gooseberries, and wild raspberries are just

some of the berries you might encounter.

Depending on the region and the time of year, different berry

varieties can be growing as weeds in the backyard (think: black-

berries), as ornamental shrubbery (like strawberries and salal), near swamps and marshes (like cranberries),
along trails in the forest (like salmonberries and huckleberries), and in various other parts of urban, subur-

ban, and rural environments.

Of course, safety matters here: if you decide to go on a foraging adventure, it's smart to familiarize your-
self with the types of edible berries growing in your area, learn about potentially poisonous lookalikes, and
come prepared (long sleeves, pants, and sturdy footwear are helpful!). Likewise, steer clear from areas near
pollution and industrial sites, and read up on any local regulations in your area; some places have specifi-

crules and restrictions!

For more information on foraging berries check out the book Sam Thayer's Field Guide to Edible Wild
Plants: of Eastern and Central North America.
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Wild vs. Cultivated

When it comes to edible berries, there's really no wrong way
to go: any berry—whether foraged or store-bought—are

going to be a boon for your health (and your taste buds!).

However, it's worth noting that wild berries offer a few
extra perks. Along with often having a more intense flavor,
wild berries are typically higher in vitamins, minerals, and
phytonutrients than cultivated berries. For example, a 2012
analysis found that wild strawberries, blackberries, and
raspberries had between two and five times as many pheno-

lic compounds relative to their cultivated counterparts!

165 Nutrivore Foundational Foods


https://pubmed.ncbi.nlm.nih.gov/22924969/
https://pubmed.ncbi.nlm.nih.gov/22924969/

Some Practical Pointers

Berries are at their peak deliciousness when they're fresh and ripe. However, they also tend to be more
delicate and perishable than most other fruits, which means a little extra care is needed with their selection

and handling. Here are some pointers for getting the most out of your berries!

Selecting Berries at the store:

« Look for berries that are vibrant and free from discolor-
ation. Their color should be uniform and rich, indicating

ripeness (berries with white or green spots are a no-go!).

- If possible, gently touch the berries to make sure they're
neither too hard nor too soft or mushy. The "Goldilocks

zone" for berries is when they yield slightly to the touch!

» Choose berries that are consistently sized within the
container. This is one way to stack the odds in favor of

uniform ripening.

+ Berries should have a pleasant, sweet aroma. If they lack

any fragrance, they might be under-ripe or low quality.

« If the berries still have stems and leaves attached, they should be bright green and fresh-looking.

Avoid berries with dried or browning stems.
« For the best flavor and quality, buy berries during their peak season (more on that below!).

« Inspect the container or packaging the berries are in for any signs of mold, moisture, or staining. If

the packaging is clear, check the bottom to make sure there aren't any crushed or moldy berries.

» If the store has a refrigerated section for berries, choose from there. Cold temperatures help

Storage and cleaning:

Berries are highly perishable, so it's important to store it at the

right temperature and in the right environment!

- Sort and remove. As soon as you bring your berries
home, sort through them and remove any damaged or
overripe ones. This helps protect the quality of the rest

of them!

- Don't wash until you're ready to eat them! Even if you
spot some dirt, avoid washing berries before storing

them. Moisture can promote mold growth and shorten
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the lifespan of your berries. Instead, wash them right before consuming.

+ Use ventilated containers. Store berries in shallow, breathable containers rather than airtight ones.
Lack of airflow can cause condensation to build up and promote spoilage! You can also can also

place a paper towel at the bottom of the berry container(s) to soak up extra moisture.

+ Refrigerate! Berries are best stored in the refrigerator, rather than out on the counter. A tempera-

ture around 32 to 36 degrees F is ideal.

+ Keep them dark. Store berries away from direct sunlight, as heat and light can accelerate the rip-

ening process and degrade their quality.

« Use within a few days. Due to berries having a relatively short shelf life, it's best to eat them within

a few days of purchasing (or harvesting) them.

+ ..0Or, freeze them! If you have more berries than you can consume before they start to spoil, con-
sider freezing them. Wash, dry, and spread them on a baking sheet in a single layer. Once frozen,
transfer them to an airtight container or a re-sealable freezer bag. Voila: you now have a great

ingredient for smoothies, baking, and other recipes.

Seasonality:

The seasonality for different berries can vary depending on where you live, but here are some general

guidelines!

- BLACKBERRIES: Blackberries are prominent in the summer, with their season usually span-

ning from June to August.

- BLUEBERRIES: Blueberries are often in season during the summer months, particularly from

June to August.

- CRANBERRIES: Cranberries are typically harvested in the fall, with their main season span-

ning from September to October.

- CURRANTS: Various types of currants—including red, black, and white currants—can be

found in summer, typically from June to July.
- ELDERBERRIES: Elderberries usually ripen in late summer, around August to September.

. GOOSEBERRIES: These berries may be available in late spring to early summer, around May

to June.

- HUCKLEBERRIES: Huckleberries are often available from late summer to early fall—espe-
cially from August to September.

- RASPBERRIES: Some varieties of raspberries might start to ripen in late spring, but their

main season typically extends through summer; they can sometimes continue into early fall, too!

- STRAWBERRIES: Depending on the region, strawberries can become available as early as late

spring, usually from late April to June.
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Introduction to Legumes

Legumes might not be the most
colorful, flashy, or exotic foods of the
bunch, but don't let their humble

looks deceive you: this food group is a
health-boosting powerhouse! What's
more, their history is intertwined with
humanity itself, having supported
human populations for thousands of

years.

Legumes were an important staple
food for numerous ancient cultures,
and every major civilization has in-

cluded a legume as part of their food

system. Lentils were eaten in Greece as far back as 13,000 years ago, while remains of garbanzo beans have

been found in the Middle East that are about 7,500 years old. Meanwhile, lima beans and cranberry beans

were cultivated in some of the very first Peruvian and Mexican civilizations around 3000 B.C.E!

Over time, legumes became the centerpiece of a number of iconic national dishes—such as hummus

from the Middle East, dal from India, feijoada (bean and meat stew) from Brazil, fasolada (bean soup) from

Greece, ful medames (stewed fava beans) from Egypt, and many more.

It's no wonder legumes took our plates by storm as soon as humans learned how to cultivate them. Along

with having a long shelf life and extreme versatility, lequmes were enhancing the nutrient density of diets

long before we even knew what a “nutrient” was! In fact, legumes are among the most nutrient-dense

starchy plant foods available.

Without further ado, let's spill the beans on this amazing food group!
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What Are Legumes?

Botanically speaking, legumes are members of the pea family (Fabaceae or Leguminosae)—an absolute-

ly massive plant family with nearly 20,000 known species. Although "legumes” technically encompasses

everything from the dried, hard beans we see in bulk bins to the garden-fresh snap peas we eat straight off

the plant, edible-podded legumes are more commonly classified as vegetables. So, for the sake of discussing

legumes a food group, we'll be honing in on pulses—the starchy, dried seeds of legume plants.

Per this definition, legumes include a number of familiar faces, such as:

- ADZUKI BEANS

- BLACK BEANS

- BLACK-EYED PEAS
- CANNELLINI BEANS
- CRANBERRY BEANS

. FAVA BEANS (BROAD BEANS)
. GARBANZO BEANS (CHICKPEAS)
. GREAT NORTHERN BEANS

. KIDNEY BEANS

. LENTILS

. LIMA BEANS

. LUPINS

- MUNG BEANS

. NAVY BEANS (WHITE BEANS)
. PIGEON PEAS

. PINTO BEANS

. RUNNER BEANS

. SOYBEANS

. SPLIT PEAS

(As you might notice, a particularly famous legume member is excluded from this list: peanuts! While

technically a legume, peanuts have more in common nutritionally with nuts and seeds, so we'll be discuss-

ing them within that food group instead.)
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What Makes Legumes So Great?

As far as beneficial compounds go, legumes are the
whole package: they're rich in phytonutrients, bioac-
tive peptides, essential micronutrients, and fiber—
all of which contribute to their wide-ranging health
effects. Here's a rundown of the goodies we ingest

every time we eat legumes!

Phenomenal Phytonutrients

Legumes contain a diverse array of phytonutrients!

And at the top of that list is their high content of of

polyphenols—a phytonutrient class known for their

health-protective activities, including reducing the

risk of cancer, heart disease, diabetes, asthma,

osteoporosis, neurodegenerative diseases, and other

conditions associated with oxidative stress. As a result of their antioxidant properties, polyphenols also

boost the immune system and protect against both chronic and infectious diseases.

Polyphenols are particularly concentrated in the outer seed coat of legumes. In fact, the specific colors and
patterns on legumes are a product of their different polyphenol compositions! For example, legumes that
are red, black, or pink tend to be high in anthocyanins—a type of polyphenol that has anti-inflammatory and
neuroprotective effects, could improve glucose tolerance, may reduce the risk of chronic diseases like heart
disease and cancer, and may even have pain-relieving properties (due to an affinity for certain “pain-sen-
sation” cell membrane receptors in the brain). Similarly, legumes that are light yellow or pink in color (like
black-eyed peas and lentils) tend to be particularly high in tannins—a type of astringent polyphenol known
to improve blood lipids, reduce blood pressure, help fight microbial infection, and even benefit dental health

(by combatting harmful oral bacteria and inhibiting plaque formation).

Additional polyphenols in legumes include:

- CAFFEIC ACID (found in pinto beans, adzuki beans, mung beans, peas, navy beans, lupins,
garbanzo beans, fava beans, and black beans), which has been shown to have anti-inflammatory
and anti-cancer properties, as well as potentially fighting metabolic syndrome through its effects

on lipid metabolism and blood sugar regulation.

- CATECHINS (found most abundantly in fava beans, but also in lentils, cranberry beans, broad
beans, kidney beans, mung beans, and pinto beans, black beans), which act as antioxidants as well
as boost the activity of antioxidant enzymes. Catechins are also anti-inflammatory, modulate the
immune system, exert anti-bacterial activity, have anti-cancer properties, and can boost metabo-

lism and promote healthy weight loss.
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FERULIC ACID (found in garbanzo beans, peas, navy beans, fava beans, cranberry beans, can-
nellini beans, adzuki beans, mung beans, lentils, pinto beans, and black beans), which is a particu-
larly potent antioxidant that can reduce inflammation, prevent cancer, reduce toxicity associated
with chemotherapy and radiation, protect against diabetes, lower cardiovascular disease risk

factors, and even help prevent neurodegenerative disease.

KAEMPFEROL (found in black beans, pinto beans, kidney beans, mung beans, fava beans,
garbanzo beans, lentils, and pinto beans), which can reduce inflammation, regulate the immune
system, protect against cancer, act as an antimicrobial, prevent diabetes, reduce cardiovascular
disease risk factors, prevent neurodegenerative diseases (like Alzheimer's disease), improve bone

health, and aid weight loss.

MYRICETIN (found in black beans, lentils, lupins, adzuki beans, fava beans, garbanzo beans, and
mung beans), which can help protect against neurodegenerative diseases (like Parkinson's and
Alzheimer's), glaucoma, diabetes, inflammation, liver damage, cardiovascular disease, photoage-

ing, thrombosis, allergies, and hypertension.

QUERCETIN (found in black beans, lupins, adzuki beans, mung beans, pinto beans, lentils, fava
beans, garbanzo beans, and kidney beans), a flavonoid that's been shown to reduce blood pressure,
enhance insulin sensitivity, reduce inflammation, support wound healing, and even boost immu-
nity. These activities give it protective effects against diabetes, cancer, cardiovascular disease,

arthritis, and even neurodegenerative diseases like Alzheimer's disease!

Legumes are also important
sources of phytosterols—fat-sol-
uble compounds with structural
similarity to cholesterol, giving
them the ability block absorption
of cholesterol in the gastrointes-
tinal tract. In fact, consuming 2
grams per day of phytosterols can
inhibit up to 40% of the choles-
terol in the digestive tract from
being absorbed or reabsorbed! As
a result, phytosterols are supreme-
ly effective at helping lower LDL
cholesterol, in turn reducing ath-

erosclerosis and heart disease risk.

What's more, phytosterols also have antioxidant and anti-inflammatory properties, improve blood sugar

regulation and insulin sensitivity, and improve the composition of the gut microbiome. Soybeans, garbanzo

beans, lentils, peas, and kidney beans are particularly high in phytosterols!
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And, legumes are abundant in saponins—chemical compounds that can reduce cholesterol levels, protect
against oxidative stress, inhibit tumor growth, improve lipid metabolism, support immunity, and even
protect against obesity! Saponins are distributed in all the cells of legume plants, but are particularly high

in kidney beans, soybeans, chickpeas, pinto beans, runner beans, and navy beans.

Lastly, legumes are rich sources of phytic acid. While often often considered a phytonutrient due to its abil-
ity to bind to minerals and inhibit their absorption, phytic acid also possesses important antioxidant prop-
erties—including potentially protecting against DNA damage, reducing the risk of cardiovascular disease

and insulin resistance, reducing the toxicity of mycotoxins, and even helping protect against cancer!

Powerful Peptides

Legumes are sources of bioactive peptides—strings of amino acids derived from protein breakdown (such
as during digestion, or fermentation by gut bacteria). A variety of studies show that legume peptides possess

important health properties, including protecting against many diseases!

Perhaps the most famous legume peptides are lectins, a group of carbohydrate-binding proteins with sim-
ilar molecular structures. Although lectins are often viewed negatively due to their potential to stimulate
immune responses and block the absorption of some nutrients, they've also been linked to lower rates of
obesity, cardiovascular disease, and type 2 diabetes—with a number of in vitro and animal experiments also
showing they possess a variety of anti-cancer mechanisms. (In general, lectin consumption from whole-food

legumes appears safe and beneficial, provided the legumes are thoroughly cooked!)

Other legume peptides have a pronounced impact on blood sugar regulation and pancreatic function, giving

them anti-diabetic effects. Some of these peptides include:

« AGLYCIN, which has been shown to help control hyperglycemia, improve the insulin signaling

pathway, enhance glucose uptake, and restore impaired pancreatic function and insulin secretion.
« VGLYCIN, which has been shown to lower blood glucose levels and increase insulin sensitivity.

- SOYMORPHIN-35, which demonstrates blood sugar-lowering activity, as well as helps improve

glucose and lipid metabolism.

e /-CONGLUTIN, which helps regulate glucose metabolism, reduce blood sugar levels, and regu-

late muscle energy metabolism.

A specific legume peptide found in lupins, called deflamin, has also been shown to inhibit tumor growth
and metastasis. And a variety of additional legume-derived peptides have shown promise for helping
protect against cardiovascular disease, acting as angiotensin I-converting enzyme (ACE) inhibitors (giving
them a role in lowering blood pressure) and serving important antioxidant and anti-thrombotic functions

(that is, reducing blood clotting). Some have even shown antimicrobial and immune-modulating activity!
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Magnificent Micronutrients

Legumes are great sources of essential vitamins and minerals! Although different legumes vary in their
exact micronutrient composition, on the whole, they contribute significant amounts of the following nu-

trients to our diet:

- COPPER, a trace mineral involved in glucose and cholesterol metabolism, gene expression,
free radical scavenging, red blood cell production, and the growth, development, and mainte-
nance of various organs (including the heart and brain). Adzuki beans, soybeans, and garbanzo
beans contain 30 to 40% of the DV per Y2 cup cooked, while cannellini beans, cranberry beans,
fava beans, black-eyed peas, Great Northern beans, pigeon peas, navy beans, lupins, pinto beans,

kidney beans, lima beans, and black beans all contain between 20 and 30% of the DV.

- IRON, a mineral needed for the function of numerous proteins involved in electron transport,
energy metabolism, oxygen transport and storage, DNA replication and repair, free radical
scavenging, and oxidative processes. Soybeans are among the highest legqume sources of iron,
containing 25% the DV per % cup cooked! Other good sources (containing 10 to 20% of the DV
per % cup) include lentils, cannellini beans, pinto beans, adzuki beans, black beans, cranberry
beans, lima beans, navy beans, Great Northern beans, kidney beans, garbanzo beans, and black-

eyed peas.

- MAGNE SIUM, an essential mineral that acts as an electrolyte and structural component in
cells and bone tissue, and that serves as a cofactor for hundreds of different enzymes (giving it a
role over 300 metabolic reactions!). Most legumes contain 10 to 20% of the DV per % cup cooked,
including adzuki beans, mung beans, lima beans, soybeans, navy beans, pinto beans, black beans,

lupins, cannellini beans, black-eyed peas, and Great Northern beans!

- MANGANE SE, a mineral that serves as a cofactor and component of numerous enzymes—
giving it roles in carbohydrate metabolism, amino acid synthesis, gluconeogenesis, detoxifica-
tion, lipid processing, free radical defense, bone and collagen formation, and wound healing. Per
Y cup cooked, lima beans contain just under half the DV for manganese, while garbanzo beans
contain 37%. Soybeans, adzuki beans, lentils, lupins, and cannellini beans all contain between
a quarter and a third of the DV. Additional good sources (10 to 20% of the DV) are black beans,
Great Northern beans, black-eyed peas, cranberry beans, kidney beans, pinto beans, mung beans,

pigeon peas, navy beans, and fava beans!

- POTASSIUM, an electrolyte mineral with roles in a wide variety of life-sustaining processes
such as heart function, muscle contraction, nerve impulse transmission, blood pressure control,
blood pH, and fluid balance. Adzuki beans, cannellini beans, and lima beans all contain between

10 and 20% of the DV per %2 cup.

- VITAMIN B4 (folate), an essential B vitamin that plays roles in blood cell production, the forma-
tion of genetic material (including DNA), cell growth, cardiovascular health, cancer protection,

and cognitive and neurological health. Most legumes provide substantial folate, but the richest
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sources are lentils and cranberry beans, supplying nearly half the DV per %2 cup serving, and
mung beans, supplying 40% of the DV! Other stand-out sources are adzuki beans, pinto beans,
garbanzo beans, navy beans, and kidney beans (about a third of the DV), as well as fava beans, pi-
geon peas, and Great Northern beans (just shy of a quarter of the DV)! Cannellini beans, soybeans,

lupins, split peas, all contain between 10 and 20% of the folate DV per serving.

« ZINC, an essential trace mineral that serves as a cofactor for over 300 enzymes and 1000 tran-
scription factors, giving it important roles in immune function, sensory organ function, repro-
duction, gene regulation, DNA synthesis, wound healing, and the metabolism and activity of
multiple other nutrients! Adzuki beans, lentils, black-eyed peas, and lupins all contain between 10

and 20% of the DV per % cup cooked.

Fabulous Fiber

Lentils are absolute rockstars in the fiber department! Although not officially labeled as essential, fiber is
absolutely fundamental for our health—helping regulate gut motility (promoting regularity), modulating
gastric hormones, and supplying our gut bacteria with fermentable substrate (i.e., food!) so that important

microbes can flourish and remain diverse.

High fiber intake also reduces the risk of cardiovascular disease and of many forms of cancer (especially
colorectal cancer, but also liver cancer, pancreatic cancer, and others), and promotes overall lower inflam-
mation. High-fiber diets reduce the risk of mortality in cases of kidney disease and diabetes, and can even

reduce your risk of dying from an infection!

What's more, some of the fiber content of legumes comes in the form of resistant starch—one of the most
famous and beneficial prebiotic carbohydrates. This highly fermentable fiber “resists” the action of human
digestive enzymes, due to its molecular structure. Rather than being fully broken down in the small intes-
tine like most starches, it passes on to the colon to become food for important gut microbes (which then

ferment the starch to produce short-chain fatty acids like acetic acid, propionic acid, and butyric acid—all

of which have awesome health properties of their own!).

Both human and animal studies have shown that resistant starch (and its SCFA metabolites) can improve
intestinal barrier function, reduce the production of colon cancer precursors, help regulate macronutrient
metabolism, increase insulin sensitivity, lower blood sugar responses after high-carb meals, reduce hun-
ger, increase satiation, improve blood lipids, and help combat obesity. There's even evidence that resistant
starch helps boost immunity, due to its influence on immune cell production and inflammatory compounds

in the gut!

On top of that, the SCFAs produced via bacterial fermentation serve as the main food source for intestinal
epithelial cells, giving them a huge role in promoting gut health. These unique fats have also been shown
to reduce the risk of inflammatory diseases, maintain a healthy gut barrier, and aid in the absorption of

important minerals (including copper, calcium, magnesium, iron, and zinc).
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The resistant starch content of legumes varies based on cooking time and storage (more resistant starch

forms with extended cooling!), but in general, legumes contain about 2g of resistant starch per %2 cup serv-

ing after being cooked. Navy beans, red beans, and cranberry beans tend to be particularly high!

And as far as overall fiber content goes? Any legume is a win! Per % cup cooked serving, legumes contain

the following amounts of fiber:
- ADZUKI BEANS: 8.4g
. BLACK BEANS: 7.5g
- BLACK-EYED PEAS: 569
- CANNELLINI BEANS: 5.6g9
- CRANBERRY BEANS: 7.6g
- FAVA BEANS (BROAD BEANS): 4.6g
- GARBANZO BEANS (CHICKPEAS): 6.2g
- GREAT NORTHERN BEANS: 6.2g
- KIDNEY BEANS: 6.5g
« LENTILS: 11.6g
- LIMA BEANS: 4.6g
- LUPINS: 2.3g
- MUNG BEANS: 779
- NAVY BEANS (WHITE BEANS): 9.6g
- PIGEON PEAS: 5.6g9
- PINTO BEANS: 77g
- SOYBEANS: 5.2g
- SPLIT PEAS: 7.5g
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Health Benefits of Legumes

Given their outstanding phytonutrient, peptide, micronutrient, and fiber profiles, it's no shocker that
legumes show wide-ranging health benefits and protection against a number of diseases. Here's a peek into

the many ways they've been scientifically shown to benefit our health!

Reduced blood pressure:

Studies show legumes may have important blood-pressure lowering effects! A 2023 me-
ta-analysis of randomized controlled trials found that for people with overweight/obese

BMI, legume consumption significantly reduced systolic blood pressure. And, a 2023 cross-sectional study

of people with type 2 diabetes and hypertension found that among this population, eating at least three
servings of legumes per week was associated with significantly lower systolic and diastolic blood pressure

values.

Improved blood lipids:

Legume consumption supports healthy blood lipid profiles, due in large part to their lip-

id-lowering saponins, phytosterols, and fiber! A 2007 randomized controlled trial found that
eating Y2 cup of pinto beans daily for eight weeks resulted in a 19% decrease in LDL cholesterol. A 2014 me-
ta-analysis of randomized controlled trials likewise found that compared to a control diet, consuming about

one serving of pulses per day (130 g) significantly lowers LDL cholesterol. A 2021 cross-sectional study found

that among older men, higher intake of legumes was associated with both lower LDL cholesterol and higher
HDL cholesterol levels. And, a randomized controlled trial from 2021 found that among people with elevated
cholesterol, eating one cup of canned beans (black, navy, pinto, dark red kidney, or white kidney) every day

for four weeks led to significant reductions in both total and LDL cholesterol!

Reduced risk of heart disease:

Although not all the research has been consistent here, some studies have found a protec-

tive effect of legume consumption on heart disease risk. A 2001 analysis of an important
prospective cohort study, following nearly 10,000 participants for an average of 19 years, found that eating
legumes four times per week (compared to less than once a week) was associated with a 22% lower risk of de-

veloping coronary heart disease over the course of the study. Likewise, a 2017 meta-analysis, encompassing

14 cohort studies and 367,000 people, found that people with the highest versus lowest legqume consumption
had a 10% lower risk of developing cardiovascular disease or coronary heart disease. And, a dose-response
meta-analysis from 2023 found that eating 400g of legumes per week appeared to deliver the highest level

of cardiovascular benefits!
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Reduced risk of cancer:

Legume consumption has been associated with a lower risk of several cancer types in

observational studies, with animal and in vitro experiments clearly demonstrating anti-
cancer effects as well (including against breast cancer, colon cancer, cervical cancer, lymphoma, and liver
cancer cells). Legume polyphenols, phytosterols, bioactive peptides, and fiber appear to be key players in

these protective effects!

- COLORECTAL CANCER: A 2015 meta-analysis of cohort studies, encompassing nearly 2
million participants, found that higher legume consumption was associated with a 9% lower risk
of colorectal cancer. When the data was stratified into subgroups, Asian populations had an 18%

lower risk. And, a 2007 analysis of the Polyp Prevention Trial found that participants consuming

at least 39 g of dry beans daily had a 65% lower risk of advanced colorectal adenoma recurrence.
Likewise, animal studies have shown specific anti-colon-cancer effects from legumes: for ex-
ample, in a rat model of colon cancer, supplementation with black beans or navy beans for four

weeks led to a 44 to 75% reduction in colon carcinogenesis!

. PROSTATE CANCER: A 2017 meta-analysis of prospective cohort studies found that higher
legume consumption was associated with a 15% lower risk of developing prostate cancer. Ana-

lyzed another way, every 20 g increase in legume intake was linked with a 3.7% reduction in risk!

- BREAST CANCER: A 2018 case-control study found that participants in the highest versus

lowest quartile of bean intake (greater than 109.6 g daily versus less than 6.4 g daily) had a 20%
lower risk of developing breast cancer, and a 28 to 36% lower risk of developing the ER-PR- breast
cancer subtype in particular. Likewise, a 2022 case-control study of urbanized Nigerian wom-

en found that bean consumption (compared to not eating any beans) was associated with a 45%
lower risk of developing breast cancer, and a 49% lower risk of developing triple-negative breast

cancer.

In addition, legume intake may be protective against cancer mortality as a whole. A 2019 prospective study,
following participants for a median of six years, found that people in the highest versus lowest tertile

(third) of legume consumption had a 49% lower risk of dying from cancer!

Reduced risk of stroke:

A 2023 meta-analysis of prospective studies found that higher legume consumption was
protective against death from stroke—with every 50 g per day increase in legume intake

correlating with a 10% reduction in stroke mortality.

Lower body weight and waist circumference:

Legumes appear greatly beneficial for maintaining a healthy body weight. In a 2008 analysis
of National Health and Examination Survey (NHANES) data, people who reported eating

beans had significantly lower body weight and waist size than people who didn't consume
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beans. In fact, bean-consumers had a 22% lower risk of being obese, and a 23% lower risk of having in-
creased weight size (a marker of abdominal obesity—which itself increases the risk of heart disease and

diabetes).

Likewise, a 2023 cross-sectional study of over 15,000 adults found that legume consumption was signifi-
cantly protective of weight gain over time. More specifically, the more legumes a person ate, the less weight
they gained over the course of 10 years. Further analyses of the data showed that these effects appeared

largely due to the fiber content of legumes!

And, a 2016 meta-analysis of randomized controlled trials found that diets with a legume intervention (an
average of one serving of pulses per day) led to significant reductions in body weight—even when the diets

weren't intended to be calorie-restricted!

Greater satiety:

One of the most consistent effects of legumes is how filling they are, leading to major benefits
for appetite regulation and satiety. For example, a 2014 systematic review and meta-analysis of acute feed-
ing trials found that meals containing dietary pulses (beans, chickpeas, lentils, or peas) increased satiety

levels by 31%, compared to non-pulse meals containing the same amount of calories. A trial from 2017 found

that eating 218 calories of canned chickpeas (versus 218 calories of white bread) led to significantly sup-

pressed appetite and energy intake, as well as a 29 to 36% reduction in blood sugar levels!

Reduced risk of diabetes and better glycemic
control:

In a 2008 analysis of the Shanghai Women's Health Study, prospectively following almost 65,000 women,

participants with the highest legume intake (an average of 65 g per day) had a 38% lower risk of developing

diabetes compared to those eating very few legumes. A 2013 cross-sectional study of over 150,000 adults

likewise found that among women, daily or weekly consumption of legumes was associated with a 29 to

34% lower risk of diabetes.

Similarly, a 2018 prospective study found that people in the top quartile of legume intake were 35% less

likely to develop diabetes. When it came to individual legumes, consuming 6.6 g of lentils per day was asso-

ciated with a 33% lower risk of diabetes, while 5 g of chickpeas daily was associated with a 32% lower risk!

And, a 2009 meta-analysis of 41 randomized controlled trials determined that dietary pulses significantly

lower fasting blood glucose and insulin, and when combined with an overall high-fiber or low-glycemic

diet, also help lower glycosylated blood proteins (including HbA1c levels).
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Reduced risk of non-alcoholic fatty liver disease
(NAFLD):

In a 2019 case-control study, higher total legume intake (beans, lentils, and peas) was associated with a 27%
lower risk of developing NAFLD. Lentils, specifically, were associated with a 39% lower risk, and beans were

associated with a whopping 65% lower risk!
Reduced risk of all-cause mortality:

A 2023 systematic review and dose-response meta-analysis, encompassing 32 cohorts

and over 1.1 million participants, found that higher legume intake was associated with a
significantly lower risk of death from all causes. More specifically, every 50 g per day in-

crease in legume consumption was associated with a 6% reduction in all-cause mortality!
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A Spotlight on Soy

Although soy deserves the “legume” title
just as much as any other bean, it's often
studied separately from other legumes
due to its unique nutritional composition
and phytoestrogen content, as well as

its widespread consumption in products
like tofu, soymilk, and meat substitutes.
So, let's take a look at what makes this

legume so unique!

For one, soy is rich in phytoestrogens

called isoflavones—a type of phyto-

nutrient that's structurally similar to

estrogen, and subsequently can bind

to estrogen receptors. Studies show that soy isoflavones possess anti-tumor effects, can help lower blood
sugar levels, help protect against osteoporosis, reduce breast cancer risk, may provide relief from meno-
pause symptoms, reduce the risk of cardiovascular disease, and assist in healthy body weight regulation.
The soy isoflavones daidzein, genistein, and glycitin are metabolized by the gut microbiota (particularly
Clostridium and Eubacterium), and the subsequent metabolites appear responsible for the beneficial effects

of soybeans found in some studies.

Relative to other legumes, soybeans also contain slightly higher amounts of certain micronutrients, with a
Y2 cup of cooked soybeans providing 14% of the DV for vitamin K, 19% of the DV for vitamin B2 (riboflavin),
11% of the DV for selenium, and 7% of the DV for calcium. They also have a higher fat and protein content

than most other legumes, containing 7.7 g of fat and 15.7 g of protein per half cup of cooked soybeans!

And, soybeans contain some peptides unique among the legumes! For example, they contain lunasin—a
peptide with decades of research demonstrating anti-cancer properties, including an ability to suppress
cell proliferation, regulate the cell cycle, and induce apoptosis (programmed death) of cancer cells. In gen-
eral, research on soy-derived peptides shows they possess neuroprotective effects, benefits for cognitive
impairment, anti-obesity effects, anti-diabetic effects, immunoregulatory effects, antioxidant activity, and

antimicrobial and antiviral properties!

It's worth noting here that while processed soy products and individual soy components (such as soy pro-
tein or soy isoflavones) are often the target of research, the whole-bean package is really where it's at. When
eaten in its unprocessed state, soy contains its full spectrum of phytonutrients, fiber, vitamins, minerals,
peptides, and more! In fact, many studies assessing whole soy, soy isoflavones, and soy protein find that

whole soybean consumption is associated with the greatest disease protection and health benefits.
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Here are some science-based health benefits that come from eating whole soybeans:

- LOWER RISK OF DIABETES. In a 2008 prospective study following nearly 65,000 women
for an average of 4.6 years, found that consuming 32 g of soybeans per day was associated with a
47% lower risk of developing diabetes. By contrast, intake of soy protein and processed soy prod-

ucts didn't show a significant protective effect.

- LOWER RISK OF CANCER. In 2015 meta-analysis of cohort studies encompassing nearly
2 million participants, higher soybean intake was associated with a 15% lower risk of developing
colorectal cancer. A 2022 systematic review likewise found that higher soybean intake was asso-
ciated with a 10% lower risk of cancer, with every additional 25 g per day increase in soy intake

correlating with a 4% drop in cancer risk. (No risk-reducing effect was seen with soy protein.)

- LOWER RISK OF ALL-CAUSE AND CARDIOVASCULAR DISEASE MORTALITY.
A 2019 meta-analysis found that whole soybean intake was associated with a lower risk of risk of
death from all causes, as well as specifically from ischemic cardiovascular disease—whereas soy

protein intake alone showed no significant protective effect.

- LOWER LDL CHOLESTEROL. A 2013 randomized controlled trial found that 40 g day of

whole soybeans resulted in significant reductions in LDL cholesterol.

. REDUCED INFLAMMATION. A double-blind, placebo-controlled trial from 2014 found that
whole soy consumption (but not purified isoflavones) significantly lowered serum hs-CRP, a

measure of inflammation.

...And Now Some Soy Myth Busting!

Over the years, soy has received a lot of press—and not always good! Early research on soy (especially in
animal studies) raised concerns around its isoflavone and goitrogen content, bringing fears that it could
spur the growth of hormone-sensitive cancers, impact fertility, increase estrogen levels in men, harm

thyroid health, and contribute to heart disease. Unfortunately, this left soy with a soured reputation that

sometimes still haunts it today.

However, since the early days of soy research, an enormous number of studies have emerged looking at
both the short-term and long-term health effects of soy, including in living humans. And now, the evidence
is clear: not only are soy and its isoflavones safe; they're convincingly protective of many the diseases they

were once feared to exacerbate!

For example, a 2021 meta-analysis of clinical studies found no evidence that soy protein or isoflavone
intake had any effect on male reproductive hormones, including testosterone or estrogen levels. A 2022
meta-analysis found that soy isoflavones had a clear protective effect for breast cancer in both pre- and
post-menopausal women. A 2019 review and meta-analysis determined that soy caused no significant
changes in thyroid hormone levels. A 2019 systematic review and meta-analysis even found a strong in-
verse correlation between soy isoflavones and all-cause mortality, with those eating the highest levels of

soy isoflavones having a 10% lower risk of death from all causes!
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Legumes Nutrivore Scores

Legumes have an average Nutrivore Score of 489! Some individual Legumes are as follows:

Adzuki beans

935

Black beans

429

Cranberry beans

265

Fava beans (broad beans)

442

Garbanzo beans
(chickpeas)

454

Great Northern beans

419

Kidney beans, red

413

Lentils

489

Lima beans

304

Lupins

224

Mung beans

249

Navy beans (white beans)

269

Pigeon peas

211

Pinto beans

390

Soybeans

326

Split peas

267
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Some Practical Pointers

In general, legumes are remarkably easy to select, store, and cook; after all, that's what made them so valu-
able as a staple food throughout history! However, here are some tips to help you get the very most from

this fabulous food group.

Storing:
- DRY STORAGE: If you're storing dried, uncooked
legumes, keep them in a cool, dry place in airtight
containers. This helps preserve their quality and pre-

vents insect infestations.

- WET STORAGE: Cooked legumes—whether freshly
cooked or from an opened can—can be stored in the
refrigerator for about three to five days. Make sure to
store them in airtight containers to prevent moisture
and odors from seeping in (glass, plastic, or freezer-safe

bags all work great here!).

Soaking:

Soaking is an age-old trick when it comes to preparing dry legumes, and for good reason! Soaking offers a
number of both culinary and health benefits, including reducing the legume cooking time (especially help-
ful for larger beans like kidney beans and garbanzo beans), helping improve digestibility (by breaking down
some of the complex sugars that tend to produce gas and bloating), enhancing nutrient absorption (by re-
ducing levels of phytic acid and tannins), and creating a softer texture in the final product. Smaller legumes

(such as lentils) are generally fine to cook without soaking, but even they can benefit from this extra step!

So, if you're going the soaking route, here are some basic guidelines:
1. Sort through the legumes to remove any stones or damaged legumes.
2. Rinse the legumes under cold water to remove any dirt, dust, or remaining debris.

3. Place the legumes in a bowl, and add water until the legumes are submerged by at least an inch.

(You can also add a pinch of salt to the water to help soften the legumes and improve their flavor.)

4. Soaking times vary depending on the type of legume—Dbut in general, larger beans might need
to soak for eight to 12 hours, while smaller legqumes might require only one to four hours. Refer to

specific recipes or package instructions for recommended soaking times.
O. After soaking, drain and rinse the legumes thoroughly under cold water.

6. Now the legumes are ready for cooking!
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If you're short on time, you can also use a "quick soak” method for legumes: cover them in water, bring to a

boil for two minutes, and then let them sit for an hour or two!

Cooking:
When it comes to cooking legumes, you have a few options:
- BOILING: Add soaked legumes to a pot, cover them with water, bring to a boil, then reduce the

heat to a simmer. Cooking times vary; smaller legumes like lentils cook faster than larger ones

like garbanzo beans. Add salt toward the end of cooking to prevent toughness!

.- PRESSURE COOKING: Using a pressure cooker significantly reduces cooking time. It's es-
pecially useful for larger legumes that naturally have a longer cooking time. Follow your pressure
cooker's instructions for cooking times.

- CROCKPOT/SLOW COOKER: Legumes can easily be cooked in a slow cooker! Combine
soaked legumes with water and any desired seasonings, then cook on low for several hours until

tender.
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Introduction to Nuts and Seeds

Delicious, energy-dense, and easy to
harvest, nuts and seeds helped fuel our
species from time immemorial! There's
anthropological evidence that 2-million-
year-old human relatives (the australo-
piths) ingested large amounts of nuts
and seeds, even developing jaw and
dental adaptations to help crack these
foods open. Archaeological excava-
tions have also unearthed primitive
nut-cracking tools dating back 780,000
years, alongside the remains of ancient

almonds, acorns, and pistachios!

Over time, nuts and seeds became important and often revered foods across the globe. Ancient Romans
gave sugared almonds as a wedding gift (a tradition that's still alive today!), and by the Middle Ages, almond
milk (made from ground almonds and water) was a common ingredient in recipes. Meanwhile, ancient

Greeks and Romans used walnuts medicinally, and enjoyed walnut milk as a sweet refreshment.

Today, nuts and seeds remain enormously popular all over the world. Each year, 4.5 million metric tons of
tree nuts are produced globally (with coconuts and peanuts topping the list by a landslide)! And, their wide-
spread consumption is good news indeed. Nuts and seeds’ outstanding fiber and micronutrient profiles,

diverse phytonutrients, amino acids, and fats translate to a range of amazing benefits for human health.

Here's a closer look at why we should be going nuts for this fantastic food group!
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What Are Nuts and Seeds?

As with many foods, what defines "nuts and seeds” depends entirely on whether we're using a botanical
definition or a culinary one. Technically, a nut is a specific type of fruit that has a hard shell surrounding an

inner kernel, while a seed is a plant embryo enclosed in a protective covering (called the seed coat).

However, these botanical definitions exclude a number of foods we think of as nuts (such as cashews and
almonds). So, for the purpose of defining a food group, "nuts and seeds” are considered to be any dry edible
fruit that typically has a high fat content. (Although peanuts are technically a legume, we're including them
in the "nuts and seeds” food group too, due to their higher fat content and nutritional similarities with oth-

er members of this group!)

Commonly consumed nuts and seeds include:
. ALMONDS
- BRAZIL NUTS
. CASHEWS
. CHIA SEEDS
.« COCONUTS
- FLAXSEEDS
« HAZELNUTS (FILBERTS)
HEMP SEEDS
MACADAMIA NUTS
PEANUTS
. PECANS
PILI NUTS
PINE NUTS
PISTACHIOS
POPPY SEEDS
PUMPKIN SEEDS
- SESAME SEEDS
- SUNFLOWER SEEDS
. WALNUTS
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What Makes Nuts and Seeds

So Great?

Phytonutrients, fats, amino acids, micronutrients,
fiber, oh my... what's not to love? Here's a rundown of
the many outstanding components nuts and seeds

contribute to our diet!

Phenomenal Phytonutrients

Phytonutrients are an amazing gift from the plant
kingdom: nutritive compounds in plants that, while
not technically considered essential, are absolutely
vital for optimal health and disease prevention. It just
so happens that nuts and seeds are great sources of
these health-promoting goodies; in fact, the phytonu-
trient content of these foods are responsible for many
of their health benefits.

Some of the most common phytonutrients in nuts and seeds include:

- PHYTOSTEROLS: Nuts are rich in phytosterols—fat-soluble compounds with structural sim-

ilarity to cholesterol, giving them the ability block absorption of cholesterol in the gastrointesti-

nal tract (in turn helping lower LDL cholesterol and reduce cardiovascular risk). Phytosterols also

have antioxidant and anti-inflammatory properties, improve blood sugar regulation and insulin

sensitivity, and improve the composition of the gut microbiome! The phytosterols in nuts range

from 404 mg per 100 g of sesame seeds to 42 mg in 100 g of coconut meat—comparable to the

levels found in legumes (another famously phytosterol-rich food group) which offers a peak of 205

mg per 100 g of black beans. Seeds like pumpkin seeds, sesame seeds, and sunflower seeds are

particularly impressive sources.

- STILBENES: Some nuts are good sources of phenolic compounds called stilbenes—particu-

larly resveratrol, an antioxidant compound famously found in red wine! Resveratrol has power-

ful anti-inflammatory, immunomodulatory, cardio-protective, neuro-protective, lipid-lowering,

and glucose-modulating activity and has consistently shown up as disease-protective in studies.

Peanuts and pistachios are the richest nut sources of this particular stilbene. (In fact, studies have

shown that some peanut and pistachio samples have higher concentrations of resveratrol than

some red wine samples!)

- CAROTENOIDS: Some nuts and seeds are particularly good sources of the carotenoids al-

pha- and beta-carotene, beta-cryptoxanthin, lutein, and zeaxanthin—a diverse group of phyto-
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nutrients shown to support vision health, protect against metabolic syndrome and diabetes, and

reduce inflammation. Pistachios, flaxseed and hazelnuts are particularly high in carotenoids!

- PROANTHOCYANIDINS: Proanthocyanidins are phenolic compounds with anti-cancer,
antioxidant, anti-diabetic, anti-inflammatory, anti-arthritis, neuroprotective, and antimicrobial
properties! They also appear to protect against some eye diseases. Hazelnuts and pecans have the
highest proanthocyanidin content among the nuts, but almonds, peanuts, and pistachios are also

good sources.

- FLAVONOIDS: Flavonoids are a diverse group of polyphenols that may help reduce inflamma-
tion, exert antibacterial properties, and protect against heart disease and certain cancers. Al-
though flavonoids have a range of different health effects, their benefits seem to be primarily due
to helping regulate cell-signaling pathways (rather than by acting as antioxidants, which is a perk
many phytonutrients offer). Pecans, almonds, pistachios, and hazelnuts rank the highest in terms

of their flavonoid content!

Fantastic Fats

Although nuts were once feared for their fat content, research consistently shows that the lipids in these

foods are actually a major driver of their health benefits! Specifically, the major fats in nuts include:

- LINOLEIC ACID: Linoleic acid is the only essential omega-6 fatty acid! Along with being re-
quired for human growth and development, it serves as a structural component of cell mem-
branes, plays a role in maintaining skin health and integrity, and is a precursor for bioactive lipid
mediators. Walnuts, pine nuts, hemp seed, sunflower seeds, and Brazil nuts are among the richest

nut and seed sources of linoleic acid.

- MONOUNSATURATED FAT: Monounsaturated fatty acids (MUFA) play an important role in
cellular function. The main MUFA in nuts and seeds is oleic acid, which has demonstrated bene-
fits for cardiovascular health—both in reducing risk factors like high blood pressure, cholesterol,
triglycerides, inflammation, and oxidative stress, and in reducing actual cardiovascular disease
incidence and events. Oleic acid has also demonstrated anti-cancer activity, may assist in body
weight regulation, and influence genes and pathways involved in insulin signaling and glucose

metabolism. Macadamia, hazelnuts and pecans top the list here for MUFA content!

- ALPHA-LINOLENIC ACID: Alpha-linolenic acid (ALA) is the only truly essential omega-3 fatty
acid. Like other omega-3 fats, it plays an important role in regulating inflammation, pain percep-
tion, and blood pressure. It's also a major structural component of the phospholipid layer of cell
membranes. Getting enough ALA helps maintain cardiovascular health, while also potentially pro-
tecting against cancer, pneumonia, and some forms of depression. Walnuts, flaxseeds, hempseeds,
and chia seeds are exceptional sources of this fat; pecans and sesame seeds also contain notable

amounts!
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Vitamin E, We Love Thee!

Although nuts and seeds are rich in a wide variety of micronutrients (as we'll see shortly), one vitamin in

particular deserves a shout-out: vitamin E! In fact, nuts and seeds are the best whole-food sources of this

important nutrient.

Vitamin E's most significant role is as a fat-soluble antioxidant, protecting the lipids in cell membranes

from oxidative damage. Its free radical-scavenging abilities make vitamin E helpful for cardiovascular

health, cancer protection, neurological health (including slowing the progression of Alzheimer's disease),

eye health, and any situations where oxidative stress increases (such as during pregnancy). What's more,

vitamin E is vital for fertility, during pregnancy, and for maintaining skin health. There's even evidence that

getting enough vitamin E can reduce the risk of the common cold!

Not only that, but vitamin E absorption is greatly enhanced by the presence of fat—making nuts and seeds,

with their naturally abundant fat content, extremely bioavailable sources of this nutrient. One human trial

found that consuming a diet with 10% or 20% of calories from almonds increased blood levels of vitamin E

by 12% and 15%, respectively! Another human trial from 2018 similarly found that eating 56 g of almonds

per day, for a period of four weeks, increased plasma vitamin E by 8.5%.

Per 100 g serving, nuts contain the following amounts of vitamin E:

ALMONDS: 27mg

BRAZIL NUTS: 16 mg
CASHEWS: 7mg

CHIA SEEDS: 0.5mg
COCONUTS: 2mg
FLAXSEEDS: 21mg
HAZELNUTS (FILBERTS): 20 mg
HEMP SEEDS: 1mg
MACADAMIA NUTS: o.5mg
PEANUTS: 8 mg

PECANS: 27mg

PINE NUTS: 21mg
PISTACHIOS: 26 mg
PUMPKIN SEEDS: 38 mg
SESAME SEEDS: 0.3mg
SUNFLOWER SEEDS: 37mg
WALNUTS: 24 mg
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Magnificent Micronutrients

Of course, vitamin E is far from the only micronutrient nuts and seeds provide. Other notable vitamins

and minerals include:

- COPPER, a trace mineral involved in glucose and cholesterol metabolism, gene expression,
free radical scavenging, red blood cell production, and the growth, development, and mainte-
nance of various organs (including the heart and brain). Per oz, sesame seeds contain 127% of
the DV, while cashews contain 68%! Brazil nuts, sunflower seeds, pumpkin seeds, and pistachio

seeds are also great sources, containing between 40 and 56% of the DV.

- MAGNE SIUM, an essential mineral that acts as an electrolyte and structural component in
cells and bone tissue, and that serves as a cofactor for hundreds of different enzymes (giving it a
role over 300 metabolic reactions!). Pumpkin seeds, Brazil nuts, sesame seeds, sunflower seeds,

almonds, and cashews are all notable sources of magnesium.

- MANGANE SE, a mineral that serves as a cofactor and component of numerous enzymes—
giving it roles in carbohydrate metabolism, amino acid synthesis, gluconeogenesis, detoxifi-
cation, lipid processing, free radical defense, bone and collagen formation, and wound healing.
Pumpkin seeds contain 55% of the DV per oz, but sesame seeds, almonds, sunflower seeds,

cashews, coconuts, and pistachios also supply substantial amounts.

- VITAMIN B7 (biotin), a water-soluble B vitamin that plays an important role in energy metabo-
lism (serving as a coenzyme for five carboxylase enzymes), neurotransmitter production, cellular
function, and the function of various organs. Per oz, almonds contain 45% of the DV for biotin,

and pistachios contain 30%.

. ZINC, an essential trace mineral that serves as a cofactor for over 300 enzymes and 1000
transcription factors, giving it important roles in immune function, sensory organ function,
reproduction, gene regulation, DNA synthesis, wound healing, and the metabolism and activi-
ty of multiple other nutrients. Pumpkin seeds and sesame seeds contain 20% of the DV per oz,

while cashews contain 15% and sunflower seeds contain 13%.

Lastly, Brazil nuts deserve a special mention for their incredible content of selenium—a relatively hard-to-
get antioxidant mineral that's important for immune and brain function. A one oz serving of Brazil nuts

provides 976% of the recommended daily intake!

Fabulous Fiber

Nuts and seeds are excellent sources of fiber! Although not officially labeled as essential, fiber is absolutely
fundamental for our health—helping regulate gut motility (promoting regularity), modulating gastric
hormones, and supplying our gut bacteria with fermentable substrate (i.e., food!) so that important

microbes can flourish and remain diverse.
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High fiber intake also reduces the risk of cardiovascular disease and of many forms of cancer (especially
colorectal cancer, but also liver cancer, pancreatic cancer, and others), and promotes overall lower inflam-
mation. High-fiber diets reduce the risk of mortality in cases of kidney disease and diabetes, and can even

reduce your risk of dying from an infection!

Different nuts and seeds have their own unique fiber compositions, but research generally shows that any
nut fiber is likely to have a beneficial effect on gut health, appetite regulation, fat absorption, cholesterol

levels, and more! For example, a 2023 in vitro experiment found that nut fibers stimulated the growth of

Lachnospiraceae and Ruminococcaceae bacteria, promoting the proliferation of beneficial microbes in the
colon (including some that generate short-chain fatty acids). A 2022 randomized crossover trial found that
consuming 28 g per day of peanuts, for a period of six weeks, significantly increased levels of Ruminococca-
ceae and Roseburia intestinalis, an important butyrate producer. In a 2020 experiment using a simulated
gastrointestinal model, soluble fiber from chia seeds reduced the accessibility of fats, glucose, and choles-

terol, limiting their digestion.

Fiber from flaxseeds, in particular, has been the subject of a number of studies. For example, a 2012 ran-

domized crossover study found that flaxseed fiber (added to either a drink or to bread) increased the excre-

tion of fat, while also decreasing total and LDL cholesterol levels. Another randomized controlled trial from
2012 found that the addition of 2.5 g of flaxseed fiber to a beverage significantly suppressed appetite and

energy intake. And yet another human trial found that among young men, flaxseed fiber suppressed post-

meal rises in triglyceride levels, while also reducing appetite! A 2005 trial similarly found that supplemental

flaxseed fiber (added to bread) reduced the subsequent blood sugar response.

Per 100 g, nuts and seeds contain the following amounts of total fiber:
- ALMONDS (WITH SKIN): 13g
- BRAZIL NUTS (PRIED, UNBLANCHED): 8g
- CASHEWS (RAW): 3g
- CHIA SEEDS: 349
- COCONUTS (RAW): og
- FLAXSEEDS: 27g
« HAZELNUTS (FILBERTS): 109
- HEMP SEEDS: 4g
- MACADAMIA NUTS: 9g
« PEANUTS: 9g
- PECANS: 109
- PINE NUTS: ag
- PISTACHIOS (RAW): 11g
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. PUMPKIN SEEDS (SHELLED AND DRIED): 6g
. SESAME SEEDS (WHOLE, DRIED): 12g

. SUNFLOWER SEEDS: gg

. WALNUTS: 7g

A Spotlight on L-Arginine

Nuts and seeds are some of the best food sources of L-arginine—an amino acid that plays several import-
ant roles in human health. The most unique benefit of this amino acid is its ability to increase vasodilation

(AKA opening, or dilating, blood vessels)!

More specifically, L-arginine is a precursor to nitric oxide (NO), a molecule that plays a crucial role in blood
vessel dilation—in turn helping regulate blood flow, maintaining healthy blood pressure, allowing proper
circulation throughout the body, and enhancing the overall health of the cardiovascular system. Studies
show L-arginine is particularly beneficial for people with conditions like hypertension and atherosclerosis,
but evidence also suggests it could benefit patients with preeclampsia, erectile dysfunction, and peripheral

arterial disease! Yet one more reason nuts are truly a heart-healthy food.

Nuts and seeds particularly high in arginine are peanuts, sesame seeds, pumpkin seeds, hazelnuts, chia
seeds, pistachios, Brazil nuts, pine nuts, cashews, walnuts, and almonds—all possessing at least 600 mg of

arginine per oz.
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Health Benefits of Nuts
and Seeds

Not surprisingly, numerous in vitro, in vivo, clinical, and epidemiologic studies have associated nut intake
with a wide range of health benefits—including the modulation of glucose levels and serum lipids, positive
influences on body weight, antioxidant and anti-inflammatory activities, and, consequently, protective ef-
fects against certain chronic conditions, such as cancer and cardiovascular diseases. Eating nuts and seeds

on a regular basis not only improves health but can potentially extend lifespan too!

Here's what the science says about nut and seed consumption and health risk!

Reduced risk of cardiovascular disease:

Nuts and seeds are a dazzlingly heart-healthy food group. Epidemiological studies consis-
tently show an association between nut intake and reduced risk of heart disease and stroke,

as well as a reduced risk of death from these diseases.

For example, a 2023 systematic review and meta-analysis found that high versus low consumption of total

nuts and seeds was associated with a lower risk of:
- TOTAL CARDIOVASCULAR DISEASE (19% LOWER RISK)
. CARDIOVASCULAR DISEASE MORTALITY (23% LOWER RISK)
- CORONARY HEART DISEASE (18% LOWER RISK)
- CORONARY HEART DISEASE MORTALITY (25% LOWER RISK)
- NON-FATAL CORONARY HEART DISEASE (15% LOWER RISK)

What's more, a dose-response analysis of the data found that with every 30 g per day increase in nut con-

sumption, cardiovascular disease risk dropped by 24% and cardiovascular disease death dropped by 27%!

And, a 2019 meta-analysis of prospective cohort studies found that along with reducing cardiovascular and

coronary heart disease incidence and mortality, higher nut consumption was associated with a 15% lower

risk of atrial fibrillation and a 17% lower risk of death from stroke!

The cardiovascular-protective mechanisms of nuts and seeds are almost too numerous to count: the fiber,
magnesium, polyunsaturated fatty acids, vitamin E, phytonutrients, and L-arginine in nuts have all been
independently linked to reductions in cardiovascular risk—including improving endothelial function, posi-
tively impacting glucose and lipid homeostasis, improving blood lipid profiles, reducing inflammation, and

more. Few foods have such an impressive resume when it comes to heart health!
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Reduced risk of cancer:

Research shows that nuts and seeds may reduce cancer risk, have anti-cancer effects
against specific cancer types, and even help protect against death from cancer. For exam-

ple, a 2020 meta-analysis encompassing 47 studies found that compared with eating no nuts, consuming

tree nuts was associated with a 12% lower cancer risk. There was also a 10% lower risk of cancer-specific

mortality! These protective protective effects increased with greater nut intake.

A 2021 systematic review and meta-analysis of observational studies likewise found that the highest (ver-
sus lowest) intakes of total nuts was associated with a 14% lower risk of cancer. And, every 5 g daily increase

in total consumption was associated with a 3% reduced risk of cancer 4% lower risk of cancer mortality!

And, another 2020 meta-analysis found that compared with the lowest category of nut intake, higher nut
consumption was associated with a 10% decreased risk of overall cancer. These protective effects started
with a consumption of 9 g of nuts per day, and the risk of cancer decreased by 10% for every 20 g per day

increase in nut consumption.

Most recently, a 2023 meta-analysis found that every 10 g daily increase in tree nut intake was associated

with a 20% reduction in overall cancer mortality!

Along with protecting against cancer on the whole, some research has linked nut and seed consumption to

reduced risk of specific cancers. Those include:

- BREAST CANCER: A 2015 study found that high intakes of walnuts, almonds, and peanuts
reduced breast cancer risk by 2 to 3 times! And, a 2022 study found that regular nut consumption

was associated with better disease-free survival among long-term breast cancer survivors.

- COLORECTAL CANCER: A 2018 case-control study found that consuming at least three
servings of nuts per week (compared to consuming no nuts) was associated with a 70 — 72% lower
risk of colorectal cancer. Another prospective observational study from 2018, studying patients
with stage III colon cancer, found that those who consumed at least two servings of tree nuts per
week had a 46% increase in disease-free survival (and 53% increase in overall survival) compared

to patients who didn't consume nuts!

- PANCREATIC CANCER: A 2013 prospective study of over 75,000 women found that after
adjusting for various risk factors, consuming nuts at least twice per week (compared to rarely or

never) was associated with a 35% lower risk of pancreatic cancer.

- LUNG CANCER: A 2017 analysis of two large observational studies found that regardless of
smoking status, the highest versus lowest quintile of nut intake was associated with a 26% lower

risk of lung cancer.
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Improved blood sugar control:

Although the jury's still out about whether nut and seed consumption directly impacts
incidence of type 2 diabetes, studies suggest these foods can at least help regulate blood

sugar! For instance, a 2021 systematic review of 15 different trials concluded that among type 2 diabetics,

tree nut consumption helped reduce both fasting blood sugar and glycated hemoglobin (a measure of long-
term blood sugar control). The beneficial role of nuts in glucose and insulin metabolism has been associat-

ed with their content of fiber, fat, minerals, and other bioactive molecules.

Improved cognitive health and performance:

Nuts and seeds could rightfully be called "brain food!” A 2023 prospective cohort study

found that among adults aged 55 to 75, those consuming at least three servings of nuts per
week had a significantly slower decline in cognitive performance, compared to participants eating less than
one serving of nuts per week. Another prospective study from 2019 found that even after adjusting for po-
tential demographic, dietary, and behavioral factors, eating at least 10 g of nuts per day was associated with

higher cognition scores and a 40% lower risk of poor cognitive function!

Similarly, a 2022 cohort study of elderly adults found that compared to nut non-consumers or less-than-
weekly consumers, those consuming at least 70 g per week of nuts had a 17% lower risks of cognitive
impairment. Importantly, consistent nut consumption mattered: eating large amounts of nuts on an infre-
quent basis (e.g., at least 70 g consumed in only one day per week) was not associated with better cognitive

performance!

Peanuts specifically have been shown to boost some aspects of cognition, especially memory. In a 2021
randomized controlled trial of healthy young adults, six months of consuming either 25 g daily of roasted
peanuts or 32 g daily of peanut butter resulted in significant improvements in immediate memory, as well
as better stress responses. These improvements were heavily correlated with polyphenol intake from the

peanuts!

These cognition-supportive effects seen observationally are well supported mechanistically. Neurons are
particularly susceptible to oxidative stress, and the impressive quantities of vitamin E, antioxidant phyto-
nutrients, and (in some cases) omega-3 fats in nuts and seeds can help protect neurons from free radical

damage!

Reduced risk of death from infectious disease:

A 2016 systematic review and meta-analysis of prospective studies found that every 1 oz

serving per day increase in tree nut intake was associated with a 75% lower risk of death
from infectious disease. A 2019 analysis of data from over 566,000 adults likewise found
that after adjusting for potential confounders, nut consumption (compared to no nut
consumption) was associated with a 23 — 28% lower risk of death from infectious causes.
Indeed, nuts contain a number of potentially immune-boosting components that could explain this find-

ing—particularly their phytonutrients and vitamin E!
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Reduced risk of depression:

Nuts and seeds may even help protect against depression! For example, a 2016 cohort study

of over 13,000 adults found that consuming nuts at least once per week (compared to less
than once per week) was associated with an 18% reduced risk of depressive symptoms. A 2022 systematic
review likewise concluded that overall, the available research (both observational studies and controlled
trials) suggests that higher nut consumption is associated with lower risk of depression, better mood state,

and fewer depressive symptoms in the overall population.

Reduced risk of non-alcoholic fatty liver disease
(NAFLD):

A 2023 systematic review and meta-analysis of 12 observational studies found that when comparing the
highest nut intake with the lowest, NAFLD risk was reduced by 10%. One prospective study from 2020
found that among men, consuming nuts at least once per day was associated with a 41% lower risk of de-
veloping NAFLD. And, a 2021 analysis of National Health and Nutrition Examination Survey (NHANES) data
found that nut consumption of 15 — 30 g daily was associated with significantly lower prevalence of NAFLD

in both men and women.

This protective effect may be due to nuts’ high vitamin E content (which helps prevent lipid peroxidation
involved in NAFLD), fiber (which helps reduce liver exposure to harmful bacterial products like endotoxin),

and unsaturated fat (which has been shown to help alleviate liver fibrosis and liver fat accumulation).

Reduced risk of respiratory disease death:

A 2016 systematic review and meta-analysis of prospective studies found that every 1 oz
serving per day increase in nut consumption was associated with a 52% reduced risk of

respiratory disease mortality! A 2015 meta-analysis of over 120,000 adults likewise found a 29% lower risk
of death from respiratory diseases when comparing the highest versus lowest intakes of nuts. And, a 2014

analysis of two large cohort studies found that consuming nuts two to four times per week was associated
with a 17% reduction in respiratory disease mortality, while consuming nuts at least five times per week

cut that risk by 24%!

Although more research is needed to understand the mechanisms at play here, the fatty acids, magnesium,

and phytonutrients in nuts and seeds have been shown to have lung-protective effects.

Neutral or reduced risk of weight gain and obesity:

Although nuts were once feared to contribute to weight gain due to their high fat content
and energy density, our most up-to-date research suggests they contribute to weight gain

in the general population—and what's more, may even help protect against obesity!

198 Nutrivore Foundational Foods


https://pubmed.ncbi.nlm.nih.gov/35389470/
https://pubmed.ncbi.nlm.nih.gov/35389470/
https://pubmed.ncbi.nlm.nih.gov/37242277/
http://ncbi.nlm.nih.gov/pmc/articles/PMC7774938/
https://pubmed.ncbi.nlm.nih.gov/34522969/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5137221/
https://pubmed.ncbi.nlm.nih.gov/26066329/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3931001/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3931001/

For example, a 2021 systematic review and meta-analysis found that in prospective cohort studies, high-
er nut consumption was associated with a 7% lower risk of being overweight or obese, as well as a lower

risk of elevated waist circumference. Similarly, a 2019 systematic review of prospective studies found an

inverse association between long-term nut consumption (typically at intakes of at least one to two servings
per week) and weight gain over time. Consumed in moderation, the nutrients, fiber, and bioactive com-

pounds in nuts appear to promote metabolic health and assist in healthy weight regulation.

Reduced risk of all-cause mortality:

Nut consumption appears protective over all-cause mortality! The 2020 Prospective Urban

Rural Epidemiology (PURE) study, using data from 16 countries from five different conti-

nents, found that consuming over 120 g of nuts per week (compared to less than 30 g per
month) was associated with a 23% reduced risk of total mortality (including a 28% reduced

risk of cardiovascular mortality, and an 18% reduced risk of non-cardiovascular mortality)!

Similarly, a 2016 systematic review and meta-analysis, encompassing 29 prospective studies, found that a

mere 10 g serving per day increase in tree nut intake was associated with an 18% reduced risk of all-cause

mortality!
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What’s the Deal with Peanuts?

Arguably the most beloved of the nuts (at least based
on global consumption!), peanuts have been subject to
some lingering rumors about their healthfulness and
safety. In particular, you may have heard the claim
that peanuts are widely contaminated with mycotox-
in-producing mold, making them dangerous to eat.
Yikes! When it comes to peanuts, is there a fungus

among-us?

Peanuts can indeed be susceptible to mold growth—

primarily Aspergillus flavus, which produces carcino-

genic metabolites called aflatoxins (which in turn

have been shown to induce liver injury and liver can-

cer at high enough exposures). This mold is more likely to contaminate crops in warm and humid regions,

and can infect peanuts growing in the field, at harvest, or during storage.

However, this doesn't mean the peanuts we buy in the store are swimming in mycotoxins! In many parts
of the world (especially in the United States and the European Union), strict regulations and quality con-
trol measures are in place for peanuts and peanut products. These regulations involve testing and setting
limits on aflatoxin levels, ensuring that peanuts on the market are safe to consume. The FDA also conducts
random checks on peanut butter and other peanut products, removing any items from sale that don't meet

food safety standards.

What's more, most peanuts sold for human consumption go through processes like roasting or heat treat-
ment. These processes destroy a substantial amount of aflatoxin. For example, a 2017 study found that

roasting reduced the aflatoxin content of experimentally contaminated peanuts by up to nearly 90%!

It's also worth noting that, to date, there haven't been any reported outbreaks of human illness caused by

aflatoxins in the United States (although such outbreaks have occurred in some developing countries).

Bottom line: by the time peanuts (and peanut products) reach the store shelves, they've been harvested,
processed, and screened to eliminate any harmful levels of aflatoxin exposure. Buying major brands of
peanut products and peanut butter (opposed to home-grown items) can help further ensure these products

are safe!
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Nuts and Seeds Nutrivore

Nuts and seeds have an average Nutrivore Score of 276, but different members of this food group vary

tremendously here!

Almonds (with skin) | 234

Brazil nuts (dried, unblanched) | 694
Cashews (raw) | 203

Chia seeds | 450

Coconut (raw) [ 179
Flaxseeds | 515
Hazelnuts (filberts) | 292

Hemp seeds | 415

Macadamia nuts | 167

Peanuts | 219

Pecans| 221

Pine nuts | 222
Pistachios | 265

Pumpkin seeds | 271

Sesame seeds | 299

Sunflower seeds | 340

Walnuts | 303
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Some Practical Pointers

Here are some tips for selecting and storing nuts and seeds, to ensure they stay fresh and delicious as long

as possible!

- CHECK FOR FRESHNESS. When
buying nuts and seeds (especially if in bulk
containers
rather than pre-packaged), look for those
with no signs of rancidity or mold. Avoid

nuts that look or smell "off"!

- BUY IN SMALL QUANTITIES. The
unsaturated oils in nuts and seeds can
go rancid over time due to more readily
oxidizing than saturated fats. Purchase
smaller quantities to ensure you use them

before they spoil!
- STORE IN AIRTIGHT CONTAINERS. Storing nuts and seeds in airtight containers (like
glass jars or resealable bags) helps prevent exposure to air and moisture, in turn helping them stay

fresh for longer.

- KEEP THEM COOL AND DRY. Store nuts and seeds in a cool, dry place, such as a cupboard
or pantry (as long as those places aren't near the stove!). Avoid storing in direct sunlight. Moisture
can cause nuts and seeds to spoil more quickly (or in the case of raw items, sprout!), so keeping

them away from humid environments is idea.

REFRIGERATE OR FREEZE. For nuts with higher polyunsaturated fat content (such as

walnuts or flaxseeds), storing in the refrigerator or freezer can help prevent their delicate fats from

oxidizing, in turn extending shelf life. Just be sure to use an airtight container or freezer bag!

- LABEL AND DATE. To help keep track of freshness, label containers with the date of purchase.
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Introduction to Seafood

Out of all the animal-based foods out there, one group
has consistently topped the scoreboard in terms of
health benefits: seafood! In fact, seafood consumption
can positively impact nearly every body system, help-
ing improve both our physical and our mental health.
It's also an incredibly ancient food group: archeolog-
ical evidence shows that as far back as 1.95 million
years ago, our early ancestors were using stone tools
to butcher and process aquatic life. These foods may
have supplied critical brain-growth compounds that

helped pave human evolution.

Without further ado, let's take a dive into this

amazing food group!
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What Counts as Seafood?

The term “seafood” encompasses any edible aquatic creature—meaning all freshwater fish, saltwater fish,
shellfish (both mollusks and crustaceans), and roe (fish eggs). (While other water-borne organisms like
seaweed and algaes are also technically foods from the sea, they have more nutritional similarities to other

plant life, and are therefore considered vegetables.)

Although the full list is enormous, some of the most commonly eaten types of seafood include:

203

- ORANGE ROUGHY

- ANCHOVIES - OYSTER

- ARCTIC CHAR - PERCH

- BARRACUDA - PIKE

- BLACK COD - POLLOCK

- CAVIAR (STURGEON ROE) . SALMON

- CATFISH - SARDINES

- CLAM - SEA BASS

. COD - SEA CUCUMBER
- CRAB - SEA URCHIN

- CRAWFISH - SCALLOP

- EEL - SHARK

- FLOUNDER - SHRIMP/PRAWNS
- GROUPER - SMELT

- HADDOCK - SNAPPER

- HALIBUT - SOLE

- HERRING - SQUID

- IKURA (SALMON ROE) - STURGEON

- LINGCOD - SWORDFISH

- LOBSTER - TILAPIA

- MACKEREL - TOBIKO (FLYING FISH ROE)
- MAHI MAHI - TROUT

- MONKFUSH - TUNA

- MUSSEL - WHITEFISH

- OCTOPUS - YELLOWTAIL

Nutrivore Foundational Foods



What Makes Seafood So Great?

Most of us have heard about seafood’s greatest claim to fame (the omega-3 fats in oily fish), but seafood
actually contains a variety of other impressive nutritional features, too—including important carotenoids
and micronutrients. What's more, different types of seafood are particularly noteworthy sources of these

nutritional goodies, making variety worth striving for!

Omega-3 Fats

Fish and shellfish are our dominant dietary sources
of the long-chain omega-3 fatty acids DHA and EPA
(opposed to ALA, the shorter-chain omega-3 fat
found in plants). These important fats block multiple
inflammation pathways in our cells, making them
powerfully anti-inflammatory; they also play import-
ant roles in neurological health, immune function,
eye health and vision, inflammation, pain signaling,
gut health, fetal development, and some aspects of
cardiovascular health (like triglyceride levels and
blood clotting)!

Across endless studies, deficiencies in DHA and EPA have been linked to dyslexia, violence, depression,
anxiety, memory problems, Alzheimer’s disease, weight gain, cancer, cardiovascular disease, stroke, eczema,
allergies, asthma, inflammatory diseases, arthritis, diabetes, autoimmune diseases, and many others. So, it's
easy to see why getting enough of them is important! In fact, omega-3s have been shown to reduce our risk

of many chronic diseases and chronic disease risk factors, such as high triglycerides.

Oily seafood like salmon, trout, mackerel, herring, sardines, anchovies, and caviar are some of the best
sources of EPA and DHA in the world!

Carotenoids

Many types of seafood contain carotenoids—a class of fat-soluble pigments that impart a red, pink, orange,
or yellow coloration. For aquatic life, carotenoids are useful for survival because they help protect against
UV radiation, free radicals, reactive oxygen species, and other stressors encountered in the water. But,

these compounds also impart important health effects for humans when we eat them!

One of the most common carotenoids in seafood is astaxanthin, a reddish pigment with potent antioxidant
and anti-inflammatory properties. In fact, its ability to fight free radicals is up to 6000 times higher than

another famous antioxidant, vitamin C! A variety of in vitro and in vivo studies have demonstrated astax-
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anthin can help boost cardiovascular health, reduce high
blood pressure, modulate the immune system, protect
against diabetes, exert anti-tumor activities, protect the
liver, boost neurological health (including protecting
against neurodegenerative conditions like dementia,
Parkinson's disease, and Alzheimer's disease), support
bone health, improve skin health, enhance performance,
support eye health (including protecting against glauco-
ma and cataracts), and beneficially influence the endo-
crine system. It's also been shown to improve the gut

microbiome composition!

Due to its high concentration in algae and seaweed, astaxanthin is particularly abundant in algae-eating
fish and shellfish such as salmon, rainbow trout, Arctic char, krill, shrimp, lobster, crawfish, and some crabs.

(Indeed, their astaxanthin content is why all these creatures are similarly colored!)

A derivative of astaxanthin, adonixanthin, has also been found in seafood such as salmon and rainbow
trout. Although relatively little research exists on it so far, the studies we do have show that adonixanthin
may possess anti-tumor effects against glioblastoma, protect against hemorrhagic brain injury (even more

so than astaxanthin!), and have beneficial activity in the central nervous system.

Some seafood also contains canthaxanthin, a red-orange carotenoid with powerful antioxidant activity—
including potentially protecting LDL cholesterol from oxidation (in turn giving it a cardio-protective role).
It can also help modulate the immune system, including enhancing the function and proliferation of im-

mune competent cells. Canthaxanthin is found in Pacific salmon, sea trout, and some less common edible

fish such as seabream and golden grey mullet.

Although less well-studied for their effects on human health, other antioxidant carotenoids in seafood
include mytiloxanthin (found in shellfish like mussels and oysters, and possessing nearly as much anti-
oxidant activity as astaxanthin!), pectenolone (found in scallops), tunaxanthin (found in albacore tuna, as
the name might imply, as well as salmon and yellowtail), and alloxanthin (found in clams, mussels, catfish,
lake shrimp, and lake trout). Although their specific benefits are still being explored, these carotenoids all

possess antioxidant activity that would likely make them protective against a number of chronic diseases.

Magnificent Micronutrients

Seafood has a dazzling array of micronutrients, including:

- VITAMIN A (RETINOL), a vitamin is essential for bone growth, tooth remineralization, skin
health, vision, reproduction, and immune function. It's found in shrimp, salmon, sardines, and

tuna.

. VITAMIN B7 (BIOTIN), awater-soluble B vitamin that plays an important role in energy

metabolism (serving as a coenzyme for five carboxylase enzymes), neurotransmitter production,
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cellular function, and the function of various organs. A 4 oz serving of sardines contains 92% of

the DV for biotin, while clams contain 87% of the DV. Halibut and mackerel are also great sources!

CALCIUM, amajor structural component of bones and teeth that also serves as an electro-
lyte—a type of electricity-conducting mineral needed for regulating nerve impulses, muscle
contraction, heartbeat, blood pH, and fluid balance. A 4 oz serving of bone-in sardines contains

34% of the DV for calcium, and crab, scallops, and canned salmon are also great sources.

COPPER, a trace mineral involved in glucose and cholesterol metabolism, gene expression, free
radical scavenging, red blood cell production, and the growth, development, and maintenance of
various organs (including the heart and brain). Seafood rich in copper includes squid (242% of the
DV per 4 oz serving!) and Alaskan king crab (118% of the DV!); sardines and trout contain about a
quarter of the DV.

IODINE, a trace mineral that serves as a structural component of thyroid hormones, giving it a
major role in thyroid health and function (and subsequently metabolism, reproductive function,
growth, and development). Per 4 oz serving, Alaskan king crab contains 162% of the DV for iodine,
clams contain 120% of the DV, and mussels contain 80%. Atlantic mackerel, Atlantic herring, and

sardines also supply notable iodine.

MANGANE SE, a mineral that serves as a cofactor and component of numerous enzymes—giv-
ing it roles in carbohydrate metabolism, amino acid synthesis, gluconeogenesis, detoxification,
lipid processing, free radical defense, bone and collagen formation, and wound healing. Per 4 oz

serving, mussels contain 170% of the DV for manganese, while trout contains 43%!

VITAMIN B3 (NIACIN), awater-soluble B vitamin that's needed for over 400 enzymes in-
volved in DNA repair, fatty acid synthesis, antioxidant systems, detoxification, hormone synthe-
sis, and macronutrient breakdown. Per 4 oz serving, skipjack tuna contains over 100% of the DV

for niacin; halibut contains 47% of the DV for niacin, while sardines contain 38%.

SELENIUM, a trace mineral that helps form over two dozen selenoproteins involved in repro-
duction, thyroid hormone metabolism, antioxidant defense, DNA synthesis, and immunity. Per 4
oz serving, sardines, Atlantic herring, halibut, squid and mussels all supply nearly 100% or more

of the DV for iodine. Clams, crab, salmon, and shrimp are also great sources!

VITAMIN B1 (THIAMIN), a water-soluble vitamin that serves as a cofactor for a variety of
enzymes involved in carbohydrate and amino acid metabolism, RNA and DNA production, and
generating energy for the Krebs cycle. Seafood high in thiamin includes mackerel, trout, salmon,

and tuna.

VITAMIN B12 (COBALAMIN), a water-soluble vitamin that serves as a cofactor for enzymes
involved in energy metabolism, red blood cell production, DNA synthesis, neurotransmitter
production, nervous system health, and folate metabolism. Shellfish are an outstanding source
of vitamin B12, with mussels boasting 575% of the DV per 4 oz serving, clams containing 541% of
the DV, and Alaskan king crab containing 431% of the DV. Other amazing marine sources of this
nutrient include Atlantic herring (655% of the DV) sardines (428% of the DV), Atlantic mackerel
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(417% of the DV), and trout (373% of the DV). Halibut, squid, and skipjack tuna also contain notable

amounts.

« VITAMIN D, a fat-soluble vitamin and steroid hormone that's needed for immune function, gut
health, calcium absorption, and skeletal health. Per 4 oz serving, Atlantic mackerel contains 93%

of the DV, sardines contain 28% of the DV for vitamin D, and halibut contains 27%.
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Health Benefits of Seafood

Given their awesome assortment of omega-3 fats, antioxidants, and micronutrients, it shouldn't come as
a surprise that seafood consistently shows up as health-protective against a wide variety of diseases! Here

are some highlights.
Cardiovascular Disease

Seafood's reputation as being heart-healthy has enormous backing in the scientific
literature! In a 2021 meta-analysis spanning 25 prospective cohort studies and over 2
million participants, cardiovascular disease mortality dropped by 4% with every 20 g

increase in daily fish intake. A 2014 meta-analysis additionally found that people in the highest category of

fish consumption (four or more times per week) had a 21% lower risk of developing acute coronary syn-
drome (in which blood flow to the heart suddenly decreases); analyzed another way, every 100 g increase in

weekly fish intake was associated with a 5% lower risk.

A 2021 meta-analysis focusing specifically on seafood intake and stroke found that consuming 1000 g of
fish per month was associated with a 17.3% drop in stroke risk. Interestingly, another analysis of prospec-
tive cohort studies, this one from 2018, found that when fatty fish and lean fish were analyzed separately,
both fish types were significantly protective for stroke risk. So, it's more than just the omega-3s in oily fish

driving these cardiovascular benefits!

Among people with diabetes, a 2018 cohort study found that over the course of 18 years of follow-up, people
who ate fish at least twice a week had a 70% lower risk of death from stroke and a 31% lower risk of death

from cardiovascular disease in general.

Controlled trials have also supported the cardiovascular benefits of fish consumption. A 2017 meta-analysis

of 14 intervention studies found that oily fish consumption led to a significant improvements in cardiovas-

cular risk factors, including a drop in triglyceride levels (-0.11 mmol/L) and an increase in HDL cholesterol

(0.06 mmol/L).

Lastly, a 2023 review of meta-analyses found that per 100 g of daily fish intake, risk of myocardial infarc-
tion dropped by 25%, risk of heart failure dropped by 20%, risk of stroke dropped by 14%, risk of coronary
heart disease dropped by 12%, risk of atrial fibrillation dropped by 40%, and risk of cardiovascular mortality
dropped by 25%. Wow!

Depression and Anxiety

Seafood isn't just a boon for physical health: it's supportive of mental health, too!
Specifically, research has linked fish consumption to a lower risk of mood disorders like

depression and anxiety.
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In a 2018 review of prospective studies, encompassing nearly 110,000 participants, every additional week-
ly serving of fish was associated with an 11% lower risk of depression. A meta-analysis from 2016 likewise
found that people with the highest versus lowest fish consumption had a 17% lower risk of depression. And,

a 2017 prospective study in Japan found that people eating at least 111 g of fish per day had a 56% lower risk

of depression!

Fish intake appears similarly protective of mental health during pregnancy. Two studies, one from 2013 and
one from 2009, found that at 32 weeks gestation, women with no omega-3 intake from seafood had a 53%
higher risk of anxiety and a 54% higher risk of depression, compared to women eating over 1.5 of omega-3s

from seafood per week.

Cognitive Impairment

Studies suggest a protective role of seafood on cognitive disorders. In a 2016 meta-analysis

of 21 cohort studies, every 1 serving per week increment of fish intake was associated with
a 5% lower risk of dementia and a 7% lower risk of Alzheimer's disease. A 2021 cohort study likewise found
that people in the top two quartiles of fish intake had a 61 — 78% lower risk of developing dementia later
in life. And, a 2023 review of meta-analyses found that per 100 g of daily fish intake, risk of Alzheimer’s
disease dropped by 39%!

Inflammatory Bowel Disease
A 2020 meta-analysis found that higher fish consumption was associated with a 46% low-

er risk of ulcerative colitis.

Cancer
Seafood intake has been associated with a decreased risk of many different cancers! So far,

the research shows protection against:

- BRAIN CANCER: A 2020 meta-analysis of eight observational studies found that higher fresh

fish intake was associated with a 28% lower risk of developing glioma.

.- COLORECTAL CANCER: A 2022 meta-analysis, looking at the results of 25 different
prospective studies, found that every 50 g increase in daily fish consumption was associated
with a 4% reduction in colorectal cancer risk. And, a 2022 analysis looking specifically at canned
fish consumption (tuna, mackerel, and sardines) found a significantly protective effect at higher
intakes: people eating canned fish 1 — 2 times per week had a 19% lower risk of colorectal cancer,
while people eating canned fish at least twice a week had a 34% lower risk! Assessed another way,

every 10 g daily increase of canned fish reduced colorectal cancer risk by 20%.

- ESOPHAGEAL CANCER: In a 2013 meta-analysis of 34 studies, people with the highest

versus lowest intake of fish had a 36% lower risk of developing esophageal cancer.

- LIVER CANCER: A 2015 meta-analysis of 17 case-control and 3 cohort studies found that peo-

ple with the highest (versus lowest) fish intake had a 35% lower risk of developing liver cancer!
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- LUNG CANCER: A 2014 meta-analysis found that people with the highest versus lowest con-

sumption of fish had a 21% lower risk of developing lung cancer.

« LYMPHOMA: A 2020 meta-analysis found that people in the highest category of fish con-

sumption had a 20% lower risk of developing non-Hodgkin's lymphoma, compared to people in
the lowest category of fish consumption. This translated to a 15% lower risk per every additional

three weekly servings of fish!

- ORAL CANCER: A meta-analysis from 2019 found that Europeans with the highest versus

lowest consumption of fish had a 33% lower risk of oral cancer.

- OVARIAN CANCER: Research suggests seafood has a protective effect against ovarian cancer,

and may even improve survival among patients who already have the disease. Two case-control

studies found that high fish intake was associated with a 24% lower risk of ovarian cancer, and a

2022 meta-analysis found that ovarian cancer patients with the highest intake of fish had signifi-

cantly lower mortality—a 26% lower risk.

- PROSTATE CANCER: A 2010 meta-analysis of 12 case-control studies found that among
patients with prostate cancer, people with the highest fish consumption had a 63% lower risk of

cancer-specific death.

Hearing Loss

That's right: the benefits of seafood might extend all the way to our hearing! A 2014 pro-
spective study found that compared to rarely eating fish (less than one serving monthly), consuming fish
at least twice per week was associated with a 20% lower risk of hearing loss. When the data was stratified
by seafood type, the protective effect remained for all types of fish: canned tuna, light meat fish, dark meat
fish, and shellfish (in fact, eating just one serving of shellfish per month was associated with a 14% lower

risk of hearing loss!).

Age-Related Macular Degeneration

In a meta-analysis from 2016, looking at data from nearly 129,000 participants across

eight cohort studies, higher fish consumption was associated with a 24% lower risk of age-related macular
degeneration, with dark-meat fish and tuna fish showing a particularly protective effect (32% lower risk

and 42% lower risk, respectively).

A 2023 review of meta-analyses also found that per 100 g of daily fish intake, risk of

age-related macular degeneration dropped by 56%.

Total Mortality

A number of studies indicate that regularly eating seafood can reduce risk of death from

all causes. A 2023 umbrella review of meta-analyses found that every incremental serving

of fish per day was associated with a 7% drop in all-cause mortality risk.
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Cooking Method Matters!

Paradoxically, some studies (especially from Europe)
have shown a U-shaped curve when it comes to fish
consumption, where both low and high intakes are
associated with increased risk of cardiovascular disease

and all-cause mortality. What's going on here?

Although researchers initially speculated this could be
due to increased exposure to some of the toxins that can
accumulate in fish (including methylmercury, dioxins,
and polychlorinated biphenyls or PCBs), this didn't
explain the lack of a U-shaped curve in non-European co-
horts (such as from North America or Asia) where fish is
equally as likely to contain these toxins. It turned out, the
reason may be a simple matter of preparation method!
Traditional preparations of fish in many parts of Europe
include deep-frying, battering, pickling, or salting—
introducing variables such as trans-fatty acids or

oxidized frying oils.
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What About Mercury?

Amidst the many health benefits of seafood is one
well-publicized risk: potential contamination with an
organic form of mercury called methylmercury (as well
as other toxins, such as PCBs and dioxins). In fact, preg-
nant women are advised to limit seafood consumption to
just two 6-0z servings per week over fears that mercury
will cause brain damage to the developing fetus. But, are

these concerns based on sound science?

It turns out, there's more to the story than meets the

eye! The high micronutrient content of seafood comes to

the rescue here—specifically, the trace mineral seleni-

um. Among selenium’s many roles is an ability to bind

irreversibly with mercury, in turn reducing its absorp-

tion and preventing its harmful effects in our bodies. In

fact, the selenium in seafood can help protect us from mercury exposure from other sources beyond the

seafood itself!

The only exceptions to this rule are the top-predator fish from contaminated waters, in which the meth-
ylmercury accumulation is higher than their selenium content. Mercury levels in these fish can be quite
high not only due to absorbing mercury from the water, but also from biomagnification, where mercury
accumulates from the organisms that these fish consume. Luckily, the list here is fairly short: fish with po-
tentially unsafe mercury levels are king mackerel, marlin, pilot whale, shark, tarpin, tilefish, and swordfish

(although some studies show that swordfish is okay!).

What's more, the majority of commonly eaten seafood is actually quite low in methylmercury to begin
with. The vast majority of ocean fish and approximately 97% of fresh water fish are low in mercury and/or
contain enough selenium to protect against its effects. Extremely safe seafood varieties include shellfish
(including oysters, clams, scallops, mussels, crab, shrimp, and lobster), anchovies, salmon, trout, herring,
haddock, pollock (Boston bluefish), sole, flounder, Atlantic mackerel, and lake whitefish.

Ultimately, increasing your dietary intake of selenium is a great way to protect yourself from mercury
exposure from food sources or from environmental factors. Along with seafood and seaweed, selenium is

abundant in Brazil nuts, mushrooms, onions, sunflower seeds, and meat and poultry (especially the liver!).
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Seafood Nutrivore Scores

The average Nutrivore score of seafood is 695!

Anchovies | 812 Oyster, Eastern (Farmed) | 3049

Caviar (sturgeon roe) | 1582 Oyster, Pacific | 2255
Catfish (Wild) | 559 Perch 508
Clams | 1046 Pike | 573

Cod (Wild) | 475 Pollock | 675

Crab (Alaskan king) | 1211 Salmon (wild Atlantic) [ 868
Crawfish | 616 Sardines (canned) | 654

Eel | 385 Sea bass | 575

Flounder | 749 Scallop | 645

Grouper | 400 Shrimp/prawns | 535

Haddock | 464 Rainbow Smelt | 834

Halibut | 523 Snapper 548

Herring (Atlantic) | 996 Sole | 749
Lingcod | 418 Squid | 890

Lobster | 839 Sturgeon | 528

Mackerel (Atlantic) | 922 Swordfish | 557
Mackerel (King) | 1242 Tilapia | 409
Mackerel (Spanish) | 770 Trout | 710
Mussels | 1564 Tuna (skipjack) | 645

Octopus (Alaska Native) | 2322 Whitefish | 663
Orange roughy | 392 Yellowtail | 210
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Some Practical Pointers

Getting the most out of your seafood is a matter of proper selection and storage! Here are some tips for

optimizing both.

Selecting seafood at the store:

- If buying whole fish, check for clear, bright eyes, red
gills, and intact scales. The fish should have a mild ocean
scent—not overpoweringly “fishy”! Avoid fish with sunk-

en eyes, dull skin, or a strong ammonia-like smell.

« If buying fish fillets and steaks, they should be moist,
translucent, and free of any browning or discoloration.

They should have a fresh, mild smell.

« If buying frozen seafood, ensure that the packaging is
intact without any signs of freezer burn. The seafood
should be solidly frozen and free from ice crystals (which
can indicate the package previously thawed and re-

froze).

Storage:

Seafood is highly perishable, so it's important to store it at the

right temperature and in the right environment!

+ The general rule is to keep seafood refrigerated at or
below 40°F (4°C), or frozen at or below 0°F (-18°C). If
you're not planning to consume it within a couple days,

it's best to freeze it.

- If storing seafood in the refrigerator, place it in a clean,
sealed container or wrap it tightly in plastic wrap or
aluminum foil. This helps prevent any fishy odor from
permeating other foods (and also protects your seafood

from contamination!).

« If storing seafood in the freezer, wrap it tightly in moisture-proof freezer bags. Alternatively, you
can use a vacuum sealer to minimize air exposure (which can cause freezer burn). It can also help to

label the packages with the date to keep track of the storage time!
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- Fatty fish (like salmon or mackerel) can be stored in the freezer for 2 — 3 moths, while lean fish
(like cod) can be stored for up to 6 months. Shellfish (like shrimp or scallops) can be stored for 3 —

6 months, and cooked seafood can be stored for 2 — 3 months.

« When ready to use frozen seafood, thaw it properly to maintain its quality and safety. The best
method is to thaw it overnight in the refrigerator. Alternatively, you can use the defrost function on
your microwave, or place the seafood in a sealed bag and submerge it in cold water. Avoid thawing

seafood at room temperature, as it can promote bacterial growth.

Seasonality:

Thanks to the power of freezing and refrigeration, most types of seafood are available year-round. But, if

you're going for fresh, specific fish and shellfish have their own peak seasons!
- AMBERJACK: January through May
- BRANZINI: Year-round
. CATFISH: Year-round
. CHAR: Year-round

- COD: Year-round, with peak season of late winter for Pacific cod and late summer for

Atlantic cod
- FLOUNDER: October through early spring
- GROUPER: February through June
- HADDOCK: Fall through winter
- HALIBUT: Year-round
- MAHI MAHI: Summer
. MARLIN: Spring through December
« SALMON: Year-round for Atlantic; summer for king, sockeye, Pacific, Keta, and Coho
. SEABASS (CHILEAN): Year-round
- RED SNAPPER: Winter
- SOLE: Year-round
- SWORDF ISH: Summer
- SKATE: Winter
- TILAPIA: Year-round
- TROUT: Year-round
« TUNA: Summer
. CLAMS: Winter through mid-summer
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- CRAB: Mid fall through winter or spring for Dungeness, king, and stone crab; winter for snow

crab; spring and summer for soft shell crab
. CRAWF ISH: Winter through early summer
- LOBSTER: December through spring
- MUSSELS: Early winter through mid summer
- OYSTERS: Fall through winter
« SCALLOPS: Year-round for sea scallops; November for bay scallops
- SHRIMP: Late March through early December
- SQUID: Year-round
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Track Your Foundational Food
Servings with the Nutrivore Weekly
Serving Matrix

The Nutrivore Weekly Serving Matrix is an easy-to-use and flexible weekly checklist
designed to help you maximize nutrient-density, without weighing or measuring your
food, without having to use a food tracking app or analyzing micronutrients, and while

eating the right amounts of all those superfoods known to improve health outcomes!

The Nutrivore Weekly
Servings Matrix will:

- Help you eat a Nutrivore diet without
tracking or measuring your food

« Track your progress week-by-week as
your work up to your serving goals

- Apply to anydietary templates, food
allergies and intolerances

- Meet you where you are but also
inspiring with a bonus servings section

Includes an instructional guide, handy-dandy food lists and
serving size approximations, and shows you step-by-step how to use
the Nutrivore Weekly Serving Matrix to track your nutrient density!

Learn More >
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