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ABSTRACT

Fruits and vegetables are universally promoted as healthy. The Dietary Guidelines for Americans 2010 recommend you make one-half of your

plate fruits and vegetables. Myplate.gov also supports that one-half the plate should be fruits and vegetables. Fruits and vegetables include a

diverse group of plant foods that vary greatly in content of energy and nutrients. Additionally, fruits and vegetables supply dietary fiber, and fiber

intake is linked to lower incidence of cardiovascular disease and obesity. Fruits and vegetables also supply vitamins and minerals to the diet and

are sources of phytochemicals that function as antioxidants, phytoestrogens, and antiinflammatory agents and through other protective

mechanisms. In this review, we describe the existing dietary guidance on intake of fruits and vegetables. We also review attempts to characterize

fruits and vegetables into groups based on similar chemical structures and functions. Differences among fruits and vegetables in nutrient

composition are detailed. We summarize the epidemiological and clinical studies on the health benefits of fruits and vegetables. Finally, we

discuss the role of fiber in fruits and vegetables in disease prevention. Adv. Nutr. 3: 506–516, 2012.

Introduction
Diets high in fruits and vegetables are widely recommended
for their health-promoting properties. Fruits and vegetables
have historically held a place in dietary guidance because of
their concentrations of vitamins, especially vitamins C and
A; minerals, especially electrolytes; and more recently phyto-
chemicals, especially antioxidants. Additionally, fruits and
vegetables are recommended as a source of dietary fiber.

Most countries have dietary recommendations that include
fruits and vegetables. Table 1 summarizes the recommenda-
tions for 3 countries: Canada (1), the United Kingdom (2),
and the United States (3). Although dietary recommenda-
tions have many similarities, different countries choose dif-
ferent strategies to separate fruits and vegetables into groups.
Orange fruits and vegetables are often high in carotenoids
and are placed in a separate category. Yet many dark green
vegetables (i.e., spinach) are also high in carotenoids. Divid-
ing fruit and vegetables into color categories makes sense
for menu planning but does not correspond with nutrient
content.

Certain fruits and vegetables are rich sources of vitamin
C, but these rich sources (citrus fruits, strawberries, green
peppers, white potatoes) are spread over many fruit and veg-
etable categories. Other fruits and vegetables, including

avocado, corn, potatoes, and dried beans, are rich in starch,
whereas sweet potatoes are mostly sucrose, not starch. Fruits
(except bananas) and dark green vegetables contain little or
no starch. Often, dietary guidance rules place fruit juices and
potatoes in separate categories, because of dietary directives
to eat whole fruits and minimize consumption of foods high
in fat and sodium, i.e., French fries. The vegetable and fruit
categories in the 2010 Dietary Guidelines for Americans (3)
are listed in Table 2. These categories are important, because
they drive policy for programs such as school lunch and
other supplemental feeding programs.

According to the Dietary Guidelines for Americans 2010,
nutrients of concern in the American diet include potassium,
dietary fiber, calcium, and vitamin D. Energy density and in-
take are also important issues in the American diet. Fruits
and vegetables are generally low in energy density and often
are good sources of fiber and potassium, but the nutritional
contribution of standard servings of fruits and vegetables varies
widely (4). The content of phytochemicals, such as polypheno-
lics, also varies greatly (5) and is not listed in nutrient databases.

We have provided a nutritional comparison of the 10
most commonly consumed fruits and vegetables (Table
3). It should be noted that fruits and vegetables are often
not consumed in the raw form but may be cooked, fried,
or combined with other ingredients prior to consumption.
Thus, whereas a boiled potato is a nutrient-dense food, a
fried potato may contribute a substantial amount of fat

1 Author disclosures: J. L. Slavin and B. Lloyd, no conflicts of interest.

* To whom correspondence should be addressed. E-mail: jslavin@umn.edu.

506 ã2012 American Society for Nutrition. Adv. Nutr. 3: 506–516, 2012; doi:10.3945/an.112.002154.



and sodium to the diet. Fiber concentrations range from 0.6
to 5.1 g/serving and potassium concentrations range from
76 to 468 mg/serving (Table 3). Bananas and potatoes, al-
though technically belonging to different families, have
strikingly similar compositions for energy, fiber, and potas-
sium per standard serving. A standard serving of iceberg lettuce
contains 8 kcal, whereas a potato contains 144 kcal and a ba-
nana 105 kcal. Of course, iceberg lettuce is seldom eaten alone.

Most estimates of fruit and vegetable consumption are
limited by disagreement on what constitutes a serving of
a fruit or vegetable. Mean fruit and vegetable intakes (serv-
ings/d) are 5.16 servings (Canada), 3.5 portions (men); 3.8

portions (women) (UK) and 4.7 servings (US) (Table 1).
Marriott et al. (6) examined intake of carbohydrates, includ-
ing dietary fiber, in the NHANES data set. Dietary fiber in-
take was particularly low in their analysis. With the
exception of older women ($51 y), only 0–5% of individ-
uals in all other life stage groups had fiber intakes meeting
or exceeding the Adequate Intake (AI)4. Common serving
sizes of fruits and vegetables contain 1–5 g of fiber. Most

Table 1 National guide analyses: Canada, United Kingdom, United States

Canada United Kingdom United States

Name Canada’s Food Guide Eatwell Plate My Plate

Agency Health Canada Food Standards Agency/National
Health Service

USDA

Number of food categories 4 5 6
Key messages 1. Eat at least one dark green

and one orange vegetable
each day.

2. Enjoy vegetables and fruit
prepared with little or no
added fat, sugar, or salt.

3. Have vegetables and fruit
more often than juice.

Try to eat plenty of fruits
and vegetables

Increase vegetable and fruit intake.
Eat a variety of vegetables,
especially dark-green, red, and
orange vegetables and beans
and peas.

Units Servings, cups
1 cup = 250 mL

Portions (1 portion = 80 g) Servings, cups 1 cup raw leafy
vegetables = 84 g

Vegetable – 3 cups/d, 2400 kcal
Fruit – 2 cups/d, 2400 kcal
Vegetable and fruit 7–8 servings (adult)

4–6 (children)
5 portions/d (400 g/d) –

Vegetable One serving is: 1) 1 cup
(250 mL) of raw green leafy
vegetables, such as salad,
spinach, collards; 2) 1/2
cup (125 mL) of other
vegetables steamed, cooked,
or raw, e.g., broccoli, snow
peas, carrots; 3) 1/2 cup
100% vegetable juice

A portion is 80 g of these:
1) 3 heaped tablespoons of
vegetables (raw, cooked, frozen,
tinned); 2) 3 heaped tablespoons
of beans and pulses (beans
and pulses count a maximum of
1 portion/d); and 3) a dessert
bowl of salad

1 cup green salad; 1 baked potato;
1/2 cup cooked broccoli; 1/2 cup
serving of other vegetable; 1/2 cup
tomato juice

Fruit One serving is: 1) 1 piece of
fruit (e.g., apple, pear,
banana); 2) 1/2 cup fruit,
e.g., melons, cantaloupe;
3) 1/2 cup fruit juice

A portion is 80 g or any of these:
1) 1 apple, banana, pear, orange, or
other similar-size fruit; 2) 3 heaped
tablespoons of fruit salad (fresh or
tinned in fruit juice) or stewed fruit; 3)
1 handful of grapes, cherries, or
berries; 4) a glass (150 mL) of fruit
juice (counts as a maximum of 1
portion/d)

1/2 cup fresh fruit; 1 medium
size fruit; 1/2 cup fruit juice

Juice 100%, 1/2 cup 1 glass (150 mL) of fruit juice counts
as 1 portion, but juice can only
count a maximum of 1 portion/d

100% fruit juice. 1 cup.
No limits

Categories 1. Dark green
2. Orange

– 1) Dark green; 2) red/orange;
3) beans/peas; 4) starchy;
5) other vegetables

Potatoes included? Yes No. Potatoes not included (considered
starchy food)

Yes

Legumes included? Yes Beans and pulses count only 1
portion/d, no matter how many
one eats

Yes (protein category as well),
but should be counted in
only one category

Intake estimates 5.16 servings (Stat Canada,
2004)

Men: 3.5 portions; women: 3.8 portions 4.7 servings (NHANES 1999–2000)

4 Abbreviations used: AI, Adequate Intake; CHD, coronary heart disease; CVD, cardiovascular

disease; IOM, Institute of Medicine; TDF, total dietary fiber.
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of the fiber in vegetables and fruits is insoluble fiber, except
for citrus fruits (Table 3).

Current state of knowledge
The importance of fiber for the normal function of the di-
gestive system has been long appreciated. Hippocrates
is quoted as stating that “whole meal bread makes larger fe-
ces than refined bread.” In the early 1970s, Burkitt and
Trowell (7) published widely on the “fiber hypothesis,” stat-
ing that higher fiber intakes protect against a wide range
of Western diseases. Traditionally, fiber was measured as
“crude fiber,” which includes only the most resistant fibers
consumed. As the scientific support for a role for resistant
carbohydrates not captured by the crude fiber method
such as pectin, glucans, and oligosaccharides was published,
additional analytical methods to measure more carbohy-
drates resistant to digestion and absorption were needed.
Accepted analytical methods to determine dietary fiber
were then developed, especially because fiber was included
on the Nutrition Facts panel. The Nutrition Labeling and
Education Act (1990) required that all packaged foods
include the Nutrition Facts panel. Nutrition Facts must in-
clude total dietary fiber (TDF); insoluble and soluble fiber
also may be listed but are not required unless claims are
made.

Besides food manufacturers, epidemiologists, scientists,
and dietitians need data on the fiber content of foods (8).
Yet attempts to define and standardize methods to measure
dietary fiber remain contentious. Dietary fiber is essentially
the undigested carbohydrates in the diet (9). These carbohy-
drates may be fermented in the large intestine, although
some resistant fibers, such as purified cellulose, escape any
fermentation, whereas other fibers, such as inulin or pectin,
are completed broken down by bacteria in the colon.

Most analytical schemes to measure dietary fiber are
chemical and enzymatic extraction procedures. The TDF
method, or Prosky Method, has become the standard

method for the measurement of dietary fiber in the United
States. Because the TDF method does not isolate all undi-
gested carbohydrates, especially short-chain oligosaccha-
rides, other methods have been developed and accepted to
quantitate these compounds.

Determining the solubility of fiber was an attempt to re-
late physiological effects to chemical types of fiber (9). Sol-
uble fibers were considered to have beneficial effects on
serum lipids and insoluble fibers were linked with laxation
benefits. This division of soluble and insoluble fiber is still
used in nutrition labeling. However, despite these com-
monly used generalizations, scientific evidence supporting
that soluble fibers lower cholesterol and insoluble fibers in-
crease stool weight is inconsistent. Many fiber sources are
mostly soluble but still enlarge stool weight, such as oat
bran and psyllium. Also, soluble fibers such as inulin do
not lower blood lipids. Most fruits and vegetables are con-
centrated in insoluble fiber, not soluble fiber (Table 3). Ex-
ceptions to this generalization include cooked potatoes,
oranges, and grapefruit. The USDA Nutrient Database in-
cludes only total fiber; there are no official databases that in-
clude soluble and insoluble fiber. Lists of content of total,
insoluble, and soluble fibers are compilations of data from
the USDA, the published literature, and estimated values
(10). Often, the values for soluble and insoluble fiber do
not add to total fiber or the values for soluble fiber were es-
timated by subtracting a literature value for insoluble fiber

Table 2 USDA Food Patterns: food groups and subgroups

Food
group Subgroup and examples

Vegetables Dark green vegetables: all fresh, frozen, and canned dark
green leafy vegetables and broccoli, cooked or raw
(broccoli, spinach, romaine, collard, turnip, and mustard
greens)

Red and orange vegetables: all fresh, frozen, and canned
red and orange vegetables, cooked or raw (tomatoes,
red peppers, carrots, sweet potatoes, winter squash,
pumpkin)

Beans and peas: all cooked and canned beans and peas
(kidney beans, lentils, chickpeas, and pinto beans). Does
not include green beans or green peas.

Starchy vegetables: all fresh, frozen, and canned starchy
vegetables (white potatoes, corn, green peas)

Other vegetables: all fresh, frozen, and canned other
vegetables (iceberg lettuce, green beans, onions)

Fruit All fresh, frozen, canned, and dried fruits and fruit juices
(oranges and orange juice, apples and apple juice,
bananas, grapes, melons, berries, and raisins)

Table 3 kcal, TDF, IDF, and SDF and potassium in the top 10
consumed vegetables and fruits in standard servings listed or
NLEA serving sizes1

Common
fruit/vegetable Serving kcal TDF IDF SDF Potassium

G mg
Potato, boiled 1 med, 167 g 144 3.0 1.6 1.4 348
Iceberg lettuce 1 cup, 57 g 8 0.7 0.6 0.1 80
Tomato NLEA, 148 g 27 1.8 1.6 0.2 351
Onion NLEA, 148 g 47 1.3 0.8 0.5 176
Carrot NLEA, 85 g 30 2.5 2.1 0.4 201
Celery NLEA, 110 g 18 1.8 1.7 0.1 286
Sweet corn 1 ear, 77 g 74 1.8 1.7 0.1 168
Broccoli NLEA, 148 g 50 3.8 3.0 0.8 468
Green cabbage 1 cup, 89 g 22 2.2 1.7 0.1 151
Cucumber, with peel 1 cup, slices 16 0.6 0.5 0.1 152
Banana 1 med, 118 g 105 3.1 2.1 1.0 422
Apple with skin 1 med, 182 g 95 4.4 3.1 1.3 195
Watermelon NLEA, 280 g 84 1.1 0.8 0.3 314
Orange NLEA, 154 g 75 3.4 1.4 2.0 256
Cantaloupe NLEA, 134 g 46 1.2 0.9 0.3 358
Green grapes NLEA, 126 g 87 1.1 0.6 0.5 241
Grapefruit NLEA, 154 g 65 2.5 0.9 1.6 208
Strawberry NLEA, 147 g 47 2.9 2.2 0.7 225
Peach NLEA, 147 g 57 2.2 1.2 1.0 279
Pear NLEA, 166 g 96 5.1 3.6 1.5 198
1 Data on kcal, TDF, and potassium from USDA Agricultural Research Service Nutrient
Database for Standard Reference, Release 22, Washington, DC. Last accessed June
16, 2011, from www.ars.usda.gov/ba/bhnrc/ndl. Data on IDF and SDF content of
fruits and vegetables, except celery, cantaloupe, and strawberries, taken from (57);
data on insoluble and soluble fiber content of celery, cantaloupe, and strawberries
not available in (57), so taken from (11). IDF, insoluble dietary fiber; NLEA, Nutrition
Labeling and Education Act; SDF, soluble dietary fiber; TDF, total dietary fiber.
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from a USDA value for total fiber. Not surprisingly, there is
much discrepancy in the fiber concentrations for fruits and
vegetables.

Processing can either increase or decrease the fiber con-
tent of a fruit or vegetable. Peeling fruits or vegetables will
lower the fiber content (11). A serving of grapefruit without
any associated membrane contains much less fiber than a
grapefruit serving with membranes (0.4 vs. 1.4 g/serving).
Home cooking generally has a negligible effect on fiber con-
tent. Cooking, in general, may even increase the fiber con-
tent of a product if water is driven out in the cooking
process. Baking or other heat treatments (e.g., extruding)
used in food processing will also increase the fiber content
of the product, either by concentrating the fiber by removal
of water or producing Maillard products that are captured as
fiber in gravimetric methods. Fruit juices are not devoid of
fiber (Table 4).

Increasingly, research indicates that additional properties,
such as viscosity and fermentability, are important charac-
teristics in terms of the physiological benefits of fiber (Table
5). Viscous fibers are those that have gel-forming properties
in the intestinal tract, and fermentable fibers are those that
can be metabolized by colonic bacteria. In general, soluble
fibers are more completely fermented and have a higher vis-
cosity than insoluble fibers. However, not all soluble fibers
are viscous (e.g., partially hydrolyzed guar gum and acacia
gum) and some insoluble fibers may be well fermented.

Fibers, like starches, are made mostly of many sugar units
bonded together. Unlike most starches, however, these
bonds cannot be broken down by digestive enzymes and
pass relatively intact into the large intestine. There, fiber
can be fermented by the colonic microflora to gases such
as hydrogen and carbon dioxide or it can pass through the
large intestine and bind water, increasing stool weight. Al-
though fibers are not converted to glucose, some SCFA are
produced in the gut as fibers are fermented. SCFA are ab-
sorbed and can be used for energy in the body. Fibers in-
clude both “dietary fiber,” the fiber naturally occurring in
foods, and “functional fibers,” which are isolated fibers
that have a positive physiological effect. No analytical mea-
sures exist to separate dietary fiber and functional fiber, so
the Nutrition Facts Label lists “Dietary Fiber,” which is actu-
ally total fiber.

Dietary recommendations for fiber
The Institute of Medicine (IOM) set an AI value for fiber of
14 g of fiber/1000 kcal. This value is derived from data on
the relationship of fiber consumption and coronary heart
disease (CHD) risk, although the IOM also considered the
totality of the evidence for fiber decreasing the risk of
chronic disease and other health-related conditions. Conse-
quently, the IOM fiber recommendations are highest for
populations who consume the most energy, namely young
males. Fiber recommendations are lower for women and
the elderly. Using this method for determining recommen-
ded fiber intake for children is problematic (e.g., intake of
19 g of fiber is recommended for 2-y-old children, an im-
plausible number). The past recommendations for children
were based on the age plus 5 rule (e.g., a child aged 2 y
should consume 7 g of fiber/d) (12).

Dietary fiber is listed on the Nutrition Facts panel and 25
g of dietary fiber is the recommended amount in a 2000-kcal
diet. Manufacturers are allowed to call a food a “good source
of fiber” if it contains 10% of the recommended amount
(2.5 g/serving) and an “excellent source of fiber” if the
food contains 20% of the recommended amount (5 g/serv-
ing). Dietary fiber on food labels includes both dietary fiber
and functional fiber.

In 2001 the IOM developed the following set of working
definitions for fiber (13): dietary fiber consists of nondiges-
tible carbohydrates and lignin that are intrinsic and intact in
plants; and functional fiber consists of isolated, nondigestible
carbohydrates that have beneficial physiological effects in
humans.

To make recommendations for fiber intake, the IOM
used prospective cohort studies that linked fiber intakes to

Table 4 TDF, IDF, and SDF in juices1

Food Unit g TDF IDF SDF

g
Apple juice 1 cup 248 0.25 0.17 0.97
Black current juice 1 cup 240 1.44 0.50 0.94
Grape juice 1 cup 253 1.26 0.76 0.51
Grapefruit juice 1 cup 247 0.25 0.05 0.20
Apricot nectar 1 cup 251 1.51 0.75 0.75
Orange juice 1 cup 249 0.75 0.50 0.25
Papaya juice 1 cup 250 1.50 0.80 0.70
Pineapple juice 1 cup 250 0.75 0.67 0.07
Prune juice 1 cup 256 1.28 0.77 0.51
1 Dietary fiber concentrations for common foods from Table 1, Appendix 1 (10). IDF,
insoluble dietary fiber; SDF, soluble dietary fiber; TDF, total dietary fiber.

Table 5 Classification of fibers based on 4 characteristics

Dietary fiber Functional fiber

Cellulose Psyllium
Hemicelluloses Fructooligosaccharides
Pectins Polydextrose
Lignin

Soluble fibers Insoluble fibers
b-Glucans Cellulose
Gums Lignin
Psyllium Some hemicelluloses
Pectin Primary sources: wheat bran,

some vegetables, some fruits,
legumes

Primary sources: oats,
barley, citrus fruits

Fermentable fiber Nonfermentable fibers
Pectins Cellulose
b-Glucans Lignin
Inulin and oligofructose Primary sources: cereal fibers

rich in cellulose, mature root
vegetables

Primary sources: oats, barley,
fruits, vegetables, grains,
legumes

Viscous fibers Nonviscous fibers
Pectins Cellulose
b-Glucans Lignin
Some gums (e.g., guar gum) Hydrolyzed guar gum
Psyllium
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lower risk of cardiovascular disease (CVD). In establishing
the dietary recommended intakes, the IOM (14) recommen-
ded an AI level of 14 g of fiber for each 1000 kcal of energy
consumed for all individuals from 1 y of age throughout the
remainder of their lives. On the basis of median energy in-
takes, this equates to 25 g/d for women and 38 g/d for
men ages 19–50 y. The AI was set at 21 and 30 g/d, respec-
tively, for women and men aged $51 y based on lower me-
dian energy intakes for older adults.

American women and men consume an average of only
w15 g of fiber/d, which is far short of the suggested AI levels
(9). Most commonly consumed foods are low in dietary fi-
ber (Table 3). Generally, accepted servings of food contain
from 1 to 3 grams of fiber per serving. Higher fiber contents
are found in drier foods such as whole-grain cereals, le-
gumes, and dried fruits. Other fiber sources include over-
the-counter laxatives containing fiber, fiber supplements,
and fiber-fortified foods. The major sources of dietary fiber
in the American diets are white flour and potatoes, not be-
cause they are concentrated fiber sources but because they
are widely consumed (9).

Health benefits of plant intake
Vegetarian diets have been promoted since the 18th century
by men and women in search of physical and spiritual health
(15). Vegetarian theorists who professed to follow the tenets
of the ancient philosopher Pythagoras believed that diet
should be part of an ascetic lifestyle. Vegetarianism was
also symbolic of a commitment to health and social reform.

Southgate (16) described the nature and variability of hu-
man food consumption and the role of plant foods in these
relationships. A wide range of plant foods is consumed, in-
cluding most parts of the plant, such as fruits, seeds, leaves,
roots, and tubers. Studies of hunter-gathers have shown that
many plant species were collected; >130 species were con-
sumed by North American Indians (17). The compositional
features of plant foods are summarized (Table 6) (16).
Fruits have a high water content and low levels of protein
and fat. The protein is concentrated in the seeds and is resis-
tant to digestion in the small intestine and bacterial degrada-
tion in the large intestine.

Fruits contain mostly sugars and fibers, such as pectin,
that are extensively fermented in the large intestine. Certain

fruits, especially apples and pears, are concentrated in fruc-
tose (18). Apples contain 6% fructose and 3% sucrose and
pears are 6.5% fructose and 1.3% sucrose; these values
would be consistent in apple and pear juices. Free fructose
is poorly absorbed and would function similar to dietary fi-
ber, escaping absorption in the small intestine while being
fermented in the large intestine. This results in SCFA pro-
duction, which is linked to small amounts of energy being
absorbed in the colon. Additionally, it explains why apple
and pear juices are used to treat constipation in children.

Fruits are also recommended as a source of vitamin C and
potassium. Traditionally, fruits, as foodstuffs were available
for a limited time and, when ripe, were sometimes difficult
to collect and transport. When ripe, they have a short period
of acceptability before senescence intervenes. Thus, many
fruits consumed in today’s world are processed, frozen,
canned, or dried.

Leaves and stems are widely consumed by humans. The
protein contents are higher than fruits and they contain
low amounts of sugar. Leaves and stems are bulky to trans-
port and not very stable when stored. Also, some produce
secondary metabolites that have bitter or astringent proper-
ties and may produce toxic alkaloidal and other compounds
such as hemoglutenens. Others produce intestinal enzyme
inhibitors, such as lectins, which bind to mucosal surfaces
and inhibit digestion, especially that of proteins (19).

Roots and tubers are important sources of energy as
starch (Table 6). Some roots such as cassava contain toxic
secondary metabolites and require soaking in water before
they are safe to consume. As foodstuffs, roots, and especially
tubers, can be time-consuming to collect but can be stored
for long periods.

Legumes are higher in protein that other vegetables but
contain toxic plant metabolites, including saponins and lec-
tins (19). The wide use of these products was much later in
evolution, once foods were cooked in water.

Determinants of food choice
Southgate (16) lists the following as factors determining
food choice: 1) availability; 2) sensory preferences; 3) satiety;
and 4) social transmission. It is generally accepted that the
preference for sweet tastes is instinctive and the avoidance
of bitter tastes would protect against the consumption of

Table 6 Compositional features of fruits and vegetables

Fruits Legumes Leafy vegetables Roots and tubers

g/100 g edible matter
Water 61.0–89.1 74.6–80.3 84.3–94.7 62.3–94.6
Protein 0.5–1.1 5.7–6.9 0.2–3.9 0.1–4.9
Fat Trace–4.4 1.0–15 0.2–1.4 0.1–0.4
Sugar 4.4–34.8 1.8–3.2 1.5–4.9 0.5–9.5
Starch Trace–3.0 5.4–8.1 0.1–0.8 11.8–31.4
Dietary fiber 2.0–14.8 4.5–4.7 1.2–4.0 1.1–9.5
Energy, kcal 90–646 247–348 65–177 297–525
Micronutrient Vitamin C, K, Mg,

carotenoids
B vitamins, vitamin C, K,

Mg, P, Fe
Vitamin C, folate,
carotenoids, Ca, Fe

Vitamin E, carotenoids,
Fe, K, Ca

Toxic constituents Cyanogenetic glycosides
in seeds

Hemoagglutonins, lectins,
trypsin inhibitors

Glucosinolates Glycoalkaloids

510 Slavin and Lloyd



plant foods containing toxic alkaloids or other bitter plant
constituents. Higher fat diets may have had advantages for
satiety and concentration of energy and supported the con-
sumption of foods such as meat or fish.

Southgate (16) discussed the selection of dietary mixtures
to meet nutrition requirements. A diet of leafy plant foods
would require the greatest mass of food and the amount
of plant material (>10 kg) has too much bulk to gather
and consume. The protein content of fruits is inadequate
to support growth and development.

Thus, dietary guidance over time has supported the prin-
ciples of moderation and variety. No food group has all the
nutrients needed to support life. By consuming a variety of
foods, humans avoided getting toxic doses of any compo-
nent and also were successful in obtaining the required pro-
tein, vitamins, and minerals needed for growth, development,
reproduction, and for sustaining life.

Plant foods and health
Historically, the consumption of certain plant foods, fruits,
vegetables, and legumes was thought to prevent or curve ail-
ments ranging from headaches to heart disease (20). Early
medicine revolved around the prescription of specific foods
for certain disorders. Many of these plant foods are also high
in dietary fiber and phytoestrogens, so the later hypotheses
often were driven by fiber, carotenoids, phytoestrogens, or
other plant chemicals. Of course, determining the relation-
ship between any dietary component and health outcomes is
difficult, because diet is a complicated exposure; each day we
eat a variety of foods and nutrients and linking any particu-
lar food or nutrient to a health or disease outcome is limited.

The fiber hypothesis of the 1970s was driven by stories
that populations who consumed high-fiber diets had little
chronic disease (9). Although these stories were often enter-
taining, especially accounts of the large stools associated
with these healthy, nomadic people, confounding variables
were not considered at the time. Scientific estimates of the
intake of fiber in these populations do not exist, although
it is generally accepted that the diets were high in poorly di-
gested carbohydrates.

Current scientific thinking demands a more evidence-
based review of research support. In the hierarchy of evi-
dence, randomized controlled trails are considered the
strongest support for studying dietary risk factors and dis-
ease (21). For epidemiologic studies, prospective cohort
studies are deemed the strongest study designs to examine
diet and disease relationships. Cross-sectional and case-
control studies are weaker epidemiologic study designs to
determine diet and disease relationships. Intervention trials
are strong support for these relationships, especially because
in these smaller studies, it is possible to determine the bio-
markers of interest in disease prevention.

Determining exposure to fiber, fruits, and
vegetables in epidemiologic studies
Dietary data are generally collected with food frequency
instruments in epidemiologic studies. Estimates of total,

soluble, and insoluble fiber are limited by the poor methods
to measure these substances and inadequate databases. In
epidemiologic studies, it is possible to count the number
of servings of fruits and vegetables consumed daily if there
is agreement on what counts as a serving of fruit or vegeta-
ble. Of course, fruits and vegetables vary greatly in compo-
sition. The earliest definition of a fruit was “any plant used as
food,” and a vegetable was a “plant, as opposed to an animal
or inanimate object” (22). In the 18th century, botanical def-
initions were standardized and the definition of a fruit was
based on its anatomy, whereas that of a vegetable was based
on culinary usage. Generally, culinary custom dictates which
plant foods are considered vegetables or fruits. A drawback
of using a culinary definition is the misclassification of
botanical fruits, e.g. squash, tomatoes, and mature beans,
which despite being culinary vegetables are botanical fruits.

Within each category, other classifications can be used.
For example, for vegetables, raw, cooked, canned, pickled,
leafy green, and legumes are often examined. Fruits and veg-
etables have also been described as part of a phytochemical
group, e.g., carotenoids, vitamin C, or folate (22). Other
challenges of determining exposure to fruits and vegetables
are that fruits are often consumed as juices and vegetables
are often consumed in mixed dishes such as soups, casse-
roles, and stews.

Components of fruits and vegetables that have been
linked to health outcomes are often placed in different cat-
egories (Table 7) (23). A wide range of compounds, beyond
dietary fiber, have been linked to lower incidence of chronic
diseases, especially cancer and CVD. Additionally, there are
compounds in fruits and vegetables that have been linked
to adverse health events (Table 7). Compounds, such as phe-
nols, are listed in both the protective and adverse lists.

Earlier reviews that included cross-sectional studies
found stronger support for the protective properties of fruit

Table 7 Protective and adverse components of fruits and
vegetables linked to health outcomes

Protective Adverse

Dietary fiber Aflatoxin
Vitamin C Pesticides
Vitamin E Herbicides
Carotenoids Nitrates
Flavonoids Alar
Folic acid Goitrogens
Selenium Enzyme inhibitors
Dithiolthiones Phenolic compounds
Glucosinolates Saponins
Indoles Inositol hexapyhosphate
Isothiocyanates
Coumarins
Phenols
Protease inhibitors
Plant sterols
Isoflavones/lignans
Saponins
Inositol hexaphosphate
Allium compounds
Limonene
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and vegetable intake and disease prevention. Steinmetz and
Potter (20) concluded that the scientific evidence regarding a
role for vegetable and fruit consumption in cancer preven-
tion is generally consistent and supportive of current dietary
recommendations. Yet Hung et al. (24), using data from the
Nurses’ Health and Health Professionals prospective cohort
studies, concluded that vegetables and fruit were associated
with a lower risk of CVD but that the relation with cancer,
overall, was null. They concluded that increased fruit and
vegetable consumption was associated with a modest, al-
though not significant reduction in the development of ma-
jor chronic disease. Riboli and Norat (25) also concluded
that prospective studies provide weaker evidence than do
case-control studies of the association of fruit and vegetable
consumption with reduced cancer risk. Smith-Warner et al.
(26) examined data from 8 prospective studies of breast can-
cer and intake of fruits and vegetables. No association was
found for total fruits, total vegetables, or total fruits and veg-
etables. No additional benefit was found in comparisons of
the highest and lowest deciles of intake. Additionally, no as-
sociations were observed for green leafy vegetables, 8 botan-
ical groups, and 17 specific fruits and vegetables. They
concluded that fruit and vegetable consumption during
adulthood is not significantly associated with reduced
breast cancer risk.

Other recent studies have measured the relationships be-
tween fruit and vegetable consumption and health out-
comes. Dauchet et al. (27) suggested that the evidence that
fruit and vegetable consumption reduces risk of CVD re-
mains scarce thus far. They agreed that under rigorous,
controlled experimental conditions, fruit and vegetable con-
sumption is associated with decreased blood pressure. Little
experimental data exist that fruit and/or vegetable consump-
tion affects blood lipids or other cardiovascular risk factors.

In a population-based cohort study in The Netherlands,
higher consumption of fruit and vegetables, whether con-
sumed raw or processed, was protective against CHD inci-
dence (28). The risk of CHD incidence was 34% lower for
participants with a high intake of total fruit and vegetables
(>475 g/d) compared with participants with a low total fruit
and vegetable consumption (<241 g/d).

A systematic review and meta-analysis of fruit and vege-
table intake and incidence of type 2 diabetes included 6
studies, 4 of which provided separate information on the
consumption of green leafy vegetables (29). No significant
benefits on incidence of type 2 diabetes were found with in-
creased consumption of vegetables, fruit, or fruit and vege-
tables combined. The summary estimates showed that
greater intake of green leafy vegetables was associated with
a 14% reduction in risk of type 2 diabetes (P = 0.01). Higher
intakes of anthocyanins and anthocyanin-rich fruit were as-
sociated with a lower risk of type 2 diabetes when data from
the Nurses’Health Study and Health Professionals follow-up
cohorts were combined (30).

Dedoux et al. (31) conducted a systematic review of the
relationship of fruit and vegetable intake with adiposity.
They concluded that an inverse relationship between fruit

and vegetable intake and adiposity among overweight adults
appears weak, and this relationship among children is un-
clear. They suggested that whether increases in fruits and
vegetables in isolation from lower energy intake or increased
physical activity will result in declines or slower growth in
adiposity remains unclear.

Hamidi et al. (32) systematically reviewed observational
and intervention studies that investigated the effects of fruit
and vegetable intake on the incidence of osteoporotic frac-
tures, bone mineral density, and bone turnover markers in
women aged $45 y. Eight studies were included. There
was significant between-study heterogeneity in design, defi-
nition, and amount of fruit and vegetable intake, outcomes,
analyses, and reporting of results. They concluded that based
on the limited evidence, the benefits of fruit and vegetable
intake on bone health remain unclear.

Fruit and vegetable consumption and prospective weight
change was determined in participants of the European Pro-
spective investigation into Cancer and Nutrition study. The
investigators determined the association between baseline
consumption and fruit and vegetables and weight change
in participants from 10 European countries (33). Baseline
fruit and vegetable intakes were not associated with overall
weight change.

The study of vegetables and fruits on human health is
complicated by many factors, including their large variety
globally, varying dietary patterns, different effects for vegeta-
bles compared with fruits, and interactions with other die-
tary components. However, most Americans in all age-sex
groups consume substantially fewer vegetables and fruits
than is recommended.

What Is a serving of fruit or vegetable?
What counts as a serving of fruit or vegetable continues to be
debated. Although this seems like a simple exercise, govern-
ment officials and nutritionists do not agree on what counts
as a serving of a fruit or vegetable. During the Reagan era,
the idea that pickles and ketchup counted as vegetable serv-
ings made nutrition policy makers the laughingstock of late
night TV hosts. More recent debates on whether French fries
or tomato paste on pizza count as vegetables in school lunch
have added to the frenzy. Published studies on 3 methods for
counting fruits and vegetables in 4th grade students found
that different counting methods yielded significantly differ-
ent tallies of fruit and vegetable intake (34).

Government agency recommendations for fruits and veg-
etables also vary (Table 1). There are many disagreements on
what counts, especially for juices, starchy vegetables, and le-
gumes. Most of these divisions are based more on philoso-
phy rather than nutrient content. Ruxton et al. (35)
considered whether the protective benefits of fruit and veg-
etables were dependent upon constituents lacking in juices
(fiber) and whether juices affect disease risk when consid-
ered separately from fruits and vegetables. They concluded
that the view that fruit and vegetable juices are nutritionally
inferior to fruits and vegetables in relation to chronic disease
risk reduction is unjustified.
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Oude Griep et al. (28) measured the association of fruit
and vegetable consumption with 10-y CHD incidence in a
population-based study in The Netherlands and whether pro-
cessing had any affect on these associations. They found that
higher consumption of fruit and vegetables, whether con-
sumed raw or processed, protected against CHD incidence.

Health benefits of specific fruits and
vegetables
Some fruits and vegetables have been studied separately ei-
ther in prospective cohort studies or randomized controlled
trials. Typically, these fruits or vegetables are of interest
because of their phytochemical contents, including polyphe-
nols, phytoestrogens, and antioxidants. Studies in berries
were summarized by Basu et al. (36). Intervention studies
found mixed results, with only 2 of 20 trials showing de-
creases in systolic blood pressure with berry consumption.
Results with inflammation markers were equally mixed.
Cranberries have been studied more extensively, especially
for their role in prevention and treatment of urinary tract
infections (37).

Grapes have also been extensively studied, mostly in re-
sponse to the French paradox, the finding that the French
diet is high in fat but CVD incidence is low. Consumption
of red wine has been proposed as a protective mechanism,
because grapes are high in antioxidants, namely flavonoids
(38). Grape polyphenols can reduce atherosclerosis by
inhibiting LDL oxidation and platelet aggregation, improv-
ing endothelial function, lowering blood pressure, reducing
inflammation, and activating novel proteins that prevent cell
senescence (39). Despite the promise of grapes and disease
prevention, little epidemiologic evidence supports a unique
role for grapes in disease prevention or health. A review
of apples and apple components and their relationship to
human health also suggested many potential mechanisms
by which apples could affect health (40).

Potatoes are a staple vegetable in many parts of the world.
Unlike leafy green vegetables, potatoes are rich in starch and
provide protein of high biological value (41). Potatoes are
rich in vitamin C and potassium and provide dietary fiber,
especially if the skins are consumed. Few prospective studies
have examined the relationship between potato consump-
tion and health. Some data from the Nurses’ Health Study
suggest that potatoes and French fries are linked to risk of
type 2 diabetes in women (42).

Besides looking at consumption of fruits or vegetables as
the endpoint, some studies have examined intake of flavo-
noids and cardiovascular risk. A recent meta-analysis of
randomized controlled trials in this area was conducted
(43). For most of the flavonoids, there was insufficient evi-
dence to draw conclusions about efficacy. Most of the pub-
lished studies were with either soy or cocoa. The authors
suggest that future studies need to be conducted in more fla-
vonoid-rich foods and be of sufficient duration to measure
changes in biomarkers. Chong et al. (44) examined the
relationship between fruit polyphenols and CVD risk, par-
ticularly human intervention studies that examined platelet

function, blood pressure, vascular function, and blood lipids.
Not surprisingly, the results were limited and often there was
inconsistency in study designs. They noted that the current
support to consume a variety of fruits and vegetables daily
is consistent with the lack of convincing data that any one
fruit or vegetable is of particular importance.

Intake data on phytonutrients concentrated in fruits and
vegetables are limited. Murphy et al. (45) estimated the usual
intake of 9 individual phytonutrients in Americans consum-
ing the recommended levels of fruits and vegetables. The en-
ergy-adjusted intakes of all phytonutrients other than ellagic
acid were higher among those meeting the dietary recom-
mendations for fruit and vegetable intakes in the NHANES
2003–2006 survey. For 5 of the 9 phytonutrients (a-carotene,
b-cryptoxanthin, lycopene, hesperetin, and ellagic acid), a
single food accounted for $64% of the total intake of the
phytonutrient.

Do fruits and vegetables affect satiety?
Satiation and satiety are controlled by factors that begin
when a food is consumed and continue as it enters the gas-
trointestinal tract and is digested and absorbed (46). As food
moves down the digestive tract, signals are sent to the brain
and gut hormones are produced that affect energy balance in
a variety of ways, including slowing gastric emptying, acting
as neurotransmitters, and reducing gastrointestinal secre-
tions. These effects are proposed to influence satiety. The
terms satiety and satiation are often used differently in the
literature and many methods to measure each exist.

The most common study design for satiety studies uses a
test preload in which variables of interest are carefully con-
trolled. Generally, participants rate aspects of their appetite
sensations, such as fullness or hunger at intervals and
then, after a predetermined time interval, a test meal at
which energy intake is measured. Longer term studies typi-
cally provide foods or drinks of a known composition to be
consumed ad libitum and use measures of energy intake
and/or appetite ratings as indicators of satiety. Satiety tests
are often conducted with liquids where differences in mac-
ronutrient content are more easily formulated. However, it
is difficult to formulate and blind products that vary greatly
in the content of fiber, protein, fat, and carbohydrate.

The measurement of satiety is complicated, because many
internal signals also influence appetite, such as bodyweight,
age, sex, habitual diet, exercise, and dietary restraint. These
acute studies are typically done in laboratory settings where
variables can be controlled. Visual analogue scales are usually
used to monitor hunger, fullness, and motivation to eat.
Studying the effects of one variable in food or drink while
keeping others constant is inherently difficult, especially if re-
searchers do not want the differences to be obvious to partic-
ipants. Adding fiber to foods decreases energy density and
often palatability, both of which can affect satiety (47).

The carbohydrate content of foods and drinks is diverse
and includes digestible carbohydrates and fiber. In the 1950s,
the glucostatic theory of appetite regulation was developed
by Mayer (48), who hypothesized that blood glucose levels
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determined appetite, initiating energy intake when low and
causing satiety when increased. Glucose levels do affect sati-
ety and thus the intake of energy as carbohydrate must be
controlled and balanced in satiety studies.

Fiber includes a wide range of compounds and although
fiber generally affects satiety, not all fibers are equally effec-
tive in changing satiety (47). Generally, whole foods that
naturally contain fiber are satiating. Flood-Obbagy and Rolls
(49) compared the effect of fruit in different forms on en-
ergy intake and satiety at a meal. The results showed that
eating an apple reduced lunch energy intake by 15% com-
pared with control. Fullness ratings significantly differed
after preload consumption, with apple being the most sati-
ating, followed by applesauce, then apple juice, then the
control food. The addition of a pectin fiber to the apple juice
did not alter satiety.

Other fibers added to drinks do change satiety. Pelkman
et al. (50) added low doses of a gelling pectin-alginate fiber
to drinks and measured satiety. The drinks were consumed
twice per day for 7 d and energy intake at the evening meal
was recorded. The 2.8-g dose of pectin alginate caused a de-
crease of 10% in energy intake at the evening meal.

A few studies have been published on the effects of fruits
or vegetables and satiety and glucose or insulin response.
Haber et al. (51) conducted a small study (n = 10) on the
depletion and disruption of dietary fiber and effects on sati-
ety, plasma glucose, and serum insulin. When they equalized
the rate of ingestion, apple juice was significantly less satis-
fying than apple puree and puree than apples. Plasma glu-
cose rose to similar levels after all 3 treatments. Serum
insulin rose to higher levels after juice and puree than after
apples. They suggested that the removal of fiber from food
and also its physical disruption can result in faster and easier
ingestion, decreased satiety, and disturbed glucose homeo-
stasis. Bolton et al. (52) compared the responses of whole or-
anges and whole grapes with juices. The results for oranges
were similar to those reported for apples. In contrast, for
grapes, the insulin response to the whole fruit was greater
than with the grape juice. The authors concluded that insu-
lin and glucose responses depend on both the glucose and
fiber contents of the fruit.

The effects of different vegetables, carrots, peas, Brussels
sprouts and spinach, on glucose homeostasis and satiety was
measured in typical Swedish lunch test meals in 10 parti-
cipants (53). The added vegetables contained 4.4 g of dietary
fiber. Postprandial blood glucose, plasma insulin, and
C-peptide levels were measured at regular intervals until
210 min after consumption. The meal with spinach elicited
significantly lower insulin and C-peptide responses than the
control meal, but no significant differences in glucose re-
sponse or satiety were observed. The other vegetables
showed no significant effects on glucose and hormonal re-
sponses or satiety.

The bioavailability of compounds in fruits and vegetables
may be altered by the physical property of the fruit or veg-
etables, although these interactions are difficult to study
in the whole animals (54). Properties beyond fiber alter

physiological properties such as gastric emptying. Willis
et al. (55) fed 2 breakfasts, both containing 10 g of dietary
fiber and 410 kcal. The breakfasts differed only in that one
was liquid (a fiber-enhanced juice) and the other was solid
(oatmeal, blueberries, and apples). Gastric emptying time,
as measured by a Smartpill, was 1 h longer with the solid
breakfast. The solid meal also decreased hunger more than
a liquid meal with added fiber.

Satiety was also affected by the expected changes in a re-
cent study by Brunstrom et al. (56). In this study, partici-
pants were shown the ingredients of a fruit smoothie.
One-half were shown a small portion of fruit and one-half
were shown a large portion. Participants then assessed the
expected satiety of the smoothie and provided appetite rat-
ings before and for 3 h after its consumption. The expected
satiety was significantly higher in the “large portion” condi-
tion, although both treatments were the same. The authors
concluded that beliefs and expectations can have marked ef-
fects on satiety and can persist into the inter-meal interval.

Conclusions
Epidemiologic studies support that dietary fiber is linked to
less CVD and probably has a role in obesity prevention. Be-
cause fruit and vegetable intake is so low in U.S. studies, it is
not possible to isolate the effects of any particular fruit or veg-
etable fiber or category of fruits or vegetable (fresh, processed,
starchy, etc.) on health outcomes in these studies. Fiber is most
concentrated in dried fruits and cooked vegetables, just be-
cause water is removed and fiber concentrated.

Fruits, vegetables, and legumes vary widely in nutrient con-
tent so should not be expected to have similar physiological ef-
fects. Although dietary guidance is supportive of a more
vegetarian eating pattern, including increased servings of fruits
and vegetables, the scientific support for these recommenda-
tions is mixed in an evidence-based review. Prospective cohort
studies find weak support for the protectiveness of fruits and
vegetables against chronic diseases, yet intake of fruits and veg-
etables in U.S. cohorts is low. Additionally, few randomized
controlled trials have been published on the addition of fruits
and vegetables to the diet and changes in biomarkers or health
status. Nutrients in fruits and vegetables, such as dietary fiber,
vitamins, minerals, and phytochemicals, including polyphe-
nols, all provide support for the biological plausibility that
fruits and vegetables play a role in health.

Food form may play a role in satiety. Fiber added to
drinks appears less effective than whole fruits or vegetables
in enhancing satiety. Limited studies suggest that whole-fi-
ber foods may slow gastric emptying compared with liquid
foods with added fiber.

Both epidemiologic and experimental fiber studies are
linked to improved health status. Fiber is an accepted nutri-
ent and a short-fall nutrient, so public health messages to in-
crease fiber consumption are warranted. Intakes of fruits
and vegetables are also widely promoted, both for the con-
tent of fiber and other nutrients. Whenever possible, the en-
tire fruit or vegetable, i.e., peel and membrane, should be
consumed to increase fiber consumption. Satiety studies
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also suggest that closer to “whole” may have advantages, al-
though the mechanisms for this effectiveness are not known.
Fiber is definitely an active component of fruits and vegeta-
bles and a reason to continue to support their consumption.
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