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SumMARY. Increasing fruit and vegetable consumption reduces risk factors for cancer, cardiovas-
cular disease and a number of other diet-related chronic diseases. These foodstuffs contain
relatively high levels of beneficial phytochemicals (plant-derived, biologically active compounds)
among which the preventative activity of antioxidants are most well-known and well-docu-
mented. Since small fruit typically contain high levels of antioxidants, increasing their incorpora-
tion in the diet is a laudable goal. Media reports of medical studies pertaining to dietary intake
and national education initiatives such as the USDA’s Food Guide Pyramid and the 5 A Day—
for Better Health program have successfully raised public awareness of the health benefits of
increased fruit and vegetable consumption, but, as of yet, may not have altered dietary habits.
The factors influencing food choice are complex and interrelated. They include: sensory prefer-
ence, physiological factors (pre- and postingestion), age, gender, lifestyle, behavior, personality,
education, income, social attitudes about diet and health, ethnicity and tradition, religious
beliefs, social pressures, marketing pressures, available product information and knowledge
(labeling, media coverage, etc.) or self-identity beliefs. Some of these factors offer opportunities
for increasing fruit and vegetable consumption while others present challenges. With respect to
small fruit, food choice factors that tend to increase consumption include public awareness of
these products as being beneficial to health and longevity and their image as highly desirable,
dessert-like commodities with exquisite flavors. The main factors that deter increased small fruit
consumption include their relatively high price per serving and their relative perishability which
affects cost, ease of transport and availability. Strategies to capitalize on small fruits’ positive
attributes and overcome negative attributes with respect to food choice include the application
of innovative marketing strategies at all levels and the expansion of research efforts to optimize
the health benefits and sensory quality of these products.

he evidence for the potential health benefits of increased fruit and veg

etable consumption is undeniably convincing. According to Van Duyn

(1999), reduced risks for various types of cancer, heart disease, stroke,
hypertension, birth defects, cataracts, diabetes, diverticulosis, and obesity have been
conclusively linked to the ingestion of phytochemicals (plant-derived, biologically
active compounds) commonly found in these commodities. Important fruit and
vegetable phytochemical components, potentially active against these degenerative
diseases are diverse (Table 1).
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Among phytochemical effects, the
role of antioxidants, such as vitamin E
(a-tocopherol), vitamin C (ascorbic
acid), carotenoids, phenolic acids,
trihydroxystilbenes, and flavonoids, in
the prevention of certain cancers and
cardiovascular diseases is perhaps most
well-known and accepted (Creasy and
Creasy, 1998; Hertog et al., 1997,
Leake, 1997;Jang and Pezzuto, 1999;
Maas et al., 1991; Steinmetz and Pot-
ter, 1996). Most small fruit and grapes
contain relatively high antioxidant
(ORACQC) activity (Hikkinen et al.,
1999; Shahidi and Naczk, 1995; Wang
etal., 1996) and therefore may serve as
an excellentsource of these compounds
in the diet. In fact, the USDA recently
characterized blueberries, blackberries,
raspberries and strawberries and rai-
sins as top antioxidant foods (USDA-
ARS, 1999). Within this workshop,

Kalt et al. (2001) reviewed levels of
antioxidants found in blueberries and
other small fruitand outlined horticul-
tural parameters that affect antioxi-
dant content. Small fruit and grape
products such as preserves, juices, and
wine are also high in antioxidant activ-
ity (Creasy and Creasy, 1998; Leake,
1997; Rommel and Wrolstad, 1993;
Scarlataand Ebeler, 1999; Wangetal.,
1996).

Obviously, promoting increased
levels of antioxidants and other benefi-
cial phytochemicals in the average diet
is a laudable goal for health and nutri-
tion professionals and for the food
production, processing, and distribu-
tion industries. In our fast food cul-
ture, persuading men, women and chil-
dren to eat more vegetables, fruit and
specifically berries and other small fruit
rich in antioxidants is a complex and

perhaps challenging task. The follow-
ing information is an attempt to assess
where we are in this process and to
suggest, with respect to small fruit,
ways in which we can improve chances
for success. Perhaps the first two ques-
tions to ask would be Are the health
benefits of increased fruit and veg-
etable consumption common knowl-
edge among consumers:? If so, are cur-
rent levels of fruit and vegetable con-
sumption adequate for maintaining
health and nutritional balance?

Public awareness and per
capita consumption

For as many as 40 years, nutri-
tionists, teachers, parents, etc. extolled
the virtues of fruit and vegetables as
one of the four basic food groups and
as such, part of a well-balanced diet
(Achterberg, 1994). However, the

Table 1. Fruit and vegetable phytochemical components and reduced diet-related health risks”.

Classifications

Example compounds

Sources

Risk reduction’

Ascorbic acid

ascorbic acid (Vitamin C)

o- and B-carotene (proVitamin A),

Carotenoids
lycopene, lutein
Dietary fiber B-glucan, pectin, cellulose
Folic acid folic acid
Glucosinolates

Organosulfur compounds

Phenolic compounds
Anthocyanidins
Coumarins

indole-3-carbanol, sulphoraphane

diallyl sulfide, allyl methyl trisulfide

cyanidin, pelargonidan
coumarin, umbelliferone

Flavan-3-ols catechin

Flavanones naringenin

Flavones tangeretin

Flavonols kaempferol, quercetin, rutin

Phenolic acids cinnamic, caffeic and ferulic acids

Phytoestrogens genistein

Tannins ellagic acid, proanthocyanidins
Trihydroxystilbenes resveratrol

Saponins saponin

Terpenes D-limonene

Tocopherols a-tocopherol (Vitamin E)

Citrus ( Citrus sp.), most fruit and
vegetables

Green, yellow and orange vegetables,
tomatoes (Lycopersicon esculentum),
fruit

Most fruit and vegetables

COPD, CVD, VH
CA, CVD, VH

CA, CVD, DB, DV

Citrus, fruit, green leafy vegetables BD, CA, CVD
Cruciferous (Brassicaceae) vegetables CA
Onions (Allium cepn), garlic (A. sativum),

leeks (A. porrum) CA, CVD
Red, blue, and black fruit CA
Citrus peel, umbelliferous (Apiaceae)

vegetables and herbs [e.g., parsnips,

(Pastinaca sativa) | CA
Fruit CA
Citrus CA
Citrus oils, fruit and vegetables CA
Most vegetables and fruit, onions CA, CVD, COPD
Most vegetables and fruit, citrus CA, CVD
Legumes (Fabaceae) CA
Bananas (Musa acuminata), blueberries

(Vaccinium sp.), cranberries

(Vaccinium macrocarpon), grapes

(Vitis sp.), raspberries (Rubus sp.),

blackberries (Rubus sp.), strawberries

(Fragaria Xananassn) CA, CV, UTH
Red grapes CVD
Soy (Glycine max), ginseng (Panaxsp.)  CA, CVD
Orange ( Citrus sinensis) oil, citrus CA
Oil-containing vegetables, lettuce

(Lactuca sativa), spinach

(Spinacin oleracen) CVD

“Primary references = Hertog et al., 1997; IFIC, 1999; Leake, 1997; Steinmetz and Potter, 1996; Van Duyn, 1999.

YDegenerative diseases: BD = birth defects; CA = cancer; COPD = chronic obstructive pulmonary disease; CVD = cardiovascular disease including heart disease, stroke and
hypertension; DB = diabetes mellitu; DV = diverticulosis; UTH = urinary tract health.
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Second National Health
and Nutrition Exami-
nation Survey
(NHANES 11, 1976~
80) conducted by the
National Center for
Health, indicated from
daily dietary recall that
45% of the respondents
had no servings of fruit,
22% had no servings of
vegetables and only 9%
had the recommended
servings of both
(Patterson etal., 1990).
In an attempt to im-
prove these statistics,
national education pro-
grams have been de-
ployed such as those
based on the USDA
Food Guide Pyramid
(Achterberg, 1994;
Food Technology Edi-
torial Staft; 1992, Chap-
man, 1999), designed
to teach the nutritional
parameters of variety,
moderationand propor-
tionality in terms of the
total diet, and the na-
tional 5 A Day - for Bet-
ter Health program, the
nation’s largest public/
private nutrition educa-
tion program promot-
ing increased fruit and
vegetable consumption
(Balch et al., 1997).
Similar programs have
been implemented by
the World Health Or-
ganization (WHO)and
other governmental
agencies (Cox et al.,
1998).
Inadditiontoedu-
cational initiatives, me-
diacoverage of medical
research has height-
ened the public’s
awareness of the po-
tential health benefits

Fig. 1. Per capita consumption in lbs (1.00 1b = 0.454 kg) of (A) fruit and vegetables (0 and m, respectively) and (B-F)
fresh and processed small fruit (O and m, respectively) from 1970-89 and from 1990-98. Percentage growth/period (G/P)
and percentage annual growth within periods (G/Y) are based on regression statistics calculated from tabular data of
Putnam and Allshouse (1999). Graphs include data from 27 fresh fruit commodities and canned, frozen and dried fruit
and fruit juices and from 25 fresh vegetable commodities and canned, frozen and dry or dried vegetables and chipping
potatoes (A), fresh grapes canned and dried grapes (raisins), grape juice, and grapes used for wine making (B), fresh and
frozen strawberries (C), fresh cranberries and cranberry juice (tabular data converted from gallons to pounds based an
assumed density of 1.0 for raw cranberry juice) (D) frozen blackberries, raspberries and miscellaneous brambles (E) and
frozen blueberries (F). Small fruit freezer stock sold retail or used in other food products.
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of improved diets, higher antioxidant
intake and increased consumption of
fruit and vegetables (Abbott, 1997
Farmakalidis, 1999; Wrick, 1995).
Recent surveys by organizations such
as the American Dietetic Association,
the Food Marketing Institute, Health
Focus 1999, the Leatherhead Research
Group (UK) and the United Soybean
Council suggested that 70% to 90% of
consumers regard fruit and vegetables
as very nutritious, health-conserving
foods that are important constituents
in a well-balanced diet (Farmakalidis,
1999; Sloan, 1993, 2000).

The success of educational initia-
tives and the effects of increased public
awareness on health-diet issues can be
assessed in several ways. Per capita
consumption based on commodity dis-
appearance data tabulated yearly by
the USDA Economic Research Ser-
vice (Putnam and Allshouse, 1999)
offers one measure of change in the
cating habits of the U.S. population.
Figure 1 depicts U.S. per capita con-
sumption patterns for fruit and veg-
etable commodities in general and for
common small fruit and grape crops.
Dataare shown for two periods, 1970-
89 (prefood guide pyramid ) and 1990-
98. Per capita consumption increases
were calculated per period, both on a
period and annual basis, based on re-
gression statistics calculated from the
tabular data of Putnam and Allshouse
(1999).

Overall fruit and vegetable con-
sumption per capita has increased
steadily over the last 30 years (Fig.
1A). About 45% of the fruit sold in the
U.S. is consumed fresh and the re-
mainder is processed. The proportion
of fresh to processed fruit consump-
tion remains constant although the
relative components of the ratio may
vary from year to year (King et al.,
2000; Putnam and Allshouse, 1999).
Juices, canned fruit, dried fruit and
frozen fruit account for about 76%,
14%, 8%, and 2%, respectively, of the
processed products consumed. Per
capita consumption of juices has in-
creased over time whereas that of
canned fruit has decreased. In general,
per capita consumption of grape and
small fruit crops has also increased over
the past 30 years, in some cases dra-
matically (Fig. 1B-F). For example,
the strawberry industry has enjoyed
consistent growth in per capita con-
sumption of fresh fruit, perhaps due to
almost constant availability and com-
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petitive retail pricing. Increased con-
sumption of table grapes, primarily
during the period from 1980-90, may
also be due in part to increased supply
of affordable, off-season grapes from
the southern hemisphere. Disappear-
ance data for grape juice, raisins and
wine account for per capita consump-
tion increases in processed grapes; in-
creases in grape concentrates as sweet-
eners were not considered. Per capita
consumption of processed blueberries
also escalated, and based on produc-
tion data (USDA-NASS, 1995-2001)
consumption of fresh blueberries in-
creased as well. In contrast, per capita
consumption of fresh cranberries has
been static for nearly 20 years. Growth
in this industry and expanded cran-
berry consumption are due almost
entirely to the increased popularity of
cranberry juice and cranberry juice
blends.

Mean annual growth rates for U.S.
fruit and vegetable consumption in-
creased 8.6and 9.3%, respectively, over
the decade following the development
of the Food Guide Pyramid and the 5
A Day—for Better Health program
(Fig. 1A-F). Similarly, fresh fruit and
vegetable consumption in the United
Kingdom is increasing; fresh fruit sales
rose nearly 25% in 10 years whereas
vegetable sales, although slightly lower
than 10 years ago, have increased 4%
peryear since 1995 (MAFF, 1998). In
the U.S., processed grapes, fresh and
processed strawberries and processed
caneberries have exhibited greater
mean annual growth rates during the
past decade than in the preceeding 20
years. In some part, these increases
may have resulted from increased pub-
lic awareness of the link between diet
and health through national educa-
tion initiatives and emerging medical
information as covered by the media.
Per capita consumption data therefore
suggests we are well on the way to
successfully improving nutritional well-
being, prolonging health and reduc-
ing the risk of chronic diseases. But,
are these per capita consumption in-
creases really indicative of improved
dietary habits within the population?

Public awareness and
dietary improvement

“Although food supply data give
an indication of long term trends in
consumption of these [fruit and veg-
etable] foods, they cannot be used to

infer how close the population is to
meeting the health objective because
the are not reported in comparable
terms (i.e., servings of food ingested)”
(Krebs-Smith, 1998). Recent evidence
from dietary recall surveys suggested
that only 20% of U.S. adults, 10% of
Norwegian adults and 3% of Scottish
adults consume the recommended 5
portions (80 g) of fruit and vegetables
daily (Cox etal., 1998, Johansson and
Andersen, 1998).

Katz (1998) summarizing infor-
mation from the USDA Continuing
Survey of Food Intakes by Individuals
(CSFII) reported that from 1995-96,
the average number of servings of fruit
were 1.5 and 1.4 for U.S. adult men
and women, respectively. Correspond-
ingly, only 20% of men and 24% of
women consumed the recommended
level of fruit. According to King et al.
(2000), more than half of all Ameri-
cans ingest some type of fruit or fruit
drink serving nearly every day, but
these consumers are eating only one-
halfthe amount of fruit recommended
in USDA Food Guide Pyramid (less
than one serving a day).

For vegetables, recent dietary re-
call studies reflect a greater compli-
ance with Food Guide Pyramid and 5-
a-Day recommendations (Katz, 1998;
Krebs-Smith, 1998), with adult men
and women averaging 4.1 and 3.2
servings per day, respectively. How-
ever, nearly one-quarter of the increase
in vegetables in the diet can be ac-
counted for by an increased popularity
of french fries rather than by increased
levels of vegetables rich in vitamins,
antioxidants and other nutrients. More-
over, only 50% of the men and 44% of
the women surveyed met the recom-
mended goals of 3 to 5 servings per
day.

Improvement (or lack thereof) in
the American diet after introduction
of the Food Guide Pyramid is perhaps
best depicted by the Healthy Eating
Indices (HEI) compiled for the period
198990 (USDA-CNPP, 1995) and
that for the period 1994-96 (Bowman
et al., 1998). Based on CSFII statis-
tics, the HEI was developed by the
USDA, Center for Nutrition Policy
and Promotion (CNDPP) as an instru-
ment to reflect overall dietary quality.
To determine the HEI per individual,
information is compiled in 10 catego-
ries by assessing how well a person’s
diet conforms to the Food Guide Pyra-
mid recommendations, by evaluating
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the amount of total fat, saturated fat,
cholesterol and sodium consumed and
by considering variety in the diet. Scor-
ing criteria for each category is from 0
to 10 points, with ten points indicat-
ing dietary recommendation compli-
ance; individual criterion for scoring is
adjusted for age, gender and caloric
requirements.

The overall HEI scores for the
populations surveyed in 1989-90 av-
eraged 63.8 indicating that the aver-
age American diet needed improve-
ment (Table 2). Only 12% of individu-
als received overall scores of 80 points
oraboveindicatinga good diet whereas
14% those studied earned overall scores
ofless than 51 points indicating a poor
diet. Five years later, average overall
scores had not improved and the per-
centage of the population categorized
as having a poor diet had risen to 18%.
Average scores for individual compo-
nents did reveal improvements over
time in limiting intakes of fat and
saturated fat and reducing meat con-
sumption, inincreasing intakes of grains
and in improving dietary variety, but
also showed declines in milk consump-
tion as well as an increased use of salt.

In the 1989-90 report (USDA-
CNPP, 1995), about 14% and 17% of
individuals surveyed received HEI
scores of 10 for fruit and vegetable
consumption, respectively. By the
1994-96 study (Bowman etal., 1998)
the percentage of the survey popula-
tion meeting the dietary requirements
of2 to 4 servings of fruit /day had risen
from 14% to 17% and 3 to 5 servings of
vegetables/day had risen from 17% to
31%. Although these statistics may in-
dicate a trend toward healthier eating,
data from the earlier and much larger
NHANESII (1976-80) studyrevealed
the percentages of respondentsin com-
pliance with dietary recommendations
for fruit and vegetable intakes to be
29% and 27% respectively (Patterson
et al., 1990). Moreover, mean HEI
scores for fruit and vegetable intakes
remained relatively constant since the
initial data period (Table 2). Recent
educational initiatives and increased
understanding concerning the relation-
ship between diet and health have
changed our perception of the impor-
tance of fruit and vegetables in our
diets. Apparently, however, they have
not for the most part altered our di-
etary behavior.

There are no dietary recall studies
focusing upon the intake of small fruit

Horflechnology - October-December 2001 11(4)

and grapes, so whether increased con-
sumption is indicative of increased
importance of these commodities in
our diets is unknown. However, based
on 1994 survey data, Kingetal. (2000)
stated that nearly 1,2 of all fruit serv-
ings were comprised of only five com-
modities: orange juice = 18%, bananas
=9.8%, fresh apples (Malus domestica)
= 7.9%, watermelon (Citrullus vul-
garis) = 6.5%, apple juice = 5.8%. In
contrast, Katz (1998) reported citrus,
melons (Cucurbitacene), berries and
other fruit to be consumed in relatively
equal proportions according to 1995-
96 CSFII data.

In summary, we are aware that we
should eat diets rich in fruit and veg-
etables, but many of us still fail, for
variousreasons, to consume these foods
at current recommended levels for
optimum health benefits. What then,
are the factors that affect food choice,
especially the preference for fruit and
vegetables over other available food-
stuffs?

Factors influencing food
choice and their effect on
fruit and vegetable
intakes

According to Shepherd (1997)
food choice by individuals is a complex
phenomenon that is predicated upon
many integrated factors. These factors
may include sensory preference, physi-

ological factors (pre- and
postingestion), age, gender, lifestyle,
behavior, personality, education, in-
come, social pressures, marketing pres-
sures, available product information
and knowledge (labeling, media cov-
erage, ctc.), attitudes about diet and
health, ethnicity and tradition, reli-
gious beliefs and social or self-identity
beliefs (Abbott, 1997; Bowman et al.,
1998; Cox et al., 1998; Farmakalidis,
1999; Kingetal.,2000; Leather, 1995;
Shepherd, 1997; USDA-CNPP, 1995;
Variyam et al., 1998; Wrick, 1995;
Young, 1998). For each food choice
event, additional external and internal
inputsare considered (integrated) con-
sciously or subconsciously by the indi-
vidual, which impacts attitude, intent
and behavior. Moreover, these inputs
can affect a person’s immediate and
long term opinion about a specific
food product. Based on those of oth-
ers (Cardello, 1994; Imram, 1999;
Shepherd, 1997) a food choice model
was formulated herein toillustrate some
specific barriers to the consumption of
fruit (especially small fruit and grapes)
and alternatively, specific opportuni-
ties for increasing their consumption
(Fig. 2).

Without question, an individual’s
physiological status (i.e., the level of
hunger or thirst felt) has a primary and
immediate impact upon his or her
desire to consume. Food choices also
seem to be influenced by the

Table 2. Healthy Eating Index scores for study periods from 1989-90 and from
1994-96 (USDA-CNPP, 1995; Bowman et al., 1998).

Index components

Mean scores”

(standards)’ 1989-90 1994-96
Grains (6-11 servings) 6.1 6.7
Vegetables (3-5 servings) 6.1 6.2
Fruit (24 servings) 4.0 3.9
Milk (2-3 servings) 6.7 5.4
Meat (2-3 servings) 7.5 6.5
Total fat (energy from fat <30%) 6.3 6.8
Saturated fat (energy from saturated fat <10%) 5.0 6.4
Cholesterol (300 mg) 7.9 7.8
Sodium (<2400 mg) 7.0 6.3
Variety (16 different food items over 3-d period) 7.0 7.6
Overall score® 63.8 63.6

“Component scores for each individual ranged from 0-10, with 10 indicating that individual meets dietary
requirements. Component score means are based on individual scores of 4000, 3400, 5200, 4900, and 4800
participants in 1989, 1990, 1994, 1995, and 1996, respectively.

YStandards indicate component performance levels which receive a score of 10. For individuals, standards are

adjusted for gender and age.

*Overall scores are calculated as sums of component scores. Overall scores for each individual ranged from 0-100,
with 100 indicating that the individuals diet meets all standards for healthy eating. Overall scores of less than 100
indicate the following: 80-99 = good diet, 51-79 = diet needs improvement, <51 = poor diet. In 1989-90, 12%,
74% and 14% of individuals studied received overal scores indicating good, needs improvement, or poor diets,
respectively. In 1994-96, 12%, 70% and 18% of individuals studied received overal scores indicating good, needs

improvement, or poor diets, respectively.
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Factors Affecting Food Choice

caloric unit, limited
availability and limited
support or encourage-

Fig. 2. Food choice model (Cardello,
1994; Imram, 1999; Shepherd,
1997).

consumer’s age and gender. In both
HEI studies, women received slightly
higher scores than men; but males 15
to 18 years of age scored particularly
low HEIs (Bowman et al., 1998;
USDA-CNPP, 1995; Variyam et al.,
1998). Mean HEI scores tend to be
high in very young and in older indi-
viduals, and according to King et al.
(2000), children under 5 years of age
and adults over 70 years of age cat the
most fruit. The food choice factors of
age and gender may have some basis in
human physiology (i.c., differences in
sensory perception ), butare most likely
influenced either positively or nega-
tively by social and cultural factors. For
instance, higher HEI scores in women
over those of men were related to
increased knowledge concerning nu-
trients in food and a better under-
standing of the relationship between
diet and health. Conversely, Wrick
(1995) summarized work based on
NHANES II data suggesting that eld-
erly people living without a spouse,
especially men are likely to have poor
diets and low intakes of fruit and veg-
etables.

Importantsocial, cultural and eco-
nomic factors affecting fruit or fruit
product consumption may include lack
of advertizing/exposure, high price/
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Input Brain Result ment from family and
friends (Abbott, 1997;

— Anderson et al., 1998;
Physiological H Personal Farmakalidis, 1999;
Status < Attitude/Intent Leather, 1995; Shep-
Social, Cultural E‘n herd, 1997; Wrick,
and Economic < 1995). Yearly advert-
Issues = | Purchase/Intake I izing budgets for fruit
Personal = and fruit products are
Issues g generally several orders

= _| Sensory Percention |._ of magnitude less than

E atd Ld those expended to pro-

L mote carbonated bev-

g2 | K Physiological | crages, fast foods, ce-

g Effects reals, coffee and choco-

< < late products (Leather,

1995; E. Pivonka, per-

= sonal communication).

Food Physical E The fact that fruit and
and g |- vegetables are often
Chemical = marketed without
Properties brand names may be a

factor which limits the
incentive for producers and marketers
to advertize.

Price/caloric unit is a major fac-
tor in food choice, especially among
lower socioeconomic classes (Leather,
1995). During the period from 1995
to 1997, per capita consumption of
fruit and vegetables by the poorest
10% of the population in England was
47% and 40% below average intakes,
respectively (MAFF, 1998). In the
U.S.,HEIscores tend to be lower than
average in households with incomes
that are below the poverty level. Ac-
cording to Bowman et al. (1998),
“higher income groups have the abil-
ity to buy relatively expensive foods,
such as fresh fruit and lean meats which
results in better diet quality”. More-
over, based on price indices, retail prices
for fruit and vegetables have risen 93%
since 1982 | well above increases re-
corded for all food items (61%) or all
items (66%) (Putnam and Allshouse,
1999). Percentage price increases for
fresh fruitwere more than double those
of processed fruit. Price may remain a
factor limiting fruit and vegetable con-
sumption even when federal assistance
for food procurement is available. For
instance, participants in U.S. Food
Stamp Program consume more meat,
fat and sugar as a result of federal
assistance, but their intake of fruit and
vegetables remainslow (Levendahland
Oliveira, 1999; Wilde et al., 2000).
However, recipients of the Women

Infants and Children (WIC) Program,
do benefit nutritionally from an in-
creased intake of fruit juices supplied
specifically by the program.

Issues of price may especially limit
intakes of small fruit. Table 3 lists the
price per serving and the price per 100
calories (419 J) of potatoes and vari-
ous fresh and processed fruit com-
modities based on the average mini-
mum prices found during Apr. 2001 at
five supermarket chains in northeast-
ern Ohio. Fruit and fruit product
prices/serving and prices/100 calo-
ries all exceed those of potatoes. Juices
were the least expensive among fruit
products, but often contained added
water and sweetener. Admittedly, the
high prices for fresh small fruit com-
modities listed herein, especially rasp-
berries and blueberries, would be lower
during summer months when these
commodities are in greater supply
through local or even remote suppli-
ers. However, even when small fruit
commodities are in season, they tend
to be priced higher than other fruit
crops, perhaps reflecting limited pro-
duction acreage and supply (Table 4),
high shipping costs and high shelf-life
losses.

Personal issues affecting fruit or
fruit product consumption may in-
clude the level of knowledge concern-
ing the products, lifestyle and available
time, moral, ethical or religious con-
cerns and self-identity (Anderson et
al., 1998; Farmakalidis, 1999; Havas
etal., 1998; Hilliam, 1995; Schafer et
al., 1999; Shepherd, 1997; Wrick,
1995; Young, 1998). HEI scores were
directly correlated with educational
levels (USDA-CNPP, 1995) and “sys-
tematically related to higher knowl-
edge of the nutrient content of foods,
[and] more awareness of diet-health
problems” (Variyam et al., 1998).
Certainly media coverage of medical
information concerning potential
health benefits of specific fruit prod-
ucts, such as orange or cranberry juice
has stimulated consumption of these
itemsat the national level (Farmakalidis,
1999; Sloan, 2000). The health ben-
efits derived from red wine consump-
tion have received considerable atten-
tion within the last decade after the
French Paradox was widely publicized
by the press. The lower incidence of
cardiovascular disease within the
French population (i.e., a population
that consumes relatively high levels of
fat) has been attributed to the antioxi-
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dant properties of hydrocinnamic ac-
ids, flavonoids and resveratrol found
predominately in grape skins (Leake,
1997). Other small fruit commodities
are also gaining favorable exposure in
the press as we learn more about their
generally high levels of antioxidants
(e.g., blueberries, Kalt et al., 2001)
and of the health benefits and of spe-
cific antioxidant groups such as the
ellagitannins of raspberries and straw-
berries (Maas et al., 1991, Xue et al.,
2001). Hopeftully, this increased ex-
posure will lead to greater levels of
consumption. However, health claims
may also be misinterpreted or poorly
understood leading to confusion and
disgruntlement about healthful food
products (Farmakalidis, 1999, Hilliam,
1995; Wrick, 1995; Young 1998).
Increasingly, our culture is based
on convenience, which is a major fac-
tor in food choice. In a survey by the
American Dietetic Association, 21% of
respondents felt that healthy eating
took too much time (Farmakalidis,
1999). Fresh fruit may require prepa-
ration prior to use in meals and both
fresh and minimally processed fruit
products have relatively shortshelflives

(especially small fruit) and are per-
ceived by consumers as requiring in-
creased shopping time over products
that are less perishable (Anderson et
al., 1998; Cox et al., 1998). More-
over, in increasing frequency, meals
are being eaten away from home. In
these instances, the consumption of
fresh fruit may be curtailed because
they are generally less available than
fast foods at mealtime or than other
snacks from vending machines (Ander-
son et al., 1998; Cox et al., 1998).
Even when fruit is consumed outside
of the home, variety may be lacking.
Apples, bananas, oranges and peaches
predominate because they are easy to
transport (relatively nonperishable ) and
may be eaten anywhere (King et al.,
2000).

Safety is another personal issues
that may affect food choice. Concern
over pesticide residue may limit fresh
fruit purchases in general (E. Pivonka,
personal communication), whereas this
same concern along with self-identity
with environmental issues may stimu-
late the purchase of organically pro-
duced fruit and fruit products (Shep-
herd, 1997). The current controversy

surrounding the safety of genetically
modified organisms (GMOs) may also
affect public opinion about the safety
of fruit in the diet, if and when new
cultivars derived through these tech-
niques are released. According to the
National Science Board (2000), over-
all public opinion regarding the safety
of GMOs has changed little in the last
10years, but concern about the poten-
tial risks of this technology has in-
creased dramatically among well-edu-
cated individuals. Conversely, self-iden-
tity issues, such as the self-esteem
gained through consuming a diet which
isgood for you, may positively influence
intake of fruitand vegetables (Havas et
al., 1998; Schafer et al., 1999).
Finally, through learning and
memory, past food experiencesare also
considered by individuals making food
choices. In other words, a food’s physi-
cal and chemical properties as they
influence sensory attributes (texture,
mouthfeel, color, taste, aroma, flavor)
and the immediate and long term feel-
ing of physiological well-being, di-
rectly affectimmediate and future con-
sumption (Shepherd, 1997). Quality,
especially flavor quality is a key issue:

Table 3. Mean fruit and vegetable commodity prices at five supermarkets in northeastern Ohio during April 2001.”

Serving Calories/ Price/ Price/100
Commodity size™™ serving”” serving ($) calories™ ($)
Fresh fruit and vegetables
Potatoes’ 148 100 0.09 +0.01 0.09 +0.01
Bananas 126 110 0.13+0.02 0.12 +0.02
Navel oranges 154 70 0.23+0.01 0.33+0.01
Apples 154 80 0.35+0.05 0.43 +0.06
Grapes 138 90 0.61 +0.04 0.68 + 0.04
Strawberries 147 45 0.83+0.10 1.85+0.23
Raspberries 125 58 292+0.29 5.30 £ 0.80
Blueberries 140 100 5.22+0.37 522+0.37
Frozen fruit (whole)
Strawberries 148 50 0.66 + 0.08 1.31£0.16
Raspberries 165 75 1.00 = 0.06 1.30+£0.11
Blueberries 148 90 0.82 +0.06 1.08 £0.14
Dried fruit
Raisins 40 130 0.18 +0.02 0.14 +0.02
Cranberries 40 130 0.43+0.04 0.33+0.03
Fruit juices
Orange juice (refrigerated) 237 110 0.23+£0.02 0.21+£0.02
Orange juice (frozen) 237 120 0.19£0.02 0.16 £0.02
Grape juice (bottled) 237 154 0.33+£0.03 0.21£0.02
Grape juice (frozen) 237 144 0.23+£0.02 0.17+£0.03
Cranberry juice (bottled) 237 136 0.26 +0.02 0.19 £ 0.02

“Supermarkets included three nationally or regionally recognized chains and two locally-owned chains. Prices and additional information from nutrition labeling were recorded

from the lowest-priced products available.

YBased on the tabular data of Van Duyn, 1999 for fresh products and on nutritional labeling information for packaged products.
*For fresh frozen and dried products, serving sizes are reported in grams (1.0 oz = 28.35 g); for liquid products serving sizes are reported in milliliters (1.0 fl 0z = 29.6 mL).

V100 calories = 419 J.
VSolanum tuberosum.
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Table 4. Year 2000 production statistics for potato, apples and various small

fruit crops (USDA-NASS, 1995-2001).

Value of
Bearing Utilized utilized

acreage production roduction
Commodity (1,000 acres)” (1000 tons)* ($1000)
Potatoes 1,351.6 25,798.2 2,539,561
Apples 451.3 5,167.4 1,553,536
Blueberries 40.3 90.8 176,571
Caneberries 23.5 82.8 85,200
Cranberries 36.6 264.4 112,235
Grapes 956.5 7,314.6 3,063,918
Strawberries 47.7 923.8 1,013,537

21.0 acre = 0.405 ha.
¥1.0 ton = 0.907 t.

“...Health claims alone did not guar-
antee success of a functional food.
Other major interacting factors in-
cluded quality — most importantly fla-
vor” (Hilliam, 1995)

“...Given the choice, many consumers
will select the ‘healthy’ product over
the standard, provided there is no taste
compromise...” (Farmakalidis, 1999)
“...While consumers continue to want
food with lower fat and cholesterol,
they’ve made it clear that they want
taste back on the front burner...”
(Sloan, 1993).

When consumers were asked
about their criterion for purchasing
food products, 78% to 79% indicated
nutritional content to be an important
consideration, whereas 88% to 91%
listed flavor as a determining factor
(Farmakalidis, 1999; E. Pivonka, per-
sonal communication). Small fruit have
long been appreciated for their deli-
cate and unique flavors (Bowling,
2000) and serving them is often con-
sidered to be a treat for family and
guests. Because of this, and because of
their relatively high price, it is impor-
tant for producers to consistently offer
small fruit products to the consumer
that are of the highest quality. Real or
perceived quality shortfalls can greatly
impact a person’s desire to eat fresh
fruit (E. Pivonka, personal communi-
cation).

Outlook for increased
small fruit consumption

What are the factors which favor
the consumption of small fruit and
grapes as part of a well-rounded diet?
Certainly, they are rich in
phytochemicals (antioxidants and oth-
ers) that are now recognized by the
consuming public as being beneficial
to health and longevity. However, as
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the discussion above suggests, the
greatest incentives for consumption of
small fruit lies with their unique and
highly pleasurable sensory qualities and
with their image as highly desirable
(dessert-like) commodities. Interest-
ingly, this notion of small fruit as treats
may also deter consumers to some
extent from routinely including them
in their daily diets. Other deterrents to
small fruit consumption may be of
greater significance such as their high
cost/serving or cost/calorie and sub-
stantial seasonal fluctuation in price,
which may exclude many people from
lower or middle socioeconomic ranks
from routinely purchasing them. The
relative perishability (short storage or
shelflife) of most small fruit commodi-
ties contributes to their high cost, but
also makes them difficult to transport
without loss in quality for producers,
wholesalers, marketers and consumers
alike. The seasonality of some small
fruit and the limited acreage devoted
to small fruit production may also ex-
acerbate high prices and curtail in-
creased consumption by consumers.
However, there are several strate-
gies that might be successfully em-
ployed to capitalize on the sensory and
nutritional qualities of small fruit and
to overcome barriers related to price
and perishability. For instance, at the
direct market level, King et al. (2000)
suggests the development of innova-
tive marketing strategies (e.g., those
which involve product variety, educa-
tion and entertainment) as a means to
promote sales of fruit in general. On a
broader level, state and regional mar-
keting programs (e.g., OHIO
PROUD®, the signature marketing
program of the Ohio Department of
Agriculture, Reynoldsburg) might in-
crease their promotional activities with

respect to the desirability and health
benefits of increased consumption of
locally produced small fruit and small
fruit products. National or interna-
tional commodity groups (e.g., The
North American Blueberry Council,
Folsom, Calif.) may do likewise on a
much larger scale. Increased incen-
tives and improved technology for the
global marketing of these commodi-
ties might help insure consistent sup-
plies and stabilize prices at the local
level. Increasesin fruit consumption in
general and in small fruit in particular
would undoubtedly be aided by con-
tinued efforts of local and national
programs to increase public knowl-
edge and understanding of the health
benefits of these commodities. In turn,
these health benefits might be clarified
through expanded research efforts to
further explore phytochemical con-
tent within small fruit, to delineate the
parameters that affect phytochemical
contentand availability, to understand
the physiological mechanisms by which
theyintercede in the progress of chronic
disease and, if necessary to develop
fruit-based, cost-effective, and physi-
ologically active nutriceutical products
for ease of inclusion in the diet.

Moreover, because of the para-
mount importance of small fruit qual-
ity in motivating consumption, ge-
netic, pre- and postharvest physiologi-
cal and cultural research focused upon
and resulting in quality improvement
might also bring about increases in
small fruit intakes. For instance, the
development of packaging systems
specifically designed to deliver prod-
ucts from vending machines or for use
in lunch boxes may increase opportu-
nities to consume fresh small fruit at
the workplace. Physiological and ge-
netic research elucidating mechanisms
for coordinated control of the ripen-
ing processes in small fruit might aid in
the development of cultivars that bear
fruit that ripen fully even though har-
vested prior to maturity. Similar lines
of research may result in fruit with
improved shippability and longer shelf
life. Finally, genetic research exploring
the inheritance of the components of
quality and breeding efforts to maxi-
mize them may result in cultivars that
consistently produce fruit of superior
sensory quality.

Finally, what if we succeed in sub-
stantially increasing the demand for
and consumption of small fruit and
small fruit products? Obviously, if de-
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mand increases, supply must increase
as well through increased production.
Current production statistics for po-
tato, apple and small fruit crops are
listed in Table 4. It can be easily con-
cluded from these data that small fruit
crops (excluding grapes, perhaps) are
produced on relatively limited acre-
age, that they are in limited supply and
that the value of fruit produced is very
high (e.g., strawberry acreage and uti-
lized production are only 3.5% as great
as those of potato, but the resulting
crop is worth about 40% as much as
potato utilized production). Since
product availability often affects pro-
duction profitability, growth within
this industry would have to be well-
coordinated in order to maintain ad-
equate profit margins for producers
while hopefully, providing consumers
with a more affordable product. Even
s0, availability of suitable land for ex-
panded production may be limiting, as
well as the infrastructure necessary to
produce, harvest, ship, store and mar-
ket a greatly increased volume of these
commodities.

Despite the barriers to increasing
small fruit consumption, it remains a
laudable goal. As many as 1.4 million
deaths peryearin the U.S. are attribut-
able to cancer, diabetes, heart disease
and stroke and these and other diet-
related diseases cost society an esti-
mate $250 billion each year in medical
costs and lost productivity (Bowman
etal., 1998). Adopting diets that con-
tain adequate levels of fruit and veg-
etables would obviously improve these
statistics. In fact, according to Pivonka
(E. Pivonka, personal communication)
and Krebs-Smith (1998), the current
recommended 2 to 4 servings of fruit
and 3 to 5 servings of vegetables, only
represent minimums, which, if ex-
ceeded, could still offer greater health
benefits. Phytochemical-rich small fruit
have a definite place in these efforts.
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