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Abstract

Novel snack foods comprised of various combinations of whole grains and
vegetables were evaluated for consumer acceptability in sensory booths by
seventy-one in-house volunteers. Specifically, snacks containing Buckwheat
(B), Buckwheat + Peanut meal + Kale (BPK), Sorghum + Peanut meal + Okra
(SPO), and Sorghum + Peanut meal + Okra + Jalapeno (SPO]J) were judged
for appearance, aroma, flavor and texture on a scale from one to five, as well
as on overall acceptability on a binary scale. Several combinations of ingre-
dients were evaluated, with the final composition of snacks tested decided by
consensus of laboratory personnel based on criteria of expected consumer
acceptability of 70%. While all snacks were found to be statistically similar for
appearance, aroma, and flavor, the texture of BWPK and SPO were rated sig-
nificantly equal and more favorable than BW and SPOJ. Acceptability ratings
were generally high; SPOJ (94%), BPK (93%), SPO (89%), and B (85%), with
no significant difference, observed between SPOJ and BPK (p = 0.05). The
snack foods evaluated are higher (up to triple) in protein, lower (as low as
half) in fat, are gluten-free with no added sugar, and generally higher in nu-
tritional content as compared to most traditional snack foods. While ideally
suited for commercial production, these snacks can also be easily prepared at
home with minimal equipment requirements, thus offering a healthy alterna-
tive for all consumers including vegetarians, vegans, and those hypersensitive
to gluten.
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1. Introduction

Americans are increasingly aware of and alarmed by the consequences of obesi-
ty. In one recent survey, 81 percent of Americans ranked obesity as the nation’s
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number one health problem, followed by cancer, diabetes, and heart disease, and
94% believe that obesity increases the risk for early death even in the absence of
other underlying conditions [1]. In fact, obesity is associated with an increased
risk for type 2 diabetes, high blood pressure, stroke, and many types of cancers.
Specifically, obesity has been correlated with doubling heart disease and stroke
and a 1.5-fold increase in mortality [2]. Obesity has also been identified as one of
the underlying conditions associated with serious COVID-19 symptoms and
poor outcomes [3]. Despite increased awareness, the obesity epidemic shows no
sign of slowing, and the national adult obesity rate has increased by 26 percent
since 2008, with over 40% of adults and roughly 18% of children classified as
obese [3]. Globally, roughly 10% of men and 14% of women are obese, double
the rate in 1980 [4]. At the simplest level, obesity is caused by energy intake ex-
ceeding energy expenditure, suggesting that diet and physical activity are critical
factors for controlling body weight [5]. While excess consumption of fat, simple
sugars and salt have all been correlated with obesity, the debate over nutritional
strategies for weight control is far from settled. Studies have suggested that diets
with more than 35% of calories derived from fat lead to obesity [6]; others point
the finger at excess consumption of simple carbohydrates, especially sugars [7].
Average daily US sugar consumption has reached 84 grams (20 teaspoons) whe-
reas the American Heart Association recommends 25 grams for women and 38
for men [8]. Research has linked sugar consumption with excess body weight,
also a greater risk of dying from heart disease [8]. Of course, dietary factors can
have far-reaching consequences to health beyond obesity. Diets high in fat have
been associated with increased blood cholesterol and an increased risk of heart
disease and cancer [9] [10]. The consumption of saturated fat is linked to ele-
vated LDL with increased incidence of atherosclerosis and stroke [11]. Excessive
salt intake has long been implicated in hypertension and cardiovascular disease
and has recently been associated with obesity, insulin resistance, and metabolic
syndrome. Consequently, the American Heart Association has called for reduc-
ing salt intake recommendations to 1500 mg/day; however, most adults consume
more than 3400 mg [12]. Thus, a critical tool for addressing obesity and related
diseases involves proper nutrition Ze. properly balanced consumption of fat, salt,
carbohydrates and protein, among others, and indeed federal guidelines for
healthy nutrition call for limiting calories from added sugars and saturated fats
and reducing sodium intake. Studies have indicated that approximately one-third
of calories are obtained through snacking between meals, with many snacks pro-
viding high energy and low nutrition Ze. added sugars and saturated fats [13].
Thus, snacking is likely to be a major factor in the obesity epidemic. However, it
is also reported that snacks with high nutritional content contribute to satiety
and can prevent overeating during meals, thus combatting obesity. It has been
reported that snacks higher in protein, compared with carbohydrate or fat had
the strongest satiety effect [14]. In general, whole foods high in protein, fiber,
and whole grains are most likely to promote satiety when consumed as snacks.
USDA nutritional guidelines recommend that at least 50% of grain consumption
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should comprise whole grains, as opposed to processed grains in which the re-
moval of bran results in loss of nutritional content as well as fiber [15]. Complex
carbohydrates in whole grains have been associated with reduced risk of obesity
and related disease. For instance, while some recent research suggests that low-
carbohydrate diets promote weight loss and healthy aging [16] [17], it has also
been observed that the risk of heart disease was significantly lower with the
consumption of whole-grain rye and oats [18]. Along with obesity and related
diseases, the incidence and awareness of certain food sensitivities/allergies have
been increasing in recent decades, including non-celiac gluten sensitivity [19]
[20]. In fact, although gluten sensitivity was only first clinically identified in
1980, gluten-free food has become increasingly popular. In 2015, 20% of Ameri-
cans polled claimed a gluten-free diet [21]. Sales of gluten-free foods were pro-
jected to top $2 billion in 2020, up nearly $400 million from 2015 [22], even
though less than one percent of the population has celiac disease. Gluten sensi-
tivity impedes proper intestinal absorption of nutrients for celiac patients as well
as gluten-sensitive individuals [20] [23].

Given the high percentage of calories consumed as snacks between regular
meals and the poor nutritional content of most consumed snacks, the develop-
ment of alternative snack foods that satisfy the consumer’s snacking needs and
desires while providing nutritional content and satiety is critical as one tool to
combat obesity and obesity-related diseases. The objective of this study was to
investigate basic ingredients with required nutritional qualities (Ze. whole grains
and vegetables) as the basis for alternatives to most traditional snack foods and
test the resulting products for consumer acceptability. The developed snacks
should be whole grain, low fat, high protein (>25%), gluten-free, no added sugar

or salt and score at least 70% acceptability in sensory panel evaluations.

2. Materials and Methods

2.1. Overview

Novel snack foods comprised of various combinations of whole grains and veg-
etables with desirable nutritional characteristics were evaluated for consumer
acceptability in sensory booths. Specifically, snacks containing Buckwheat (B),
Buckwheat + Peanut meal + Kale (BPK), Sorghum + Peanut meal + Okra (SPO),
and Sorghum + Peanut meal + Okra + Jalapeno (SPOJ) were judged for appear-
ance, aroma, flavor and texture and overall acceptability. Nutritional content of
resulting products was evaluated and compared to certain widely consumed tra-

ditional snack foods.

2.2. Ingredients

Buckwheat (Fagopyrum esculentum) is a type of grain that doesn’t grow on grasses
but is processed similarly to cereals. It is gluten-free, a good source of fiber, and
rich in minerals and various plant compounds. Health benefits associated with

buckwheat consumption include hypertension/cholesterol reduction, neuropro-
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tection, as well as anti-cancer, inflammatory and diabetic effects [24] [25]. Buck-
wheat is high in protein (16% - 18%), with a high biological value (90%) sug-
gesting that its protein contains the amino acids needed to form proteins re-
quired by the human body [26] [27]. One cup (155 g) of buckwheat provides
34% of recommended daily intake of manganese, 28% of copper, 21% of magne-
sium, 18% of dietary fiber and 17% of phosphorus.

Sorghum (Sorghum bicolor), is a drought-tolerant grass species whose grain is
used for food, feed, and ethanol production [28]. In the United States, human
consumption of sorghum is increasing due to its rich nutritional content [29].
Sorghum is gluten-free rich in complex carbohydrates, moderate in protein, low
in fat, and fiber-rich. It is also a good source of many vitamins and essential
elements, including potassium, thiamin, riboflavin, niacin, pyridoxine, folate,
pantothenic acid, vitamin E, iron, zinc, magnesium, and phosphorus. It also con-
tains health-promoting phytochemicals, like lignans, phenolic acids, phytic acid,
plant sterols and saponins [30].

Peanut meal, the low-value by-product of peanut oil extraction, is a high pro-
tein product widely used as livestock feed. Peanut meal is high in oleic and li-
noleic acids, dietary fiber, tocopherol, choline, and multiple vitamins including
thiamine, riboflavin, niacin, pyridoxine, and folic acid [31].

Kale (Brassica oleracea) is a leafy green member of the cabbage family which
contains no fat or cholesterol and is low in sodium. It is rich in lutein, flavonoids
and polyphenols [32], as well as sulforaphane which have been associated with
cancer prevention [33]. In addition, it is a good source of vitamins A, C and K
[15]. These nutritional benefits have resulted in increased consumer demand
and production.

Okra (Abelmoschus esculentus) is a vegetable rich in soluble fiber, which has
been shown to lower cholesterol [34]. Okra has been suggested as a potential
tool to mitigate malnutrition and food insecurity [35]. Okra binds bile acids
leading to reduced fat absorption and lower cholesterol [36]. Okra is high in di-
etary fiber, polyphenols and many vitamins and minerals, including vitamin C
and Vitamin K, and has moderate levels of thiamin, folate and magnesium [35].

Jalapeno (Capsicum annuum) peppers are a good source of phenolics, ascor-
bic acid, and capsaicin and have high antioxidant activity [37]. Capsaicin, a ther-
mogenic chemical, provides the “hotness” in peppers by increasing the metabol-
ism of adipose tissue, stimulating fat burning and generating heat [38].

Guar gum (guaran) is a food binder (thickener) made from legumes called
guar beans. Guar gum is mainly composed of soluble fiber and has low protein
content, typically three to five percent. It is commonly used when baking with
whole grain flours that typically don’t rise due to their lack of gluten.

Ingredients were purchased from local food markets. Sorghum and buckwheat
flours were prepared using a tabletop flour mill (Blendtec Kitchen Mill, Model
91) at medium setting (Blendtec Inc., Orem, UT). Peanut meal was produced by
extracting oil using a heated Vepor Oil Press (Joyfay International, Cleveland,
OH). Okra and Jalapenos were chopped using a Mini-Prep Processor (Cuisinart,

DOI: 10.4236/fns.2021.125031

410 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2021.125031

T.S. Kahlon et al.

East Winsor, NJ 08520 USA). Buckwheat flour, sorghum flour, peanut meal,
okra, jalapeno, and kale were analyzed for nitrogen using a Leco FP628 analyzer
(Leco Corp., St Joseph, MI) with AOAC method 990.03 [39]. Crude fat was
measured by Soxhlet extraction with petroleum ether using method 963.15, ash
using method 923.03, and moisture using AOAC method 925.10 [40].

2.3. Preparation of Snacks

Snack dough was prepared using different combinations of the six basic ingre-
dients listed in Table 1. For some doughs, guar gum was added as a binder to
achieve appropriate consistency, along with water. Olive oil was added to some
doughs to improve flavor. Preliminary analysis by laboratory personnel was con-
ducted to select final dough compositions for trials based on dough consistency
and cooked snack taste. Snack dough composition of the four selected combina-
tions of ingredients is given in Table 2.

The prepared dough was set at room temperature for 30 minutes. Snacks were
cooked using a commercially available cookie maker (Chef’s Choice KrumKake
Express 839, EdgeCraft Corporation, Avondale, PA) for two minutes at heat set-
ting 4 (Range 1 - 6). Cooking surfaces were lightly sprayed with non-stick cook-
ing spray (Pam, ConAgra Foods, Omaha, NE). 20 g of snack dough was placed
in the center of the lower cooking surface and upper side was closed and locked.

The cooking temperature ranged from 185°C - 208°C as measured using an

Table 1. Proximate composition of snack ingredients, as is basis.

Ingredients Protein* Fat Minerals  Carbohydrate** Total (Dry Matter)
Buckwheat  16.30 £0.12 3.33 £ 0.12 2.97 £0.01 66.81 +£0.15 89.41 £ 0.11
Sorghum 7.72 +0.12 6.25 £ 0.33 1.31 £0.10 73.78 £0.28 89.06 + 0.55
Peanut meal 43.46+0.10 16.34+0.07 3.94+0.09 30.13 £0.07 93.87 +0.02
Okra 2.71 £0.02 0.56 = 0.02 0.92 +0.02 8.60 £ 0.09 12.79 £ 0.26
Jalapeno 1.23 £0.03 0.55 £ 0.02 0.62 £ 0.02 6.91 £ 0.03 9.31 £0.09
Kale 2.01£0.01 0.90 £ 0.01 1.88 £0.01 9.00 £ 0.01 13.79 £ 0.07

*Nitrogen to protein factors used was 6.25; **Total carbohydrate = 100 — (crude protein + crude fat + ash +
water).

Table 2. Dough composition.

Buckwheat Sorghum Peanut Olive Guar Water
Snack Okra Jalapeno Kale K Salt
flour flour meal oil gum (ml)
B* 92 - - - - - 6 2 - 120
BPK** 24 24 - 48 4 - - 100
SPO*** - 34 33 33 - - - - - 55
SPOJ**** - 31 30 30 9 - - - - 50

*Buckwheat; **Buckwheat-Peanut Meal-Kale; ***Sorghum-Peanut Meal-Okra; ****Sorghum-Peanut meal-
Okra-Jalapeno.
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infrared thermometer (Flute 61, Fluke Australia Pty Ltd., Baulkham Hills, NSW
2153). Cooked snacks were cooled to room temperature and sealed under nitro-

gen in Ziplock bags (SC Johnson Inc., Pleasanton, CA).

2.4. Sensory Evaluation of Snacks

Informed consent regarding snack ingredients and potential allergy issues was
obtained from 71 volunteer tasters. Snacks were cut into four pieces with a pizza
cutter and appropriately labelled by content ingredients for presentation to tas-
ters. Tasters used water as palate cleanser between samples and evaluated snacks
both individually and relative to each other in terms of preference. The volun-
teers sampled the snacks in sensory evaluation booths under white lights and
scored them for the traits color, aroma, taste and texture (“mouth feel”) on a scale
of 1 - 5 (Like very much = 5, like slightly = 4, neutral = 3, dislike slightly = 2 and
dislike very much = 1) as well as overall acceptability on a binary scaly (accepta-
ble (2) or unacceptable (1)). Scores’ means were analyzed with Minitab software
version 14.12.0 (Minitab Inc., State College, PA) using one-way analysis of va-
riance and Tuckey’s multiple comparison tests at the p < 0.05 level of signific-
ance and interpreted for consumer acceptance by trait. Likeability for a particu-

lar trait was derived as n*mean/max and compared between traits.

3. Results and Discussion

Table 3 reports the results of the sensory evaluations. Scores for color ranged
from 4.22 - 4.42 (out of 5), aroma from 3.86 to 4.06, taste from 3.81 to 4.08 and
texture from 3.72 to 4.2. No significant difference was observed in scores of col-
or/appearance, odor/aroma, or taste/flavor for any of the snack formulations.
However, differences were observed for texture, with scores falling into two
groups of significance in which BPK and SPO were rated superior to SPOJ or
BW. Likability scores by trait (across all snacks) indicated the highest likeability
for color/ appearance (60 - 63), followed by odor/aroma (55 - 58), taste/flavor
(54 - 56) and texture/mouth feel (53 - 60).

Of the 71 tasters, scores for acceptable were 67 (94%), 66 (93%), 63 (89%) and
60 (85%) for SPOJ, BPK, SPO and BW, respectively. Acceptability of the SPOJ
and BPK snacks were similar and significantly higher than SPO, which in turn
was significantly higher than BW. The aim of this study was acceptability greater

than 70%, in keeping with previously reported results for whole-grain gluten-free

Table 3. Sensory evaluation scores.*

Snack  Color/Appearance Odor/Aroma Taste/Flavor Texture/Mouth feel ~Acceptability

BW 4.22a 4.01a 3.81a 3.72b 1.85¢
BPK 44la 4.06a 3.96a 4.20a 1.93a
SPO 4.42a 3.86a 3.92a 4.16a 1.89b
SPOJ 4.32a 3.94a 4.08a 3.93b 1.94a

*Values within columns with different superscripts differ significantly (p < 0.05, n = 71).
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buckwheat snacks [41]. The current study confirms that with appropriate mod-
ifications consumer acceptability of 85% - 94% can be achieved in whole-grain,
gluten-free high protein snacks.

Calculated nutritional content of the prepared snacks is shown in Table 4.
Protein content of snacks containing peanut meal (BPK, SPO and SPOJ) all ex-
ceeded the 25% goal, while Buckwheat snacks without peanut meals were signif-
icantly lower at 17%. Fat content ranged from 10% - 17%, and minerals from
3.1% - 4.7%, with no added salt (Table 2).

In 2017, the top six snack food categories (Salty; Candy; Cheese; Cookies;
Crackers; Ice Cream) generated about 87.5 billion dollars of retail sales in the
U.S. [42]. Thus, for comparison to more traditional snack foods, the nutritional
content of common products from each of these categories is shown in Table 5.
With the exception of cheese, all are far below the 25% protein content of the
developed snacks presented in Table 4, and with the exception of ice cream all
are significantly higher in fat. Most importantly, while the snacks developed in
this study contain no added sugar, many of the common snacks are loaded. A
(snack) diet comprising a mean of the developed products would contain ap-
proximately three times the protein, half the fat, and none of the 21.3 percent
sugar of the mean of the common popular snack food categories. Finally, the
products presented in this study are gluten-free and contain no saturated fats.

In comparison with commonly eaten snacks such as those in Table 5, the
snacks presented here to promote good health and are generally acceptable to

consumers. These snacks can be made in any household kitchen using residential

Table 4. Composition of the prepared snacks (%). Note that all contain no added sugar.

Snacks Protein Fat Minerals Carbohydrates
BW 17.00 10.27 3.09 69.64
BPK 28.03 16.76 4.69 50.52
SPO 27.53 11.83 3.15 57.49
SPOJ 27.33 11.75 3.2 57.72

Mean 25.0 12.7 3.5 58.8

Table 5. Composition (%) of common representatives of the top six snack food catego-
ries.

Brand Protein Fat Carbohydrates Sugar
Lays Chips 7.1 357 53.6 3.6
Snickers 6.8 239 59.6 51.1

String Cheese 25.0 214 0 0

Oreos <34 24.1 72.4 44.8
Ritz <6.25 25.0 62.5 6.25
Ice Cream Sandwich 4.7 9.3 37.2 22.1
Mean <8.9 21.7 47.6 21.3

Composition given on product labels.
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countertop appliances or by commercial companies, and thus offer healthy nu-
tritious snack alternatives for all groups of people including vegetarians, vegans

and those hypersensitive to gluten.

4. Conclusion

Whole grain gluten-free high protein snacks based on flours of buckwheat and
sorghum, peanut meal, kale, okra and jalapeno were sensory evaluated by seven-
ty-one in-house volunteers. Consumer acceptability of snacks ranged from 94%
(Buckwheat-Peanut meal-Kale) to 85% (Buckwheat alone). Compared with com-
monly consumed products from the most popular categories of snack foods, the
snacks developed here contain approximately three times the protein, half the
fat, are gluten-free and contain no added sugar or salt. These snacks are health-
ful, nutritious, and tasty and can be prepared in any household kitchen using
residential countertop appliances. These snacks offer healthy food for all includ-

ing vegetarians, vegans and those hypersensitive to gluten.
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