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Abstract 
Snacking impacts the overall quality of dietary patterns, nutrition and health 
outcomes. Highly processed snack foods are normally unhealthy due to high-
er saturated fat content, refined grains (carbohydrates), and artificial ingre-
dients. Snack product (re)formulation using plant-based wholesome ingre-
dients has the potential to improve health effects including glycaemia, satiety 
responses, and lipid metabolism. Oat (Avena sativa L.) has gained increased 
popularity as a food item in recent decades due to its perceived or real health 
benefits, principally related to the bran content of oats. We have developed a 
healthier snack prototype using rolled oats as main ingredients. Other ingre-
dients include oat bran, dried fruits, and nuts. For initial trials, these ingre-
dients were combined in various combinations and composition to produce a 
formula having a good nutrient profile score (≤4) that meets the criteria of 
FSANZ for making health-related claims. The proportions of the ingredients 
in the formula were adjusted to enable higher fiber and protein contents. 
From the initial 10 combinations prepared, one prototype was selected based 
on four quality attributes (visual appearance, texture, taste, and water activi-
ty). The selected prototype was tested for glycemic index (n = 10) and con-
sumer liking (n = 67). Our preliminary results demonstrated that the proto-
type has a low glycemic index, favorable satiety effects compared with glu-
cose, and has acceptable taste compared with two commercial products. This 
formulation will be refined further when we plan to assess its effects on gly-
caemia and insulin profiles. High value nutrition is the New Zealand national 
science challenge. An approach of developing healthier snack products with 
verifiable health-related claims through (re)formulation could be translated 
into relevant dietary changes associated with potential improvement in public 
health. 
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1. Introduction 

Snacking impacts the overall quality of dietary patterns, nutrition and health 
outcomes, in particular, body weight and obesity [1] [2] [3]. Snacking, the con-
sumption of food and drinks between the three main meals, is greatly predomi-
nant worldwide [1] [4]. It has been reported that 53% of women snack several 
times a day and over 85% of women snack at least once a day [5]. In fact, the 
choices and dietary quality of snack food are associated with the quality of life 
and health [1] [2]. Highly processed snack foods are normally unhealthy due to 
higher saturated fat content, refined grains (carbohydrates), and artificial ingre-
dients. In general, snack foods are energy-dense, nutrient-poor, and rich in sug-
ar, fat and sodium. In New Zealand, most frequently consumed snack products 
are muesli bars, biscuits, cakes and pies [6]. 

With increasing health awareness, consumer demand for healthier snacks is 
shaping the market trends which in turn has stimulated industrial and health 
professionals’ endeavor in food (re)formulation. Reducing sugar, fat, and so-
dium in packaged food products are important consumer-driven trends [7] [8] 
[9]. In addition, consumers focus more on specific nutrients such as whole 
grains, proteins, and dietary fiber [10]. “Power to the plants” has become a glob-
al food and drink trend [11]. Intake of whole grains, fruit, nuts/seeds, and vege-
tables has been demonstrated to be positively associated with health [12] [13]. 
Whole grains foods have lower glycemic impact than their refined equivalent. 
The accumulated evidence supports public health recommendations to replace 
refined grains with whole grains to reduce the risk of developing type 2 diabetes 
mellitus [14]. In addition, high fiber content in whole grains is demonstrated to 
be associated with increased satiety (feeling of fullness) and subsequently a re-
duction in food intake [15]. The regulation of hunger and satiety is believed to 
have beneficial impact on health, for example, reducing the risk of obesity [16]. 
Snack product (re)formulation using plant-based wholesome ingredients (e.g. 
rolled oats) has potential in the improvement of health effects on glycaemia and 
satiety responses. 

Furthermore, clear and valid front-of-pack food labelling promotes healthier 
purchasing intention. However, in New Zealand, most of snack products that car-
ried health-related claims are actually “less healthy” according to the Food Stan-
dards Australia New Zealand (FSANZ) health claims legislation [17]. This war-
rants additional efforts from researchers and industry partners towards refor-
mulating snack products with validated health claims. 

The present study aimed to develop a healthier snack prototype using whole-
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some plant-based ingredients that has a low glycemic index, favorable satiety ef-
fects, and is accepted by consumers. 

2. Materials and Methods 
2.1. Product Development 

The initial trials were conducted in a commercial kitchen at Unitec Institute of 
Technology, New Zealand. The potential ingredients were selected based on 
their nutritional and health related properties, and FSANZ nutrient profiling 
model [18] was used as a tool to develop a healthier prototype. Oat (Avena sativa 
L.) has gained increased popularity as a food item in recent decades due to its 
perceived or real health benefits, such as modulation of glucose metabolism, 
regulation of satiety, and reduction of low density lipoprotein, principally related 
to the bran content of oats [19] [20] [21]. In the formula developed in this study, 
rolled oats were used as the main ingredient. Other ingredients included oat 
bran, dried fruits and nuts, and sunflower oil. Dried kiwifruits were added to 
enhance the taste and flavor. Kiwifruit has a clinically proven role in managing 
blood glucose [22]. 

Raw ingredients were sourced from supermarkets in Auckland, New Zealand. 
Dried kiwifruits were provided by the Little Beauties Ltd., New Zealand. The in-
gredients were trialed in different combination and composition to produce a 
formula having a good nutrient profile score and acceptable taste. 

The nutrition profile of the formula was analyzed using FoodWorks™ software 
(Xyris Pty Ltd., Australia) and the New Zealand food composition database. A 
food with a nutrient profile score (NPS) ≤ 4 allows the product to support gen-
eral and high level health claims [18]. 

Ten formulas with varying combinations were trialed therefore 10 prototypes 
were produced in the early product developmental stage. The proportion of 
rolled oats and oat bran (ratio 80:20) was 46% as the main ingredients, and that 
of dried fruits and almonds were approximately 21% and 14%, respectively. The 
proportions of the ingredients in the formula were adjusted to enable higher fi-
ber and protein contents. The 10 prototypes were informally evaluated for four 
quality attributes: visual appearance, texture, taste, and water activity by two re-
searchers and four consumers who consume snack regularly. A lower water ac-
tivity (αw < 0.7) ensures a stable shelf life. Based on the perceptions of quality 
attributes, one formula was selected to test the glycemic index, satiety responses, 
and consumer liking. 

2.2. Participants 

This study protocol was approved by internal institutional ethics committee 
(Unitec Research Ethics Committee, approval #2018-1031) for carrying out pre-
liminary trials in human participants. All participants signed consent form prior 
to the start of the trials. 

First part of the trials comprised of glycemic index (GI) and satiety responses 

https://doi.org/10.4236/fns.2020.117046


M. R. Yan et al. 
 

 

DOI: 10.4236/fns.2020.117046 652 Food and Nutrition Sciences 
 

of consumption of the developed prototype. Ten healthy participants were re-
cruited in the study [23]. Exclusion criteria were having impaired glucose toler-
ance, any illness, food allergy to any of the ingredients in the prototype. 

The second part of the trials was consumer liking assessments. Sixty-seven 
untrained participants were recruited in the study. People were eligible if they 
were 18 years or older, had no known allergies to any of the ingredients in three 
snack products (Table 1). 

2.3. Glycemic Index (GI) and Satiety Responses 
2.3.1. Sample Preparation 
The samples of the developed prototype were prepared and kept in a fridge at 
4˚C. On the testing day, the samples were prepared in a portion size containing 
25 g of available carbohydrates. A standard 25 g glucose drink (Thermo Fisher 
Scientific, Australia) was used as the reference food. 

2.3.2. GI and Satiety Measurements 
Glycemic index was measured in vivo in 10 healthy participants, using the in-
ternational standard method ISO 26642:2010(E) [23]. The test was conducted in 
the morning after 10 - 12 hours of overnight fast. Capillary blood samples were 
collected from finger pricking using sterile disposable lancets. The blood glucose 
concentration was then measured by using HemoCue Glucose 201+ analyzer 
(HemoCue® AB, Angelholm, Sweden). Before a finger prick, participants were en-
couraged to warm their hand to increase the blood flow. The fasting blood glu-
cose concentrations were measured at 0 and 5 minutes. The mean of these two 
readings was used as the baseline. Following the baseline tests, a weighted por-
tion of the snack sample containing 25 g of available carbohydrate was con-
sumed within 10 minutes. Participants’ capillary blood samples were analyzed 
for glucose at 15, 30, 45, 60, 90, and 120 minutes after the start of the ingestion 
of a test food. On another day, a drink containing 25 g of glucose was consumed 
by the same 10 participants and same procedure was repeated. A 250 ml of water 
was provided to each participant on both occasions. 

The incremental area under the blood glucose curve (iAUC) was calculated 
using the trapezoid model and the area below the baseline excluded [23]. The 
mean iAUC of the reference food and the mean iAUC of the prototype were 
used to calculate the GI of the prototype. The GI of the prototype was calculated 
using the formula below. 

AUC for 25 g carbohydrate from snack foodGI 100
AUC for 25 g glucose

∆
= ×

∆
 

Satiety is a subjective concept therefore it is only measured indirectly. Gener-
ally, satiety is measured by rating subjective feeling of fullness before and after 
eating the test food or meal [24] [25]. In this study, participants were asked to 
rate their feeling of hunger, satiety, fullness, the amount that could be eaten at 0, 
30, 60, 90, 120 minutes after blood sampling, on a 100 mm visual analogue scale 
which is verbally anchored e.g. “not at all” and “extremely” at the endpoints. 
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Table 1. Sensory attribute ratings from consumer study (n = 66), comparing of the new 
prototype with two commercial products. 

Product1 
Attributes (mm) 

ONF MOE NV 
*p value 

Mean (SE) 

Color 63 (1.83)a 65 (2.51)a 66 (1.83)a 0.440 

Texture 52 (2.14)a 68 (2.10)b 66 (2.82)b 0.001 

Taste 55 (2.37)a 68 (2.48)b 71 (2.48)b 0.001 

Overall liking 53 (2.29)a 70 (2.29)b 71 (2.14)b 0.001 

1The snack prototype and two commercial products were coded as ONF, MOE, NV, respectively. The mean 
values of the replicate tests; *ANOVA, SE (standard error); Within the same row, differences were identi-
fied with superscript letters a and b at p < 0.05. ONF ingredients: rolled oats, oat bran, almonds, cinnamon, 
dates, kiwifruits, sunflower oil, glycerin; MOE ingredients: wholegrain oats, butter, golden syrup, dates, egg 
powder, brown sugar, vegetable oil, glycerol; NV ingredients: rolled oats, sugar, honey, sunflower oil, salt, 
molasses, raising agent. 

 
Percent distance data along the visual analogue scale of satiety responses to 

the snack prototype were plotted and compared with that of glucose drink. 

2.4. Consumer Liking Assessment 
2.4.1. Sample Preparation 
The samples of the prototype were prepared and kept in a fridge. The two com-
mercial snack products, which have similar ingredients with oats as the main 
component, were purchased from the local supermarket in Auckland, New 
Zealand. 

The prototype was coded as ONF. The two commercial products were coded 
as MOE and NV (Table 1), their nutrient profile scores were 14 and 11, respec-
tively. Snack samples were cut into a 2 × 2 cm2 pieces and were presented to the 
consumers at room temperature (20˚C) in white, covered food grade plastic 
containers. To reduce participant and researcher bias, the sample containers 
were labeled with individual three digit codes, which were randomized, and 
counter balanced to order of presentation using a Latin square design [26]. The 
brands of snack products were blind to participants. 

2.4.2. Consumer Liking Measurement 
The consumer liking assessments were carried out to evaluate the product ac-
ceptability. Sixty-seven untrained consumers were recruited to evaluate how well 
the prototype is likely to be accepted by the members of public, compared with 
the two commercial products. The liking attributes include color, texture, taste, 
and overall liking. The test food was presented to each participant on plastic 
plates. Water was provided to participants to rinse mouth before tasting the next 
sample. Participants were required to complete questionnaires to evaluate their 
liking in relation to color, texture, taste, and overall liking on four unstructured 
line scales anchored at extremely dislike (left end) and extremely like (right end) 
[27] (Figure 1). 
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Figure 1. Line scaling for measuring consumer liking/disliking in relation to sensory 
attributes on a 100 mm visual analogue scale (VAS). 

 
Percent distance data along the line was the raw data to ultimately establish 

the relationships between the product characteristics and participants’ percep-
tions. The means of hedonic liking on four sensory attributes (color, texture, 
taste, and overall liking) were calculated and statistically tested using one-way 
analysis of variance (ANOVA) to determine if a statistical difference existed at p 
< 0.05. The effects of age, gender and ethnicity on liking were analyzed using 
two-way ANOVA. The statistical analysis was performed by using SPSS version 
26.0 (IBM Corporation, US). 

3. Results 

The formulation and composition of the selected prototype was finalized after 
experimental trials and tasting. The nutrition profile score of the prototype was 
1. The health star rating was 4.5 (a scale of 0.5 - 5, Figure 2). 

The prototype has been tested for glycemic index (n = 10) and satiety effects. 
The results revealed that the prototype has a low glycemic index (GI = 51), fa-
vorable satiety effects compared with the standard glucose drink. Consumption 
of the snack prototype induced higher fullness and lower hunger sensations 
compared to that of glucose drink (Figure 2). 

With regard to consumer liking assessment, of sixty-seven participants (45% 
male, 55% female; 42% Asian, 58% non-Asian), one participant was excluded 
from the data analysis due to missing data. The consumer liking assessment (n = 
66) revealed that the developed prototype was sensory acceptable. Of the four 
liking attributes (color, texture, taste, overall), there was no significant difference 
in color ratings between three snack samples (ONF, MOE, and NV). The ratings 
on texture, taste, and overall liking of the snack prototype (code ONF) were rela-
tively lower compared to two commercial snack products (Table 1). However, 
the ratings of all four liking attributes to the snack prototype were above the 
center point of the scales, from the just-right-center-choice point of view [28]. 
The liking attributes of the tested samples did not show meaningful differences 
based on participants’ age, gender and ethnicity. 

4. Discussion 

The preliminary results from the study revealed that the prototype has a low 
glycemic index (n = 10), favorable satiety effects compared with glucose, and it is 
sensory acceptable (n = 66). The reported study was the first stage of the project. 
We are aiming to study the health effects of the prototype on glycaemia and in-
sulin profiles in the next stage using a larger number of participants. 
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Figure 2. Mean changes (∆, n = 10) in self-reported hunger, fullness for 
the developed prototype (solid) compared with glucose drink (dots). 

 
In recent years, consumption of plant-based food has become a global trend 

associated with sustainability and human and planetary health. In 2016-17, there 
has been a steady increase in the use of food-related claims e.g. “natural product 
and ingredients” (29%) and “ethical and environmental” (22%) on global food 
and drink product launches [11]. 

Food reformulation for health involves rebalancing macronutrients. Reduc-
tion of unhealthier nutrients including sodium, saturated fat, and sugar and ad-
dition of healthier nutrients such as dietary fiber through reformulation is the 
tactic of the techniques to achieve the goal [29] [30]. Using unrefined ingredients 
to improve the nutrient profile of food products is an effective approach. In the 
present study, the health benefits of selected plant-based ingredients contributed 
to the overall nutrition profiles of the snack, as have already been demonstrated 
by studies on oats [13], oat bran [20], almonds [15], cinnamon [31] [32] and ki-
wifruits [22]. 

Food product development for prevention of chronic diseases, with formula-
tions that are healthier, flavorful and easy to consume, is challenging but has 
potential approaches. Nevertheless, some thought provoking questions have al-
ready been raised by researchers, such as “will food reformulation in isolation 
provide an efficient solution to the challenge of improving dietary patterns” 
[33]? Further, will food reformulation result in beneficial health outcomes equita-
bly? These questions need to be further studied. In addition, consumers do not 
trust food labels because of the misleading tricks for marketing purpose [34]. 
Consumers are expecting food labels to be more honest. The reports such as that 
published by Al-Ani et al. and Lytton TD [17] [34] draw the attention to the 
need of regulation on food labeling, as part of the regulatory requirements. 

5. Conclusion 

We have developed a snack prototype using plant-based wholesome ingredients 
and demonstrated that the prototype has a good nutrient profile score, a low 
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glycemic index, favorable satiety effects compared with glucose, and is sensory 
acceptable. New Zealand has developed international reputation in food safety 
and quality related to the natural environment. Snack food development using 
local plant-based ingredients such as oats, flaxseed, fruits would add value for 
domestic consumers and export markets. High value nutrition is the New Zeal-
and national science challenge. An approach of developing healthier snack 
products with verifiable health-related claims through (re)formulation, could be 
translated into relevant dietary changes associated with potential improvement 
in public health. 
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