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ARTICLE INFO ABSTRACT

Article history: This study investigates the potential of Indonesia’s indigenous crops,
Published pigeon pea and yellow sweet potato, for the development of nutritious
March 1, 2026 snack bars with desirable protein content and glycemic index (GI).

Eleven formulations with varying ratios of pigeon pea and yellow
sweet potato (0%:100% to 100%:0%) were produced and analyzed for
protein content using AOAC methods and for GI using glucose as the
reference standard. Data were evaluated using one-way ANOVA
followed by DMRT at a 5% significance level. Protein content ranged
from 3.05 + 0.01% to 13.64 + 0.19%, while GI values spanned from
14.00 + 0.65 to 76.00 + 0.14. Increasing the proportion of pigeon pea
resulted in a concurrent rise in both protein content and GI, indicating

Keywords: a strong positive correlation between these parameters and
Pigeon pea highlighting the challenge of formulating high-protein, low-GI snack
Yellow sweet potato bars from these ingredients. The findings indicate that thermal
Snack bar formulation processing may enhance starch digestibility, thereby contributing to
Protein content elevated GI in formulations with high pigeon pea content. A key
Glycemic index limitation of this study is the absence of detailed analysis of

processing-related factors such as heating intensity, matrix
modification, and starch gelatinization that may influence glycemic
response. Further investigation is required to elucidate these
mechanisms.
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I. Introduction

Snack bars, or often used interchangeably with cereal bars and granola bars, consist of compressed
mixtures of ingredients combined with a binding agent and shaped into a bar [5]. Typically composed
of refined or whole grain cereals, snack bars offer valuable amounts of energy, carbohydrates, fiber,
and protein [9]. Consumers favor these products for their filling effect, which is enhanced by the
inclusion of additional fiber and protein [14]. Most snack bars (45%) also categorized as low glycemic
index (GI) foods [3]. These convenient, ready-to-eat snacks need no cooking and can include diverse
components, such as cereals, nuts, dried fruit, honey, and even tuber [17].

Various indigenous raw materials in Indonesia can be used in the manufacture of snack bars,
including pigeon pea. The production of pigeon pea (Cajanus cajan), better known as Kacang Gude
in Indonesian and Lebui beans in Lombok Island, West Nusa Tenggara Province, reaches 70—80
tons/year [10]. As indigenous food materials, the utilization of pigeon pea has the potential to replace
imported food materials while increasing local commodity’s economic value. Pigeon pea is a great
source of protein, fiber, and carbohydrate [4].

Moreover, Pigeon pea can be counted as a plant-based protein ingredient that can be incorporated
into foods to enhance the protein content while also reducing starch digestibility [15]. Pigeon pea also
has low GI (GI<55), ranged from 7 — 54 [16]. Thus, it can be considered a beneficial food substitute
for those with diabetes and cardiovascular diseases [7]. Because it also has strong antihyperglycemic
activity, which has the ability to lower blood glucose levels [8]. These characteristics of pigeon pea
make it a suitable ingredient for nutritional snack bars.
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Other indigenous raw materials that can be used in the manufacture of snack bars is yellow sweet
potato (lpomoea batatas L.). According to the data set provided by Reference [20], sweet potato
production in West Nusa Tenggara Province reached 12,649 tons in 2024. Sweet potato flour contains
82.47% of carbohydrate, 3.28% of fiber, 5.86% of protein, 1.5% of fat, 1.22% of ash, and 5.68% of
moisture [11]. Sweet potato has medium to high GI, ranged from 39 to 95 per edible portion size [19].
Thus, to maximize the nutritional benefit of snack bars which has high protein yet low GI, the yellow
sweet potato needs to be combined with pigeon pea.

The combination of pigeon pea and yellow sweet potato (using together as nutritious formulation)
predicted will produce snack bars that are high in protein with low glycemic index. Several studies
have developed pigeon pea and sweet potato-based food products such as cookies [6], cakes [11], and
biscuits [1]. However, specific research on snack bar formulations based on the ratio of pigeon pea
and yellow sweet potato is still very limited.

The aim of this study is to determine the glycemic index and protein content of snack bars made
from pigeon pea and yellow sweet potato. The results of this study are expected to be used as a source
of information related to the production of snack bars made from pigeon pea and yellow sweet potato.
Furthermore, the use of pigeon pea and yellow sweet potato in the production of snack bars is expected
to increase added value for the two local commodities especially for Lombok Island communities.

II. Method

A. Material

Pigeon pea and yellow sweet potato as snack bars main ingredients were obtained from “Kebon
Roek” local market in Ampenan District, West Nusa Tenggara Province, Indonesia. Fructose syrup,
ripe bananas, cornstarch, eggs, and butter were also procured from the same source.

B. Snack Bars Production

Snack bars were produced as described by Reference [9] with slight modification of ingredients.
The main ingredients of snack bars produced in this study are the mixture of pigeon pea granules and
thinly-grated yellow sweet potato in the ratios of 0%:100%; 10%:90%; 20%:80%; 30%:70%;
40%:60%; 50%:50%; 60%:40%; 70%;30; 80%:20%, 90%:10%; and 100%:0%, respectively. The
ingredient components used to prepare the snack bars were grouped into two types: dry components
and binder components.

The dry components included the main ingredients (100 g), ripe banana granules (15 g), and
cornstarch (9 g). The binder components consisted of fructose syrup (30 g), egg yolks (10 g), and
butter (6 g). The dry components were mixed until homogeneous, while the binder components were
heated to 60°C with continuous stirring. Both components were then blended immediately until well
combined and pressed into a 10x10 cm buttered molder tray. The dough was baked at 160°C for 30
minutes, then cooled to room temperature and cut into 5%2.5 cm snack bars.

C. Analysis

This study used Completely Randomized Design with one factor, namely the ratio of pigeon pea
and yellow sweet potato. Eleven treatments with different combinations of the ratio between pigeon
pea and yellow sweet potato were observed (0%:100%; 10%:90%; 20%:80%; 30%:70%; 40%:60%;
50%:50%; 60%:40%; 70%;30; 80%:20%, 90%:10%; and 100%:0%, respectively). Each treatment
replicated two times. Protein content was determined by AOAC method [2]. Glycemic Index was
determined by the method of [8] using glucose as reference. Obtained data were analyzed using SPSS
(Statistical Package for Social Sciences) software with One-way ANOVA (Analysis of Variance) and
further tested using Duncan’s Multiple Range Tests (DMRT) at 5% significance level.

II1. Results and Discussion
A. Protein Content

The ratio of pigeon pea and yellow sweet potato has a significant effect (p<0.05, indicated by
different notation letter at the end of value means, DMRT 5% = 0.16) on the protein content of snack
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bars, ranging from 3.05+0.01% to 13.64+0.19% (Figure 1). This aligns with similar findings by [9]
which reported multigrain bars having 5.46% to 16.11% of protein. Supporting this, Taula’bi’ et al.
(2021) also reported that snack bars made from various local raw materials in Indonesia having 3.49%
to 17.61% of protein.

According to Reference [12], solid food products can be labeled as a “source of protein” if they
contain at least 20% of protein. This means that none of the snack bar samples in this study can be
claimed as a source of protein. For reference, the European Union regulates that a product can be
claimed as a source of protein if it has a minimum protein content of 12%.

Currently, Indonesia lacks standardized references specific for snack bars. But for reference, the
United States requires granola bars (soft, uncoated, with nuts and raisins) to have at least 8% protein
[18]. As such, snack bars formulated with pigeon pea and yellow sweet potato in ratios from 0%:100%
through 30%:70% do not meet this standard.
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Fig 1. Protein content of snack bar samples

A closer look at Figure 1 indicates a steady rise in protein content as pigeon pea utilization
increases. The ratios range from 0%:100% (all sweet potato) to 100%:0% (all pigeon pea). The results
demonstrate a consistent upward trend: as the proportion of pigeon pea increases, the protein content
of the snack bar also increases. This pattern occurs because pigeon pea naturally contains much higher
protein (=22-23%) compared to yellow sweet potato (=5-6%).

This indication aligns with the research results of snack bars made from tannia flour and pigeon
pea [21], and cookies made from sweet potato flour and pigeon pea flour [6] both of which reported
that increasing the concentration of pigeon pea would increase the protein content of the end products.
The increase occurs because pigeon pea contains 22.74% protein, which is higher than the 5.86%
found in sweet potato [11].

The lowest protein content appears in the 0%:100% formulation (3.05%), which contains no
pigeon pea. Adding just 10% pigeon pea raises the protein to 4.83%, and further increases in the
pigeon pea ratio continue to elevate protein significantly. Mid-range formulations (30%—-60% pigeon
pea) show protein levels between 6.20% and 9.01%, while high-pigeon-pea formulations (70%—
100%) reach 9.50% to 13.64%. The highest value, 13.64%, occurs at 100% pigeon pea. Supporting
this, Reference [19] reported that observed various sweet potato varieties having less than 6% protein.
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B. Glycemic Index

The ratio of pigeon pea and yellow sweet potato has a significant effect (p<0.05, indicated by
different notation letter at the end of value means, DMRT 5% = 0.77) on the glycemic index (GI) of
snack bars, ranging from 14.00+£0.65% to 76.00+0.14% (Figure 2). GI values could be categorized as
low (GI <55), medium (GI 56 — 69), and high (GI >70) [3]. As such, 55% snack bar samples (the ratio
of pigeon pea and yellow sweet potato from 0%:100% through 50%:50%) are classified as low-GI
foods; 18% snack bar samples (the ratio of pigeon pea and yellow sweet potato 60%:40 and 70%:30%)
are classified as medium-GI foods (18%); and 27% snack bar samples (the ratio of pigeon pea and
yellow sweet potato from 80%:20% through 100%:0%) are classified as high-GI foods (27%).

The findings align with similar findings by Atkinson et al. (2021) which reported 65%; 15%; and
20% of observed products in snack bars category having low-GI; medium-GI; and high-GI,
respectively. Although, pigeon pea is widely recognized to have low GI in its native form (GI = 7-54)
(Singh et al., 2021) but in the present snack-bar formulations the GI increased with higher inclusion
levels of pigeon pea, most likely due to thermal processing and starch gelatinization [16].
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Fig 2. Glycemic Index of snack bar samples

IV. Conclusion and Limitation

A strong positive correlation was observed between the protein content and glycemic index of the
formulated snack bars, indicating the inherent difficulty in achieving a product that is simultaneously
high in protein and low in GI when using pigeon pea and yellow sweet potato as primary ingredients.
Across all treatments, protein content ranged from 3.05 + 0.01% to 13.64 + 0.19%, while GI values
varied from 14.00 + 0.65 to 76.00 = 0.14. Increasing the proportion of pigeon pea consistently elevated
both parameters, reflecting its higher intrinsic protein level and its susceptibility to processing-induced
increases in starch digestibility. These finding and limitation underscore the need for further
investigation into how thermal processing conditions particularly baking modulate starch structure
and enzymatic accessibility, thereby influencing the glycemic index of pigeon pea-based snack bars.
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