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Abstract

The increasing prevalence of diabetes mellitus has encouraged the
development of functional foods with a low glycemic index as healthier staple
food alternative. This study aimed to evaluate the effects of different
proportions of Air Potato Flour (APF) and Sorghum Flour (SF), as well as Virgin
Coconut Oil (VCO) addition, on the chemical characteristics and glycemic index
of analog rice. The study employed a completely randomized factorial design
with two factors: the proportion of APF to SF (30:70, 40:60, 50:50, and 60:40)
and VCO addition (2%, 3%, and 4%). The resulting analog rice was analyzed
for chemical properties, while the glycemic index was determined in vivo using
healthy adult volunteers. The data were analyzed using analysis of variance
(ANOVA), followed by Duncan’s Multiple Range Test at a 5% significance level.
The results showed that increasing the proportion of APF increased moisture,
ash, and fat contents, but decreased amylose, protein, carbohydrate contents,
and glycemic index. Similarly, increasing VCO addition decreased moisture,
ash, amylose, protein, carbohydrate contents, and glycemic index, while
increasing fat content. Based on the De Garmo method, the 50:50 ratio of APF
to SF with 3% VCO was selected as the best-performing formulation. This
formulation had a moisture content of 8.33%, ash content of 2.51%, fat content
of 7.64%, protein content of 7.45%, carbohydrate content of 74.06%, amylose
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content of 19.89%, and a glycemic index of 30.61.

Introduction

Nutritional problems and non-communicable
diseases, especially diabetes mellitus, have continued to
increase in Indonesia in recent years. According to the
International Diabetes Federation (2025), the number of
adults with diabetes in Indonesia increased from about
19.5 million in 2021 to 20.43 million in 2024. During the
same period, the prevalence of diabetes also increased
from 10.6% in 2019 to 11.3% in 2024. One of the factors
contributing to this increase is an unhealthy diet. In
particular, the glycemic index (Gl) of carbohydrate-rich
foods provides an estimation of how quickly
carbohydrates are broken down during digestion and
how rapidly they are absorbed into the bloodstream
(Esfahani et al., 2009). Carbohydrate-rich foods that are
rapidly broken down and absorbed into the bloodstream
are categorized as high-Gl foods. High-Gl foods lead to
a rapid increase in blood glucose and insulin responses
following food ingestion (Vlachos et al., 2020). A high
glycemic response is an important dietary concern,
particularly for individuals who need to manage blood
glucose levels. Therefore, the development of food
products with a lower glycemic index has attracted
increasing interest as an alternative to high-glycemic
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staple foods.

Analog rice is a functional food product that has a
shape similar to rice grains. It can be produced from
partially or completely broken rice flour or from non-rice
ingredients. One of the main advantages of analog rice
is that its nutritional composition can be adjusted to meet
specific dietary needs, such as having a low glycemic
index, high dietary fiber, and high resistant starch content
(Noviasari et al., 2017). Various local carbohydrate
sources, including tubers, can be used to produce analog
rice (Nadhifa et al., 2025).

One of the main challenges in improving nutrition
in Indonesia is that most people rely on rice as their
staple food. (Lee et al., 2020) reported that white rice has
a high glycemic index (75), while sorghum has a much
lower glycemic index (40). In addition, aerial yam has a
glycemic index ranging from 41 to 44 (Orji, 2023).
Therefore, sorghum and air potato were selected as the
main ingredients for analog rice to provide a healthier
alternative staple food without changing people's eating
habits.

Air potato is one of Indonesia's local food
resources that has not been widely used. This plant
grows as a vine and produces tubers above the ground
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on its stem. Several species of air potato include
Dioscorea batatas, Dioscorea bulbifera, Dioscorea alata
(purple and yellow varieties), and Dioscorea pentaphylla
(Winarti, 2018). According to Olatoye and Arueya (2023),
aerial yam contains complex carbohydrates, dietary
fiber, protein, fat, and minerals, making it a potential
source of energy. In addition, air potato contains 21.6%
amylose (Prasetyo et al., 2018).

In addition to air potato, sorghum (Sorghum bicolor
L.) was also used as a raw material for analog rice in this
study. Sorghum contains 24.32% amylose, which is
classified as a medium amylose content (Haryo et al.,
2017). It also contains tannins that can interact with
amylose to form starch-tannin complexes (Awika, 2017).
These complexes contribute to the formation of resistant
starch, which can slow glucose absorption (Cardoso et
al., 2017).

To further improve the functional properties of
analog rice made from air potato flour and sorghum,
Virgin Coconut Oil (VCO) was added because it is rich in
Medium Chain Triglycerides (MCTs). Virgin Coconut Oll
contains about 91% saturated fatty acids, including 46%
lauric acid and 17% myristic acid, both of which are
classified as medium-chain fatty acids (Sabahannur &
Alimuddin, 2022). Previous research by (Tan et al., 2017)
showed that adding coconut oil to a carbohydrate-rich
meal resulted in a lower increase in blood glucose during
the early postprandial period, which was suggested to be
related to slower gastric emptying and glucose
absorption. More recently, Kodama et al. (2026) reported
that adding MCT oil to cooked rice reduced postprandial
glucose concentrations and incremental area under the
curve (IAUC) compared with rice alone. In addition, the
lauric acid present in VCO has been reported to stimulate
insulin production and contribute to blood glucose
regulation (Rahmawati et al., 2023). These findings
suggest that the addition of coconut oil to carbohydrate-
based foods may influence the postprandial glycemic
response.

Several studies have explored the utilization of
tubers and cereals in the development of analog rice and
other functional food products. For example, Olatoye &
Arueya, (2023) have utilized aerial yam (Dioscorea
bulbifera) in the production of extruded snack products,
demonstrating its potential for food product
development. Budijanto et al. (2018) incorporated
sorghum into an analog rice formulation in combination
with corn and palm sago, while Rosida et al. (2024)
investigated the use of Virgin Coconut Oil as a fat source
in kimpul (Xanthosoma sagittifolium) cookies. However,
based on the literature search conducted using
combinations of air potato flour, sorghum, VCO, and
analog rice, no closely related study was identified that
investigated the incorporation of these three components
into a single analog rice formulation. This gap provides
an opportunity to develop an analog rice product by
combining air potato flour and sorghum flours with VCO
enrichment. Therefore, this study aimed to evaluate the
effects of different proportions of air potato flour and
sorghum flour, with the addition of VCO, on the chemical
characteristics and glycemic index of the resulting
analog rice.
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Materials and Methods
Materials

The materials used in this study included air potato
obtained from local farms in Cianjur Regency, West
Java, sorghum flour (Tambiyaku) purchased from PT
Serambi Botani, Virgin Coconut Oil (Nutrifarm)
purchased from PT Nutrifarm Prima Indonesia, water,
distiled water, n-hexane, sulfuric acid (H,SO,),
potassium sulfate, copper sulfate, boric acid,
bromocresol green—methyl red (BCG-MR) indicator,
hydrochloric acid (HCI), sodium hydroxide (NaOH),
sodium phosphate buffer, a-amylase, protease,
amyloglucosidase, 78% ethanol, 95% ethanol, acetone,
pure amylose, iodine solution, and acetic acid..

Procedure for Making Air Potato Flour

The preparation of air potato flour (APF) in this
study was modified from the method described by
Agustin et al. (2019). The process included sorting the
air potato tubers, peeling, washing, blanching at 80°C for
12 minutes, slicing the tubers into 0.5 cm thick pieces,
and drying them in a cabinet dryer at 60°C for 8 hours.
The dried tubers were then ground and passed through
an 80-mesh sieve to obtain air potato flour.

Procedure for Making Analog Rice

The analog rice production process was modified
from the method described by Andika et al. (2021). The
dry ingredients were first mixed for 10 minutes. The flour
formulations consisted of different proportions of air
potato flour and sorghum flour (30:70, 40:60, 50:50, and
60:40).  Glycerol monostearate  (GMS, 2%),
carboxymethyl cellulose (CMC, 1.5%), skim milk powder
(1%), and salt (0.5%) were added based on the total flour
weight of 550 g. Water (30%) and Virgin Coconut Oil
(VCO; 2%, 3%, or 4% of the total flour weight) were then
added, and the dough was mixed using a mixer until
homogeneous. The dough was steamed at 80°C for 15
minutes and then extruded using a single-screw extruder
with a cutter speed of 1600 rpm. Finally, the analog rice
was dried in a cabinet dryer at 60°C for 5 hours.

The APF ratios of 30:70, 40:60, 50:50, and 60:40
were chosen to see the effect of increasing APF while
still using enough sorghum to form good analog rice.
These ratios also help find the best balance between
APF and sorghum flour. The VCO levels of 2%, 3%, and
4% were chosen based on Loebis et al., (2017), who
used 3% oil in analog rice, while Damat et al. (2020)
reported that too much lipid could reduce expansion.
Therefore, the 2—4% range was used to see the effect of
VCO around the 3% level without adding too much oil.

Raw Material Analysis

Analysis of raw materials for flour (air potato flour
: sorghum flour) includes water content (AOAC, 2006),
starch content (Ifmaily, 2018), amylose content, and
amylopectin content by difference (Shanita et al., 2011).

Chemical Analysis of Analog Rice

Chemical analysis of analog rice, including water
content, ash content, fat content, protein content,
carbohydrate content by difference (AOAC, 2006) and
amylose content (Shanita et al., 2011).
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Glycemic Index

The in vivo glycemic index was determined using
the method described by Fajriah et al. (2022). The study
involved 10 students from the Department of Food
Technology, Faculty of Engineering and Science, UPN
"Veteran" East Java, as the participants. The inclusion
criteria were healthy adults aged 18-25 years with a
normal body mass index (BMI) according to the Asia-
Pacific classification (18.5-24.9 kg/m?), no history of
impaired glucose metabolism, good health status, and
no participation in a diet program during the previous
three months. This study was approved by the Ethics
Committee of Universitas Airlangga on March 5, 2026,
under ethical approval number 86/EA/KEPK/2026.

Before blood glucose measurement, all
participants fasted overnight for 10 hours, consumed a
normal dinner before fasting, and avoided strenuous
physical activity. On each test day, participants
consumed a reference food containing 25 g of available
carbohydrate (dextrose monohydrate) and the test food
containing an equivalent amount of available
carbohydrate. Capillary blood glucose was measured at
0, 30, 60, 90, and 120 minutes after consumption. The
glycemic index (Gl) was calculated by comparing the
incremental area under the curve (IAUC) of the test food
with that of the reference food, with the iIAUC calculated
using the trapezoidal method and excluding areas below
the baseline. The test foods were given in a randomized
sequence, with a washout period of at least three days
between tests, and participants consumed 250 mL of
water with each treatment.

Data Analysis

The experiment was designed using a completely
randomized design (CRD) with a factorial arrangement.
The data were analyzed using analysis of variance
(ANOVA). When significant differences were found,
Duncan's Multiple Range Test (DMRT) was performed at
a 5% significance level to compare the treatment means.
The best performing formulation was determined using
the De Garmo method based on the chemical
characteristics and glycemic index. Each parameter was
assigned a weight according to its relative importance,
and the treatment with the highest total effectiveness
index was selected as the best-performing formulation.

Results and Discussion
Characteristics of Raw Materials

The results of the analysis of the main raw
materials, namely air potato flour and sorghum flour, are
presented in Table 1. Based on Table 1, the moisture
content of APF was 5.61%, which was lower than the
value of 8.6% reported by Mingle et al. (2017). The

Table 1. Chemical characteristics of APF and SF

moisture content of SF was 11.66%, which was close to
the value of 11.96% reported by Pezzali et al. (2020).
This difference may be related to differences in drying
conditions, particularly drying temperature and duration,
which can affect the amount of residual moisture in the
flour. Moisture content is an important factor affecting
food quality and shelf life. Higher moisture content can
promote microbial growth and reduce flour quality during
storage (Forsido et al., 2021).

The starch content of APF was 71.81%, which
was higher than the 52.87% reported by Argaw et al.
(2024). In comparison, the starch content of SF was
81.58%, which was similar to the value of 83.81%
reported by Pezzali et al. (2020). The difference may be
related to differences in tuber variety, maturity, and
growing conditions, which can affect starch accumulation
in the tuber. Processing conditions, such as drying and
milling, may also influence the starch content of the
resulting flour. Since starch contributes to the formation
of a compact gel structure during extrusion (Soker et al.,
2024), the different starch contents of APF and SF may
contribute to the differences in physical properties
observed among the analog rice treatments.

The amylose content of APF was 18.61%,
which was higher than the 16.92% reported by Argaw et
al. (2024). The amylose content of SF was 24.22%,
which was close to the value of 21.35% reported by
Gunawan et al. (2021). This difference may be related to
differences in tuber variety, maturity, and growing
conditions, which can affect the amylose-to-amylopectin
ratio of starch. Rice with a higher amylose content
generally has a firmer texture because amylose content
could prevent rice swelling and help to maintain the
swollen starch granules (Zhu et al., 2021). The amylose
content of analog rice decreased as the proportion of
APF increased, indicating that APF and SF proportions
affected starch composition. The lower amylose content
may also influence starch-lipid interactions, as amylose
can form complexes with lipids from VCO. These
interactions may contribute to variations in the moisture,
fat, and protein contents of the analog rice.

The dietary fiber content of APF was 11.41%,
and no previous studies have reported the dietary fiber
content of APF. The dietary fiber content of SF was
7.46%, which was higher than the 6.6% reported by
Omer et al. (2023). This variation may be related to
differences in variety, maturity, processing conditions,
and analytical methods. The relatively high dietary fiber
content of APF may contribute to the glycemic
characteristics of the resulting analog rice, as dietary
fiber can slow starch hydrolysis and glucose release
during digestion (Kurek et al., 2018). However, dietary
fiber in this study was measured in the raw materials

Parameter APF SF

Analysis Literature Analysis Literature
Moisture (%) 5.61+0.32 8.6° 11.66 + 0.34 11.96°
Starch (%) 71.81+£1.35 52.87°¢ 81.58+0.40 83.81°
Amylose (%) 18.61+0.58 16.92° 24.22+0.66 21.35¢
Amylopectin (%) 53.20+0.58 35.95°¢ 57.36+0.66 57.03¢
Dietary Fiber (%) 11.41+0.11 - 7.46£0.11 6.6°

Source: Mingle et al. (2017)?, Pezzali et al. (2020)°, Argaw et al. (2024)°, Gunawan et al. (2022), Omer et al. (2023)®

. APF= Air Potato Flour, SF= Sorghum Flour
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Table 2. Effect of the varying proportions of Air Potato Flour and Sorghum Flour on the chemical properties

APF:SF Moisture (%) Ash (%) Amylose (%)
30:70 8.07 £ 0.452 1.79+0.132 22.87 +0.46°
40:60 8.07 £ 0.562 2.06 + 0.06° 21.05 + 0.40°
50: 50 8.38 £ 0.412 2.46 +0.14° 19.80 + 0.38°
60 : 40 9.09 + 0.49° 2.57 £ 0.10° 19.27 + 0.20¢

*Different notations in one column indicate significant differences (p < 0.05). APF= Air Potato Flour, SF= Sorghum

Flour

rather than the final analog rice; therefore, its contribution
to the observed Gl values should be considered a
possible factor rather than a confirmed mechanism.

Moisture, Ash, and Amylose Contents of Analog Rice

Analysis of variance showed that there was no
significant interaction (p = 0.05) between the proportion
of APF and SF and the addition of VCO on the moisture
content, ash content, and amylose content of analog rice.
However, the proportion of air potato flour to sorghum
flour (Table 2) had a significant difference (p < 0.05) on
these parameters, whereas the addition of VCO (Table
3) showed no significant difference (p 20.05).

The moisture content of analog rice ranged
from 8.07% to 9.09% (Table 2). Increasing the proportion
of air potato flour and decreasing sorghum flour
increased the moisture content. This was mainly due to
the higher dietary fiber content of air potato flour
(11.41%) compared with sorghum flour (7.46%), which
improves water retention (Fajariyanti et al, 2022).
Similar results were reported by de Erive et al. (2020),
who found that products with higher dietary fiber had
higher moisture content. In addition, sorghum flour
contained more amylose (24.22%) than air potato flour
(18.61%). Higher amylose content promotes the
formation of a more porous structure during
gelatinization, allowing water to evaporate more easily
during drying (Biduski et al, 2018). This finding is
consistent with Novikasari et al. (2022), reported that
higher amylose content reduced the moisture content of
analog rice. Nevertheless, all analog rice samples met
the Indonesian rice quality standard (SNI 6128:2015),
with moisture content below the maximum limit of 14%.

The moisture content (Table 3) ranged from
8.32% to 8.55%. The addition of VCO did not have a
significant effect on the moisture content of the analog
rice. During the extrusion process, lipids from VCO may
interact with starch to form amylose-lipid complexes,
which can reduce water absorption (Wang et al., 2021).
However, the VCO levels used in this study (2-4%) were
likely too low to produce a significant change in the
moisture content of the final product.

The ash content of analog rice (Table 2)
ranged from 1.79% to 2.57%. Increasing the proportion
of air potato flour and decreasing the proportion of

sorghum flour resulted in a higher ash content. This is
because air potato flour has a higher ash content than
sorghum flour. Agustin et al. (2019) reported that the ash
content of air potato flour was 3.6%, whereas Pezzali et
al. (2020) reported an ash content of 1.26% for sorghum
flour. The ash content of the analog rice in this study was
also higher than that of white rice, which was reported to
be 0.21% by (Fajriah et al., 2022a).

The ash content of analog rice with different
levels of VCO addition (Table 3) ranged from 2.15% to
2.27%. Increasing the amount of VCO reduced the ash
content of the analog rice because VCO contains very
low amounts of minerals. Olateru et al. (2020) reported
that the ash content of VCO was only 0.09%. As more
VCO was added, the proportion of fat in the product
increased, while the relative mineral content decreased,
resulting in a lower measured ash content.

The amylose content of analog rice (Table 2)
ranged from 19.27% to 22.87%. Increasing the
proportion of air potato flour and decreasing the
proportion of sorghum flour resulted in lower amylose
content. This is because air potato flour contains less
amylose (18.61%) than sorghum flour (24.22%). The
amylose content of analog rice influences its cooking and
eating quality. Rice with a high amylose content
produces cooked rice with a firmer and less sticky
texture, and it tends to become harder after cooling. In
contrast, rice with a low amylose content produces
cooked rice that is softer and stickier (Farooq & Yu,
2025).

The amylose content of analog rice with
different levels of VCO addition (Table 3) ranged from
20.61% to 20.93%. Increasing the amount of VCO
resulted in lower measured amylose content. Amylose
has a helical structure that can bind fatty acid molecules
to form amylose-lipid complexes (Panyoo & Emmambux,
2017). The formation of these complexes reduces the
amount of free amylose, resulting in a lower measured
amylose content.

Fat Content of Analog Rice

The proportion of APF and SF, with the addition
of VCO, significantly affects (p < 0.05) the fat content of
analog rice. The fat content of analog rice ranged from
4.38% to 10.75% As shown in Figure 1. Increasing the

Table 3. Effect of Virgin Coconut Oil addition on the chemical properties

VCO addition (%) Moisture (%) Ash (%) Amylose (%)
2 8.32 £ 0.792 2.27 £0.322 20.93 + 1.58°
3 8.55 + 0.592 2.24 +0.37° 20.70 £ 1.532
4 8.34 + 0.502 2.15 £ 0.35° 20.61+1.43°

*Different notations in one column indicate significant differences (p < 0.05). VCO= Virgin Coconut Oil
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Figure 2. Effect of adding VCO and varying ratios of APF to FS on the protein content of analog rice.
APF= Air Potato Flour, SF= Sorghum Flour

proportion of air potato flour while decreasing sorghum
flour, along with higher levels of VCO addition, resulted
in higher fat content. This is because air potato flour
contains more fat than sorghum flour. Ayo et al. (2018)
reported that the fat content of air potato flour was
3.86%, whereas Pezzali et al. (2020) reported that
sorghum flour contained 2.69% fat. In addition, VCO
contains approximately 98.91% fat, thereby increasing
the overall fat content of the formulation (Olateru et al.,
2020). During gelatinization, lipids, proteins, and starch
in sorghum flour form molecular complexes that reduce
the proportion of free lipids, resulting in lower measured
fat content as the proportion of sorghum flour increases
(Chao et al., 2024). A similar finding was reported by
Akajiaku et al. (2017) who observed that incorporating
sorghum flour into noodle formulations led to a reduction
in fat content.

Protein Content of Analog Rice

The proportion of APF and SF, with the
addition of VCO, significantly affects (p < 0.05) the
protein content of analog rice .The protein content of
analog rice ranged from 6.19% to 11.08% (Figure 2).
Increasing the proportion of air potato flour while
decreasing sorghum flour, along with higher levels of
VCO addition, resulted in lower protein content. This is
because air potato flour contains less protein than
sorghum flour. Sanful and Engmann (2016) reported that
the protein content of air potato flour was 7.12%,
whereas Pezzali et al. (2020) reported a protein content
of 9.95% for sorghum flour. The addition of VCO
decreased the protein content in the formulation, as well
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as the dilution effect caused by VCO, which contains only
0.71% protein and increases the total product weight
without substantially contributing to protein (Olateru et
al., 2020). Although starch-lipid-protein complexes may
form during heating, the Kjeldahl method quantifies both
free and bound proteins as crude protein (Saez-Plaza et
al., 2013). all analog rice formulations exhibited higher
protein content than white rice, which contains only
3.81% protein (Fajriah et al., 2022).

Carbohydrate Content of Analog Rice

The proportion of APF and SF, with the
addition of VCO, significantly affects (p < 0.05) the
carbohydrate of analog rice. The carbohydrate content of
analog rice ranged from 70.51% to 76.72% As shown in
Figure 3. Increasing the proportion of air potato flour and
decreasing the proportion of sorghum flour higher levels
of VCO addition tended to reduce the carbohydrate
content of the analog rice. The carbohydrate content was
influenced by the composition of the raw materials used.
Adebo and Kesa (2023) reported that white sorghum
flour contains 78.82% carbohydrates, while Ayo et al.
(2018) reported a carbohydrate content of 78% for air
potato flour. The addition of VCO reduced the
carbohydrate content of the analog rice. Olateru et al.
(2020) reported that VCO contains approximately
98.91% fat and does not contain carbohydrates. As more
VCO was added, the proportion of fat in the formulation
increased, while the amount of carbohydrates remained
unchanged. As a result, the percentage of carbohydrates
relative to the total product weight decreased, leading to
a lower measured carbohydrate content.
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Glycemic Index of Analog Rice

Interaction between the proportion of APF and
SF, with the addition of VCO not significantly affects (p =
0.05) the glycemic index of analog rice. Furthermore,
each treatment factor individually also had no significant
effect on the glycemic index of the analog rice. Figure 4
shows that blood glucose levels increased and reached
their highest level at 30 minutes, then gradually
decreased until 120 minutes. All analog rice treatments
showed a lower increase in blood glucose than the
reference food. Overall, the analog rice treatments
showed a lower increase in blood glucose after
consumption.

As shown in Table 4, the glycemic index of the
analog rice ranged from 35.30 to 42.43. Increasing the
proportion of air potato flour and decreasing sorghum
flour showed a tendency to lower the glycemic index, but
the difference was not statistically significant. This
tendency may be related to the higher dietary fiber
content of air potato flour (11.41%), which may slow

starch breakdown and glucose release during digestion
(Kurek et al., 2018). Dietary fiber may also increase the
viscosity of the digestive contents, making it harder for
enzymes to break down starch and potentially reducing
the glycemic response (Grundy et al., 2016).

Although a decreasing trend in glycemic index
was observed with increasing proportions of air potato
flour, the differences among treatments were not
statistically significant. This may be due to the relatively
small changes in flour proportion, which were insufficient
to produce significant differences in glycemic index.
Similar findings were reported by Salgado et al. (2011),
who found that the addition of 6% and 10% inulin to white
bread reduced the glycemic index but did not result in
significant differences. Furthermore, the effect of dietary
fiber on glycemic index depends not only on the total
fiber content but also on the type of fiber, its ability to
form viscous gels, and its interaction with starch during
processing and digestion (Giuntini et al., 2022).
Nevertheless, all formulations were classified as low

Table 4. Effect of the varying proportions of Air Potato Flour and Sorghum Flour on glycemic index

APF:SF Glycemic Index
30:70 42.432
40:60 41.732
50:50 35.30?
60 : 40 41.372

*Different notations in one column indicate significant differences (p < 0.05). APF= Air Potato Flour, SF= Sorghum

Flour
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Table 5. Effect of Virgin Coconut Oil addtion on glycemic index

VCO addition (%)

Glycemic Index

2
3
4

43.73°
39.58°
37.33°

*Different notations in one column indicate significant differences (p < 0.05). VCO= Virgin Coconut Oll

Table 6. De Garmo Effectiveness Analysis of Analog Rice

VCO Total
APF : SF (%) Gl MC AC FC PC CcC AMC NW
Normal Weight (NW) 0.40 0.1 0.05 0.05 0.05 0.2 0.15 1.00
2 0.07 0.08 0.04 0.00 0.05 0.14 0.15 0.37
30:70 3 0.00 0.05 0.05 0.01 0.02 0.18 0.14 0.30
4 0.21 0.08 0.05 0.02 0.03 0.12 012 0.51
2 0.00 0.10 0.03 0.01 0.04 0.16  0.08 0.33
40:60 3 0.14 0.06 0.03 0.03 0.02 0.07 0.05 0.36
4 0.20 0.04 0.03 0.05 0.02 0.00 0.08 0.34
2 0.17 0.03 0.01 0.01 0.01 0.20 0.03 0.42
50:50 3 0.40 0.05 0.01 0.03 0.01 0.11 0.03 0.61
4 0.27 0.06 0.01 0.02 0.02 0.12 0.02 0.51
2 0.00 0.00 0.00 0.01 0.01 0.16 0.01 0.18
60:40 3 0.13 0.00 0.00 0.03 0.00 0.11 0.01 0.27
4 0.23 0.02 0.01 0.03 0.01 0.08 0.00 0.38

*Gl (Glycemic Index), MC (Moisture Content), AC (Ash Content), FC (Fat Content), PC (Protein Content), CC

(Carbohydrate Content), AMC (Amylose Content)

glycemic index foods (Gl < 55) according to the
classification by Matthan et al. (2016).

The addition of VCO tended to reduce the
glycemic index of analog rice (Table 5), although the
effect was not statistically significant. This reduction may
be attributed to the lipids in VCO, which can form
amylose-lipid complexes, resulting in a more compact
starch structure that is more resistant to enzymatic
hydrolysis by a-amylase, thereby slowing starch
digestion (Farooq & Yu, 2025). Furthermore, the fatty
acids in VCO may delay gastric emptying, leading to a
more gradual release of glucose into the bloodstream
(Giuntini et al., 2022). However, the 2—-4% VCO levels
used in this study were not sufficient to produce a
significant change in glycemic index.

Best Performing Formulation

The results of the analysis presented in Table
6 showed that the treatment with a 50:50 ratio of APF to
SF and 3% VCO was the best performing treatment
based on the highest total Normal Weight (NW) value of
0.66. This treatment resulted in effectiveness index
values of 0.40 for glycemic index, 0.05 for moisture
content, 0.01 for ash content, 0.05 for fat content, 0.03
for protein content, and 0.11 for carbohydrate content.
These results indicate that the combination of the two
factors provided the highest overall effectiveness
compared with the other treatments.

Conclusion

Analog rice formulated from air potato flour and
sorghum flour with the addition of virgin coconut oil
(VCO) produced a low glycemic index (Gl < 55) product.
Based on De Garmo method, the formulation consisted
of a 50:50 ratio of air potato flour to sorghum flour
combined with 3% VCO was selected as the best-
performing formulation. This formulation had a moisture
content of 8.33%, ash content of 2.51%, fat content of
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7.64%, protein content of 7.45%, carbohydrate content
of 74.06%, amylose content of 19.89%, and a glycemic
index of 30,61. The low GI value indicates that the
selected analog rice had a low glycemic response
compared with high-Gl foods.

Acknowledgments

The authors gratefully acknowledge the
financial support provided by Indofood Riset Nugraha for
this research. The authors also extend their sincere
appreciation to all volunteers who participated in the
glycemic index study for their willingness, cooperation,
and valuable contribution to the successful completion of
this research.

References

Adebo, J. A, & Kesa, H. (2023). Evaluation of nutritional
and functional properties of anatomical parts of
two sorghum (Sorghum bicolor) varieties. Heliyon,
9(6).
https://doi.org/10.1016/j.heliyon.2023.e17296

Agustin, N. D., Saragih, B., & Prabowo, S. (2019).
Pengaruh Lama Blansir Terhadap Karakteristik
Fisikokimia Dan Sensoris Tepung Kentang Udara
(Dioscorea bulbifera L.). Journal of Tropical
AgriFood, 1(1), 29-35.

Akajiaku, L., Nwosu, J., Kabuo, N., Odimegwu, E.,
Umelo, M., & Unegbu, V. (2017). Using Sorghum
Flour as Part Substitute of Wheat Flour in Noodles
Making. MOJ Food Processing & Technology,
5(2).
https://doi.org/10.15406/mojfpt.2017.05.00120

Andika, A., Kusnandar, F., & Budijanto, S. (2021).
Physicochemical and Sensory Qualities of High
Protein Multigrain Artificial Rice. Jurnal Teknologi
Dan Industri  Pangan, 32(1), 60-71.
https://doi.org/10.6066/jtip.2021.32.1.60



Journal of Applied Food Technology 13 (2) 126—135

Argaw, S. G., Beyene, T. M., Woldemariam, H. W., Esho,
T. B.,, Worku, S. A, Gebremeskel, H. M., &
Mekonnen, K. N. (2024). Chemical, structural, and
techno-functional  characterization of yam
(Dioscorea) flour from South West Ethiopia.
Heliyon, 10(10).
https://doi.org/10.1016/j.heliyon.2024.31148

Awika, J. M. (2017). Sorghum: Its Unique Nutritional and
Health-Promoting Attributes. In  Gluten-Free
Ancient Grains: Cereals, Pseudocereals, and
Legumes: Sustainable, Nutritious, and Health-
Promoting Foods for the 21st Century (pp. 21-54).
Elsevier Inc. https://doi.org/10.1016/B978-0-08-
100866-9.00003-0

Ayo, Ojo, M., & Obike. (2018). Proximate composition,
functional and phytochemical properties of pre-
heated aerial yam flour. Research Journal of Food
Science and Nutrition, 3(1), 1-8.
https://doi.org/10.31248/RJFSN2017.035

Biduski, B., Silva, W. M. F. da, Colussi, R., Halal, S. L.
de M. El, Lim, L. T., Dias, A. R. G., & Zavareze, E.
da R. (2018). Starch hydrogels: The influence of
the amylose content and gelatinization method.
International Journal of Biological
Macromolecules, 113, 443-449.
https://doi.org/10.1016/j.ijbiomac.2018.02.144

Budijanto, S., Andri, Y. I., Faridah, D. N., & Noviasari, S.
(2018). Karakterisasi Kimia dan Efek Hipoglikemik
Beras Analog Berbahan Dasar Jagung, Sorgum,
dan Sagu Aren. Agritech, 37(4), 402.
https://doi.org/10.22146/agritech.10383

Chao, C., Liang, S., Zhang, Z., Gidley, M. J., Liu, Y., &
Wang, S. (2024). New Insight into the Effects of
Endogenous Protein and Lipids on the Enzymatic
Digestion of Starch in Sorghum Flour. Foods,
13(5). https://doi.org/10.3390/foods 13050663

Damat, D., Tain, A., Winarsih, S., Siskawardani, D. D., &
Rastikasari, A. (2020). Teknologi Proses
Pembuatan Beras Analog Fungsional (S. M.
Safitri, Ed.). Universitas Muhammadiyah Malang.

de Erive, M. O., Wang, T., He, F., & Chen, G. (2020).
Development of high-fiber wheat bread using
microfluidized corn bran. Food Chemistry, 310,
125921.

de Morais Cardoso, L., Pinheiro, S. S., Martino, H. S. D.,
& Pinheiro-Sant'Ana, H. M. (2017). Sorghum
(Sorghum  bicolor L.): Nutrients, bioactive
compounds, and potential impact on human
health. Critical Reviews in Food Science and
Nutrition, 57(2), 372-390.
https://doi.org/10.1080/10408398.2014.887057

Esfahani, A., Wong, J. M. W., Mirrahimi, A., Srichaikul,
K., Jenkins, D. J. A., & Kendall, C. W. C. (2009).
The Glycemic Index: Physiological Significance.
Journal of the American College of Nutrition,
28(sup4), 439S5-4458S.
https://doi.org/10.1080/07315724.2009.10718109

Fajariyanti, A., Oktafa, H., Klinik, G., & Negeri Jember,
P. (2022). Kajian Pembuatan Cake Subtitusi
Tepung Ampas Tahu Sebagai Alternatif Makanan
Selingan Tinggi Serat. HARENA: Jurnal Gizi, 3(1),
1-9.

Fajriah, F., Faridah, D. N., & Herawati, D. D. (2022).
Decreasing White Rice Glycemic Index by the

133

Addition of Lemongrass and Indonesian Bay
Leaves. Jurnal Teknologi Dan Industri Pangan,
33(2), 169-177.
https://doi.org/10.6066/jtip.2022.33.2.169

Farooq, M. A, & Yu, J. (2025). Starches in Rice: Effects
of Rice Variety and Processing/Cooking Methods
on Their Glycemic Index. In Foods (Vol. 14,
Number 12). Multidisciplinary Digital Publishing
Institute (MDPI).
https://doi.org/10.3390/foods 14122022

Forsido, S. F., Welelaw, E., Belachew, T., & Hensel, O.
(2021). Effects of storage temperature and
packaging material on  physico-chemical,
microbial and sensory properties and shelf life of
extruded composite baby food flour. Heliyon, 7(4).
https://doi.org/10.1016/j.heliyon.2021.e06821

Giuntini, E. B., Sarda, F. A. H., & de Menezes, E. W.
(2022). The Effects of Soluble Dietary Fibers on
Glycemic Response: An Overview and Futures
Perspectives. In Foods (Vol. 11, Number 23).
MDPI. https://doi.org/10.3390/foods 11233934

Grundy, M. M. L., Edwards, C. H., Mackie, A. R., Gidley,
M. J., Butterworth, P. J., & Ellis, P. R. (2016). Re-
evaluation of the mechanisms of dietary fibre and
implications for macronutrient bioaccessibility,
digestion and postprandial metabolism. British
Journal ~ of  Nutrition,  116(5), 816-833.
https://doi.org/10.1017/S0007114516002610

Gunawan, A., Pranata, S., & Swasti, Y. R. (2021). The
Quality Of Muffin With A Combination Of Sorghum
Flour (Sorghum bicolor) And Red Bean Flour
(Phaseolus vulgaris). Jurnal Teknologi Hasil
Pertanian, 14(1), 11-19.
https://doi.org/10.20961/jthp.v13i2.4684 1

Haryo, R., Setiarto, B., Widhyastuti, N., Saskiawan, I.,
(2017). Characteristics Amylograph Sorghum
Flour Fermentation And It Application For
Products Sorgum Cake And Cookies. In Jurnal
Dinamika Penelitian Industri (Vol. 28).

Horwitz, William. (2006). Official methods of analysis of
AOAC International. AOAC International.

Hulsebusch, L., Heyn, T. R., Amft, J., & Schwarz, K.
(2025). Extrusion of plant proteins: A review of
lipid and protein oxidation and their impact on
functional properties. In Food Chemistry (Vol.
470). Elsevier Ltd.
https://doi.org/10.1016/j.foodchem.2024.142607

Ifmaily, |. (2018). Penetapan Kadar Pati Pada Buah
Sukun (Artocarpus altilis L) Menggunakan Metode
Luff Schoorl. Chempublish Journal, 3(1), 1-10.
https://doi.org/10.22437/chp.v3i1.5056

Kodama, K., Yoneda, M., Kayashita, A., & Kayashita, J.
(2026). Effect of Adding Medium-Chain
Triglyceride (MCT) Oil to Rice on Postprandial
Glucose Response in Healthy Adults: A Pragmatic
Within-Subject Trial. Cureus.
https://doi.org/10.7759/cureus.107143

Kurek, M. A., Wyrwisz, J., Karp, S., & Wierzbicka, A.
(2018). Effect of fiber sources on fatty acids
profile, glycemic index, and phenolic compound
content of in vitro digested fortified wheat bread.
Journal of Food Science and Technology, 55(5),
1632-1640. https://doi.org/10.1007/s13197-018-
3061-x



Journal of Applied Food Technology 13 (2) 126—135

Lee, J. J. L., Chan, B., Chun, C., Bhaskaran, K., & Chen,
W. N. (2020). A preparation of B-glucans and
anthocyanins (LoGiCarb™) lowers the: In vitro
digestibility and in vivo glycemic index of white

rice. RSC Advances, 10(9), 5129-5133.
https://doi.org/10.1039/c9ra08147j
Loebis, E. H., Junaidi, L., & Susanti, I. (2017).

Karakterisasi Mutu dan Nili Gizi Nasi MOCAF dari
Beras Analog. BIOPROPAL INDUSTRI, 8(1), 33—
46.

Matthan, N. R., Ausman, L. M., Meng, H., Tighiouart, H.,
& Lichtenstein, A. H. (2016). Estimating the
Reliability of Glycemic Index Values and Potential
Sources of Methodological and Biological
Variability. American Journal of Clinical Nutrition,
104(4), 1004-1013.
https://doi.org/10.3945/ajcn.116.137208

Mingle, E., Elsie Sanful, R., & Narku Engmann, F.
(2017). Sensory and physicochemical properties
of bread made from aerial yam (Dioscorea
bulbifera) and wheat (Triticum aestivum) flour.
International Journal of Innovative Food Science
and Technology, 1(1), 29-35.
https://doi.org/10.25218/ijifst.2017.01.001.05

Nadhifa, D. G., Mahendradatta, M., Poespitasari, A.,
Bastian, F., & Adhnitasari, A. Y. (2025).
Characterization of analog rice produced from
various carbohydrate sources and their functional
components: a review. In Discover Food (Vol. 5,
Number 1). Springer Nature.
https://doi.org/10.1007/s44187-025-00473-9

Noviasari, S., Widara, S. S., & Budijanto, S. (2017).
Analogue Rice as The Vehicle of Public Nutrition
Diversity. Jurnal Kesehatan Masyarakat, 13(1),
18-27.
https://doi.org/10.15294/kemas.v13i1.8284

Novikasari, N. A. M., Muflihati, I., Hasbullah, U. H. A., &
Ujianti, R. M. D. (2022). Uji Kandungan Gizi dan
Perbandingan Sifat Sensoris Beras Analog dari
Tepung cassava dengan Penambahan Tepung
Kacang Hijau. Agrointek: Jurnal Teknologi Industri
Pertanian, 17(2), 306—-316.

Olateru, C. T., Popoola, B. M., Alagbe, G. O., & Ajao, O.
(2020). Lactic acid bacteria fermentation of
coconut milk and its effect on the nutritional,
phytochemical, antibacterial and sensory
properties of virgin coconut oil produced. African
Journal of Biotechnology, 19(6), 362-366.
https://doi.org/10.5897/ajb2020.17102

Olatoye, K. K., & Arueya, G. L. (2023). Chemical and
Sensory Characteristics of Extruded Snack from
Selected Aerial Yam (Dioscorea Bulbifera)
Cultivar and African Breadfruit (Treculia Africana)
Seed. Journal of Culinary Science and
Technology, 21(3), 449-465.
https://doi.org/10.1080/15428052.2021.1955795

Omer, S. H. S, Hong, J., Zheng, X., & Khashaba, R.
(2023). Sorghum Flour and Sorghum Flour
Enriched Bread: Characterizations, Challenges,
and Potential Improvements. In Foods (Vol. 12,
Number 23). Multidisciplinary Digital Publishing
Institute (MDPI).
https://doi.org/10.3390/foods12234221

Orji, R. N. (2023). Profiling the invitro glycemic index

134

determination of some under utilized tubers flours.
IARJSET, 10(12).
https://doi.org/10.17148/iarjset.2023.101216

Panyoo, A. E., & Emmambux, M. N. (2017). Amylose—
lipid complex production and potential health
benefits: A mini-review. In Starch/Staerke (Vol. 69,
Numbers 7-8). Wiley-VCH Verlag.
https://doi.org/10.1002/star.201600203

Pezzali, J. G., Suprabha-Raj, A., Siliveru, K., & Aldrich,
C. G. (2020). Characterization of white and red
sorghum flour and their potential use for
production of extrudate crisps. PLoS ONE, 15(6
June).
https://doi.org/10.1371/journal.pone.0234940

Prasetyo, A., Mega Prasta, D., Destyaning Arum, A,
Yumna Islami, B., Lee, A., & Winarti, S. (2018).
Characteristics of Edible Coating from Air Potato
with The Addition of Various Types of Plasticizer.
Jurnal REKA PANGAN, 12(1), 18-26.

Rahmawati, Putra, B., Wiyani, L., Maulana Kamri, A., &
Azahra, S. (2023). Anti-Diabetic Activity Of Virgin
Coconut Oil (VCO): Review. Journal Borneo
Science Technology and Health Journal Review,
3, 16. https://doi.org/10.57174/jborn.v3i1.73

Rosida, D. F., Wicaksono, L. A., & Prisdianto, R. A.
(2024). Evaluation of Physicochemical and
Organoleptic Properties of Kimpul Cookies with
Fat Sources from Corn Oil, Coconut Oil, and VCO.
8th International Conference of Food, Agriculture
and Natural Resource & the Second International
Conference of Sustainable Industrial Agriculture
(IC-FANRES-IC-SIA 2023), 20-30.
https://doi.org/10.2991/978-94-6463-451-8_3

Sabahannur, S., & Alimuddin, S. (2022). Identification of
Fatty Acids in Virgin Coconut Oil (VCO), Cocoa
Beans, Crude Palm QOil (CPO), and Palm Kernel
Beans Using Gas Chromatography. [OP
Conference Series: Earth and Environmental
Science, 1083(1). https://doi.org/10.1088/1755-
1315/1083/1/012036

Salgado, S. M., Antonia Brasil, J., Correia da Silveira, K.,
Magalhdes Salgado, S., Verdnica Souza Livera,
A., Pinheiro de Faro, Z., & Barbosa Guerra, N.
(2011). Effect of the addition of inulin on the
nutritional, physical and sensory parameters of
bread. In Article Brazilian Journal of
Pharmaceutical Sciences (Vol. 47, Number 1).

Sanful, R. E.,, & Engmann, F. N. (2016). Physico-
Chemical and Pasting Characteristics of Flour and
Starch from Aerial Yam. Starch from Aerial Yam.
American Journal of Food Science and Nutrition,
3(1), 284. http://www.aascit.org/journal/ajfsn

Shanita, S. N., Hasnah, H., & Khoo, C. W. (2011).
Amylose and Amylopectin in Selected Malaysian
Foods and its Relationship to Glycemic Index. In
Sains Malaysiana (Vol. 40, Number 8).

Tan, S. Y., Wan-Yi Peh, E., Marangoni, A. G., & Henry,
C. J. (2017). Effects of liquid oil vs. oleogel co-
ingested with a carbohydrate-rich meal on human
blood triglycerides, glucose, insulin and appetite.
Food and Function, 8(1), 241-249.
https://doi.org/10.1039/c6fo01274d

Vlachos, D., Malisova, S., Lindberg, F. A., & Karaniki, G.
(2020). Glycemic index (Gl) or glycemic load (GL)



Journal of Applied Food Technology 13 (2) 126—135

and dietary interventions for optimizing Winarti, S. (2018). Umbi Dioscorea: Karakteristik dan

postprandial hyperglycemia in patients with T2 Teknologi Pengolahan. plantaxia.

diabetes: A review. In Nutrients (Vol. 12, Number  Zhu, D., Fang, C., Qian, Z., Guo, B., & Huo, Z. (2021).

6). MDPI AG. https://doi.org/10.3390/nu12061561 Differences in starch structure, physicochemical
Wang, J., Li, M., Wang, C., Dai, Y., Sun, Y., Li, X, properties and texture characteristics in superior

Heider, C. G., Wu, X., & Liang, J. (2021). Effect of and inferior grains of rice varieties with different

extrusion processing and addition of purple sweet amylose contents. Food Hydrocolloids, 110.

potatoes on the structural properties andin https://doi.org/10.1016/j.foodhyd.2020.106170

vitrodigestibility of extruded rice. Food and

Function, 12(2), 739-746.

https://doi.org/10.1039/d0fo02074e

135



