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INTRODUCTION
The interest in functional food has increased among 
consumers focusing on improving or maintaining their 
health. Hence, this increases the studies on various food 
components which include carbohydrates and proteins. 
Starch is one of the most studied food ingredients as it 
can provide a low glycaemic index value for food. This is 
contributed by the presence of resistant starch components 
in the starch itself (Zailani et al., 2023). Food that contains 
low glycaemic index components is beneficial for diabetes 
patients and individuals with obesity (Bello-Pérez  et al., 
2021). Many studies have focused on increasing the 
resistant starch content in starch via various treatments such 
as chemical, enzymatic, and physical treatments (Zailani et 
al., 2023). Examples of modified starches displaying low 
glycaemic index were banana, maize, and cassava starches 
(Bello-Pérez et al., 2021; Eyinla, et al., 2021; Paramasivam et 
al., 2021).

As starch has been used in the formulation of food 
products, for example in fish crackers and tempura mix, the 
supplement of resistant starch can create an opportunity to 
enhance the functional food properties between different 
food products. Examples of foods that are studied by adding 
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ABSTRACT

Native sago starch has a high content of resistant starch (RS) which is associated with low glycaemic and beneficial 
to individuals with obesity and diabetes. Additionally, the RS is linked to the prebiotic properties exhibited by starch. 
This study aimed to evaluate the predicted glycaemic index (pGI) and probiotic growth rates of food formulated with 
native or modified starches in the formulation of a breakfast drink. The sago starch was modified via microwave 
heat treatment (MHT) with different treatment duration or  via  pre-treatment followed by MHT. The formulation 
of food was performed by replacing a portion of wheat starch at percentages of 25, 50, or 75%. The pGI was 
determined by measuring the amount of glucose produced during  in vitro  digestion. Meanwhile, the probiotic 
growth rates were conducted by monitoring the optical density of Lactobacillus casei and Bifidobacterium lactis for 
24 hr. Comparatively, food formulated with 50 and 75% starch showed lower pGI than other formulations. This was 
correlated with the increase of RS in food products. Meanwhile, the probiotic growth rates increase for a few of the 
formulations mostly with a higher pGI or low RS content which is contributed by the accessibility for fermentation 
to occur. In conclusion, the findings suggest the substitution of 50% wheat flour with native or modified sago 
starches is sufficient to increase RS content and lower the pGI of formulated food. In the future, investigation of 
RS components contributing to probiotic growth is needed to enable the exploration of new prebiotics with low 
glycaemic.
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resistant starch include cookies, pasta, muffins, bread, and breakfast cereals (Arp, Correa, & Ferrero, 
2021; Himat et al., 2021). This process is conducted by replacing a percentage of the actual ingredient 
such as wheat flour or by changing it to 100% starch. For instance, studies were conducted by replacing 
wheat flour with purple yam and millet flour (Liu et al., 2019; Sharma & Gujral, 2019). This results in the 
preparation of food with lower digestibility.

Starch with low digestibility was associated with the prebiotic properties of starch (Zaman & 
Sarbini, 2015). By definition, a prebiotic is “a substrate that is selectively utilized by host microorganisms 
conferring a health benefit” (Gibson et al., 2017). As a result, gut microbiota will be modulated, hence, 
benefiting the host. Gut microbiota is essential in the alteration of host metabolism in response to food 
intake (Farag et al., 2020). For example, caffeine is converted to purine by the gut microflora through a 
demethylation process. In addition, these microflorae assist in the production of gamma-aminobutyric 
acid which is a by-product of the fermentation of food (Farag et al., 2020). This compound is reported 
to exhibit multiple biological properties that benefit the host, for example, it assists in the prevention of 
type 1 diabetes, neural disease, and immunological disorders (Diez-Gutiérrez et al., 2020). Additionally, 
butyric acid was reported to be produced from the fermentation of resistant starch by gut microbiota 
such as Lactobacillus acidophilus, Lactobacillus casei, and Lactobacillus helveticus  (Raigond et al., 
2015; Geng & Zhao, 2015). The produced butyric acid has been reported to possess anticancer and 
anti-inflammatory properties (Foglietta et al., 2014; Chen & Vitetta, 2020). 

Sago starch is obtained by wet extraction of the pith of a sago palm, Metroxylon sagu. It was 
reported to contain highly resistant starch which gave it low digestibility (Arshad et al., 2018). There is 
a lack of investigation of sago starch formulated in food products. Moreover, the information on food 
formulated with sago starch digestibility and prebiotic properties is limited. Therefore, the current study 
determined the functional food properties of formulation of food products incorporated with native and 
modified sago starches.

MATERIALS AND METHODS
Materials 

Food-grade sago starch was contributed by CRAUN Research Sdn. Bhd. (Sarawak, Malaysia). 
Chemicals used in this study were purchased from HmbG chemicals (analytical grade), while inulin was 
from Orafti®. Resistant Starch Assay Kit was acquired from Megazyme (Ireland) while MRS agar and 
broth from DifcoTM. The bacteria used in this study were obtained from the Biology Laboratory at the 
Centre for Pre-University Studies (Universiti Malaysia Sarawak). The general-purpose wheat flour was 
purchased from local stores.

Microwave heat treatment of sago starch
Native sago starch was treated using two different methods that were microwave heat treatment 

with different treatment durations and pre-treated microwave heat treatment. Microwave heat treatment 
with different treatment duration was performed as described by Zailani et al. (2021). The moisture 
content of native sago starch was adjusted to 30% and stored overnight at 4 °C. The starch was then 
microwave-heat treated at four different time durations which were 5 (M5), 10 (M10), 15 (M15), and 20 
(M20) min. The starch was then dried at 50 °C overnight before being cooled and stored until further 
analysis.

Meanwhile, the pre-treated-microwave heat treatment of native starch was conducted by pre-
treating the starch via two pre-treatments which were distilled water washing and soaking in cold distilled 
water. In distilled water washed starch, the native starch was washed with distilled water (1.00:1.75). 
It was then kept overnight at 4 °C before microwave heat treatment for 15 min. The treated starch was 
oven-dried at 50 °C overnight, cooled, and stored to yield washed-microwave heated starch (W15). On 
the other hand, the cold-soaked-microwave heated sago starch (S15) was prepared by suspending 
native starch in distilled water (1:5) with constant stirring (1 hr). The suspension was then stored (4 
°C, overnight) and followed by microwave heat treatment for 15 min and filtration. The modified starch 
obtained was oven-dried (50 °C) for two days (Zailani et al., 2022).

Formulation of food products
The sago starch-based food products were formulated by replacing a percentage of wheat 

flour with starch. The percentage of native and modified sago starch used was 25, 50, and 75%. The 
ingredients were homogeneously mixed before being platted to an approximate thickness of 1 mm. The 
food was then baked in a preheated oven for 12 min at a temperature of 180 °C. For a control, the food 
was formulated with the same ingredient except it uses 100% flour with no addition of starch. The food 
product was let to cool to ambient temperature and stored in a zip-lock bag until further analysis.

Determination of resistant starch content
The Megazyme Resistant Starch Assay Kit (K-RSTAR) was used in the determination of resistant 
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starch content. In brief, the food products were ground by pestle and mortar and digested using a 
mixture of amylase and amyloglucosidase as described in the assay kit protocol (Megazyme, 2019). The 
obtained solid supernatant was then washed with ethanol solution and added with potassium hydroxide 
followed by stirring. Sodium acetate buffer was added to the mixture followed by amyloglucosidase 
solution and incubated for 30 min at 50 °C. The mixture was added with glucose oxidase/peroxidase 
(GOPOD) solution which was used as an indicator to determine the concentration of glucose available 
in the mixture. The D-glucose and sodium acetate buffer were the standard and blank used. A UV-Vis 
spectrophotometer (V-730, Jasco) was used to measure the absorbance of the samples, blank, and 
standard at 510 nm.

 
In vitro digestion of food products

The food products were digested following methods by Lux et al. (2012) and Mandalari et al. 
(2008). The  in vitro digestion was completed in oral, gastric, and duodenal phases. Briefly, sodium 
chloride solution (0.15 M, pH 7.0) was mixed with the samples. In the oral phase, the mixture was added 
with α-amylase and incubated for 5 min at 37 °C. This was followed by adjusting the pH to 2.5 and 
mixing with pepsin and gastric lipase with incubation in a shaking incubator for 2 hr at 37 °C. Meanwhile, 
in the duodenal phase, the digest from the gastric phase was pH adjusted to 6.5. This was followed by 
the addition of calcium chloride, bile salts, α-chymotrypsin, Bis-Tris (pH 6.5), trypsin, and pancreatic 
lipase. Incubation of the mixture was conducted for 1 hr in a shaking incubator at 37 °C. Blank was 
prepared the same as the digestion of samples excluding samples. Meanwhile, the positive control 
used in this study was inulin (Mandalari et al., 2008; Lux et al., 2012).

 
Predicted glycaemic index determination of food products

The sample was suspended in HCl-KCl buffer (pH 1.5) before added with pepsin in HCl-KCl 
buffer (pH 1.5) and incubated for 1 hr at 40 °C in a shaking water bath. The mixture pH was adjusted 
to 6.0 followed by the addition of maleate buffer (pH 6.0), pancreatic α-amylase (93.75 CU/mL), and 
amyloglucosidase (9.375 U/mL). The mixture was then incubated with shaking at 37°C for 3 hr. The 
mixture was sampled every 30 min and added to an ethanol solution (95%). The absorbance at 510 
nm was measured upon mixing the samples with GOPOD reagent and incubated at 50 °C for 20 min 
(Tsai & Lai, 2021). The hydrolysis percentage, hydrolysis constant, hydrolysis index, and the predicted 
glycaemic index for each sample were calculated as described by Tsai and Lai (2021).

Determination of bacterial growth rates
Three bacteria were used in the growth rate determination which were Lactobacillus casei (L. 

casei), Bifidobacterium lactis (B. lactis), and Escherichia coli (E. coli). L. casei and B. lactis were chosen 
in this study as these bacteria are probiotics that are normally consumed and present in the human 
gut. E. coli was chosen as it is an enteric bacterium that is also present in the gut. The bacteria were 
cultured in a sterilized MRS broth for 24 – 48 hr followed by streaking onto MRS agar. A single colony 
was taken and added into MRS broth followed by incubation (37 °C, 24 – 48 hr). The optical density 
was adjusted to 1.0 at a wavelength of 620 nm using a UV-Vis spectrophotometer (Okolie et al., 2019).

The food samples, inulin (positive control), and glucose were prepared to a concentration of 
0.1% by mixing them with sterilized MRS broth. The samples, inulin, and glucose were pipetted into a 
96-well plate which was then followed by the addition of bacterium culture. The plate was sealed and 
incubated for 24 hr at 37 °C. The optical density of each plate was measured at a wavelength of 620 nm 
every 30 min. A graph was plotted using the optical densities and used in the determination of bacterial 
growth rates as described in Okolie et al. (2019).

 
Statistical analysis

The data obtained was analyzed using One Way ANOVA and followed by Tukey’s test (p<0.05). 
Pearson’s correlation study was also conducted with the same alpha value and conducted using 
Statistical Package for Social Sciences (IBM® SPSS® Version 20).

RESULTS AND DISCUSSION
Digestibility of formulated foods

The formulation of food products by substituting common ingredients such as wheat flour 
with modified starch has been conducted previously to enhance the functional food properties of 
the products (Laguna et al., 2011). The current study uses native and modified sago starches in the 
formulation of a breakfast drink. A breakfast drink is a simple food product that is consumed in the 
morning for energy. Additionally, these products contain dietary fibers which benefit the consumer. 
Based on the result (Figure 1), it can be observed that the percentage of resistant starch content in the 
food product increases as the percentage of starch used to replace wheat flour increases. Several food 
products displayed the same percentage of resistant starch content as the control (100% wheat flour) 
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which were the food formulated by replacing 25% of wheat flour except for M20 formulations. These 
observations were tallied with the correlation studies which indicate the negative correlation between 
the amount of wheat flour used with the percentage of resistant starch content (r=-0.703, p<0.001). 
The flour:starch replacement ratio of 1:1 (50% starch) was sufficient to increase the RS content of the 
food product which was significantly better than the 100% flour formulation. However, the pre-treated 
microwave heat treated starch formulated food showed a lower resistant starch content which may be 
due to the influence of pre-treatments that enabled starch granule damage (Zailani et al., 2022). Hence, 
reducing the percentage of resistant starch in food products. Additionally, the amount of resistant starch 
content was almost similar to the dietary fiber content in commercially available breakfast drinks which 
is between 8 – 10% mostly for the microwave heat-treated starch at different treatment durations. In 
addition, the increase in RS content may help in decreasing the production of lipids through increasing 
lipid oxidation benefitting obese individuals (Raigond et al., 2015). 

Fig. 1. The resistant starch content of food formulated with native and modified starches at different flour substitution percentages. 
Note: NS – native sago starch, M5 – microwave heated sago starch (5 min), M10 – microwave heated sago starch (10 min), M15 – microwave 
heated sago starch (15 min), M20 – microwave heated sago starch (20 min), W15 – washed-microwave heated sago starch (15 min) and S15 – 
cold-soaked-microwave heated sago starch (15 min)

Predicted Glycaemic Index of Formulated Foods
The predicted glycaemic index (pGI) of formulated food was within a range of 56 – 120 with 

four formulations having values that exceeded 100% (Figure 2). This was displayed by M10 (25%), 
M15 (25%), M20 (25%), and S15 (75%) formulations. Meanwhile, the two formulations had the lowest 
pGI which were M10 (50%) and M10 (75%) with the values of 56.3 and 56.7, respectively. Based on 
Figure 2, it was observed that the pGI was lower when the amount of flour substituted was between 
50 to 75%. A moderate positive correlation was observed between the percentage of flour and pGI 
(r=0.4551, p=0.002) indicating that the increase in the percentage of starch helps in the decrease of 
the pGI value of the formulated food. Based on Venn et al., (2014), the glycaemic index is classified 
into three high groups (≥70), moderate (between 55 - 70), and low (≤55) glycaemic index. Hence, 
most of the food formulated with starch had pGI values in moderate groups which may be beneficial to 
the consumer. The pGI values showed a negative correlation with the RS content (r=-0.618, p<0.001) 
which implied the increase in RS content can help in lowering the GI value of food products. This finding 
was similar to previously published literature where the increase in the RS content had millet flour 
substituted food product yielded a lower glycaemic index (Sharma & Gujral, 2019; Kaimal et al., 2021). 
This was also observed in a retrograded starch known as Novelose 300 which lowers the glycaemic 
response when it is used in the formulation of food (Raigond et al., 2015).

Bacterial growth rates of formulated foods
The bacterial growth rates of formulated foods have differed from each bacterium (Figure 3). 

The L. casei growth rates were within a range of 0.196 to 0.320 h–1, while B. lactis growth rates were 
between 0.201 to 0.298 hr–1. Meanwhile, for the enteric bacteria, E. coli, the growth rates were between 
0.050 to 0.098 hr–1. For the L. casei, formulation W15 (25%) has the highest growth rate value while 
W15 (75%) was the lowest. Compared to the control food (0.261 hr–1), W15 (25%) was significantly 
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higher with an increase of around 22%. Meanwhile, for the growth rates of B. lactis, the highest value 
was displayed by M10 (25%) while the lowest value was W15 (50%). The M10 (25%), M15 (75%) 
(0.284 hr–1), and W15 (25) (0.273 hr–1) which had the highest growth rates were significantly higher 
than the control food (0.234 hr–1). The increment in B. lactis growth rates was between 16 to 28%. On 
the other hand, the growth rates of E. coli decrease when compared with the control food (0.074 hr–1) 
except for M5 (25%), M10 (25%), M15 (25, 50%), M20 (25, 50%), S15 (25%). The increase in these 
probiotics' growth rates while the decrease in the enteric bacterium growth rates suggests the potential 
of these food products to modulate the gut microbiota. 

Fig. 2. The predicted glycaemic index of food formulated with native and modified starches at different flour substitution 
percentages (0, 25, 50, or 75%). 
Note: NS – native sago starch, M5 – microwave heated sago starch (5 min), M10 – microwave heated sago starch (10 min), M15 – microwave 
heated sago starch (15 min), M20 – microwave heated sago starch (20 min), W15 – washed-microwave heated sago starch (15 min) and S15 – 
cold-soaked-microwave heated sago starch (15 min)

Based on the correlation studies, there were correlations observed between the percentage 
of starch used in the formulation with the bacterial growth rates. The correlations were observed as 
moderate negative correlations for the L. casei (r=-0.415, p=0.005) and E. coli (r=-0.628, p<0.001) growth 
rates. This indicates that the growth rates of these bacteria were affected by the starch percentage. 
Additionally, there was a moderate negative correlation was observed between the resistant starch 
content with the growth rate of E. coli (r=-0.585, p<0.001). This suggests that the presence of resistant 
starch in the food product by adding native or modified sago starch can slow the growth rates of enteric 
bacteria, E. coli. Furthermore, the growth rate of E. coli was also correlated with the pGI of the food 
(r=0.704, p<0.001) indicating the role of resistant starch in the formulated food. By increasing the RS 
content in the starch, delaying the growth of this bacterium is possible. Besides that, resistant starch 
type 3 (RS3) was reported to have a high rate of fermentation by the intestinal microbiota as observed 
for the L. casei growth rate (Sharp & Macfarlane, 2000). However, most of the formulated food did 
not display better growth rates for L. casei and B. lactis. Hence, this finding may be influenced by the 
experimental conditions which limit the fermentation by the enzymatic activities of these bacteria. In this 
study, the growth rates were determined in aerobic conditions, while the lactobacilli and bifidobacterial 
were predominant in the human colon normally in anaerobic conditions (Mu et al., 2018; Matejčeková et 
al., 2019). These differences in experimental conditions may influence the bacterial enzymatic activities 
thus affecting the outcome (González et al., 2004; Ashraf & Smith, 2015). Resistant starch was the only 
dietary fiber reported to produce a higher butyrate concentration when fermented by the gut microbiota 
(Raigond et al., 2015). This substance was reported can prevent and inhibit colonic carcinogenesis, 
epithelial defense barrier, and more (Canani et al., 2011). Moreover, the use of RS in food formulation 
benefits in providing balanced energy for hours through slow fermentation by gut microbiota (Raigond et 
al., 2015).
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Fig. 3. The growth rates of (a) Lactobacillus casei, (b) Bifidobacterium lactis, and (c) Escherichia coli of formulated food products. 
Note: NS – native sago starch, M5 – microwave heated sago starch (5 min), M10 – microwave heated sago starch (10 min), M15 – microwave 
heated sago starch (15 min), M20 – microwave heated sago starch (20 min), W15 – washed-microwave heated sago starch (15 min) and S15 – 
cold-soaked-microwave heated sago starch (15 min)

CONCLUSION 
The formulation of the food product by replacing wheat flour portion with starch was performed to 
produce lower glycemic food. The formulation uses native, and microwave heat-treated modified starch 
in the formulation. Formulations with 50 or 75% starch showed an increase in the RS percentage than 
the control (100% wheat flour) formulation. Furthermore, the increase of the starch concentration also 
contributed to a lower predicted glycaemic index of food formulated with starch except for pre-treated 
microwave heat-treated starch formulations. However, the pre-treated microwave heat-treated starch 
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formulation showed a better probiotic growth rate, especially for the W15 (25%). In conclusion, the 
incorporation of 50% starch in food was adequate to achieve a higher resistant starch content with a 
lower glycaemic index than using 100% wheat flour. Future research should focus on the components 
in the resistant starch that influence the growth rates of probiotics.
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