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Abstract 

There has been increased demand for functional foods nowadays as people move towards 

a healthier lifestyle. Underutilized fruits, such as bignay [Antidesma bunius (L.) Spreng], 

are currently being investigated because of their high amounts of bioactive substances 

with health-promoting effects, particularly in addressing non-communicable diseases such 

as obesity and diabetes mellitus. Hence, this study evaluated the effect of bignay pomace 

on the estimated glycemic index (eGI) when co-digested with locally consumed grains. 

Results showed that upon addition of 1% freeze-dried bignay pomace, significant 

reductions in the estimated glycemic index [eGI] (7–17%) and hydrolysis index (15–32%) 

occurred during the two-stage simulated in vitro digestion of rice, adlai, white corn grits 

(WCG), 50:50 rice: adlai mix, and 70:30 rice: WCG mix. Further analysis revealed that 

the total dietary fiber and resistant starch contents in the grains affected the eGI of the 

grains, such that the amounts present retarded the rate of starch digestion. Bignay pomace 

significantly lowered the rate of the in vitro digestion of local grains, suggesting its 

potential to improve glycemic index. The study serves as relevant baseline data for the 

possible valorization of bignay pomace as a food supplement for the prevention of non-

communicable diseases. 

1. Introduction 

Over the years, it has been a challenge to promote a 

diverse diet among populations across the world. With 

rice as one of the major sources of carbohydrates in Asia, 

there is a pressing need to monitor the digestibility of 

white rice. This can serve as an intervention tool in the 

management and prevention of diabetes and other 

nutrition-related chronic diseases (Argyri et al., 2016). 

Rice is known as a major contributor to the glycemic 

load of rice-eating populations due to its high estimated 

glycemic index (eGI) (Hu et al., 2012). Hence, it is 

encouraged to consume other nutritious crops that can 

still cater to one’s carbohydrate requirements. 

Alternative grains are being promoted for their low GI 

value and thus their ability to retard spikes in 

postprandial blood glucose levels. White corn grits 

(Nagares et al., 2010) and adlai (Mamucod et al., 2020) 

or Job’s tears are two crops that have been identified as 

potential rice substitutes. To make them more appealing 

to consumers, researchers have developed suitable 

composites of these grains with rice that are as 

acceptable as pure rice (Mamucod et al., 2020; UP 

Media and Public Relations Office, 2018) However, 

research studies on these two rice substitutes remain 

scarce. To date, limited data are available on various in 

vitro studies evaluating the starch digestibility of adlai, 

white corn grits, and their rice composites. 

In vitro starch digestibility studies are vital in 

predicting and controlling glucose breakdown and 

absorption, thereby assisting in regulating postprandial 

blood glucose levels. Recent studies have shown that 

essential phytochemicals can reduce the risk of 

cardiovascular disease, type 2 diabetes, and cancers 

(Delshad Aghdam et al., 2021; Ramírez-Alarcón et al., 

2021). Particularly, phenolic compounds were observed 

to reduce the risk of diabetes because of their inhibitory 

activity against α-glucosidase and pancreatic α-amylase, 

which are key enzymes in starch degradation (Ranilla et 

al., 2010). Therefore, it is important to explore other 

food crops that, when combined with staple foods, can 
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reduce the overall glycemic impact and minimize the risk 

of type 2 diabetes.  

Bignay [Antidesma bunius (L.) Spreng] is a fruit 

widespread in the Philippines but is also found in the 

lower Himalayas in India, Ceylon, Southeast Asia, and 

northern Australia (Belmi et al., 2014). It is reported to 

have potential health benefits and significant biological 

activities (Butkhup and Samappito, 2008; Lizardo et al., 

2015; Crieta et al., 2021; Sartagoda et al., 2021). Recent 

toxicity reports deemed the fruit safe for consumption in 

mice at a maximum dose of 2000 mg/kg (Estacio et al., 

2020; Muñoz et al., 2021). Usually, its fruits are 

processed into other food products such as juice, 

concentrates, and wine. Winemaking involves pulping 

the fruit and separating the flesh from the skin and seeds 

(Belina-Aldemita et al., 2013). The flesh is pureed and 

undergoes fermentation to produce wine. While the skin, 

seeds, and some of the leftover pulp, known as pomace, 

are discarded. The flesh and seeds of bignay contain high 

amounts of antioxidants especially in its fully ripe stage 

(Castillo-Israel et al., 2020), the stage used for bignay 

winemaking. Moreover, since pomace consists of peel 

and seeds, dietary fiber is considered its main component 

(Saura-Calixto, 2011). This is of great advantage because 

dietary fibers increase the viscosity of the food which in 

turn delays the accessibility of starch granules to 

digestive enzymes (Angioloni and Collar, 2011). Both 

components (i.e., phenolic compounds and dietary fiber) 

of bignay pomace could retard the digestibility of starch, 

positively affecting postprandial blood glucose levels 

(Thorne et al., 1983). 

Hence, this study aimed to determine the effects of 

bignay pomace on the in vitro starch digestibility of 

commonly consumed grains in the Philippines. The 

results may be useful in the development of bignay 

pomace as a functional food ingredient with health-

promoting effects. In addition, the valorization of bignay 

pomace can alleviate the problem of food waste in the 

manufacturing industry, which is crucial in today’s 

changing and developing market. 

 

2. Materials and methods 

2.1 Materials 

White corn grits (IPB Var 6 Corn Grits, High 

Quality Protein Maize) [WCG] were obtained from the 

Institute of Plant Breeding (IPB), University of the 

Philippines Los Baños, Laguna, Philippines. Milled rice 

(NSIC Rc160) and adlai (Ginampay variety) were 

obtained from the Philippine Rice Research Institute 

(PhilRice), Maligaya, Nueva Ecija, Philippines. In 

addition to rice, adlai, and WCG, two rice composites 

were made from these grains: (1) 50:50 rice: adlai and 

(2) 70:30 rice: WCG. The grain samples were vacuum-

sealed and stored at -20°C until use. A portion of the 

samples were also ground to pass a 20-mesh sieve and 

subjected to the same storage conditions. On the other 

hand, bignay [Antidesma bunius (L.) Spreng] pomace 

was collected after pulping fully ripe bignay fruit prior to 

winemaking. The pomace was freeze-dried and ground 

to pass a 20-mesh sieve. Powdered pomace was stored at 

-20°C prior to analysis. 

Reagents used for total starch determination namely, 

amyloglucosidase (3260 U/mL in soluble starch) and 

glucose oxidase/peroxidase (GOPOD) reagent were 

purchased from Megazyme Ltd. (Ireland). Pepsin 

(porcine stomach mucosa, 1:1000) and pancreatin (163–

00142) were obtained from Fujifilm Wako Pure 

Chemical Corp. (Japan). Invertase was purchased from 

Sigma-Aldrich Ltd. (USA). Other chemicals used in the 

study were analytical grade. 

2.2 Sample preparation 

Uncooked grains were used for non-resistant and 

resistant starch analyses. For simulated gastrointestinal 

in vitro digestion, grain samples were cooked in a 

conventional rice cooker until the absence of a white 

core was achieved, which is considered fully cooked. 

The cooked grains were homogenized using a household 

blender (Sonifer Hand Blender SF-8054, China) on a 

high setting for 1 min to produce a slurry. The moisture 

content (MC) of the slurry was determined using the 

standard official methods of the Association of Official 

Analytical Collaboration (AOAC) International (2005).  

2.3 Chemical composition of bignay pomace and grain 

samples 

The proximate composition of the uncooked rice 

grains and freeze-dried bignay pomace was carried out 

following the standard AOAC Official Methods for 

Analysis (AOAC, 2005). Non-resistant starch (NRS), 

resistant starch (RS), insoluble dietary fiber (IDF), and 

soluble dietary fiber (SDF) of uncooked grain samples 

were determined according to the procedures of the 

Megazyme assay kits (Megazyme Ltd., Ireland). 

2.4 Simulated in vitro gastrointestinal digestion 

The study employed a two-stage in vitro 

gastrointestinal digestion method (Dartois et al., 2010) 

with modifications (Reginio et al., 2020). Two sets of 

runs were performed for each grain sample: (1) without 

bignay pomace and (2) with 1% bignay pomace. The 

reference food, white bread, was also analyzed similarly. 

A total of 170 g of grain slurry and water mixture (to 

contain 4% starch) were prepared and added into a 500 

mL double-jacketed glass reactor with continuous 
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stirring. The reactors were connected to a circulating 

water bath to maintain a temperature of 37±1°C. To 

simulate gastric digestion, the pH was adjusted to pH 2, 

then the simulated gastric fluid (SGF), containing pepsin 

and appropriate molar concentrations of HCl, was added 

to reach a pH of 1.20±0.02. After 30 mins, the pH was 

increased to 6.0±0.1 by adding different concentrations 

of NaOH. Then, small intestinal fluid, containing 

pancreatin, invertase, and amyloglucosidase, was added 

to reach a pH of 6.8±0.02 to simulate the small intestinal 

digestion phase. Supernatants of 1 mL were collected for 

D–glucose analysis at 0 and 30 mins in the gastric phase, 

and at 5, 20, 60, 120, 180 and 240 mins after the start of 

the small intestinal phase. The aliquots were mixed with 

95% ethanol to stop the enzymatic reactions. 

2.5 Glucose measurement and kinetics of starch 

hydrolysis 

Glucose content was determined using a D-glucose 

assay kit (GOPOD Format K-GLUK 08/18, Megazyme 

International). Supernatants from the in vitro digestion 

were centrifuged at 3500 rpm for 20 mins. A total of 50 

µL of the supernatant was mixed with 0.25 mL of 

invertase/amyloglucosidase in potassium acetate buffer 

(pH 5.2) to break down sucrose into glucose units, and 

incubated at 37°C for 10 mins. Then, 0.1 mL of the 

resulting solution was combined with 3 mL GOPOD 

solution and incubated at 50°C for 20 mins. The 

absorbance was measured at 510 nm using a UV-VIS 

1900i spectrophotometer (Shimadzu Corp., Japan).  

2.6 Statistical analysis 

All chemical analyses were performed in triplicates 

except for total dietary fiber wherein duplicates were 

used. Results were expressed as mean ± standard 

deviation (SD). Data were subjected to one-way analysis 

of variance (ANOVA) and Tukey’s Honest Significant 

Difference (HSD) to compare means within treatment 

groups at 0.05 level of significance. Paired t-test was 

used to compare differences in the means of the same 

grains across treatment groups. The ANOVA, paired t-

tests, and correlation analyses were performed using 

Minitab for Windows version 19.2020.1 (Minitab LLC, 

USA). For in vitro digestion, the kinetic constant and 

hydrolysis index were computed by non-linear regression 

(curve fit) using GraphPad Prism version 9.4.1 for 

Windows (GraphPad Software, USA). 

 

3. Results and discussion 

The impact of bignay pomace on the estimated 

glycemic index of local grains was determined using a 

two-stage in vitro digestion consisting of gastric and 

intestinal phases. The proximate composition, total 

dietary fiber (TDF), insoluble dietary fiber (IDF), soluble 

dietary fiber (SDF) contents of the uncooked grains were 

analyzed, as well as the resistant starch (RS), non-

resistant starch (NRS), and total starch (TS) content to 

determine their possible effect on the rate of starch 

hydrolysis in the grain samples. The freeze-dried bignay 

pomace was also subjected to preliminary 

characterization wherein its proximate composition, 

TDF, and bioactive profile (Zubia et al., 2023) were 

determined. 

3.1 Characterization of freeze-dried bignay pomace 

In terms of proximate composition, crude fiber 

(43.17±1.10 g/100 g DW) was the predominant 

component of freeze-dried bignay pomace, followed by 

carbohydrates represented by nitrogen-free extract [NFE] 

(32.27±1.8 g/100 g DW), crude protein (7.88±0.29 g/100 

g DW), crude ash (6.23±0.01 g/100 g DW), moisture 

(6.09±0.27 g/100 g DW), and crude fat (4.36±0.26 g/100 

g DW). This confirms related literature where dried 

berry pomace contains 5–6% moisture and fiber is the 

major component (Struck et al., 2016). Unlike fresh 

bignay fruits wherein it is comprised mainly of 

carbohydrates (Islary et al., 2017), the present study 

suggests that dietary fiber is the main component of 

bignay pomace. This holds true for other pomace from 

well-known berries such as blackcurrant, redcurrant, and 

chokeberry (Reißner et al., 2019). 

The high crude fiber content was further confirmed 

by the considerably high TDF content of bignay pomace 

(74.84±0.70 g/100 g DW). Specifically, it contains 

69.25±1.28 g/100 g DW IDF and 5.59±0.59 g/100 g DW 

SDF. Fruit pomace consists of cell wall compounds, 

stems, and seeds making it high in dietary fiber (Quiles 

et al., 2018). Dietary fiber pertains to carbohydrate 

polymers which are not hydrolyzed in the human body’s 

small intestine (Viebke et al., 2014). Pectins, gums, 

inulin-type fructans, and some hemicelluloses are some 

examples of SDF known for their benefits on serum 

lipids, while IDF aids in laxation (Quiles et al., 2018). 

Interestingly, the TDF of bignay was similar to that of 

cranberry (72.67±1.55 g/100 g DW) and lingonberry 

(73.85±0.83 g/100 g DW) and higher compared to sea 

buckthorn (63.61±1.64 g/100 g DW) and black currant 

(49.24±0.95 g/100 g DW). The same trend goes for their 

respective IDF and SDF contents (Jurevičiūte et al., 

2022).  

3.2 Chemical composition of rice and rice composites 

Table 1 summarizes the proximate composition of 

the different uncooked rice grains. The moisture content 

of grains was within the recommended moisture content 

of <13% for safe storage (Ziegler et al., 2021). Notably, 
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 the protein content of adlai and its composite with rice 

was significantly higher compared to the other grain 

samples. This corroborates with existing literature stating 

that adlai has a higher protein content compared to rice 

and corn (Magpantay et al., 2021). No clear trend was 

observed for crude ash of all the samples. Amongst all 

the grains investigated, adlai obtained the lowest 

carbohydrate content and was comparable to its 50:50 

composite with rice. 

The total starch and dietary fiber content of the 

samples is shown in Table 2. TS did not vary between 

the samples except for WCG. Conversely, RS content 

varied amongst grains with WCG having the highest 

value. These were similar to the other findings 

(Purificacion et al., 2018) where IPB Var 6 WCG had a 

total starch content of 73.15±0.35%. Likewise, TDF and 

IDF varied between the grain samples. The values were 

also consistent with the crude fiber determined by 

proximate analysis in this study. In both analyses, WCG 

had the highest fiber content while rice had the lowest. 

3.3 In vitro starch digestibility and glycemic index of 

cooked rice and rice composites 

The in vitro starch hydrolysis curves can be used to 

interpret and observe in vitro starch digestibility patterns. 

This was obtained by measuring the free glucose 

released during the 4 hrs simulated digestion of cooked 

grains at different time points as shown in Figure 1. In 

vitro starch hydrolysis index (HI) of cooked grains were 

computed based on the area under the curve (AUC) of 

the samples’ starch hydrolysis curve against white bread, 

which was used as the reference food. 

Cooked rice had the highest percentage of starch 

hydrolysis and showed a similar trend to white bread at 

almost every time point, with the plateau-forming part of 

the curve starting at 180 mins. Adlai and WCG exhibited 

patterns of steadily increasing the percentage of starch 

hydrolysis; however, a slight increase was displayed by 

adlai at the same time point. On the other hand, the 

50:50 rice: adlai composite had a steeper slope compared 

to white bread, which indicates continuous hydrolysis of 

starch in the sample. The starch hydrolysis of all samples 

began at the 5th min of the small intestinal phase, as 

indicated by the sudden increase in the percentage of 

starch hydrolysis. This can be attributed to the action of 

pancreatic α-amylase, which can hydrolyze starch to its 

basic units of maltose and glucose (Hur et al., 2011).  

A first-order equation model was used to determine 

the kinetics of starch hydrolysis and the estimated 

glycemic index (eGI) of the samples after in vitro 

digestion (Table 3). Among the grain samples, rice had 

the highest eGI but was also statistically comparable to 

WCG and 70:30 rice: WCG composite. Interestingly, the 

addition of 1% of freeze-dried bignay pomace 

significantly lowered the eGI and HI of all the grain 

samples. The percentage of decrease of eGI elicited by 

the addition of pomace ranged from 7–17%. The highest 

decrease in eGI was observed in rice and the lowest was 

observed in 50:50 rice: adlai mix, suggesting that bignay 

pomace can more effectively regulate postprandial 

glucose levels of rice eaters. Meanwhile, HI decreased at 

a range of 15–32% for all the samples upon co-digestion 

Sample Moisture (%) Crude ash (%) Crude protein (%) Crude fat (%) Crude fiber (%) NFE (%) 
Rice 11.96±0.18a 0.68±0.02a 8.29±0.52a 0.80±0.04a n.d. 78.27±0.42a 

Adlai 11.73±0.01a 0.25±0.02b 15.05±0.86b 0.57±0.03b n.d. 72.33±1.06b 

White corn grits 11.26±0.04c 0.21±0.00b 10.13±0.19a 0.32±0.02c 0.26±0.02a 77.81±0.70a 

50:50 Rice: Adlai 11.67±0.04a 0.52±0.03c 13.04±1.13b 0.48±0.05b 0.13±0.01b 74.15±1.22b 

70:30 Rice: WCG 11.74±0.03a 0.42±0.01d 8.77±0.12a 0.84±0.06a 0.12±0.00b 78.22±0.88a 

Table 1. Proximate composition of uncooked grain samples.  

Values are presented as mean±SD. Values with different superscripts within the same column are statistically significantly 

different at p<0.05 using Tukey’s HSD test. Results expressed as percentage values calculated as dry basis except for moisture 

content. NFE: Nitrogen-free extract which estimates total carbohydrates; calculated by subtracting the sum of all the components 

from 100%, n.d.: not detected.  

Sample RS (%) NRS (%) TS (%) IDF (%) SDF (%) TDF (%) 
Rice 0.25±0.02a 83.12 ± 1.52a 83.37±1.52a 2.13±0.27a 0.51±0.13a 2.64±0.40a 

Adlai 2.49±0.27b 79.83±0.51b 82.32±0.53a 6.92±2.12b 0.92±0.14a 7.84±2.26b 

White Corn Grits 11.31±0.63c 67.02±1.98c 78.33±2.61b 9.51±0.44b 0.54±0.30a 10.05±0.15b 

50:50 Rice: Adlai 1.76± 0.16b 80.43±0.22ab 82.19±0.32a 5.55±0.51ab 0.63±0.16a 6.18±0.67ab 

70:30 Rice: WCG 4.29±0.18d 77.95±0.26b 82.24±0.41a 6.84±0.51b 0.48±0.06a 7.32±0.45b 

Table 2. Total starch (%) and dietary fiber (%) contents of uncooked grain samples. 

Values are presented as mean±SD as dry basis. Values with different superscripts within the same column are statistically 

significantly different at p<0.05 using Tukey’s HSD test. RS: resistant starch, NRS: non-resistant starch, TS: total starch, IDF: 

insoluble dietary fiber, SDF: soluble dietary fiber, TDF: total dietary fiber 
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with bignay pomace. Both HI and eGI followed the 

order: rice > 70:30 rice: WCG > WCG > adlai > 50:50 

rice: adlai, in terms of the largest decrease. The 

equilibrium concentration (C∞) of adlai and WCG, both 

treated with 1% bignay pomace, was significantly lower 

compared to the no pomace counterparts. This means 

that the percentage of starch hydrolyzed in adlai and 

WCG after 180 mins was lower when added with 1% 

bignay pomace. The kinetic constant (k), which indicates 

the rate of hydrolysis, were generally significantly higher 

in the grains without bignay pomace than those samples 

with pomace, except for adlai and WCG. Taken 

together, data suggests that rice is more rapidly 

hydrolyzed than adlai and WCG. Moreover, the lower k 

values of the grain samples supplemented with bignay 

pomace also indicate that components from bignay 

pomace might play a significant role in hindering 

enzyme action, subsequently decreasing the rate of 

hydrolysis. 

The GI-lowering activity of bignay pomace may be 

attributed to its high amounts of bioactive substances. 

Based on preliminary experiments, the total phenolic, 

anthocyanin, and flavonoid contents of bignay pomace 

(Zubia et al., 2023) were higher than freeze-dried bignay 

fruit flesh (Castillo-Israel et al., 2020). Moreover, 

compared to other berry pomace such as bilberry, 

blackberry, strawberry, and raspberry, bignay has higher 

levels of phenolics (Viebke et al., 2014). Previous 
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Figure 1. Changes in starch hydrolysis (%) during in vitro digestion of (a) rice; (b) adlai; (c) 50:50 rice: adlai; (d) white corn 

grits (WCG); and (d) 70:30 rice: WCG, with and without the addition of 1% bignay pomace. 

Sample C∞ (%) k (min-1) × 10-2 HI (%) eGI (%) 

Without pomace 

Rice 86.71±2.99a 1.13±0.02a 77.89±3.02a 82.47±1.66a 

Adlai 78.42±8.18ab 0.80±0.06a 59.81±4.17c 71.57±3.96b 

White corn grits 66.55±3.98b 1.55±0.24b 66.63±3.27bc 76.29±1.80ab 

50:50 Rice: Adlai 89.66±6.26a 0.81±0.03a 68.82±4.01bc 77.49±2.20b 

70:30 Rice: WCG 82.35±2.37a 1.11±0.24a 72.88±5.91ab 79.72±3.24a 

With pomace 

Rice 83.18±7.52a* 0.60±0.18a 52.65±4.88a 68.62±2.68a 

Adlai 52.41±4.96b 1.14±0.28b* 46.96±8.50a 65.49±4.67a 

White corn grits 48.63±3.02b 2.33±1.31b* 52.04±2.09a 68.28±1.15a 

50:50 Rice: Adlai 90.09±5.27a* 0.60±0.01a 58.64±3.37a 71.90±1.85a 

70:30 Rice: WCG 85.60±2.26a* 0.60±0.00a* 55.40±1.46b 70.12±0.80b 

Table 3. Equilibrium concentration (C∞), kinetic constant (k), hydrolysis index (HI), and estimated glycemic index (eGI) of 

cooked grains with and without bignay pomace. 

Values are presented as mean±SD. Values with different superscripts within the same column are statistically significantly 

different at p<0.05 using Tukey’s HSD test.  

*Indicates no significant difference at p<0.05 compared to their “without pomace” counterparts using paired t-test 
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studies exploring the effects of blueberry and raspberry 

polyphenols on starch digestibility found that in vitro co-

digestion of these berry extracts with white bread 

significantly reduced the rate and extent of starch 

digestion (Kan et al., 2020) by interfering with the 

digestive enzymes, α-amylase and/or α-glucosidase 

(Barrett et al., 2018), and the glucose transporter at the 

intestinal brush border (Takahama and Hirota, 2018). 

The covalent interactions of starch with polyphenols, 

specifically flavonoids, during cooking and in the 

stomach, alter the structure of starch reducing its 

availability as a substrate for the enzymes (Takahama 

and Hirota, 2018). Proanthocyanidins have also been 

demonstrated to inhibit these key digestive enzymes due 

to their high polymerization degree and many hydroxyl 

groups (Lavelli et al., 2015). Besides the presence of 

polyphenols in bignay pomace, other factors such as 

their concentration in the food, absorption, metabolism, 

bioaccessibility, and bioavailability can affect the 

glucose-lowering capacity of these compounds (de Paulo 

Farias et al., 2021). 

Results from the present study also showed that 

generally, eGI lowers with higher TDF. During 

simulated in vitro digestion, the high dietary fiber of 

bignay pomace contributes by changing the physical and 

chemical properties of the starch system, such that the 

dietary fiber may have competed with the starch for the 

available water (Viebke et al., 2014), interfering with the 

starch digestion process. SDF can also increase matrix 

viscosity at the gastrointestinal level, resulting in the 

formation of a gel (Jia et al., 2020). It can also envelop 

starch grains, protecting them from the amylolytic 

activity of digestive enzymes, and delaying the release of 

free glucose, which results in a reduced glycemic 

response (Juvonen et al., 2009). This is supported by 

another study (Dartois et al., 2010), wherein the presence 

of guar gum inhibited the action of enzymes in the in 

vitro digestibility of starch. 

Correlation analysis revealed that the SDF of the 

grains alone had a strong significant negative correlation 

with all the in vitro digestibility parameters, particularly 

with eGI (r = -0.9541) and C∞ (r = -0.9580). With the 

addition of bignay pomace, the fiber content of the 

digesta containing the grains increased. It has been 

reported that fiber can compete with the starch granules 

for water adsorption, reducing starch gelatinization 

(Tolve et al., 2020). The action of ɑ-amylase and ɑ-

glucosidase is also hindered. Similarly, RS had a strong 

significant negative correlation with k (r = -0.8722). It is 

well-known that the consumption of RS-containing foods 

reduces the rate of digestion. RS has an equivalent 

behavior to fiber which enables it to escape enzymatic 

digestion in the small intestine and is fermented in the 

large intestine (Ho and Wong, 2020). The correlation of 

RS with the degree of starch hydrolysis was also 

observed in a previous study (Shu et al., 2009), 

indicating that foods with high RS are of great value for 

eGI control. Thus, dietary fiber and starch present in the 

grains can also inhibit in vitro digestion and hydrolysis 

of starch to a certain extent, thereby reducing starch 

hydrolysis rates and eGI of grain samples. 

 

4. Conclusion 

This study evaluated the glycemic potential of rice, 

adlai, white corn grits, 50:50 rice: adlai, and 70:30 rice: 

WCG when co-digested with bignay pomace. The results 

of this study may be useful in the development of bignay 

pomace into food supplements that can be taken during 

the consumption of rice staples to retard spikes in 

postprandial blood glucose levels. Significant reductions 

were achieved in the estimated glycemic index and 

hydrolysis index of the cooked grain samples upon the 

addition of 1% bignay pomace. In vivo testing is 

suggested to support current findings and to determine 

the effects of bignay pomace in lowering the glycemic 

index of local grains in live subjects. This glucose-

lowering effect of bignay pomace may be used in the 

prevention and management of metabolic diseases and 

thus can be used for pharmaceutical purposes.  

 

Conflict of interest 

The authors declare no competing interests. 

 

Acknowledgments 

The research work was funded by the UP System 

Enhanced Creative Work and Research Grant [ECWRG-

2020-2-30R]. The authors fully acknowledge Mr. Henry 

F. Mamucod of the Philippine Rice Research Institute for 

providing NSIC Rc160 rice and adlai samples. 

 

References 

Angioloni, A. and Collar, C. (2011). Nutritional and 

functional added value of oat, Kamut ®, spelt, rye 

and buckwheat versus common wheat in 

breadmaking. Journal of the Science of Food and 

Agriculture, 91(7), 1283-1292. https://

doi.org/10.1002/jsfa.4314. 

Association of Official Analytical Collaboration 

(AOAC) International. (2005). Official Methods of 

Analysis of AOAC International. 18th ed. USA: 

AOAC International. https://

doi.org/10.1002/0471740039.vec0284. 

Argyri, K., Athanasatou, A., Bouga, M. and 

Kapsokefalou, M. (2016). The potential of an in vitro 



 Tengco et al. / Food Research 8 (6) (2024) 176 - 184 182 

 https://doi.org/10.26656/fr.2017.8(6).187 © 2024 The Authors. Published by Rynnye Lyan Resources 

R
E

S
E

A
R

C
H

 P
A

P
E

R
 

digestion method for predicting glycemic response 

of foods and meals. Nutrients, 8(4), 209. https://

doi.org/10.3390/nu8040209. 

Barrett, A.H., Farhadi, N.F. and Smith, T.J. (2018). 

Slowing starch digestion and inhibiting digestive 

enzyme activity using plant flavanols/tannins— A 

review of efficacy and mechanisms. LWT, 87, 394-

399. https://doi.org/10.1016/j.lwt.2017.09.002. 

Belina-Aldemita, M.D., Sabularse, V.C., Dizon, E.I., 

Hurtada, W.A. and Torio, M.A.O. (2013). 

Physicochemical properties of bignay [Antidesma 

bunius (L.) Spreng] wine at different stages of 

processing. Philippine Science Letters, 6(2), 249-

256.  

Belmi, R.M., Giron, J. and Tansengco, M.L. (2014). 

Antidesma bunius (Bignay) fruit extract as an 

organic pesticide against Epilachna spp. Journal of 

Asian Scientific Research, 4(7), 320-327.  

Butkhup, L. and Samappito, S. (2008). Analysis of 

anthocyanin, flavonoids, and phenolic acids in 

tropical bignay berries. International Journal of 

Fruit Science, 8(1-2), 15-34. https://

doi.org/10.1080/15538360802365913. 

Castillo-Israel, K.A.T., Sartagoda, K.J., Ilano, M.C., 

Flandez, L.E., Compendio, M.C.M. and Morales, 

D.B. (2020). Antioxidant properties of Philippine 

bignay (Antidesma bunius (Linn.) Spreng cv. 

‘Common’) flesh and seeds as affected by fruit 

maturity and heat treatment. Food Research, 4(6), 

1980-1987. https://doi.org/10.36490/value.v1i1.92. 

Crieta, B.R.A., Tuaño, A.P.P., Torio, M.A.O., 

Villanueva, J.C., Gaban, P.J.V. and Castillo-Israel, 

K.A.T. (2021). In vitro lipid-lowering properties of 

the fruits of two bignay [Antidesma bunius (L.) 

Spreng] cultivars as affected by maturity stage and 

thermal processing. Food Chemistry: Molecular 

Sciences, 2, 100020. https://doi.org/10.1016/

j.fochms.2021.100020. 

Dartois, A., Singh, J., Kaur, L. and Singh, H. (2010). 

Influence of guar gum on the in vitro starch 

digestibility-rheological and microstructural 

characteristics. Food Biophysics, 5(3), 149-160. 

https://doi.org/10.1007/s11483-010-9155-2. 

de Paulo Farias, D., de Araújo, F.F., Neri-Numa, I.A. 

and Pastore, G.M. (2021). Antidiabetic potential of 

dietary polyphenols: A mechanistic review. Food 

Research International, 145, 110383. https://

doi.org/10.1016/j.foodres.2021.110383. 

Delshad Aghdam, S., Siassi, F., Nasli Esfahani, E., 

Qorbani, M., Rajab, A., Sajjadpour, Z., Bashiri, A., 

Aghayan, M. and Sotoudeh, G. (2021). Dietary 

phytochemical index associated with cardiovascular 

risk factor in patients with type 1 diabetes mellitus. 

BMC Cardiovascular Disorders, 21(1), 293. https://

doi.org/10.1186/s12872-021-02106-2. 

Estacio, M.A., Atienza, L., Gapasin, R., Maniwang, J.R., 

Aranzado, J.R., Mercado, J., Anville, M., Cruz, D., 

Dominique, N., Sunico, D.J., Israel, K.A. and Ilagan, 

J. (2020). Acute oral toxicity test of selected 

Philippine indigenous berries as potential food 

supplements. Current Developments in Nutrition, 4

(Suppl. 2), 684. https://doi.org/10.1093/cdn/

nzaa050_007. 

Ho, L.-H. and Wong, S.-Y. (2020). Resistant starch from 

exotic fruit and its functional properties: A review of 

recent research. In Emeje, M. (Eds.) Chemical 

Properties of Starch, p. 1-21. InTech Open E-Book. 

https://doi.org/10.5772/intechopen.88816. 

Hu, E.A., Pan, A., Malik, V. and Sun, Q. (2012). White 

rice consumption and risk of type 2 diabetes: Meta-

analysis and systematic review. BMJ, 344, 7851. 

https://doi.org/10.1136/bmj.e1454. 

Hur, S.J., Lim, B.O., Decker, E.A. and McClements, D.J. 

(2011). In vitro human digestion models for food 

applications. Food Chemistry, 125(1), 1-12. https://

doi.org/10.1016/j.foodchem.2010.08.036. 

Islary, A., Sarmah, J. and Basumatary, S. (2017). 

Nutritional value, phytochemicals and antioxidant 

properties of two wild edible fruits (Eugenia 

operculata Roxb. and Antidesma bunius L.) from 

Assam, North-East India. Mediterranean Journal of 

Nutrition and Metabolism, 10(1), 29-40. https://

doi.org/10.3233/MNM-16119. 

Jia, M., Yu, Q., Chen, J., He, Z., Chen, Y., Xie, J., Nie, 

S. and Xie, M. (2020). Physical quality and in vitro 

starch digestibility of biscuits as affected by addition 

of soluble dietary fiber from defatted rice bran. Food 

Hydrocolloids, 99, 105349. https://doi.org/10.1016/

j.foodhyd.2019.105349. 

Jurevičiūte, I., Keršiene, M., Bašinskiene, L., 

Leskauskaite, D. and Jasutiene, I. (2022). 

Characterization of berry pomace powders as dietary 

fiber-rich food ingredients with functional 

properties. Foods, 11(5), 716. https://

doi.org/10.3390/foods11050716. 

Juvonen, K.R., Purhonen, A.K., Salmenkallio-Marttila, 

M., Lähteenmäki, L., Laaksonen, D.E., Herzig, K. 

H., Uusitupa, M.I.J., Poutanen, K.S. and Karhunen, 

L.J. (2009). Viscosity of oat bran-enriched beverages 

influences gastrointestinal hormonal responses in 

healthy humans. Journal of Nutrition, 139(3), 461-

466. https://doi.org/10.3945/jn.108.099945. 

Kan, L., Oliviero, T., Verkerk, R., Fogliano, V. and 

Capuano, E. (2020). Interaction of bread and berry 



183 Tengco et al. / Food Research 8 (6) (2024) 176 - 184 

 https://doi.org/10.26656/fr.2017.8(6).187 © 2024 The Authors. Published by Rynnye Lyan Resources 

R
E

S
E

A
R

C
H

 P
A

P
E

R
 

polyphenols affects starch digestibility and 

polyphenols bio-accessibility. Journal of Functional 

Foods, 68, 103924. https://doi.org/10.1016/

j.jff.2020.103924. 

Lavelli, V., Sri Harsha, P.S.C. and Fiori, L. (2015). 

Screening grape seeds recovered from winemaking 

by-products as sources of reducing agents and 

mammalian α-glucosidase and α-amylase inhibitors. 

International Journal of Food Science and 

Technology, 50(5), 1182-1189. https://

doi.org/10.1111/ijfs.12763. 

Lizardo, R.C.M., Mabesa, L.B., Dizon, E.I. and Aquino, 

N.A. (2015). Functional and antimicrobial properties 

of bignay [Antidesma bunius (L.) Spreng] extract 

and its potential as natural preservative in a baked 

product. International Food Research Journal, 22

(1), 88-95.  

Magpantay, R.L., Barrion, A.S.A., Dizon, E.I. and 

Hurtada, W.A. (2021). Influence of heat treatment on 

the nutrient composition and physicochemical 

characteristics of adlai (Coix lachryma-jobi L.) and 

obatanpa cross lagkitan (oxl) corn variety (Zea mays 

L. ‘los baños lagkitan’). Food Research, 5(1), 271-

276. https://doi.org/10.26656/fr.2017.5(1).420. 

Mamucod, H., Manaois, R.V., Morales, A.V., Belgica, 

P.R. and Romero, M.V. (2020). Quality 

characteristics and consumer acceptability of 

Rice:Adlai blend. Rice-Based Biosystems Journal, 6

(July), 57-64. Muñoz, M.N.M., Alvarado, U.G., 

Reyes, J.I.L. and Watanabe, K. (2021). Acute oral 

toxicity assessment of ethanolic extracts of 

Antidesma bunius (L.) Spreng fruits in mice. 

Toxicology Reports, 8(October 2020), 1289-1299. 

https://doi.org/10.1016/j.toxrep.2021.06.010. 

Nagares, N.D.L., Hurtada, W.A., Rodriguez, F.M. and 

Dizon, E.I. (2010). Nutritional value, physico-

chemical properties and acceptability of rice (Oryza 

sativa L.)-corn (Zea mays L.) composites. Asia Life 

Sciences - The Asian International Journal of Life 

Sciences, 20(1), 199-214.  

Purificacion, M.V., Pentecostes, K.Z., Beltran, A.K.M., 

Sanchez, M.A.B. and Laude, T.P. (2018). Nutritional 

properties of Philippine farmer-bred maize varieties. 

Philippine Journal of Crop Science, 43(3), 35-46.  

Quiles, A., Campbell, G.M., Struck, S., Rohm, H. and 

Hernando, I. (2018). Fiber from fruit pomace: A 

review of applications in cereal-based products. 

Food Reviews International, 34(2), 162-181. https://

doi.org/10.1080/87559129.2016.1261299. 

Ramírez-Alarcón, K., Victoriano, M., Mardones, L., 

Villagran, M., Al-Harrasi, A., Al-Rawahi, A., Cruz-

Martins, N., Sharifi-Rad, J. and Martorell, M. 

(2021). Phytochemicals as potential epidrugs in type 

2 diabetes mellitus. In Frontiers in Endocrinology 

(Vol. 12). Frontiers Media S.A. https://

doi.org/10.3389/fendo.2021.656978. 

Ranilla, L.G., Kwon, Y. I., Apostolidis, E. and Shetty, K. 

(2010). Phenolic compounds, antioxidant activity 

and in vitro inhibitory potential against key enzymes 

relevant for hyperglycemia and hypertension of 

commonly used medicinal plants, herbs and spices in 

Latin America. Bioresource Technology, 101(12), 

4676-4689. https://doi.org/10.1016/

j.biortech.2010.01.093. 

Reginio, F.C., Ketnawa, S. and Ogawa, Y. (2020). In 

vitro examination of starch digestibility of Saba 

banana [Musa ‘saba’(Musa acuminata × Musa 

balbisiana)]: Impact of maturity and physical 

properties of digesta. Scientific Reports, 10(1), 1811. 

https://doi.org/10.1038/s41598-020-58611-5. 

Reißner, A.M., Al-Hamimi, S., Quiles, A., Schmidt, C., 

Struck, S., Hernando, I., Turner, C. and Rohm, H. 

(2019). Composition and physicochemical properties 

of dried berry pomace. Journal of the Science of 

Food and Agriculture, 99(3), 1284-1293. https://

doi.org/10.1002/jsfa.9302. 

Sartagoda, K.J., Ilano, M.C., Flandez, L.E. and Castillo-

Israel, K.A. (2021). Evaluation of the antioxidant 

activity of bignay (Antidesma bunius (Linn.) Spreng 

var. Kalabaw) flesh and seeds as affected by 

maturity and processing method. Chiang Mai 

University Journal of Natural Sciences, 20(2), 

e2021042. https://doi.org/10.12982/

CMUJNS.2021.042. 

Saura-Calixto, F. (2011). Dietary fiber as a carrier of 

dietary antioxidants: An essential physiological 

function. Journal of Agricultural and Food 

Chemistry, 59(1), 43-49. https://doi.org/10.1021/

jf1036596. 

Shu, X., Jia, L., Ye, H., Li, C. and Wu, D. (2009). Slow 

digestion properties of rice different in resistant 

starch. Journal of Agricultural and Food Chemistry, 

57(16), 7552-7559. https://doi.org/10.1021/

jf900988h. 

Struck, S., Plaza, M., Turner, C. and Rohm, H. (2016). 

Berry pomace - A review of processing and chemical 

analysis of its polyphenols. International Journal of 

Food Science and Technology, 51(6), 1305–1318. 

https://doi.org/10.1111/ijfs.13112. 

Takahama, U. and Hirota, S. (2018). Interactions of 

flavonoids with α-amylase and starch slowing down 

its digestion. Food and Function, 9(2), 677-687. 

https://doi.org/10.1039/c7fo01539a. 

Thorne, M.J., Thompson, L.U. and Jenkins, D.J.A. 

(1983). Factors affecting starch digestibility and the 



 Tengco et al. / Food Research 8 (6) (2024) 176 - 184 184 

 https://doi.org/10.26656/fr.2017.8(6).187 © 2024 The Authors. Published by Rynnye Lyan Resources 

R
E

S
E

A
R

C
H

 P
A

P
E

R
 

glycemic response with special reference to legumes. 

American Journal of Clinical Nutrition, 38(3), 481-

488. https://doi.org/10.1093/ajcn/38.3.481. 

Tolve, R., Pasini, G., Vignale, F., Favati, F. and 

Simonato, B. (2020). Effect of grape pomace 

addition on the technological, sensory, and 

nutritional properties of durum wheat pasta. Foods, 9

(3), 354. https://doi.org/10.3390/foods9030354. 

UP Media and Public Relations Office. (2018). 

Promoting rice and white corn combination as a 

staple for Filipinos. Retrieved September 11, 2022, 

from website: https://up.edu.ph/promoting-rice-and-

white-corn-combination-as-a-staple-for-filipinos/. 

Viebke, C., Al-Assaf, S. and Phillips, G.O. (2014). Food 

hydrocolloids and health claims. Bioactive 

Carbohydrates and Dietary Fibre, 4(2), 101-114. 

https://doi.org/10.1016/j.bcdf.2014.06.006. 

Ziegler, V., Paraginski, R.T. and Ferreira, C.D. (2021). 

Grain storage systems and effects of moisture, 

temperature and time on grain quality - A review. 

Journal of Stored Products Research, 91, 101770. 

https://doi.org/10.1016/j.jspr.2021.101770. 

Zubia, C.S., Babaran, G.M.O., Duque, S.M.M., Mopera, 

L.E., Castillo-Israel, K.A.T. and Reginio, F.C.Jr. 

(2023). Impact of drying on the bioactive 

compounds and antioxidant properties of bignay 

[Antidesma bunius (L.) Spreng] pomace. Food 

Production, Processing and Nutrition, 5, 11. https://

doi.org/10.1186/s43014-022-00122-z 


