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Abstract 

Background: Antidesma bunius, locally called 
bignay in the Philippines, is an indigenous fruit 
traditionally used as an antidiabetic agent. To 
promote its utilization, various processes can be 
applied to extend its shelf life and produce 
functional ingredients. Methods: In this study, 
freeze dried, oven dried, spray dried, and 
concentrated bignay were evaluated and compared 
with acarbose for their in vitro inhibitory activities 
against α-amylase, α-glucosidase, and sucrase as 
well as its potential to inhibit glucose movement 
across a membrane using spectrophotometric 
methods. Results: The inhibitory activities of 
processed bignay against α-amylase, α-
glucosidase, and sucrase were lower than acarbose 
and showed concentration dependence. Among the 
processed bignay, the freeze dried showed the 
maximum inhibitory activity towards α-amylase 
(53.47 ± 0.34%), α-glucosidase (40.59 ± 1.01%), and 
sucrase (44.22 ± 1.82%) at 500 μg/mL. Moreover, 
the freeze dried bignay had the highest glucose 
movement inhibition across a dialysis membrane 
at 500 μg/mL and at different time intervals. 
Conclusions: The inhibition of the key enzymes 
for carbohydrate hydrolysis and glucose movement 
across a membrane were best exhibited by the 
freeze dried bignay, followed by oven dried bignay, 

concentrated bignay, and least by the spray dried 
bignay. 
 
Keywords: Antidesma bunius, Enzyme 
inhibition, Glucose movement inhibition, Type 2 
diabetes mellitus 
 
1. Introduction 
 

Type 2 diabetes mellitus (DM) is considered 
as one of the fastest growing chronic metabolic 
disorders caused by the lack of insulin production, 
insulin action, or both resulting in an increased 
blood glucose level or hyperglycemia [1]. 
Postprandial hyperglycemia should be controlled 
during the early stages of type 2 DM as it results 
in other health complications such as heart and 
blood vessel disease, kidney disease, retinopathy, 
and peripheral neuropathy [2]. Although the 
pathogenesis of type 2 DM is already well studied, 
its overall treatment still remains a challenge. As 
a result, there is a continuous effort to manage 
type 2 DM leading to recent advances both in drug 
and non-drug treatments [3]. 

 
Managing type 2 DM has two main 

considerations, first is the prevention of 
carbohydrate breakdown into glucose and second 
is the regulation of glucose diffusion through the 
intestinal membrane to the blood stream [4]. The 
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three major enzymes in carbohydrate hydrolysis 
are the α-amylase, α-glucosidase, and sucrase [5-
6]. The α-amylase hydrolyzes carbohydrates to 
smaller oligosaccharides which are further broken 
into glucose by the α-glucosidase for absorption in 
the brush border membrane of the small intestine 
[7]. In addition, sucrase is also present in the small 
intestines’ brush border membrane and hydrolyzes 
sucrose, releasing fructose and glucose [8]. 
Inhibiting these three enzymes can prevent 
postprandial hyperglycemia by reducing the blood 
glucose level [9]. Acarbose, miglitol, and voglibose 
are the most common prescription drugs in the 
market that can inhibit these carbohydrate-
digesting enzymes, but these are reported to be 
costly and have several negative gastrointestinal 
effects such as recurrent stomach pain, flatulence, 
and diarrhea [1,6,10]. Thus, plants and their 
natural products have been explored as 
alternatives to regulate diabetes due to their 
pharmacological properties, minimal toxicity, and 
lesser side effects [1]. Different plant polyphenolic 
compounds have been reported to have 
antidiabetic properties [11] by inhibiting the 
different digestive enzymes involved in lipid and 
carbohydrate hydrolysis resulting in blood glucose 
control [12]. However, only around 10% of these 
secondary metabolites have been characterized 
and investigated for their antidiabetic activity. 

 
Antidesma bunius, locally called as bignay in 

the Philippines, has been traditionally used as 
medicine for a widespread diseases such as 
indigestion, cough, hypertension, and diabetes 
[13]. Several studies report that its leaves, bark, 
and fruits have α-amylase and α-glucosidase 
inhibitory activities due to the presence of 
different phenolic compounds with antioxidant 
activities [9,14-16]. However, these reported 
studies were done on fresh samples and none yet 
on dried or processed bignay. Since the fruits of 
bignay is seasonal, it is usually stored by 
conventional freezing which may cause negative 
biochemical changes such as loss of antioxidant 
properties [17]. As an alternative, different drying 
and concentrating processes can be applied to 
extend its shelf-life and convert it to functional 
ingredients. Carbonera et al. (2023) [18] reported 
that freeze drying and oven drying bignay fruits 
can improve the polyphenolic content and 
antioxidant activity, all of which can contribute to 
its antidiabetic potential. Thus, it is important to 
analyze for the possible inhibitory effects of bignay 
fruit pulp against the carbohydrate-digesting 

enzymes linked to type 2 diabetes as well as its 
ability to inhibit glucose movement across a 
membrane to determine if the antidiabetic 
potential still remains after processing. 

 
The main purpose of this study was to 

determine the inhibitory potential of bignay fruits 
which underwent freeze drying, oven drying, spray 
drying, and juice concentrating against enzymes 
related to carbohydrate digestion such as α-
amylase, α-glucosidase, and sucrase. In addition, 
the ability of the processed bignay to prevent 
glucose movement across a membrane was also 
investigated. The combination of both these effects 
will support and establish the intent to convert 
bignay fruit into a functional ingredient with 
antidiabetic potential. 

 
2. Materials and Methods 

 
2.1 Chemicals and raw materials 

 
The enzymes α-amylase, α-glucosidase, and 

sucrase (Sigma-Aldrich, USA) and standard drug 
acarbose (Thermo Fisher Scientific, USA) used for 
the inhibitory assays were all analytical grade. In 
addition, the other chemicals used were also 
analytical grade from Sigma-Aldrich (USA), 
FlukaTM (Switzerland), Ajax Finechem (New 
Zealand), Loba Chemie (India), J.T. Baker (China), 
and RCI Labscan (Thailand). 

 
Bignay fruits [Antidesma bunius (L.) Spreng 

cv. ‘common’] were collected from the Institute of 
Food Science and Technology, University of the 
Philippines Los Baños (UPLB) in the month of 
August 2020. The harvested fruits were sorted and 
only the dark purple to almost black mature fruits 
were used. Approximately 20 kg of the mature 
fruits were washed and fed through a de-pulper 
machine (Kiya Seisakusho, Ltd., Toyo Japan) to 
obtain the pulp and separate the seeds and peel. 
The collected pulp slurry was portioned at 2 kg 
each in polyethylene bags and kept in the freezer 
(Fujidenzo, Philippines) at -20 °C. 

 
2.2 Processing of bignay 

 
Freeze drying, oven drying, spray drying, 

and juice concentration were the processing 
methods used for this study. Freeze drying and 
oven drying were selected based on prior studies 
reporting their ability to enhance phenolic content 
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and antioxidant activity, which are linked to 
enzyme inhibition potential. Spray drying and 
juice concentrating were also included as these are 
commonly used in industry for scalability, despite 
known challenges such as thermal degradation of 
bioactive compounds 

     
The portioned bignay pulp slurries were 

dried using different methods following the 
parameters based on previous studies [18-21] with 
minor modifications to achieve a moisture content 
of not more than 10%. For the freeze dried bignay 
(FDB), the slurry was placed in the freeze dryer 
(Gecar Machine Solutions Inc., Philippines) for 31 
h with a heater setting of 35 °C with a chilling 
temperature of -30 °C [18-19]. For the oven dried 
bignay (ODB), a pack of the thawed slurry was 
placed in an industrial convection oven (Memmert 
GmbH + Co. KG, Germany) for 31 h set at 50 °C 
[20]. For the spray dried bignay (SDB), the slurry 
was prepared according to Carbonera et al. (2023) 
[18] and then loaded to the spray dryer 
(MachineLab Technology Inc., Philippines) with 
an inlet temperature of 180 °C and outlet 
temperature of 103 °C [21]. For the bignay 
concentrate (BC), the procedure of Carbonera et al. 
(2023) [18] was also followed to obtain a 
concentrate with a °Brix value within 25-60 which 
is the recommended total soluble solids for fruit 
concentrates [22]. 

 
The FDB, ODB, and SDB were placed in 

sealable dark colored containers then inside a 
desiccator at room temperature. On the other 
hand, the BC was placed in clean and sterile PET 
bottles then kept in refrigerated temperature (0–4 
°C). 

 
2.3 Extract preparation 

 
Sample extracts of FDB, ODB, and SDB 

were obtained using the methods of Sayah et al. 
(2017) [23] with minor revisions. For each dried 
sample, 50 g was weighed, combined with 500 mL 
80% methanol, and mixed using a mechanical 
shaker for 24 hr at room temperature. The extracts 
were filtered and the collected filtrate was 
concentrated using a rotary evaporator at 40 °C. 
On the other hand, the BC was filtered and did not 
undergo any extraction step. Appropriate dilution 
for each sample extract were prepared prior to 
each analysis.  

 

2.4 α-amylase inhibition assay 
 
The α-amylase inhibition assay was carried 

out following Shettar et al. (2017) [24]. Different 
concentrations of each sample and the standard 
drug acarbose at 100, 200, 300, 400, and 500 μg 
/mL were prepared. A volume of 0.5 mL for each 
sample was added with 0.5 mL α-amylase solution 
(0.5 mg/mL) in 0.02 M sodium phosphate buffer 
(pH 6.9). The mixture was allowed to stand for 10 
min at room temperature and added with 0.5 mL 
1% starch solution in 0.02 M sodium phosphate 
buffer (pH 6.9). The solution was mixed and 
allowed to stand for another 10 min at room 
temperature then added with 1 mL of 
dinitrosalicylic acid (DNS) to stop the reaction. 
The solution was placed in a 100 °C water bath for 
5 min, cooled to 30 °C, added with 10 mL of 
deionized water, then mixed. The absorbance for 
each solution was read at 540 nM. A blank (buffer 
only) and control (buffer with amylase solution) 
were also prepared and absorbances were 
determined using the same wavelength. The α-
amylase inhibitory activity was computed as: 
 

2.5 α-glucosidase inhibition assay 
 
The α-glucosidase inhibition assay was done 

following Ma and Liu (2020) [25] and Bhatia et al. 
(2019) [1] with modifications using different 
concentrations of each sample and acarbose at 100, 
200, 300, 400, and 500 μg/mL. The sample 
solutions, acarbose, α-glucosidase (0.1 U/mL), and 
p-NPG (1 mM) were prepared with 0.1 M 
phosphate buffer (pH 6.8). For each sample, 1 mL 
was added with 0.2 mL α-glucosidase solution and 
2.5 mL 0.1 M phosphate buffer (pH 6.8) then 
mixed. The solution incubated at 37 °C for 20 min. 
Then, 0.4 mL 1mM p-NPG was added and the 
solution was incubated for another 30 min at 37 
°C. The reaction was stopped with the addition of 
1 mL 0.1 N Na2CO3. Then the absorbance 
determination was done at 405 nM. The 
absorbances of the blank (buffer only) and control 
(buffer instead of extract) solutions were also 
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obtained. The α-glucosidase inhibitory activity was 
calculated as:  

 
2.6 Sucrase inhibition assay 

 
The sucrase inhibition assay was conducted 

following the procedure of Antora et al. (2018) [6] 
using different concentrations of each sample and 
acarbose at 100, 200, 300, 400, and 500 μg /mL. 
The samples, acarbose, sucrase (4.8 U), and 
sucrose (60 mM) were prepared using phosphate 
buffer saline (pH 7.4). In a test tube, 0.25 mL of 
each sample was added with 0.25 mL sucrase 
solution, mixed, and allowed to stand for 10 min at 
37 °C. The mixture was added with sucrose 
solution, incubated for 30 min at 37°C, added with 
1 mL DNS,  and boiled for 5 min. It was then added 
with 1 mL distilled water, mixed, and the 
absorbance was read at 540 nM. The absorbances 
of the blank (buffer only) and control (buffer 
instead of extract) solutions were also read. The % 
inhibition was determined using the equation:  

2.7 Inhibitory concentration 50% (IC50) 
value calculation 

 
The concentration of each sample extract 

which can inhibit 50% of the enzyme activity or 
IC50 was computed including the standard drug 
acarbose for comparison. For each of the sample 
extract, a standard dose response curve was 
plotted using the different concentrations and the 
IC50 was calculated using the software Graph Pad 
Prism version 8.1. 

 
2.8 Glucose diffusion inhibition assay 

 
This inhibition assay proceeded following 

the methods of Roy and Mahalingam [4] with 
minor modifications using different concentrations 
of each sample and acarbose at 100, 200, 300, 400, 
and 500 μg/mL. Strips of 12000 MW dialysis 
membrane (Sigma Aldrich, USA) were prepared 
following the protocol provided by the 
manufacturer. The prepared dialysis membrane 

was soaked in distilled water and kept in the 
refrigerator at 4 °C prior to the analysis. 

 
In a test tube, 2 mL of each sample and the 

acarbose solution were added with 2 mL of 0.15 M 
sodium chloride with 0.22 mM glucose solution, 
mixed, and then transferred to the prepared 
dialysis membrane with one end sealed. The other 
end of the dialysis membrane strips was also 
sealed and placed in 100 mL beakers containing 40 
mL 0.15 M sodium chloride solution, and 10 mL 
distilled water. A magnetic stirrer was added at 
the bottom of the beaker and then placed in a 
stirring plate set at 200 rpm. Sample aliquot of 1 
mL was taken from each beaker every 30 min for 3 
hr. The collected sample aliquots were tested for 
glucose concentration using phenol sulfuric acid 
method using the protocols of Tamboli et al. in 
2020 [26]. The relative inhibition of glucose 

movement (%) was computed as: 
 
2.9 Statistical analysis 

 
    The assays were done in three trials for 

each concentration of all the samples as well as the 
acarbose and the calculated data were presented 
as mean ± standard deviation. The results were 
tested for homogeneity with Levene’s test and 
evaluated by one-way analysis of variance 
(ANOVA) using the Minitab® version 18.1 
(Minitab, Inc., USA). Tukey’s Honestly Significant 
Difference (HSD) test (p ≤ 0.05) then followed to 
determine the significant differences among the 
means. 

 
3. Results 

 
3.1 α-amylase, α-glucosidase, and 
sucrase inhibitory activities 

 
The α-amylase inhibitory activity of the 

different processed bignay in comparison with the 
standard drug acarbose is presented in Figure 1. 
Results showed that all processed bignay inhibited 
α-amylase activity in a concentration-dependent 
manner (100–500 μg/mL) wherein a higher 
concentration resulted in higher inhibitory 
activity. For each concentration, the α-amylase 
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inhibitory activity of all processed bignay were 
significantly different from each other and were all 
lower than the standard drug acarbose. Among the 
processed bignay at the 500 μg /mL concentration, 
FDB has the highest α-amylase inhibitory activity 
(53.47 ± 0.34%) followed by the ODB (33.42 ± 
0.62%), BC (18.61 ± 1.04%), and lastly the SDB 
(8.19 ± 0.48%). 

 
In addition, the α-glucosidase inhibitory 

activity of the processed bignay and the standard 
drug acarbose at different concentrations are 
summarized in Figure 2. Results also showed that 

all processed bignay inhibited α-glucosidase 
activity in a concentration-dependent manner 
(100–500 μg/mL) and at a higher concentration, 
the higher the inhibition. The inhibitory activity of 
α-glucosidase for all processed bignay showed 
significant differences with each other at each 
concentration and were also lower than acarbose. 
At 500 μg/mL, FDB also has the highest inhibitory 
activity (40.59 ± 1.01%) among the processed 
bignay against α-glucosidase followed by the ODB 
(28.63 ± 0.81%), the BC (18.95 ± 1.45%), while the 
SDB has the lowest inhibitory activity (13.98 ± 
1.01%). 
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Likewise, the processed bignay have also 

shown concentration-dependent (100–500 μg/mL) 
inhibitory effect on sucrase (Figure 3). The 
inhibitory effect of all processed bignay at the 
different concentrations were also lower than 
acarbose. Comparing the processed bignay at the 
highest concentration, FDB showed the highest 
inhibitory effect on sucrase (44.22 ± 1.82%), 
followed by the ODB (31.99 ± 1.42%), the BC (20.70 
± 1.01%), and lastly by the SDB (13.98 ± 0.84%). 

The IC50 values of the different processed 
bignay and acarbose showed significant 
differences within the three tested carbohydrate-

digesting enzymes as presented in Table 1. The 
IC50 values of acarbose for α‑amylase (100.68 ± 7.97 
μg/mL), α-glucosidase (336.61 ± 1.90 μg/mL), and 
sucrase (337.06 ± 3.44 μg/mL) indicated strong 
inhibition as compared to all processed bignay. 
Among the processed bignay, FDB is the most 
potent inhibitor against α-amylase, α-glucosidase, 
and sucrase having IC50 values of 464.30 ± 1.90 
μg/mL, 675.93 ± 35.71 μg/mL, and 538.09 ±18.91 
μg/mL, respectively, while the lowest was the SDB 
for all three tested enzymes. The substantial 

differences in the IC50 values of acarbose and the 
processed bignay is mainly because acarbose is a 
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pure standard drug while the extracts from the 
processed bignay were crude and not purified. 
3.2 Glucose diffusion inhibitory 
activity 

 
The relative inhibition of glucose movement 

across a membrane of the different processed 
bignay and acarbose at 500 μg/mL and different 
time intervals is summarized in Figure 4. It can be 
observed that there is a constant decrease in the 
percent inhibition of glucose movement over time 
for all processed bignay as well as the acarbose. In 
addition, the relative inhibition of glucose 
movement of the FDB and ODB were not 
significantly different with each other from 30 to 
90 min while the rest of the processed bignay were 
significantly different from each other at each time 
interval and were all lower than the standard drug 
acarbose. Among the processed bignay, FDB and 
ODB showed substantial amounts of inhibition 
while the SDB showed poor inhibition.  

4. Discussion 
 
The inhibitory property of the processed 

bignay, specifically the FDB, against the enzymes 
responsible for carbohydrate digestion could be 
related to the phenolic compounds present. Several 
studies report that different phenolic compounds 
show inhibitory activities against α-amylase, α- 
glucosidase, and sucrase [6,23, 27-28]. Specifically, 
flavonoids, flavonols, and anthocyanins show 

inhibitory effect to α-amylase and α-glucosidase [1, 
29] while eugenols, rosmarinic acids, luteolin, 
apigenin, glucosides, saponins were found to have 
sucrase inhibitory property [30-31]. 

 
Fresh bignay fruits are reported to have high 

total phenolics, total flavonoids, and total 
anthocyanins [19, 32] which have inhibitory effects 
towards α-amylase, sucrase [9] as well as α-
glucosidase [10]. For processed bignay fruits, 
Carbonera et al. in 2023 [18] reported that freeze 
drying as well as oven drying significantly 
improved the total phenolic, total flavonoid, and 
total anthocyanin contents while spray drying and 
juice concentration have detrimental effects. In 
addition, the major phenolic compounds in 
dehydrated bignay are reported to be epicatechin, 
catechin, and gallic acid [18] and these have 
inhibitory effects towards α-amylase [32]. This 
study extends previous related studies by 
demonstrating that processing methods such as 

freeze drying can improve the antidiabetic activity 
of bignay fruit. But since phenolic compounds are 
heat sensitive due to their thermolabile molecular 
structure [33], the high temperature of spray 
drying (103–180 °C) and juice concentrating (80 
°C) may have caused thermal degradation on the 
phenolic compounds, which in turn affected their 
inhibitory effects against α-amylase, α-
glucosidase, and sucrase. Similar studies also 
reported that heat treatment at 100°C and higher 
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can decrease the activity of polyphenolic 
compounds to inhibit α-amylase [34] and α-
glucosidase [35].   

        
Glucose movement across the small 

intestines’ brush border membrane plays an 
important role in the regulation of carbohydrate 
uptake where generally glucose is transferred by 
the sodium-dependent glucose transporter 
(SGLT1) and the facilitated-transporter glucose 
transporter (GLUT2) [36]. The processed bignay 
can decrease glucose movement because of the 
presence of polyphenols. The different phenolic 
compounds can suppress the absorption of glucose 
into the intestinal cells by inhibiting SGLT1 and 
GLUT2 [11, 37]. This is also in agreement with 
other studies on plants with high phenolic content 
and antioxidant activity such as Caralluma 
europaea [38], Cleome viscora [39], and Phoenix 
roebelenii leaves [4] which also demonstrated 
significant inhibitory effect on the movement of 
glucose through a dialysis membrane to an 
external solution at different time intervals. 
Furthermore, a study on the effect of spray drying 
on the blueberry juice polyphenolic compounds 
showed a 76-78% loss in the total phenolics and 
57% loss on the anthocyanins [40]. Thus, the poor 
inhibition activity exhibited by the SDB is due to 
the high temperature of the spray drying process 
which resulted in the thermal degradation of the 
phenolic compounds in bignay. 

 
While the in vitro assays in this study 

provide valuable insights into the inhibitory 
effects of processed bignay fruit on carbohydrate-
digesting enzymes and glucose movement, they do 
not account for the complexities of physiological 
systems. Thus, further studies that include in vivo 
models to evaluate bioavailability, metabolism, 
and potential side effects in diabetic individuals 
should be considered.  

 
5. Conclusions 

     
Processed bignay displays potential 

antidiabetic activity by preventing the breakdown 
of complex carbohydrates through inhibition of the 
key carbohydrate-digesting enzymes as well as 
reducing the rate of glucose movement across a 
membrane. The inhibitory effect of the processed 
bignay is more towards α-amylase, followed by 
sucrase, and lastly towards α-glucosidase – all of 
which are concentration-dependent. Among the 
processed bignay, the FDB had the highest 

inhibitory activity against the three tested 
enzymes and on the inhibition of glucose 
movement. Therefore, it is recommended to use 
this drying process in converting bignay fruit into 
a functional ingredient. Since this study included 
only in vitro assays, further validation through in 
vivo animal models or clinical studies is 
recommended to confirm and validate the observed 
effects. 
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