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ABSTRACT  
 
Legumes, protein-rich foods containing various peptides, offer the possibility of modulating 
both sugar absorption and free radical production, in order to prevent diabetes and oxidative 
stress diseases. The aim of this study was to reveal the antioxidant and anti-diabetic 
potential of peptides from germinated soy and voandzou beans by checking the efficacy of 
these beans peptides generated by germination and even after post-meal digestion. Thus, 
beans crude proteins were extracted and digested with pepsin and pancreatin enzymes. 
Digested proteins were fractioned by dialysis. Each type of proteins ability to inhibiteinhibit α-
amylase and α-glucosidase activity and to scavenge DPPH free radical, were tested. Total 
protein content was determinated by spectrophotometry at 241 nm and extraction yield 
evaluated showed no significant difference (p˂ 0.05) with average of 88% (soy) and 86% 
(voandzou) and 64.43% (soy) and 60.30% (voandzou), respectivly; as opposed to the 
soluble protein content assessed in the supernatant of protein isolates. Simulated digestion 
of isolate protein generated peptide extracts showed better inhibitory capacity of α-amylase 
and α-glucosidase with the digested voandzou protein isolate D2 exhibiting optimum 
inhibition (72.39%) for α-glucosidase near to acarbose (75.99%) and the digested soy 
protein isolate D2 displaying the optimum inhibition (89.25%) for α-amylase better than 
acarbose (75.99%). Moreover, it is the external fractions of size inferior to 10 kDa which are 
endowed with this excellent capacity of inhibition of these enzymes involved in the regulation 
of postprandial glucose. Finally, the high DPPH free radical scavenging capacity of all 
germinated protein isolate between 64.72 (D0) and 72.27% (D2) for soy and 73.45 (D0) and 
81.43 % (D4) for voandzou is practically maintained after digestion and dialysis. Germinated 
soy and voandzou seeds thus have shown promising potential for being used as 
nutraceutical or functional ingredient for treatment and prevention of diabetes and 
deseasesdiseases related to oxidative stress. 
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1. INTRODUCTION  
 
Metabolic diseases including type 2 diabetes mellitus (T2DM) and cardiovascular diseases 
represent a public health problem nowadays [1]. Indeed, diabetes is undergoing a very 



 

significant expansion. According to the latest [2] estimates, 463 million people worldwide 
have diabetes and this could reach 578 million by 2030. In addition to these alarming data, it 
is necessary to take into account people who do not know they have diabetes because the 
development of the pathology is silent and insidious. As for cardiovascular diseases, they 
are responsible for the largest number of deaths with 17.9 million per year [1]. Africa is not 
exempt from this trend. Cardiovascular disease and type 2 diabetes mellitus, once rare, are 
now rapidly increasing in developing countries. Epidemiological forecasts estimate that the 
prevalence of diabetes will have increased by 98% in sub-Saharan Africa by 2030 [3]. As a 
result, the need to reduce these disease rates is emerging as one of the major challenges 
for development. 
 
Type 2 diabetes is characterized by chronic hyperglycemia leading to insulin resistance or 
insufficient insulin production for various reasons. This disease is generally linked to age, 
sedentary lifestyle, and one of the factors not indexed but often source of complication is that 
related to the reactive oxygen species. However, there are drug treatments for type 2 
diabetes including metformin (glucophage) which improves insulin sensitivity and inhibits 
endogenous glucose production, sulfonylureas which stimulate and/or potentiate 
endogenous insulin secretion, acarbose which inhibits the action of α-amylase and α-
glucosidase in postprandial hyperglycemia. These drugs used in diabetes management, 
although effective, are not accessible due to their high cost and are known to trigger clinical 
symptoms and various side effects such as nausea, vomiting, weight gain, increased 
cardiovascular risk [4].  
Faced with these problems, several approaches of research are being explored in order to 
provide a sustainable solution. One of them related to the exploration of functional aspect of 
food through the research of the bioactive molecules they contain. Indeed, food is the 
essential means by which the human body obtains biologically active substances. This 
multitude of substances, beyond constituting the basic nutrients, exerts a significant impact 
on human health [5]. In recent years, numerous researches carried out in this field [6; 5] 
have shown the close relationship between food and health. Diet plays a central role in 
establishing the balance between health and disease, beyond satisfying the satiety of the 
human body. Foods contain biologically active molecules that impact positively in the 
biological functions of the body. These molecules of lipid, carbohydrate, phenolic and 
especially protein nature contribute positively to health beyond their basic nutritional 
functionality [5]. 
 
In the case of proteins, many studies have shown the effectiveness of bioactive peptides in 
the prevention and treatment of diabetes and oxidative stress causing cardiovascular 
diseases. For example, research conducted by [7] and [8] have shown the existence of 
some oligopeptides with antihypertensive, antioxidant and antidiabetic activities that can help 
reduce metabolic diseases such as diabetes mellitus, cancer, cardiovascular diseases, etc. 
Although less effective than chemical molecules, these peptides and hydrolysates (mixture 
of amino acids, oligopeptides and polypeptides) of dietary origin have the advantage of 
having fewer side effects based on their natural sources and mechanisms of action [5]. 
Cereals and especially legumes are an excellent source of peptides because of their high 
protein content. Among legumes, soy (Glycine max) and voandzou bean (Vigna 
subterranea) as well as their press-cakes have high protein contents ranging from 40 to 45% 
and 14 to 20.74%, respectively that can be exploited in the search for bioactive peptides [9]; 
[10]. Generally peptides are existing in the food protein supply and can only be released as a 
result of hydrolysis reaction. This hydrolysis reaction, which occurs during certain metabolic 
pathways such as gastrointestinal digestion, fermentation, and germination, can lead to 
oligopeptides with multiple biological activities ([11]; [12]). 
 



 

It should be noted, that some studies such as those of [11] conducted on germinated 
soybeans at 6 days only have identified peptides of interest in the treatment of diabetes. 
However, to date, no study has investigated the search for the optimum production of 
germinated soy and voandzou bean peptides over multiple days. Similarly, the potential of 
voandzou bean to generate bioactive peptides has been very little explored to date. This 
work, which is part of the research context of bioactive peptides in the prevention and 
sustainable treatment of type 2 diabetes mellitus and diseases related to oxidative stress, 
has the general objective of enhancing the value of germinated soy and voandzou bean by 
highlighting their anti-diabetic and antioxidant potential. 
 

2. MATERIAL AND METHODS  
 
2.1. Material  
 
The biological material is made up of two legumes seeds, soy (Glycine max L.) and 
voandzou (Vigna subterranea) white with red spots, and of the digestive juice of snails 
(Achatina achatina). This material was purchased at the forum market of Adjamé ( 
5° 29′ 17″ north, 4° 01′ 56″ west) and then transported to the laboratory of the Pedagogical 
and Research Unit (UPR) of Biotechnology of the Laboratory of Biotechnology Agriculture 
and Valorization of Biological Resources.  
 
The reagents used were α-amylase from aspergillus orizae (EC 3.2.1.1; 30 mg U/mg solid), 
pancreatin (EC 232-468-9; 8X USP, mixture of several digestive enzyme produced by 
exocrine cells of porcine pancreas) and glucose oxidase activity assay kit (colorimetric) from 
SIGMA-Aldrich (Madrid, Spain), pepsin (EC 3.4.23.1; 0,7 FIP- U/mg) from porcin gastric from 
PanReac AppliChem, arcabose (drug for glycemia modulation) and pure distilled water both 
puchased in a pharmacy officine, bovine serum albumine (BSA, >98% pure) and a semi-
permeable hydrophilic membrane with a cut-off diameter of 10-12 KDa (SIGMA-Aldrich, 
USA). 
 

2.2. Methods 
 
2.2.1 Preparation of germinated soy and voandzou seeds   
 
Soy and voandzou seeds were germinated for six days following the method described by 
[13]. Thus, seeds of each legume type (four batches of 100 g) were soaked in 600 mL of 
distilled water for 2 h at 30 °C. The soaked seeds were then placed in a germination 
chamber (Seed Processing Holland, The Netherlands) at 30 °C for six days in the dark with 
a 15 s irrigation cycle every 6 h. On day D0 and every second day (until day 6, D6) the 
seeds of a batch of germinated legumes were oven dried (UN-110 Memmert, Germany) at 
40 °C for 24 h, then ground in a moulinex type mixer and sieved. The resulting flour was 
then delipidated by suspension in petroleum ether in a ratio of 1/2 (W/V) under magnetic 
stirring for 12 h at room temperature (28 °C). 
 
2.2.2 Preparation and quantification of protein isolate from germinated soy and 
voandzou seeds   
 
Protein isolates from soybean and voandzou at different germination times were prepared by 
alkaline extraction (pH 8.0) and isoelectric precipitation (pH 4.3) [14]. Phenolic compounds 
and soluble sugars were extracted from protein isolates by ethanolic extraction (80%) 
following the optimized method of [15]. The extraction procedure was repeated until 
phenolics and sugars were no longer detected in the alcoholic extracts and the resulting 
pellet constituting the pure protein isolate is suspended in distilled water to constitute a 5% 
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prepared protein isolate. The total protein content was measured by UV-visible 
spectrophotometry at 214 nm. This method is based on the ability of specific peptide bonds 
in proteins to absorb light in the ultraviolet range of light [16]. The soluble protein was 
mesuremeasured in the supernatant of the protein isolate using the Ffolin reagent. Bovine 
serum albumin (BSA) solution was used as a standard line. Similarly, the extraction yield 
was calculated as the ratio between the mass of desaccharified press-cake and the mass of 
protein isolate obtained. 
 
2.2.3 Simulation of gastrointestinal digestion of germinated soy and voandzou seeds 
protein isolate  
 
Soy and voandzou bean protein isolate were sequentially digested with porcine pepsin and 
pancreatin as previously described [17]. Hence, 50 µL of a 160 mg/ml pepsin solution (EC 
3.4.23.1) prepared in 0.1 M HCl were mixtedmixed with 1,200 µL (4% E/S ratio) of the 
different legume seed protein isolate (5 % W/V) and the pH of the medium adjusted to 2 with 
a 1 M HCl solution. The reaction medium was homogenized by vortexing and incubated at 
37 °C for 1 h. Then, pancreatin (E/S 4% w/w) was added, and the pH was adjusted to 7.5 
with 1 N NaOH. The solution was incubated at 37 °C for 2 h. The reaction was stopped by 
immersing the samples in a boiling bath for 10 min. After cooling to room temperature, the 
mixture was centrifuged at 16,000 rpm for 10 min and the resulting supernatant (containing 
hydrlysateshydrolysates) were recovered and stored at -18 °C for further analysis. 
 
2.2.4 Fractioning Fractionnement of hydrolysate from germinated soy and voandzou 
seeds protein isolate  
 
Protein isolateisolates previously obtain were fractioned by dialysis through a cellophane 
membrane (10 kDa) in a ratio of extract to pure distilled water (1/10, v/v) for 2 h. Both inside 
and outside contents of dialysedialyze bag were concentrated using speed vac and 
polyethylenpolyethylene glycol (PEG), respectivlyrespectively and stored at -20 °C for further 
assay. 
 
2.2.5 Essays for α-amylase inactivation by germinated soja and voandzou seeds 
protein isolate 
 
α-amylase inhibition potential of the different studied legume seeds extracts werewas 
evaluated and compairedcompared to that of arcabose as positive control. Different reaction 
media of 200 µL made of 30 µL of protein extract (5% W/V), or positive control (5% W/V, 
acarbose), and or negative control (water), were added to 50 µL of α-amylase (1.5 IU/mL) 
(prepared in 0.02 M sodium phosphate buffer pH 6.9), and 120 µL of phosphate buffer. After 
pre-incubation at 37 °C in a water bath for 5 min, the reaction is initiated by addition of corn 
starch (1%, W/V in 0.02 M phosphate buffer pH 6.9) and incubation at 37 °C in a water bath 
for 10 min. A volume of 200 µL of DNS solution was added to stop the reaction and the 
whole set was put in a boiling bath for 5 min for staining development. Then, 3.6 mL of 
distilled water was added, and the absorbance measured at 540 nm with a 
spectrophotometer (Pioway, China V5000) against a blank (phosphate buffer). The results 
were expressed as percentage of α-amylase inhibition which is calculated according to the 
following formula: 
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2.2.6 Essay for α-glucosidase inactivation by germinated soja and voandzou seeds 
protein isolate 
 
Inhibition of α-glucosidase activity by the different protein extracts is demonstrated by 
assessing the amount of glucose released by the enzyme from a natural substrate (sucrose), 
following the method described by [18] with slight modification.                                           
Different reaction media of 200 µL were made in the same proportions as the α-amylase 
inhibition assay previously mentioned with the difference that sucrose prepared at 1% in 
phosphate buffer (0.02 pH 6.9) was used as substrate and the incubation time of the 
reaction media was 20 min. Then, the reacti5555ns reactions were stopped by immersing 
the test tubes containing the different media in a boiling bath at 100 °C for 10 min.  
Afterwards, the released glucose was quantified by the glucose oxidase method using the 
Amplex Red glucose/glucose oxidase kit [19; 20]. 10 µL of each media were added to 1mL 
of reagent R consisting of a mixture of glucose oxidase (GOD ≥20000IU/L), phosphate buffer 
(150 mmol/L), peroxidase (POD ≥1000 IU/L), PAP (4-Amino-antipyrine 0.8 mmol/L), and 
chromogen (chloro-4-phenol, 2 mM). The absorbance of the extracts was read at 500 nm 
against a blank (1mL of reagent R and 10 µL of distilled water).  Acarbose was used as a 
positive control and the results expressed as % inhibition are were calculated using the 
following formula: 
 
 
 

        
AEN :  Absorbance of the normal assay    AEExt :  Absorbance of the protein extract assay 
 
2.2.7 Essays for radical DPPH inactivation by germinated soja and voandzou seeds 
protein isolate  
 
The capacity of different protein isolateisolates to reduce the DPPH (2,2-diphenyl-1-
picrylhydrazyl) free radical was evaluated by the method described by [21]. A volume of 500 
µL of aqueous protein extract was added to 1,500 µL of DPPH solution contained in a 
hemolysis tube. The mixture was homogenized and left in the dark for 30 min for staining 
development. Then the absorbance was read at 517 nm against a blank and the percentage 
of DPPH radical inhibition was obtained by the following formula: 
 
 
 
 
 
 
 
2.2.8 Statistical analysis 
 
All assays were performed in triplicate and the statistical exploitation analysis of the results 
was done with STATISTICA 7.1 software. Comparisons between variables were determined 
by one-factor analysis of variance ANOVA, Duncan's test at the 95% threshold was used to 
determine significant differences between means. 
 

3. RESULTS AND DISCUSSION 
 
3.1 Soybean and voandzou crude protein extraction yield and content 
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The results of protein extraction yields, total and soluble protein contents from defatted and 
desaccharified soy and voandzou seeds as a function of germination time are shown on 
table 1.  
Regarding the extraction rate and the total protein content, no significant difference (p ˂ 5%) 
was observed between the different germination times of soy and voandzou protein isolate 
which averaged 64.43% for soybean and 60.30% for voandzou. On the other hand, soy 
protein isolate showed a higher extraction yield than voandzou protein isolate for all 
germination times studied. 
 
Table 1: Extraction yield, soluble and total protein content of soy and voandzou bean protein 
isolat at different germination time 

Germination time Soybean Voandzoubean 

Extraction yield (%)   
D0 64.66 ± 0.91

aA
 60.40 ± 3.63

aB
 

D2 64.17 ± 1.50
abA

 60.56 ± 3.27
aB

 
D4 64.34 ± 5.70

aA
 59.69 ± 3.96

abB
 

D6 64.55 ± 7.15
aA

 60.55 ± 7.15
aB

 
Total protein content (%)   
D0 88.05 ± 2.12

aA
 85.66 ± 1.40

aB
 

D2 88.21 ± 3.13
aA

 86.06 ± 4.18
abB

 
D4 88.95 ± 4.91

aA
 85.83 ± 1.46

aB
 

D6 87.80 ± 2.32
aA

 85.15 ± 3.98
aB

 
Soluble protein content of the isolatisolate (%) 
D0 73.05±2.56

bB
 79.55±1.00

bA
 

D2 69.25±1.34
cA

 67.75±1.04
dB

 
D4 69.05±1.33

cB
 74.20±1.11

cA
 

D6 77.25±122
aB

 80.70±2.44
aA

 
Different alphabetical uppercase letters of each group in the same row show significant differences (P 
˂ .05) between samples at the same germination time and different alphabetical lower caselower-case 
letters of each group in the same column show significant differences (P ˂ .05) between samples at the 
same origin according to Duncan's test. Mean ± S.E.M = Mean values ± Standard error of means of six 
experiments 
D0: no germination; D2, D4, D6: 2, 4 and 6 days of germination, respectively. 
 

Analysis of these results showed, for each type of seed (soybean and voandzou) germinated 
and non-germinated, a rate of protein extraction significantly identical and greater than 60% 
regardless of germination time (Table 1). Thus, these yield values greater than 60% are 
higher than the yields found in the literature on hemp protein isolates generally between 35 
and 50% extraction. This reflectreflects the efficiency of the method (solubilization at alkaline 
pH and precipitation at pipI) used to extract almost all of the protein contained in the studied 
plant matrix [22]. In addition, this technique, which consisted of precipitating the solubilized 
proteins at their isoelectric point (pH 4.3) easy to implement, also remains less expensive 
than the usually used membrane techniques. 
 
The assessment of the total protein content in the crude protein extracts allows the purity of 
the preparation to be evaluated. The results of the quantification of total protein content in 
the studied legumes protein isolate revealed an average content of 88% (soybean) and 86% 
(voandzou bean) significantly identical regardless of the germination time. These high 
contents recorded in these crude protein isolatethese crude protein isolates are far superior 
to those obtained (74.10 %) by [23] for quinoa protein isolated at the same pH used in the 
extraction process. This clearly highlights the purity of our protein extracts which with protein 
contents between 80 and 95% can be qualified as protein isolates [24; 25]. 
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As concern the soluble protein, their content has varied significantly during the different 
germination times of soy and voandzou. Indeed, during the first four days of germination, the 
quantity of soluble protein initially of 73.05 (soybean) and 79.55% (voandzou bean) 
decreased and was maintained at 69.05 % (soybean) and 74.20 % (voandzou bean). On the 
other hand, after these first four days of germination (D4) an increase is observed at 77.25 
% (soybean) and 80.70 % (voandzou bean). During germination, proteins started to be 
degraded by endogenous endopeptidases from cotyledons to form oligopeptides. These 
peptides are then hydrolyzed by exopeptidases to form free amino acids, which are used to 
synthesize new molecules and tissues [26]. Consequently, this justifies the variation in the 
amount of soluble protein observed. A similar increase in the amount of protein after D4 of 
soybean germination was observed by [26; 27]. 
 

3.2. Antidiabetic and antioxidant potential of crude proteins from soybean and 
voandzoubean protein isolate 
 
This study investigated the antidiabetic potential and antioxidant property of the studied 
protein isolate. 
 
3.2.1 Antidiabetic potential: α -amylase and α-glucosidase inhibitory activity  
 
  α-Amylase and α-glucosidase are two key enzymes responsible for postprandial 
hyperglycemia and the search for peptides capable of inhibiting the action of these enzymes 
could be an alternative pathway in the management of type 2 diabetes according to [1].  
α-amylase (1A) and α-glucosidase (1B) inhibitory activities, by germinated soybean and 
voandzou bean seeds protein isolate, are given shown in Figure 1. The crude protein 
isolatsisolates (D0) and the diferentdifferent germinated protein isolatsisolates from both 
soybean and voandzou bean showed significant (p ˂ 0.05) lower inhibitory activity with 
average inhibition of 19.73% (soybean) and 21.76% (voandzou) for α-alpha amylase and 
16.55% (soybean) and 28.47% (voandzou bean) for α-alpha glucosidase respectively 
compared to those of  acarbose control 75.99 % (α-amylase) and 89.25 % (α-glucosidase). 
 

   
 
Figure 1: Percentage inhibition of α-amylase (A) and α-glucosidase (B) by soybean and 
voandzou bean seed protein isolates as a function of germination time 
 
The mixture of peptides present on the non-germinated protein isolatisolate (D0) from 
soybean and voandzou bean exhibited an inhibitory capacity of the two glycosidases on 
average around 20% for both soybean and voandzou. This finding was also reported by [28] 
for crude extracts of soybean (21.39%) and common bean (19.52%) proteins on α-alpha 
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amylase. This ability to inhibit both the two glycosidases, highlighted in crude (non-
germinated) protein isolates suggested that these legume beans might be a promising 
ingredient that could be used in the design of functional foods for glycemic control and 
prevention of type 2 diabetes mellitus. 
Similarly, germination does not improve the inhibition capacity of the protein isolate on the 
two studied glycosidases since the inhibition averages fluctuated around 20 % with 21.3 and 
20.80 % (D2), 16.42 and 22 % (D4) and 16.22 and 19.66 % (D6) for α-amylase and α-
glucosidase, respectively. However, although germination did not substantially improve the 
ability of the protein isolate to inhibit these glycosidases, it did not have a negative effect 
either since the level of inhibition remains the same. 
 
3.2.2 Antioxidant capacity 
 
Oxidative stress is one of the factors that potentiate the onset of multi-factorial diseases 
including cardiovascular diseases and type 2 diabetes mellitus [29]. The search for 
potentially antioxidant peptides (oligopeptides and polypeptides) could help in the 
development of prevention strategies for these major pathologies [30]. 
DPPH radical scavegingscavenging activity was used to evaluate the antioxidant potential of 
the germinated protein isolates from soy and voandzou seeds. The antioxidant capacities of 
germinated protein isolates from soy and voandzou bean are given on Table 2.  

Table 2: DPPH radical scavenging inhibition by the crude germinated protein isolates at 
different germination times (%) 

Germination times soybean Voandzou bean Vitamin cC 

D0 64.72±1.21
dC

 73.45±1.22
eB

  
D2 72.27±2.50

bC
 75.75±2.41

dB
  

D4 72.08±2.05
bC

 81.43±3.16
bB

  
D6 70.58±1.98

cC
 78.70±2.33

cB
  

   100±0.00
aA

 
Different alphabetical uppercase letters of each group in the same row show significant differences (P 
˂ .05) between samples at the same germination time and different alphabetical lower caselower-case 
letters of each group in the same column show significant differences (P ˂ .05) between samples at the 
same origin according to Duncan's test. Mean ± S.E.M = Mean values ± Standard error of means of six 
experiments 
 

The two protein isolates of soybean and voandzou from ungerminated seeds (D0) initially 
displayed a good level of DPPH free radical scavenging (67% in average) compared to that 
of vitamin C (100%) with the protein isolate of voandzou (73.45%) exhibiting a higher DPPH 
free radical scavenging capacity than soybean (64.72%). As concern germination, this 
process significantly improved the free radical inhibition capacity since both types of protein 
isolates, soybean (71.6%) and voandzou (78;62%), showed on average a higher level of 
DPPH inhibition than the non-germinated seed protein isolates. This high level of antioxidant 
activity recorded by both soybean and voandzou protein isolate could be explained by their 
richness in certain amino acids such as histidine and hydrophobic amino acids [30]. 
 

3.3. α-amylase and α-glucosidase inhibition by peptides resulting from 
enzymatic digestion of germinated soy and voandzou beans crude proteins  
 
3.3.1 Antidiabetic potential of digested crude proteins from germinated soy and 
voandzou beans 
 
The results of the study on the α-amylase (Figure 2A) and α-glucosidase (Figure 2B) 
inhibition capacity by the digested extracts from germinated and ungerminated soy and 
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voandzou seeds are given by Figure 2. The analysis of the results showed that the different 
digested protein isolate, whether germinated or not, have significantly different inhibition 
capacities on the two types of studied enzymes (p ˂ 5%).  

    
Figure 2: Inhibition of α-amylase (A) and α-glucosidase (B) activity by digested protein 

extracts of soybean and voandzou as a function of germination time 
 

Indeed, the D2 digested isolate of soy germinated seeds showed the highest inhibition 
capacity (72.58%) nearly that of the control acarbose (89.25%) for α-amylase (Figure 2A), as 
well as the D2 digested isolate of voandzou (72.39%) with the highest inhibition capacity 
comparable to the acarbose control (75.99%) for α-glucosidase (Figure 2B). On the other 
hand, the inhibition capacity of digested isolate of other germination times remainremains 
relatively weak compared to that of acarbose control since they were between 23.87 to 
35.33% (soybean) and 25.63 to 33.24% (voandzou bean) for α-amylase and between 13.93 
to 19.15% (soybean) and 24.22 to 33.54% (voandzou) for α-glucosidase. Thus, 
gastrointestinal digestion generated hydrolysates containing potential bioactive peptides only 
with D2 germination time for each soy and voandzou beans protein isolate. 
 
According to [31], digestion is the natural site activity of enzymatic hydrolysis of proteins 
resulting in a wide variety of bioactive peptides. The specificity of the acid endoprotease 
named pepsin for hydrophobic amino acids allowed to release peptides with hydrophobic 
ends capable of interacting on the active site of the two studied glycosidase enzymes 
resulting in these inhibitions [32].  
 
A sSimilar inhibition rate level compared with acarbose obtained for the D2 digested isolate 
of soy and voandzou germinated seeds indicates the presence of bioactive peptides that can 
be directed in the treatment of type 2 diabetes. The same finding havehas been reported by 
[11] with the protein extracts of soybean germinated over 6 days. However, they should be 
combined with other types of antidiabetic drugs [33]. For exampleexample, the combined 
action with biguanides could in addition to improveing the sensitivity of insulin target cells 
(muscle cells, liver cells), promote the regulation of postprandial hyperglycemia. So in vitro 
simulation of gastrointestinal digestion by porcine pepsin in one hour followed by porcine 
pancreatin in two hours appears seems to be a good technique for obtaining bioactive 
peptides, unlike endopeptidase germination. 
On the other hand, the weak inhibition capacity exhibited by the other digested protein 
isolates from germinated and ungerminated seeds highlighted the interest of these isolates 
in the prevention of chronic hyperglycemia (pre-diabetes) that can lead to type 2 diabetes 
mellitus [2]. Indeed, the amount of sugar in the blood is constantly modulated by the body's 
activities. Digestion, for example, is responsible for the postprandial hyperglycemia observed 
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after the consumption of mostly starchy foods. Regular exposure of the body to 
hyperglycemia can in some cases lead to complications in insulin synthesis or utilization 
[34]. Thus, the integration of soybean and voandzou germinated seeds containing these 
peptides into the diets of populations could help prevent metabolic diseases. This control of 
the flow of glucose in the blood could then help to prevent the establishment of chronic 
hyperglycemia which is responsible for the installation of type 2 diabetes mellitus. Therefore, 
they could be used as nutraceutical foods in powder or capsule form to reduce the massive 
influx of glucose into the bloodstream and thus avoid exposure of populations to the state of 
chronic hyperglycemia. 
 
3.3.2- Antidiabetic potential of dialysed peptids from soy and voandzou beans crude 
proteins digestion 
 
Generally, biopeptides with hypoglycemic effect used in the treatment of diabetes are small 
peptides [35]. Thus, the identification of peptides that generated the inactivation of α-
amylase and α-glucosidase comparable to that of acarbose, was performed after separation 
of the peptides according to their size through a dialysis membrane with a 10 kDa cut-off 
diameter (figure 3A and 3B).   

 
  
Figure 3: Inhibition of α-amylase (A) and α-glucosidase (B) by the internal and external 
fractions of dialyzed hydrolysates of soy and voandzou seeds at two days (D2) of 
germination  
 
Legend : Inter F : internal fraction (˂10 kDa) ; Exter F : external fraction (≥10 kDa) 

Concerning the hydrolysates from the D2 germinated protein isolate of the two studied 
legume seeds, the results revealed that the two peptides fraction obtained through the 
dialysedialyses process displayed significant different inhibition capacity on the DPPH 
radical. Thus, the outer peptides fractions, with size ˂10 kDa exhibited the highest inhibitory 
rate (83.44%) similar to the control acarbose (89.25 %) for α-amylase inhibition. In the same 
way, the same trend weswas recorded with the outer peptide fraction (size˂10 kDa) from 
voandzou bean with a rate of 79.31%  similar to acarbose control (79.99%) for α-glucosidase 
inhibition. This onset of peptide separation revealed that the high acarbose-like activity of 
digested D2 protein extracts was due to peptides (oligopeptides and polypeptides) smaller 
than 10 kDa in size from soybean and voandzou. Similar results were reported in previous 
studies where peptide fractions of sizes smaller than 5 and 10 kDa from 6-day germinated 
soybean [11] and quinoa [18] hydrolysates showed the strongest inhibition of α-amylase and 
α-glucosidase; confirming that low molecular weight peptides are responsible for this 
inhibition. 
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3.4- In vitro antioxidant potential of digested protein extracts and 
dialyseddialyzed peptidspeptides from soy and voandzou beans crude 
proteins digestion 
 
The inhibition rates of DPPH (2,2-Diphenyl-1-Pycrilhydrazyl) free radical by germinated and 
non-germinated soybean and voandzou digested protein isolates as a function of 
germination time and by vitamin C (positive control) are shown in table 3. Statistical analysis 
revealed a significant difference (P p < 0.05) between the rates of free radical inhibition by 
the two types of digested protein isolates of soybean and voandzou and by vitamin C 
(positive control). 
The two crude protein extracts of soybean (64.72%) and voandzou (73.45%) from non-
germinated seeds (D0) initially showed a good level of DPPH free radical scavenging higher 
than 60% compared to that of vitamin C which is was 100% (Table 2). 
  
Table 3: Percentage of DPPH radical inhibitory by digested protein extracts  
               and peptide fractions of soybeans and voandzou germinated at D2 

Germination time Soybean Voandzou Vitamin c 

Digested protein isolates  (%)    
D0 72.26±2.22

bB
 66.72±1.75

cC
  

D2 69.2±2.2.01
cB

 65.38±1.25
dC

  
D4 73.50±2.20

aB
 67.88±1.50

bC
  

D6 67.88±1.85
dC

 70.80±0.97
aB

  
   100±0.55

aA
 

Peptides fraction from D2 digested protein isolates 
Internal fraction (≥10 kDa) 69.86±1.55

aB
 62.95±1.21

bC
  

External fraction (˂10 kDa) 61.16±1.57
bC

 71.64±1.33
aB

  
Different alphabetical uppercase letters of each group in the same row show significant differences (P 
˂ .05) between samples at the same germination time and different alphabetical lower caselower-case 
letters of each group in the same column show significant differences (P ˂ .05) between samples at the 
same origin according to Duncan's test. Mean ± S.E.M = Mean values ± Standard error of means of six 
experiments 

 
On the other hand, enzymatic hydrolysis during germination and hydrolysis during in vitro 
gastrointestinal digestion by pepsin (1 h) and pancreatin (2 h) did not alter the antioxidant 
capacity of these two extracts, which always showed DPPH radical inhibition capacities 
higher than 60% on average.  These results were similar to those obtained by [36] with 
quinoa (Chenopodium quinoa) and kiwicha (Amaranthus caudatus).  
 
This good level of antioxidant activity recorded by both soybean and voandzou protein 
extracts could be explained by their richness in certain amino acids such as histidine and 
hydrophobic amino acids such as tryptophan [30]. Thus, the good level of free radical 
inhibition (antioxidant potential) by soy and voandzou protein-derived peptides 
(ungerminated, germinated, and hydrolyzed) could inhibit lipid peroxidation and thus avoid 
the development of cardiovascular diseases [37 ; 30]. 
 

4. CONCLUSION 
 
Germination of soy and voandzou beans and further enzyme hydrolysis of their crude protein 
can generate bioactive peptides with both higher antioxidant capacity and good level of α-
amylase and α-glucosidase inhibitory activity. While only the digestive hydrolysis at the 2nd 
day (D2) of germination only for soybean on amylase and for voandzou on glucosidase 
generated high α-amylase and α-glucosidase inhibitory activity bioactive peptides of sizes 
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smaller than 10 kDa. The ingestion of soy and voandzou beans may provide bioactive 
peptides that can manage and reduce risk of diabetediabetes and oxidative stress-related 
diseases and could be suitable to be used as functional or nutraceutical ingredient. 
 
 

COMPETING INTERESTS DISCLAIMER: 
 
Authors have declared that no competing interests exist. The products used for this 
research are commonly and predominantly use products in our area of research and 
country. There is absolutely no conflict of interest between the authors and 
producers of the products because we do not intend to use these products as an 
avenue for any litigation but for the advancement of knowledge. Also, the research 
was not funded by the producing company rather it was funded by personal efforts 
of the authors. 
 
REFERENCES 
 
[1] WHO. "Rapport Mondial sur le Diabète, bibliotheque de l’OMS"- 88 p.  

https://apps.who.int/iris/bitstream/handle/10665/204871/9789241565257_eng.pdf; 2016 
[2] IDF. "L’atlas du diabète de la FID. 9

ième
 édition". 176p. 2019; 

https://diabetesatlas.org/upload/resources/material/20200302_133352_2406-IDF-ATLAS-
FRENCH-BOOK.pdf;  

[3] Jaffiol C. "Le diabète sucré en Afrique : un enjeu de santé publique". Bulletin de 
l’Académie Nationale de Médecine. 2011; 195(6): 1239-1254  

[4] Chaudhury A, Chitharanjan D, Vijaya SRD, Shashank K, Aditya C, Rahut R, Asween M, 
Nawal SS, Maria TM, Kevin K, Appalanaidu S, Alexandria B, Naveen P, Chaitanya KM, 
Govinda, PL, Wasique M. "Clinical review of antidiabetic drugs: Implications for type 2 
diabetes mellitus management". Frontiers in Endocrinology. 2017; 8 (6): 1-12. 

[5] Li-Chan ECY. "Bioactive peptides and protein hydrolysates: Research trends and 
challenges for application as nutraceuticals and functional food ingredients". Current 
Opinion in Food Science. 2015; 1: 28-37. 

[6] Roberfroid MV, Coxam B, Delzenne N. "Aliments fonctionnels",  livre, 2eme edition. 2008; 

219-1083, Disponible sur https://books.google.ci  books. 
[7] Wang J, Li Y, Lu F. "Molecular cloning and biochemical characterization of an α- amylase 

family from Aspergillus niger". Electronic Journal of Biotechnology. 2018; 32: 55-62.  
[8] Kehinde BA, Sharma P. "Recently isolated antidiabetic hydrolysates and peptides from 

multiple food sources: a review". Critical reviews in food science and nutrition. 2018; 1-
19. 

 [9] Chatenet C. "Le soja, une plante étonnante, un aliment incontournable". Actualités 
pharmaceutiques. 2007; 46 (469): 37p. 

[10] Diallo KS, Koné KY, Soro D, Assidjo NE, Yao KB,  Gnakri D. "Caracterisation 
biochimique et fonctionnelle des graines de sept cultivars de voandzou [vigna 
subterranea (l.) Verdc. Fabaceae] cultives en côte d'ivoire". European Scientific Journal. 
2015; 27 (11): 288-304. 

[11] González-Montoya M, Hernández-Ledesma B, Mora-Escobedo R, Martínez- Villaluenga 
C. "Bioactive Peptides from Germinated Soybean with Anti-Diabetic Potential by 

Inhibition of Dipeptidyl Peptidase-IV, -Amylase, and -Glucosidase Enzymes". 
International journal of molecular sciences. 2018; 1-14. 

[12] Sanjukta S, Rai AK, Muhammed A, Jeyaram K, Talukdar NC. "Enhancement of 
antioxidant properties of two soybean varieties of Sikkim Himalayan region by 
proteolytic Bacillus subtilis fermentation". Journal of Functional Foods. 2015; 14: 650-
658. 

Comment [LL37]: This writing is hard 

to read and understand 

https://apps.who.int/iris/bitstream/handle/10665/204871/9789241565257_eng.pdf
https://diabetesatlas.org/upload/resources/material/20200302_133352_2406-IDF-ATLAS-FRENCH-BOOK.pdf
https://diabetesatlas.org/upload/resources/material/20200302_133352_2406-IDF-ATLAS-FRENCH-BOOK.pdf
https://books.google.ci/


 

[13] Subramaniam S, Vaughn K, Carrier D, Clausen EC "Pretreatment of milk thistle seed to 
increase the silymarin yield: An alternative to petroleum ether defatting". Bioressource 
Technology. 2008; 99 (7): 2501-2506. 

[14] Acosta C, Carpio C, Vilcacundo R. Carrillo W. "Identification of proteins isolate from 
amaranth (amaranthus caudatus) by sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis with water and NaCl 0.1M solvents". Asian Journal of Pharmaceutical 
and Clinical Research.  2016 ; 9 (3): 331-334. 

[15] Agbo NG, M. Uebersax and G. Hosfield. "An efficient extraction technique of sugars 
from dry edible beans (Phaseolus vulgaris L.)e stimation and H.P.L.C." Annals Series C 
Science. 1986; 21: 169-184. 

[16] Gavrilorie M, Maginot MJ, Gavrilorie CS, Wallach J. "Manipulation d’analyse 
biochimique". 3ème édition Doin Paris. 1996; 112-120. 

[17] Marcela EK,  Koehnlein EK , Corrêa RCG,  Nishida VS, Correa VG, Bracht v,  Peralta 

RM. "Analyse d'un régime alimentaire complet en termes de teneur phénolique et de 
capacité antioxydante: effets d'une digestion gastro-intestinale simulée.  International 
Journal of Food Sciences and Nutrition. 2016; 67 (6): 614-623.  

[18] Vilcacundo R, Martínez-Villaluenga C, Miralles B, Hernández- Ledesma B. "Release of 
multifunctional peptides from kiwicha (Amaranthus caudatus) protein under in vitro 
gastrointestinal digestion". Journal of the Science of Food and Agriculture. 2018; 1-29. 

[19] Trinder P. "Détermination enzymatique du glucose dans le sérum sanguin". Annales de 
biochimie Clinique. 1969 ; 6 : 24-27. 

[20] Farrance I. "Plasma glucose methods". Clinical Biochemist Reviews.1987 ; 8 : 55-68. 
[21] Brand-Williams W, Cuvelier ME, Berset C. "Use of a free radical method to evaluate 

antioxidant activity". LWT-Food Sciences and technologiy. 1995; 28 (1): 25-30. 
 [22] Potin F. "Effets de l’extraction des protéines de tourteaux de chanvre sur leurs 

fonctionnalités". Thèse, Ecole Doctorale Environnement-Santé, Université Bourgogne 
Franche-Comté, 216 p, 2019. 

 [23] Vilcacundo R, Martínez-Villaluenga C, Hernández-Ledesma B. "Release of dipeptidyl 
peptidase IV, α-amylase and α-glucosidase inhibitory peptides from quinoa 
(Chenopodium quinoa Willd) during in vitro simulated gastrointestinal digestion". 
Journal of Functional Foods. 2017; 35: 531-539. 

[24] Codex Alimentarius. "Rapport de la première session du comité CODEX sur les 
protéines végétales", OTTAWA 3-7 Novembre 1980, 40 p. 

[25] IFN (Institut Français pour la Nutrition). "Dossier Scientifique de l’IFN. Les Protéines. 
Tome 2: caractéristiques des différentes sources de protéines alimentaires". 91 p, 
1997. 

[26] Sangronis E, Rodríguez M, Cava R, Torres A. "Protein quality of germinated Phaseolus 
vulgaris". European Food Research and Technology. 2006; 222: 144-148. 

[27] Vernaza MG, Dia VP, de Mejia EG, Chang YK. "Antioxidant and antiinflammatory 
properties of germinated and hydrolysed Brazilian soybean flours". Food Chemistry. 
2012; 134: 2217-2225.  

[28] Mojica L, Chen K, de Mejia EG "Impact of commercial precooking of common bean 
(Phaseolus vulgaris) on the generation of peptides, after pepsin–pancreatin hydrolysis, 
capable to inhibit dipeptidyl peptidase-IV". Journal of Food Science. 2015; 80: 188-198. 

[29] Favrier A. " Le stress oxydant: Intérêt conceptuel et expérimental dans la 
compréhension des mécanismes des maladies et potentiel thérapeutique". L’actualité 
chimique.2003 ; 270 : 108-115. 

[30] Léonil J. "Les peptides bioactifs du lait et leur intérêt dans la prévention des maladies 
cardiovasculaires et du syndrome métabolique. Sciences et technologie du lait et de 
l’œuf". 2020; 65: 495-499. 

[31] Simon J-L. "Peptides issus des procédés d’hydrolyse filières Industrielles". Colloque 
Adebiotech-SFGP du 2-3 Octobre 2012, Romainville, Paris, France, 2012; 66p. 

https://www.tandfonline.com/author/Koehnlein%2C+%C3%89rica+Marcela
https://www.tandfonline.com/author/Koehnlein%2C+Elo%C3%A1+Ang%C3%A9lica
https://www.tandfonline.com/author/Corr%C3%AAa%2C+R%C3%BAbia+Carvalho+Gomes
https://www.tandfonline.com/author/Nishida%2C+Ver%C3%B4nica+Sayuri
https://www.tandfonline.com/author/Correa%2C+Vanesa+Gesser
https://www.tandfonline.com/author/Bracht%2C+Adelar
https://www.tandfonline.com/author/Peralta%2C+Rosane+Marina
https://www.tandfonline.com/doi/full/10.1080/09637486.2016.1186156
https://www.tandfonline.com/doi/full/10.1080/09637486.2016.1186156
https://www.tandfonline.com/toc/iijf20/current
https://www.tandfonline.com/toc/iijf20/current
https://www.tandfonline.com/toc/iijf20/67/6


 

[32] Gloster TM, Davies GJ. "Glycosidase inhibition: assessing mimicry of the transition 
state". Organic & Biomolecular Chemistry. 2010; 8(2): 305-320. doi: 10.1039/b915870g.  

[33] Comité d’Experts en Diabétologie (CED). "Guide de bonnes pratiques en diabétologie à 
l’usage des praticiens". 2015; 106 p. 

[34] Bonnefont-Rousselot D, Beaudeux JL, Therond P, Perynet J, Legrand A, Delattre J. 
"Diabète sucré, stress oxydant et produits de glycation avancée". Annales 
Pharmaceutiques Françaises. 2004; 62: 147- 157. 

 [35] Auvray P, Duval E, Baron A, Chauvin C, Hesry V, Jouquan D, Martin M, Redon E, 
Sourdaine P, Bourgeon R, Melaine N, Pineau C, Rouillon AA. "Bosseboeuf  Peptides 
isolés et purifiés à partir de testicules de roussettes". Demande internationale publiée 
en vertu du traité de coopération en matière de brevets, 2012; 48p. 

[36] Chirinos R, Pedreschi R, Velásquez ‐ Sánchez M, Aguilar ‐ Galvez A, Campos D. "In 
vitro antioxidant and angiotensine-I converting enzyme inhibitory properties of 
enzymatically hydrolysed quinoa (Chenopodium quinoa) and kiwicha (Amaranthus 
caudatus) proteins." Cereal chemistry. 2020; 1-20.  

 [37] Wattanapitayakul
 
SK,  Bauer JA. "Oxidative pathways in cardiovascular disease: roles, 

mechanisms, and therapeutic implications". Pharmacol Ther. 2001; 89 (2): 187-206. 
 doi: 10.1016/s0163-7258(00)00114-5. 

 

 
 
 

https://pubmed.ncbi.nlm.nih.gov/?term=Wattanapitayakul+SK&cauthor_id=11316520
https://pubmed.ncbi.nlm.nih.gov/?term=Bauer+JA&cauthor_id=11316520

