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Abstract  

Soybean meal (SM) is considered a by-product of soybean that is obtained after oil production. SM is a rich 

source of protein that contains about 45%. It is a good source of bioactive peptides because of its content of amino 

acids that includes all essential amino acids such as Leu, Phe, Lys and Met were (8.14%, 6.25%, 5.37% and 1.12%) 

respectively. Protein of SM was isolated by isoelectric point and precipitated at pH 4.5. Hydrolysis of soybean meal 

protein (SMP) was performed by pepsin enzyme. The molecular weight of SMP and its hydrolysates was determined 

by SDS-PAGE. Peptides that were obtained by enzymatic hydrolysis were fractionated and resulted in peptides 1 

(<10kDa) and peptides 2 (>10kDa). Peptides 1 and 2 were tested as anti-inflammatory and antimicrobial agents. The 

anti-inflammatory effect of peptides was measured using RAW264.7 cells and the inhibition of nitric oxide (NO) at 

different concentrations. The best effect of peptides 1 and 2 was at concentration (400 µg mL
 -1

) 24.9% and 29.7% 

respectively. The anti-microbial effect of peptides was determined by using four strains of bacteria: (Escherichia coli 

ATCC 8739, Pseudomonas aeruginosa ATCC 9027, Listeria monocytogenes ATCC 13932 and Bacillus cereus 

ATCC 9634). Peptides showed a good effect against E. coli at a concentration (1000 µg mL
-1

) as the MIC of 

peptides 1 and 2 against it was (0.25 mg mL
-1

 ( and the inhibition zone was19 mm for the two peptides. 
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Introduction 

 

Soybean (Glycine max) was cultivated in the 

Middle East since ancient times, because it was a good 

source of lipid and protein foods (Minh, 2015). 

Soybean had a lot of interest because it contains a large 

amount of protein, minerals, vitamins and fiber, so it 

was a good food for people who didn’t eat meat (Anna 

Laura Capriotti et al., 2015). 
Much attention was directed towards soybean and 

its protein because they have lots of good features such 

as being inexpensive, very useful for nutrition and 

health of people (Lammi et al., 2019). The chemical 

structure of soybeans could be changed by genetic 

engineering or breeding programs to meet the needs of 

humans or industry (Xu et al., 2019). Soybeans are rich 

in iso-flavonoids, proteins, lecithin, minerals and 

vitamins, also Soybeans have a lot of bioactive 

molecules which make it useful in various applications 

such as health and food (Dulliusa et al., 2020).  

The flour obtained from soybean was inexpensive 

residue, that could be extracted by alkaline and 

obtained by isoelectric point precipitation. Protein 

obtained from soy flour was 70% and its purity would 

be 91% (Lee et al., 2016) . Hydrolysis of protein could 

be done by enzymes, acids, microbial fermentation or 

temperature (Conti et al., 2019). The production of 

soybean meal was about (122 million tons year
-1

), and 

its content of protein was approximately 45%, so it was 

used in abundance (Gorguc et al., 2020). 

 Soybean meal was obtained while extracting oil 

from soybean seeds, so that it was the chief residue of 

soybean (Mukherjee et al., 2016). Soybean meal's 

content protein was about 46%, making it was one of 

the best sources of protein extracted from plants. lately, 

soybean meal has gotten a lot of interest (Li et al., 

2019; Álvarez-Viñas et al., 2020 and Rodionova et 

al., 2021 ).   Utilization of different sources to produce 

protein hydrolysates such as oil seeds, peas, soybeans, 

lentils and beans depended on two reasons, the first 

was raising their benefit and promoting their 

utilization; the second was employing peptides in 

functional foods and treating adverse diseases (Carlos 

Sgarbieri, 2017). Soybeans have also lots of peptides 

that had a perfect effect on health such as anticancer, 

antidiabetic, antioxidant, anti-inflammatory, 

antihypertensive, anti-obesity, immunomodulatory, 
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hypolipidemic and neuromodulator characteristics 

(Dukariya et al., 2020). 

 ioa tive peptides   P  were  onsidered short 

 hains of amino a ids that enhan e the  iologi al 

fun tions of human  s  ody  so  P were very useful for 

health (Sánchez and Vázquez, 2017). utilization of BP 

had beneficial effects on the human body as there were 

anti-inflammatory, antihypertensive, 

immunomodulatory, antioxidant, antimicrobial and 

anticancer peptides, because of that BPs were used in 

the protection of foods from spoilage factors (Toal´a et 

al., 2022). BPs could be obtained by hydrolysis of 

protein by proteolytic enzymes, fermentation by 

microbes or gastrointestinal proteases (Agyei et al., 

2016; Chakrabarti et al., 2018 and Tüysüz et al., 

2019). Hydrolysis of protein by enzymes was used 

more than fermentation because of mild conditions, 

specificity, shortage of toxic chemicals and solvents in 

the end product (Lemes et al., 2020 and Ulug et al., 

2021). While, the biological effects of (BPS) depended 

on the sequence of amino acids, charge and  molecular 

weight of peptides (Acquah et al., 2018). 

Isolation of protein and its hydrolysates could be 

done by using ultrafiltration (UF) membranes, 

electrophoresis, chromatography and resin adsorption, 

but ultrafiltration was applied in many fields such as 

the food industry ( Ratnaningsih et al., 2021 and 

Liang et al., 2023). Soy peptides that could cure cancer 

also have the ability to treat inflammation and prevent 

oxidative stress in the body (Chatterjee et al., 2018). 

The aim of this study is to produce BPs from plants by-

product soybean meal and study their biological effects 

as anti-inflammatory and anti-microbial.  

 

Materials and methods 

 

1. Materials: 

All chemicals used in experiments were provided 

by Sigma Chemical Company of high quality and 

purity.  Argentinian Soybean meal (Dorada) was 

obtained from Danon Farm, Egypt. All bacteria strains 

such as Escherichia coli ATCC 8739, Pseudomonas 

aeruginosa ATCC 9027, Listeria monocytogenes 

ATCC 13932, Bacillus cereus ATCC 9634 and also 

Mouse macrophage cell line was obtained from Nawah 

Scientific Inc., (Mokatam, Cairo, Egypt). 

 

2. Analytical methods: 

Crude protein of soybean meal was determined by 

Kjeldahl method and other components such as total 

lipid, ash and moisture were determined according to 

the method of the Association of Official Analytical 

Chemists A.O.A.C. (2019). 

 

 

2.1. Calculation of total carbohydrates: 

The total carbohydrates of the sample under 

investigation were calculated as the difference between 

100 and the sum of the percentage amounts of total 

protein, lipid, moisture, and ash by subtraction 

according to Tassi et al. (2019). 

2.2. Isolation of protein from soybean meal: 

The sample of soy ean meal was grounded  y 

 lender and sieved  y a mesh s reen for protein 

extra tion and stored at      . Each 10 grams of the 

sample were mixed with 300 milliliters of sodium 

hydroxide 1M and stirred for 4 hours then filtered and 

the pH was adjusted to 4.5 by using HCl 1N for the 

precipitation of protein. After precipitation protein 

obtained by centrifugation at        rpm for    min  

then the protein was lyophilized  and stored at       

until used (Chen et al., 2019). 

2.3. Determination of amino acids by using GLC: 
The technique of fractionation of amino acids 

was applied by gas liquid chromatography (GLC) 

recommended by Mabbot (1990) and was done in 

College of Veterinary Medicine, Benha University, 

Egypt.  

2.4. Hydrolysis of soybean meal protein by pepsin: 
Soy protein isolate  SP   was dissolved in 

deionized water in a ratio of      w  v    ydrolysis of 

SPI with pepsin was  arried out at        and p    

using      l  and enzyme su strate ratio of        

    g su strate  The SP  was pre-in u ated for    min 

at        prior to hydrolysis pro ess  The hydrolysis 

time was set at 4h. The enzyme was inactivated using 

heat temperature at        for    min in a thermostat-

 ontrolled water  ath   fterwards  the sample was 

 ooled on i e to room temperature and  entrifuged at     

C, 10,000 rpm for 20 min to separate the supernatant 

from the pellet. Finally, the supernatant  soy protein 

hydrolysate  was lyophilized and stored at -       

according to Ashaolu et al. (2017).  

2.5. Determination of protein subunits molecular 

weight by using Sodium dodecyl sulfate- 

polyacrylamide gel electrophoresis (SDS-PAGE): 
Total cellular proteins of both vegetative and 

sporulated cells of the three isolates were analyzed by 

SDS-PAGE. Proteins were separated based on 

molecular weight by Sodium Dodecyl Sulfate 

Polyacrylamide Gel Electrophoresis (SDS-PAGE) 

according to Laemmli, (1970). (SDS-PAGE) was done 

in Agriculture Genetic Engineering Research Institute, 

Egypt. 

2.6. Ultrafiltration of soy protein hydrolysates: 
The first separation of the peptide fraction based 

on the soybean hydrolysates molecular weight was 

determined using the MWCO (Molecular Weight Cut 

Off) ultrafiltration membrane. The ultrafiltration 

membrane with a cut off 10 kDa ultrafiltration 

membrane size 2 mL was applied. Two mL of soybean 

hydrolysate was inserted into the ultrafiltration 



Hydrolysis of Soybean Meal Protein by Pepsin and Its Effect as Antimicrobial …………………    69 

 

Annals of Agric. Sci., Moshtohor, Vol. 62 (1) 2024 

membrane, then centrifuged at 8000 rpm at 4 ºC for 30 

min. This process was repeated until there was no more 

dripping or dropping from the membrane. The solution 

that descends or escapes from the membrane was then 

called permeate, and the non-escape solution was 

named retentate. The retentate, next, was added with 

1.5 mL distilled water per ultrafiltration membrane 

according to Giarni et al. (2020). 

 

2.7. Determination of antimicrobial activity of soy 

protein hydrolysates:  
A disc of each Escherichia coli ATCC 8739, 

Pseudomonas aeruginosa ATCC 9027, Listeria 

monocytogenes ATCC 13932, Bacillus cereus ATCC 

9634 were inoculated into 100 mL of tryptic soy broth 

medium and in u ated at      ˚  ±     for    h  for 

preparation of fresh (18-24 h.) culture agar plate, a 

loopful from broth was streaked onto Tryptic Soy Agar 

medium. Then incubated at same previous temperature. 

Peptides were tested at concentration (1000 µg mL
-1

) 

for each strain. A negative control (NC) well 

containing only the broth without sample nor bacteria 

was added to each sample plate. Upon incubation, MIC 

minimum inhibitory concentration was determined 

visually depending on well turbidity. The Agar Well 

Diffusion Method (paper disk method) was used for 

detection of the bacteriocin-like substances BLS-

producing activity. All dishes were incubated at 37.0 

°C ± 1.0 °C for 24 ± 2 h. After Incubation period, the 

inhibition zone was measured and calculated: X = a-b, 

where ―a‖ is the inhi ition zone diameter and ― ‖ is the 

well’s diameter     mm  (Balouiri et al., 2016).  

 

2.8. Anti-inflammatory effect of bioactive peptides: 
 The R W  6     ells were maintained in Dul e  o’s 

Modified Eagle Medium  

 DMEM media supplemented with 100 mg mL
-1

 of 

streptomycin, 100 units mL
-1

 of penicillin and 10% of 

heat-inactivated fetal bovine serum in humidified, 5% 

(v/v) CO2 atmosphere at 37 °C. 

 

 2.9. In-Vitro Anti-inflammatory assay: 

              RAW264.7 Cells were seeded into a 96-well 

plate and incubated for twenty-four hours. The next 

day  inflammation was indu ed with  μg mL
-1

 of 

lipopolysaccharide (LPS-group), and untreated cells 

will be replenished with fresh media (Control group). 

Compounds will be treated with LPS in two/five 

concentrations (LPS+ Drug). Dexamethasone (1µM) 

was used as an anti-inflammatory positive control. To 

measure nitric oxide (NO) secretion, equal volumes of 

the cell supernatant and Griess reagent were mixed for 

10 min in the dark at room temperature. The 

absorbance at 540 nm representing the nitrite 

concentration was measured using an ELISA plate 

reader (Tang et al., 2019; Kim et al., 2021 and 

Ahmed et al., 2022). 

2.10. Statistical analysis: 
Statistical analysis was performed using SPSS 22.0 for 

Windows. Experimental results were expressed as 

mean ± SE. Statistical significance was tested with 

one-way ANOVA followed by post hoc test and p-

values < 0.05 were applied according to Steel, (1997). 

3. Results and Discussion: 

3.1. Chemical composition of soybean meal (g 100g
-1

 

on dry matter):  
The chemical composition of soybean meal (moisture, 

protein, ash, lipids and carbohydrate) was (9.5%, 

44.6%, 6.6%, 2.1% and 37.2%) respectively. It could 

be concluded that soybean meal is an excellent source 

of protein. These results were almost similar to those 

obtained by Tang et al. (2020); Ali El-Tanany et al. 

(2021) and Janocha et al. (2022). 

(Yu et al., 2018) reported that the chemical 

composition of SBM (dry matter basis) was 45.82% 

crude protein, 6.41% crude ash, 7.44% moisture, 

3.56% ether extract. 

 

3.2. Soybean protein amino acids by GLC:  
Amino acids composition of soybean meal 

protein is shown in Table (1).  

The results demonstrated txhat protein of 

soybean meal contained a large amount of nonessential 

amino acids. The nonessential amino acids were 

(59.83%) of total amino acids. The major amino acids 

were Glu (12.38%) followed by Gly (9.24%) and Pro 

(8.60%), but essential amino acids represented 

(35.69%). Leucine is considered the big component of 

essential amino acids (8.14%) followed by Phe 

(6.25%), Lys (5.37%), but Met (1.12%), Trp (1.67%) 

and His (2.28%) showed the lowest percentage of 

amino acids and these results agreed with those 

reported by Zhang et al. (2019) and Ibáñez et al. 

(2020). 

(Ibáñez et al., 2020) found that the amino acids of 

soybean protein (g/100g) were 2.73 His, 7.28 Arg, 7.66 

Leu, 1.44 Cys, 5.09 Phe, 1.40 Trp, 1.36 Met, 4.54 Ile, 

4.78 Val, 6.16 Lys and 3,85 Thr. 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Amino acids of soybean meal protein: 
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Amino Acids Protein isolate 

*Essential Amino Acids 

His 

 

     

Ile   6  

Arg 6    

Lys      

Phe 6    

Met      

Thr      

Trp   6  

Val      

Total 34.47 

*Non-Essential Amino Acids 

Ala 

 

     

Leu      

Asp      

Cys      

Gly      

Glu       

Pro   6  

Ser 6  6 

Tyr      

Total 61.05 

 

3.3. SDS-PAGE of soybean protein isolate (SPI) and 

its hydrolysates: 
            SDS-PAGE showed the molecular weight of 

SPI and its hydrolysates that ranged from (20-120 

KDa) and that are shown in Fig. (1). The lanes showed 

that hydrolysis of SMP by pepsin enzyme resulted in 

small molecules of protein reached to ≤    kDa whi h 

called bioactive peptides and that indicated by intensity 

of bands color after protein hydrolysis in lane (2) when 

compared those with bands of lane (1) which represent 

SPI before enzyme hydrolysis and the results are in 

agreement with Nath et al. (2020). 

 

 
 

Figure (1): SDS-PAGE of soybean meal protein (1) and its hydrolysates (2), M referred to marker protein. 
 

3.4. Anti-inflammatory effect of bioactive peptides: 
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             Nitric oxide (NO) was a free radical that could 

interacted with superoxide anions, producing an 

oxidant that reacted with and destroyed cell membranes 

and molecules, and that causing death of the cell.  

However, macrophages generated compounds against 

pathogens as an intermediate in their cytotoxic action, 

favoring their phagocytic activity (Franca-Oliveira et 

al., 2023) Peptides that obtained after ultrafiltration 

were divided into peptides 1 (<10KDa) and peptides 2 

(>10Kda) and they were tested against inflammatory 

by using RAW 264.7 cells with different 

concentrations of peptides (25, 50,100,200 and 400 µg 

mL
-1

) for 24h and that showed in Table (2). The results 

showed that peptides 2 were better than peptides 1 in 

(25 and 50 µg mL
-1

) concentrations, but in 

concentration of (100 µg mL
-1 

) peptides 1 were better 

than peptides 2  (18.9% and 17.9%) respectively, after 

that peptides 2 were higher than peptides 1 in (200 and 

400 µg mL
-1 

 ) concentrations and the highest value of 

inhibition of NO was 29.7% of peptides2 and 24.9% of 

peptides 1 in (400 µg mL
-1 

) con. And that showed in 

Fig. (2). These results indicated that SMP hydrolysates 

could be used as anti-inflammatory agent and these 

results like that reported by Kim et al. (2017) who 

found that the inhibition of NO by peptides that (<10 

kDa) was 25.01% and that was at concentration 400 µg 

mL
-1

.
 
   

 

Table 2. Anti-inflammatory effect of bioactive peptides: 

 

Concentration 

(µg mL
-1

) 

Peptides 1 

(< 10 KDa) 

Mean ± Std. 

(Inhibition of NO%) 

Peptides 2 

 (> 10 KDa) 

Mean ± Std. 

(Inhibition of NO%) 

25       ±             ±      

50     6  ±             ±      

100     6  ±             ±      

200        ±           6 ±      

400     6  ±             ±      

 

 
 

Figure 2  The effe t of peptides   and   as anti-inflammatory agents against NO  y using RAW 264.7 cells  
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3.5. Antimicrobial effect of soybean protein 

bioactive peptides: 

Peptides o tained after ultrafiltration were 

examined against pathogeni   a teria su h as  E   oli 

 T         P. aeruginosa  T   6     onsidered 

gram negative  a teria  L. monocytogenes  T   

      and B. cereus  T    6    gram positive 

 a teria  and that presented in Table (3)  The peptides 

were used at  on entration    mg mL
- 
  with   strains 

of  a teria  the minimum inhi itory  on entrations 

      of peptides   and peptides   were                 

and     mg mL
- 
   Results demonstrated that the effe t 

of peptides   and   was almost similar to ea h other 

and that was shown in Fig. (3)   E   oli was the lowest 

    and Inhibition Assay by Well diffusion of 

peptides 1 and 2 was (19 mm) for E. coli, but peptides 

exhibited no inhibition against P. aeruginosa, L. 

monocytogenes and B. cereus  as shown in Fig. (4)  

These results showed that peptides o tained from S P 

had a good effe t as antimi ro ial agent  Antimicrobial 

peptides influenced specific against gram-negative 

bacteria, because of their content of 

lipopolysa  harides that had a  ig amount of negative 

 harge and made the  onjugation to peptides that had 

positive  harge easier and that destroyed the outer 

mem rane of these  a teria  Peptidogly ans of gram-

positive  a teria had lipotei hoi  and tei hoi  a ids  so 

they were also exposed to antimicrobial peptides  

Vasconcellos et al., (2014) studied the effect of two 

peptides on some bacterial strains such as E. coli and P. 

aeruginosa at (1000 µg mL
- 
   on entration and found 

    against E. coli was       µg mL
- 
  for two 

peptides and      -     µg mL
- 
  for P. aeruginosa and 

the inhi ition zone was    -   mm  and      -   mm  

respe tively  these results were  etter than that reported 

in Table (3)   

 

Table 3  The effe tiveness of  ioa tive peptides on four strains of  a teria gram positive and negative 

mi roorganisms  

Microorganism Minimum Inhibitory Concentration by 

Macro dilution Broth (mg mL
-1

) 

Inhibition Assay by Well diffusion 

method (mm) 

Peptides 1 Peptides 2 Peptides 1 Peptides 2 

E. Coli ATCC 8739 0.25 0.25 19 19 

P. aeruginosa ATCC 6538 0.5 1.0 No inhibition No inhibition 

L. monocytogenes ATCC 

13932 

0.5 0.5 No inhibition No inhibition 

B. cereus ATCC 9634 0.5 0.5 No inhibition No inhibition 

 
 

Figure (3): The MIC of peptides for four strains of bacteria E. coli, P. aeruginosa, L. monocytogenes and B. cereus. 
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Peptides 1 Peptides 2 

E. coli ATCC 8739 

  
P. aeruginosa ATCC 9027 

  
B. cereus ATCC 9634 

  
L. monocytogenes ATCC 13932 

  
 

Figure (4): The effectiveness of bioactive peptides on four strains of bacteria E. coli, P. aeruginosa, L. 

monocytogenes and B. cereus. 
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Conclusion 
Bioactive peptides that are produced by 

enzymatic hydrolysis from soybean meal have a good 

biological effect on the health of humans. They can act 

as antimicrobial and anti-inflammatory factors, because 

of their beneficial effects they could be used as natural 

source for the treatment of fetal diseases instead of 

drugs that had side effects on health. 
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 التحلل الطائى لبروتين كسب فول الصويا بواسطة الببسين وتاثيره كطضاد للطيكروبات ومضاد للالتهابات
عطية شيساء محمد بجر ، أحسج محمد ، نادية يحيي أحسج  

 قدم الكيسياء الحيهية الزاعية، كمية الزراعة، جامعة بشيا ، مرر
 

وكدب الرهيا ىه مرجر غشي بالبروتين حيث يحتهي عمى حهالي  يتم الحرهل عميو من فهل الرهيا بعج استخلاص الزيت مشو.  كدب  فهل الرهيا 
  Lysو Pheو Leu ك لاحتهاه عمى جسيع الأحساض الأميشية الأساسية مثل% بروتين بالاضافة الى انو مرجر جيج لمببتيجات الشذطة حيهيا وذل45
بهاسطة نقطة التعادل  %( عمى التهالي. تم استخلاص وتحزير بروتين فهل الرهيا السعزول1.12%، 5.37%، 6.25%، 8.14بشدبة ) Metو

 ة إنزيم الببدين وتم تحجيج الهزن الجزيئي لـمبروتين والببتيجات بهاسطةبهاسط  ، ومن ثم إجراء التحمل السائي لو 4.5الكيربي وترسيبو عشج درجة الحسهضة 
SDS-PAGE  كيمه دالتهن(  واختبار الببتيجات  10)<  2كيمه دالتهن( والببتيجات  10)> 1تم تجزئة الببتيجات التي تم الحرهل عمييا إلى الببتيجات

  NO وتثبيط RAW264.7 اس التأثير السزاد للالتيابات لمببتيجات باستخجام خلاياكعهامل مزادة للالتيابات ومزادة لمسيكروبات. تم قي 2و  1
% و 24.9ميكروجرام /مل( بشدبة  400كان عشج التركيز ) 2و  1باستخجام تركيزات مختمفة من الببتيجات. حيث وجج أن أفزل تأثير لمببتيجات 

 ، Escherichia coli ATCC 873سلالات من البكتيريا وىى  4ببتيجات باستخجام % عمى التهالي. تم تحجيج التأثير السزاد لمسيكروبات لم29.7
aeruginosa ATCC 9027 Pseudomonas     ،Listeria monocytogenes ATCC 13932 و Bacillus cereus ATCC 9634 

ىه  2و  1ميكروجرام /مل( حيث كان أقل تركيز مثبط ليا بهاسطة الببتيجات  1000عشج تركيز ) وذلك  E. Coliأظيرت الببتيجات تأثيراً جيجاً ضج
 ممم . 19ممجم /مل( وكانت مشطقة التثبيط ليا  0.25)
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