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ARTICLE INFO ABSTRACT 

Keywords 

 
  In light of current trends favoring healthy foods, there is growing interest in goat milk and its 

derivatives. Goat milk is more nutritious than cow milk, especially in terms of fat and protein. 

Goat milk whey protein has gotten a lot of attention as a result of its diverse biological 
activities, particularly with enzymatic hydrolysis. So, the aim of current study was to measure 

antibacterial activity of goat`s whey protein hydrolysates and probability of its application in 

pasteurized milk. Goat whey protein was separated from whole goat`s milk, then hydrolyzed 
using pepsin enzyme at 2:100 E/S (Enzyme/Substrate) ratio at different times (30, 60, 120 

and 240 min), Antimicrobial activity of the produced hydrolysates was tested in -vitro against 

E.coli and S.aureus, then tested in-vivo in food model as pasteurized milk. Results revealed 
that degree of hydrolysis (D.H) is significantly higher after 240 min of hydrolysis, at 

concentration 10 mg mL−1. Goat milk whey protein hydrolysates 120 (GMWH 120) 

completely inhibited both E.coli and S. aureus. Application of hydrolysates in pasteurized 
cow`s milk reduced bacterial population about 4 log and 2.5 log in case of E.coli and S. 

aureus, respectively. So, the present study highlights the great potential effect of GMWH to 

be used as a safe bio preservative in the dairy industry. 
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1. INTRODUCTION 

 
Milk and dairy products are nutrient-dense, supplying high-

quality proteins, micronutrients, vitamins, and energy. As a 

result, the food industry is very concerned about dairy 

sector safety and quality, as they are more susceptible to 

pathogenic and spoilage bacteria, posing serious health 

risks as well as economic losses to consumers.  So many 

efforts have been made in the dairy industry to combat 

microbial growth by using natural antimicrobial agents 

(Osman et al., 2016; Luz et al., 2020).      

Goat's milk has a high concentration of all milk 

components while being low in lactose. According to 

studies, goat milk has smaller fat particles, is less 

allergenic, is easier to digest and absorb and has higher 

bioactivities than cow's milk, making it a better simple 

replacement for baby food yield (Kostić et al., 2021).  Milk 

protein is an essential nutritional component in goat milk 

and is a reasonable guideline for assessment the nutritional 

quality of dairy products. Goat milk contains 70%  casein, 

25% whey protein, and 5%  milk fat globule membrane 

protein (Zhu et al., 2018; Chen et al., 2019). 

Goat whey features a wide range of intriguing contents, 

including proteins, which are available in the form of a 

protein stream and have the capacity to perform a variety of 

therapeutic functions as well as unique and interesting 

properties. So a great interest focused  on goat whey 

protein, Enzymatic hydrolysis of whey protein by 

commercial enzymes (pepsin and trypsin) released a 

peptides with a great antimicrobial activities in addition, 

antioxidant and antihypertensive effects (El-Zahar et al., 

2004; Corrêa et al., 2014).        

Throughout the last few years, there has been a sharp rise 

in interest in developing natural antimicrobial agents as 

proper way to control either bacterial or mold growth, from 

this point, many researches have been applied on whey 

(Ribes et al., 2018). 

Whey is the primary liquid waste from the cheese industry, 

accounting for roughly 90% of milk volume; it incorporates 

lactose (3.8-4%), protein (0.8-1%) and minerals (0.7-0.8%) 

in crude form. Whey protein contains immunoglobulin, 

lactoferrin, lactoperoxidase, glycomacropeptide, serum 

albumin, α-lactalbumin, and β-lactglobulin), and enzymatic 

hydrolysis of whey protein released bioactive components 

with biologically important properties such as antibacterial, 

antioxidant and antihypertensive effects (Corrêa et al., 

2014; De Gobba et al., 2014). For goat whey, characterized 

by higher α-lactalbumin reached to 21.4% and serum 

albumin/lactoferrin (12.8%) than other species, while being 

lower in β-lactglobulin (54.2%) and immunoglobulin 

(11.5%) than other species (Rafiq et al., 2016). 

As a result, the study goal was enhancement and keeping 

quality of pasteurized milk in following steps: I) Extraction 

of whey protein. II) Evaluation the antimicrobial activity of 

its hydrolysates obtained by enzymatic hydrolysis. III) 

Incorporation of whey protein hydrolysate in pasteurized 

milk to check its antibacterial efficacy. 
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2. MATERIAL AND METHODS 
2.1. Materials: 

Whole Caprin`s milk was collected from Faculty of 

Agriculture, Benha University, Egypt. 

S. aureus and E. coli were obtained microbiology 

department, faculty of veterinary medicine, Benha 

University.  

Pepsin enzyme 1:2500 (˃2500 unit’s   mg-1 protein) was 

obtained from Sigma (EC.3.4.23.1). All the chemicals 

(trichloroacetic acid, vertical electrophoresis kites, 

hydrochloric acid, and sodium hydroxide) had excellent 

quality. 

2.2. Separation of goat whey: 

Raw whole caprine milk (3.8% protein) was heated to 37 

°C, then centrifuged at 2500 ×g, 30 min at 10 °C for 

removal of fat. Whey protein was separated from casein by 

addition of 10% acetic acid to reach pH 4.6 (isoelectric 

point of casein), followed by centrifugation at 5000 ×g, 30 

min at 4 °C). Finally, whey was collected, dialyzed for 48 

h, lyophilized, and stored at -20 °C until use (Salami et al., 

2010). 

2.3. Hydrolysis of goat whey protein: 

Hydrolysis was carried out using pepsin enzyme. Whey 

protein was dissolved in buffer solution adjusted at pH 3 at 

concentration of 5% (w/v). The degree of hydrolysis was 

determined at various intervals (30, 60, 120 and 240 min). 

The peptic hydrolysis was terminated by heat inactivation 

of the enzyme at 95 °C for 10 min. Hydrolysates were 

subjected to centrifugation at 3000 ×g for 10 min, then the 

supernatant was collected and lyophilized, then stored at -

20 °C (Abdel-Hamid et al., 2017).  

2.4. Degree of hydrolysis (D.H): 

According to Hoyle & Merritt (1994) D.H was calculated, 

The hydrolyzed mixture was mixed with 20% 

trichloroacetic acid (TCA) (1:1) and incubated at 4 °C for 

30 min before being centrifuged at 3000 g for 10 min at 4 

°C. Bradford technique was used to assess the protein of 

the supernatant, which was expressed as mg of protein. The 

degree of hydrolysis was determined by dividing the 

solubilized protein content in 10% g(w/v) TCA (mg) by the 

total protein (mg). 

2.5. Antibacterial activity: 

The antimicrobial activity of goat whey, goat whey 

hydrolysates  was monitored against indicator pathogens S. 

aureus ATCC 25923 and E. coli ATCC 25922 as described 

earlier Pellegrini et al., (1999). Goat whey and it`s 

hydrolysates were dissolved in sterile distilled water, 

filtered with a 0.45 µm membrane filter. Single colonies of 

bacteria were transferred to sterile Muller Hinton broth 

(MHB) and grown overnight at 37 ℃ under constant 

agitation (200 rpm). The overnight cultures were diluted 

1:50 in fresh growth medium and incubated with agitation 

at 37 °C to mid-logarithmic phase (optical density at 

600nm reaching 0.4), the bacterial cultures were further 

diluted in fresh MHB (1:500) to obtain final inoculum 

concentration ranging from 5.3-5.9 log10 cfu mL-1. Finally 

equal volume of bacteria and test protein to give 10, 5, and 

2.5 mg mL−1 sample concentration, and subsequently 

mixed with 100 µL of MHB. The mixtures were kept at 37 

°C for 2 hr, then ten-fold serially diluted in PBS before 

plating on Muller Hinton agar. Colony forming units were 

counted after incubation for 24-48 hr at 37 °C. All assays 

were performed in triplicates. 

2.6. In-vivo antibacterial activity in food model 

(pasteurized milk): 

Raw skimmed cow milk was subjected to laboratory 

pasteurization (63 oC/ 30 min LTLT (low temperature long 

time model). The milk was then immediately transferred 

into sterilised lock bottles (10 mL each) and subcultured 

with either S. aureus or E. coli test organisms to achieve a 

final concentration of 5 log cfu mL-1. The desired 

concentration of pepsin hydrolyzed goat whey protein (120 

min hydrolysates) was then added (2.5, 5, and 10 mg 

mL−1). Control mixtures were created without the use of 

hydrolysates. For 7 days, the samples were kept at 4 °C. 

Following that, the mixtures were diluted in TSB 

(Elbarbary et al., 2018). 

2.6.1. Enumeration of E.coli viable count  

 E.coli were counted on tryptone-bile-glucuronic medium 

(TBX) and incubated for 24 hr at 44 °C (ISO, 2001). 

2.6.2. Enumeration of S. aureus  

Baired parker agar is the preferred medium for counting S. 

aureus through using surface plating technique (ISO, 

2003). 

2.7. Statistical analysis: 

The data were described as mean ± standard errors (n = 3). 

For the statistical methods, Graph Pad Prism 8.0 was used. 

A one-way ANOVA test was used to analyze the data 

(Feldman et al., 2003). 

 

3. RESULTS 
3.1. Degree of hydrolysis (D.H): 

The D.H increased gradually after 30 minutes, significantly 

(p ˂0.05)increased after 60 minutes (21.1 %), and then 

non-significantly decreased at 120 minutes of hydrolysis 

until reaching the highest D.H (27 %) after 240 minutes of 

hydrolysis  (Figure 1). The degree of hydrolysis can also be 

seen on SDS-PAGE (Figure 2), where all whey protein 

bands vanished except for β-lactoglobulin (18 kDa). 

 
Figure 1 Degree of hydrolysis (DH) of goat whey protein by using pepsin.  

30: goat milk whey after 30 min of hydrolysis  

60: goat milk whey after 60 min of hydrolysis 

120: goat milk whey after 120 min of hydrolysis 

240: goat milk whey after 240 min of hydrolysis 

 
Figure 2 Electrophoretic patterns of goat whey proteins (before and after 

enzymatic hydrolysis on 12% polyacrylamide gels of reducing sodium 

dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). 

M = molecular weight marker   S= whey protein before hydrolysis.      

30: goat milk whey after 30 min of hydrolysis 

60: goat milk whey after 60 min of hydrolysis 

120: goat milk whey after 120 min of hydrolysis 

240: goat milk whey after 240 min of hydrolysis 

 

3.2. Antibacterial activities of goat whey protein 

hydrolysates: 

Goat milk whey (GMW) and time-dependent goat whey 

hydrolysates Goat milk whey hydrolysates (GMWH), 
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GMWH30, GMW60, GMW120 and GMW 240 were 

examined for antimicrobial effect against Escherichia coli 

and S. aureus at different concentrations (10, 5, and 2.5 mg 

mL−1) (Table 1, 2). 
Table 1 Comparison the Antibacterial activity between GMW, GMWH30, GMWH60, GMWH120 and GMWH240 against Escherichia coli (log10cfu mL−1) The 

experiment was performed using liquid broth method where test bacteria incubated with protein samples in different concentrations (0, 2.5,5,120 mg mL−1) for 

2h then plated for 24 h in presence of control. The experiment repeated 3 times. 

         Group 

 

 

Conc 

 

 GMW 

 

   GMWH30 

 

 GMWH60 

 

GMWH120 

 

GMWH240 

 

Control positive 

0 mg mL−1      6.10 ± 0.1 

2.5 mg mL−1   5.8  ± 0.07 5.06 ± 0.12   3.82± 0.04     ND 1.3 ± 0.15  

5 mg mL−1    5.52 ± 0.09     4.9 ± 0.06      2.1 ± 0.06      ND     ND  

10 mg mL−1 5.10± 0.087 4.71± 0.14 ND     ND     ND  
Values indicated are the mean of three replicates (mean± SEM). GMW: goat milk whey         GMWH30: goat milk whey after 30 min of hydrolysis. GMWH60: goat milk whey after 30 

min of hydrolysis after 60 min of hydrolysis. GMWH 120: goat milk whey after 30 min of hydrolysis after 120 min of hydrolysis. GMWH240: goat milk whey after 30 min of hydrolysis 

after 240 min of hydrolysis. Means within rows and columns considered significant when (p ˂0.05) 

Table 2 Comparison the Antibacterial activity between GMW, GMWH30, GMWH60, GMWH120 and GMWH240 against Staphylococcus aureus (log10cfu 

mL−1). The experiment was performed using liquid broth method where test bacteria incubated with protein samples in different concentrations (0, 2.5,5,120 mg 

mL−1) for 2h then plated for 24 h in presence of control. The experiment was repeated 3 times. 

         Group 

Conc 

 

GMW 

 

GMWH 30 

 

GMWH 60 

 

GMWH 120 

 

GMWH 240 

 

Control positive 

0 mg mL−1      5.30 ± 0.17 

2.5 mg mL−1 4.92 ± 0.04 3.87 ± 0.05 3.4 ± 0.08 1.1 ± 0.2 3.3 ± 0.08  

5 mg mL−1 4.7 ± 0.07 3.74 ± 0.07 3.1 ± 0.14 ND ND  

10 mg mL−1 4.2 ± 0.12 3.55 ± 0.08 2.8 ±  0.1 ND ND  

 

3.3. Antibacterial activities of goat whey hydrolysates in 

pasteurized milk: 

The true impact of GMW120 on the viability of E. coli and 

S. aureus    in    chilled    milk form zero hr till 168 hr   was  

 

explored at various concentrations (10, 5, and 2.5 mg 

mL−1) were examined where it achieved the best result 

against  E. coli reached to 90% (Table 3, 4). 

 

Table 3 Comparison the Antibacterial activity of GMWH 2.5, GMWH 5 and GMWH 10 against E. coli (log10cfu mL−1) in pasteurized milk at 4 ∘C for 168 hr. 

         Group 

Times 

 

  GMWH 2.5  

 

 GMWH 5  

 

  GMWH 10  

 

  Control  

zero 5.04± 0.11 5.04± 0.0.07 5.04± 0.13 5.04± 0.11 

24 hr 4.3± 0.05 4.2±0.09 3.10± 0.11 4.54± 0.01 

72 hr 3.92±0.12 3.8±0.07 3.01±0.04 4.04± 0.04 

120 hr 3.8±0.04 3.01±0.08 2.1±0.11 4.34± 0.17 

168 hr 2.73±0.08 2.52±0.11 0.51±0.12 4.50± 0.11 

Values indicated are the mean of three replicates (mean± SEM). GMWH 2.5: goat milk whey hydrolysates at concentration 2.5 mg mL−1 

GMWH 5: goat milk whey hydrolysates at concentration 5 mg mL−1 GMWH 10: goat milk whey hydrolysates at concentration 10 mg mL−1 

Means within rows and columns considered significant when (p ˂0.05) 

 

Table 4 Comparison the Antibacterial activity of GMWH 2.5, GMWH 5 and 

GMWH 10 against S. aureus (log10cfu mL−1) in pasteurized milk at 4 OC for 

168 hr. 
         Group 

 

Times 

 

   GMWH 2.5  

 

GMWH 5  

 

 GMWH 10  

 

Control  

 

zero 

 

4.99± 0.05 

 

4.98± 0.05 

 

4.99± 0.12 

 

4.98± 0.04 

 

24 hr 

 

 4.3± 0.04  

     

4.11±0.12 

 

3.5± 0.01 

 

4.54± 0.03 

72 hr   3.92±0.09   3.72±0.07        3.11±0.13        4.04± 0.05 

 

120 hr 

 

3.6±0.09 

         

3.21±0.05 

         

2.6±0.06 

 

4.64± 0.07 

168 hr 2.93±0.06 2.72±0.04 2.01±0.02 4.90± 0.09 

 

4. DISCUSSION 

Goat whey protein was hydrolyzed with a pepsin enzyme 

(2:100 E/S) ratio to produce various hydrolysates. The 

degree of hydrolysis was calculated using the Bradford 

assay at various times (0, 30, 60, 120 and240 min) (Figure, 

1). 

This D.H results is nearly identical to that reported by 

Osman et al., (2021), who found that the D.H of bovine 

whey protein by pepsin at a concentration of 1:200 (E/S) 

ratio was 8%, 12%, 20%, and 25% after 1, 2, 3, and 4 

hours. Nearly identical D.H values were recorded for of 

goat whey hydrolysates after 4 hrs. at 50 OC, but with a 

1:200 Enzyme/Substrate ratio (Osman et al., 2016) . 

However, it is slightly lower than pepsin hydrolysates from 

buffalo milk protein (33 % ) (Abdel-Hamid et al., 2017). β-

lactoglobulin (18 kDa), which is highly resistant to pepsin 

enzyme degradation due to the intermolecular stabilizing 

effect (Figure,2) (Le Maux et al., 2014). 

For antimicrobial activity of hydrolysates, GMW had only 

a log inhibitory effect against both E.coli and S. aureus at 

10 mg mL−1 (Table 1, 2). Some of the proteinaceous 

components of GMW that may be responsible for its 

antibacterial activity include lysozyme, lactoperoxidase, 

lactoferrin, and immunoglobulin (Haque and Chand, 2008). 

Pepsin hydrolysis of goat whey protein significantly 

improved its antibacterial activity due to the emission of 

antibacterial bioactive compounds during hydrolysis. Many 

researches have shown that after digestion, whey protein 

released latent compounds with higher activity than the 

parent proteins (Wang et al., 2020).  

  For example, Salami et al. (2010) discovered that activity 

of whey protein improved by enzyme hydrolysis. Peptic 

and tryptic digestion enhanced antibacterial effect of β- 

Lactoglobulin (Pihlanto-Leppälä et al., 1999),  According 

to Tomita et al. (1991) peptic digestion of bovine 

lactoferrin managed to produce low molecular weight 

peptides capable of completely inhibiting E. coli with a 

MIC of 0.25 mg mL-1, whereas higher concentrations (2 mg 

mL-1) of crude form  were requested to make the same 

effect. 
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 Antibacterial activity of goat whey protein was discovered 

to be time dependent, with activity increasing after 30 

minutes of hydrolysis and peaking after 120 minutes. If 

more potent peptides are released during hydrolysis, this 

could be reversed. After 60 minutes, 120 minutes, and 240 

minutes of hydrolysis at 10 mg mL−1 , goat whey protein 

hydrolysates inhibited E.coli completely (100%), while 

GMWH 120  can inhibited it completely (100%) at 2.5,5 

and 10 mg mL−1  , respectively (Table, 1). 

 Concerning S. aureus, at concentrations of 10, 5 mg mL−1 , 

GMWH completely inhibited it (100%) with a 4 log10 

reduction at concentration 2.5 mg mL−1 (Table, 2). This 

finding is similar to that of (Ibrahim et al., 2005), who 

found that after 120 minutes of hydrolysis by pepsin 

enzyme, lysozyme hydrolysates inhibited both E.coli and S. 

aureus by 5 log and 6 log, respectively. As a result, goat 

whey protein hydrolysates after 120 min of hydrolysis were 

found to be the best antimicrobial agent to be applied 

pasteurized milk. 

 Pepsin digest of goat whey exerted strong antibacterial 

activity in TSB. In control samples (no hydrolysate), the E. 

coli population decreased slightly (0.5 log) at 168 hr in 

milk kept at 4 ∘C (Table, 3). At 2.5 mg mL−1, E. coli count 

was markedly inhibited (1.8 log) at 168 hr. while, whereas 

at 10 and 5 mg mL−1, microbial cells were decreased by 

about 4  and 2 log, respectively after 168 h , this is higher 

than that reported by (Elbarbary et al., 2018). 

The hydrolysates had a noticeable impact on growth of S. 

aureus, however at 2.5 mg mL−1 during 168 hr of storage 

(Table, 4). While the bacterial population was significantly 

decreased in both hydrolysates at a concentration of 10 and 

5 mg mL−1 reached to 2.8 log and 2.2 log, respectively 

during 168 hr of incubation (Table, 4). The majority of 

projects assessed the activity of purified protein 

hydrolysates against a diverse range of pathogens in simple 

nutrient media (Almaas et al., 2011). Current research, on 

the other hand, proved that goat whey hydrolysates 

significantly inhibit the growth of bacteria in chilled milk. 

 

5. CONCLUSION 
      The current work highlights on the importance of goat`s 

whey protein as natural agent, it revealed that goat milk 

whey (GMW) exerted antibacterial action reached to nearly 

one log reduction with inhibition percentage 21% and 17% 

respectively at 10 mg mL−1. This activity increased by 

hydrolysis reached to 100% inhibition of E.coli and 

S.aureus at concentration 2.5 and 5 mg mL−1, respectively 

after 120 minute of hydrolysis in-vitro, The in-vivo 

application of hydrolysates in pasteurized milk, illustrated 

that it can inhibit bacterial growth to about 4 log in case of 

E.coli with inhibition percentage reached to 90% at 10 mg 

mL−1 during 168 hr of incubation. So it supported 

incorporation of goat whey protein in dairy sector as strong 

antimicrobial agent.    
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