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Abstract  In vitro effects of protein hydrolysates on the change of starch digestibility in the composition of starch-protein 

substrates were studied in this work. As a result of the study, it was found that when starch was used as a substrate together 

with both proteins and protein hydrolysates, there was a decrease in starch hydrolysis under the influence of salivary 

amylase. These changes may be due to the formation of starch complexes with both proteins, protein hydrolysates or 

peptides, which prevent starch hydrolysis. When the effect on starch of pre-incubation salivary amylase together with both 

proteins and protein hydrolysates was investigated, a decrease in starch hydrolysis under the influence of salivary amylase 

was observed. These changes may be due to the inhibition of salivary amylase by both proteins, protein hydrolysates or 

peptides, which prevent starch hydrolysis.  
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1. Introduction 

Starch, as one of the major carbohydrates in the daily  

diet, proved to be a major source of human metabolic energy 

[3]. It is also a major glycemic carbohydrate, the extent   

and rate of starch digestion are considered a risk factor for 

many diet-related chronic diseases [1]. Starch digestibility  

is determined not only by the structural properties of starch 

[2], but also by the properties of other components and their 

interactions with starch [5]. Protein is also a major macronutrient 

in many types of food such as cereal or legume products. 

Starch and proteins affect the textural quality and nutritional 

properties of final food products in different ways [6]. The 

presence of proteins or their hydrolysates not only changes 

the functional properties of starch but also affects the digestibility 

of starch [4]. Hence, understanding the mechanisms of the 

effect of proteins and their hydrolysates on starch digestibility 

proved to be an important factor for the design and development 

of high protein and low glycemic index products. Starch and 

proteins have different effects on the textural quality and 

nutritional properties of prepared meals [6].  

Although mechanisms underlying the effect of plant 

proteins or their hydrolysates on starch digestion have been 

proposed, little information is available on the occasion of 

direct binding between protein and digestive enzymes and its 

relationship to starch digestion. In addition, the interaction 

between proteins or their hydrolysates and α-amylase to 

determine the effect of this interaction on starch digestibility  
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[7] is of a great interest to study. 

Aim of the study: to investigate the effect of protein 

hydrolysates on changes in starch digestibility in starch- 

protein substrates.  

2. Material and Methods 

Saliva obtained by spitting from volunteers was studied 

in this work. In vitro influence of interaction of starch   

and proteins as well as pepsin hydrolysates of proteins on the 

change of starch content under the influence of salivary 

amylase was studied. Starch with proteins as well as starch 

with 30 min and 60 min pepsin hydrolysates of proteins were 

used as substrates. In addition, the in-vitro effects of proteins 

and protein hydrolysates with salivary amylase and further 

effects on the change in starch content upon exposure to 

salivary amylase were investigated. Proteins and pepsin 

hydrolysates of proteins pre-incubated with salivary amylase 

were used under these conditions. Salivary amylase was used 

with pre-incubation with 30 min pepsin hydrolysates and  

60 min pepsin hydrolysates. The content of residual starch 

under the influence of salivary amylase was studied by blue 

staining with iodine reagent, as well as the content of residual 

starch in the presence of proteins and protein hydrolysates 

under the influence of salivary amylase, which was expressed 

as a percentage of the starch content without the influence of 

salivary amylase. 

Statistical processing was carried out by the method of 

variation statistics with calculation of mean values and their 



3068 D. S. Kasimova et al.:  The Influence of Protein Hydrolysates 

on Changes in Starch Digestibility in Starch-Protein Substrates 

 

mean errors, determination of the Student-Fisher (t) difference 

reliability coefficient. Differences at p<0.05 and less were 

considered statistically significant.  

3. Results 

Based on the data obtained, it was found that when     

the effect of starch-casein interaction on starch hydrolysis 

values under the influence of salivary amylase was studied 

(Tab. 1) using a substrate containing only starch under the 

influence of salivary amylase, the residual starch value 

constituted 55±5.1%. This result was significantly (P<0.001) 

lower compared with similar starch values without the 

influence of salivary amylase. Meanwhile, under the 

influence of salivary amylase on the substrate containing 

starch together with casein, the result of residual starch 

constituted 63±5.9% and was significantly (P<0.001) lower 

with respect to the similar starch result without salivary 

amylase action. This result was also not significantly higher 

than the similar value of using starch as substrate under the 

influence of salivary amylase. In addition, when salivary 

amylase was applied to a substrate containing starch 

together with 30 min casein hydrolysate, the residual starch 

value constituted 71±6.9% and was significantly lower than 

that of starch without salivary amylase. This index was not 

significantly higher than the similar result of using starch as 

substrate under the influence of salivary amylase. At the 

same time, under the influence of salivary amylase on the 

substrate containing starch together with 60 min casein 

hydrolysate, the index of residual starch was at the level of 

78±7.4% and was not reliable in relation to the similar 

result of starch without salivary amylase. Also, this index 

was significantly (P<0.05) higher than the similar result of 

using starch as a substrate under the influence of salivary 

amylase (Tab. 1). 

In addition, it was found that under the influence of 

salivary amylase on the substrate containing starch together 

with egg white, the result of residual starch constituted 

59±5.4% and was significantly (P<0.001) lower in relation 

to the similar result of starch without the influence of salivary 

amylase. This result was also not significantly higher the 

similar index (55±5.1%) of starch substrate application 

under the influence of salivary amylase. At the same time, 

when salivary amylase was applied to the substrate containing 

starch together with 30 min egg white hydrolysate, the residual 

starch index constituted 68±6.4% and was significantly 

(P<0.001) relative to the similar result of starch without   

the influence of salivary amylase. Also, this index was not 

significantly higher than the similar result of using starch as 

substrate under the influence of salivary amylase. At the 

same time, under the influence of salivary amylase on the 

substrate containing starch together with 60 min of egg 

white hydrolysate, the index of residual starch remained at 

the level of 74±6.7% and was significant (P<0.05) in 

relation to the similar result of starch without the influence 

of salivary amylase. It was also significantly (P<0.05) 

higher than the similar result of using starch as a substrate 

under the influence of salivary amylase (Tab. 1). 

 

Table 1.  Investigation of the changing effect of the interaction of starch with proteins and protein hydrolysates on starch hydrolysis 

Proteins used 

Composition of interaction components 

Starch 
Starch 

+ saliva 

Starch + 

protein + saliva 

Starch + 30 min protein 

hydrolysate + saliva 

Starch + 60 min protein 

hydrolysate + saliva 

Casein 100 55 ± 5,1 63±5,9* 71±6,9* 78±7,4о 

Egg white 100 55 ± 5,1 59±5,4* 68±6,4* 74±6,7*о 

Serum albumin 100 55 ± 5,1 62±5,9* 73±6,8*о 81±7,8о 

* - reliably different values of change in starch content in relation to similar index of using only starch as a substrate without the 

influence of salivary amylase. 

o - reliably different values of change in starch content in relation to the similar indicator of using starch as a substrate under the 

influence of salivary amylase. 

Table 2.  Investigation of the changing effects of salivary amylase interaction with proteins and protein hydrolysates on starch hydrolysis 

Proteins used 

Composition of interaction components 

Starch 
Saliva + 

starch 

Saliva + 

protein + 

starch 

Saliva + 30 min protein 

hydrolysate after 

preincubus + starch 

Saliva + 60 min protein 

hydrolysate after 

pre-incubus + starch 

Casein 100 55 ± 5,1 63±5,9* 76±7,1* 84±7,9о 

Egg white 100 55 ± 5,1 59±5,4* 72±6,7* 81±7,7
о

 

Serum albumin 100 55 ± 5,1 62±5,9* 74±6,9* 86±8,2о 

* - reliably different values of change in starch content in relation to the similar indicator of using only starch as a substrate without 

the influence of salivary amylase. 

o - reliably different values of change in starch content in relation to the similar indicator of using starch as a substrate under the 

influence of salivary amylase. 
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At the same time it was found that under the influence of 

salivary amylase on the substrate containing starch together 

with serum albumin, the result of residual starch constituted 

62±5.9% and was significantly (P<0.001) lower in relation 

to the similar result of starch without the influence of salivary 

amylase. This result was also not significantly higher than 

the similar result (55±5.1%) of using starch as a substrate 

under the influence of salivary amylase. In addition, when 

salivary amylase was applied to the substrate containing 

starch together with 30 min serum albumin hydrolysate,  

the result of residual starch constituted 73±6.8% and was 

significantly (P<0.05) relative to the similar result of starch 

without the influence of salivary amylase. Also, this index 

was significantly higher than the similar result of using 

starch as substrate under the influence of salivary amylase. 

In addition, under the influence of salivary amylase on the 

substrate containing starch together with 60 min serum 

albumin hydrolysate, the result of residual starch constituted 

81±7.8% and was not significantly higher than the similar 

result of starch without the influence of salivary amylase. 

At the same time, the result of using starch as a substrate 

under salivary amylase was significantly (P<0.01) higher 

than the similar result (Tab. 1). 

The influence of interaction of salivary amylase with 

proteins and protein hydrolysates on starch hydrolysis was 

also investigated. At the same time at influence of salivary 

amylase on the substrate containing starch together with 

casein the result of residual starch constituted 63±5,9% and 

salivary amylase on starch, accordingly, constituted 55±5,1%. 

In addition, when salivary amylase was exposed to starch 

together with 30 min pepsin hydrolysate of casein after their 

pre-incubation, the result of residual starch constituted 

76±7.1%, which was not reliable with respect to the similar 

result of starch without the effect of salivary amylase. Also, 

this value was not significantly higher than the similar 

result of using starch as substrate under the influence of 

salivary amylase. In addition, when starch was affected   

by salivary amylase together with 60 min pepsin casein 

hydrolysate after their pre-incubation, the result of residual 

starch constituted 84±7.9%, which was not reliable with 

respect to the similar result of starch without the effect of 

salivary amylase. Also, this value was significantly (P<0.01) 

higher than the similar result of using starch as substrate 

under the influence of salivary amylase. (Tab. 2). 

In addition, when salivary amylase was exposed to the 

substrate containing starch together with egg white, the 

result of residual starch constituted 59±5.4% and salivary 

amylase on the starch constituted 55±5.1%.  

In addition, when the starch was affected by salivary 

amylase together with 30 min pepsin hydrolysate of egg 

white after their pre-incubation, the result of residual starch 

constituted 72±6.7%, which was significantly (P<0.05) 

relative to the similar result of starch without the effect of 

salivary amylase. Also, this index was not significantly 

higher than the similar result of using starch as substrate 

under the influence of salivary amylase. At the same time, 

when the starch was exposed to salivary amylase together 

with 60 min pepsin hydrolysate of egg white after their 

pre-incubation, the result of residual starch constituted 

81±7.7%, which was not significantly higher than the 

similar result of starch without the influence of salivary 

amylase. Also, this index was significantly (P<0.01) higher 

than the similar result of using starch as substrate under the 

influence of salivary amylase (Tab. 2). 

In addition, when salivary amylase was exposed to starch 

substrate together with serum albumin, the result of residual 

starch constituted 62±5.9% and salivary amylase on starch 

was 55±5.1%. At the same time, when salivary amylase was 

exposed to starch together with 30 min pepsin hydrolysate 

of serum albumin after their pre-incubation, the result of 

residual starch constituted 74±6.9%, which was significant 

(P<0.05) with respect to the similar result of starch without 

the effect of salivary amylase. Also, this index was not 

significantly higher than the similar result of using starch  

as substrate under the influence of salivary amylase. At the 

same time, when the starch was exposed to salivary amylase 

together with 60 min pepsin hydrolysate of albumin serum 

after their pre-incubation, the result of residual starch 

constituted 86±8.2%, which was not significantly higher than 

the similar result of starch without the influence of salivary 

amylase. Also, this index was significantly (P<0.001) higher 

than the similar result of using starch as substrate under the 

influence of salivary amylase. (Tab. 2). 

4. Discussion of Results 

The obtained results showed that there was a significant 

decrease in starch content in relation to the result of using it 

without the influence of salivary amylase with the use of a 

substrate containing only starch, under the influence of 

salivary amylase. At the same time under the influence of 

salivary amylase on the substrate containing starch together 

with proteins the result of residual starch was not significantly 

higher in relation to a similar indicator of starch under the 

influence of salivary amylase. Besides, when salivary amylase 

was applied to the substrate containing starch together with 

30 min protein hydrolysate, the residual starch result was 

not significantly higher with casein and egg white hydrolysates 

and significantly higher with whey albumin hydrolysates in 

relation to the similar starch result without salivary amylase. 

Moreover, when salivary amylase was applied to a substrate 

containing starch together with 60 min protein hydrolysate, 

the residual starch index was significantly higher with     

all proteins used. These changes indicate that there was a 

decrease in starch hydrolysis under the influence of salivary 

amylase when starch was used as a substrate together with 

both proteins and protein hydrolysates. These changes may 

be related to the formation of starch complexes with both 

proteins and protein hydrolysates or peptides, which prevent 

starch hydrolysis. 

The effect of salivary amylase interaction with proteins 

and protein hydrolysates on starch hydrolysis was studied in 

this research. The results showed that under the influence of 

salivary amylase on the substrate containing starch together 
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with proteins without pre-incubation, the result of residual 

starch was not significantly higher than that of starch under 

the influence of salivary amylase. It was found that when 

the starch was exposed to salivary amylase together with 30 

min pepsin hydrolysate of proteins after pre-incubation, the 

result of residual starch was not significantly higher in 

relation to that of starch under the influence of salivary 

amylase. At the same time, when the starch was exposed  

to salivary amylase together with 60 min pepsin hydrolysate 

of proteins after their pre-incubation, the result of residual 

starch was significantly higher relatively to that of starch 

under the influence of salivary amylase. These changes indicate 

that the effect of salivary amylase pre-incubation on starch 

in conjunction with both protein and protein hydrolysates 

was observed to decrease starch hydrolysis under the 

influence of salivary amylase. These changes may be due to 

the inhibition of salivary amylase by both proteins, protein 

hydrolysates or peptides, which prevent starch hydrolysis. 

5. Conclusions 

The results obtained show that a decrease in starch 

hydrolysis under the influence of salivary amylase was 

observed with the application of a substrate of starch 

together with both proteins and protein hydrolysates. These 

changes may be related to the formation of starch complexes 

with both proteins, protein hydrolysates or peptides, which 

prevent starch hydrolysis. When the effect on starch of 

pre-incubation salivary amylase together with both proteins 

and protein hydrolysates had been investigated, a decrease 

in starch hydrolysis under the influence of salivary amylase 

was observed. These changes may occur due to the inhibition 

of salivary amylase by both proteins, protein hydrolysates 

or peptides, which prevent starch hydrolysis. 
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