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ABSTRACT: The work studied in vitro the effect of feeding rats with starch together with
casein and casein hydrolysates on changes in the absorption of glucose and amino acids into the
blood. The study found that feeding rats with starch together with casein contributes to lower
blood glucose levels compared to similar results of feeding rats only with starch and amino acids
only with casein. At the same time, feeding rats with starch together with casein hydrolysate
promotes a more pronounced decrease in glucose, which was less than the indicators of feeding
only starch, and starch together with casein. Also, a pronounced decrease in amino acids, less
than the indicators of feeding only casein, and starch together with casein. These changes may be
associated with the formation of starch-casein, as well as starch-peptide complexes that prevent
the hydrolysis of starch by salivary amylase and casein and casein hydrolysates by gastric juice.
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AHHOTAIIUS: B pabore wu3ydanuch in Vitro BIUSHUE KOPMIICHHS KpBIC KpaxMajioM
COBMECTHO C Ka3eMHOM M THJPOJHM3aTaMd Ka3eMHA Ha W3MCHCHUE BCACHIBAHHE TJIIOKO3bI U
AMUHOKHUCIIOT B KpOBb. B pe3ynbraTe WUCCIICIOBaHHS YCTAaHOBIEHO, YTO KOPMIICHHE KPBIC
KpaxMaJloM COBMECTHO C Ka3eMHOM CIIOCOOCTBYeT OoJjiee HU3KMM II0Ka3aTelisiM B KPOBHU
TUTFOKO3BI TIO CPABHEHHIO ¢ aHAJIOTHYHBIMH Pe3yJbTaTaMH KOPMIICHHS KPBIC TOJIBKO KPaxMaaoM
U aMUHOKHCJIOT TOJIbKO Ka3eMHOM. BMecTH ¢ TeM KOpMIJIGHHE KPBIC KPaxMmajOM COBMECTHO C
THJIPOJIM3aTOM Ka3eMHa OKa3bIBAaeT COACWCTBHE Oosiee BBIPAKCHHOMY CHW)KEHHUIO TIIIOKO3BI,
KOTOpOe OBbLJIO MEHbIIIE TIOKa3aTeeld KOPMIICHHUS TOJIBKO KpaXMaJIOM, U KpaxMalloM COBMECTHO C
Ka3eMHOM. Takke BBIPQ)KCHHOMY CHW)KCHHIO aMUHOKHCIIOT, MEHBIIE MMOKa3aTele KOPMIICHUS
TOJIKO Ka3eMHOM, W KPaxMaJloM COBMECTHO C Ka3eHMHOM. JlaHHbIE W3MEHEHHS MOTYT OBITh
CBsS3aHBI C OOpa3o0BaHWEM KpaxMalbHO-Ka3€MHOBBIX, a TakkKe KPaxXMaJIbHO-TICIITHIHBIX
KOMILIEKCOB, MPEMATCTBYIONMX THAPOIM3Y KpaxMaia CIOHHOH aMuia3oi M Ka3ewHa H
THJIPOJIM3AaTOB Ka3eMHa KETYJOYHBIM COKOM.

KaroueBnie cioBa: KpaxmaJjl, Ka3CHH, BSaHMOHeﬁCTBHe, IepeBapuBaHuc, BCACbIBAHHC,
KOPMJICHHUE, KPBIChI, I'NTFOKO3a, aMUHOKUCJIOTHI.
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ANNOTATSIYA: Ishda kalamushlarni kraxmal va kazein, shuningdek, kazein gidrolizatlari
bilan oziglantirish natijasida in vitro sharoitida glyukoza va aminokislotalarning qonga so'rilishi
o'zgarishi o'rganildi. Tadqiqot natijalariga ko'ra, kalamushlarni kraxmal va kazein bilan
oziqlantirish ularni fagat kraxmal yoki fagat kazein bilan oziqlantirgandagi natijalarga nisbatan
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gonda glyukoza miqdorining pastroq bo'lishiga olib keladi. Shuningdek, kalamushlarni kraxmal
va kazein gidrolizatlari bilan oziglantirish glyukozaning sezilarli darajada kamayishiga yordam
beradi, bu

fagat kraxmal va kraxmal hamda kazein bilan oziqlantirishga nisbatan pastroq ko'rsatkichlarga
ega. Shuningdek, aminokislotalarning kamayishi ham kuzatilgan, bu faqat kazein va kraxmal-
kazein bilan oziqlantirishga nisbatan past.

Kalit so'zlar: kraxmal, kazein, o'zaro ta'sir, hazm qilish, so'rilish, ovqatlantirish, kalamushlar,
glyukoza, aminokislotalar.

Introduction: There is growing interest in the role of carbohydrate intake in metabolic syndrome
and the subsequent health consequences associated with glycemia and type 2 diabetes [6]. Meals
that result in a slower rate of carbohydrate absorption result in a more controlled release of
glucose into the bloodstream. These foods have a lower glycemic index (GI) value. The GI
system ranks carbohydrate foods based on their postprandial glycemic concentration [3]. High
GI foods are associated with a rapid increase in blood glucose and insulin levels after
consumption [2]. Hyperinsulinemia can reduce the effectiveness of insulin by downregulating
insulin receptors, leading to insulin resistance [8], which, in addition to impairing pancreatic 3-
cell function, is a risk factor for the development of type 2 diabetes [4]. Studies have reported
benefits of low GI diets on metabolic syndrome, i.e. improved blood glucose control and
glucose tolerance [10], improved insulin sensitivity [9], and decreased insulin resistance [7].

It is well known that proteins in a given food matrix can influence the rate at which
carbohydrates are metabolized in vivo [7]. It has been suggested that addition of the milk protein
fractions, a- or PB-casein, to waxy maize starch would have a postprandial glucose-lowering
effect. Previous rheological, microscopic, and simulated gastrointestinal digestion studies have
shown limited granule swelling and decreased maltose and glucose levels when starch is
gelatinized with casein fractions. These results were not observed when starch was gelatinized
with whey fractions (a-lactalbumin and B-lactoglobulin) [5]. The aim of the study: to study the
effect of feeding rats with starch together with casein and casein hydrolysates on changes in the
absorption of glucose and amino acids into the blood. Material and methods. The work studied in
vitro on 72 rats the effects of the interaction of starch with casein and casein hydrolysates on
changes in their absorption into the blood. For this purpose, biochemical studies were carried out
to determine the concentration of glucose and amino acids in the blood. These parameters were
compared in the blood before feeding, as well as after feeding after 1 hour and 3 hours. In group
1, starch was used for feeding, in group 2, casein was used for feeding, in group 3, a mixture of
starch and casein 1:1, and in group 4, starch and casein pre-hydrolyzed by gastric juice 1:1. The
study of glucose in the blood was carried out by biochemical methods (standard kits of Vector-
Best, Russia). The determination of amino acid parameters in the blood was carried out using the
ninhydrin reaction [1].

The obtained data were statistically processed using standard Microsoft Excel 2007 programs
with calculation of mean values (M), their errors (m), and also the reliability coefficient of
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the difference of mean values Student-Fisher (t).

Results. From the obtained data on rats it was established that in animals fed with starch, 1 hour
after feeding the blood glucose concentration index in relation to the indices before feeding was
172+15.8%, which was reliably higher than the results of rats without feeding. At the same time,
in rats 3 hours after feeding the studied index was at the level of 125+10.6%, which was not
reliably higher than the results before feeding. In addition, in rats fed with a mixture of starch
and casein 1:1, 1 hour after feeding the blood glucose concentration index was equal to
153+13.7%, which was also reliably higher than the results of rats without feeding. In rats, 3
hours after feeding, the same indicator studied was 135+11.9%, which was significantly higher.
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Figure 1. Changes in glucose absorption in rats before and 1 and 3 hours after feeding with
starch, starch together with casein and starch together with casein hydrolysate hydrolyzed gastric
juice.

* - values significantly different from the values before feeding.

values before feeding. At the same time, in rats fed with a mixture of starch and casein
hydrolysate, 1 hour after feeding, the result of glucose concentration in the blood was
134+11.3%, which was also significantly higher than the results of rats without feeding. Also, in
these same rats, the glucose concentration was not significantly lower than the same value in rats
fed with starch, as well as starch together with casein. In addition, in rats, 3 hours after feeding
with a mixture of starch and pre-hydrolyzed casein, the glucose concentration level was equal to
129+10.8%, which was not significantly higher than the values before feeding and not
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significantly higher than the values of rats fed only with starch (Fig. 1).

In the studies conducted on rats, it was also found that in animals fed with casein, 1 hour after
feeding, the result of the concentration of amino acids in the blood in relation to the values

before feeding was 159+13.6%, which was significantly higher than the values of rats
without feeding. At the same time, in rats, 3 hours after feeding, this value was equal to
128+10.6%, which was significantly higher than the values before feeding. In animals fed
with starch together with casein in
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Figure 2. Changes in amino acid absorption in rats before and 1 and 3 hours after feeding with
casein, starch together with casein, and starch together with casein hydrolysate hydrolyzed
gastric juice.

* - significantly different values in relation to the values before feeding.

in a 1:1 ratio, 1 hour after feeding, the level of amino acid concentration in the blood in relation
to the values before feeding was 142+12.5%, which was significantly higher than the results
of rats before feeding. At the same time, in rats 3 hours after feeding with starch together with
casein, this indicator was at the level of 1294+11.2%, which was not significantly higher than the
values before feeding. In addition, in rats fed a mixture of starch and pre-hydrolyzed casein,
1 hour after feeding, the values of amino acid concentration in the blood were not
significantly higher than the results of rats before feeding. At the same time, in rats, 3 hours
after feeding with starch and pre-hydrolyzed casein, this result was equal to 121£10.6%, which
was not significantly higher than the values before feeding (Fig. 2).
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Discussion of results. The obtained results of the study showed that when feeding rats only with
starch, after 1 hour there was a significant increase in blood glucose levels in relation to the
results of this indicator before feeding. Then, after 3 hours, there was a significant decrease in
glucose to a value that was not significantly lower than the level after 1 hour and not
significantly higher than the results before feeding. At the same time, when feeding rats a
mixture of starch with casein, the glucose level after 1 hour also significantly increased in
comparison with the values of this indicator before feeding. Meanwhile, the glucose value
was not significantly lower than the similar result when feeding only with starch. At the same
time, after 3 hours, there was a decrease in the glucose value, which was not significantly lower
than the values 1 hour after feeding, but significantly higher than the results before feeding.
In addition, when feeding rats with a mixture of starch and casein hydrolysate, a reliable increase
in glucose was also noted by the end of 1 hour, but the value of this indicator was less than the
results of glucose when feeding rats with starch and casein and even less than the results of
feeding rats only with starch. After 3 hours, a decrease in the glucose value was noted, which
was not significantly lower than the values 1 hour after feeding, and also not significantly
higher than the results before feeding. The presented data also revealed that when rats were fed
only casein, after 1 hour there was a reliable increase in the amino acid level in the blood relative
to the value of this result before feeding. Then, after 3 hours, a decrease in the amino acid level
was noted to a degree that was not reliably less than the value that was by the end of 1 hour and
not reliably greater than the values before feeding. At the same time, when rats were fed a
mixture of starch and casein, the amino acid level after 1 hour also increased reliably compared
to the values of this result before feeding. Meanwhile, the amino acid level was not reliably
less than the same value when feeding only casein. At the same time, after 3 hours, a decrease in
the amino acid level was noted, which was not reliably lower than the values 1 hour after
feeding, and also not reliably greater than the values before feeding. In addition, when
feeding rats with a mixture of starch and casein hydrolysate, an insignificant increase in amino
acids was noted by the end of 1 hour, and the size of this indicator was lower than the amino acid
value when feeding rats with starch and casein and significantly lower than the results of feeding
rats only with casein. Along with this, after 3 hours, a decrease in the amount of amino acids was
observed, which was not significantly less than the results 1 hour after feeding, and also not
significantly more significant than the indicators before feeding. Thus, feeding rats with starch
together with casein contributed to lower blood glucose levels compared to similar results of
feeding rats only with starch. At the same time, feeding rats with starch together with casein
hydrolysate resulted in a more pronounced decrease in glucose, which was lower than the
indicators of feeding only with starch, as well as starch together with casein. A similar direction
of changes was noted in the absorption of amino acids, so when feeding rats with starch together
with casein contributed to lower amino acid levels in the blood compared to similar values

when feeding rats only with casein. At the same time, when rats were fed starch
together with casein hydrolysate, a more pronounced decrease in amino acids was observed, and
was lower than the results of feeding only casein, as well as starch together with casein. These
changes may be associated with the formation of starch-casein, as well as starch-peptide
complexes that prevent the hydrolysis of starch by salivary amylase and casein and casein
hydrolysates by gastric juice.
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Conclusions: Feeding rats with starch together with casein promotes lower blood glucose levels
compared to similar results of feeding rats with only starch and amino acids with only casein. At
the same time, feeding rats with starch together with casein hydrolysate promotes a more
pronounced decrease in glucose, which was less than the indicators of feeding only starch and
starch together with casein. Also, a pronounced decrease in amino acids, less than the indicators
of feeding only casein and starch together with casein. These changes may be associated with the
formation of starch-casein and starch-peptide complexes that prevent the hydrolysis of starch by
salivary amylase and casein and casein hydrolysates by gastric juice.
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