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INFLUENCE OF VARIOUS FEED ADDITIVES 

ON THE ACTIVITY OF CHYME AND BLOOD PLASMA ENZYMES 

OF YOUNG MEAT CHICKEN OF ORIGINAL LINE 

 

Abstract. The research aimed to determine the effect of a mixture of low molecular weight organic 

acids and complex phytobiotics when replacing a feed antibiotic with them on the activity of digestive 

enzymes in the duodenal chyme and the activity of pancreatic enzymes in the blood plasma of young stock 

B5 and B9 meat chicken lines.  

The experiments were carried out on the original lines of meat poultry lines B5 (Cornish) and B9 

(Plymouth rock). There was an operation to insert a cannula into the duodenum at the age of 6 weeks. The 

enzymatic activity of the duodenum chyme and the content of pancreatic enzymes in the blood plasma in 

the groups of chickens receiving antibiotics, low molecular weight organic acids, and phytobiotics with 

the diet.  

The data showed that the influence of feed additives on the physiological status of poultry was 

different. The use of low molecular weight organic acids of the B5 and B9 chicken lines had a significant 

effect on the production of digestive enzymes due to an increase in the activity of chyme lipase (by 

98.3%) and blood plasma lipase (by 26.6%) in B9 chickens and an increase in chyme proteases (by 

30.9%) in B5 chickens compared with the control group, where the antibiotic was used. The introduction 

of complex phytobiotics into the diet had a negative effect on chickens of the B5 line (Cornish), reducing 

the activity of amylase and lipase of the duodenal chyme (by 29.2 and 26.9%) compared with the control 

group. In B9 (Plymouth rock) chickens, only the chyme amylase activity increased by 30.8% that indicates 

an improvement in the availability of feed carbohydrates. These data confirm the need to take into account 

the different effects of feed additives on the digestion processes in different poultry crosses. 

Key words: meat chickens, pancreatic enzymes, duodenal chyme, blood, phytobiotics, low 

molecular weight organic acids. 

 

Introduction. Russian poultry farming is the most stable and dynamically developing branch of the 

agro-industrial complex, capable of increasing the volume of poultry products in a short time and provi-

ding the population with high-quality dietary products - eggs and meat [1,2]. Improving animal feeding 

should be based on knowledge of the functional characteristics of their digestive system [3]. The pancreas 

is one of the central organs of the digestive system that maintains homeostasis of the body. [4]. First of all, 

it is an organ of external secretion that produces pancreatic juice, which is involved in the hydrolysis of 

the main components of the feed. The hydrolysis products are easily absorbed in the intestine and enter the 

blood and lymph [5]. It is known that pancreatic enzymes circulate through the blood and return to the 

pancreas, participating in the secretion of a new portion of pancreatic juice [6]. In recent years, there has 
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been an increasing interest in the study of issues related to the circulation of pancreatic enzymes in hu-

mans and animals, since they are involved not only in digestion but also provide regulatory functions [7]. 

In connection with the expansion of the list of countries where there is a ban on the use of feed 

antibiotics in animal husbandry, an active search for alternative drugs is underway [8, 9]. However, the 

ban on the use of feed antibiotics in the EU countries has led to an increase in the incidence rate of 

necrotizing enteritis and salmonellosis in poultry. This resulted in a reduction in the safety of stock and 

productivity [10]. Therefore, currently, popular directions are probiotics, prebiotics and symbiotics, 

acidifiers, phytobiotics, and enzyme agents [11, 12].  

Our research aimed to determine the influence of a mixture of low molecular weight organic acids 

and complex phytobiotics on the activity of digestive enzymes in the duodenal chyme and pancreatic 

enzymes in the blood plasma of young stock of the B5 and B9 meat chickens lines.  

Materials and methods of the research. The experiments were performed under the conditions of the 

physiology laboratory of the ARSRTIP RAS on the original lines of meat poultry cross: B5 - a paternal 

line of the paternal parental form of the Cornish breed, fast-growing; B9 is the maternal line of the 

maternal parental form of the Plymouth Rock breed [13]. Experimental and control groups were equipped 

with analogs in live weight. Each group consisted of 5 chickens. For feeding the birds of the experimental 

and control groups, we used full-diet compound feed in the form of a placer with a nutritional value accor-

ding to the recommendations for working with the cross [14]. Light, temperature, and humidity conditions, 

feeding, and drinking fronts corresponded to zootechnic requirements [15].  

Surgical operations on meat poultry were performed at the age of 6 weeks, provided that animals 

were treated humanely following the requirements of the European Convention for the protection of verte-

brate animals used for experimental and other scientific purposes (ETS No.123) [16]. To obtain duodenal 

chyme, a T-shaped cannula was inserted into the ascending limb of the duodenum. After the operation, the 

bird was placed in individual cages. The research was started 3-5 days after the operation. 

For research, one control and two experimental groups of 5 chickens in each were formed. The 1st 

control group received a basic vegetable-type diet supplemented with the feed antibiotic Bacitracin at a 

dose of 100 g/t of forage throughout the entire growing period. The 2nd experimental group received a 

mixture of low molecular weight organic acids instead of the feed antibiotic at a dose of 1000 g/t. The 3rd 

experimental group received complex phytobiotics instead of the feed antibiotic at a dose of 500 g/t. 

Physiological experiments began in the morning in a fasting state of a bird after a 14-hour fast. The 

first portion of the food was 30 g, and one hour after feeding, 5 ml of duodenal chyme was collected. Then 

the chyme samples were centrifuged at 5000 rpm for 5 min and the supernatant was diluted in a ratio of 

1:10 with chilled Ringer's solution and the activity of digestive enzymes was determined.  

The activity of the duodenal chyme amylase was determined by the hydrolysis of starch [17] using 

KFK-3 (Russia) at a wavelength of 670 nm. Lipolytic activity was measured using BS-3000P semi-

automatic biochemical analyzer with a flow cell (China) using a set of reagents for the determination of 

lipase (OOO DIAKON-VET, Russia). The protease activity was specified by the cleavage of casein 

according to Hammerstein with colorimetric control on KFK-3 at a wavelength of 450 nm [18]. 

Blood for the test was taken from the axillary vein in a fasting state into test tubes with the addition 

of sodium citrate. Then it was centrifuged at 5000 rpm for 3 minutes. The resulting blood plasma was 

tested for amylase and lipase activity using automatic analyzer ChemWell 2900 (T) (USA) using Human 

reagent kits (Germany). The protease activity was determined on a semiautomatic biochemical analyzer 

BS-3000P (SINNOWA, China) [19]. All studies were carried out in 3 replicates. 

Statistical processing of the results included calculating the mean (M) and standard deviation (±m). 

The significance of differences was assessed by Student's t-test. Differences were considered statistically 

significant at p<0.05.  

Results. The obtained results (table 1) showed that the introduction of a mixture of low molecular 

weight organic acids into the diet of meat chickens of the B5 (Cornish) line contributed to a significant 

increase in the activity of the duodenal chyme enzymes compared with the control. So, the activity of 

chyme amylase in chickens of the 2nd experimental group was 5.5% higher compared to this indicator in 

chickens of the control group. The chyme lipase activity of chickens in this group was higher by 30.9%, 
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and the protease activity - by 36.4%, respectively, concerning these indicators in birds of the control 

group. 

The results also showed that the introduction of complex phytobiotics into the diet of the B5 line 

(Cornish) meat chickens contributed to a decrease in the activity of the duodenal chyme enzymes 

compared to the control. So, the activity of chyme amylase in chickens of the 3rd experimental group was 

lower by 29.2% compared with this indicator in chickens of the control group. The chyme lipase activity 

in chickens of this group was lower by 26.9%, respectively, concerning the control. Protease activity 

remained at the same level. 

The introduction of a mixture of low molecular weight organic acids into the diet of meat chickens 

of the B9 line (Plymouth Rock) contributed to an increase in the amylase and lipase activity in the 

duodenal chyme compared to the control. So, the activity of chyme amylase in chickens of the 2nd 

experimental group  was  higher  by  14.6%  compared  with  this  indicator in chickens of the control 

group. The chyme lipase activity in chickens of this group was higher by 98.3% concerning this indicator 

in chickens of the control group. The chyme protease activity did not undergo significant changes. 

 

Table 1  Enzymatic activity of the duodenal chyme of meat chickens with adding a mixture of low 

molecular weight acids and phytobiotics to the diet 

 

Groups Indicators 

 Amylase, mg/ml/min Lipase, u/l Proteases, mg/ml/min 

The activity of chyme enzymes of the B5 line chickens 

 1st control (BD) 219.0±21.1 750.0± 54.7  22.0±1.8 

2nd experimental (BD+ organic acid mixture)  231.0±25.5  982.0±76.5* 30.0±1.7* 

3rd experimental (BD+ Phytobiotics) 166.0 ±7.8* 632.0 ±41.7 22.0±1.7 

The activity of chyme enzymes of the B9 line chickens 

 1st control (BD) 266.0±31.0 301.0±37.5 36.0±0.8 

2nd experimental (BD+ organic acid mixture) 305.0±41.0 597.0±50.3** 36.0±1.0 

3rd experimental (BD+ Phytobiotics) 348.0±36.5 266.0±59.7 34.0±1.5 

Note: significant differences with control * – Р ≤ 0.05, ** – Р ≤ 0.001. 

 

The results also showed that the introduction of complex phytobiotics into the diet of meat chickens 

of the B9 (Plymouth rock) line promoted an increase in the activity of chyme amylase and a decrease in 

the activity of lipase and proteases in comparison with the control. So, the activity of amylase in chickens 

of the 3rd experimental group was higher by 30.8% compared with this indicator in chickens of the control 

group. The activity of chyme lipase in birds of this group was lower by 11.6%, and the activity of 

proteases - by 5.5%, respectively, with these indicators of the control group birds.  

The results (table 2) showed that the introduction of a mixture of low molecular weight organic 

acids into the diet of meat chickens of the B5 (Cornish) line contributed to a decrease in the content of 

amylase, lipase, and proteases in the blood plasma compared with the control. Thus, the content of 

amylase in the blood plasma of chickens of the 2nd experimental group was lower by 18.5%, lipase - by 

3.4%, proteases - by 2.8%, respectively, compared with these indicators in chickens of the control group. 

 

Table 2 The content of pancreatic enzymes in the blood plasma of meat chickens with adding a 

mixture of low molecular weight acids and phytobiotics to the diet 

 

Groups Indicators 

 Amylase, mg/ml/min Lipase, u/l Proteases, mg/ml/min 

The content of pancreatic enzymes in the blood plasma of the B5 chicken line 

 1st control (BD)  395,0±43,5 29,0±2,2  35,0±5,4 

2nd experimental (BD+ organic acid mixture)  322,0±20,5 28,0±2,1  34,0±3,5 

3rd experimental (BD+ Phytobiotics) 245,0±21,5*  38,0±4,5 46,0±6,5 
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The content of pancreatic enzymes in the blood plasma of the B9 chicken line 

 1st control (BD) 290,0±25,1 15,0±0,9 29,0±0,5 

2nd experimental (BD+ organic acid mixture) 263,0±6,5 19,0±0,6⁕ 30,0±0,9 

3rd experimental (BD+ Phytobiotics) 336,0±26,2 16,0±1,8 27,0±3,2 

Note: significant differences with control * – Р ≤ 0.05. 

 

The results also showed that the introduction of complex phytobiotics into the diet of meat chickens 

of the B5 (Cornish) line contributed to a decrease in the content of amylase and an increase in lipase and 

proteases of blood serum compared to the control. Thus, the content of amylase in blood plasma in 

chickens of the 3rd control group was 37.9% lower than that in chickens of the control group. The content 

of lipase in blood plasma in chickens of this group was higher by 31.0%, and proteases - by 31.4%, 

respectively, compared with these parameters in chickens of the control group. 

The addition of a mixture of low molecular weight organic acids to the diet of meat chickens of the 

B9 line (Plymouth rock) contributed to a decrease in the content of amylase and an increase in lipase and 

proteases of blood serum compared to the control. Thus, the content of amylase in blood plasma in 

chickens of the 2nd experimental group was lower by 9.3% compared with this indicator in chickens of 

the control group. The content of lipase in blood plasma in chickens of this group was higher by 26.6%, 

proteases - by 3.5%, respectively, compared with these indicators in chickens of the control group. 

The results also showed that the introduction of complex phytobiotics into the diet of the B9 line 

(Plymouth rock) birds contributed to an increase in the content of amylase and lipase and a decrease in 

serum proteases compared to the control group. Thus, the content of amylase in blood plasma in chickens 

of the 3rd experimental group was higher by 15.8%, and lipase - by 6.6% in comparison with these 

indicators in chickens of the control group. The protease content in the plasma of chickens of this group 

was lower by 6.9% compared with this indicator in the control chickens. 

According to our data, the introduction of a mixture of low molecular weight organic acids into the 

diet of meat chickens of the lines B5 (Cornish) and B9 (Plymouth rock) contributed to enhancing the 

activity of amylase (by 5.5 and 14.6%), lipase (by 30.9 and 98.3% ) of duodenal chyme compared with 

these indicators in birds of the control group. Protease activity was higher than control only in B5 chickens 

(by 36.4%), and remained unchanged in B9 chickens.  

It was also established that the introduction of complex phytobiotics into the diet of meat chickens 

of the lines B5 (Cornish) and B9 (Plymouth rock) contributed to a decrease in lipase activity (by 26.9 and 

11.6%) of duodenal chyme compared with these indicators in birds of the control group. The chyme 

amylase activity was lower (by 29.2%) than in the control in B5 chickens, and in B9 chickens it was 

higher by 30.8%. The protease activity did not differ significantly. 

Our data showed that the introduction of a mixture of low molecular weight organic acids into the 

diet of meat chickens of the lines B5 (Cornish) and B9 (Plymouth rock) contributed to a decrease in the 

content of amylase (by 18.5 and 9.3%) in blood plasma compared with the control group. The content of 

lipase and proteases in meat chickens of the B5 line was lower (by 3.4 and 2.8%), and in chickens of the 

B9 line was higher (by 26.6 and 3.5%) compared with the control. 

Besides, it was found that the introduction of complex phytobiotics into the diet of meat chickens of 

the B5 (Cornish) and B9 (Plymouth rock) lines promoted a rise in the lipase content (by 31.0 and 6.6%) in 

the blood plasma compared with the control group. The amylase content in the blood plasma of chickens 

of the B5 line was 37.5% lower and in the B9 line - 15.8% higher than in the control group. The protease 

content was higher (by 31.4%) in B5 chickens, and lower (by 6.9%) in B9 chickens compared to the 

control group. 

The use of low molecular weight organic acids mixed with the diet of B5 and B9 meat chickens 

made to a slight increase in the activity of amylase of the duodenal chyme, a significant increase in the 

activity of lipase (by 30.9 and 98.3%), and an increase in the activity of proteases in birds by 30.8% 

compared to the control. Amylase content in the blood plasma of chickens was slightly reduced. At the 

same time, the protease content differed insignificantly, since this indicator is stable. The lipase content in 

chickens of the B9 line exceeded the control by 26.6%, while the B5 line birds have slightly different 
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indicators. From these data, it follows that low molecular weight organic acids lead to the improvement of 

digestion in B5 and B9 chickens, which directly affects productivity, absorption of nutrients in feed, and 

the safety of stock. This additive in particular had an effect on fat metabolism in B9 (Plymouth rock) 

chickens, which is associated with the physiological characteristics of this line, including its genetically 

better egg-laying capacity compared to the B5 line (Cornish).  

The introduction of complex phytobiotics into the diet in meat chickens of lines B5 and B9 did not 

affect the activity of the duodenal chyme proteases. However, other indicators had significant differences. 

In B5 line (Cornish) chickens, the activity of amylase and lipase of the duodenal chyme decreased (by 

29.2 and 26.9%) and the lipase content (by 31.0%) in the blood plasma increased as compared with the 

control. Also, in B5 chickens, the amylase and protease contents in blood plasma increased (by 37.5 and 

31.4%). These data indirectly indicate that the complex phytobiotics in chickens of this line will not have 

an effective influence on the digestion processes. In meat chickens of the B9 line (Plymouth rock), the 

amylase activity of the duodenal chyme increased by 30.8% and the lipase activity was slightly down 

relative to the control group. At the same time, blood counts fluctuated insignificantly. Thus, the addition 

of complex phytobiotics into the diet showed only a positive effect on carbohydrate metabolism in the B9 

line chickens.  

Conclusion. The introduction of the low molecular weight organic acids mixture into the diet of 

meat chickens of the B5 and B9 lines had a positive effect on the digestion processes. The pronounced 

effect consisted in a significant rise in the activity of chyme lipase (by 98.3%) and blood plasma lipase (by 

26.6%) in B9 chickens and the increase in chyme proteases (by 30.9%) in B5 chickens compared to the 

control group where the antibiotic was used. The use of the complex phytobiotics with the diet had a 

negative effect on the B5 line chickens (Cornish), reducing the amylase and lipase activities of the 

duodenal chyme (by 29.2 and 26.9%) compared with the control group. In B9 chickens (Plymouth rock 

breed), only the chyme amylase activity increased by 30.8%, which indicates an improvement in the 

availability of feed carbohydrates. However, the use of low molecular weight organic acids had a more 

pronounced effect on the production of digestive enzymes. Thus, when introducing additives into the diet, 

an alternative to feed antibiotics, it is necessary to take into consideration their different effects on the 

digestion processes in different poultry crosses. 
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ТҮРЛІ АЗЫҚ ҚОСПАЛАРЫНЫҢ ЕТТІ ТАУЫҚТАРДЫҢ БАСТАПҚЫ ҚАТАРДАҒЫ 

ЖАС ТӨЛДЕРІНІҢ ХИМУС ФЕРМЕНТТЕРІ МЕН ҚАН ПЛАЗМАСЫНЫҢ 

БЕЛСЕНДІЛІГІНЕ ӘСЕРІ 

  

Аннотация. Зерттеудің мақсаты төменгі молекулалы органикалық қышқылдар мен кешенді 

фитобиотик қоспасының оларды азық антибиотикімен дуоденальды химиядағы ас қорыту 

ферменттерінің белсенділігіне және бастапқы Б5 және Б9 етті тауықтардың жас төлдерінің қан 

плазмасындағы панкреатиялық ферменттердің белсенділігіне алмастыру кезіндегі әсерін анықтау.  

Тәжірибелер B5 (Корниш) және B9 (Плимутрок) құс етінің бастапқы желілерінде жүргізілді. 

Алты аптадан кейін он екі елі ішекке каннула енгізу операциясы жасалды. Он екі елі ішек 

химиясының ферментативті белсенділігі және дие-тамен антибиотиктер, төмен молекулалы 

органикалық қышқылдар және фитобиотиктер қабылдаған тауықтар тобындағы қан 

плазмасындағы панкреатиялық ферменттердің құрамы зерттелді. 

Алынған мәліметтер жемшөп қоспаларының құстың физиологиялық жағдайына әсері әртүрлі 

екенін көрсетті. B5 және B9 тауықтарының төмен молекулалық органикалық қышқылдарын 

қолдану антибиотик қолданылған бақылау тобымен салыстырғанда B5 тауықтарында 
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химиопептаза (98,3%) және қан плазмасы липазасының (26,6%) белсенділігін арттыру және B9 

тауықтарында химопротеидтердің (30,9%) мөлшерін арттыру арқылы ас қорыту ферменттерінің 

өндірісіне айтарлықтай әсер етті. Кешенді фитобиотиктерді диетаға енгізу бақылау тобымен 

салыстырғанда амилаза мен он екі елі ішектің липазасының белсенділігін (29,2 және 26,9%) 

төмендетіп, В5 (Корниш) тауықтарына теріс әсер етті. B9 тауықтарында (Плимут-рок) тек 

химамилаза белсенділігі 30,8%-ға артты, бұл жемдік көмірсулардың қол жетімділігінің 

жақсарғанын көрсетеді. Бұл мәліметтер құстардың әртүрлі кресттеріндегі ас қорыту процестеріне 

жемшөп қоспаларының әртүрлі әсерін ескеру қажеттілігін растайды. 

Түйін сөздер: етті тауықтары, панкреатиялық ферменттер, он екі елі ішек жентегі, қан, 

фитобиотик, төмен молеку-лалы органикалық қышқылдар. 
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ВЛИЯНИЕ РАЗЛИЧНЫХ КОРМОВЫХ ДОБАВОК НА АКТИВНОСТЬ ФЕРМЕНТОВ 

ХИМУСА И ПЛАЗМЫ КРОВИ МОЛОДНЯКА ИСХОДНЫХ ЛИНИЙ МЯСНЫХ КУР 

 

Аннотация. Цель исследований – определение влияния смеси низкомолекулярных 

органических кислот и комп-лексного фитобиотика при замене ими кормового антибиотика на 

активность пищеварительных ферментов в дуоденальном химусе и активность панкреатических 

ферментов в плазме крови молодняка исходных линий Б5 и Б9 мясных кур.  

Эксперименты проводились на оригинальных линиях мясной птицы линий В5 (Корниш) и 

В9 (Плимутрок). В возрасте 6 недель была проведена операция по введению канюли в 

двенадцатиперстную кишку. Изучена ферментативная активность химуса двенадцатиперстной 

кишки и содержание панкреатических ферментов в плазме крови в группах цыплят, получавших с 

рационом антибиотики, низкомолекулярные органические кислоты и фитобиотики. 

Полученные данные показали, что влияние кормовых добавок на физиологическое состояние 

птицы было различным. Применение низкомолекулярных органических кислот линий цыплят В5 и 

В9 оказало значительное влияние на выработку пищеварительных ферментов за счет повышения 

активности химиопептазы (на 98,3%) и липазы плазмы крови (на 26,6%) у цыплят В9 и увеличения 

содержания химопротеаз (на 30,9%) у цыплят В5 по сравнению с контрольной группой, где 

применялся антибиотик. Введение в рацион комплексных фитобиотиков оказало негативное 

влияние на цыплят линии В5 (Корниш), снизив активность амилазы и липазы двенадцатиперстной 

кишки (на 29,2 и 26,9%) по сравнению с контрольной группой. У цыплят В9 (Плимутрок) только 

активность химамилазы увеличилась на 30,8%, что свидетельствует об улучшении доступности 

кормовых углеводов. Эти данные подтверждают необходимость учета различного влияния 

кормовых добавок на процессы пищеварения у разных кроссов птицы. 

Ключевые слова: мясные куры, панкреатические ферменты, дуоденальный химус, кровь, 

фитобиотик, низкомолекулярные органические кислоты. 
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