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Abstract 
The data of an experimental study of the influence of feeding and the conditional 
stimulus on digestive function in birds is presented. It is stated that feed consump-
tion is a powerful stimulator of pancreatic secretion in broiler chicks. The secretory 
response of the pancreas was the highest in the morning when secretion of pancreatic 
juice was 1.8 times higher, amylase activity 3.2 times, proteases activity 3.3 times, li-
pase activity 2.1 times higher than before feeding (basal levels). The regulation of 
pancreatic activity is known to be complex-reflex with conditioned-reflex component 
being very important since it provides 25% higher juice secretion and 42% - 74% 
higher enzyme secretion compared to the basal levels during few minutes after the 
conditional signal. 
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1. Introduction 

Nutrition is the main factor affecting both qualitative and quantitative aspects of avian 
metabolism. The genetic potential of modern highly productive crosses of poultry can 
be embodied only if poultry is provided with quality feeds balanced in nutritional value, 
contents of vitamins and trace elements [1]. The efficiency of feeds, however, will de-
pend on the efficiencies of digestion and absorption of nutrients, hence the studies on 
the digestive physiology in poultry are crucial for commercial poultry production. 

Presently it is well known that avian digestion differs from mammalian in certain 
morpho-physiological peculiarities [2] [3] [4]. Though there is a lot of evidence on the 
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influence of different feed additives and diets with different structures on the growth 
and nutritive balance in broiler chicks, the matters of the digestion itself are still not 
elucidated enough. The studies on the digestion in broilers are particularly vital in view 
of the continuous perfection of broiler crosses towards the improvement of growth rate 
and feed conversion. The aim of the study presented was to investigate the influence of 
feed intake and conditioned reflex on the exocrine pancreatic function in broiler chicks. 

2. Materials and Methods 

The study was conducted on 8 broiler chicks with pancreatic duct operationally trans-
planted at 1 month of age into an isolated section of the intestine to obtain the secrete 
of pancreatic juice [5]. This approach allows the collection of pancreatic juice during a 
trial while during the remaining time the juice can be redirected into the intestine via 
external anastomosis. The daily dynamics of the exocrine pancreatic function in broi-
lers was studied in a series of trials (12 hrs each with the interval of 30 min). The trials 
were conducted at daytime under standard conditions of feeding: feed and water were 
given at 9 am, 1 and 5 pm, feed receipt being conformed to the Institute’s recommen-
dations [1]. The studies on the conditioned reflex were performed during 3 hrs; collec-
tions of pancreatic juice for determination of enzymatic activities were performed with 
the interval of 30 min. The natural conditional stimulus (sounds uttered by broilers at 
the beginning of feed distribution, or “feeding sound”) was used as a conditional signal. 
This conditional signal was rendered during 5 min. and subsequently supported by 
unconditioned reflex, delivery of feed (30 g per bird). The conditioned reflex was 
formed during 5 days; on day 6 the conditional stimulus was applied without delivery 
of feed to evaluate the contribution of conditioned reflex. 

Activity of amylase was measured by Smith-Roy method modified by Ugolev [6]; 
proteases by casein degradation with colorimetric control [7]; lipase by hydrolysis of 
sunflower oil [8]. The statistical analysis of the data obtained was performed using 
standard Student’s t-test. 

The birds were kept and cared in accordance with principles of the humane treat-
ment of animals (Federal draft law “On the responsible treatment of animals”, No. 
458458-5, July 1, 2010, Russian Federation). 

3. Results and Discussion 

The results of our trials show that pancreatic juice in broilers is secreting continuously. 
However at daytime exocrine pancreatic function undergoes some changes related pri-
marily with feeding (Figure 1 & Figure 2). 

During the first hour after the morning meal at 9 am the secretion of pancreatic juice 
increased from 0.9 ± 0.06 to 1.6 ± 0.07 ml (or by 1.8 times) with the subsequent plateau 
at the same level during the following 3 hours until the next meal at 1 pm. Midday meal 
increased the secretion of pancreatic juice from 1.5 ± 0.09 to 1.7 ± 0.08 ml or by 13.3% 
(p < 0.05). The latter level of secretion remains constant during the following 3 hours 
with the subsequent decrease to 1.4 ± 0.07 ml and increase after evening meal at 5 pm  
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Figure 1. The dynamics of secretion of pancreatic juice in broilers. 

 

 
Figure 2. The daytime dynamics of enzymatic activities in pancreatic juice of broilers (figures for 
proteases are ×10, for lipase ×100). 

 
to 1.6 ± 0.06 ml (p < 0.05). After that the secretion decreases again and reaches 1.1 ± 
0.07 ml in 2.5 hours after the evening meal. 

The pattern of daytime dynamics of enzymatic activities also featured increases re-
lated to the meals. The highest activity peaks were found at 1 hr after the morning meal: 
proteases from 441 ± 43.9 to 1437 ± 86.2 mg/ml/min (or by 3.3 times); amylase from 
4891 ± 452.4 to 15,703 ± 977.9 mg/ml/min (or by 3.2 times); lipase from 10 ± 1.1 to 21 
± 1.8 μM/ml/min (or by 2.1 times). This high level of pancreatic secretion and enzy-
matic activities remains nearly constant during the subsequent 3 hrs with the next in-
crease related to the following meal. After the midday meal the secretion of juice and 
enzymes reaches maximum levels as early as in 30 min after the meal. The secretory 
pancreatic response to the midday meal after relatively high pre-meal levels is substan-
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tially lower compared to the response to the morning meal after the preceding night of 
starvation: secretion of pancreatic juice is found to increase by 13%, amylase activity by 
17%, proteases by 19%, lipase by 42% compared to the pre-meal levels. 

The increase in pancreatic secretory activity after the midday meal is lesser than that 
after the morning meal though maximal levels of activities found after the midday meal 
are higher than those after the morning meal: juice secretion by 6%, amylase activity by 
15%, proteases by 9%, lipase by 30% compared to the maximal levels found after the 
morning meal. Then these activities decrease and in 3 hrs after the midday meal reach 
pre-meal levels. 

Evening meal at 5 pm also increases the secretion of pancreatic juice from 1.4 ± 0.07 
ml to 1.6 ± 0.06 ml (by 14.3%) with return to the pre-meal level in 2 hrs post-meal. In 
the first 30 min after this meal activity of amylase increases from 14,146 ± 711.2 to 
17,133 ± 614.6 mg/ml/min (by 21.1%), proteases from 1329 ± 68.0 to 1585 ± 94.2 
mg/ml/min (by 19.3%), lipase from 23 ± 1.8 to 27 ± 1.8 μM/ml/min (17.4%). The in-
crease of enzymatic activities after the evening meal is therefore similar to the increase 
after the midday meal; however, these increased activities decrease and reach basal 
pre-meal levels much faster than after the midday meal. 

The most substantial response of the pancreas to feed intake was therefore found in 
the morning when enzymatic activities were increasing by 2.1 - 3.3 times. The activities 
of pancreatic enzymes remained quite high during the entire daytime period (with 
slight variations) with the subsequent substantial decrease to the basal starvation levels 
after 7 pm. 

The regulation of pancreatic secretory activity includes complex-reflex phase starting 
immediately after a meal; this phase could be divided into unconditional-reflex and 
conditional-reflex responses. Unconditioned reflexes are genetically established while 
conditioned ones are forming during the ontogenesis. The results of our experiment 
showed that rendering of “feeding sound” signal at day 6 (after 5 days of preliminary 
forming of the reflex) the secretion of pancreatic juice tended to increase from 1.2 ± 
0.19 ml to 1.5 ± 0.18 ml (by 25%) in 6 broilers out of 8 during 30 min after the signal 
with the subsequent decrease to the level of 1.2 ± 0.24 ml lasting for the next 2 hrs until 
the end of the trial (Table 1). 

Enzymatic activities also tended to increase after the “feeding sound” signal especial-
ly in the first juice sample obtained after the signal. Activity of amylase in this sample 
increased by 74.0% with the subsequent decrease back to the initial level. Activity of 
proteases after the sound stimulus increased by 42.2%, lipase by 55.0% compared to the 
initial levels (prior to the stimulus); then the activities decreased to the levels similar to 
the basal ones. 

Natural stimuli can therefore develop persistent conditioned reflexes in broilers older 
than 1 month of age. Exocrine pancreatic function significantly increased in the first 30 
min after the sound stimulus. The effect of conditioned stimulus merely (“feeding 
sound” non-strengthened by the unconditioned stimulus, i.e. feeding itself) on the 
pancreatic activity was half lesser than the effect of unconditioned stimulus (feeding  
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Table 1. The influence of conditional stimulus (“feeding sound”) on exocrine pancreatic function 
in broiler chicks. 

Periods of juice  
collection  

(hrs.min am) 

Secretion of  
pancreatic  
juice, ml 

Enzymatic activities 

Amylase,  
mg/ml/min 

Proteases, 
mg/ml/min 

Lipase, 
μM/ml/min 

8.30 - 9.00 1.2 ± 0.19 4508 ± 1272.8 386 ± 72.1 6.0 ± 1.53 

9.00 (signal) - 9.30 1.5 ± 0.18 7843 ± 1754.7* 549 ± 75.1* 9.3 ± 1.26* 

9.30 - 10.00 1.2 ± 0.24 4496 ± 1994.4 349 ± 49.7 6.4 ± 1.54 

10.00 - 10.30 1.3 ± 0.29 5082 ± 1520.1 419 ± 57.5 10.3 ± 2.80 

10.30 - 11.00 0.9 ± 0.19 3024 ± 993.0 432 ± 142.2 6.3 ± 1.26 

11.00 - 11.30 1.2 ± 0.17 4252 ± 1234.7 413 ± 60.7 6.7 ± 1.54 

*Difference with other figures in a column is significant, р < 0.05. 

 
without sound stimulus). Another difference between these effects is that the effect of 
conditioned stimulus will last for 30 min after the stimulation and then drop down 
while the effect of unconditioned stimulus (feeding) is expressed more markedly and 
will last for 60 - 120 min. A regularity in enzyme secretion between individuals was also 
found: the higher were the basal levels of secretion (after starving at night) the lower 
will be the increases post-meal, and vice versa. This regularity could be conditioned by 
functional type of higher nervous system in chicken and/or individual level of func-
tional activity of the pancreas. 

Our data are consistent with the earlier data by Batoev [4] who studied daily dynam-
ics of exocrine pancreatic function in laying hens, ducks, and geese. The secretion of 
pancreatic juice in broiler chicks was however found to be much higher compared to 
laying hens, by 3.4 ml/day of juice per 1 kg of live bodyweight (31.4 vs. 28.0 ml/day, re-
spectively). Activity of proteases in pancreatic juice in broilers was 1059 ± 87.5 
mg/ml/min, substantially higher compared to laying hens (532 ± 26), ducks (622 ± 63), 
and geese (250 ± 25). This author also showed that regulation of exocrine pancreatic 
function is not related to the unconditioned reflexes solely but also involves a condi-
tioned-reflex mechanism. 

4. Conclusion 

Feed intake is a powerful stimulus affecting pancreatic secretion in broiler chicks. The 
most substantial response to this stimulus was found in the morning after the first 
feeding after the starvation at night: secretion of pancreatic juice increased by 1.8 times, 
amylase activity by 3.2 times, proteases by 3.3 times, and lipase by 2.1 times. The regu-
lation of pancreatic function is complex-reflex with considerable participation of con-
ditioned component: the application of conditioned stimulus only increased the secre-
tion of pancreatic juice by 25% and enzymatic activities in it by 42% - 74% compared to 
the basal levels. This effect should be necessarily taken into account in practical nutri-
tion of poultry. 
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