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Introduction
Tannins are water-soluble polyphenols pres-

ent in many plant foods, which are known for their 
anti-nutritional factors – they form complexes with 
proteins and polysaccharides, making them unavail-
able for digestion (Mueller-Harvey, 2006). On the 
other hand, tannins supplemented at a  low dose to 
the diet may exert beneficial effects on ruminants 
such as improvement of feed palatability, protec-
tion of dietary protein from degradation in rumen 
and reduction of ruminal methanogenesis (Soltan  

et al., 2012). Due to different chemical structures and 
various biological activities, tannins are divided into 
two types – condensed and hydrolysable (Schofield 
et  al., 2001). Ruminal environment (pH 6–7) pro-
motes the formation of indigestible tannin-nutrient 
complexes. On the other hand, changes in pH val-
ues occurring in the abomasum (pH < 3.5) and distal 
parts of the small intestine (pH  >  7), may release 
nutrients from such complexes, making them sus-
ceptible for digestion (Mueller-Harvey, 2006).

In the studies on tannins, the amount, form 
(pure extract or part of the plant) and origin of such 
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polyphenols are very important. Grela et al. (2010) 
showed that grass pea seeds (Lathyrus sativus  L.) 
from the Mediterranean area, and West and Central 
Europe differ in the amount of tannins. Also, a posi-
tive correlation between tannins content and flower 
colour intensity of plant was found. Interestingly, 
Grela et al. (2017) examining Fabaceae plant seeds 
observed strong relation between tannins concentra-
tion and protein level. 

The information about the influence of tannin-
rich diets on pancreas enzymatic activity in ruminants 
is scarce. Furthermore, the previous studies were 
mostly performed in in vitro conditions with enzymes 
originated from monogastric animals and humans. 
Inhibitory effect of tannins on the activity of digestive 
enzymes has been already documented (Gonçalves 
et al., 2007; Wang et al., 2014). The better knowledge 
of physiological mechanism of pancreas activity in 
ruminants, could be used to improve the digestion 
and absorption of nutrients in the duodenum. 

It was hypothesized that supplementation of 
sheep diets with tannins may stimulate the exocrine 
activity of pancreas. So, the study was carried out 
to determine how the addition of lingonberry leaves 
and oak cortex – sources of condensed and hydro-
lysable tannins, respectively – influences sheep pan-
creatic enzymes activity. 

Material and methods
All procedures were accepted by the Local Ani-

mal Care and Ethics Committee for Animal Experi-
ment in Warsaw (Poland); permission No. 51/2009.

Animals and diets
The experiment was performed on 6  Coloured 

Merino ewe with similar body weight (36 ± 1.5 kg) 
and age (about 2 years old), fitted with catheter to 
the common pancreatic-biliary duct (5–6 cm behind 
the sphincter of Oddi) and a  simple cannula to the 
duodenum (3–5 cm behind the estuary of pancreatic-
biliary duct). The duodenal cannula was equipped 
with check valve to prevent from digesta withdrawal 
to the pancreatic-biliary duct. Catheter and duodenal 
cannula were connected together outside of the sheep 
body to ensure the constant flow of juice and bile 
mixture to the duodenum.

Sheep were divided into 3  feeding groups for 
crossover design of 2 sheep each and fed twice a day. 
The basal diet (group CON) consisted of hay, barley 
meal, soyabean meal and vitamin-mineral additives 
(Polfamix O-K, Trouw Nutrition Polska, Grodzisk 
Mazowiecki, Poland; Table  1). The experimental 

groups received the basal diet with the addition of 
dried lingonberry leaves (Vaccinium vitis-idaea  L.; 
group VVI) or oak cortex (Quercus sp.; group QUE) 
at a  dose of 3 g  ∙ d−1, representing sources of con-
densed and hydrolysable tannins, respectively. The 
diets were changed among all sheep during three pe-
riods (I, II, III; period = 14 days) to ensure that pairs 
of animals received each diet in a different time. 

During adaptation periods (14 days) sheep were 
kept in individual rearing pens with ad libitum access 
to water and salt licks, with no refusals observed. 
During collections of pancreatic-biliary juice samples 
animals were moved to metabolic cages.

Sampling procedure
The samples of pancreatic-biliary juice were 

collected during 8 h for 3 days. During collection 
the catheter and duodenal cannula were disconnect-
ed. The mixture of pancreatic juice and bile was col-
lected every hour, weighed, and 5% of it was pooled 
and ice-cold. The remaining part of the pancreatic-
biliary juice was slowly administered by peristaltic 
pump to the duodenum, not to interfere the digestion 
process in sheep. The samples of pancreatic-biliary 
mixture were stored at –80 °C until further analysis. 

Table 1. Ingredients and chemical composition of sheep basal diet1

Indices Content
Components, g ∙ kg DM−1

meadow hay 597
barley meal 284
soyabean meal   98.3
Polfamix O-K2   20.7

Chemical composition, g ∙ kg DM−1

organic matter 941
crude protein3 152
starch 247
crude fat   20.0
crude fibre 203
NDF 511
ADF 260
ADL   39.8
crude ash   58.5

Nutritive value
PDI, g   95.3
UFV, per kg     0.8
SFU, per kg     0.6

1 diet formulated according to the ruminant nutrition recommendations 
(IZ PIB-INRA, 2009); 2 Polfamix O-K (Trouw Nutrition Polska, Grodzisk 
Mazowiecki, Poland) in kg: g: Ca 240, Na 60, P 120, Mg 65, Zn 2.5, Mn 
3.0, vit. E 1.5, Se 0.003, Co 0.015; IU: vit. A 300.000, vit. D3 30.000; 
3 expressed as N × 6.25; DM – dry matter, NDF – neutral detergent 
fibre, ADF – acid detergent fibre, ADL – acid detergent lignin, PDI – 
protein digested in small intestine, UFV – feed unit for maintenance 
and meat production, SFU – fill unit for sheep
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At the end of each collection catheter and duodenal 
cannula were connected again. After 3 days of col-
lection, animals were returned to the rearing pens 
and adapted for 14 days to the next diet. 

Chemical analyses
Chemical composition of diets was determined 

according to AOAC International (2011). Tannins 
concentration was estimated with vanilin test accord-
ing to Kuhla and Ebmeier (1981) and defined as cat-
echin equivalent per g of dry matter (DM) additive.

The energy value of the diet was in accordance 
to the IZ PIB-INRA ruminant nutrition recommenda-
tions (IZ PIB-INRA, 2009).

The average secretion of pancreatic-biliary juice 
during 8-h collections was estimated. Total protein 
content in juice was measured according to Lowry 
et al. (1951), where bovine albumin served as a stan-
dard. The pancreatic lipase activity was determined 
with the use of a  Lipase Activity Assay Kit (ref. 
EM1001, Emapol, Gdańsk, Poland). The proteases 
activity in juice was estimated according to Hum-
mel (1959), after enzymes activation with entero-
kinase provided by Sigma-Aldrich (St. Louis, MO, 
USA). The TAME (Nα-p-Tosyl-L-arginine methyl 
ester hydrochloride) and BTEE (N-Benzoyl-L-
Tyrosine ethyl ester) both from Sigma-Aldrich (St. 
Louis, MO, USA) served as substrates for trypsin 
and chymotrypsin, respectively. Amylase activity 
was measured according to Walker and Harmon 
(1996) and the amount of reducing sugars was com-
pared to maltose standards.

The activity of pancreatic enzymes was expressed 
as U ∙ l−1, which means that one unit of the enzyme 
activity (U) equals 1 µmol of the product produced 
per min by l of the pancreatic-biliary juice. 

Statistical analysis
The experiment was performed as a completely 

randomized crossover design with 3 treatments. The 
obtained results were subjected to one-way analysis 
of variance, considering the main effect of tannin-
rich additives. The differences among treatments 
were determined using Tukey’s test. Differences 
were declared significant at P  ≤  0.05 and trends 
were discussed at 0.05 < P < 0.08 (Statistica 12.0 
software, StatSoft® Polska, Kraków, Poland).

Results
Lingonberry leaves and oak cortex added to 

sheep diets contained 10.3 and 4.0  mg tannins, re-
spectively (expressed as equivalent of catechin per g 
of DM additive). The DM, total protein, starch and 

ether extract intakes of the basal diet were 919, 140, 
227 and 23 g ∙ d−1, respectively.

The secretion of pancreatic juice and bile (in 
total) ranged from 498 to 517 ml ∙ 8 h−1 and the pro-
tein content amounted from 32.9 to 40.3 mg ∙ ml−1 
(Table 2); the presence of tannins in sheep diets did 
not affect both parameters.

In sheep fed QUE diet the lipase activity in 
pancreatic-biliary juice was significantly increased 
(P < 0.001) in comparison to animals fed CON diet 
and those receiving additional VVI (Table 2). More-
over, the upward trend was observed in amylase ac-
tivity (P = 0.077) in sheep fed diet with VVI addition 
in comparison to CON group. Both additives tended 
to increase trypsin activity (P = 0.060) in pancreatic-
biliary juice, with no effect on chymotrypsin activity.

Discussion
Digestion processes occurring in duodenum are 

possible due to enzymes secreted by pancreas cells 
and intestinal lumen. In contrast to monogastric ani-
mals, in ruminants the secretion of pancreatic juice 
and bile is permanent because of the constant flow 
of digesta to the duodenum, without separating pe-
riod between feeding (Croom et al., 1992).

Researches concerning the effect of diet compo-
sition on pancreatic enzymes activity in ruminants 
are not consistent and clear like in monogastric 
animals. However, it was shown that young rumi-
nants without fully developed forestomach (fed only 
milk-based diet) are more sensitive to the diet modi-
fications than older ones (Harmon, 1993). Further-
more, the mechanism of exocrine pancreas activity 
in those animals seems to be similar to that observed 
in non-ruminants. After weaning, animals fed solid 
diet become functional ruminants (Harmon, 1993). 

Table 2. Pancreatic-biliary juice secretion, its protein concentration 
and enzymatic activity in sheep

Indices Diet SEM P-valueCON VVI QUE
Pancreatic-biliary juice 
     secretion, ml ∙ 8 h−1 517 511 498 34.2   0.581

Total protein, mg ∙ ml−1   38.4   40.3   32.9   1.40   0.117
Enzymatic activity, U ∙ l−1

lipase 124b 135b 209a   9.4 <0.001
amylase 420 541 467 23.1   0.077
trypsin   15.6   19.6   19.9   0.81   0.060
chymotrypsin   24.9   29.0   23.6   1.35   0.215

1 CON – basal diet, VVI – basal diet with lingonberry leaves addition, 
QUE – basal diet with oak cortex addition; SEM – standard error of 
mean; ab – means with different superscripts within a row are signifi-
cantly different at P ≤ 0.05
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Some studies on sheep documented that pancreatic-
biliary juice secretion and its protein content may 
depend on diet composition (Kowalik et  al., 2001; 
Żebrowska et al., 2001), but this effect seems to be 
not so clear like in non-ruminant animals. 

In the present study, supplementing tannin-rich 
additives to sheep diets increased activity of some 
pancreatic enzymes, which is in agreement with study 
assumptions. It is thought that stimulating effect of 
tannins on pancreatic enzymes activity may be simi-
lar to the mechanism of digestive enzymes inhibi-
tors action. Kapica et al. (2005) showed that feeding 
3-week-old calves milk diets enriched with crude or 
extruded soyabean meal increased pancreatic juice se-
cretion and trypsin activity in comparison to the con-
trol group. Soyabean meal contains anti-nutritional 
substances, including tannins and protease inhibitors, 
which may inactivate digestive enzymes and at the 
same time stimulate pancreatic exocrine activity. Fur-
thermore, such findings were obtained in monogastric 
animals. Ahmed et  al. (1991) reported that feeding 
growing broiler cockerels diet with increasing level 
of tannins, significantly increased weight of pancreas 
in comparison to control birds. It was probably be-
cause of higher activities of trypsin and α-amylase. 
Interestingly, the inhibitory effect of dietary tannins 
on intestinal enzymes activity was noted. 

Forming complexes with enzymatic protein by 
enzymes inhibitors seems to decrease the amount of 
active enzymes in the intestinal lumen. Therefore, 
pancreas is stimulated to increase pancreatic juice se-
cretion for alignment the insufficiency of enzymes in 
duodenum (Fushiki and Iwai, 1989). Probably similar 
mechanism was observed in the present study. Tan-
nins present in VVI and QUE could form complexes 
with endogenous protein, inactivate them and simul-
taneously stimulate pancreas to juice secretion. It 
should be underlined that cholecystokinin (CCK) ex-
creted from endocrine cells of intestine epithelium, is 
responsible for endocrine regulation of the pancreas 
secretory action. CCK is released due to the monitor 
peptide (MP) stimulation. The presence of the active 
enzymes in the intestinal lumen inactivates MP, CCK 
and finally pancreatic juice secretion. On the other 
hand, the inactivation of digestive enzymes by specif-
ic inhibitors stimulates MP-CCK mechanism and in-
creases pancreas exocrine activity (Fushiki and Iwai, 
1989). The higher activity of pancreatic enzymes in 
the present study was probably attributed to the de-
liverance of the tannins-nutrients complexes from 
rumen to the abomasum and finally to the intestinal 
lumen. Acidic pH of digesta (about 5.5) is persisted 
within about 1.5 m of the initial segment of the small 

intestine. Such conditions favour releasing nutrients 
from complexes with tannins and stimulate pancreas 
to enzymes secretion (Waghorn et al., 1994).

In numerous studies it was shown that short-
chain fatty acids, especially propionic and butyric 
acids, are the main factors responsible for pancreatic 
enzymes secretion in ruminants (Croom et al., 1992; 
Żebrowska et al., 2001). Thus, increased concentra-
tion of butyric and isoacids in rumen fluid in sheep 
supplemented with QUE diet (our unpublished data) 
could be also the reason of elevated activity of pan-
creatic lipase.

It is still lack of research concerning the effect of 
tannins on pancreas exocrine activity in ruminants. It 
was shown that feeding kids with 52% of carob pods 
(Ceratonia siliqua  L., 5% condensed tannins), de-
creased trypsin and amylase activity in faecal samples 
in comparison to animals fed control diet (Silanikove 
et al., 2006). It was noted that high amount of con-
densed tannins in carob may negatively affect the en-
tire gastrointestinal tract of those animals. Results of 
the present study are in disagreement with this study, 
mainly because of the amount of tannin-rich diets 
supplemented to animals and different place of taking 
samples for enzymatic analyses. 

In the study of Guilloteau et  al. (2012) per-
formed on young and adult roe deer, higher prote-
ases (chymotrypsin and elastase II) activities than in 
milk-fed and weaned calves were found. Differenc-
es in the pancreatic enzymes activity between those 
ruminants could result from their digestive system 
function and feeding behaviour. Contrary to domes-
tic ruminants like sheep and cow, roe deer prefer 
plants containing tannins and produce more saliva 
with high concentration of proline-rich proteins 
(PRPs). Such proteins form complexes with tannins 
and comprise the first line of defence against tannin-
rich plants. Guilloteau et al. (2012) showed that pro-
teases activity could be closely related with PRPs 
secretion in saliva. In the present study insignificant 
changes in chymotrypsin activity after tannins sup-
plementation were observed. Probably, it can be at-
tributed to the low secretion of PRPs in sheep saliva, 
despite supplementing tannin-rich diets.

Most of the studies examining tannins action 
on pancreatic enzymes were performed in in vitro 
conditions with enzymes originated from monogas-
tric animals. It was shown that tannins may decrease 
trypsin (Gonçalves et  al., 2007), amylase (Miao 
et al., 2014) and lipase activities (Wang et al., 2014), 
which was not documented in the present study.  
It is difficult compare the results of the current 
study with those obtained under in vitro conditions.  
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In in vitro studies it is only shown how tannins af-
fect digestive enzymes activity in specific labora-
tory conditions, but what is occurring in the distal 
parts of the gastrointestinal tract remains unknown. 
Thus, the inhibitory effect of tannins on pancreatic 
enzymes activity cannot be excluded from the re-
sults of the present study. 

Conclusions
Feeding sheep diets enriched with tannins affected 

exocrine pancreas activity. Although there was ob-
served an increased activity of pancreatic enzymes 
after tannins addition, the inhibitory effect of poly-
phenols present in lingonberry leaves or oak cortex 
on pancreatic enzymes cannot be excluded. In the 
future, histological study of pancreas and pancre-
atic acinar cells seems to be necessary to clarify the 
mechanism of tannins action on endogenous protein 
and hence digestion in ruminants. 
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