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Introduction 
Corn is one of the most important feedstuffs in 
poultry nutrition. It is an expensive ingredient in 
some regions of the world such as Iran. Thus, 
finding local, unconventional, and cheap 
feedstuffs that have potential to serve as 
alternatives to corn is of great importance in 
reducing the costs of diets, thereby increasing 
profits for producers. A common tree in Iran is 
Oak acorn (Quercus brantii Lindl). Seeds of  
this tree  contain   high  levels   of   carbohydrates;  

 
particularly starch (Saffarzadeh et al., 1999). Thus, 
it could be used as a replacement to corn in 
poultry diets. There are several studies on the 
application of Oak acorn in broiler diets 
(Bouderoua et al., 2009; Houshmand et al., 2015, 
Sinaei and Houshmand, 2016). Unfortunately, 
Oak acorn contains high levels of tannins 
(Shimada, 2001, Sinaei and Houshmand, 2016). 
Tannins are water-soluble polyphenolic 
compounds with a molecular weight between 500 
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The aim of this study was to determine whether the age of broilers can 
influence their response to tannin-rich diets. A total of 340 one-day-old 
mixed sex Ross 308 broiler chicks were distributed among five 
experimental groups with four replicates and 17 birds each in a 
completely randomized design. A high-tannin feedstuff, Oak acorn, 
was included into diets (at a level of 25%) and fed to birds at different 
stages of the rearing period. The control group was fed a corn-based 
diet (without Oak acorn) for the entirety of the study, while the other 
four groups were fed diets containing Oak acorn during one of the 
following periods: starter (d 1 to 21), finisher (d 22 to 42), last five 
weeks (d 8 to 42), or total period of the experiment (d 1 to 42). We 
found that performance traits (feed intake, body weight gain and feed 
conversion ratio) and tibia characteristics were similar among the 
control group and groups fed Oak acorn during the starter and finisher 
periods. However, feeding chicks with Oak acorn from 8 to 42 or 1 to 42 
d of age significantly reduced overall body weight gain and increased 
overall feed conversion ratio (P < 0.05). Tibia characteristics were also 
negatively affected in chicks that received Oak acorn during the last 5 
weeks and entire period of the experiment (P < 0.05). In addition, birds 
fed Oak acorn had higher liver weights at 21 d of age (P < 0.05). In 
conclusion, broilers response to dietary tannins is influenced by age. 
Oak acorn could be successfully included in broiler diets during the 
starter or finisher stages up to 25% without adverse effects on 
performance and tibia characteristics. In contrast, chronic inclusion of 
Oak acorn (5 or 6 weeks) decreases growth performance and may have 
deleterious effect on tibia characteristics. 
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and 3000 Da. They are usually divided into two 
main groups: hydrolysable and condensed. A 
wide range of anti-nutritional effects in animal 
and poultry are related to these compounds. 
Their negative effects on vitamin availability 
(Jansman, 1993), diet palatability, feed 
consumption (Medugu et al., 2012), and protein 
and starch digestibility (Mahmood et al., 2006) are 
well documented. In addition, tannins adversely 
influence internal organs such as intestines, liver, 
and pancreas (Ortiz et al., 1994). Deleterious 
consequences of tannin-rich feedstuffs on broilers 
have been reported (Mahmood et al., 2006; 2008; 
Houshmand et al., 2015).  

Mineral availability and utilization are also 
negatively affected by dietary tannins (Jansman, 
1993). Feeding a tannin-rich feedstuff (sorghum) 
can reduce the absorption of some minerals 
(Hassan et al., 2003). Dietary minerals, 
particularly calcium, play a vital role in bone 
structure and health (Rath et al., 2000). Because 
of the negative effects of tannins on mineral 
availability, it is expected that high tannin diets 
impair bone structure and health. 

Different methods such as physical and 
chemical processing, use of tannins-binding 
agents (Medugu et al., 2012), and some dietary 
nutrient manipulation (Houshmand et al., 2015) 
have been suggested to decrease or alleviate the 
negative effects of tannin-rich feedstuffs. In 
addition, age of birds can influence their 
response to tannin-containing diets. Harmful 
effects of tannins have been shown to reduce 
with age (Douglas et al., 1993). To the best of our 
knowledge, there is only one report regarding 
the age-specific responses of broilers to dietary 
tannins (Nyachoti et al., 1996). Hence, the current 
study was designed and conducted to determine 
the responses of broiler chicks to dietary 
inclusion of Oak acorn as a high-tannin feedstuff 
at different stages of development. 
 
Materials and Methods 
Birds, experimental treatments 
All procedures used in this study were 
approved by the Institution Animal Care 
Committee of the Yasouj University. A total of 
340 day-old unsexed Ross 308 broiler chicks 
were purchased from a local hatchery and 
transferred to the rearing place. Upon arrival, 
birds were randomly assigned to one of five 
experimental groups. Each group was replicated 
four times with 17 birds each. 

The rearing period was divided into two 
phases: starter (d 1 to 21) and finisher (d 22 to 
42). One group (control) was fed a corn-based 
diet without Oak acorn throughout the study, 
while the other four groups were fed diets 
containing 25% Oak acorn during one of the 
following periods: starter (d 1 to 21) (STR), 
finisher (d 22 to 42) (FIN), last five weeks (d 8 to 
42) (5wk), or total period of the study (d 1 to 42) 
(TOT). The experimental diets were formulated 
to meet or exceed the NRC (1994) nutrient 
recommendations (Table 1). Birds were weighed 
on pen basis at d 21 and 42 to calculate body 
weight gain. Feed conversion ratio (FCR) was 
calculated by dividing the amount of feed intake 
by body weight gain. 

Oak acorns were collected from the forest of 
Yasouj, Kohgeluyeh and Bovir Ahmad Province, 
Iran. The seeds were shelled by hand and fruits 
were dried in shade, fine grinded, and included 
in the experimental diets. Proximate analysis of 
Oak acorn was done according to the AOAC 
(1995). The content of phenolic components in 
Oak acorn was measured following the 
procedure of Makkar (2003). 

 
Sampling and measurements 

At the end of starter (d 21) and finisher (d 42) 
phases of the experiment, two birds (one male and 
one female) from each pen (8 birds/treatment) 
were randomly selected and slaughtered by 
cervical dislocation. Abdominal cavity was 
opened, the gastrointestinal tract was carefully 
removed from the carcass, and pancreas and liver 
weights were determined. The right and left tibia 
bones were also removed and frozen at –20°C in a 
plastic bag until later measurements of bone 
characteristics. Bones were prepared for 
measurements by first being boiled in water for 10 
min. After cooling, adherent tissues were removed 
and bones were dried for 24 hrs in room 
temperature. Tibia bone length, weight, and 
volume were then measured. Tibia density was 
calculated as the ratio of tibia weight to tibia 
volume. Right tibia breaking strength was 
measured using equipment (Instron Universal 
Machine, Dmg, 7166, Germany) with 50-kg-load 
cell at 50-kg-load range with a crosshead speed of 
50 mm/min with the tibia supported on a 3.35 cm 
span (Park et al., 2003). Left tibia bones were dried 
at 105○C for 24 hrs. The bones were put in a 
furnace at 550○C for 24 hrs to detect their ash 
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content relative to the dry weight of the tibia bone 
(AOAC, 1995). Tibia bone ash weight to tibia bone 
length index was calculated by dividing the tibia 
ash weight to its length (Seedor et al., 1991). The 
tibia robusticity index was calculated using the 
formula described by Reisenfeld (1972): 

Rubusticity index = tibia length / cube root of tibia 
weight. Calcium content of tibia bone was 
determined using flame atomic absorption 
spectrophotometry and phosphorus content was 
determined colourimetrically using the molybdo-
vanadate method (AOAC, 1995). 

 
Table 1. Ingredients and chemical composition of the experimental diets 

Feed (%) Starter (d 1-21)  Finisher (d 22-42) 
Control Oak acorn  Control Oak acorn 

Corn 58.74 29.44  65.56 36.61 
Oak acorn - 25.00  - 25.00 
Soybean meal (44% CP) 35.00 37.72  28.73 31.39 
Vegetable oil 2.44 4.13  2.38 3.80 
Limestone 1.19 1.06  1.27 1.15 
Dicalcium phosphate 1.58 1.50  1.18 1.09 
Common salt 0.40 0.42  0. 32 0.33 
Vitamin premix1 0.25 0.25  0.25 0.25 
Mineral premix2 0.25 0.25  0.25 0.25 
DL-Methionine 0.15 0.23  0.06 0.13 
Chemical composition 
ME (Kcal/kg) 2880 2880  2980 2980 
Crude protein (%) 20.17 20.17  18.62 18.62 
Calcium (%) 0.90 0.90  0.84 0.84 
Available Phosphorus (%) 0.41 0.41  0.33 0.33 
Lysine (%) 0.99 0.99  0.93 0.93 
Methionine (%) 0.45 0.45  0.35 0.35 
Methionine + Cystine (%) 0.81 0.81  0.67 0.67 
Sodium (%) 0.18 0.18  0.14 0.14 

1The vitamin premix supplied the following per kilogram of diet: vitamin A (retinyl acetate), 8,000 IU; vitamin D3, 1,000 IU; 
vitamin E (dl-α-tocopherol), 30 IU; vitamin K3, 2.5 mg; vitamin B1, 2 mg; vitamin B2, 5 mg; vitamin B6, 2 mg; vitamin B12, 0.01 
mg; niacin, 30 mg; d-biotin, 0.045 mg; vitamin C, 50 mg; d-pantothenate, 8 mg; folic acid, 0.5 mg. 
2The mineral premix supplied the following per kilogram of diet: Mn, 70 mg; Fe, 35 mg; Zn, 70 mg; Cu, 8 mg; I, 1 mg; Se, 0.25 
mg; Co, 0.2 mg. 
 
Statistical analysis 
Data were analyzed using the General Linear 
Models (GLM) procedures of SAS software 
(2005). The model for data analysis was as 
follows: Yij = µ + ti + εij, where Yij is the 
observation, µ is the general mean, ti is the 
treatment effect and εij is the experimental error. 
The means were compared by Duncan’s 
Multiple Range Test. The level of statistical 
significance was set at P < 0.05.  
 
 
 

Results 
Chemical composition and the content of 
phenolic compounds of Oak acorn 
Chemical composition and content of phenolic 
compounds of Oak acorn are presented in Table 2. 
Oak acorns used in this study have high levels 
(71.17%) of nitrogen free extract (NFE) but low 
levels of crude protein (5.99%). This suggests that 
the content of the phenolic components of Oak 
acorn is high with 6.31% total tannins. Therefore, 
Oak acorn can be considered a tannin-rich 
feedstuff. 

 Table 2. Proximate analysis and phenolics components of oak acorn  
Component* DM ash CP EE CF NFE TP TT 
Value (% DM) 95.07 1.09 5.99 11.01 4.99 71.17 7.99 6.31 

* DM: dry matter, CP: crude protein, EE: ether extract, CF: crude fiber, NFE: nitrogen free extract, TP: total phenols, TT:  total 
tannins  
 
Performance 
The results of performance traits (body weight 
gain, body weight, feed intake and FCR) showed 

that all parameters were significantly influenced 
by experimental treatments (Table 3). Birds fed 
diets containing Oak acorn during the starter 
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phase (STR group) gained less body weight and 
hence, had lower body weight than the control 
group at the end of this phase (d 21). Higher 
body weight gain was observed in the STR 
group from 22 to 42 d of age but this difference 
was not significant.  Thus, the final body weight 
between this group and the control group were 
similar. Feeding chicks with Oak acorn from 8 to 

42 d (5wk) or entire period of the experiment 
(TOT) significantly decreased body weight gain. 
Therefore, birds in the 5wk and TOT groups had 
lower final body weights than the control group. 
Interestingly, application of Oak acorn in broiler 
finisher diets did not impair finisher body 
weight gain. Thus, the final body weight in the 
FIN group was similar to the control. 

 
Table 3. Effects of experimental treatments on body weight, body weight gain, feed intake, and FCR of 
broilers at different developmental phases 

Parameter Experimental treatments* SEM P-value Ctrl STR FIN 5wk TOT 
Body weight (g) 

d 21 641a 516b 660a 466b 492b 37 0.007 
d 42 2050a 1986a 1906a 1418b 1613b 93 0.002 

Body weight gain (g) 
d 8-21 527a 404b 545a 357b 380b 34 0.004 
d 1-21 600a 474b 619a 424b 451b 37 0.007 
d 22-42 1409ab 1471a 1245abc 952c 1121bc 90 0.011 
d 1-42 2009a 1944a 1865a 1375b 1571b 93 0.002 

Feed intake (g) 
d 8-21 765 768 802 745 819 34 0.594 
d 1-21 868 865 904 843 916 36 0.656 
d 22-42 2635b 2614b 2473b 2585b 3028a 71 0.0009 
d 1-42 3502b 3479b 3376b 3428b 3944a 90 0.004 

FCR 
d 8-21 1.458b 1.946a 1.483b 2.101a 2.162a 0.10 0.0005 
d 1-21 1.453b 1.858a 1.469b 2.000a 2.036a 0.08 0.0005 
d 22-42 1.872c 1.778c 2.062bc 2.737ab 2.828a 0.22 0.013 
d 1-42 1.747b 1.792b 1.830b 2.506a 2.573a 0.14 0.001 

Means within a row with different superscript are significantly different at P < 0.05. 
*Ctrl: Control was fed a corn-based diet (without oak acorn) entire the study, other treatments were fed diets containing 25% 
oak acorn during one of the following periods: starter (d 1 to 21) (STR), finisher (d 22 to 42) (FIN), last five weeks (d 8 to 42) 
(5wk) or total period of the study (d 1 to 42) (TOT). 
 

Significant differences in feed intake were not 
observed across experimental groups in the 
starter period. However, the birds in TOT group 
ate more feed than the other groups during the 
finisher phase and therefore they had the highest 
overall (d 1-42) feed intake. Feeding with Oak 
acorn impaired starter FCR. However, birds fed 
diet containing Oak acorn from 22 to 42 d of age 
had similar FCR compared to the control group. 
Therefore, dietary inclusion of Oak acorn during 
finisher phase did not have adverse effects on 
FCR. There was no significant difference in 
overall FCR between the groups fed Oak acorn 
during the starter or finisher periods and the 
control group. Feeding Oak acorn for longer 
times (from d 8-42 or 1-42 d) increased FCR 
compared to the control group.  
 
Tibia characteristics 
Feeding Oak acorn during the starter phase 

significantly influenced tibia bone characteristics 
at 21 d of age (Table 4). In fact, tibia weight, 
length, volume, ash, strength and bone ash 
weight/bone length index were lower in birds 
fed Oak acorn compared to those fed the control 
diet. Dietary inclusion of Oak acorn during the 
last 5 weeks and the entire period of the study 
had negative effects on some tibia characteristics 
on d 42. Birds fed Oak acorn throughout the 
experiment had lower tibia weight, length, 
volume, strength and bone ash weight/bone 
length index than the control group. In contrast, 
on d 42, tibia characteristics were similar across 
birds fed Oak acorn during the starter or finisher 
periods and the control group. Also, the content 
of tibia calcium on d 42 was lower in 5wk and 
TOT groups than the control, which indicated 
that feeding with Oak acorn negatively 
influenced calcium content. However, tibia 
phosphorus content remained unaffected. 
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Table 4. Effects of experimental treatments on tibia bone characteristics of broilers at 21 and 42 d of age 

Parameter Experimental treatments* SEM P-value Ctrl STR FIN 5wk TOT  
Tibia Weight (g) 

d 21 1.7a 1.2b 1.8a 1.3b 1.3b 0.1 0.001 
d 42 6a 5.9a 5.6ab 5ab 4.7b 0.3 0.021 

Tibia Length (cm) 
d 21 6.2a 5.5b 6.5a 5.6b 5.7b 0.1 0.019 
d 42 9.3a 9.1a 9.1a 9ab 8.7b 0.1 0.012 

Tibia Volume (mL) 
d 21 2.1a 1.7bc 2.3a 1.4c 1.8b 0.1 0.0001 
d 42 6.3a 5.9ab 5.3ab 5.1ab 4.7b 0.4 0.021 

Tibia Density (g/mL)† 
d 21 0.81 0.71 0.78 0.93 0.72 0.1 0.251 
d 42 0.95 1.00 1.06 0.98 1.00 0.2 0.307 

Tibia Ash (%) 
d 21 55.7a 45.9cd 53.9a 49.3bc 44.9d 1.3 0.0003 
d 42 44.0 43.3 44.5 43.6 43.5 0.7 0.681 

Tibia Strength (kg/m2) 
d 21 15.8a 12.8b 16.0a 12.0c 12.9b 1 0.011 
d 42 35.6a 33.9a 31.7a 22.9b 24.1b 1.5 0.0001 

W/L (mg/mm)‡ 
d 21 12.7a 8.5b 11.4a 10.7ab 9.9b 0.9 0.048 
d 42 27.0a 25.6a 24.4ab 21.6bc 19.4c 1.1 0.013 

Robusticity index# 
d 21 5.1 5.2 5.3 5.2 5.2 0.2 0.870 
d 42 5.1 5. 1 5. 2 5.3 5.2 0.1 0.708 

Tibia Calcium (% of tibia ash) 
d 42 25.8a 24.8a 23.6ab 20.9bc 18.4c 0.97 0.014 

Tibia Phosphorus (% of tibia ash) 
d 42 12.0 11.2 11.4 10.6 10.8 0.62 0.210 

Means within a row with different superscript are significantly different at P < 0.05. 
*Ctrl: Control was fed a corn-based diet (without oak acorn) entire the study, other treatments were fed diets containing 25% 
oak acorn during one of the following periods: starter (d 1 to 21) (STR), finisher (d 22 to 42) (FIN), last five weeks (d 8 to 42) 
(5wk) or total period of the study (d 1 to 42) (TOT). 
†The density was calculated as the ratio of tibia weight to its volume. 
‡this index was calculated by dividing the tibia ash weight to its length. 
#Rubusticity index = tibia length / cube root of tibia weight. 
 
Table 5. Effects of experimental treatments on relative weight (%)1 of liver and pancreas of broilers at 
21 and 42 d of age  

Parameter Experimental treatments* SEM P-value 
Ctrl STR FIN 5wk TOT  

Liver 
d 21 3.06b 4.00a 2.81b 3.24b 3.73a 0.2 0.0001 
d 42 2.30 2.21 2.23 2.18 2.17 0.1 0.915 

Pancreas 
d 21 0.400 0.438 0.413 0.438 0.413 0.1 0.831 
d 42 0.275 0.250 0.325 0.313 0.275 0.1 0.121 

Means within a row with different superscript are significantly different at P < 0.05. 
1Relative weights of liver and pancreas were expressed as percentages of body weight. 
*Ctrl: Control was fed a corn-based diet (without oak acorn) entire the study, other treatments were fed diets containing 25% 
oak acorn during one of the following periods: starter (d 1 to 21) (STR), finisher (d 22 to 42) (FIN), last five weeks (d 8 to 42) 
(5wk) or total period of the study (d 1 to 42) (TOT). 
 
Pancreas and liver weight 
On d 21, liver weight was heavier in birds fed 
Oak acorn than birds in the control group (Table 
5). However, liver  weights  were  similar  across  

 
all treatments at 42 d of age. Experimental 
treatments had no effects on pancreas weight on 
d 21 and 42 of the study. 
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Discussion 
Our findings on the chemical composition and 
content of phenolic compounds in Iranian Oak 
acorn are in line with recent reports 
(Houshmand et al., 2015; Sinaei and 
Houshmand, 2016). In another study, seed of 
this species had 91.67% DM, 3.93% CP, 0.37% 
CF, 7.7% EE, 1.5% Ash, 75.17% NFE and 58.80% 
starch (Saffarzadeh et al., 1999). In addition, 
Shimada (2001) reported that the content of NFE 
and tannins in three investigated species of Oak 
acorn were 87.4 to 90.3 and 7.28 to 11.72%, 
respectively. 

Consumption of high-tannin Oak acorn for 
longer periods (5 and 6 weeks) impaired broiler 
performance. These findings are in agreement 
with previous reports (Hassan et al., 2003; 
Mahmood et al., 2008; Houshmand et al., 2015). 
The main effect of tannins is related to protein-
binding ability by coagulating or precipitating 
proteins, thereby reducing the digestibility of 
protein and amino acids (Jansman, 1993). Due to 
interactions with dietary protein, digestive 
enzymes, or both, consumption of high-tannin 
feedstuffs increases fecal nitrogen excretion 
(Ahmed et al., 1991). Affinity of tannins to 
carbohydrates, particularly starch, and their 
deleterious effects on absorption of vitamins A 
(retinol), thiamin, and B12 have been previously 
reported (Jansman, 1993). Histological changes 
in ileal mucosa and atrophy, shortening of villi, 
and hydropic degeneration of hepatocytes were 
observed in chicks and rats fed faba beans (Vicia 
faba) tannins (Ortiz et al., 1994). Thus, it is not 
surprising that performance is reduced by 
dietary tannins, as observed in the birds of 5wk 
and TOT groups in the current study. 

Birds fed Oak acorn from 1 to 21 d of the 
study had lower body weight than the birds in 
the control group at d 21. Development of 
pancreatic enzyme activities can endure an 
initial lag phase at ~14 days in young turkeys 
(Krogdahl and Sell, 1989), suggesting that 
digestive processes are not completely 
developed in newly hatched birds. On the other 
hand, due to formation of tannin-enzyme 
complexes, digestive enzymes activities are 
inhibited by dietary tannins. This condition is 
likely more critical in newly hatched birds when 
the digestive processes are not fully developed 
(Douglas et al., 1993). Hence, poor performance 
of chicks in STR group could be linked to the 
inhibitory effects of tannins on digestive 
enzymes. It is interesting to note that there was 

no significant difference in final body weight 
between STR group and the control group at the 
end of the study (d 42), suggesting that birds fed 
Oak acorn in the starter phase had greater 
weight gain (1471 g) than the control group 
(1409 g) during the finisher phase. This 
demonstrates compensatory growth (Zubair and 
Lesson, 1996). 

Performance traits were similar between 
birds in the FIN group and the control group, 
which means that in contrast to starter period, 
Oak acorn had no negative effect on finisher 
performance. Therefore, the age of bird is an 
important factor in reducing the negative effects 
of dietary tannins. There is only one report on 
the age response of broilers to dietary tannins 
though more information is available in turkeys. 
Nyacotti et al. (1996) fed broilers high-tannin 
sorghum during d 1-9, d 10-21 or d 1-21 and 
found that although the ME value of tannin-
containing diets was lower than the control 
group, overall (d 1-21) body weight gain and 
feed efficiency were not influenced by dietary 
treatments. Due to inhibitory effects of tannins 
on digestive enzyme activity (trypsin, α-
amylase, and lipase) and incomplete 
development of digestive processes in young 
turkeys, dietary tannins impaired the 
performance of birds during the first weeks of 
age. The developed digestive system of older 
birds probably overcame the anti-nutritional 
effects of tannins, suggesting that deleterious 
effects of tannins can be reduced with increasing 
the age of chicks (Douglas et al., 1993). 

Bone status is a common indicator of mineral 
adequacy in poultry diets (Onyango et al., 2003). 
Different parameters such as bone weight, bone 
volume, bone ash, and bone breaking strength 
are used to assess bone mineralization in poultry 
(Rao et al., 1993). There are also two important 
tibia bone indexes: robusticity index (where a 
lower index indicates stronger bone structure; 
Reisenfeld, 1972) and bone ash weight/bone 
length index (where a higher index means 
denser bone; Monteagudo et al., 1997). Our 
findings suggest that Oak acorn negatively 
influenced tibia bone traits. 

Tannins have the ability to form insoluble 
complexes with divalent ions such as iron, 
thereby reducing mineral availability and 
absorption (Jansman, 1993). Hassan et al. (2003) 
reported that high-tannin sorghum significantly 
reduced the absorption of dietary minerals such 
as Ca, P, Mg, Na, K, Fe and Co in broilers. 
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Mahmood et al. (2014) reported that consumption 
of sorghum tannins significantly reduced mineral 
absorption (calcium, phosphorus, sodium, 
potassium, magnesium and iron) in White 
Leghorn layers. Considering the important role of 
minerals, particularly calcium, in bone structure 
and health (Rath et al., 2000), it is expected that 
skeletal system and tibia bone are negatively 
influenced by dietary tannins. 

Consumption of high-tannin diets will 
increase the activity of pancreatic enzymes 
(trypsin and α-amylase), resulting in an enlarged 
pancreas (hypertrophy) (Ahmed et al., 1991). We 
found that pancreas weight remained 
unaffected, which is in agreement with previous 
studies (Longstuff and McNab, 1991; Nyacotti et 
al., 1996). In contrast, Oak acorn increased liver 
weight on d 21. This increase could be attributed 
to the toxic effects of high levels of tannins. 
There is a threshold-limit beyond which tannins 
may become toxic (Al-Mamary et al., 2001). 

Different factors such as the source of tannins 
and feedstuffs, tannin concentration, animal 
factors (species, age, and production level), length 

of the test period, and diet composition (level and 
source of protein) can influence the biological 
effects of tannins (Jansman, 1993). These factors 
should be considered as important factors leading 
to different and/or inconstant results. 

 
Conclusion 
Our study shows that Iranian Oak acorn contains 
high levels of tannins. Developmental time of 
administrating a high-tannin diet plays an 
important role in the response of broilers to dietary 
tannins. Adverse effects of tannins will reduce 
with age. Also, up to 25% Oak acorn could be 
included into diets of starter or finisher broilers 
without negative consequences on their 
performance and tibia characteristics. Dietary 
inclusion of Oak acorn for longer periods (5-6 
weeks) will impair performance and tibia bone 
characteristics, and is therefore not recommended. 

  
Acknowledgments 
The authors would like to thank the Yasouj 
University, Yasouj, Iran for the providing the 
supports of this study. 

 
References 
Ahmed AE, Smithard R & Ellis M. 1991. 

Activities of enzymes of the pancreas, and 
the lumen and mucosa of the small intestine 
in growing broiler cockerels fed on tannin-
containing diets. British Journal of Nutrition, 
65: 189-197. DOI: 10.1079/BJN19910080 

Al-Mamary M, Al-Habori M, Al-Aghbari A & 
Al-Obeidi A. 2001. In Vivo effects of dietary 
sorghum tannins on rabbit digestive enzymes 
and mineral absorption. Nutrition Research, 
21: 1393–1401. DOI: 10.1016/S0271-
5317(01)00334-7 

AOAC, 1995. Official methods of analysis (16th 
ed). Association of Official Analytical 
Chemists, Washington, USA. 

Bouderoua K, Mourot J & Selselet-Attou G. 2009. 
The effect of green oak acorn (Quercus ilex) 
based diet on growth performance and meat 
fatty acid composition of broilers. Asian-
Australasian Journal of Animal Science, 6: 
843–848. DOI: 10.5713/ajas.2009.80571 

Douglas JH, Sullivan TW, GonzaIez NJ & Beck 
MM. 1993. Differential age response of 
turkeys to protein and sorghum tannin level. 
Poultry Science, 72: 1944-1951. DOI: 
10.3382/ps.0721944 

Hassan IAG, Elzubeir EA & El Tinay AH. 2003. 
Growth and apparent absorption of  minerals  

 
in broiler chicks fed diets with low and high 
tannin contents. Tropical Animal Health and 
Production, 35: 189-196. DOI: 
10.1023/A:1022833820757 

Houshmand M, Hojati F & Parsaie S. 2015. Dietary 
nutrient manipulation to improve the 
performance and tibia characteristics of broilers 
fed oak acorn (Quercus brantii Lindl). Brazilian 
Journal of Poultry Science, 17: 17-24. DOI: 
10.1590/1516-635x170117-24 

Jansman AJM. 1993. Tannins in feedstuffs for 
simple-stomached animals. Nutrition 
Research Reviews, 6: 209–236. DOI: 
10.1079/NRR19930013 

Krogdahl A & Sell JL. 1989. Influence of age on 
lipase, amylase, and protease activities in 
pancreatic tissue and intestinal contents of 
young turkeys. Poultry Science, 68: 1561-
1568. DOI: 10.3382/ps.0681561 

Longstaff M & McNab JM. 1991. The inhibitory 
effects of hull polysaccharides and tannins of 
field beans (Vicia faba L.) on the digestion of 
amino acids, starch and lipid and on 
digestive enzyme activities in young chicks. 
British Journal of Nutrition, 65: 199-216. DOI: 
10.1079/BJN19910081 

Mahmood S, Ali H, Ahmad F & Iqbal Z. 2014. 
Estimation of tannins in different sorghum 



90                                                                                                                                Response of Broilers to High-Tannin Diets 

Poultry Science Journal 2017, 5(2): 83-90 

varieties and their effects on nutrient 
digestibility and absorption of some minerals 
in caged White Leghorn Layers. International 
Journal of Agriculture and Biology, 16: 217–
221. 

Mahmood S, Ajmal Khan M, Sarwer M & Nisa 
M. 2006. Chemical treatments to reduce 
antinutritional factors in salseed (Shorea 
robusta) meal: Effect on nutrient digestibility 
in colostomized hens and intact broilers. 
Poultry Science, 85: 2207-2215. DOI: 
10.1093/ps/85.12.2207 

Mahmood S, Ajmal Khan M, Sarwer M & Nisa 
M. 2008. Use of chemical treatments to 
reduce antinutritional effects of tannins in 
salseed meal: Effect on performance and 
digestive enzymes of broilers. Livestock 
Science, 116: 162–170. DOI: 
10.1016/j.livsci.2007.09.019 

Makkar HPS. 2003. Quantification of tannins in 
tree and shrub foliage: A laboratory manual. 
FAO/IAEA. 

Medugu CI, Saleh B, Igwebuike JU & Ndirmbita 
RL. 2012. Strategies to improve the utilization 
of tannin-rich feed materials by poultry. 
International Journal of Poultry Science, 11: 
417-423. 

Monteagudo MD, Hernández ER, Seco C, 
Gonzales-Riola J, Revilla M, Villa LF & Rico 
H. 1997. Comparison of the bone robusticity 
index and bone weight/bone length index 
with the results of bone densitometry and 
bone histomorphometry in experimental 
studies. Acta Anatomica, 160: 195–199. DOI: 
10.1159/000148011 

NRC (National Research Council). 1994. Nutrient 
Requirements of Poultry. 9th Rev. Ed. National 
Academy Press. Washington, DC. 176 Pages.  

Nyachoti CM, Atkinson JL & Leeson S. 1996. 
Response of broiler chicks fed a high-tannin 
sorghum diet. Journal of Applied Poultry 
Research, 5: 239-245. DOI: 
10.1093/japr/5.3.239 

Onyango EM, Hester PY, Stroshine R, & Adeola 
O. 2003. Bone densitometry as an indicator of 
percentage tibia ash in broiler chicks fed 
varying dietary calcium and phosphorus 
levels. Poultry Science, 82: 1787-1791. DOI: 
10.1093/ps/82.11.1787 

Ortiz LT,  Alzueta C, Trevino J & Castano M. 
1994. Effects of faba bean tannins on the 

growth and histological structure of the 
intestinal tract and liver of chicks and rats. 
British Poultry Science, 35: 743-754. DOI: 
10.1080/00071669408417739 

Park SY, Birkhold SG, Kubena LF, Nisbet DJ & 
Ricke SC. 2003. Effect of storage condition on 
bone breaking strength and bone ash in 
laying hens at different stages in production 
cycles. Poultry Science, 82: 1688–1691. DOI: 
10.1093/ps/82.11.1688 

Rao SK, West MS, Frost TJ, Orban JI, Bryant MM 
& Roland DA. 1993. Sample size required for 
various methods of assessing bone status in 
commercial leghorn hens. Poultry Science, 72: 
229–235. DOI: 10.3382/ps.0720229 

Rath NC, Huff GR, Huff WE & Balog JM. 2000. 
Factors regulating bone maturity and 
strength in poultry. Poultry Science, 79: 1024–
1032. DOI: 10.1093/ps/79.7.1024 

Reisenfeld A. 1972. Metatarsal robusticity in 
bipedal rats. American Journal of Physical 
Anthropology, 36: 229–233. DOI: 
10.1002/ajpa.1330360211 

Saffarzadeh A, Vincze L & Csap J. 1999. 
Determiniation of the chemical composition 
of acorn (Quercus branti), Pistacia atlantica and 
Pistacia Khinjuk seeds as non-conventional 
feedstuffs. Acta Agraria Kaposváriensis, 3: 
59-69. 

SAS (Statistical Analysis System). 2005. 
SAS/STAT® 9.1. User's Guide. SAS Institute 
Inc. Cary, North Carolina. 

Seedor JG, Quarruccio HA & Thompson DD. 
1991. The bisphosphonate alendronate (MK-
217) inhibits bone loss due to ovariectomy in 
rats. Journal of Bone and Mineral Research, 6: 
339–346. DOI: 10.1002/jbmr.5650060405 

Shimada T. 2001. Nutrient compositions of 
acorns and horse chestnuts in relation to 
seed-hoarding. Ecological  Research, 16: 803-
808. DOI: 10.1046/j.1440-1703.2001.00435.x 

Sinaei Kh & Houshmand M. 2016. Effects of 
dietary inclusion of raw or treated Iranian 
oak acorn (Quercus brantii Lindl) on the 
performance and cecal bacteria of broilers. 
Poultry Science Journal, 4: 73-79. DOI: 
10.22069/psj.2016.2974 

Zubair AK & Leeson S. 1996. Compensatory 
growth in broiler chickens: a review. World's 
Poultry Science Journal, 52: 189-201. DOI: 
10.1079/WPS19960015

 


