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ABSTRACT

Using a completely randomized design, a total of 360 one-day-old male and female broiler chicks were allocated to 6
experimental diets with four replicates (15 birds each), to evaluate the effects of raw or treated oak acorn (OA) on the
performance and tibia characteristics of broilers. First diet was a corn-based diet (without OA) as the control, while other
5 diets contained 150 g/kg OA (raw or treated with distilled water, acetic acid, sodium hydrogen carbonate (Alkali) and
traditional method). Birds were given starter and finisher diets from 1 to 21 and 22 to 42 d of age, respectively. The
results indicated that all treatment methods significantly reduced the content of phenolic compounds. Dietary inclusion
of raw OA had no deleterious effect on performance and tibia characteristics when compared to the control. Treatment
with Alkali caused the highest overall body weight gain while traditional method resulted in worse performance
compared to the raw OA. In conclusion, 150 g/kg raw OA could be included in broiler diets, without adverse effects on
their performance or tibia characteristics. Chemical treatment, particularly using Alkali, has the potential to reduce the
content of phenols and maybe improve the nutritional value of OA.
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INTRODUCTION containing 150 g/kg raw oak acorn had poorer
performance than the control group (Houshmand et al.,
Corn is one of the most expensive feed 2015). Detrimental effects of oak acorn on broilers
ingredients in poultry nutrition. Thus, finding and performance have also been shown in other studies
inclusion of unconventional local feedstuffs which have (Hamou et al. 2012; Bouderoua and Selselet-Attou,
potential to be used as alternative to corn will reduce the 2003).
production cost. One of such feedstuffs is oak acorn, seed On the other hand, due to the potential of high-
of acorn, an abundant tree in some regions of the world tannin feedstuffs to use in animal nutrition, different
including Iran. Therefore, huge amounts of oak acorn are strategies such as chemical treatment have been used as
produced and available to include in animal and poultry detanninification approaches to alleviate the anti nutritive
diets. consequences of tannins, thereby improve the nutritive

Due to high levels of carbohydrates, particularly value of those feedstuffs (Medggu et'al., 2012). Sha'rif et
starch (Kekos and Kaukios, 1985), oak acorn has the al. (2012) reported that feeding with diets containing

potential to serve as an energy source in poultry diets high-tannin sorghum reduced broilers performance.
(Midilli et al., 2008; Saffarzadeh et al., 1999; Bouderona However, treatment of sorghum with water reduced its
et al., 2009). Beside nutritional advantages, oak acorn is a tannin content and resulted in an improved weight gain.
tannin-rich feedstuff (72.8- 117.2 g/kg DM) (Shimada, In a study c.onducte(.i by Mahmood er al. (2008),
2001). Tannins are water-soluble polyphenolic treatment of high tannin salseed (Shqrea .robusta) megl
compounds with a molecular weight between 500 and with water or alkali improved the digestive enzymatic
3000 Da. They are divided into hydrolyzable and activity and performance of broilers. In another study,
condensed tannins (Jansman, 1993). Different anti chemical treatment of salseed meal with distilled water,
nutritional effects of tannins including reduction in diet acetic acid and sodium hydrogen carbonate reduced the
palatability and feed intake (Butler er al. 1984), content of tannins and therefore prevented their negative
pancreatic hypertrophy, reduced protein and starch consequences (Mahmood et al., 2006).

digestibility (Mahmood et al., 2006; 2007; 2008), A traditional method has been used by Iranian
reduction in minerals and vitamins availability (Jansman, local people, particularly nomad, to reduce the tannin
1993) as well as histological lesions in the intestines and leve.l .in oak acorn and .thereby improve its. taste and
liver (Ortiz ef al., 1994) have been documented. Thus, it ~ nhutritional value (Ghaderi et al., 2011). In this method,
is expected that feeding with oak acorn, as a tannin-rich oak.frqlt is dehulled and then ground. Ground fruits are
feedstuff, negatively influences broilers. For example, put inside bags and soaked in water for 2-3 days. Treated
recent results have indicated that broilers fed diet materials are used to cook bread for human nutrition.
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Minerals availability and absorption can be
negatively influenced by tannins (Jansman, 1993).
Hassan ef al. (2003) reported that feeding with sorghum
grain containing high levels of tannins, significantly
reduced minerals (Ca, P, Mg, Na, K, Fe and Co)
absorption. Considering the critical role of dietary
minerals, particularly calcium, in bone structure and
health (Rath ef al., 2000), it is expected that tannins have
negative effects on bones, as it has been indicated by
Houshmand et al. (2015). Few studies have been
conducted on the influences of oak acorn on broilers
performance and tibia characteristics. Also, there is no
report on the effects of chemically treated oak acorn on
broiler chickens. Thus, the current experiment was
conducted to evaluate above-mentioned effects.

MATERIALS AND METHODS

Birds and experimental groups: All procedures used in
the current experiment were approved by the Institution
Animal Care Committee of the Yasouj University. The
experiment was arranged as a completely randomized
design. A total of 360 one-day-old male and female Cobb
500 broiler chicks with same initial body weight (around
43 g) were obtained from a local commercial hatchery.

Table 1. Composition of the experimental diets.
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Upon arrival, birds were weighed in groups and randomly
distributed among six experimental diets, with 4
replicates of 15 birds each. First diet was a corn-based
diet (without oak acorn) and served as the control (Ctrl),
while other 5 diets contained 150 g/kg oak acorn (raw
oak acorn or oak acorn treated with distilled water
(Water), acetic acid (Acid), sodium hydrogen carbonate
(Alkali) and traditional method (Trad). Starter and
finisher diets were formulated to meet the NRC (1994)
requirements and were fed from 1 to 3 and 4 to 6 weeks
of age, respectively. The composition of the experimental
diets is shown in Table 1. Birds had free access to feed
and water throughout the experiment. The birds were
reared in floor pens (150 cm length x 150 cm width) with
rice straw as litter. Feed intake was calculated weekly on
a pen basis. Birds in each pen were weighed weekly as a
group and FCR was calculated. Mortality was recorded
daily and FCR was adjusted for mortality.

Oak acorn preparation: Oak acorns were collected
from the forest of Yasouj, Kohgeluyeh and Bovir Ahmad
Province, Iran. In this forest, Quercus brantii Lindl is the
most common species. The seed coat of fruits was
removed and fruits were dried then fine ground.

Ingredients (g/kg) *Starter *Finisher

Control Qak acorn Control Qak acorn
Corn 562.4 380.6 656.0 476.3
Oak acorn 150 150
Soybean meal (440 g/kg CP) 342.1 359.9 273.7 291.0
Meat meal 30 30 20 20
Vegetable oil 29.6 44.5 18.6 31.8
Limestone 11.5 10.7 13 12.3
Dicalcium phosphate 14 13.5 10.2 9.7
Common salt 4.2 43 3 3.1
'Vitamins premix 2.5 2.5 2.5 2.5
2Minerals premix 2.5 2.5 2.5 2.5
DL-Methionine 1.3 1.5 0.6 0.8
Calculated composition
ME (MJ/kg) 12.56 12.56 12.56 12.56
Crude protein (g/kg) 215.6 215.6 187.5 187.5
Calcium (g/kg) 94 94 8.5 8.5
Available phosphorus (g/kg) 42 42 33 33
Lysine (g/kg) 10.3 10.3 9.4 9.4
Methionine (g/kg) 4.7 4.7 3.6 3.6

*Control: control diet, Oak acorn: diet containing 150 g/kg oak acorn

! The vitamin premix supplied the following per kilogram of diet: vitamin A (retinyl acetate), 8,000 IU; vitamin D3, 1,000 IU; vitamin
E (dl-a-tocopherol), 30 IU; vitamin K3, 2.5 mg; vitamin B1, 2 mg; vitamin B2, 5 mg; vitamin Bs, 2 mg; vitamin B2, 0.01 mg; niacin,
30 mg; d-biotin, 0.045 mg; vitamin C, 50 mg; d-pantothenate, 8 mg, folic acid, 0.5 mg.

2 The 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.
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Treatment was performed following the method of
Mahmood et al. (2006). In this method, Oak powders
were mixed with distilled water (pH 5.3), 0.67 M acetic
acid (pH 2.4), or 0.67 M sodium hydrogen carbonate (pH
8.2) solutions at 820 mL/kg of oak DM and incubated for
12 h at 37° C. The treated material was dried after
incubation at the same temperature in oven. Oak acorn
was analyzed for contents of DM, EE, CF, CP, Ash and
NFE according to the procedure of AOAC (1995). To
measure the phenolic components of oak acorn, in the
first stage, extraction process was done. About 1 g
ground oak acorn was weighed using a digital electronic
balance (1mg accuracy) and put in tubes and then, 3 ml of
acetone (75%) and 3 ml methanol (50 %) were added to
the samples. The tubes were vortexed and then
centrifuged (3000 g at 4° C) for 20 min. After that, upper
parts of the samples were taken by sampler and
transferred to 2 ml tubes. The extracts were analyzed
following the procedure of Makkar (2003).

Sample collection: On d 21 and 42 (end of the starter and
finisher phases of the study, respectively), one bird from
each pen was sacrificed by cervical dislocation and
immediately digestive system was carefully removed and
weight of liver, pancreas and abdominal fat pad were
measured. The relative organ weight was calculated as
the weight of the organ as a percentage of live body
weight. In addition, at the same times (d 21 and 42), right
and left tibia bones were removed as drumsticks. They
were kept frozen in plastic bags at -20° until further
measurements. After thawing, drumsticks were put inside
boiling water for 10 min. After cooling, bones were
defleshed by hand and dried for 24 h in room
temperature. Right and left tibia bones were used to
determine the tibia breaking strength and ash,
respectively. Tibia length, weight and volume were
accurately detected. Tibia breaking strength was
measured using a Machine. In order to determine bone
ash, tibia bones were dried at 105° C for 24 h and then
put in a furnace at 550° C for 24 h. Bone ash was
calculated on the basis of dry weight of tibia bone. Tibia
bone ash weight/tibia bone length index was calculated
by dividing the tibia ash weight by its length (Seedor et
al., 1991). Tibia robusticity index was calculated using
following formula: tibia length/cube root of tibia weight
(Reisenfeld, 1972).

Statistical analysis: Data were analyzed by analysis of
variance using the General Linear Models (GLM)
procedures of SAS software (SAS Institute, 2005). The
means were compared by Duncan’s multiple range test.
The level of statistical significance was set at P< 0.05.

RESULTS AND DISCUSSION

Proximate analysis of oak acorn: Proximate analysis of
oak acorn is presented in Table 2. As expected, nitrogen
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free extract (NFE) was the main component (735.2 g/kg
DM) of oak acorn. Previously, high levels of NFE (874 -
903 g/kg DM) were detected in 3 species of acorn
(Shimada, 2001).

Table 2. Proximate analysis of oak acorn (g/kg DM).

Component  Ash CpP EE CF NFE

Level 10.6 503 1167 52.0 7352
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CP: crude protein, EE: ether extract, CF: crude fiber,
NFE: nitrogen free extract

Content of the phenolics components: The current
results (Table 3) suggest that high levels of phenolics
components including tannins are present in this
feedstuff. In agreement with our results, Shimada (2001)
indicated that acorn contained considerable amounts of
tannin (72.8 — 117.2 g/kg DM). Also, our findings (Table
3) indicated that all treatment methods significantly
reduced the amount of total phenols, condensed tannins
and total tannins. The most reductions were observed in
Alkali treatment. Similar to these findings, Mahmood et
al. (2006) reported that chemical treatment with acid
acetic, sodium carbonate hydrogen and water reduced the
contents of tannins in the salseed meal. Also, in their
study, alkali treatment was more effective in reducing
tannins compared with acid and water treatments.

Performance: The effects of experimental diets on
broilers performance [body weight gain (BWQG), feed
intake (FI) and feed conversion ratio (FCR)] are shown in
Table 4. It is interesting to note that dietary inclusion of
raw oak acorn resulted in a higher BWG than the Ctrl
group in the starter (d 1-21) period. Birds in the raw
group significantly consumed more feed than the Ctrl
group (1075 vs. 924 g). Thus, the reason for the higher
BWG of raw group was probably due to higher FI.
Significant differences in FI and BWG were not observed
between these 2 groups during the finisher period.
However, feeding birds with raw oak acorn significantly
increased overall (d 1-42) BWG compared to the Ctrl
group. Although, overall FI was significantly not
different between 2 groups, but raw group numerically
had more FI than the Ctrl group (3379 vs. 3137 g).
Hence, a possible reason for the difference in BWG
between raw and Ctrl groups may be related to their FI.
Our results showed that dietary inclusion of raw oak
acorn had no adverse effects on FCR, throughout the
experiment. Previously, Kaushal and Singh (1982)
reported that dietary inclusion of 100 and 150 g/kg oak
acorn had no detrimental effects on BWG, while 200 and
250 g/kg acorn significantly reduced this parameter. The
results of Hamou et al. (2012) indicated that dietary
inclusion of green oak acorn (at the rate of 324 g/kg), as a
replacement to corn, negatively influenced broilers final
body weight and feed efficiency. In another study,
feeding with different levels (50, 100, 150 and 200 g/kg)
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of acorn seed (Quercus cerris) had no negative effects on
performance traits of Japanese quail (Midilli et al., 2008).
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Bouderoua et al. (2009) reported that at 35 day of age,
body weight of birds fed diets containing 335 g/kg green

Table 3. Effects of treatment method on phenolics components of oak acorn (g’kg DM).

Treatment method

Parameter Raw Acid Alkali Water Trad SEM
Total phenols 106° 59° 74 23¢ 63° 2
Condensed tannin 542 45¢ 12¢ 324 48P 0.8
Total tannin 612 43P 184 36° 420 2

Means within a row with different superscripts are significantly different at P<0.05.
Raw: raw oak acorn; Acid, Alkali, Water, Trad: treated-oak acorn with acetic acid, sodium hydrogen carbonate, distilled water and

traditional method, respectively.

Table 4. Effects of experimental diets on body weight gain, feed intake and feed conversion ratio of broilers at

different phases of the experiment.

! Experimental diets

Parameter Ctrl Raw Acid Alkali Water Trad SEM
Body weight gain (g)

d1-21 491¢ 597b 615° 6882 591° 471¢ 15
d22-42 1172b 1204 1138 14222 1197° 1184b 37
d1-42 1663°¢ 1802° 1753b¢ 21102 1788b¢ 1655°¢ 42
Feed intake (g)

d1-21 924b 10752 11022 11032 11212 974b 21
d22-42 2214¢ 23040 26052 2931% 26452 27372 105
d1-42 3137¢ 3379be 3706 4036 37652 37112 110
Feed conversion ratio

d1-21 1.882b 1.801° 1.792b 1.603¢ 1.897° 2.0682 0.04
d22-42 1. 889 1.914° 2.2892 2.061% 2.210% 2.3128 0.08
d1-42 1.886° 1.875° 2.1142 1.913b 2.106? 2.2428 0.06

Means within a row with different superscripts are significantly different at P<0.05.
1 Ctrl: corn based diet (without oak acorn); Raw: diet containing raw oak acorn; Acid, Alkali, Water and Trad: diets containing
treated-oak acorn with acetic acid, sodium hydrogen carbonate, distilled water and traditional method, respectively.

oak acorns was 12% lower than the control. However,
final weight at day 56 was similar between two groups.
Treatment with Alkali significantly increased BWG
during the starter phase (d 1-21) of the study compared
with the raw group. Birds of Alkali diet had the highest
BWG in all phases of the study. Interestingly, treatment
with traditional method significantly reduced BWG from
1to 21 and 1 to 42 d of the study compared with the raw
group which means that traditional method had negative
effects on BWG.

The current results indicated that dietary
inclusion of 150 g/kg raw oak acorn did not reduce feed
intake. In addition, all treated groups (except for Trad
group during d 1-21) consumed more feed than the Ctrl
during all phases of the study. Tannins can make
stringent or bitter taste which influences diet palatability
and thereby causing decrease in feed intake (Nyachoti et
al., 1996). Thus, less feed intake was expected for birds
fed diets containing oak acorn, but such inhibitory effect
was not observed in the current study. Significant
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differences in FCR were not observed between the Ctrl
and raw group throughout the experiment. It suggests that
150 g/kg oak acorn could be included in broiler diets
without negative effects on feed efficiency. In contrast
with this finding, Houshmand ez al. (2015) reported that
dietary inclusion of same level of raw oak acorn resulted
in a worse performance compared to the control.
Treatment method had significant effects on
FCR 1in all phases of the experiment. In starter phase, the
best and the worse FCR were observed in the Alkali and
Trad groups, respectively. Acid, Water and Trad groups
had worse FCR than the Ctrl or raw group during the
finisher or whole period of the experiment. However, at
the same times, significant differences in FCR were not
observed among Alkali, Ctrl and raw groups. It could be
concluded that treatment with Alkali and traditional
method had the best and the worst effects on FCR,
respectively. The results show that consumption of 150
g/kg raw oak acorn had no deleterious effect on broilers.
It means that tannin level was not high enough to affect



Ghaedi et al.,

performance and they were able to tolerate the tannin
content of this level of oak acorn. Most likely, if higher
levels of oak acorn are included in broiler diets, negative
effects of tannins will appear. Probably, under this
condition, treatment of oak acorn has more beneficial
effects on broilers.

Beneficial consequences of chemicals treatment
on the improvement of nutritional value of tannin-rich
feedstuffs have previously been shown in several studies.
In a study conducted by Sharif et al. (2012) water
treatment reduced the tannin content of sorghum and
improved feed efficiency of broilers. Mahmood et al.
(2007) reported that addition of water, acetic acid,
sodium bicarbonate and polyvinyl-pyrrolidone solutions
to high-tannin salseed meal and subsequent anaerobic
incubation at 37°C significantly reduced its tannin
content. Also, treatment with alkali or water improved the
digestive enzymatic activity. This improvement may be
related to reduction in the formation of tannin-dietary
protein and tannin-enzyme complexes in the broiler gut
(Mahmood et al., 2008). In another study, treatment of
salseed meal with alkali and water significantly improved
the protein digestibility and nitrogen retention in
colostomized hens and broiler cockerels. Probably, in the
presence of moisture, the tannins are polymerized to
larger molecules that are insoluble and lose their ability
to precipitate proteins (Mahmood et al., 2006).

It is possible that under treatment conditions,
hydrolysable tannin be hydrolysed and converted to
smaller units which do not have tannin like effect. The
mechanism of tannin deactivation by water or acid
treatment may be similar to the reaction which proceeds
in grain as it approaches maturity. As the seed ripens,
polymers of procyanidins are formed from monomers
present in the seed resulting in an increase in the
concentrations of soluble and insoluble polymers
(Mahmood et al., 2007). Treatment of high tannin
sorghum with an alkaline substance (wood ash) was
effective in reducing the tannin content and thus
improved its nutritive value and resulted in a better
broiler performance. It was suggested that due to
polymerization of tannins in an alkaline media, they can
form none-toxic compounds (Kyarisiima et al., 2004).
The results of Banda-Nyirenda and Vohra (1990)
indicated that broilers fed diets based on tannin-
containing sorghum had poorer performance compared
with the control. Dietary supplementation with sodium
bicarbonate decreased tannin contents and thus inhibited
those deleterious effects. They suggested that sodium
bicarbonate can improve dietary electrolyte balance,
creating conditions for an improvement in feed efficiency
without influencing AME and apparent nitrogen
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retention. In the study of Muindi et al. (1981), anti
nutritive effects of tannin sorghum were inhibited by
treatment with sodium bicarbonate (soaking for 3 days in
Magadi soda solutions).

A possible explanation for the poor performance
in birds of Trad group may be related to the nutrient
leaching. As stated earlier, in Trad method, oak acorn
was soaked and washed in water for a long period (2-3
days). Probably, under this condition, in addition to
tannins, dissolved valuable nutrients have lost. This
condition can cause lower nutritional quality and
therefore poor performance.

Tibia characteristics: The effects of experimental diets
on tibia characteristics at 21 and 42 d of age are shown in
Table 5. Different parameters could be used to determine
the bone mineralization and hence bone structure and
health in poultry, including bone ash, bone breaking
strength, bone weight and bone volume (Rao et al.,
1993). Also, two indexes are used to evaluate bone
density: 1- the bone ash weight/bone length index. The
higher index indicates more density (Monteagudo et al.,
1997). 2- robusticity index. Lower index indicates more
strong bone (Reisenfeld, 1972).

On d 21, significant differences in tibia

characteristics (except for bone volume) were not
observed between Ctrl and raw group (P>0.05). Also, on
d 42, there were no significant differences in tibia
characteristic among experimental diets. It means that
oak acorn, had no negative effect on tibia bone (P>0.05).
This result is not in agreement with previous report
(Houshmand et al., 2015). However, birds in raw group
had lower bone ash and strength than those in Alkali
group, at 21 d of age. These reductions may be attributed
to the presence of the high levels of tannins in raw oak
acorn. This could be because, minerals availability and
absorption and thus bone structure and health are
negatively influenced by tannins (Jansman, 1993; Hassan
et al.,2003).
Pancreas, liver and abdominal fat weight: The results
(Table 6) indicate that abdominal fat pad and liver weight
were significantly not influenced by experimental diets at
42 d of age (P>0.05). There was no significant difference
in pancreas weight between the Ctrl and other groups at
21 d of age. However, treatment with Alkali and Acid
significantly reduced the pancreas weight compared with
the raw group at 21 d of age. It is reported that, high
tannin diets have inhibitory effects on pancreatic
enzymes activities. Thus, pancreas needs to increase
enzymes production. As a result, pancreatic hypertrophy
will occur (Ahmed ef al., 1991).
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Table 5. Effects of experimental diets on tibia characteristics of broilers at 21 and 42 d of age.

! Experimental diets

Parameter Ctrl Raw Acid Alkali Water Trad SEM
Weight (g)

d21 1.5b 1.72be 1.8 2.02 1.9 1.4¢ 0.09
d42 5.7 5.6 5.7 5.7 6.8 5.2 0.58
Length (cm)

d21 6.32 6.4% 6.4% 6.5° 6.4° 6.0° 0.07
d42 9.8 9.4 9.4 9.3 9.6 9.2 0.20
Volume (ml)

d21 3.5 2.5° 3.5 3.5° 4.0% 2.5° 0.26
d 42 8.5 8.3 9.0 8.0 9.2 9.4 1.1
Ash (%)

d21 39.5° 38.1° 41.5° 51.8° 40.7° 41.2b 2.1
d 42 41.3 43.0 45.7 52.0 46.6 41.1 3.2
Strength (kg/m?)

d21 27.5% 21.0° 24 5% 32.0° 26.0% 24 5% 33
d42 39.0 35 36.5 37.5 40.5 333 3.5
2W/L (mg/mm)

d21 250 26%¢ 283 302 202 24¢ 2
d42 62 60 61 61 63 57 6
Robusticity index

d21 1.9* 1.9* 1.9* 1.7° 1.92 1.8% 0.13
d 42 2.7 2.7 2.7 2.5 2.7 2.7 0.02

Means within a row with different superscripts are significantly different at P<0.05.
! Ctrl: corn based diet (without oak acorn); Raw: diet containing raw oak acorn; Acid, Alkali, Water and Trad: diets containing treated-oak acorn with
acetic acid, sodium hydrogen carbonate, distilled water and traditional method, respectively.

2W/L: tibia ash weight / tibia length index

Table 6. Effects of experimental diets on relative weight of pancreas (at 21 and 42), liver and abdominal fat at 42

d of age (% body weight).

! Experimental treatments

Parameter Ctrl Raw Acid Alkali Water Trad SEM
Pancreas

d21 0.31% 0.38 0.30b 0.28 0.31% 0.31% 0.02
d4 0.24 0.25 0.22 0.21 0.21 0.22 0.01
Liver

d4 2.8 2.4 2.6 2.7 2.4 2.8 0.19
Abdominal fat

d4 1.7 1.9 2.7 1.9 2.1. 22 0.32

Means within a row with different superscripts are significantly different at P<0.05.
! Ctrl: corn based diet (without oak acorn); Raw: diet containing raw oak acorn; Acid, Alkali, Water and Trad: diets containing treated-oak acorn with
acetic acid, sodium hydrogen carbonate, distilled water and traditional method, respectively.

Finally, it should be mentioned that effects of tannins are
influenced by different factors including response
parameters chosen (weight gain, feed intake and feed
efficiency), source and concentration of tannins, animal
factors (species, age and production level) and diet
composition (Jansman, 1993). Thus, differences in our
results with others may be attributed to these factors.

Conclusion: Treatment with substances such as distilled
water, acetic acid, sodium hydrogen carbonate as well as
traditional method are effective in reducing the phenolic

components of oak acorn. Raw oak acorn at level of 150
g/kg could be included in broiler diets, without adverse
effects on their performance or tibia characteristics.
Chemical treatment of oak acorn, particularly using
Alkali, has the potential to improve the nutritional value
of oak acorn. However, traditional treatment had negative
influences on broilers performance.
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