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Abstract: This study was conducted to determine the effects of different levels (0, 200, 400, 600 mg
*U5 https://orcid.org/0000-0002-8667-3390 kg?) of ashwagandha (Withania somnifera) root powder (ARP) on performance, egg quality and egg
lipid peroxidation in laying hens (Lohmann LSL, 36 weeks old) diets. For this purpose, a total of 4
groups were formed, one of which was control (ARP-0) and the other three were experimental groups
(ARP-1, ARP-2, ARP-3). A total of 96 hens were distributed to 4-storey cages with 8 replicates in each
group and 3 hens in each replicate. The experiment lasted for a total of 2 months. During this period,
feed and water were given as ad-libitum and 16 hours of light and 8 hours of dark photoperiod was
applied daily. The ARP-0 group was fed with basal diet and the experimental groups were fed with
diets prepared by adding 200, 400 and 600 mg kg™ levels of ARP to the basal diet, respectively. Except
for egg weight, albumen index, Haugh unit, shell weight, yolk L* and b* and TBARs (day 0), other
parameters were not affected by ARP in the diet. The highest egg weight (P<0.05) was in the ARP-2
group while the highest albumen index (P<0.05), Haugh unit (P<0.05) and shell weight (P<0.05) were

gg‘z’;fcegﬂ‘l\,dg‘g Gtionts: in the ARP-1 group. It was determined that egg yolk L* (P<0.001) and b* (P<0.001) values were
Amasya University, Suluova Vocational highest in ARP-1 group. Moreover, it was observed that all levels of ARP in the diet decreased the yolk
Schools, Amasya, Tiirkive TBARSs (day 0) value compared to the control group (P<0.05). As a result, it can be said that ARP can
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Psigozde kilinc @amasyz edus improve some performance and quality parameters and delay lipid oxidation in laying hens.
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Ashwagandha (Withania somnifera) Kok Tozunun Yumurtaci Tavuklarda Performans,
Yumurta Kalitesi ve Yumurta Saris1 Lipid Peroksidasyonu Uzerine Etkileri

Oz: Bu calisma, yumurtaci tavuk (Lohmann LSL, 36 haftalik) karma yemlerine farkl: diizeylerde (0,
200, 400, 600 mg kg') ashwagandha (Withania somnifera) kok tozu (ARP) ilavesinin performans,
yumurta kalitesi ve yumurta lipid peroksidasyonu iizerine etkilerini belirlemek ilizere yiiriitiildii. Bu
amagla, biri kontrol (ARP-0) ve diger iicii deneme grubu (ARP-1, ARP-2, ARP-3) olmak iizere toplam
4 grup olusturuldu. Her grupta 8 tekerriir ve her tekerriirde ise 3’er adet tavuk olacak sekilde toplam 96
adet tavuk 4 kath kafeslere dagitildi. Deneme toplam 2 ay siirdii. Bu siire i¢erisinde yem ile su ad-
libitum olarak verildi ve giinliik 16 saat aydinlik 8 saat karanlik fotoperiyot uygulandi. ARP-0 grubu
bazal rasyonla, deneme gruplari ise bazal yeme sirastyla ARP’nin 200, 400 ve 600 mg kg™ diizeylerinin
ilavesi ile hazirlanmis yemlerle beslendi. Yumurta agirligi, ak indeksi, Haugh birimi, kabuk agirligi,
yumurta sarist L* ile b* ve TBARs (0. giin) degeri hari¢ diger parametreler karma yemdeki ARP’den
etkilenmedi. En yiiksek yumurta agirligi (P<0.05) ARP-2; en yiiksek ak indeksi (P<0.05), Haugh birimi
*Sorumlu yazar: (P<0.05) ve kabuk agirligi (P<0.05) ARP-1 gurubunda oldu. Yumurta saris1 L* (P<0.001) ve b*
Gézde KILINC (P<0.001) degerlerinin en yiiksek ARP-1 grubunda oldugu tespit edildi. Karma yemdeki ARP’nin tiim
éﬂiﬁiglﬁgfr’]ﬁz"a&%?ﬁyeSIek diizeylerinin kontrol grubuna gére yumurta sarist TBARs (0. giin) degerini azalttigi (P<0.05) tespit
= gozde.kil,inc@ar?a,sya.edz.tr edildi. Sonug olarak, yumurtaci tavuklarda ARP’nin bazi performans ile yumurta kalite parametrelerini
iyilestirebilecegi ve lipid oksidasyonunu geciktirebilecegi soylenebilir.

Anahtar kelimeler: Antioksidan, ashwagandha, performans, yumurta kalitesi, yumurtaci tavuk.
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INTRODUCTION

Synthetic antioxidants are frequently used as feed
additives (Candan & Bagdatli, 2017). However, it is known
that they can cause health problems in humans due to their
residues in animal products (Karasu & Oztiirk, 2014).
Therefore, natural antioxidants are being investigated as an
alternative to synthetic antioxidants (Righi et al., 2021).
One of these is plants (Manuelian et al., 2021). It is known
that some plants show antioxidant properties with various
active substances they contain. Ashwagandha (Withania
somnifera) is one of them (Gupta & Rana, 2007). Known
as Indian ginseng and winter cherry (Gupta & Rana, 2007),
this plant is widely used in Ayurvedic medicine (Mishra et
al., 2000). This plant is known to have active ingredients
such as withanolides, somnitalglucose and withanone
(Bhardwaj & Gangwar, 2011; Kushwaha et al., 2012;
Vasanthakumar et al., 2015). Furthermore, it has been
reported that it contains active ingredients that have
antioxidant, antibacterial, hypolipidemic, anti-
inflammatory and antitumor effects (Gupta & Rana, 2007).
There are different studies investigating the effects of
Ashwagandha root powder (ARP) on poultry performance
(Akotkar et al., 2007; Bhardwaj & Gangwar, 2011; Biswas
et al., 2012; Joshi et al., 2015; Vasanthakumar et al., 2015;
Sandeep et al., 2020) and egg quality (Bhardwaj &
Gangwar, 2011; Kumar et al., 2020; Kumar 2021).
However, very few studies have investigated the effects of
poultry products on lipid oxidation. Azimi et al. (2020)
reported that ARP decreased thigh MDA (malondialdehit)
levels in a study conducted on broilers.

In this study, the effects of different levels (0, 200,
400, 600 mg kg?') of Ashwagandha root powder
supplementation to laying hen diets on performance, egg
quality and egg lipid peroxidation were determined.

MATERIAL AND METHOD

Ethics committee permission: Ethics committee
approval for this study was obtained from Ondokuz Mayis
University Animal Experiments Local Ethics Committee
with the date 10.08.2021 and acceptance number 2021/38.

Experiment plan and feeding of animals: This
experiment was conducted in the licensed poultry unit of
Amasya University Suluova Vocational School. The
animal material of the study consisted of 96 Lohmann LSL
white laying hens at the age of 36 weeks. A total of 4
groups were formed for the experiment, one as control and
the other three as experimental groups. Each group
consisted of 8 replicates and 3 hens in each replicate,
furthermore, a total of 96 hens were randomly distributed
in 4-storey cages. After the groups were formed, the
homogeneity of variances was tested for body weight
(P>0.05). The experiment lasted for a total of 2 months and
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during this period, feed and water were given to the hens
as ad-libitum. Lighting was provided for 16 hours daily.
The experimental plan is given in Table 1.

Table 1. Experiment plan.

Gruplar ARP-0  ARP-1 ARP-2 ARP-3
Number of repetitions 8 8 8 8
Number of hens in repetitions 3 3 3 3
Total number of hens 24 24 24 24

ARP-0, ARP-1, ARP-2, ARP-3: Groups fed ashwagandha root powder added to basal diet at 0,
200, 400, and 600 mg kg levels, respectively.

The control group (ARP-0) was fed with basal diet
and the experimental groups (ARP-1, ARP-2, ARP-3) were
fed with the addition of ARP to the basal diet at 200, 400
and 600 mg kg%, respectively. The basal diet was prepared
according to the values recommended by NRC (1994). The
nutrient composition of the basal diet was determined by
the method reported in AOAC (2000) and metabolic
energy value was calculated according to the method
developed by Carpenter & Clegg (1956). The nutrient
composition of the basal diet is given in Table 2.

Table 2. Chemical composition of basal diet used in the experiment.

Ingredients kg ton™! Nutritient content (analyzed) %
Maize 407.647 Dry matter 88.92
Wheat 200.000 Crude protein 17.70
Sunflower meal (34%) 75.807 Crude fibre 4.14
Soybean meal (46%) 131.217 Ether extract 3.80
Full-fat soybean (34%) 50.000 Crude ash 12.08
Corn gluten (60%) 24.422 Methionine 0.38
Vegetable oil 9.378 Lysine 0.80
Limestone 87.447 Methionine + Cystine 0.70
Dicalcium phosphate 8.414 Arginine 112
Salt 3.168 Tryptophan 0.21
Premix* 2.500 Calcium 3.60
Total 1.000 Auvailable phosphorus 0.38

Sodium 0.15
Calculated ME (kcal kg™) 2737

*Each 2.5 kg of premix contains 10.000.000 IU Vitamin A, 3.000.000 Vitamin D3, 25.000 mg
Vitamin E, 3.000 mg Vitamin K3, 3.000 mg Vitamin B1, 6.000 mg Vitamin B2, 40.000 mg
Vitamin B3, 10.000 mg Vitamin B5, 4.000 mg Vitamin B6, 1.000 mg Vitamin B9, 20 mg B12, 50
mg Vitamin H, 300.000 mg Choline, 80.000 mg Mn, 60.000 mg Fe, 60.000 mg Zn, 5.000 mg Cu,
1.500 mg 1, 300 mg Co, 150 mg Se, 400.000 mg Phytase, 550.000 mg Xylanese, 650.000 mg
Methionine, 2.500 mg canthaxanthin, 1.000 mg apo carotenoic ester.

Ashwagandha root powder was purchased ready-
made from a commercial company. To ensure
homogeneity, feeds were first made with the additive in
small amounts of ARP and then these were added to the
whole diets.

Determination of performance parameters:
Hens were weighed at the beginning and end of the
experiment, hence, the change in body weight (g) was
calculated. The feeds were weighed daily at the same time
and eggs were counted daily. At the end of the experiment,
the remaining feeds and eggs were weighed. Then egg
production (%), feed intake (g), egg mass (g) and feed
conversion ratio (g feed/g egg) were calculated. Egg
production was calculated by dividing the total number of
eggs in each group by the number of animals. Egg mass
was determined by multiplying the egg weight by egg
production and then dividing it by 100. Besides, the feed
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conversion ratio was calculated by dividing the feed intake
by the egg mass.

Determination of egg quality parameters: To
determine egg internal and external quality parameters, 20
eggs were randomly selected on the last two days of the
experiment. Eggs and shells were weighed with a 0.01 g
precision balance and weights were recorded as g. Egg
width (mm) and length (mm), yolk diameter (mm),
albumen width (mm) and length were measured with a
digital caliper. Egg yolk height (mm) and albumen height
(mm) were measured with a tripod micrometer. Shape
index (%) (Sarica & Erensayin, 2009), yolk index (%)
(Yalgm et al., 2008), albumen index (%) (Yal¢in et al.,
2010), and Haugh unit (Ryu et al., 2011) were calculated
from these values. To determine the shell thickness (um),
samples were taken from three different parts (sharp,
medium, and blunt) of the shells and measured with a
digital micrometer and the average was given.

Shape index = [egg width/egg length] x 100

Yolk index = [yolk height/yolk width] x 100

Albumen index = [egg albumen height] /
[(albumen length + albumen width) / 2] x 100

Haugh unit = 100 log (H + 7.57-1.7W°3"), (H =
egg height; W = egg weight)

Colorimetry was used to determine egg yolk L*,
a*, b* values. L* value indicates the range of dark (0-50)
and light (51-100) values in terms of light transmittance; a
positive value indicates red and a negative value indicates
green for a*, a positive value indicates yellow and a
negative value indicates blue for b* (Pesman et al., 2022).

Determination of egg yolk TBARs value: An
important criterion affecting the shelf life of eggs is the
rancidity of the lipids it contains. As an indicator of this
rancidity, egg yolk TBARs (thiobarbituric acid reactive
substances) value was determined at 2 different periods,
day 0 and day 28. At the end of the experiment, a total of
48 eggs, 12 eggs from each group, were randomly taken
and analyzed for malondialdehyde (MDA) for day 0 value
on the same day, and for day 28 after storing at +4°C for
28 days. Moreover, 12 ml of TCA (trichloroacetic acid)
solution (7.5% TCA, 0.1% EDTA, 0.1% propyl gallate)
was added to egg yolk samples (2 g) and homogenized at
ultra-turrax for 20-25 s and filtered through Whatmann 1
filter paper. In addition, 3 ml of the filtrate was taken into
glass tubes and 3 ml of 0.02 M TBA (thiobarbituric acid)
solution was added. These tubes containing the solution
were kept in a water-bath at 100°C for 40 minutes and then
cooled under tap water. The cooled tubes were centrifuged
at 2000 rpm for 5 minutes and the absorbance values were
read at 530 nm wavelength in a spectrophotometer (Kilig
& Richards, 2003). TBARs values were calculated from
the formula below and given as pmol MDA/kg egg.
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TBARS = [(absorbance/k(0.06) x 2/1000) x 6.8]
% 1000/ sample weight

k= Value obtained from the standard curve

Statistical analysis: Analysis of variance (One-
Way Analysis of Variance) and comparisons between
groups (Duncan's test) were performed using SPSS 22.0
package program. Furthermore, linear and quadratic
effects of increasing doses of ashwagandha root powder
(200, 400, 600 mg kg*) were determined by polynomial
analysis. The effects (significance) of the groups were
evaluated at P<0.05 level (IBM., Corp., 2011). In addition,
the number of animals used in the study was determined by
G*Power analysis.

RESULTS

Results of performance parameters

The results of the study on performance
parameters (body weight, body weight change, egg weight,
egg production, feed conversion ratio, and daily feed
intake) are given in Table 3.

Table 3. Effect of Ashwagandha root powder on performance parameters.

Groups P values
Parameters —RP-0_ARP-L ARP2 ARP3 -V C L o
BW 145800 145438 144925 153350 1842 0328 0186 0239
FBW 1380.88 1421.00 142154 145533 1128 0244 0.056 0952
BWG -6813 -3338 2771 3504 1402 0753 0424 0473
Ew 6150° 6390% 6436 6201 0412 0025 0547 0003
EP 88.90 9069 9115 9191 LIl 0.819 0365 0.824
FI 11222 11216 11219 11552 0722 0268 0128 0242
FCR 207 194 192 202 0028 0215 0532 0.046

a, b, c: The averages with different superscripts in the same row differ significantly (P<0.05).
SEM: Standard Error of Mean; C: Combined; L: Linear; Q: Quadratic; ARP-0, ARP-1, ARP-2,
ARP-3: Groups fed ashwagandha root powder added to basal diet at 0, 200, 400, and 600 mg kg
levels, respectively. IBW: Initial Body Weight, g; FBW: Final Body Weight, g; BWG: Body
Weight Gain, g; EW: Egg Weight, g; EP; Egg Production, %; FI: Feed Intake, g/day/hen; FCR:
Feed Conversion Ratio, g feed/g egg.

It was observed that ARP in laying hen diets had
no significant effect on performance parameters except egg
weight. In the polynomial analysis, it was determined that
ARP had a quadratic effect on egg weight and feed
conversion ratio. Moreover, egg weight was the highest
(64.36 g) in the ARP-2 group (P<0.05). Feed conversion
ratio decreased numerically in all groups compared to the
control group, thus, ARP improved feed conversion
(P>0.05). This decrease was especially remarkable in the
ARP-2 group. Kumar (2021) reported that ARP did not
affect body weight change in laying hens and our study was
in agreement with that. In contrast to the present study,
Sandeep et al. (2020) reported that ashwagandha root
powder (0.25, 0.5, 0.75, 1%) affected feed intake, egg mass
and egg production. In the same study, Sandeep et al.
(2020) reported that ARP did not affect the feed conversion
ratio. This finding coincides with our study result. In
another study, Biswas et al. (2012) reported that ARP
increased feed intake in laying hens. Furthermore, Akotkar
et al. (2007) reported that ARP affected body weight gain,
feed intake and feed conversion ratio in broilers. Joshi et
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al. (2015) reported that ARP did not affect feed intake and
feed conversion ratio in broilers. In the present study, the
numerical decrease in feed conversion ratio (P>0.05) and
increase in egg weight (p<0.05) may be due to the bioactive
components in ARP.

Results of egg quality parameters

The findings of the study on egg internal and
external quality parameters (egg weight, shape index, yolk
index, albumen index, Haugh unit, shell weight, shell
thickness and yolk L*, a*, b* values) are given in Table 4.

Table 4. Effects of Ashwagandha root powder on egg quality

Groups P values

Parameters ARP-0 ARP-1 ARP-2 ARP-3 SEM C L Q

EW (g) 61.35° 6592 64.08% 63.12* 0450 0.002 0.346 0.001
| 75.08  74.74  75.00 74.00 0.286 0.534 0.249 0.561
Y1 39.48 4052  40.83 40.04 0.254  0.260 0.382 0.073
Al 7.87° 9.242 8.67% 8.06° 0.196 0.054 0992 0.011
HU 79.50° 84.68% 83.04®  80.10° 0.759 0.045 0981 0.007
SW(g) 6.72¢ 7.47% 7.14% 6.99% 0.068 0.001 0390 0.000
ST (pm) 0.353 0.353 0.357 0.361 0.002 0.608 0.214 0.627
L* 49.88" 53.44%  49.74° 53.072 0.371 0.000 0.037 0.854
a* 14.19 14.26 14.05 13.29 0.145 0064 0.023 0.146
b* 34.89° 38.97% 36.07° 38.55% 0.358 0.000 0.003 0.179

a,b: The averages with different superscripts in the same row differ significantly (P<0.05).

SEM: Standard Error of Mean; C: Combined; L: Linear; Q: Quadratic; ARP-0, ARP-1, ARP-2,
ARP-3: Groups fed ashwagandha root powder added to basal diet at 0, 200, 400, and 600 mg kg~
Llevels, respectively. EW: Egg Weight; SI: Shape Index; YI: Yolk Index; Al: Albumen Index; HU:
Haugh Unit; SW: Shell Weight; ST: Shell Thickness; L*: Lightness; a*: Redness; b*: Yellowness.

When egg quality parameters were evaluated,
except egg weight, albumen index, Haugh unit, shell
weight, and yolk L* and b* value, other quality parameters
were not affected by ARP in the diet. The highest egg
weight (65.92 g), albumen index (9.24), Haugh unit (84.68)
and shell weight (7.47 g) were in the ARP-1 group
(P<0.05). There was also a significant difference in yolk
L* and b* values between the groups (P<0.001). The
highest egg yolk L* and b* values were in ARP-1 group.
In the polynomial analysis, ARP had a quadratic effect on
egg weight, albumen index, Haugh unit and shell weight,
and there was a linear effect on yolk L*, a* and b* values.
In the present study, the increase in Haugh unit and
albumen index indicates that ARP has a positive effect on
egg shelf life. It has been reported that albumen quality
depends on the amount of B-ovomucin secreted in the
magnum and antioxidant substances may protect [-
ovomucin, resulting in an increase in albumen height
(Ozgan, 2009). Therefore, ARP is thought to increase
albumen index and Haugh unit. The increase in eggshell
weight may have resulted from the increase in egg weight.
In addition, bioactive components of ARP may have
increased Ca absorption. In contrast to the present study,
Kumar et al. (2020) reported that different levels of ARP
(0.25, 0.5, 0.75, 1%) did not affect the egg albumen index
and Haugh unit. In another study, Kumar (2021) reported
that ARP in laying hen diets did not affect shape index and
shell thickness.
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Results of egg yolk TBARs value: The results of
the egg yolk TBARs value of the study are given in Table
5.

Table 5. Effect of Ashwagandha root powder on egg yolk TBARs.

Groups SEM P values

Parameters ARP-0 ARP-1 JLE-2 ARP-3 C L Q

TBARs (day 0) 4.187% 2.744>  2.924>  2.939° 0.211 0.048 0.047  0.067
TBARs (day 28) 3.519 3.131 2.984 2.548 0.167 0.230  0.045 0.941

a,b: The averages with different superscripts in the same row differ significantly (P<0.05).
SEM: Standard Error of Mean; C: Combined; L: Linear; Q: Quadratic; ARP-0, ARP-1, ARP-2,
ARP-3: Groups fed ashwagandha root powder added to basal diet at 0, 200, 400, and 600 mg kg
levels, respectively. TBARs: Thiobarbituric Acid Reactive substances.

There was a significant difference in yolk TBARs
levels between the groups only on day 0. When the TBARS
values of the eggs analyzed immediately at the end of the
experiment (day 0) were examined, it was revealed that all
levels of ashwagandha decreased the egg yolk TBARs
values (P<0.05) and slowed down the lipid oxidation
compared to the control group. In the polynomial analysis,
it was determined that ashwagandha root powder had a
linear effect on egg yolk TBARs value at day 0 and 28.
There are a limited number of studies investigating the
effects of ashwagandha on lipid oxidation in poultry.
Azimi et al. (2020) reported that ARP decreased MDA
levels in thigh in a study conducted on broilers.

CONCLUSION

The results showed that ARP increased egg
weight and improved FCR. Furthermore, ARP had positive
effects on the Haugh unit and albumen index, which are
important indicators of egg freshness. It was also observed
that ARP could contribute to the improvement of egg shelf
life by slowing down yolk lipid oxidation (on day 0). In
addition, it increased yolk L* and b* values, which are one
of the egg quality criteria. It was also determined that ARP
increased shell weight, which is one of the egg's external
quality factors. As a result, it was concluded that ARP in
laying hen diets can positively affect some performance
and egg quality parameters.
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