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This study was carried out to investigate the effects of supplementing layer hen diet with red pepper
powder (Capsicum annuum L.) as natural yolk colourant on laying performance, pigmentation of
yolk, egg quality and serum immunoglobulin levels. One hundred sixty Super Nick Chick white
laying hens at 78 week of age were randomly divided into four dietary groups, each containing
supplements of control (commercial diet), red pepper supplementation groups as dose 1, dose 2
and dose 3 at 0.5%, 1.0% and 1.5% level, respectively. A higher hen-day egg production and egg
mass, and an efficient feed conversion rate were observed in dose 2 and dose 3 groups. A lower
yolk ratio and a higher albumen ratio were linearly observed in dose 2 and dose 3 groups. The
darkest yolk colour was observed in dose 3 group with a value of 13.2 of Roche colour fan and
18.8 of redness value. A higher level of 1IgG was observed for the hens from dose 1 and dose 3
groups. As a conclusion, due to favourable effects for laying performance, quality parameters, yolk
pigmentation and immunity, red pepper could be recommended as a natural source for yolk
pigmentation.
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Yumurtaci Tavuk Rasyonuna Dogal Sar1 Renklendiricisi Olarak Kirmizibiber
(Capsicum annuum L.) Tozu Ilavesinin Yumurtlama Performansi, Sari
Pigmentasyonu, Yumurta Kalitesi ve Serum Immiinoglobulin Diizeyileri
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Bu c¢aligma yumurtact tavuklarin rasyonuna dogal sari renklendiricisi olarak kirmizibiber
(Capsicum annuum L.) tozu ilavesinin yumurtlama performansi, sar1 pigmentasyonu, yumurta
kalitesi ve serum immiinoglobulin diizeyleri {izerine etkilerinin belirlenmesi amaciyla
yiiriitiilmiistiir. Calismada 78 haftalik yasta toplam 160 adet Super Nick Chick beyaz yumurtaci
tavuk kullanilarak dért deneme grubu olusturulmustur: kontrol (ticari rasyon), sirastyla %0,5, %1,0
ve %1,5 diizeyinde kirmizibiber tozu ilave edilen 1.doz, 2. doz ve 3. doz gruplar1. Caligmada, 2. ve
3. doz gruplarinda yumurta verimi ve yumurta kiitlesinin daha yiiksek ve yemden yararlanma
oranininsa daha iyi oldugu goézlenmistir. 2. ve 3. doz gruplarinda linear olarak sar1 oran1 daha
diisiik, albiimin orani ise daha yiiksektir. Yumurta sar1 renginin 3. doz grubunda 13,2 Roche sar1
rengi ve 18.8 kirmizilik degeri ile en koyu tona sahip oldugu tespit edilmistir. Serum IgG diizeyinin
1. ve 3. doz gruplarindaki tavuklarda daha yiiksek oldugu saptanmustir. Sonug olarak, yumurtlama
performansi, kalite parametreleri, sar1 pigmentasyonu ve immiinite {izerine olumlu etkilerinden
dolay1, kirmiz biber sar1 pigmentasyonu i¢in dogal bir kaynak olarak 6nerilebilir.
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Introduction

In table egg production, the pigmentation of yolk has
an importance for consumers’ demand. Consumers usually
have a tendency to choice the eggs with yolk colour from
dark yellow to orange (Hasin et al., 2006). On the other
hand, there is a growing interest and demand for animal
rights and welfare all over the world. This trend has caused
some alternative production systems against conventional
systems in poultry production. Recently, free range and
organic production systems have become widespread for
egg production in many countries.

It is well known that the colour of egg yolk is affected by
diet content with regard to the degree of pigmentation and
especially xanthophyll content, type and the ratio of
pigmentation compounds (Rossi et al., 2015). In commercial
applications, these pigmentation compounds as feed additives
have to be added to the diets to increase the pigmentation of
yolk. Because, these compounds could not be synthesized in
the body of bird (Breithaupt, 2007). In egg type chicken
nutrition, these pigmentation compounds, named as
carotenoids, are used with high levels of natural or synthetic
pigments for colorization of egg yolk (Hammershgj et al.,
2010; Shahsavari, 2014; Sirri et al., 2007). These carotenoids
mainly include xanthophyll, capsanthin, and canthaxanthin
(Perez-Vendrell et al., 2001).

Recently, instead of synthetic pigments, the use of
natural pigment compounds has gradually increased in
many countries, due to alternative production systems
(McGraw, 2005). For that reason, plant origin carotenoids
have become alternative sources as natural colorants for
egg production (Wang et al., 2016), because of their
advantages as stronger bioactivity and bioavailability,
safety and cheaper (Rossi et al., 2015). The aim of the
current study is to investigate the effects of supplementing
layer hen diet with natural carotenoid source as red pepper
powder on laying performance, pigmentation of egg yolk,
egg quality and serum immunoglobulin levels.

Material and Methods

All the procedures were in accordance with established
standards for the care and use of animals for research
purposes which was approved by Uludag University
Animal Use Local Ethical Committee (No: 2018-05/09).

The experiment was performed with a total of 160 hens
of Super Nick Chick white laying strain at 78 weeks of age.
The experiment was performed during 10 weeks (until 88
weeks of age). The laying hens were randomly assigned
into four dietary groups which are all placed at eight battery
cages (50 x 45 x 45 cm) with 5 birds in 8 replicates. The
experimental groups were created by supplementation of
red pepper (Capsicum annuum L.) powder: control
(commercial diet), red pepper supplementation groups as
dose 1, dose 2 and dose 3 at 0.5%, 1.0% and 1.5% level,
respectively.

A standard commercial layer diet with a content of 16%
CP and 2.700 ME kcal/kg was formulated according to the
National Research Council (1994) to meet nutritional
specifications. The chemical composition of the diet was
given in Table 1. Pigment composition (total carotene,
carotenoid and capsanthin content) of red pepper powder

was measured according to the spectrophotometric method
described by Jarén-Galan et al. (1999). According to the
analyse results, total carotene, carotenoid and capsanthin
content were found as 2637 mg/kg, 78 mg/kg and 5 mg/kg
respectively.

During to the experimental period, feed and water were
offered ad-libitum. All hens were kept under a constant
lighting schedule (16 h light and 8 h dark periods daily).
The laying hens were individually weighed with a digital
scale with a precision of 1 g at 78" and 88" weeks of age.
Egg number from each cage were daily collected and hen-
day egg production was calculated as daily. Feed intake
and egg weight were recorded on weekly basis. Egg mass
and feed conversion rate were calculated as ratio between
egg production and egg weight, and ratio between feed
intake and egg mass.

Egg interior and exterior quality parameters were
measured at 88" weeks of age (n: 12 eggs/group). The egg
shape index was calculated by a formula given by Reddy
et al. (1979). Eggshell breaking strength (kg/cm?) was
measured by special equipment. The yolk weight was
measured with a precision of 0.01 g. These yolk samples
were also used for further yolk colour measurements.

The shells were carefully washed and dried 24 h in a
drying oven at 105°C (Nuve FN-500, Ankara, Turkey) and
then weighed with a precision of 0.01 g. Albumen weight
was calculated by subtracting yolk and shell weights from
the egg weight. Eggshell thickness was measured using a
calliper with a precision of + 0.01 mm. Egg yolk diameter,
albumen length, albumen width (mm) were measured with
digital calliper with a precision of = 0.01 mm (Mitutoyo,
300 mm, Neuss, Germany). The albumen and yolk height
(mm) were measured using a tripod micrometre. Egg yolk
and albumen index values and Haugh Unit were calculated
with the data.

The egg yolk colour (n = 12 eggs per experimental
group) was measured visually assessing with Roche egg
yolk colour fan (Roche Ltd., Switzerland). Pigmentation of
yolk was determined by scoring ranging from the lightest
pigmentation (score 1) to the darkest pigmentation (score
15). Besides, yolk colour characteristics as lightness (L*),
redness (a*), yellowness (b*), chroma (C) and hue value
(a) of yolk were measured using by a spectrophotometer
(Konica- Minolta, Osaka, Japan).

At 88 week of age, blood samples were taken from ten
hens from each group for serum immunoglobulin (IgA,
IgG, and IgM) levels. Blood samples were centrifuged at
3000 rpm for 15 min. Serum immunoglobulin levels were
measured by a commercial kit (Roche Cobas 6000 E601,
Roche Diagnostics, North America) according to the
analysis techniques described by Carew et al. (1997).

The parametric data were analysed by using GLM
procedure of statistical analysis software of SAS (2013).
Effects of the red pepper powder supplementation levels were
determined by the contrast option of the GLM procedure.
Orthogonal polynomial contrasts were also applied to
determine the linear and quadratic responses to different levels
of supplementation. Analysis for percentage data was
conducted after an arcsine transformation of the data.
Significant differences among means were compared with
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Duncan’s adjustment for multiple comparisons. Differences  were considered significant at P<0.05.

Table 1. Composition of the experimental diets containing red pepper extract

Ingredients (%) Control diet Basal diet Dose 1 Dose 2 Dose 3
Corn 64.35 64.35 64.35 64.35 64.35
Soybean meal (46%) 25.13 25.13 25.13 25.13 25.13
Dicalcium phosphate 1.08 1.38 1.25 1.23 1.22
Calcium carbonate 8.05 8.42 8.48 8.48 8.48
DL-methionine 0.02 0.02 0.02 0.02 0.02
NaCL 0.37 0.37 0.37 0.37 0.37
Vitamin premix! 0.10 0.10 0.10 0.10 0.10
Mineral premix? 0.20 0.20 0.20 0.20 0.20
Inert pigment 0.70 - - - -
Pepper extract - - 0.10 0.12 0.13
Total 100 100 100 100 100

Calculated composition

Crude protein (%) 16.05 16.05 16.05 16.05 16.05
ME (kcal/kg) 2755 2755 2755 2755 2755
Ca (%) 3.5 3.7 3.7 3.7 3.7
Available phoshorus (%) 0.32 0.35 0.35 0.35 0.35
Sodium (%) 0.2 0.2 0.2 0.2 0.2
Total methionine (%) 0.36 0.36 0.36 0.36 0.36
Lysine (%) 0.9 0.9 0.9 0.9 0.9

1 each kg of premix: 20000 mg Fe, 120 mg I, 1600 mg Cu, 24000 mg Mn, 16000 mg Zn, 20 mg Se, 20 mg Co., ? each kg of premix: 20000000 Ul
Vtamin A, 5000000 Ul Vitamin D3, 40500 Ul Vitamin E, 4800 mg Vitamin K3, 3600 mg Vitamin B;, 12000 mg Vitamin B, 6000 mg Vitamin B,
28000 mcg Vitamin B,, 87000 mg Niacin, 60 mg Biotin, 29000 mg Pantothenic acid, 1600 mg Folic acid.

Results

The effects of red pepper extract supplementation on
performanca parameters were given on Table 2. Daily feed
intake was significantly lower in the red pepper extract
supplementation groups compared to the control group
(P<0.02). It changed between 104.7-107.4 g in red pepper
powder supplementation groups, whereas it was found as
118.3 g in the control group. Red pepper supplementation
caused a linear and quadratic iincrement for hen-day egg
production and egg mass. These parameters were found to
be higher in dose 2 and dose 3 groups (P<0.01).

Control diet group (commercial diet), Dose 1 (0.5% red
pepper supplementation); Dose 2 (1.0% red pepper
supplementation); Dose 3 (1.5% red pepper supplementation)

As seen in Table 3, yolk weight and yolk ratio were
found to be higher in control diet and dose 1 groups

(P<0.01). Albumen weight was found to be the highest in
eggs obtained from dose 2 group (46.4 g; P<0.01), whereas
albumen ratio was higher the eggs obtained from dose 2
and dose 3 groups (66.6 and 65.4%, P<0.01). Eggs
obtained from dose 1 and dose 2 groups had higher
breaking strength. The darkest yolk color was observed in
the eggs obtained from dose 3 group with 13.2 Roche yolk
color and 18.8 redness value (Table 4, P<0.01). Yolk index
value was linearly found to be the highest in dose 3 group,
while the albumen index was found to be the highest in
dose 2 group (P<0.01). The mean of a-value was the lowest
in the control group compared to the red pepper
supplementation groups (P<0.01). The highest value for
Haugh unit was observed in dose 2 group, compared to the
other groups (P<0.01).

Table 2. The effects of red pepper extract supplementation on performance parameters in layer chickens

. . Significance
Experimental groups Control diet Dose 1 Dose 2 Dose 3 Fixed Linear Quadratic
Body weight (g, 78" weeks)| 1730.0+88.2 1745.0£67.7 1740.0£87.6 1741.3£75.5 0.999 0.974 0.959
Body weight (g, 88" weeks)| 1731.8£96.4 1756.7+87.2 1736.8+97.1 1746.8+782 0.953 0.652  0.879
Daily feed intake (g) 118.3£10.8%  107.4+£8.1>  104.7+8.1°  105.4+8.4> 0.032 0552  0.002
Hen-day egg production (%) | 71.7+3.0° 75.2:4.2° 79.3+£3.72 81.2+2.78  <0.01 <0.01 0.004
Egg weight (g) 66.5+5.5 68.8+4.9 71.0+£5.4 69.5+4.6  0.099 0.062 0.153
Egg mass (g/d/hen) 47.7+2.0° 51.7+2.6% 56.3+£2.3% 56.4+1.98  <0.01 0.002 0.076
Feed conversion rate 2.48+0.23%  2.08+0.19° 1.86+0.15°¢ 1.87+0.16° <0.01 0.030 <0.01

ab Differences in letters within colons indicates significant differences among the experimental groups, n = 40 layer hens / experimental groups
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Table 3. The effects of red pepper extract supplementation on egg content and exterior egg quality parameters

. . Significance
Experimental groups Control diet Dose 1 Dose 2 Dose 3 Fixed Linear Ouadratic
Yolk weight (g) 18.540.6°  19.0+0.32  17.7+0.4° 17.7£0.5> 0.029 0.164 0.189
Yolk ratio (%) 28.2+0.42 27.8+0.3%  25.5+0.8° 26.2+0.8° <0.01 0.001 0.298
Albumen weight (g) 41.6£1.1°  43.4+0.5°  46.4+1.82 44.1+0.5> <0.01 0.002 0.001
Albumen ratio (%) 63.5+0.8°  63.5+0.5®  66.6+0.92 65.4+0.78 <0.01 0.003 0.281
Eggshell weight (g) 5.4+0.8 5.940.2 5.4+40.1 5.740.4  0.547 0.665 0.785
Eggshell ratio (%) 8.2+0.7 8.7+0.2 7.9+0.4 8.4+0.5 0.175 0.185 0.431
Egg weight (g) 65.5£3.4 68.4+4.0 69.6+3.5 67.5+4.2 0.330 0.242 0.056
Shape index (%) 74.4+1.9 75.2+1.4 75.4+1.7 73.6+2.1  0.158 0.723 0.223
Eggshell breaking strength (g/cm?) |1.212+0.312° 1.624+0.2612 1.661+0.3312 1.362+0.108% 0.014 0.123  0.004
Eggshell thickness (mm) 0.342+0.02 0.382+0.01 0.364+0.05 0.363+0.02 0.147 0.829 0.820

ab Differences in letters within colons indicates significant differences among the experimental groups, n = 12 eggs / experimental groups, Control diet
group (commercial diet), Dose 1 (0.5% red pepper supplementation); Dose 2 (1.0% red pepper supplementation); Dose 3 (1.5% red pepper

supplementation).

Table 4. The effects of red pepper extract supplementation on egg yolk and albumen quality parameters

. . Significance
Experimental groups | Control diet Dose 1 Dose 2 Dose 3 Fixed  Linear Quadrafic
Yolk color 12.0£0.655®  11.8+0.447°  12.4+0.894® 13.2+0.447* <0.01  <0.01 <0.01
Yolk height (mm) 19.2+0.6% 19.3+0.7%® 18.6+0.4° 19.6+0.72 0.027  0.064 0.667
Yolk diameter (mm) 46.4+1.12 46.6+1.0? 45.0+2.6% 43.1+1.0° 0.030  0.005 0.227
Yolk index (%) 41.2+41.2° 41.4+1.3b 41.6+3.4° 45.5+1.6° 0.006  0.001 0.206
L* 53.6+3.5" 56.4+1.52 55.5£1.7%® 57.0£2.52 0.006  0.001 0.263
a* 14.4+2.3° 12.3£1.0° 13.3£1.6° 18.8+2.82 <0.01 0.03 0.285
b* 42.7+4.3 45.4+2.8 44.14£3.0 46.0+5.8 0.333 0131 0.818
C value 46.8+3.9 46.2+2.8 46.14£3.2 47.9+6.1 0.402  0.067 0.915
a-value 66.1+3.9° 74.5+0.72 73.3+1.42 73.8+1.72 <0.01  0.009 0.120
Albumen height (mm)|  6.8+0.8¢ 7.1£0.5 9.5+0.82 8.2+1.1% <0.01  0.004 0.067
Albumen length (mm)| 100.2+6.5 98.946.2 96.1+£7.0 97.6£3.4 0.254 0.090 0.260
Albumen width (mm) 78.8+4.5 79.2+5.4 75.3+5.4 77.5+6.1 0.674 0.843 0.993
Albumen index (%) 7.84+0.8° 8.1+1.0° 11.2+1.62 9.5+1.8%® 0.002  0.011 0.110
Haugh unit 80.6+3.9° 81.8+3.6° 94.7+4.12 88.446.6% <0.01  0.005 0.115

&¢ Differences in letters within colouns indicates significant differences among the experimental groups, n = 12 eggs / experimental groups, L*: lightness;
a*: redness; b*: yellowness; C: chroma; a: hue value, Control diet group (commercial diet), Dose 1 (0.5% g red pepper supplementation); Dose 2 (1.0%

red pepper supplementation); Dose 3 (1.5% red pepper supplementation).

The effects of red pepper extract supplementation on
serum immunoglobulin levels were presented on Figure 1.
A higher level of IgG was observed in the hens from dose
1 and dose 3 groups, with values of 30.1 and 31.9 mg/dI
respectively (P<0.05).

Discussion

Results showed that red pepper extract supplementation
as a natural carotenoid source had beneficial effect for hen-
day egg production, egg mass and also feed conversion
rate. This finding is consistent with another study
performed by Abou-Elkhair et al. (2018) who reported a
better performance for egg production, egg mass and feed
conversion rate for laying hens fed with red pepper
supplementation.

Observed decline in feed intake and improvements in
performance parameters could be related with bioactive
components of red pepper. There is a bioactive ingredient
called as capsaicin in red pepper. It has a critical role for
increasing of metabolism of nutrients and energy by
stimulating enzyme activities, for example, glucose-6-
phosphate  dehydrogenase, lipoprotein lipase and
pancreatic and intestinal enzymes (Platel and Srinivasan,

2004; Reddy and Lokesh, 1992).

Observed variations for yolk weight and yolk ratio
could be related with changes of hen-day egg production
among the experimental groups. Likewise, an increment
for egg production by enhancement of ovulation in dose 2
and dose 3 groups could be resulted in smaller yolk
formation. These findings are supported by Abou-Elkhair
et al. (2018) who reported a decline in yolk weight with an
increment egg production when laying hens fed with
dietary supplementation of fennel seeds, black cumin seeds
and hot red pepper, compared to the control diet.

Eggshell quality parameters as exterior egg quality has
an economical importance for egg production chain. A
stronger shell structure with a higher breaking strength and
shell thickness is a one of the most important quality targets
to reduce the breaking and cracks of eggshell during
handling, storage and transportation (Ketta and Timova,
2016; Solomon, 2010). Current results showed that red
pepper extract supplementation increased eggshell
breaking strength compared to the control and basal diet
groups. These findings could be related with a more
efficient utilisation of some nutrients, as mentioned above,
especially some minerals that has critial role for shell
formation (Platel and Srinivasan, 2004; Reddy and Lokesh,
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Figure 1. Serum immunoglobulin levels fed with red

pepper powder supplementation
Each bar represents mean + SEM; a,b indicaten significant
differences at P < 0.01. Control diet (commercial diet), Dose 1 (0.5%
red pepper supplementation); Dose 2 (1.0% red pepper
supplementation); Dose 3 (1.5% red pepper supplementation).

Results showed that the efficiency of transition of yolk
pigments in red pepper to yolk increased when the
supplementation amount of red pepper extract increased.
This finding is consistent with previous results reported by
Niu et al. (2008), Lokaewmanee et al. (2010, 2013), and
Rossi et al. (2015), Abou-Elkhair et al. (2018). This
darkened color could be related with a higher content of
capsanthin (Santos-Bocanegra et al., 2004). It is known
that egg yolk colour is a combination of three colorimetric
parameters read by a spectrophotometer, including hue
value, L* value and chroma value (Lokaewmanee et al.,
2010). Results showed that L* value tended to increase
when red pepper extract supplementation increased. This
finding was contrast to previous findings by Lokaewmanee
et al. (2010) who concluded that a lower value of L* for
paprika group.

A stronger immunocompetence and resistance to
disease is essential to obtain optimum performance and
profitability. Results showed that IgG level tended to
increase in red pepper supplementation groups. This could
be related with bioactive compounds of red pepper, for
example chemo-preventive and chemotherapeutic effects
(Puvaca et al., 2015). In the study, a higher laying
performance in dose 3 group could be stimulated by a
stronger immunocompetence and a higher protective effect
against oxidative stress.

Results of current study showed that the red pepper

extract supplementation could be recommended for
improving laying performance and immunocompetence of
hens, especially later term of laying period, and also
exterior and interior egg quality parameters. Based on these
findings, red pepper extract should have a potential feed
ingredient instead of synthetic pigment ingredients, for
yolk pigmentation, especially for alternative egg
production systems.
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