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Abstract

The aim of this study was to evaluate the effect of a Herbal product (Nutrition
Bio-Shield Superfood® (NBS)) supplementation in diets varying in
metabolizable energy (ME) and crude protein (CP) contents on the internal egg
quality and fatty acid profile of eggs in commercial laying hens. A total of 420
layer hens aged from 63-74 weeks were assigned to 10 treatments with 6
replicates in a completely randomized design with a 5x2 factorial arrangement
with 5 dietary levels of NBS (0, 0.5, 1, 1.5, 2 g/kg diet) and 2 concentration of
nutrients (standard and 5% diluted for ME and CP). The diluted diet
significantly (P < 0.05) increased the shell thickness and shape index
compared to the standard diet; however, it decreased shell weight and
concentrations of margaric, elaidic, linoleic, docosahexaenoic, polyunsaturated
fatty acids, n3, n6, and the ratio of n6:n3 fatty acids in egg yolk compared to
the standard diet (P < 0.05). NBS supplementation linearly decreased egg yolk
myristic, margaric, and ginkgoic acids concentrations (P < 0.05). In addition, a
significant interaction effect was found between diet dilution and NBS
supplementation on the haugh unit, shape index, albumen percentage, and egg
yolk margaric acid concentration. In general, the reduction of energy and CP in
the diet of laying hens by 5% of the standard had no adverse effect on egg

quality parameters.

Introduction

Herbal products are the most useful feed additives
used in animal diets that have positive effects on
animal health and production. Panda et al. (2000)
noted that many herbs have been used for decades in
animal nutrition because of their effect on feed
intake, anthelmintic, coccidiostats, antimicrobial, and
immune status. Recently, the European Union has
adopted the use of many herbs in poultry nutrition as
a viable alternative to other feed additives. According
to the report by Markets and Markets (2019), the feed
additives market has globally increased from USD
33.0 billion in 2018 to USD 44.3 billion by 2023.
However, some additives such as antibiotics appeared
to be harmful to the animals and then to people as a
result of bacteria resistance and antibiotic residues
(Swann et al., 1969). Antibiotic growth promoters
pose a threat to humans through meat or egg
products, animal health, and the environment
(Doeschate and Raine, 2006). As a result, the

European Union banned the use of antibiotics in
2006, which was followed by many countries
worldwide (YYakhkeshi et al., 2011). Therefore,
several feed additives such as probiotics, prebiotics,
synbiotics, medical plants, and organic acids have
been considered as alternatives to antibiotics.

Nutrition Bio-shield Superfood is a natural plant-
based supplement that is extracted from wheat grains
(NBS Organic Company, Turkey, 2019) containing
water-soluble, except for B7 and B12, fat-soluble
vitamins, minerals such as copper, zinc, iron, boron,
phosphorus, potassium, sulfur, magnesium, calcium,
and manganese, as well as omega-3 (n-3), omega-6
(n-6), and omega-9 (n-9) essential fatty acids (Bayat
et al., 2021). Plant-derived substances are one of the
possible alternatives to antibiotics that can be used in
animal feeding.

There is no available data about the effect of NBS
product on laying hens performnce. But, wheat germ
a similar feed additive contains valuable nutrients
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such as vitamins, minerals, amino acids, and fibers
(Brandolini and Hidalgo, 2012; Ghafoor et al., 2017).
Also, Hammershgj and Johansen (2016) found that
herbal materials positively affected the fatty acid
(FA) composition of egg yolk with high amount of
polyunsaturated fatty acids (PUFA), especially o-
linoleic acid (Lopez-Bote et al., 1998). Fermented
wheat germ had a good effect on poultry production
and immunity (Mueller and Voigt, 2011). Hafeez et
al. (2020) reported that herbal products improve
nutrient digestibility such as crude protein (CP), fat
and nitrogen-free extract (NFE). Kamran et al. (2008)
stated that metabolizable energy (ME) and crude
protein (CP) are the two main factors in poultry diets.
Almeida et al. (2012) found that ME and CP levels
affect egg production, egg mass, and feed intake in
Hy-Line W-36 layers. But, some other studies did not
show this effect (Jalal et al., 2006; Summers and
Leeson,1993).

Beynen (2004) and Milinsk et al. (2003) reported
that eggs fatty acids profile was influenced by the diet
of laying hens. The levels of fatty acids can affect
human health, whereas low level of saturated fatty
acids (SFA) with high level of monounsaturated fatty
acids (MUFA) and PUFA could decrease the risk of
high cholesterol in consumers (Khosla and Hayes,
1992; Hopkins, 1992; Hayes et al., 1991; Grundy and
Denke, 1990; Hegsted et al., 1965; Keys et al., 1965).
In addition, unsaturated fatty acids have many
beneficial effects on human health including anti-
cancer, cardioprotective, reducing triglyceride and
blood pressure, enhancing immunity and growth, and
central nervous system maturation. Also, the ratio
between omega-6 and omega-3 fatty acids has to be

balanced in order to prevent health problems such as
cancer and cardiovascular disease (Djuricic and
Calder, 2021). Therefore, the appropriate ratio of
omega-6 (n-6) and omega-3 (n-3) for human health is
about 4-5/1 (Mariamenatu and Abdu, 2021).
Hammershgj and Johansen (2016) showed that herbal
materials affect the composition of fatty acids
(PUFAS) especially n-3 to a higher amount in the egg
yolk (Lopez-Bote et al., 1998). Since the diet
represent about 70% of the total cost for poultry
production (Kamran et al., 2010); thus, using low ME
and CP diet in addition to the use of herbal product
may reduce the cost and improve eggs internal traits.
Therefore, the aim of this study was to evaluate the
effect of using varying ME and CP levels with
different supplementations of herbal product on the
internal egg quality and fatty acid contents in laying
hens from 63-74 weeks of age.

Materials and Methods

Experimental design, diets, and management

A total of 420 Hy-Line W-36 hens with an initial
average BW of 1.6 kg starting at 63 wk of age were
used in this study. The experiment was performed as
a b5x2 factorial arrangement in a completely
randomized design with 5 dietary levels of NBS (0,
0.5, 1.0, 1.5, 2.0 g/kg diet) and 2 dietary levels of ME
and CP (standard and 5% reduced ME and CP)
during 63-74 weeks of age for 12 wk. The birds were
randomly allocated in 10 treatments with 6 replicate
cages (experimental unit) of 7 birds each. The
chemical composition of NBS supplement powder is
presented in Table 1.

Table 1. Chemical composition of Nutrition Bio-Shield Superfood® powder.

. Amount . Amount A
Composition (%) Minerals (%) Vitamins Amount (mg/kg)
Moisture 8.40 Total 0.44 B1 0.66
phosphorus
Total ash 1.80 Potassium 231 B2 0.28
Fiber 11.26 Sulfur 0.28 B3 2.70
Digestible nutrients 61.90 Magnesium 0.32 B5 0.89
Carbohydrate (g/100g) 42.53 Calcium 1.67 B6 0.89
Gross energy (kcal/kg) 4300 Boron 0.62 C 52.40
Ether extract 7.20 Iron (mg/kg) 241 E 0.97
. Manganese
Crude protein 20.60 49.80 A(lU 530.0
P (mg/kg) o
Sugar 3.70 Zinc (mg/kg) 26.90 D (IV) 483.0
K
Cellulose 6.00 Copper (mg/k 13.6 63.60
pper (mg/kg) (ug/kg)

Omega-3 fatty acids (mg/g) 48.42

Omega-6 fatty acids (mg/g) 60.62

Omega-9 fatty acids (mg/g) 22.16

!Analyzed in Technology Development Center for Medicinal Plants. Department of Research and Development of

Knowledge Based Green Drug Researchers Company.
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Experimental diets (Table 2) were formulated
based on the Hy-Line W-36 management guide for
commercial layers (Hy-Line International, 2020). The
complete feed mixture and the feed ingredients
chemical compositions were determined based on the
AOAC procedure (2019). Briefly, the samples of feed
were ground and analyzed in the laboratory of
Animal Science Department for dry matter, total ash,
and CP based on the following methods (DM,
930.15), (Tash, 942.05), and (Kjeldahl, N x 6.25,
990.03), respectively. In addition, calcium and total
phosphorus contents in the diets were analyzed using
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Inductively Coupled Plasma Optical Emission
Spectroscopy  instrument  (ICP-OES). Cage

dimensions were 60 x 60 x 40 cm for length, width,
and height, respectively. Cages were equipped with a
feeding trough and 2 nipple drinkers where the hens
had access to feed and water ad libitum during the
study. The temperature of rearing house was 16-20
°C, lighting program was 16 hL: 8hD, and relative
humidity was 60% throughout the study. Wood
partitions were used to prevent cross-feeding between
the cages (replicates).

Table 2. Ingredients and nutrient composition of basal diets during 63 to 74 weeks, as-fed basis.

Ingredients (%) Standard 5 % Diluted
Corn 40.86 46.68
Soybean meal (44% CP) 22.44 19.38
Wheat 20.20 20.22
Limestone 10.54 10.54
Vegetable oil 3.28 0.38
Dicalsium phosphate 1.58 1.59
Common salt 0.26 0.26
Sodium bicarbonate 0.1 0.1
Mineral premix! 0.25 0.25
Vitamin premix? 0.25 0.25
DL-Methionine 0.24 0.26
L-Lysine HCL - 0.09
Calculated analysis, %

Metabolizable energy (kcal/kg) 2823 2698
Crude protein 15.24 14.44
Calcium 4.32 4.32
Available phosphorus 0.41 0.41
Digestible Lysine 0.67 0.67
Digestible Methionine 0.45 0.45
Digestible Met + Cys 0.67 0.67
Determined analyses, %

DM 93.26 92.63
Crude protein 15.99 15.52
Ash 13.83 14.66
Calcium 3.36 291
Total phosphorus 0.45 0.55

Provided per kg of diet: vitamin A (retinol), 8,800 1U; vitamin D3 (cholecalciferol), 3,300 IU; vitamin E (DL-a-
tocopheryl acetate), 18.5 IU; vitamin K3 (menadione), 2.2 mg; vitamin B1 (thiamin), 2.2 mg; vitamin B2 (riboflavin), 5.5
mg; vitamin B3 (niacin), 28.0 mg; vitamin B5 (pantothenic acid), 6.6 mg; vitamin B6 (pyridoxine), 3.5 mg; vitamin B9
(folic acid), 0.7 mg; vitamin B12 (cyanocobalamin), 0.02 mg; biotin, 0.05 mg; antioxidant 1.0 mg.

2Provided (mg/kg of diet): Mn (manganese sulfate) 80.0, Fe (iron sulfate) 75.0, Zn (zinc sulfate) 64.0, Cu (copper sulfate)

6.0, Se (Sodium Selenite) 0.3.

Sample Collection

Egg Quality

Internal egg quality measurements were obtained
every three weeks, for four periods during the study.
During each period, the following measurements
were conducted. Three eggs from each replicate (18
eggs per treatment) were collected for egg weight,

specific gravity, and shape index measurements. Each
of the eggs was weighed individually using a 0.001g
digital scale (model GF 400, A&D Weighing, San
Jose, CA, USA) and the average weight of them was
recorded for each replicate. After that, the shape
index was obtained from the same three eggs used
previously by using 0.01 mm precision caliper (model
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254

Herbal Product and Egg Quality

1116-150, Insize Co, Suzhou, China). The eggs
height and width were measured and the shape index
was calculated based on formula 1 (Asmundson and
Baker, 1940). After taking the egg weight and the
shape index, these three eggs were also used for
measuring egg-specific gravity. The Archimedes law
was used to calculate the specific gravity. The law
states that any volume placed in water equals the
weight of the fluid it displaces. The method was that
the eggs were first weighed with the help of a scale
with an accuracy of 0.001 g digital balance (model
GF 400, A&D Weighing, San Jose, CA, USA). Then,
with the help of copper wire, a small mesh with a
minimum size was made and connected to the ring
under the scale with the help of hook. Eventually, the
egg was completely immersed in the mesh inside the
beaker, then the weight of the egg (except for the
mesh weight) was recorded as the weight in the water
based on formula 2 (Hamilton, 1982; Asmundson and
Baker, 1940).

(D) Shape index =
)

E idth
Egg width (mm) x 100
Egg length (mm)

Specific Gravity (S. G) =

Egg weight in the air

Egg weight in the air—Egg weight in the water

One egg was collected from each replicate (6 eggs
per treatment) for measuring haugh unit (HU), yolk
color index, shell thickness, yolk percentage,
albumen percentage, and shell percentage. HU was
measured based on formula 3 (Haugh, 1937); while
yolk color index was measured by using DSM Broiler
Fan (DSM Nutritional Products., Roche Basel,
Switzerland). This fan has 8 color strips from 101
light colors to 108 dark colors. Shell thickness was
measured 48 hours after washing the eggs by using a
micrometer with an accuracy of 0.001 mm digital
micrometer  (model 293-240, Mitutoyo Co,
Kanagawa, Japan) from three points, top, bottom, and
the middle of the eggshell. Then, the average was
considered as the thickness of the eggshell. Yolk,
albumen, and shell percentage were obtained by using
the descriptive method of Prochaska et al. (1996).
First, yolk and albumen were separated from each
other by using the egg yolk separator. With the use of
a paper towel, additional albumen was removed from
the yolk before taking the yolk weight. Second, shell
weight was measured after rinsing with distilled
water and then 48 hours of exposure to air. These
parameters were weighed by using a digital scale with
an accuracy of 0.001g balance (model GF 400, A&D
Weighing, San Jose, CA, USA). Next, the albumen
weight was measured by subtracting the yolk and
shell weight from the whole egg weight. Then, the

weight obtained for the yolk, albumen, and shell was
divided by the weight of the whole egg and the result
was expressed as a percentage of the total egg for
each one individually.

(3) Haugh unit = 100 x logso ([albumen height (mm)
+7.57] - [1.7 x egg weight (g)**])

Lipid extraction and fatty acid methylation

Fatty acid methyl esters (FAME) were analyzed using
the procedure described by Sukhija and Palmquist
(1988) with some maodifications. Yolk fatty acid
content was obtained by taking one egg from each
replicate (6 eggs per treatment; 60 eggs total) at the
end of the experiment and placed on the chiller room
(4 °C) for further analysis. Each egg was broken and
the yolk was separated from the albumen by yolk
separator. The yolk was homogenized and about 2-3
mL sample was taken and placed in a small tube. The
tubes with the yolk were transferred to the laboratory
and placed in the freeze dryer for 24 h. Freeze-dried
samples were ground to a fine powder and placed in
small plastic bags (60 bags total) and thereafter kept
in a deep freezer (-20 °C) for further analysis.
Samples for fatty acid measurement were prepared by
taking 10 mg of each sample and placed in a glass
vial. Then, 0.5 mL of n-hexane was added to the vial.
After that, 50 pL of 25% KOH/ methanol was added
to them. Next, vials with the solutions vortexed for
2.5 min. Later on, the vial was placed on an
ultrasonic bath with a temperature of 70 °C for 10
min. After cooling, 1 mL of 0.88% NaCl was added
to the vial and placed in the centrifuge at 2490 g for
10 min. Finally, about 2 pL from the top solution was
withdrawn and placed on another vial for final
measurements. A special instrument syringe was used
to withdraw 1 pL from the final vial and placed in the
device for the final reading.

Determination of fatty acids profile

Fatty acid methyl esters were analyzed by gas
chromatography with flame ionization detection (CP-
3800 Varian) using a fused silica capillary column by
a Chrompack CP-Sil 88 TM (Varian Inc., Walnut
Creek, CA, USA). Initially, the oven temperature was
started at 140 °C for 5 min and then increased to 240
°C by 4 °C/min for 30 min. The carrier gas used was
He with a flow rate of 1.0 mL/min. The temperature
of both injector and detector was 260 °C. Basically, a
comparison of sample peak retention times with the
fatty acids of the FAME standard mixtures was used
for identifying the common fatty acids (Sigma-
Aldrich Chemie GmbH, Germany; Kiani and
Gharooni, 2016).
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Statistical analysis

Data were analyzed using PROC GLM of SAS
software (SAS, 2012) for variance analyzes in a
completely randomized design. The experiment was
performed as a 2x5 factorial arrangement. The first
factor was the diet dilution (standard and 5% diluted)
and the second factor was the levels of NBS herbal
product (0, 0.5, 1, 1.5, 2 g/kg diet). Duncan’s multiple
range test was applied to separate treatment means (P <
0.05). PROC REG was used to test linear and quadratic
responses to increasing dietary levels of NBS.

Results

Egg quality traits

Table 3 shows the effect of the NBS herbal product
supplementation in diets with varying ME and CP
levels on egg quality traits in Hy-line W-36 laying
hens during 63-65 weeks of age. For the first period
(63-65 wk), both diet dilution and the NBS did not
show any significant effect on the internal egg quality
measurements. The interaction between diet dilution
and the NBS herbal product had no significant effect
on egg weight, egg specific gravity, percentage of
shape index, shell thickness, yolk, aloumen, shell, and
yolk color index. However, the interaction effects of
diet dilution and NBS supplementation showed a
significant effect (P < 0.05) on the HU. So that, HU
in the standard diet group was decreased as the NBS
level increased and vice versa in the diluted diet
group.

In the second period (66-68 weeks of age), diet
dilution had a significant effect (P < 0.05) on the
shell thickness. The 5% diluted diet significantly (P <
0.05) increased the shell thickness compared to the
standard diet (30.12 vs 28.42 mm). Moreover, NBS
supplementation and the interaction between diet
dilution and NBS herbal product had a significant
effect on the albumen percentage as shown in Table
4. However, diet dilution, NBS, and their interaction
did not have significant effect on other internal egg
quality measurements in this period.

In the third period of the study (69-71 weeks), diet
dilution showed a significant effect (P < 0.05) on the
shape index percentage; whereas the shape index in
the group fed with a 5% diluted diet was significantly
higher than standard diet fed birds (77.97 vs 77.09 %,
respectively). The herbal product had no significant
effect on the internal egg quality parameters. Shape
index percentage was significantly affected (P <
0.05) by the interaction between diet dilution and
NBS as shown in Table 5. However, no other effect
was observed on the other parameters in this period.

During The last period (72 to 74 wks), NBS
supplementation, diet dilution, and the interaction
between diet dilution and the NBS did not have any
significant effect on the internal egg quality

parameters (Table 6).

Fatty acids profile

Saturated fatty acids (except C17:0) were not
significantly affected (P > 0.05) by diet dilution.
Also, no significant difference (P > 0.05) was
observed among the five levels of the herbal product
regarding the SFA C16:0, C17:0, C18:0, and C23: 0
except that myristic acid (C14:0) was significantly
affected (P < 0.05) by the NBS levels where it was
linearly decreased with increasing levels of NBS.
C16:0 and C18:0 were not significantly affected by
the interaction between diet dilution and the herbal
product. However, the interaction was found to be
significant (P < 0.05) for C14:0, C17:0, and C23:0
(Table 7).

As shown in Table 8, MUFA (C16:1, C17:1,
C18:1n9c, and C20:1) were not significantly (P >
0.05) affected by diet dilution. However, it did have a
significant effect on C18:1 n9c whereas the 5%
diluted diet significantly (P < 0.05) decreased elaidic
acid (C18:1n9t) compared to the standard diet (1.61
vs 1.28 mg FA/g egg yolk). None of MUFA was
affected by the herbal product levels. The interaction
between diet dilution and the herbal product was not
significant in the case of C16:1 fatty acid; whereas
the concentration of palmitoleic acid (C16:1) was
linearly decreased with increasing levels of the herbal
product. Also, linear and quadratic effect was found
to be significant (P < 0.05) on the C17:1 fatty acid.
However, no significant linear and quadratic trends
were observed for other fatty acids (Table 8).

Diet dilution significantly decreased PUFA,
specifically  linoleic acid (C18:2n6c) and
docosahexaenoic acid (C22:6n3) fatty acids
compared to standard diet; egg yolks of hens fed with
5% diluted diet had significantly (P < 0.05) lower
linoleic and docosahexaenoic acids compared to the
egg yolks of hens fed with the standard diet (132.72
vs 118.23 mg FA/g egg yolk) and (4.79 vs 3.97 mg
FA/g egg yolk), respectively. However, C18:3n6,
C18:3n3, C20:2, C20:3n6, and C20:4n6 fatty acids
were not significantly affected by diet dilution. In
addition, 5% diluted diet had significantly (P < 0.05)
lower PUFA, n3, and n6 FA compared to the standard
diet (133.44 vs 149.97 mg FA/g egg yolk), (6.04 vs
7.20 mg FA/g egg yolk), and (129.02 vs 144.58 mg
FA/g egg yolk), respectively; however, the n6/n3
ratio was significantly higher with the 5% diluted diet
and low with the standard one (21.36 vs 20.08 mg
FA/g egg yolk). The herbal product did not have any
significant effect on the egg yolk PUFA
concentrations, while the interaction between diet
dilution and the NBS levels had a significant effect
on arachidonic acid (C20:4n6) and docosahexaenoic
acid (C22:6n3) fatty acids; however, no other fatty
acids were affected by the interactions (Table 9).
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Table 8. Effects of herbal product (NBS) in diets with varying energy and protein levels on monounsaturated
fatty acids (MUFA)? content (mg FA/g egg yolk) in laying hens (Hy-Line W-36) from 63-74 weeks of age?.

Treatments Cl6:1 Cl7:1 C18:1n9%t  C18:1n9c C20:1 MUFA
Diet dilution
Standard 25.41 0.84 1.612 402.6 2.19 430.4
5% diluted 27.75 0.79 1.28P 383.3 2.15 413.1
SEM 0.08 0.02 0.02 0.30 0.02 0.31
NBS (g/kg diet)
0 30.17 0.93 1.35 408.7 2.23 441.1
0.5 27.74 0.76 1.59 403.8 2.18 433.9
1 26.29 0.78 1.44 3944 221 4229
15 24.02 0.73 1.24 369.1 2.08 395.1
2 24.66 0.88 1.61 388.7 2.15 415.8
SEM 0.21 0.06 0.06 0.74 0.06 0.77
Dilution NBS (g/kg diet)
Standard 0 29.05% 0.93 1.46 416.3 2.18 418.6
0.5 26.27% 0.80 1.77 414.4 2.24 417.0
1 27.51% 0.84 1.83 432.0 2.41 434.7
15 24.23% 0.81 1.43 402.4 2.27 404.7
2 19.99° 0.80 1.53 347.8 1.86 350.1
5 % diluted 0 31.292 0.94 1.25 401.0 2.28 403.2
0.5 29.228 0.70 1.42 3933 212 395.4
1 25.07% 0.65 1.04 356.9 2.00 3585
15 23.82% 0.64 1.02 3358 1.89 3374
2 29.342 0.94 1.69 429.6 2.44 432.2
SEM 0.42 0.10 0.11 1.49 0.12 1.54
P- value
Dilution 0.158 0.539 0.011 0.353 0.742 0431
NBS 0.136 0.366 0.273 0.771 0.963 0.711
NBS x dilution 0.217 0.682 0.225 0.135 0.123 0.127
Linear 0.050 0.019 0.577 0.212 0.456 0.533
Quadratic 0.105 0.024 0.634 0.213 0.383 0.681

&b\/alues in the same column with different letters are significantly different (P <0.05).

IMUFA: C16:1= Palmitoleic; C17:1=Ginkgolic; C18:1n9t =Elaidic; C18:1n9c =Oleic; C20:1= Eicosenoic.
2Each mean represents six observations.

SEM: Standard error of the mean.
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Discussion
Egg quality traits
Diet dilution, NBS herbal product, and their

interaction during the study period (12 weeks) had no
significant effects on the egg quality parameters. The
ME and CP levels in this study had no significant
effect on the internal and external egg quality
parameters during the whole study period except for
the shell thickness in the second period (66-68 weeks)
and the shape index percentage in the third period
(69-71 weeks). This means that feeding hens with 5%
diluted diet (5% low ME and CP) in this study had
approximately the same results compared to the
standard diet. Therefore, having good egg quality
parameters including egg weight, egg specific
gravity, shape index percentage, HU, yolk color
index, shell thickness, and the percentage of yolk,
albumen, and shell with reduced ME and dietary CP
levels is a good benefit for egg producers. In several
studies, the egg quality parameters were not affected
by the dietary level of ME, CP, or both in agreement
with our findings (Jalal et al., 2006; Summers and
Leeson 1993). Torki et al. (2016) reported that using
different levels of CP in the laying hens’ diet did not
significantly affect egg weight, HU, yolk color, shell
weight, shell thickness, and shape index, which is in
line with the current results.

In another study, Ahmad and Balander, (2003) found
that using different ME and CP levels had no
remarkable effect on shell thickness and egg-specific
gravity in the laying hens aged 64 weeks. In addition,
using different levels of ME and CP did not affect
HU, shape index, and egg components (albumen,
yolk, and shell) percentage in the laying hens
(Scappaticcio et al., 2021; Lombardiet al., 2020).
Also, using different ME and CP levels in the laying
hens diet did not show any significant effect on the
egg weight, egg-specific gravity, shell thickness, yolk
color, and the percentages of shell, albumen, and yolk
(Mikulski et al., 2020; White et al., 2021). Similarly,
Hassan et al. (2013) showed that varying levels of
ME and CP in the diet of laying hens had no
significant effect on HU and yolk color which agrees
with our results.

Moreover, Zhang et al. (2017) found that feeding
diets containing 16.5% CP with 2633 kcal ME
yielded an egg weight of 63-64 g in hens aged 63-68
weeks; while in the current study, feeding 5% diluted
diet with 2698 kcal ME and 14.44% CP resulted in
higher egg weight with approximately 66 g with the
same aged laying hens. In addition, the shell
percentage was approximately close to what they
reported. The result of this study agreed with the
result found by Samiullah et al. (2017) regarding egg
weight and shell percentage; however, shell
thickness, HU, and yolk color values were found to
be higher than that of this study.

Herbal product in this study did not have significant

effect on the egg quality parameters mentioned earlier
except for the albumen percentage and yolk color
index in the second (66-68 weeks) and fourth (72-74
weeks) periods, respectively. These results agree with
the results reported by Sosnéwka—Czajka and
Skomorucha (2021) who found that feeding hens with
diets varying in ME and CP levels supplemented by
different herbal extracts had no significant effect on
the egg weight, HU, yolk, and shell percentages, shell
thickness, and shape index percentage. In addition,
Tao et al. (2021) reported that using different levels
of feed additives in the laying hen diet did not show
any significant effect on the egg quality parameters
including egg weight, shell thickness, HU, yolk color,
and yolk percentage. In another study, it was found
that shape index, shell, yolk, and albumen percentage
were not affected by the feed additives as well
(Lombardi et al., 2020).

The interaction between diet dilution and NBS herbal
product had no significant effect on most of the egg
quality parameters; however, HU in the first
experimental period (63-65 weeks), albumen
percentage in the second period (66-68 weeks), and
the shape index percentage in the third period (69-71
weeks) were significantly affected by the interaction
effect. HU is a very important factor that has to be
taken under consideration when evaluating eggs
quality. Because HU is a method of measuring the
freshness of the eggs based on the correlation
between the albumen height and the egg weight. The
internal egg quality standard depends on the HU in
the egg industry (Keener et al., 2006). Thus, as long
as the HU is good and high, the internal egg quality
parameters are good as well; which was observed in
this study. In general, there are several factors that
affect egg quality characteristics (internal or external)
such as strain, diet, age, housing system, type of
disease, environmental temperature, storage time,
time of oviposition, and quality of water (Anderson et
al., 2004; Ahmadi and Rahimi, 2011).

Fatty acids profile

The saturated fatty acid concentration in egg yolks
was not affected by the ME and CP levels in this
study. This means that reducing ME and CP in the
diet of laying hens by 5% has no significant effect on
the SFA profile. In agreement with our results,
Hassan et al. (2013) reported that different ME and
CP levels in the diet of laying hens have no
significant effect on the SFA specifically, myristic
acid (C14:0), palmitic acid (C16:0), and stearic acid
(C18:0).

Myristic acid (C14:0) was the only SFA that was
significantly affected by the NBS herbal product
levels. The concentration of myristic acid in the egg
yolks was decreased as the NBS level increased.
However, other SFAs (C16:0, C17:0, C18:0, and
C23:0) were not affected by the NBS levels in the
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diet of laying hens. Most of the SFA including
myristic acid (C14:0), margaric acid (C17:0),
tricosylic acid (C23:0) were significantly affected by
the interaction between diet dilution and the herbal
product. Also, it was found that the concentrations of
fatty acids (C14:0, C17:0, and C23:0) were linearly
decreased with increasing the level of NBS in both
standard and 5% diluted diets. Throughout the
literature, there is no available report about the effect
of using NBS herbal product on the egg yolk fatty
acids composition in laying hens to be compared with
the current study.

There is an argument about the strain effect on fatty
acids profile in egg yolk. Scheideler et al. (1998)
approved that laying hen strain affected the content of
fatty acids such as oleic, stearic, palmitic, and linoleic
acids in eggs when the different strains are fed with
flaxseed in diet; however, another report by Ahn et
al. (1995) showed that strain has no effect on the fatty
acids composition in eggs when hens fed an a-
linolenic acid enriched diet. We found that SFAs of
C14:0, C16:0, and C18:0 were higher than the values
reported by Altuntas and Aydin (2014) when they
used Hy-line laying hens aged 80 wks. Another study
has been done by Galobart et al. (2001) reported that
using a-tocopheryl acetate (vitamin E in doses of 0
and 200 mg/kg diet) and rosemary extract (RE; in
doses of 0, 500, 1000 mg/kg diet) with an ME and CP
levels of 2893 kcal and 15.79%, respectively (which
were close to the ME and CP levels in this study) in
the diet of Lohmann laying hens gave lower values of
C14:0, C16:0, C17:0, and C18:0 fatty acids compared
to our study; however, vitamin E and RE at the levels
of 200 and 1000 mg/kg, respectively gave
approximately close value to C17:0 fatty acid in our
study which was 1.8 mg/g yolk.

Diet dilution (5% low ME and CP) had no effect on
MUFA except for the elaidic acid (C18:1n9t). It was
found that elaidic acid in the egg yolks of the hens
fed with the standard diet was significantly (P < 0.05)
higher than that in the 5% diluted diet group (1.61 vs
1.28 mg/g egg yolk) respectively. Elaidic acid value
in the 5% diluted diet was close to the results found
by Altuntas and Aydin (2014). Hassan et al. (2013)
reported that using different ME and CP levels in the
diet of laying hens did not significantly affect the
MUFA specifically, palmitoleic acid (C16:1) and
oleic acid (C18:1n9c) which is similar to the results
of our study. Also, NBS herbal product had no
significant effect on the egg yolk MUFA
concentration in this study. In addition, the
interaction between diet dilution and the herbal
product had no significant effect on the MUFA,
except for the palmitoleic acid (C16:1). This fatty
acid was significantly decreased with increasing NBS
levels in both levels of dietary ME and CP (standard
and 5% diluted diet). Altuntas and Aydin (2014)
showed that both C18:1n9c and C20:1 fatty acids had

slightly higher values compared to the current study.
Galobart et al. (2001) reported that using vitamin E
and RE (as stated above) in the diet of Lohmann
laying hens resulted in lower values of C18:1n9c and
C20:1 fatty acids compared to our study; however,
C16:1 fatty acid of both vitamin E and RE- free diet
showed similar result to the current study. In addition,
C16:1 fatty acid concentration was decreased with
increasing levels of vitamin E and RE which is in
agreement with our findings, as the increasing NBS
levels lead to a decrease in C16:1 fatty acid value.
Polyunsaturated fatty acids including linoleic acid
(C18:2n6¢c) and docosahexaenoic acid (C22:6n-3)
were significantly affected by diet dilution. Hens fed
with the standard diet had significantly higher linoleic
and docosahexaenoic acids compared to hens fed
with 5% diluted diet in the egg yolks. However, this
result disagreed with the results obtained by Souza et
al. (2008) who found that feeding the hens with the
standard diet provided eggs with poor a-linolenic acid
(18:3n-3) and docosahexaenoic acid. Hassan et
al. (2013) found that different ME and CP levels in
the diet of laying hens did not have any significant
effect on the PUFA specifically, a-linolenic acid
(C18:3n3) and arachidonic acid (C20:4n6) which is
similar to the results of our study.

PUFA in this study was not affected by dietary
supplementation of the herbal product. The
interaction between diet dilution and the herbal
product significantly affected arachidonic (C20:4n6)
and docosahexaenoic (C22:6n3) fatty acids
concentrations in the egg yolks. Kiani and
Gharooni (2016) reported that both arachidonic acid
(C20:4n-6) and docosahexaenoic acid (C22:6 n-3)
were the most available long-chain PUFA (LC-
PUFA) in conventional eggs. Most of these fatty
acids level were higher than that reported by Altuntas
and Aydin (2014) except for C22:6n3 fatty acid
which had lower value compared to our study.
Galobart et al. (2001) reported that using vitamin E
and RE in the diet of Lohmann laying hens gave
higher values of C18:2n6c, C18:3n6, C18:3n3, and
C22:6n3 fatty acids and lower values of C20:2,
C20:3n6, C20:4n6 compared to our study. Fatty acid
values in the current study were higher than the study
done by Wang et al., (2000) with the following fatty
acids: C14:0, C16:0, C17:0, C18:0, C16:1, C18:1n9c,
C20:1, C18:2n6, C18:3n3, C20:4n6, C22:6n3. Sattler
etal. (1991) and Lepage and Roy (1986) reported that
using the FAME method leads to high fatty acids
values because of low lipids concentrations.

Conclusion

This study showed that ME and CP level in laying
hens' diets could be reduced by 5% below the
standard at 63 to 74 weeks of age without adverse
effects on egg quality parameters, SFA, and MUFA
except for the elaidic acid (C18:1n9t); whereas it was
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significantly increased in the standard diet compared
to the 5% diluted diet. Similarly, PUFA, specifically
linoleic acid and docosahexaenoic acid were
significantly higher in the eggs produced by feeding
the standard diet compared to the 5% diluted diet.
Even, the diluted diet increased eggshell thickness
and egg shape index compared to the standard diet.
The dietary supplementation levels of the herbal
product had no significant effect on internal and
external egg traits. In addition, the herbal product
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