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Introduction
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ABSTRACT. This study evaluated the effects of partially substituting soybean
meal (SBM) and maize grain with infertile egg powder (IEP) in broiler diets on
carcass characteristics, meat quality, fatty acid, and amino acid (AA) profiles.
A total of 196 one-day-old male broilers was randomly assigned to four dietary
treatments (7 replicates/treatment, 7 birds/replicate) and reared for 35 days
under tropical conditions. The treatments included a 100% basal diet as control
(CON), and diets with 4% (IEP4), 6% (IEP6), or 8% (IEP8) IEP replacing part of
SBM and maize grain in CON. Results showed that IEP8 increased final body
weight, carcass weight, breast meat yield, and abdominal fat mass though the
relative percentages of these components remained unchanged. |EP inclusion
did not alter carcass quality parameters such as chemical compositions, water
holding capacity, cooking loss, or tenderness. However, IEP-fed birds showed
elevated breast meat stearic and o-linolenic contents, but reduced oleic acid
level compared to CON birds. AA analysis revealed higher threonine, arginine,
glycine, alanine, and glutamic acid levels in IEP groups, while phenylalanine,
serine, methionine, and isoleucine were lower. In conclusion, substituting up to
8% of maize grain and SBM with IEP can improve broiler growth performance,
as well as fatty acid and amino acid profiles in breast meat without compromising
its quality. Incorporating infertile egg powder into broiler diets appears to be
a promising sustainable alternative protein source in poultry diets.

(CP), 30.10% ether extract (EE), and 5.455 kcal/kg
metabolizable energy (ME) (Ratriyanto et al., 2021).

The rapid expansion of the poultry industry, par-
ticularly broiler chicken production, has successfully
met the growing global demand for affordable, high-
quality protein. Recently, feed costs have become a pri-
mary concern for broiler chicken farmers worldwide,
prompting efforts to reduce expenses. A key strategy
involves using alternative feed ingredients with com-
petitive prices and valuable nutrient content sourced
from industrial by-products (Irawan et al., 2022; Dewi
et al., 2024). Infertile eggs, a hatchery by-product of
poultry breeding companies, are recognized as a high-
ly nutritious protein alternative for broiler feeds. Infer-
tile eggs without shells contain 31.47% crude protein

These values exceed those of common broiler feed
ingredients such as maize grain and gluten in both en-
ergy and protein contents. The high CP content makes
infertile eggs a promising partial replacement for soya
bean meal (SBM), potentially lowering feed costs
given the high price of SBM.

It is estimated that approx. 4-5% of hatching
eggs represent a largely underutilised source of
high-quality protein. In Indonesia alone, with an
annual parent stock population exceeding 300 min
birds (Ministry of Agriculture, 2021), hatcheries
produce over 10 000 metric tonnes of infertile eggs
per year (Ministry of Agriculture of the Republic
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of Indonesia, 2021). This volume represents a sig-
nificant protein source that could partially replace
costly SBM in feed formulations (Won Jun Choi
et al., 2021; Zhang et al., 2022). The high protein
bioavailability derived from animal products offers
important nutritional benefits for animal growth and
performance (Choi et al., 2021).

Several studies have demonstrated that infertile
eggs can improve the performance of broiler chick-
ens and laying hens (Abiola and Onun Kwor, 2004;
Esmailzadeh et al., 2016; Ratriyanto et al., 2020). On
the other hand, one study reported that the inclusion
of infertile eggs with shells up to 5% did not affect
growth performance but improved meat quality (Choi
et al., 2021). In contrast, when using shell-free infer-
tile egg powder (IEP) at 8% inclusion, broilers had
increased organ weight and body weight gain (Ratri-
yanto et al., 2021, 2020). The high digestibility of in-
fertile egg protein is particularly beneficial for newly
hatched chicks, whose immature digestive systems
have limited capacity for enzyme production. The
easily assimilated proteins and energy from infertile
eggs can therefore support early growth, ultimately
leading to higher final body weights in broilers. This
is especially crucial during the post-hatch period
when chicks require premium-quality nutrients to
compensate for their underdeveloped gastrointestinal
function (Noy and Sklan, 2002).

In addition, better protein quality in poultry diets
enhances protein metabolism and deposition, poten-
tially improving both carcass traits and meat quality.
Thus, we hypothesised that dietary inclusion of IEP
would positively influence broiler meat quality. The
objective of the present study was to evaluate the
use of IEP as a feed ingredient on carcass character-
istics and meat quality in broiler chickens.

Material and methods

This study was conducted in accordance with
the principles outlined in the Declaration of Helsin-
ki. Formal approval was granted by the Animal Eth-
ics Committee of Universitas Sebelas Maret (No.
780/UN27.20.1/PT.02/2023).

Infertile egg powder preparation

Infertile eggs were provided by Perseroan Ter-
batas (PT) Super Unggas Jaya, a commercial breed-
ing farm located in Wonosegoro, Boyolali (Central
Java, Indonesia). The IEP was prepared by crack-
ing the eggs, and mixing the albumen and yolk ho-
mogenously with 10% wheat flour (w/w) and 10%

palm oil (w/w). Eggshells were discarded, and only

the egg contents were used to produce the IEP. The
mixture was dried in an oven at 70 °C for 60 min,
followed by sun drying. This dried mixture was
then ground and the particles were passed through
a 1-mm sieve (40 mesh). Nutrient contents of the re-
sulting IEP were determined by proximate analysis
according to the Association of Official Analytical
Chemists (AOAC International, 2001) and are pre-
sented in Table 1.

Experimental design and diet formulation

Actotal of 196 one-day-old male Lohman MB 202
broilers (initial body weight: 38.42 + 2.66 g) were
randomly allocated to four dietary treatment groups:
control diet = 100% basal diet (CON), 4% IEP in-
clusion partially replacing SBM and maize grain in
the basal diet (IEP4), 6% IEP replacement of SBM
and maize (IEP6), and 8% IEP replacement of SBM
and maize (IEPS). Each group comprised 7 replicates
(pens) with 7 birds per pen (49 birds/treatment). The
nutrient composition of the IEP and the experimental
diets are listed in Tables 1 and 2, respectively.

Table 1. Nutrient content of infertile egg powder (IEP) (dry matter
basis), %

Nutrients Contents
Metabolizable energy, kcal/kg' 5454.9

Crude protein 3147
Crude fat 30.10
Crude fibre 0.59
Crude ash 1.99
Calcium 0.05
Phosphorus 0.18

‘calculated according to Sibbald et al. (1980); metabolizable energy =
3951 + (54.4 x crude fat) — (88.7 x crude fibre) — (40.8 x crude ash)

Feeding trial

The birds were acclimatised in a brooder from
Day 1 to Day 10, and were offered a commercial
diet. Subsequently, they were randomly allocated
to the experimental units according to the afore-
mentioned design. From Day 11 onwards (aver-
age body weight: 270.53 + 5.83 g), the birds were
fed the experimental diets. Standard broiler man-
agement practices was applied with ad libitum
access to water and feed. The feeding trial last-
ed until Day 35. At the end of the treatment, two
birds of average body weight were selected per
replicate (56 total) for carcass and meat quality
determination. The birds were slaughtered follow-
ing a 12-h fasting period, and carcass traits were
measured according to the procedure described by
Nasr et al. (2021). Organ weights were recorded and
expressed as a percentage of body weight (BW).
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Table 2. Composition of starter and finisher basal diet

Ingredients Starter, % Finisher, %
Yellow maize 52.65 51.50
Soybean meal 40.00 35.20
Rice bran 0.00 6.29
Coconut oil 5.00 5.00
DL-methionine 0.15 0.16
Mineral B’ 1.80 1.45
Premix? 0.20 0.20
NaCl 0.20 0.20
Nutrient contents
metabolizable energy, kcallkg  3112.5 3152.1
crude protein, % 2147 20.01
crude fat, % 8.21 8.42
crude fibre, % 5.53 5.89
crude ash, % 5.84 6.10
calcium, % 1.09 0.90
phosphorus, % 0.43 0.38

" contained per kg: g: calcium 480, phosphorus 15; mg: iron 4 000,
manganese 2 750, iodine 50, copper 200, zinc 2 500, vitamin B,, 0.45;
IU: vitamin D, 50 000; 2 contained per kg: IU: vitamin D, 200 000; mg:
vitamin E 800, vitamin K 200, vitamin B, 200, vitamin B, 500, vitamin
B, 50, vitamin B,, 1 200, vitamin C 2 500, Ca-D-pantothenate 600,
niacin 4 000, choline chloride 1 000, methionine 3 000, lysine 3 000,
manganese 12 000, iron 2 000, iodine 20, zinc 10 000, cobalt 20, cop-
per 400, antioxidant 1 000

Physical properties and chemical
composition determination

The breast meat was subjected to chemical com-
position analysis (moisture, fat, and crude protein)
using a near-infrared (NIR) spectroscopy (Model
78,810; Foss, Hillerad, Denmark) according to
AOAC official methods (AOAC International, 2001).
The samples were ground, accurately weighed and
loaded into the instrument following an established
and pre-validated protocol provided by the commer-
cial laboratory. Cooking loss was determined using
approx. 2 g of breast meat samples by the plastic bag
method (Honikel, 1998). Briefly, the samples were
sealed in plastic bags, immersed in a water bath for
1 hat 80 °C, cooled down, blotted dry, and reweighed.
Cooking loss was calculated as the percentage differ-
ence between initial and final weights.

Water holding capacity (WHC) was evalu-
ated following the method described by Warner
(2014). A 0.3 g breast meat sample were pressed on
a 125 mm-diameter filter paper at 3 000 x g for 3 min.
WHC was calculated using the following formula:

WHC (%) =[1- (Wa-Wb) / (Wa x M)] x 100;
where: Wa —meat weight before pressing, Wb — meat
weight after pressing, and M — moisture content (g).
Meattenderness was tested using a Warner Bratzler

shear force device (C-LM3B, Beijing, China) fol-
lowing AMSA (1995) guidelines.

Fatty acid analysis

The fatty acid (FA) profile of breast meat sam-
ples was analysed following the AOAC procedure
(AOAC International, 2001). Firstly, lipid hydroly-
sis was carried out using a mixture of diethyl ether
and petroleum ether (1:1 v/v). The crude lipid ex-
tract was then evaporated under a nitrogen gas
stream in a 50 °C water bath. Subsequently, lipids
were transmethylated into fatty acid methyl esters
(FAME) using 2 ml of methylation reagent (0.66 N
KOH in methanol and 14% methanolic boron tri-
fluoride [BF,]) and heated for 50 min at 100 °C with
periodic shaking. After cooling to room tempera-
ture, 1 ml of hexane and 1 g of anhydrous sodium
sulphate (Na,SO,) were added. The upper hexane
layer containing FAME was collected and analysed
by a gas chromatography (Agilent Technologies,
Santa Clara, California, USA) with an injection vol-
ume of 1 pl. The separation was performed on an HP
88 column with the oven temperature initially held
at 35 °C for 2 min, then increased to 190 °C at a rate
of 12 °C/min for 39 min, held for 10 min, and then
increased again at 4 °C/min to 240 °C. Injector and
detector temperature were set at 260 °C. FA were
identified by comparing retention times with FAME
standards (37-component mix, Sigma-Aldrich) and
quantified using C13:0 as internal standard, with re-
sults expressed as percentage of total FA.

Amino acid composition

The amino acid profile of breast meat was
evaluated following the procedure of Schwarz
et al. (2005) using HPLC (LA8080, Hitachi
high-technologies, Tokyo, Japan). Briefly, fresh
breast meat samples were hydrolysed using 6 N
hydrochloric acid for 34 hat 110 °C in sealed bottles
to prevent oxidation. After drying, the hydrolysates
were dissolved in citrate buffer (pH 2.2) and
filtrated prior the analysis. Amino acid separation
was performed using a C18 Gemini reverse-phase
column (5 pm, 110 A, 150 x 4.6 mm) equipped
with a security guard column. The mobile phase
consisted of two solutions: (A) 40 mmol Na HPO,
(pH 7.8) and (B) acetonitrile/methanol/water
(45:45:10). A gradient elution program was
applied (0:100 at 0 min, 79:21 at 8 min, 45:56 at
20 min, 0:100 at 24 min, and 100:0 at 26 min) with
a flow rate of 1 ml/min. The column temperature
was set at 40 °C and detection was performed
fluorimetrically at 340 nm. A reference mixture
of amino acids (Sigma Aldrich, Merck KGaA,
Darmstadt, Germany) was used for calibration and
quantification.
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Data analysis

The data were analysed for normality using the
Shapiro-Wilk test before being subjected to one-
way ANOVA. Dietary treatments were included as
fixed effects, while replicates (pen) were considered
random effects in the model. Post-hoc comparisons
were performed using Duncan’s multiple range test,
with statistical significance declared at P < 0.05 and
tendencies discussed at P < 0.10. All analyses were
performed using the /mer4 package implemented in
R software, version 3.5.3 (R Core Team, 2019).

Results

Carcass characteristics

All birds fed IEP-supplemented diets showed
significantly higher final body weight, carcass
weight, and breast weight compared to those fed
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the basal diet (P < 0.001; Figure 1). Abdominal fat
weight was higher (P = 0.003) in the I[EP4 and IEP6
groups compared to CON; however, when expressed
as a percentage of body weight (% BW), abdominal
fat did not differ (P = 0.370) between dietary treat-
ments. Similarly, [EP inclusion in the diets did not
influence the carcass yield percentage (P = 0.831)
but tended to affect breast percentage (P = 0.053).

Meat quality

Dietary inclusion of IEP at levels ranging from
4 to 8% exerted no effect on the physical quality
of broiler chicken meat, including WHC, cooking
loss, and tenderness (P > 0.10; Figure 2). Similarly,
dietary IEP supplementation up to 8% did not alter
moisture or protein content of the meat (P > 0.05).
However, a tendency for reduced fat content was
observed in IEP-fed birds (P = 0.060; Figure 2). All
other meat quality characteristics, including WHC,
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Figure 1. Final body weight, carcass and organ composition of broiler chickens fed diets supplemented with infertile egg powder (IEP)

IEP - infertile egg powder; SBM — soybean meal; CON - 100% basal diet; IEP4 — 4% IEP inclusion replacing SBM and maize; IEP6 — 6%
IEP inclusion replacing SBM and maize; IEP8 — 8% IEP inclusion replacing SBM and maize. Data are presented as mean value + SEM;
SEM - standard error of the mean; ® means within a row with different superscripts are significantly different at P < 0.05

Moisture, %

I

Cook loss, %
35 4 40 4

30
25 30 1
20 4
e 20
10 1 104
5 4
0 0

25 4

Protein, %

WHC, %

Fat,%

Tenderness, kg/cm3

1
0

Figure 2. Chemical and physical quality of breast meat of broiler chickens fed diets supplemented with infertile egg powder (IEP)

IEP - infertile egg powder, SBM - soybean meal; CON - 100% basal diet; IEP4 — 4% IEP inclusion replacing SBM and maize; IEP6 — 6% IEP
inclusion replacing SBM and maize; IEP8 - 8% IEP inclusion replacing SBM and maize. Data are presented as mean value + SEM; SEM - stan-
dard error of the mean; ® means within a row with different superscripts are significantly different at P < 0.05
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cooking loss, and tenderness were not affected by
the dietary treatments (P > 0.10; Figure 2).

Fatty acid and amino acid profiles of breast
meat

The FA composition of broiler breast meat
showed significant changes with dietary IEP inclu-
sion (Table 3). IEP supplementation markedly in-
creased stearic acid content (P < 0.001), rising from
0.45% in the CON group to approximately 10% of
total fatty acids in IEP-fed groups (4—8% inclusion).

This increase occurred concurrently with a signifi-
cant reduction in oleic acid content (P < 0.001),
decreasing from 38 to 27% of total FA. Notably,
a-linolenic acid levels doubled in breast meat from
birds fed IEP4-IEP8 diets compared to controls
(P <0.001).

All birds fed IEP-supplemented diets had higher
threonine and arginine concentrations in breast meat
compared to those fed the control diet (P < 0.05;
Table 4). The IEP4 and IEP6 groups also showed
higher glycine and alanine levels in the meat than the

Table 3. Fatty acid composition of broiler breast meat following dietary supplementation with infertile egg powder (IEP)

Treatment (mean + standard error of the mean)

Variable P-value
CON IEP4 IEP6 IEP8
Caproic acid (C10:0) 0.28 £0.11 0.25+0.15 0.23 £0.08 0.13+0.12 0.261
Lauric acid (C12:0) 1.14+£223 7.53+3.40 6.76 £1.40 8.33+4.64 0.184
Myristic acid (C14:0) 8.25+291 6.00 £2.45 6.41+£195 4.25+1.41 0.084
Palmitic acid (C16:0) 24.76 +3.38 22.02+6.26 24.04 +4.47 18.98 + 4.07 0.244
Stearic acid (C18:0) 0.45 £ 0.24° 9.6 +4.02° 9.89 £2.01° 10.08 £+ 1.92° <0.001
Oleic acid (C18:1 cis-)) 37.95 + 4,02 27.72 +4.84° 2718 £1.17° 26.82 +2.84° <0.001
Linoleic acid (C18:2C, ) 7.70+1.44 6.85 +1.60 8.33+1.14 741+1.26 0.413
a-Linolenic acid (C18:3 C, ..) 7.44 £ 055 14.33 £5.73° 14.45 + 3.69° 13.85 £ 1.70° <0.001
MCFA 19.67 £2.03° 13.78 £ 1.78° 13.40 £ 1.61° 12.71 £ 1.44° 0.002
LCFA 78.3+2.85 80.52 +2.07 83.89+2.95 7714 £343 0.213
PUFA 1514 £1.27° 21.18 £2.182 2278 £2.412 21.26 £2.19° 0.027

MCFA - mediumchain fatty acids, LCFA - longchain fatty acids, PUFA — polyunsaturated fatty acids, SBM — soybean meal; CON - 100% basal
diet, [EP4 — 4% IEP inclusion replacing SBM and maize, IEP6 — 6% IEP inclusion replacing SBM and maize, IEP8 — 8% IEP inclusion replacing
SBM and maize. Data are presented as mean value + SEM; SEM - standard error of the mean; ® means within a row with different superscripts

are significantly different at P < 0.05

Table 4. Amino acid composition of broiler breast meat following dietary supplementation with infertile egg powder (IEP)

Treatment (mean + standard error of the mean)

Variable CON IEP4 IEP6 IEPS Pvalue
Aspartic acid 1.20+£0.09 1.25+0.04 1.25+0.05 1.15+£0.12 0.213
Glutamic acid 2.08 £0.08° 2.08 +0.09° 2.26 + 0.04 2.12 £ 0.09° 0.006
Serine 0.65+0.13 0.60 +0.06 0.60 +0.08 0.63+0.09 0.372
Glycine 0.59 +0.19° 0.61 +0.05° 0.78 £ 0.072 0.79 £ 0.04 0.009
Alanine 0.81+0.19° 0.83 +0.04° 1.01+0.10° 0.99 + 0.06° 0.022
Proline 0.66 + 0.24 0.76 £ 0.04 0.84 +0.05 0.80 £0.05 0.188
Tyrosine 0.61+0.09 0.61 +0.05 0.69 + 0.06 0.62 +0.04 0.194
Cysteine 0.48 + 0.222 0.35+0.03 0.52 +0.08° 0.60 + 0.05° 0.031
NEAA 7.08 +£0.96 7.09+0.99 7.95+1.12 7.70£0.87 0.051
Arginine 0.91+0.30 0.95+0.03 1.11+0.13 1.09 + 0.07 0.192
Threonine 0.58 +0.10° 0.69 +0.03° 0.79 £ 0.04 0.71 + 0.03» <0.001
Valine 0.82 +0.09° 0.96 + 0.04° 1.19 + 0.062 1.04 £0.07° <0.001
Histidine 0.54 +0.30 0.50 + 0.06 0.64 +0.04 0.70 £0.04 0.182
Methionine 0.44 +0.05° 0.55+0.122 0.60 + 0.072 0.60 +0.032 0.011
Isoleucine 0.78 +0.072 0.67 +0.05° 0.71+0.03* 0.73 £ 0.04%® 0.022
Leucine 1.00 £ 0.06 0.88 +0.04 1.00+0.13 0.97 £0.11 0.166
Phenylalanine 0.53+£0.03° 0.58 + 0.06° 0.58 +0.05 0.69 + 0.072 0.002
Lysine 0.97 £0.17 1.21+£0.40 1.10 £ 0.11 1.08£0.13 0.470
EAA 6.57 = 0.94° 6.99 + 1.05%® 7.72+1.03? 7.61+1.122 0.042
TAA 13.65 + 1.45° 14.08 + 2.0° 15.67 £ 1.722 15.31 £ 1.64° 0.044

NEAA - non-essential amino acids, EAA - essential amino acids, TAA — total amino acids, IEP — infertile egg powder; SBM — soybean meal;
CON - 100% basal diet; IEP4 — 4% IEP inclusion replacing SBM and maize; IEP6 - 6% IEP inclusion replacing SBM and maize; IEP8 — 8% IEP
inclusion replacing SBM and maize. Data are presented as mean value + SEM; SEM - standard error of the mean; ® means within a row with

different superscripts are significantly different at P < 0.05
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CON group (P < 0.05). Among birds receiving IEP-
containing diets, only the IEP4 group had a higher
glutamic acid concentration compared to the CON
group (P < 0.05). Conversely, all IEP-supplemented
groups showed reduced phenylalanine levels ver-
sus CON (P < 0.05; Table 4). The IEP4 and IEP6
treatments decreased serine content (P < 0.05), with
IEP4 additionally lowering methionine and isoleu-
cine concentrations in breast meat (P < 0.05).

Discussion

The present study demonstrated that IEP sup-
plementation could improve carcass yield and
quality. The incorporation of 4-8% IEP may have
contributed to a higher content of soluble, readily
digestible proteins, consistent with the known char-
acteristics of egg protein (Lei and Kim, 2013; Choi
et al., 2021). The findings showed that the highest
level of IEP (8%) supplementation resulted in the
greatest body weight, carcass weight, and abdomi-
nal fat compared with both the lower IEP inclusion
groups and the control. The improved performance
observed in birds fed the IEP8 diet may be attribut-
ed to the increased digestible protein content of that
formulation. Although few studies have explored
the use of hatchery by-product such as IEP, the ben-
eficial effects of highly digestible protein sources in
broiler diets have been reported. For instance, in-
clusion of soybean protein concentrate — a highly
digestible protein — has been shown to improve
broiler performance (Kiarie et al., 2021). The highly
digestible protein content in [EP may have enhanced
amino acid availability and absorption in the present
study. This hypothesis is supported by established
literature demonstrating that digestible proteins im-
prove intestinal morphology and organic acid pro-
duction (Zhang et al., 2022), potentially explaining
the enhanced growth performance. Future studies
should directly measure amino acid digestibility to
confirm this mechanism. The current findings posi-
tion IEP as a promising alternative protein source
that can optimise broiler production outcomes.

The increase in the level of dietary protein con-
tributed to improved growth performance and final
body weight in broiler chickens. Ghahri et al. (2010)
reported that varying crude protein levels from 18
to 22% significantly affected body weight gain, al-
though no differences were observed in carcass or
breast weights. However, increases in dietary ly-
sine were associated with improvements in carcass
and breast weight, suggesting that the amino acid
composition of the diet plays a key role in deter-

mining growth and carcass traits. In the current
study, increased body weight was accompanied by
higher carcass and breast weights, likely due to the
amino acid profile of the diets, particularly essential
amino acids such as lysine and methionine (Beski
et al., 2015). The increased abdominal fat deposi-
tion observed in IEP-fed birds aligns with findings
by Fouad and El-Senousey (2014), who noted that
fat accumulation in birds depends on the availability
of lipid substrates in the plasma, derived either from
dietary source or de novo lipogenesis in the liver.
These observations underscore the influence of both
the source and level of dietary lipids on overall body
fat deposition in poultry.

The increase in the abdominal fat observed in
chickens fed diets containing IEP may be attributed
to the higher total fat and increased levels of satu-
rated fats resulting from IEP inclusion at levels up
to 8%. Sanz et al. (2000) reported that the abdomi-
nal fat content was significantly lower in chickens
fed diets containing sunflower oil (unsaturated fats)
compared to those fed tallow or lard (saturated fats).
Similarly, a recent study conducted by Shahryari
et al. (2021) showed that increasing the proportion
of saturated fatty acids in the diet, even when us-
ing sunflower oil, led to greater abdominal fat de-
position in broilers. Another possible explanation is
the higher ME content of the IEP-containing diets
(Table 3), consistent with previous reports showing
similar results (Rosa et al., 2007; Shahryari et al.,
2021; Tabeidian et al., 2010).

In terms of meat quality, the fat content of
meat appeared to increase, as also reflected in
the rise in abdominal fat following dietary IEP
inclusion. This could be due to the higher ME and
fat content of the IEP-supplemented diets. Dietary
energy exceeding requirements for growth and
maintenance is primarily stored as adipose tissue,
IEP supplementation appears to shift nutrient
partitioning toward fat deposition. This aligns with
established findings that broiler body composition
closely reflects dietary fatty acid profiles (Pietras
et al., 2021; Shahryari et al., 2021). In this study,
cooking loss was not affected by the addition of
IEP into the diets, which aligned with findings of
Watanabe et al. (2018), who reported no significant
correlation between the content of intramuscular fat
and meat cooking loss. These results contradict some
reports of fat content negatively correlating with
cooking loss (Cannata et al., 2010), suggesting that
IEP unique composition may differentially influence
meat quality characteristics. The present study
demonstrated that feeding diets containing up to 8%
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IEP also did not alter meat WHC, which averaged
approx. 33%, indicating no clear relationship between
fat content and WHC, as reported by Watanabe et al.
(2018). The collective findings demonstrate that [EP
can be incorporated at 4-8% inclusion rates without
compromising standard meat quality parameters.

The inclusion of IEP in broiler feed significantly
altered the FA composition of breast meat, produc-
ing a 21.3-22.4 fold increase in stearic acid content
compared to the control diet. This was the reason for
the decrease in monounsaturated fatty acid (MUFA)
accumulation. Importantly, IEP supplementation
also resulted in a two-fold increase in a-linolenic
acid levels, an essential omega-3 polyunsaturated
fatty acid known for its health benefits, including
improved metabolic function and cardiovascular
protection (Fedor and Kelley, 2009). As a precursor
for longer-chain omega-3 fatty acids (Irawan et al.,
2022), the elevated a-linolenic acid levels suggest
that IEP supplementation may support the production
of nutritionally improved poultry meat.

The results presented in this study indicate a ma-
jor change in the FA profile of broiler meat induced
by the IEP-enriched feed, characterised increased
saturated and polyunsaturated fatty acids (SFA and
PUFA) and a concurrent reduction in MUFA. This
clearly demonstrates a direct relationship between
dietary FA composition and subsequent fatty acid de-
position in chicken meat, supporting the well-docu-
mented principle that modifying dietary fat profiles
can effectively manipulate meat FA synthesis and de-
position (Fébel et al., 2008; Zelenka et al., 2008; Kar-
tikasari et al., 2012). While these results align with
established knowledge about dietary fat manipulation
in poultry nutrition, the present study represents the
first investigation specifically examining the effects
of IEP on broiler meat fatty acid profiles. Therefore,
further research should be conducted to elucidate the
mechanisms by which infertile egg powder influenc-
es meat quality.

The study found that IEP supplementation signif-
icantly increased certain amino acids in broiler meat
compared to the control group. Threonine content
rose by 19.0-36.2% and arginine by 63.8-91.4% in
IEP-fed birds. The IEP8 group showed particularly
elevated glycine (36.2% higher) and alanine (74.1%
higher) levels. In contrast, isoleucine content de-
creased by 39.7% in the IEP4 group. These changes
in free amino acids may influence meat flavour de-
velopment through Maillard reactions, as previously
reported by Rabie et al. (2009). However, the overall
impact on meat protein concentration remained non-
significant, indicating that while IEP modifies spe-

cific amino acid levels, it does not substantially alter
the fundamental protein composition of the meat.

Conclusions

In conclusion, this study demonstrates that infer-
tile egg powder (IEP) is a suitable alternative protein
source for broiler chickens, effectively improving fi-
nal body weight and carcass yield. The essential and
functional amino acids, as well as fatty acids present
in infertile eggs contribute to increased o-linolenic
acid levels — a valuable omega-3 precursor. While
IEP supplementation elevated certain amino acids,
it did not substantially alter the overall amino acid
profile of the meat. These findings support the prac-
tical application of IEP in broiler diets, confirming
its potential as a sustainable feed ingredient that
maintains meat quality standards. The results indi-
cate that IEP can be successfully incorporated into
poultry feeding programs without negatively im-
pacting product quality.
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