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Abstract

This study investigated the biochemical composition and color characteristics of haploid (n)
and diploid (2n) eggs from rainbow trout (Oncorhynchus mykiss) broodstock reared at two
farms in Seydikemer, Mugla. Four-year-old females and three-year-old males were used, and
eggs were analyzed for proximate composition, fatty acid profile, and colorimetric parameters.
While no significant differences were observed in dry matter, crude protein, crude fat, or ash
content (p>0.05), diploid eggs exhibited higher total saturated and monounsaturated fatty acids,
greater omega-3 levels, and higher EPA+DHA content. Haploid eggs showed higher omega-6
levels, DHA/EPA ratio, and hypocholesterolemic/hypercholesterolemic (HH) ratio (p<0.05).
Color analysis revealed that diploid eggs had higher L* (lightness) and b* (yellowness),
whereas haploid eggs were redder (higher a*, p<0.05). These results indicate that ploidy affects
egg fatty acid composition and color, which may influence embryonic development and
selective breeding programs.
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Introduction

Aquaculture has become a rapidly growing global sector, playing a strategic role in meeting the
food demands of the world's increasing population (FAO, 2020). Key drivers of this growth
include the depletion of natural fish stocks, the need for sustainable food production, and the
high productivity offered by aquaculture. In this context, rainbow trout (Oncorhynchus mykiss)
stands out as one of the most widely farmed cold-water fish species worldwide due to its rapid
growth performance, adaptability to environmental conditions, economic return, and ease of
production (Escamilla-Rosales et al., 2024). Furthermore, this species possesses a rich
nutritional profile with high-quality protein, omega-3 fatty acids, and various vitamins and
minerals, making it highly valued for its nutritional value and significantly contributing to the
continuously increasing consumer demand (Xu et al., 2022; Mahato et al., 2023). Its widespread
acceptance in the consumer market is further bolstered by its soft texture, desirable white-to-
pink flesh color, and mild flavor, enhancing its appeal as a high-quality animal protein source
(Janampa-Sarmiento et al., 2020).

In trout farming, production success largely depends on egg quality, as the chemical
composition of the eggs directly determines embryonic development, fry survival rates, and
overall productivity (Izquierdo et al., 2001; Brooks et al., 1997). In this context, the amino acid
and fatty acid profiles of trout eggs are critically important and are generally at levels that
support embryonic development. In particular, omega-3 polyunsaturated fatty acids such as
EPA and DHA are essential components for fry growth, immune function, and physiological
development (Tocher, 2010; Baki et al., 2021). The levels of these fatty acids in eggs largely
depend on the broodstock diet. Differences in lipid sources used in broodstock diets can directly
affect the fatty acid composition of the eggs; some vegetable oil-enriched feeds have been
reported to increase EPA, ARA, and DHA levels, positively impacting fry development and
survival rates (Mazorra et al., 2003; Yildiz et al., 2020).

Gréevi¢ et al. (2019) emphasized that egg color should be considered as one of the important
quality criteria in fish breeding studies. Since fish cannot synthesize carotenoids, these pigments
must be obtained entirely from external sources via feed (Bjerkeng, 2008). In addition to giving
the egg yolk a bright and vibrant color, carotenoids contribute to healthy embryonic
development by protecting the embryo against oxidative damage thanks to their strong
antioxidant properties. Therefore, sufficient carotenoid availability plays a critical role in
improving embryonic development and increasing the survival rate of juvenile fish.
Furthermore, the attractive color appearance of the egg significantly contributes to the
marketability of the product by enhancing the perception of quality in both aquaculture facilities
and consumer markets (Nakano & Wiegertjes, 2020; Shastak & Pelletier, 2023).

Due to the influence of feed composition, environmental conditions, and genetic factors,
significant differences arise in the chemical and biochemical properties of eggs obtained from
different production centers (Bobe, 2015). Therefore, comparative analyses of rainbow trout
eggs raised under various conditions are crucial for ensuring quality control and conducting
improvement efforts in the industry (Baki et al., 2019; Baki et al., 2021).

The aim of this study was to comparatively investigate the basic chemical composition, fatty
acid profile and color parameters of haploid and diploid rainbow trout (Oncorhynchus mykiss)
broodstock eggs obtained from different trout fish farms.
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Material and Method

Broodstock Spawning and Fertilization Process

This study was conducted in two separate rainbow trout (Oncorhynchus mykiss) hatcheries
located in the Seydikemer district of Mugla province. Four female and two male broodstock
were used in the study. Dry spawning and fertilization were performed. The weight and length
of the fish, which were stunned with phenoxyethanol, were measured. Haploid (n) eggs
obtained from two four-year-old female broodstock were weighed, measured, labeled, and
transported to the laboratory in styrofoam boxes covered with ice trays. Sperm from a three-
year-old male broodstock, checked for motility under a microscope, was added to the eggs and
mixed. For the analysis of rainbow trout sperm, a Nikon Eclipse microscope equipped with a
20x objective and phase contrast was used. Sperm motility was examined using D532 buffer (1
mM CaClz, 20 mM Tris, 30 mM glycine, 125 mM NaCl, pH 9.0). During the examination, 2
pL of milt was mixed with 398 uL of activation solution at 6°C, and 0.7 pL of this mixture was
placed on a glass slide, covered with a coverslip, and motility was observed from activation
until cessation (Billard, 1977, Dietrich et al., 2008). Fertilization was achieved by contacting
the mixture with water, and the eggs were allowed to rest for 30 minutes. The same procedures
were followed for diploid (2n) eggs. All samples were stored at -80°C, and care was taken to
ensure cleanliness and labeling of the materials. Similar procedures were performed at the other
facility (Emre & Kiirtim, 2007).

Fecundity (Egg Production)

Fecundity was estimated by dividing the number of eggs counted in the subsample by the total
weight of the gonad (Le Cren, 1951; Avsar, 2005; Serezli, 2017).

F = Fecundity (number),

n = Number of eggs in the subsample (number),

Wg = Gonad weight (g),

g = Weight of the subsample (g).

The equation F =n x Wg/g was used.

Determination of Chemical Composition of Egg Samples

Approximately 10-15 grams of egg sample were used for the analyses. Moisture analysis was
performed by drying at 105°C. Crude protein content was determined by the Kjeldahl method
using an EFLAB device equipped with an infrared combustion system. Following this,
distillation (EFLAB) and titration with 0.1 mol HCl were performed. Ash analysis was
performed by combustion at 600°C, and crude fat was determined using a Soxhlet apparatus
(VELP SCIENTIFICA SER 148 model). After extraction with ether, the fat-ether mixture was
distilled in the apparatus to separate the solvent from the fat (AOAC, 1998).

Lipid Extraction and Fatty Acid Compositions

Total lipids were extracted according to the method of Bligh & Dyer (1959). Fatty acid
composition was determined after lipid extraction and methylation. Fatty acid methyl esters
(FAMEs) were prepared by mixing 0.25 g of extracted lipid with 4 mL of heptane and 0.4 mL
of 2 N KOH in methanol. The mixture was vortexed for 2 minutes and centrifuged at 5000 rpm
for 5 minutes, and the clear supernatant was transferred into GC vials. Fatty acid compositions
of the samples were analyzed using a GC/MS (Thermo Scientific ISQ LT) instrument equipped
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with an automated sampler. The capillary column used was a Trace Gold TG-WaxMS (60 m)
column with an inner diameter of 0.25 pm and a film thickness of 0.25 pm. The column
temperature was initially held at 100°C for 3 minutes, then increased to 240°C at a rate of
4°C/min after an initial hold time of 6 minutes. Helium was used as the carrier gas at a flow
rate of 1 mL/min, with a split ratio of 1:20. The injection block temperature was set to 240°C,
and the MS transfer line and ion source temperatures were set to 250°C and 240°C, respectively.
The mass spectrometer was operated in electron impact ionization mode (70 eV). For
identification and comparison, a standard FAME mixture (Supelco, 37 components, Bellefonte,
PA, USA) was used (Corapci et al., 2021; Kocatepe et al., 2025).

Total fatty acids were calculated using the following formulas:

YSFA=C6:0 + C8:0 + C10:0 + C11:0 + C12:0 + C13:0 + C14:0 + C15:0 + C16:0 + C17:0 +
C18:0 + C20:0 + C21:0 + C22:0 + C23:0 + C24:0

XMUFA=C14:1 + C15:1 + C16:1 + C17:1 + C18:1n-9¢ + C18:1n-9t + C20:1n-9¢c + C22:1n-9
+ C24:1

YPUFA=C18:2n-6t + C18:2n-6¢ + C18:3n-3 + C18:3n-6 + C20:2 + C22:2 + C20:3n-3 +
C20:3n-6 + C20:5n-3 + C20:4n-6 + C22:6n-3

>Omega-3 (3)=C18:3n-3 + C20:3n-3 + C20:5n-3 + C22:6n-3

>Omega-6 (06)=C18:2n-6t + C18:2n-6¢ + C18:3n-6 + C20:4n-6 + C20:3n-6

20Omega-9 (®9)=C18:1n-9¢ + C18:1n-9t + C20:1n-9¢c + C22:1n-9

Atherogenicity (Al) Index: [(C12:0 + (4 x C14:0) + C16:0)] / (MUFA + Omega-3 + Omega-6)
Thrombogenicity (IT) Index: (C14:0 + C16:0 + C18:0) / [(0.5 x MUFA) + (0.5 x Omega-6) +
(3 x Omega-3) + (Omega-3 / Omega-6)]

Hypocholesterolemic/Hypercholesterolemic Ratio (H/H) = (C18:1n-9 + C18:2n-6 + C18:3n-3
+ C20:4n-6 + C20:5n-3 + C22:6n-3) / (C14:0 + C16:0)

Color Analysis

Egg color was measured using a color spectrophotometer (ColorFlex EZ, HunterLab, USA).
The L*, a*, and b* parameters are as follows: L* represents brightness (lightness-darkness), a*
represents redness-greenness, and b* represents yellowness-blueness. Three replicate readings
were taken for each sample.

Statistical Analysis

Data obtained in the experiment were analyzed using the IBM SPSS 21 statistical program. The
fatty acid levels of broodstock feeds and the fatty acid composition of haploid and diploid eggs
were evaluated using a t-test. The independent sample t-test was applied to the groups in the
study. First, the Levene test was used to check whether the variances were equal. If the variances
were equal, the significance value in the "Equal variance assumed" line was used. If the
variances were not equal, the t-test result was determined by examining the significance value
in the "Unequal variance assumed" line. If the sig (2-tailed) value was less than 0.05, a
significant difference was concluded between the two groups. If this value was greater than
0.05, there was no significant difference between the groups (Yazicioglu & Erdogan, 2014).

Nutrient content, fatty acid composition, and color analyses of haploid and diploid eggs were
analyzed using the Tukey test. Data were analyzed using one-way analysis of variance
(ANOVA) using the SPSS 21 statistical program and subjected to Tukey's multiple comparison
test. Differences between groups were evaluated as p<0.05 (Logan, 2010).
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Results

Water quality parameters were measured during the winter months at two different trout farms
in Seydikemer. Temperature, pH, and dissolved oxygen levels were measured as 12.25+0.53°C,
7.75+0.18, and 8.15+£0.25 mg/L in facility 1. Temperature, pH, and dissolved oxygen levels
were measured as 11.50+0.35°C, 7.40+0.15, and 8.50+0.30 mg/L in facility 2.

Table 1. Metric measurements of the trial fish.

Weight | Length Spawned Post-spawned Gonad
(2 (cm) Eggs (g) weight (g) Weight (g)
Station 1 l. 3.010 64 408 2.602 602
fish
2. 3.470 64 572 2.898 694
fish
Station 2 l. 2912 55 527 2.385 582.4
fish
2. 2.900 57 411 2.489 580
fish

According to the metric measurements, the trial fish at Station 1 exhibited body weights of
3.010-3.470 g, a length of 64 cm, and gonad weights ranging from 602 to 694 g. At Station 2,
the fish showed body weights of 2.900-2.912 g, lengths of 55-57 c¢cm, and gonad weights

between 580 and 582.4 g (Table 1).

Table 2. Haploid and diploid trout egg composition and estimated fertility at two stations

Egg Sample Sample Diameter Fecundity
Composition (count) (gram) (mm) (count)
Station 1

Haploid 63 5.668+0.32 4.5+0.15 6.691+0.27
Diploid 78 7.634+0.45 5.5+0.20 7.713+£0.35
Total 14.404
Station 2
Haploid 58 4.490+0.28 540.18 7.523+0.31
Diploid 57 6.060+0.38 5.5+0.22 7.492+0.33
Total 15.015

In the comparison between haploid and diploid eggs, the sample weights of diploid eggs were
measured as 7.634+0.45 g and 6.060+0.38 g, while those of haploid eggs were 5.668+0.32 g
and 4.490+0.28 g, respectively.

Diameter measurements showed that diploid eggs had values of 5.5+0.20 mm and 5.5+0.22
mm, whereas haploid eggs measured 4.5£0.15 mm and 5+0.18 mm. Regarding fecundity,
diploid eggs exhibited values of 7.713+0.35 and 7.492+0.33, compared to haploid eggs, which
were 6.691+0.27 and 7.523+0.31. These results indicate that diploid eggs surpass haploid eggs
in terms of weight, diameter, and fecundity (Table 2).

AQUATIC
@ ANIMAL

REPORTS

|@ CD 25



Kiiciik& Yilmaz, Egg Composition &Color in Haploid & Diploid Trout Aquatic Animal Reports 4(1)(2026)21-36

Table 3. Chemical composition of broodstock feeds

Chemical Composition of Feeds Station 1 Station 2
Crude Protein (%) 50 45.3
Crude Fat (%) 14 19.4
Crude Fiber (%) 2.5 0.8
Crude Ash (%) 8.5 8.9
Gross Energy (GE; kJ/g) 21.58 22.71

The chemical composition of the feeds given to broodstock fish varied among the stations. The
feed used at the first station contained 50% crude protein, 14% crude fat, 2.5% crude fiber, and
8.5% crude ash, yielding a gross energy value of 21.58 kJ/g. The feed used at the second station
contained 45.3% crude protein, 19.4% crude fat, 0.8% crude fiber, 8.9% crude ash, and a gross
energy value of 22.71 kJ/g (Table 3).

Table 4. Analysis of chemical composition of diploid and haploid rainbow trout eggs from
various location

g';fnmf;iion .|  Haploid Haploid Diploid Diploid
Eggsp (1st station) (2st station) (1st station) (2st station)
Dry matter (%) 29.75+1.30 28.76+1.64 30.3+2.35 29.72+3.56
Crude Protein 22.09+1.63 21.02+1.37 22.374+2.48 20.98+0.67
(%)

Crude Fat (%) 3.69£0.56 3.43+0.32 3.65+0.08 4.26+1.48
Crude Ash (%) 3.96+0.62 4.30+0.24 4.29+0.35 4.47+1.41

Significant differences (p<0.05) exist between values in the same rows that are indicated by
different letters. The values (n=3) are presented as mean + SEM.

Analysis of the chemical composition of diploid and haploid rainbow trout eggs revealed no
statistically significant differences in dry matter, crude protein, crude fat or crude ash contents
(p>0.05). Dry matter ranged from 28.76+1.64% to 29.75+1.30% in haploid eggs and from
29.7243.56% to 30.3+2.35% in diploid eggs. Crude protein was similar between groups;
haploids ranged from 21.02+1.37% to 22.09+1.63% and diploids ranged from 20.98+0.67% to
22.3742.48%. Crude fat content ranged from 3.43+0.32% to 3.69+0.56% in haploids and from
3.65+£0.08% to 4.26+1.48% in diploids. Raw ash content also did not show any significant
difference, varying between 3.96+0.62% and 4.30+0.24% in haploids and 4.29+0.35% and
4.47+1.41% in diploids (Table 4).

Fatty acid analysis of trout broodstock feeds from the first and second stations revealed
significant differences in several saturated, monounsaturated, and polyunsaturated fatty acids.
Specifically, C14:0, C16:0, C17:0, C18:0, C20:0, C22:0, C23:0, XSFA, C17:1, C18:1n%t,
C20:1, EZMUFA, C18:2n6t, C18:2n6¢c, C18:3n3, C20:2, C20:3n-3, C20:5n-3, C20:3n-6,
C20:4n-6, C22:6n-3, C22:2, C22:1n9, ZPUFA, XOmega-3, ZOmega-6, XOmega-9, ®3/m6,
o6/m3, EPA/DHA, and DHA/EPA showed significant differences (p<0.05) between the two
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stations. In contrast, C15:0, C15:1, C16:1, C21:0, C24:0, C24:1, C14:1, and C18:3n6 did not
differ significantly (p>0.05) (Table 5).

Table 5. Comparison of fatty acid levels of different broodstock feed groups (Independent
Sample T-Test)

R s | 8 [ x [ e
C140 ) s T3 T 460 | 025 [ -i016r | 2177 | 0008
C150 09 o |5 T ods |00 | Toos | 275 | 395
CI60 ) Snism T3 1 o2s Tod | 1o | 247 | 003
CI70 09 g T3 050 1002 | 17482 | Ze16 o0l
CI80 () g5 460 | 025 | 1016l | 2177 |08
C200 () s T3 T 107 1002 | 19400 | 3955 000
C210 ) e T3 007 1001 | 2457 | 3200 | oss
C220 09 o135 |03t 1005 | 17717 | 398 | 000
C230 09 (o |5 o1 | 002 | 3280 | 3816 | 033
C240 ) g T3 057 1005 | w8 | Zow | ass
ZSFACH) s 3 2707 097 [ o9 | 22 009
CU1L 09 s T3 oa2 1003 | 34 | 2w | 756
CI5:1 09 s T3 007 100t | 176 | 2o | ot
CI6:1 09 o T3 oas 1005 | 2457 | Zids |33
CI7:1 09 im0 o0r | wses | 2% | ood
C18:1n9t | IstStn, 3 1.61 | 0.04 | -9.099 4 .001
(%) 2nd Stn. 3 194 | 0.04 | -9.099 3.906 .001
C20:1 (9 g T3 o35 1000 036 T 2102 000
C241 09 s T3 098 1003 | 1012 | 2057 | ais
YMUFA | Ist Stn. 3 3434 | 035 6.126 4 .004
(%) 2nd Stn. 3 30.01 | 1.17 6.126 2.367 017

Ist Stn. 3 022 | 0.00 | -23.702 4 .000

(ORION
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ii;?; Groups N X s t t t:(sit D

Clﬁ;/f)n& mdStn. | 3 | 040 | 001 | 23702 | 2941 000
Cl82n6c | 1stStn. | 3 | 1850 | 0.06 | 30207 4 000
%) | 2ndSt. | 3 | 1441 | 022 | 30207 | 2287 001
C183m3 | 1stSt. | 3 | 4.05 | 005 | -39.588 4 000
%) | 2ndSm. | 3 | 678 | 0.10 | 39.588 | 3.152 000
C183n6 | 1stSt. | 3 | 0.17 | 001 | -2.055 4 109
%) | 2ndStn. | 3 | 021 | 003 | -2.055 2322 158
[ istsm. | 3 | 165 | 001 | -20.348 4 000
C20:2(%) ondsm. | 3 | 195 | 002 | 20348 | 2.941 000
C203n3 | IstSth. | 3 | 198 | 002 | -98.508 4 000
(%) | 2ndSt. | 3 | 488 | 004 | 98508 | 3.98 000
C205n3 | IstSt. | 3 | 190 | 002 | -82.575 4 000
%) | 2ndStm. | 3 | 576 | 007 | 82575 | 2.569 000
C203n6 | IstStn. | 3 | 049 | 000 | 7.155 4 002
%) | 2ndSt. | 3 | 044 | 001 | 7.155 2.041 006
C20:4n6 | IstSt. | 3 | 0.80 | 001 | -23.888 4 000
%) | 2ndStm. | 3 | 124 | 003 | 23888 | 2424 001
C2o6n3 | IstSt. | 3 | 339 | 0.16 | -33310 4 000
%) | 2ndSt. | 3 | 6.68 | 005 | 33310 | 2456 000
[ istSm. | 3 | 020 | 000 | 5.892 4 004
C22200) Mndsm. | 3 | 011 | 002 | 5892 2.00 028
C22in9 | 1stStn. | 3 | 011 | 0.00 | 6364 4 003
%) | 2ndSt. | 3 | 008 | 000 | 63064 4.00 003
SPUFA | IstStn. | 3 | 3338 | 0.18 | -52.247 4 000
%) | 2ndStm. | 3 | 4290 | 025 | 52247 | 3.700 000
YOmega3 | 1siStm. | 3 | 1133 | 0.15 | -98.888 4 000
(%) | 2ndSt. | 3 | 24.12 | 0.16 | 98.888 | 3.974 000
TOmega6 | 1siStm. | 3 | 20.19 | 005 | 25970 4 000
%) | 2ndStm. | 3 | 1671 | 022 | 25970 | 2254 001
TOmega-9 | lIstStn. | 3 | 3199 | 0.15 | 5917 4 004
%) | 2ndStn. | 3 | 27.61 | 127 | 5917 2.056 026
g L dstStn | 3| 0561 | 0.00 | 67.569 4 000
ndStn. | 3 | 144 | 002 | 67569 | 2421 000

ey |dstSm | 3 | 456 | 005 | 81798 4 000

ndSt. | 3 | 212 | 000 | 81.798 | 2.046 000
IstStn. | 3 | 056 | 0.03 | -15.605 4 000
EPA/DHA = 7St | 3 | 086 | 000 | -15.605 | 2.100 003
IstStn. | 3 | 178 | 0.10 | 10537 4 000
DHAEPA = 7sm. | 3 | 115 | 000 | 10537 | 2,019 009

N: Number of samples in each group, X: Mean. ss: Standard deviation, sd: Degrees of freedom,
p: Significance level
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Table 6. Fatty acid composition comparison between diploid and haploid rainbow trout eggs
from various locations

. Haploid Haploid Diploid Diploid

Fatty acids (1st s[t)ation) (2st slt)ation) (1st sI;ation) (2st sI;ation)
C14:0 (%) 1.25+0.02° 1.85+0.06° 1.42+0.01° 1.18+0.08°
C15:0 (%) 0.28+0.02%° | 0.26+0.00° 0.30:£0.00? 0.16+0.01¢
C16:0 (%) 13.44+0.38% |  10.92+0.03¢ 13.88+0.07? 12.8540.23°
C17:0 (%) 0.64+0.012 0.41+0.01¢ 0.57+0.01° 0.30:0.009
C18:0 (%) 10.11£0.20° | 8.14+0.04° 10.60+0.10° 8.3140.00°
C20:0 (%) 0.27+0.01° 0.15+0.00° 0.29+0.00? 0.13+0.014
C21:0 (%) 0.07+0.13*® | 0.02+0.04° 0.25+0.00? 0.02+0.01°
C22:0 (%) 0.26+0.032 0.02+0.00P 0.34+0.07? 0.13+0.06°
C23:0 (%) 0.20£0.05° | 0.21£0.01% 0.29+0.02° 0.01+0.00°
C24:0 (%) 1.04+0.03* | 0.76+0.03° 1.04+0.11° 0.43+0.06¢
YSFA (%) 27.61£0.56" | 22.80+0.12° 29.04+0.10° 23.24+0.18¢
Cl4:1 (%) 0.03+0.02* | 0.04+0.00° 0.04+0.00? 0.02+0.00?
C15:1 (%) 0.02+£0.01* | 0.02+0.00?® 0.02+0.00% 0.01+0.00°
C16:1 (%) 0.30£0.02* | 0.24+0.00" 0.31+0.00° 0.16+0.02¢
C17:1 (%) 0.38+0.04* | 0.25+0.02" 0.41+0.04° 0.12+0.00¢
C18:1n9¢ (%) 19.64+0.04° | 20.04+0.16° 21.50+0.032 15.93+0.11¢
C18:1n9t (%) 2.03+0.13° 1.70+1.19° 2.00+0.03? 2.33+0.04°
C20:1 (%) 2.24+0.08° | 0.18+0.00¢ 2.47+0.04 0.44+0.02¢
C24:1 (%) 0.14£0.00° | 0.07+0.01° 0.13+0.02° 1.07+0.01%
IMUFA (%) 24.98+0.07° | 22.85+1.08° 27.09+0.06% 20.17+0.169
C18:2n6t (%) 0.49+0.01° | 0.32+0.01° 0.56+0.01% 0.18+0.00¢
C18:2n6¢ (%) 0.03+0.00° | 13.31+0.08° 0.03+0.00° 13.17+0.06
C18:3n3 (%) 3.11+0.02° 3.27+0.01° 3.48+0.01° 2.32+0.09¢
C18:3n6 (%) 1.54+0.02° 0.58+0.00° 1.72+0.08? 0.41+0.039
C20:2 (%) 4.46+0.02° | 4.81£0.02% 4.85+0.01° 4.72+0.06°
C20:3n-3 (%) 1.56+0.04° 1.30+0.00° 1.81+0.00° 0.010.00¢
C20:5n-3 (%) 6.30+0.06° 5.58+0.134 6.79+0.03? 5.81+0.05°
C20:3n-6 (%) 6.37+0.03* 3.47+0.04¢ i 4.28+(.04°
C20:4n-6 (%) 7.9440.11° 5.89+0.01¢ 8.354+0.03% 5.45+0.039
C22:6n-3 (%) 15.47+0.31° | 15.28+0.11° 16.01+0.11° 19.81+0.14°
C22:2 (%) 0.17+0.00° | 0.04+0.00° 0.21+0.02° 0.02+0.00¢
C22:1n9 (%) 0.06+0.08° | 0.12+0.00% 0.20:+£0.01? 0.07+0.02°
~PUFA (%) 45.28+0.47° | 53.87+0.08° 43.85+0.124 56.21+0.11°
YOmega-3 (%) | 26.45+0.40° | 25.43+0.13° 28.10+0.112 27.95+0.09°
YOmega-6 (%) | 16.40+0.07° | 23.58+0.12% 10.68+0.10° 23.51+0.02°
YOmega-9 (%) | 23.98+0.21° | 22.05+1.10° 26.17+0.03° 18.78+0.15¢
03/m6 1.61£0.01° 1.07+0.01¢ 2.63+0.03% 1.19+0.00¢
06/03 0.62-+0.00° 0.92+0.00? 0.38+0.001 0.84+0.00°
EPA/DHA 0.40+0.00° | 0.36+0.01° 0.42+0.00° 0.29+0.00¢
DHA/EPA 2.45+0.03¢ 2.74+0.07¢ 2.35+0.01° 3.41+0.05
Al 0.31+0.00° 0.35+0.01° 0.35+0.00° 0.33+0.00%°
TI 0.2420.00° 0.20+0.00° 0.24:+0.00% 0.20:0.00°
HH 3.7440.13¢ 5.1240.12° 3.60+0.02° 4.46+0.05"
EPA+DHA 21.78+0.36° | 20.86+0.15¢ | 22.80+0.11° 25.62+0.11%
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*Statistical analysis does not include this. Significant differences (p<0.05) exist between values
in the same rows that are indicated by different letters. The values (n=3) are presented as mean
+ SEM.

Total saturated fatty acid (SFA) and monounsaturated fatty acid (MUFA) levels were found to
be higher in diploid eggs compared to haploid eggs (p<0.05). The amount of omega-3 (Zw-3)
fatty acids was higher in diploid eggs, while omega-6 (Zw-6) levels were significantly higher
in haploid eggs. This resulted in a higher omega-3/omega-6 (®3/®6) ratio in diploids and a
higher ®6/®3 ratio in haploids, and these differences were statistically significant (p<0.05). The
EPA/DHA ratio was generally higher in diploid eggs, which was also reflected in the DHA/EPA
ratio, the DHA/EPA  ratio was  higher in  haploids (p<0.05). The
Hypocholesterolemic/Hypercholesterolemic (HH) ratio was higher in haploid eggs (p<0.05).
Additionally, total EPA+DHA levels were found to be higher in diploid eggs (p<0.05) (Table
6).

Table 7. L*. a*. b* values in feeds (Independent Sample T-Test).

Parameters Groups N X $s ¢ t-tess:i >
L Ist Stn. 3 4.56 0.00 -58.308 4 .000
2nd Stn. 3 5.61 0.03 -58.308 2.143 .000
o Ist Stn. 3 2.08 0.01 27.569 4 .000
2nd Stn. 3 1.06 0.06 27.569 2.238 .001
- Ist Stn. 3 2.44 0.06 -2.625 4 .058
2nd Stn. 3 2.55 0.04 -2.625 3.496 .067

N: Number of samples in each group, X: Mean. ss: Standard deviation, sd: Degrees of freedom,
p: Significance level

L* and a* values were significantly different between feed groups (p<0.05), but no significant
difference was observed in terms of b* values (p>0.05) (Table 7).

Table 8. L*. a*. b* values in eggs.

Parameters Haploid Haploid Diploid Diploid
(1st station) (2st station) (1st station) (2st station)
L* 30.19+0.04¢ 30.30+0.03° 30.90+0.052 30.98+0.022
a* 39.49+0.05% | 38.14+3.50% 34.24+0.03% 33.56+0.08°
b* 52.05+0.07° 52.23+0.06" 53.2740.12% 51.15+0.16°

Significant differences (p<0.05) exist between values in the same rows that are indicated by
different letters. The values (n=3) are presented as mean + SEM.

There is a significant difference between haploid and diploid eggs in the L* value; diploid eggs
are higher (p<0.05). There is also a significant difference between haploid and diploid eggs in
the b* value; diploid eggs are higher (p<0.05). There is a significant difference between haploid
and diploid eggs in the a* value; haploid eggs are higher (p<0.05) (Table 8).
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Discussion

The chemical composition of the egg is frequently examined to assess egg quality, as it must
meet the nutritional needs for embryonic and larval development (Parrish et al., 1994; Bell et
al., 1997; Furuita, 2002). This study compared the chemical composition of haploid and diploid
rainbow trout eggs obtained from different sources. No significant differences were found
between haploid and diploid eggs in terms of dry matter, crude protein, crude fat, or crude ash.
The results indicate that haploid and diploid eggs are similar in chemical quality for
aquaculture, and both species are suitable in terms of nutritional value.

Diploid eggs generally have a higher total saturated fatty acid (XSFA) content than haploid
eggs. SFA components such as C16:0 (palmitic acid) and C18:0 (stearic acid) are higher in
diploid eggs. The high levels of SFAs (especially C16:0 and C18:0) in diploid eggs may provide
an adaptive advantage in meeting the energy needs of the embryo during development (Loften
et al., 2014). This suggests that diploid eggs may have a higher energy density than haploid
eggs. Total monounsaturated fatty acid (XMUFA) levels are significantly higher in diploid eggs
than in haploid eggs. Important MUFA components, such as C18:1n9¢c (oleic acid, cis-9-
octadecenoic acid) and C20:1 (gondoic acid, cis-11-eicosenoic acid), were particularly
abundant in diploids. MUFAs are crucial not only as energy sources but also for cell membrane
fluidity and structural integrity (Torres et al., 2021). Therefore, the high MUFA levels in diploid
eggs may be related to membrane stability and metabolic requirements. This enhanced
membrane integrity, supported by higher C18:1n9c and C20:1 abundance, may contribute to
improved oocyte quality and developmental potential (Chen et al., 2020). Haploid eggs are
generally higher in total PUFA (XPUFA) content than diploid eggs. This difference in PUFA
content between ploidy levels indicates a potential factor that may affect reproductive success,
as n-3 long-chain PUFAs (n-3 LC-PUFA) are known to be directly related to egg viability and
larval survival rates (Ferosekhan et al., 2020). Diploid fish eggs generally have higher levels of
-3. In particular, DHA (C22:6n-3) levels are higher in diploids, which may indicate a greater
capacity to incorporate or retain long-chain polyunsaturated fatty acids during oogenesis, which
may lead to better embryo development, membrane fluidity, and oxidative stability compared
to lower -3 genotypes (e.g., triploids). Similarly, diploid Atlantic salmon fillets were found to
exhibit higher absolute amounts of EPA and DHA than triploids (Murray et al., 2018). On the
other hand, haploid eggs are richer in omega-6 fatty acids, which play a role in immune
responses and cellular signaling pathways. They contribute to the regulation of inflammatory
processes and immune responses, particularly through arachidonic acid (C20:4n-6)-derived
eicosanoids (prostaglandins, thromboxanes, and leukotrienes). Therefore, alterations in the
omega-6/omega-3 balance may affect the development of embryonic immunity and early
metabolic regulation (Murray et al., 2018; Innes & Calder, 2018; Rainuzzo, 2020). The »-3/®-
6 ratio is significantly higher in diploid eggs, indicating a more balanced and healthy fatty acid
profile. A high omega-3/omega-6 ratio is generally associated with anti-inflammatory effects
because it reduces the production of pro-inflammatory eicosanoids such as prostaglandins and
leukotrienes, while promoting the synthesis of anti-inflammatory lipid mediators such as
resolvin and protectin, derived from EPA and DHA (Zivkovic et al., 2011; Calder, 2017).
Although EPA (C20:5n-3) and DHA (C22:6n-3) are present at high levels in both groups, the
total EPA + DHA content is higher in diploid eggs. The higher DHA/EPA ratio in haploid eggs
indicates relatively more DHA in this group, while the higher EPA/DHA ratio in diploids
suggests a more balanced distribution of omega-3 compounds. This balanced profile may
support properties such as membrane flexibility, cellular signaling, and resistance to lipid
peroxidation (Luo et al., 2015). Atherogenic Index (Al) and Thrombotic Index (TI) values were
generally found to be close to each other in haploid and diploid fish eggs, which provides a
similar assessment of cardiovascular health for both groups (Attia et al., 2015).
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Comparison of L*, a*, and b* values between haploid and diploid trout eggs demonstrates that
ploidy has a significant effect on egg color. Diploid eggs exhibited higher L* values, indicating
lighter coloration, while haploid eggs showed higher a* values, reflecting a more pronounced
reddish tint. B* values, indicating yellowness, were generally higher in diploid eggs, likely due
to greater accumulation of yellow pigment. These differences in color measurement parameters
suggest underlying metabolic and genetic variations in pigment synthesis and accumulation
pathways between haploid and diploid individuals (Lukanov et al., 2015; Gomes et al., 2019;
Salazar-Gonzalez et al., 2020; Meng et al., 2022). Such variations in L*, a*, and b* values may
reflect different carotenoid profiles and accumulation rates influenced by ploidy, affecting both
the visual appeal and nutritional quality of the eggs. Furthermore, these colorimetric differences
have potential implications for marketability, as consumer preference for seafood is often
heavily influenced by visual appearance. Similar observations have been made in triploid
rainbow trout, where altered fat metabolism and increased growth resulting from the
reallocation of energy from gonadal development also affect fillet quality characteristics such
as color and texture (Everson et al., 2021). Specifically, triploid salmon have been observed to
be significantly paler and less yellowish compared to diploids, although redness may not be
consistently affected (Lerfall et al., 2017).

Despite the comprehensive analysis of the chemical composition, fatty acid profiles, and color
characteristics of haploid and diploid rainbow trout eggs, this study has several limitations. The
environmental conditions and feed composition of the broodstock were not fully standardized,
which may have influenced egg quality parameters. Although analyses were performed in
triplicate (n = 3), the relatively small sample size may limit the generalizability of the findings.
The study primarily focused on descriptive biochemical and colorimetric measurements, and
the underlying molecular mechanisms, such as gene expression or protein activity related to
lipid metabolism and pigment synthesis, were not investigated. Additionally, seasonal
variations and maternal effects, which may affect egg quality, were not controlled. Future
studies integrating transcriptomic and proteomic approaches with larger sample sizes under
controlled conditions would provide a deeper understanding of the physiological and genetic
factors influencing egg quality across different ploidy levels.

Conclusion

This study has shown that egg ploidy in rainbow trout (Oncorhynchus mykiss) has significant
effects on the chemical composition and physical properties of eggs. While haploid and diploid
eggs show similarities in basic nutritional components, they differ in fatty acid profiles and
color characteristics. Diploid eggs have higher levels of saturated and monounsaturated fatty
acids, omega-3, and EPA+DHA, while haploid eggs exhibit a higher omega-6 ratio, DHA/EPA,
and HH values. Color analysis revealed that diploid eggs are lighter and yellowish, while
haploid eggs have more reddish tones. These findings suggest that ploidy may have a direct
impact on egg quality, embryonic development, and fry health. Consequently, the biochemical
and physical differences between haploid and diploid eggs provide important information for
optimizing broodstock selection and production strategies.
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