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Abstract 
 
In the study, two objectives were selected in determining the quality and efficiency of 
Oncorhynchus mykiss eggs obtained from different stations: (1) to determine the 
biochemical, amino and fatty acid composition and egg quality, (2) to study the effect 
of egg productivity on egg quality. The study was conducted in 5 different production 
areas which is produces the most rainbow trout eggs in Turkey. Broodstocks over 3 
years old were randomly selected from the company. After the egg productivity 
analysis, biochemical analysis were conducted. The most abundant amino acid in all 
stations was glutamic acid, followed by leucine, lysine, in that order. Total amino acid 
and essential amino acid (EAA) values were between 30.40±0.93-44.47±0.43 and 
15.69±0.25-23.88±0.07 g/100g, respectively. As a result of analysis of fatty acids, 
docosahexaenoic acid (DHA), oleic acid and linoleic acid values were higher than other 
fatty acids. In addition, polyunsaturated (PUFA) values were higher than saturated 
(SFA) and monounsaturated (MUFA) fatty acid values in the eggs obtained from all 
stations. Consequently, the amino and fatty acid values of rainbow trout eggs were 
determined to be sufficient for embryonic development of fish and this values showed 
rainbow trout eggs as potential source of food for human consumption. 

Introduction 
 

In aquaculture, egg quality is important for the 
production of healthy and high quality fish larvae and in 
terms of economic utilization of hatcheries. During 
embryogenesis periods of most fish species, growth and 
energy procure are dependent yolk reserves 
transplanted by broodstocks. As a rule, fish eggs contain 
all the nutrients that the larvae utilize during to support 
both homeostasis and development (Mourente & 
Vazquez, 1996). It reported that the biochemical 
composition of fish eggs is species-specific, and the 
precise sequence of consumption (proteins, lipids and 
carbohydrates) varies both qualitatively and 
quantitatively (Cejas et al. 2004; Sargent, Henderson & 
Tocher, 1989). While embryos of turbot (Scophthalmus 

maximus) catabolize exclusively proteins and 
carbohydrates (Planas et al. 1993), whereas embryos of 
rainbow trout (Oncorhynchus mykiss Walbaum, 1792) 
use proteins, lipids and carbohydrates to satisfy their 
energy requirements (Boulekbache, 1981). 

In rainbow trout farming, egg quality is important 
as well as harvest fish quality. During the production 
period, broodstocks productivity and egg quality are 
effective in high values such as growth and feed 
evaluation performance and survival rate. Because egg 
quality parameters play a significant role in fertilization 
of the egg, embryonic development and the larval 
survival rate, under appropriate conditions. 

The biochemical composition of eggs is one of the 
factors determining egg quality since eggs must contain 
all the nutrients required for normal development 
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during embryonic stages. Several morphological 
(Kjorsvik, Mangor Jensen & Holmefjord, 1990, Thorsen, 
Trippel & Lambert, 2003) and biochemical parameters 
such as lipids (Sargent, 1995, Bell & Sargent, 2003, 
Tveiten, Jobling & Andreasen, 2004), amino acids 
(Ronnestad & Fyhn, 1993) or vitamins (Ronnestad, Lie 
&Waagbo, 1997, Maeland, Ronnestad, & Waagbo, 
2003) have been considered as indicators of egg quality 
(Gimenez et al. 2006). Apart from this, several nutrients 
such as amino acids, vitamins and essential fatty acids 
have been suggested to be related to egg quality in both 
freshwater and marine fishes (Takeuchi, Ishii & Ogiso, 
1981; Watanabe & Kiron, 1985). On the purpose of 
obtaining an optimal level of each nutrient in eggs, it is 
necessary to feed broodstock with diets having an 
optimal composition since egg nutrient contents reflect 
the broodstock nutritional status (Watanabe et al. 1984; 
Furuita, Tanaka, Yamamoto, Suziki & Takeuchi, 2002, 
Furuita et al. 2003). However, few is known about the 
interaction between egg quality and egg biochemical 
composition rainbow trout. More information on the 
relationship between egg composition and egg quality is 
needed for the improvement of egg quality. For this 
purpose, in the present study was to highlight the 
efficiency of rainbow trout eggs at different stations and 
the quality of eggs with their biochemical, amino acid 
and fatty acid composition. Two objectives were 
selected: (1) to determine the biochemical, amino acid 
and fatty acid composition of rainbow trout eggs and 
egg quality, (2) to study the effect of egg productivity on 
egg quality. 

 

Materials and Methods 
 

Study Design 
 

The study was conducted in 5 different production 
areas (I station: 36°45'59.55"N and 29°24'12.22"E 
Muğla-Fethiye; II station: 36°58'41.94"N and 29°13'9.92 
"E Denizli-Çameli; III station: 38°57'54.89"N 
36°40'18.17"E Kayseri-Pınarbaşı; IV station: 
37°58'58.65"N and 38°0'52.89"E Malatya-Sürgü and V 
station: 41°27'14.35"N and 35°51'24.08"E Samsun-
Ladik) which is produces the most rainbow trout eggs in 
Turkey from December 2017 to January 2018. Water 
temperature were measured from each production 
areas during milking. 

 
Brootstock Characteristics and Milking 
 

In this study, broodstocks over 3 years old were 
used. When selecting broodstocks were paid attention 
to non-abnormality appearance, disease-free, active 
movement and healthy individuals. Brootstocks were 
randomly sampled by business employee. Fort his 
reason, this manuscript does not need an ethical 
approval. Biometric measurements (weight-length) of 
the broodstocks were made before milking. Weight 
measurements of the fishes were made with ±5 g 

precision electronic balance. Before milking, fish were 
dried with a towel to prevent slipping. Milking process 
was carried out by holding the tail and head of 
broodstocks slowly caressing the abdomen from the 
chest to the tail. The maturated eggs that spilled from 
the urogenital cavity of the fish were collected in a 
plastic container.  
 
Brootstock-Egg Productivity Analysis 
 

Eggs were randomly sampled from plastic 
containers with 3 replicates and eggs count, weight and 
diameter were measured immediately after milking 
process. Absolute egg productivity (AEP, pieces/fish) 
was calculated according to the weight method by 
counting 10 g eggs after weighing the total egg weight. 
The relative egg productivity (REP, pieces/kg) was 
calculated as the ratio of the total number of eggs to the 
weight of the brootstock. Egg diameter was measured 
by random sampling method using 100 pieces and 
average egg diameter (mm) was determined. Egg 
productivity analysis was performed with 3 replications. 

Egg samples were stored in a deep freezer 
(WiseCryo/WUF-D500-80°C) until analysis, and 
transportation of samples to the laboratory was 
provided by cold chain conditions.  
 
Biochemical, Amino and Fatty Acids Composition 
Analysis 
 

Analysis of dry matter (DM) and crude ash (CA) in 
the eggs was performed according to standard AOAC 
(1995) procedures in the laboratory of Aquaculture, 
Faculty of Fisheries. Eggs crude lipids (CF) were 
determined according to the procedure of Soxhlet 
methods. Crude protein (CP) content was determined as 
total nitrogen content by Kjeldahl method (AOAC, 1995). 

Amino acid analysis of eggs was performed using 
the Jasem LC‐MS/MS amino acid assay kit. The 
concentration of the target amino acids was determined 
using the electrospray ionization (ESI)‐based multiple 
reaction monitoring (MRM) mode. 0.5 g sample was 
taken into a glass vial with a screw cap, and 4 ml of 
reagent‐2 was added, and then, hydrolysis reaction was 
performed at 110°C for 24 hr. The hydrolysate was 
centrifuged for 5 min at 4000 rpm when it reached room 
temperature. Then, 100 μl of the supernatant was 
transferred to a vial and completed to 1 ml with distilled 
water. This dilution procedure was repeated one more 
time to yield 800‐fold diluted hydrolysate of the sample. 
50 μl of the diluted hydrolysate was transferred to a 
sample vial and 50 μl of internal standard mixture with 
isotope labelled and 700 μl of reagent‐1 was added, 
respectively, and then, the mixture was vortexed for 5 s. 
All samples were prepared according to the above 
procedures and injected into the LC‐MS/MS system 
where theamounts of amino acids were read.  

The total amino acids and quality of amino acids 
were calculated from the following formulas: 
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Essential Amino Acids (EAA)=Histidine +Lysine + 
Phenylalanine + Methionine + Threonine + Leucine + 

Isoleucine + Valine + Arginine 
 

Semi‐Essential Amino Acids (SEAA)=Histidine + Arginine 
 

Non‐Essential Amino Acids (NEAA)=Alanine + Aspartic 
acid + Glutamic acid + Tyrosine + Glycine + Serine + 

Proline 
 

Branched‐chain amino acid (BcAA)=Leucine + Isoleucine 
+ Valine 

 
Sulphur‐containing amino acids (SAA)=Cystine + 

Methionine 
 

Aromatic amino acids (ArAA)=Phenylalanine + Tyrosine 
 

Basic (alkaline) amino acids (BAA)=Lysine + Arginine + 
Histidine 

 
Acidic amino acids (AAA)=Aspartic acid + Glutamic acid 

 
The samples were converted to methyl esters by 

derivatization of lipid samples in gas chromatography 
device (Thermo Scientific Trace 1310) for fatty acid 
analyses. For this purpose, 0.25 g of the extracted oil 
was removed and 4ml of heptane and 0.4 ml of 2 N KOH 
were added. The mixture was stirred in a vortex for 2 
min, and then centrifuged at 5000 rpm for 5 min. After 
centrifugation, 1.5–2 ml of the heptane phase was 
collected and transferred to glass tubes for GC/MS 
analysis. Injection of samples into the device was carried 
out with an automatic sampler (Autosampler AI 1310). 
Samples were analysed by Thermo Scientific ISQ LT 
model GC/MS. For this analysis, Trace Gold TG‐WaxMS 
capillary column (Thermo Scientific code: 26088‐1540) 
with a film thickness of 0.25 μm and 60 m length was 
used. The injection block temperature was set to 240°C, 
and the column temperature was increased from 100°C 
to 240°C in the temperature programme. Helium gas (1 
ml/min) was used as a carrier gas at constant flow, and 
1:20 split ratio was applied. The MS unit (ISQ LT) was 
used in electron ionization mode. Fatty acids were 
defined by comparing the standard FAME mixture of 37 
components based on the arrival times. 

The total fatty acids and quality of fatty acids were 
calculated from the following formulas: 

 
ƩSFA=C12:0 + C13:0 + C14:0 + C15:0 + C16:0 + C17:0 + 

C18:0 + C20:0 + C21:0 + C22:0 + C23:0 + C24:0 
 

ƩMUFA=C14:1 + C15:1 + C16:1 + C17:1 + C18:1n‐9c + 
C18:1n‐9t + C20:1n‐9c + C22:1n‐9 + C24:1 

 
ƩPUFA=C18:2n‐6t + C18:2n‐6c + C18:3n‐3 + C18:3n‐6 + 

C20:2 + C22:2 + C20:3n‐6 + C20:5n‐3 + C20:4n‐6 + 
C22:6n‐3 

 

ƩOmega‐3 (ɷ3)=C18:3n‐3 + C20:3n‐3 + C20:5n‐3 + 
C22:5n‐3 + C22:6n‐3 

 
ƩOmega‐6 (ɷ6)=C18:2n‐6t + C18:2n‐6c + C18:3n‐6 + 

C20:4n‐6 + C20:3n‐6 
 

ƩOmega‐9 (ɷ9)=C18:1n‐9c + C18:1n‐9t + C20:1n‐9c + 
C22:1n‐9 

 
Index atherogenicity (IA)=[(C12:0 + (4 × C14:0) + C16:0)] 

/ (MUFA + Omega‐3 + Omega‐6) 
 

Index thrombogenicity (IT)=(C14:0 + C16:0 + C18:0) / 
[(0.5 × MUFA) + (0.5 × Omega‐6) + (3 × Omega‐3) + 

(Omega‐3 / Omega‐6)] 
 

Hypocholesterolaemic/hypercholesterolaemic ratio 
(HH)=(C18:1n‐9 + C18:2n‐6 + C18:3n‐3 + C20:4n‐6 + 

C20:5n‐3 + C22:6n‐3) / (C14:0 + C16:0) 
 
Statistical Analysis 
 

All analyses results were presented as mean 
values±SE. Statistical analysis was done by using the IBM 
SPSS 21 statistical package program (IBM Corp. in 
Armonk, NY). The differences between the results were 
tested by one-way analysis of variance (ANOVA). The 
Tukey test was used for comparisons since the equality 
of the samples. The relationships between the values 
were tested by correlation analyses.  

 

Result 
 

Water temperatures in different production areas 
were between 11.5-13°C (average 12.25±0.53°C), 
7.5- 8°C (average 7.75±0.18°C); 9-10°C (average 
9.50±0.35°C); 7.5-11.5°C (average 9.50±1.41°C) and 
4- 7°C (average 5.50±1.06°C), respectively. 

In the study, weight and length values of 
broodstocks, diameter and weight values of eggs, 
absolute egg productivity (AEP) and relative egg 
productivity (REP) are given in Table 1. In the study, 
while the highest average broodstock weight was in the 
3 rd station, the lowest average broodstock weights 
were in the 1 st and 2 nd stations.  

In the study, the correlation matrix of broodstock 
weight (BW), egg diameter (ED), egg weight (EG) and 
productivity (AEP and REP) are given in Table 2. As a 
result of the correlation analysis, while the broodstock 
weight and egg diameter and weight increased, absolute 
and relative egg yield values decreased. While egg 
weight and egg diameter were increasing, absolute and 
relative egg productivity decreased. 

The proximate composition of egg samples in all 
station are given in Table 3. In the study, the crude 
protein (CP), crude lipid (CL), crude ash (CA) and dry 
matter (DM) values of all the sampled eggs were 
between 20.60±0.80-25.43±0.50, 3.19±0.18-5.76±0.14, 
3.87±0.55-4.52±0.02 and 34.97±0.09-40.50±0.08%, 
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respectively and the statistical difference between 
values were important (P<0.05). 

The results of fatty acids in eggs are summarised in 
Table 4. Of these fatty acids, C16:0, C18:1n-9c, C18:2n-
6c, and C22:6n-3 were particularly abundant in the eggs 
of all stations. Monounsaturated fatty acids (MUFA), 
mainly C18:1n-9, and saturated fatty acids, mainly 
C16:0, comprised approximately 10 and 13%, 
respectively, of the total fatty acids in all station of 
rainbow trout eggs. The major polyunsaturated fatty 
acid (PUFA) was docosahexaenoic acid (DHA), which 
were between 14.94±1.07 and 16.65±0.19% of the fatty 
acids in all egg samples and was also the most abundant 
fatty acid in all station rainbow trout eggs. The fatty-acid 
composition of rainbow trouts eggs in all stations was 
dominated by PUFA, predominantly of the (ɷ-3) series. 
ɷ-3 PUFA accounted for 23.53±0.36, 24.51±0.04, 
24.63±0.05, 24.01±0.96 and 21.21±0.28%, respectively, 
of the total fatty acids in all stations. The ratio of 
EPA/DHA were the highest in 4th station and the lowest 
in 1st Station and the statistical difference between 
values were important (P<0.05). The significant 
difference among all stations values of index 
atherogenicity (IA) in rainbow trout eggs (P<0.05). The 
thrombogenicity index (IT) of eggs in all station were 
between 0.19±0.01 and 0.23±0.01 (P<0.05). 

As a result of the correlation analysis, the negative 
relationship was determined between the egg weight 
and the total saturated fatty acid (∑SFA) values of the 
eggs (r=-0.771, P=0.127). In addition, egg weight and 
diameter and ∑PUFA values are parallel and there is a 

strong positive relationship between these values 
(r=0.847, P=0.070; r=0.843, P=0.073). 

The content of 19 amino acids of rainbow trout egg 
in all stations are shown in Table 5. As mentioned above, 
fish eggs are high source of proteins and amino acids. 
Among essential amino acids (EAA) in present study, the 
most important contributor was leucine and lysine, and 
the least important was methionine. A significantly 
higher EAA content was found in the 5 th station 
compared to the other stations. Among the nonessential 
amino acids (NAA), glutamic acid occurred in the highest 
amount, while the ornithine and taurine content were 
the lowest. A significantly higher level of NAAs was 
found in the 5 th station compared to the other stations. 
It is worth noting that the rainbow trout egg in the 5th 
station contained significantly more crude protein, 
which could have affected the results. 

According to the results, the total amino acids 
(ƩAA) were different in all stations and the highest value 
was in 5th station. (P<0.05). The average values of 
amino acid quality of rainbow trout eggs in all station 
were as follows: 5.62±0.12 and 8.88±0.08 g/100g 
Branched‐chain amino acid (BcAA), 1.37±0.02 and 
2.01±0.04 g/100g Sulphur‐containing amino acid (SAA), 
2.53±0.07 and 3.92±0.10 g/100g Aromatic amino acid 
(ArAA), 5.58±0.03 and 8.50±0.02 g/100g Basic (alkaline) 
amino acid (BAA) and 5.42±0.04 and 8.02±0.03 g/100g 
Acidic amino acid (AAA), respectively and the statistical 
difference between values were important (P<0.05) 
(Table 5). 

 

Table 1. Broodstocks weight, height, egg diameter (ED) and weight (EW) and absolute egg productivity (AEP) and relative egg 
productivity (REP) values for different production areas 

 I. Station II.Station III.Station IV.Station V.Station 

B
ro

o
d

st
o

ck
 

Weight (g) 1522.00±80.80a 1445.50±46.10a 2171.00±145.20b 3612.00±230.50c 1745.00±89.40ab 
Length (cm) 47.45±0.63a 47.57±0.89a 52.35±1.47b 64.58±1.32c 51.00±1.10ab 

Eg
g

 Diameter (mm) 4.05±0.07a 3.99±0.05a 4.61±0.04b 4.92±0.07c 4.20±0.06a 
Weight (mg) 50.56±4.00a 49.40±1.97a 86.90±3.96b 98.76±5.93c 52.01±1.70a 

AEP (pieces/fish) 3606±568c 1181±157a 2062±82b 1916±179ab 2640±287bc 
REP (pieces/kg) 2121.20±272.33c 356.81±72.11a 1451.68±96.14c 932.39±114.99b 1756.60±180.64c 

Values in same rows marked with different letters are significantly different (P<0.05). 
 
 
 

Table 2. Correlation matrix of broodstock weight (BW), egg diameter (ED), egg weight (EG) and productivity (AEP and REP) 

 BW ED EW AEP REP 

BW * <0.01 <0.01 <0.01 <0.01 
ED 0.818 * <0.01 <0.01 <0.01 
ED 0.795 0.887 * <0.01 <0.01 
AEP -0.562 -0.622 -0.719 * <0.01 
REP -0.776 -0.801 -0.833 0.951 * 

 
 
 

Table 3. Proximate compositions of eggs of rainbow trout in belonging to different stations 

Proximate compositions I.Station II.Station III.Station IV.Station V.Station 

Crude Protein, %  22.07±0.55a 22.54±0.53ab 23.57±0.28ab 20.60±0.80a 25.43±0.50b 
Crude Lipid, %  3.19±0.18a 3.50±0.03ab 5.76±0.14c 5.63±0.35c 4.57±0.21bc 
Crude Ash, %  3.87±0.55a 4.17±0.22a 4.52±0.02a 4.50±0.08a 4.37±0.46a 
Dry Matter, %  34.97±0.09a 34.99±0.03a 37.47±0.10b 35.20±0.28a 40.50±0.08c 

Values in same rows marked with different letters are significantly different (P<0.05). 
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Discussion 
 

In this study, all production areas have different 
water temperature values especially during milking 
periods. In different studies were reported that water 
temperatures affect gonad development, egg 
fertilization and hatching efficiency in trout and 
generally water temperature values should be between 
7-10°C in egg production (Leitritz & Lewis, 1980; Aras, 
1988; Çelikkale, 1998; Hardy & Fornshell, 2000). Water 
temperature values measured in all production areas 
are in accordance with the literature and were 
determined to have a negative effect on egg 
development. 

In the study, it was determined all broodstocks 
have the weight of milking and able to lay eggs and as a 

result of the correlation analysis, while the broodstock 
weight and egg diameter and weight increased, absolute 
and relative egg yield values decreased. While egg 
weight and egg diameter were increasing, absolute and 
relative egg productivity decreased. Many studies 
reported that many biological and environmental 
factors that affect the egg yield and size of the rainbow 
trout, the main of which is the size, genotype and 
feeding regime of the fish (Bromage & Roberts, 1995). In 
other studies, evaluating the relationship between 
broodstock weight and egg yield reported that the 
diameter of the eggs changes depending on the 
broodstock weight (Beacham & Murray, 1987; Kazakov, 
1981; Baki, Çakmak, Baki & Altuntaş, 2015) and there is 
a positive relationship between rootstock weight and 
egg productivity (Çakmak, Aksungur, Firidin, Çavdar & 

Table 4. Fatty acid composition of eggs of rainbow trout in belonging to different stations 

Fatty Acids I.Station II.Station III.Station IV.Station V.Station 

C12:0 (%) 0.03±0.01c 0.01±0.01a 0.02±0.01b 0.01±0.01a 0.02±0.01bc 

C13:0 (%) 0.02±0.01a 0.01±0.01a 0.01±0.01a 0.01±0.01a 0.02±0.01a 

C14:0 (%) 1.74±0.03c 1.52±0.01b 1.70±0.01c 1.34±0.05a 1.79±0.04c 

C15:0 (%) 0.48±0.01bc 0.46±0.01b 0.54±0.01cd 0.30±0.02a 0.55±0.02d 

C16:0 (%) 10.20±0.08b 10.22±0.03b 10.32±0.01b 9.30±0.24a 10.24±0.06b 

C17:0 (%) 0.72±0.02c 0.45±0.01b 0.45±0.01b 0.25±0.02a 0.65±0.04c 

C18:0 (%) 9.07±0.14b 7.61±0.02a 8.00±0.07a 7.24±0.36a 7.50±0.19a 

C20:0 (%) 0.43±0.01a 0.54±0.01a 0.56±0.01a 1.65±0.07b 0.46±0.02a 

C21:0 (%) 4.53±0.07c 4.36±0.01c 3.76±0.01b 3.32±0.08a 4.82±0.07d 

C22:0 (%) 4.09±0.05c 2.67±0.01a 3.17±0.02b 3.13±0.10b 4.17±0.04c 

C23:0 (%) 0.11±0.01ab 0.09±0.01a 0.13±0.01b 0.11±0.02ab 0.10±0.01a 

C24:0 (%) 0.36±0.01a 0.35±0.01a 0.55±0.01b 0.51±0.03b 0.39±0.02a 

∑SFA (%) 31.77±0.33c 28.30±0.04a 29.22±0.13ab 27.16±0.98a 30.71±0.36bc 

C14:1 (%) 0.14±0.01c 0.09±0.01b 0.10±0.01b 0.06±0.01a 0.13±0.01c 

C15:1 (%) 0.09±0.01b 0.09±0.01b 0.08±0.01b 0.05±0.01a 0.09±0.01b 
C16:1 (%) 4.02±0.03b 3.78±0.01a 4.26±0.02c 3.78±0.08a 3.64±0.02a 

C17:1 (%) 0.55±0.02c 0.46±0.01b 0.58±0.01c 0.36±0.02a 0.51±0.03bc 

C18:1n9c (%) 12.69±0.59a 12.10±0.02a 14.45±0.03b 15.69±0.34b 12.12±0.07a 

C18:1n9t (%) 3.14±0.49a 3.70±0.01a 3.79±0.09a 3.45±0.09a 3.62±0.92a 

C20:1n9c (%) 3.41±0.04c 2.50±0.01a 3.34±0.01c 3.03±0.07b 3.12±0.01b 

C22:1n9 (%) 1.01±0.03a 1.75±0.01b 1.76±0.01b 2.12±0.09c 1.14±0.05a 

C24:1 (%) 1.52±0.03d 0.85±0.01b 0.78±0.02b 0.54±0.03a 1.30±0.04c 

∑MUFA (%) 26.57±0.80a 25.32±0.02a 29.14±0.13b 29.08±0.57b 25.69±0.10a 

C18:2n6t (%) 0.32±0.01b 0.21±0.01a 0.52±0.01c 0.46±0.03c 0.34±0.02b 
C18:2n6c (%) 10.11±0.14b 11.29±0.01c 9.37±0.07a 11.14±0.16c 11.55±0.13c 

C18:3n3 (%) 0.32±0.01d 0.16±0.01a 0.23±0.01b 0.24±0.02bc 0.30±0.02cd 

C18:3n6 (%) 2.55±0.04a 3.23±0.01c 3.35±0.05c 3.76±0.13d 2.97±0.01b 

C20:2 (%) 4.53±0.07c 4.36±0.01c 3.76±0.01b 3.32±0.08a 4.82±0.07d 

C20:5n-3 (%) 4.33±0.15a 5.34±0.01c 5.31±0.04c 5.32±0.04c 4.82±0.16b 

C20:4n:6 (%) ND 2.67±0.01a ND 2.93±0.01b ND 
C22:6n-3 (%) 16.65±0.19a 15.95±0.04a 15.97±0.12a 14.94±1.07a 16.10±0.24a 

C22:2 (%) 0.11±0.01ab 0.09±0.01a 0.13±0.01b 0.11±0.02ab 0.10±0.01a 

∑PUFA (%) 41.64±0.58a 46.37±0.05bc 41.63±0.03a 43.74±1.56ab 43.61±0.32ab 

ƩOmega-3 (%) 23.53±0.36b 24.51±0.04b 24.63±0.05b 24.01±0.96b 21.21±0.28a 

ƩOmega-6 (%) 13.47±0.16a 17.42±0.01b 13.11±0.04a 16.30±0.69b 17.48±0.09b 

ƩOmega-9 (%) 20.25±0.84a 20.05±0.02a 23.34±0.14b 24.28±0.43b 20.01±0.19a 

ɷ3/ɷ6 1.74±0.01d 1.41±0.01b 1.88±0.01e 1.48±0.01c 1.21±0.02a 

ɷ6/ɷ3 0.57±0.01b 0.71±0.01d 0.53±0.01a 0.68±0.01c 0.82±0.01e 

EPA/DHA 0.26±0.01a 0.33±0.01bc 0.33±0.01bc 0.36±0.03c 0.30±0.01ab 

DHA/EPA 3.85±0.09d 2.99±0.01ab 3.01±0.04b 2.81±0.22a 3.35±0.13c 

AI 0.27±0.01cd 0.24±0.01b 0.26±0.01c 0.21±0.01a 0.28±0.01d 
TI 0.23±0.01c 0.20±0.01ab 0.21±0.01bc 0.19±0.01a 0.23±0.01c 

HH 3.69±0.01a 4.05±0.01d 3.78±0.01bc 4.58±1.04e 3.73±0.06b 

EPA+DHA 20.98±0.34b 21.28±0.04c 21.26±0.09c 20.25±0.28a 20.92±0.27b 

Values in same rows marked with different letters are significantly different (P<0.05). 
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Kurtoğlu, 2005; Serezli, Güzel & Kocabaşi 2010). In 
addition to these studies, it was reported that egg size 
has an effect on egg productivity (Fleming & Gross, 
1990; Cunnington & Brooks, 2000; Bozkurt & Seçer, 
2006), while it affects absolute egg yield positively with 
broodstock weight and negatively affects relative egg 
yield (Çakmak et al. 2005, Serezli et al. 2010; Erbaş & 
Başçınar, 2013; Baki et al. 2015). 

Although the nutritional value and biochemical 
properties of fish fillet are quite well known (Usydus, 
Szlinder-Richert, Adamczyk & Szatkowska, 2011; 
Kaliniak, Florek & Skalecki, 2015; ElShehawy, Gab-Alla 
&Mutwally, 2016; Mehta & Nayaka, 2017), biochemical 
properties of fish eggs are not fully understood yet, with 
respect to both their biological and physicochemical 
aspects. In the way of biochemical characteristics, the 
composition of fish eggs differs from that of fish fillet 
(ElShehawy et al. 2016) or chicken and quail eggs 
(Oroian, Cighi, Orioan & Gavrila, 2013; Vakili & 
Majidzadeh Heravi, 2016). The biochemical composition 
of eggs of the broodstock are to some extent affected by 
the protein and energy content in feed (Abdel-Fattah & 
Mamdouh, 2008; Kowalska-Goralska et al. 2019) as well 
as by many other factors (such as fish species, age and 
environmental conditions reported by Bekhit, Morton, 
Dawson, Zhao and Lee, 2009 and Yanes-Roca, Rhody, 
Nystrom and Main, 2009). However, there are quite 
considerable between-species differences, particularly 
with respect to the crude protein content. For example, 
in different trout and salmon species the crude protein 

value was also observed between 17.69±0.18-
26.8±1.8‰ (Oncorhynchus tshawytscha: Bekhit et al. 
2009, Kowalska-Goralska et al. 2019; Salmo trutta: 
Kowalska-Goralska et al. 2019; Salmo trutta labrax: Mol 
& Turan, 2008; Oncorhynchus mykiss: Machado et al. 
2016; İnanlı, Çoban, Yılmaz, Özpolat, & Kuzgun, 2019; 
Kaya Öztürk, Baki, Öztürk, Karayücel, & Uzun Gören, 
2019). The crude protein values of rainbow trout eggs in 
the current study were similar to the egg crude protein 
values of trout species in previous studies. Katsiadaki, 
Taylor and Smith (1999) emphatic the importance of dry 
matter content to the quality grade of cod eggs and 
demonstrated the increased in roe quality with the 
increase in the dry matter content. The present study 
may support this contention, since the nutritional value 
(represented by the contents of crude protein and lipid) 
is directly proportional related to the dry matter in 
rainbow trout eggs. The lipid content of fish eggs is 
effective both in the nutritional quality of human 
consumption and in the production of fish, from the 
fertilization rates of the eggs to the quality of the 
harvested fish. (Kaitaranta & Ackman 1981). In the 
present study, crude lipid content of trout eggs at all 
stations (3.19±0.18-5.76±0.14%) was lower than other 
studies with eggs of trout species (Mol & Turan, 2008; 
Bekhit et al. 2009; Machado et al. 2016; İnanlı et al. 
2019). These differences in findings are thought to be 
due to fish species, broodstock from which eggs are 
obtained, and the quality of feed of broodstocks. 

Table 5. Amino acid composition of eggs of rainbow trout in belonging to different stations 

Amino Acids I.Station II.Station III.Station IV.Station V.Station 

Ala (g/100g) 2.80±0.04b 2.26±0.01a 2.51±0.05a 2.48±0.01a 3.27±0.02c 
Arg (g/100g) 2.17±0.02c 1.72±0.02a 2.02±0.01b 1.85±0.01a 2.54±0.02d 
Asp (g/100g) 3.12±0.02cd 2.37±0.05a 2.75±0.01bc 2.67±0.02ab 3.47±0.09d 

Cys (g/100g) 0.51±0.01a 0.53±0.01a 0.51±0.01a 0.53±0.01a 0.71±0.01b 

Glu (g/100g) 3.91±0.01c 3.05±0.02a 3.63±0.10bc 3.37±0.06ab 4.54±0.07d 

Gly (g/100g) 1.03±0.01a 0.92±0.05a 1.07±0.02ab 0.92±0.01a 1.29±0.04b 

His (g/100g) 1.30±0.01c 0.99±0.02a 1.20±0.02bc 1.09±0.02ab 1.55±0.04d 

Ile (g/100g) 1.76±0.05ab 1.29±0.02a 1.47±0.03a 1.45±0.10a 2.01±0.07b 

Leu(g/100g) 3.13±0.07b 2.56±0.03a 2.92±0.01b 2.96±0.05b 3.99±0.01c 

Lys (g/100g) 3.51±0.02c 2.87±0.02a 3.22±0.02b 3.04±0.02ab 4.40±0.04d 

Met (g/100g) 1.08±0.02c 0.85±0.01a 1.03±0.01bc 0.91±0.01ab 1.30±0.03d 

Orn (g/100g) 0.13±0.01a 0.12±0.01a 0.14±0.01a 0.13±0.01a 0.14±0.01a 

Phe (g/100g) 1.92±0.02b 1.47±0.01a 1.74±0.03ab 1.64±0.03ab 2.25±0.06c 

Pro (g/100g) 1.84±0.02b 1.62±0.02a 1.86±0.02b 1.73±0.02ab 2.23±0.01c 

Ser (g/100g) 1.98±0.02b 1.80±0.01a 2.01±0.02b 1.95±0.03ab 2.46±0.01c 

The (g/100g) 1.82±0.03ab 1.52±0.08a 1.75±0.03a 1.66±0.01a 2.11±0.04b 

Tyr (g/100g) 1.36±0.01b 1.06±0.05a 1.19±0.01ab 1.15±0.02a 1.67±0.01c 

Val (g/100g) 2.45±0.01c 1.78±0.08a 2.10±0.02b 2.05±0.02b 2.87±0.02d 

Tau (g/100g) 0.13±0.01a 0.13±0.01a 0.13±0.01a 0.14±0.01a 0.14±0.01a 

ƩAA (g/100g) 35.94±0.02c 28.90±0.31a 33.26±0.05b 31.72±0.01b 42.96±0.06d 

ƩEAA (g/100g) 19.15±0.01c 15.04±0.17a 17.46±0.02b 16.66±0.10b 23.03±0.04d 

ƩNEAA (g/100g) 16.80±0.14d 13.86±0.22a 15.79±0.07c 15.06±0.09b 19.93±0.02e 

BcAA (g/100g) 7.35±0.15c 5.62±0.12a 6.50±0.08b 6.47±0.17b 8.88±0.08d 

SAA (g/100g) 1.59±0.01c 1.37±0.02a 1.54±0.03c 1.45±0.03b 2.01±0.04d 

ArAA (g/100g) 3.28±0.04d 2.53±0.07a 2.94±0.04c 2.80±0.08b 3.92±0.10e 

BAA (g/100g) 6.98±0.08d 5.58±0.03a 6.44±0.01c 5.98±0.01b 8.50±0.02e 

AAA (g/100g) 7.02±0.03d 5.42±0.04a 6.39±0.14c 6.03±0.11b 8.02±0.03e 

EAA/NEAA 1.23±0.01bc 1.19±0.01a 1.20±0.01ab 1.20±0.02ab 1.25±0.01c 

EAAI 1.28±0.01bc 1.18±0.01a 1.24±0.01b 1.22±0.01ab 1.36±0.01c 

Values in same rows marked with different letters are significantly different (P<0.05). 
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The chemical composition of fish eggs is often 
examined to evaluate their quality, as the eggs must 
satisfy the nutritional needs for embryonic and larval 
development (Furuita et al. 2002). In particular, the 
study of lipids and fatty acids has been used in the 
assessment of egg quality because their composition 
can influence the fertilization rate, hatching, survival 
and growth of fish larvae (Tocher, 2010). PUFAs such as 
C22:6n-3, C20:5n-3 and C20:4n-6 have been shown to 
be essential for both reproductive control and larval 
development in many fish species (Izquierdo, 
Fernandez-Palacios, Tacon, 2001). In addition to them, 
the fish eggs providing significant amounts of long chain 
ɷ-3 PUFA, mainly 20:5n-3 and 22:6n-3 (Lu, Ma, Williams 
&Chung, 1979), reported that exert beneficial role in the 
prevention of diseases (Lee, O’Keefe, Lavie, Marchioli & 
Harris, 2008). In the fatty acid composition of rainbow 
trout eggs a high content of total PUFAs (between 41.63 
and 46.37% of the total amount of fatty acids) were with 
the ω-3 (21.21-24.63%) and ω-6 (13.11-17.48%) 
contents. It is established that the ω-3/ω-6 ratios in eggs 
of rainbow trout were changed between 1.21±0.02 and 
1.88±0.01 and the statistical difference among stations 
is important (P<0.05). And the higher percentage of total 
ω-3’s in rainbow trout eggs were mainly due to higher 
sum of C20:5n-3, DHA and EPA. Most of the 
polyunsaturated fatty acids in fish eggs consist of DHA 
and EPA and with an approximate DHA/EPA ratio of 2:1 
or more and without detectable differences between 
marine and fresh water species (Kairanta & Linko 1984; 
Haliloğlu, Aras, Yanık, Atamanalp & Kocaman, 2003; 
Bekhit et al. 2009; Kowalski-Goralska et al. 2019). In this 
study, the eggs obtained from all stations had DHA/EPA 
ratios between 2.81±0.22-3.85±0.09 and higher than 
the data in this literature. In the current study, the 
EPA+DHA value in rainbow trout eggs obtained from all 
stations varied between 20.25±0.28 and 21.28±0.04 
(P<0.05). This value was lower than previous studies 
with the eggs of salmonid species (Ballestrazzi, Rainis & 
Maxia, 2003; Haliloğlu et al. 2003; Mol & Turan, 2008; 
Bekhit et al. 2009; Kalogeropoulos, Mikellidi, Nomikos & 
Chiou, 2012; Harring, Jonston, Wigand, Fisk, & Pitcher, 
2016; Kowalska-Groralska et al. 2019; Murzina et al. 
2019). Among many other fish species eggs were 
determined the highest EPA+DHA level was in the 
European hake eggs (Merluccius merluccius) (44.4%), 
and the lowest in the catla eggs (Catla catla) (8.9%) 
(Kaliniak et al. 2015). In many studies emphasized that 
besides the wild or culture of the broodstocks, nutrition 
and physicochemical conditions are effective on egg 
EPA+DHA values (Salze, Tocher, Roy, & Robertson, 2005; 
Yeşilayer & Türk, 2018, Thorn, Dick, Oviedo, Guglielmo, 
& Morbey, 2018). However, in this study, it is not correct 
to say what is effective on EPA+DHA values since it is 
only aimed to determine the fatty acid composition of 
the eggs. The atherogenic, thrombogenic and 
hypercholesterolemic potential of commercial rainbow 
trout eggs were evaluated by calculating the respective 
fat quality indices (AI, TI and HH) and the results are 

presented in Table 4. Different studies reported that 
values of IA and IT, the fatty acid quality parameters, 
should not be more than 1.00 for human health (Chávez‐
Mendoza et al. 2014; Łuczynska, Paszczyk, Nowosad & 
Łuczynski, 2017; Kowalska-Goralska et al. 2019) and high 
H/H ratio in diets is considered to be more beneficial for 
human health (Fernandes et al. 2014). It is clear that in 
this study, rainbow trout eggs IA and IT values were 
lower than 1.00 and H/H ratios were high and these 
values were sufficient for human health according to the 
literature. 

To sum up fatty acid composition, it should be 
noted that the eggs of the rainbow trout eggs examined 
are rich in PUFA, including EPA and DHA, their contents 
approximating or exceeding those in the meat or liver 
fat of many marine fish (Usydus et al. 2011; Kaliniak et 
al. 2015; El Shehawy et al. 2016; Mehta & Nayaka, 
2017), which is very advantageous from the standpoint 
of dietary recommendations and medical disease 
prevention (Swanson, Block & Mousa, 2012; 
Simopoulos, 2016). 

Edible fish eggs are considered as highly nutritive 
foods, having well balanced proteins with essential 
amino acids (Iwasaki & Harada, 1985; De la Cruz-García, 
López-Hernández, González-Castro, Rodríguez-Bernaldo 
De Quirós, & Simal-Lozano, 2000). The amino acid 
composition of fish eggs differs from that of fish meat 
(Mehta & Nayaka, 2017; Usydus et al. 2009) and of 
mammalian milk (Rafiq et al. 2016) or poultry eggs 
(Nutrient Composition Tables, 2017). The detailed 
amino acid composition of rainbow trout eggs is given in 
Table 5. The most abundant amino acid in all of them 
was glutamic acid (3.95±0.02-4.54±0.07 g/100g), 
followed by leucine, lysine, aspartic acid, alanine and 
valine in that order. Studies have reported that the most 
common amino acids in the eggs of some fish species are 
glutamic acid and leucine (Riverio et al. 2003; Bulut, 
2004; Kaya Öztürk et al. 2019). Compared to studies 
with different trout species, it was determined that the 
tyrosine value was similar and higher than other amino 
acids types (Seagrean, Morey, & Dassow, 1954; Suyama, 
1958; Cowey, Daisley, & Parry, 1972; Satia, Donaldson, 
Smith, & Nightigal, 1974). Gunasekera, Shim and Lam 
(1996) reported that the highest contents of histidine 
among EAAs, and proline among NAAs in the Nile tilapia 
eggs, while the ΣAA content increased with the dietary 
protein level. Lochmann, Goodwin, Lochmann, Stone 
and Clemment (2007) reported that the golden shiners 
eggs (Notemigonus crysoleucas) showed the highest 
amounts of glutamic acid and leucine and the lowest 
contents of tryptophan. The total amino acid content 
ranged from 28.40±0.31 to 42.96±0.06 g/100g. As a 
result of the correlation analysis, it was found that the 
egg diameter and weight had a negative effect on the 
total amino acid values of the eggs (r=-0.73). The EAA 
content of all samples was higher than NEAA content; 
the ratio of EAA/NEAA ranged from 1.19±0.01 to 
1.25±0.01. When evaluated in terms of amino acid 
quality, the BcAA, SAA, ArAA, BAA and AAA accounted 
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for 19.45-20.67%, 4.68-4.74%, 8.75-9.12%, 19.30-
19.78% and 18.75-18.66%, respectively, of the total 
amino acid content of the rainbow trout eggs. Certainly, 
many other quality parameters of amino acids should be 
considered from the point of view of human nutritional 
needs (Reeds, 2000; Adeyeye, 2010). The main criterion 
for the assessment of protein value is the content of 
essential amino acids, including sulfuric amino acids 
(Kowalska-Groralska et al. 2019). When the amino acid 
data of this study are evaluated, the concentration of 
total essential amino acids in rainbow trout eggs was 
determined higher than reference FAO/WHO pattern 
(Gong et al. 2013). 
 

Conclusion 
 

In the study, it was aimed to determine the 
rootstock productivity and egg quality values and to 
reveal the relationship between productivity and quality 
in enterprise producing trout eggs and fry at different 
stations. According to the results of productivity 
analysis, broodstock weight was determined to be 
significantly effective on egg diameter and weight, 
absolute and relative. The biochemical, amino asit and 
fatty acid compositions of rainbow trout eggs were 
investigated for their possible relation to egg ‘quality’, 
which may be revealed from in the fertilization success 
of eggs to harvesting fish. Commercial egg products can 
be considered as food of high quality, providing 
significant amounts of protein, fat, amino acid and fatty 
acids. Differences were observed between the fatty acid 
profiles of rainbow trout eggs in all stations. The 
rainbow trout eggs were studied contain significant 
amounts of long chain omega-3 PUFA and were 
beneficial fatty acid profiles, with very low 
thrombogenic and atherogenic potential. As a result of 
the study, the amino acid and fatty acid values of 
rainbow trout eggs were determined to be sufficient for 
embryonic and larval development of fish and this 
values showed rainbow trout eggs potential source of 
food for human consumption.  
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