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Abstract
Post-concussion syndrome (PCS) is a clinical term used to point out the complicated combination of physical, 

emotional, cognitive and behavioral signs and symptoms associated with Mild Traumatic Brain Injury (mTBI). This study 

study was primarily an interventional prospective cohort which was conducted in the department of neurosurgery, 
Allama Iqbal Medical College. Sample size was set at 200 patients which were randomly distributed into 2 groups. 
Interventional group with Cognitive behavioral therapy added in addition to conventional treatment regimen and the 
Control group receiving only conventional treatment. Results were noted initially as well as after two weeks of follow 
up period. Data was analyzed using Statistical Package for Social Sciences (SPSS) Among the patients that were 

by psychiatric solutions too. So, we can conclude that CBT sessions not only speed up recovery in patients of post-
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Introduction
Post-concussion syndrome is a neurocognitive disorder that 

is expressed as a combination of cognitive and behavioral as well as 
physical symptoms that arise a�er trauma to the head and brain [1]. 
Head ache, dizziness and cognitive disorders are more common. While 
PCS o�en undergoes resolution within initial weeks of injury for a 
signi�cant number of people, some patients have extended and even 
negative recovery course which has been recorded in many instances 
[2]. Each year, around 60-70 million people worldwide are assessed to 
su�er from a Traumatic Brain Injury (TBI) with roughly 80% of these 
cases analyzed as a mild TBI (mTBI), interpreted as scoring 13–15 on 
Glasgow Coma Scale (GCS). �e real prevalence is hard to determine 
as many individuals with mTBI or concussion, do not pursue medical 
attention. About 10-16% of patients undergo persistent symptoms 
3-months post-concussion, cited to as Post-Concussion Syndrome 
(PCS). �ere are no rigid biomarkers for detecting this condition, 
but progressive neuroimaging tools such as Di�usion Tensor or 
Weighted Imaging (DTI/DWI) or functional MRI (fMRI) can observe 
subtle changes in the anatomy of white matter tracts or brain activity, 
respectively. �e majority of patients document acute headache that 
modi�es with time, there may be cases in which persistent PCS would 
indicate signi�cant disability, especially if patients also have medication 
overuse headache (MOH). Furthermore, it also requires a substantial 
direct and indirect �nancial cost as a result of adverse impact of PTH on 
patients’ work life and daily life actions. Current acute pharmacological 
treatments for PTH include nonsteroidal anti-in�ammatory drugs, 
triptans, and antiemetics (i.e., metoclopramide, prochlorperazine, 
and ondansetron) and peripheral nerve block, whereas tricyclic 
antidepressants and anticonvulsants have been known to prevent 
PCS. Available data on pharmacological approaches are based on 
low-quality studies that show modest response, poor adherence, and 

compliance due to side e�ects, and a signi�cant risk of developing 
MOH in patients with daily symptoms attributed to TBI or whiplash. 
A very recent systematic review on pharmacological treatment of 
mTBI burden found a limited number of high-quality, clinically 
meaningful studies, particularly among children and individuals in 
the acute stage of injury, hampering an evidence-based analysis that 
would inform clinical decision-making. Cognitive-behavioral therapy 
(CBT) and repetitive transcranial magnetic stimulation (rTMS) 
appear to be the most promising approaches for PCS. A review on 
behavioral treatments for PTH reported promising data on multi-
modal interventions including CBT, biofeedback, progressive muscle 
relaxation, acupuncture, and physical therapy, but underscored the 
limited evidence on individual non-pharmacologic interventions, and 
the paucity of randomized clinical trials. A more recent systematic 
review on behavioral therapies and mind–body interventions for PTH 
and PCS yielded few good quality studies and high heterogeneity in 
study populations (i.e., general population, military and veteran sta�), 
methodology, and �ndings, impeding a conclusion on the real clinical 
relevance of non-pharmacological interventions. �is research article 
meant to formulate and integrate clinical �ndings in mild Traumatic 
Brain Injury (mTBI) around three focal areas of signi�cance relevant to 
psychological and medicinal therapies for post-concussion symptoms 
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Introduction
The Union territory of J&K is rich in natural water supply which 

produce fish and other economically important aquatic plants. Jammu 
and Kashmir, often known as “Paradise on Earth,” is a famous fishing 
location. The physio-chemical properties of J&K waters, particularly 
those in the Kashmir Valley, are beneficial to trout. Salmo trutta fario 
(Brown trout) and Oncorhynchus mykiss (rainbow trout) are two 
main species of trout found in J&K. Outside union territory of J&K, 
there seems to be a considerable market for trout fish, but output is 
incapable of meeting demand. This can be improved by using better 
hatchery management. On a theoretical level, there is a lot of potential 
for growing trout culture. These include the preservation of healthy 

brood-stock, illness control, and the development of a nutritious 
synthetic feed for intensive trout farming. 

Breeding biology

The breeding behavior of rainbow trout has been extensively studied, 

*Corresponding author: Niamat Ali, Centre of Research for Development, 
University of Kashmir, Srinagar, 190006, India, E-mail: azrabhat16@gmail.
com;mdniamat@hotmail.com

Received: 02-June-2022, Manuscript No: jflp-22-63516, Editor assigned: 06- 
June -2022, Pre QC No: jflp-22-63516 (PQ), Reviewed: 17- June -2022, QC 
No: jflp-22-63516, Revised: 20- June -2022, Manuscript No: jflp-22-63516 (R) 
Published: 28- June -2022, DOI: 10.4172/ 2332-2608.1000350

Citation: Bashir A, Ali MN, Balkhi MH (2022) Impact of Gonadal Development on 
The Proximate Composition of Muscle, Liver and Ovary of Adult Female Rainbow 
Trout (Oncorhynchus mykiss). Neurol Clin Therapeut J 10: 350.

Copyright: © 2022Bashir A, et al. This is an open-access article distributed under 
the terms of the Creative Commons Attribution License,which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original author and 
source are credited.

Abstract
The present investigation was carried out to study the reproductive biology of the Oncoryhncus mykiss at Laribal 

hatchery, Dachigam National park, Srinagar, Jammu and Kashmir from February 2018 to March 2019. The study was 
carried out to identify and illustrate developmental stages of oocytes of female rainbow trout and correlate them with 
seasonal maturity, organo-somatic indices and with change in biochemical composition. During the present study 
ovary samples were taken and processed for routine histological analysis. Morphological and anatomical changes 
in ovaries were recorded. Different oocytes were observed in ovaries at different developmental stages. The entire 
reproductive phase was divided into four major divisions: - Immature phase, developing phase, spawning phase 
and post- spawning phase. The six different types of oocytes that were identified in this study include chromatin-
nucleolus oocyte, peri-nucleolus oocyte, cortical alveolus oocyte, yolk vesicle oocyte, yolk granular oocyte, and 
mature oocyte. The maximum level of gonadosomatic index (12.33 ± 1.04%) and reduced value of hepatosomatic 
index (0.82 ± 0.08%) was seen in January which signifies that December to February is the peak spawning period 
of rainbow trout. It was also observed that June to August is growth phase, September to November is maturation 
phase, and March to May is the post-spawning phase of rainbow trout. Ninety eight captive bred female rainbow 
trout tissues were investigated for their biochemical composition to establish their need of formulating nutrient-rich 
broodstock diets. The biochemical investigation of muscle, liver and ovary of captive bred female rainbow trout from 
Laribal hatchery, Dachigam, J&K showed that the maximum amount of moisture content (75.30%) was found both 
in ovaries of immature females and in muscles of spawning female (75.20%) while as significantly lowest amount of 
moisture was found in liver of spawning females (71.10%). The crude protein content among four phases in female 
rainbow trout was significantly (p < 0.05) higher (23.00%) in muscles of immature females while lowest (13.50%) in 
liver of spawning females. The post-hoc test revealed that the crude protein content in liver and ovary of developing 
females (14.00%; 14.30%) varied insignificantly. Similarly, the highest amount of lipid was recorded in liver of both 
developing and spawning females (9.90%; 9.12%) which was significantly (p < 0.05) higher compared to all other 
phases. Significantly lowest amount of lipid content (1.79%) was noticed in muscles of developing females with 
intermediate amount of lipid content (3.60%) in muscles of immature females. The inverse relationship between 
moisture and lipid was also found. It was observed that during different gonadal stages of female rainbow trout, the 
ovaries get its protein and lipid from other tissues mostly from liver. Therefore, it is necessary to incorporate highly 
assimilated feed with high protein and lipid content. The muscle of immature females thus belongs to high protein 
and low-fat category and can be subjugated commercially for human consumption. Hence, it was concluded that the 
identification and classification of various oocytes, estimation of organo-somatic indices as well as fluctuations in 
biochemical composition of different tissues are enormously significant in understanding the gonadal changes during 
different seasons of a year and thus present study is of utmost significance for preservation and management of the 
species studied.
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although many details remain unknown. In recent years, the notion of 
brood-stock diets for fish has received a lot of attention. Modifications 
in brood- stock diet and feed have been found to significantly increase 
not only egg cell efficiency but also high yield. The research on brood-
stock feed, on the other hand, is limited and rather expensive. In light 
of the foregoing ideas, the primary goal of this study was to investigate 
the biochemical composition of various tissues of grown-up females 
during different gonadal stages. Because of intensive fishing and 
exploitation of their habitat, Kashmir’s trout species are in grave danger 
of extinction in a wide range of water bodies. But despite rainbow trout, 
being an economically significant species of Kashmir valley, there is 
very little information available regarding its reproductive phases 
with respect to histology and biochemical composition of its different 
tissues. As a result, it is worthwhile to investigate the functional and 
histological aspects of the ovary in greater depth so that useful statistics 
can be compiled for the proper management of this species.

Biochemical composition

Investigation of the biochemical composition of the liver, muscle, 
and ovary of female rainbow trout in relation to their growth and 
developmental phases was another goal of this study. A biochemical 
profile is especially important for nutritionists and researchers who are 
interested in producing protein-rich diets with maximum nutritional 
value, best flavour, quality, colour, and aroma [1]. Although there is lot 
of information available on the biochemical composition of many fish 
species, but there is a scarcity of data on the proximate composition 
of various tissues with respect to different gonadal stages of O. mykiss 
from the Kashmir valley. Biochemical composition includes estimation 
of moisture, protein, lipid and ash contents in different tissues of fish 
which are regarded to be key components of fish flesh [2], whereas the 
quantity of carbohydrate and non-protein components is small and is 
typically overlooked for regular study [3]. Biochemical compositions 
are a good indicator of a fish’s physiological condition. Based on the 
energy unit, biochemical components of the species aid in determining 
its nutritional and edible significance. Henceforth, accurate information 
about biochemical components of fish is vital for those individuals 
who are involved in the manufacturing of animal feed, fish feed or 
who are related to human nutrition, pharmaceutical manufacturers, 
and consumers. Keeping these facts in mind, the current study has 
been framed in such a way so as to collect data on nutritional profile, 
biological variables, and difference in biochemical composition in 
muscle, liver, and ovary in relation to changes in a reproductive factors 
in captive bred female Oncorhynchus mykiss, in order to establish it as a 
potentially culturable species and to implement fisheries management 
measures.

Material and Methods
Sample preparation

The adult female specimens of rainbow trout species were collected 
from the Laribal trout hatchery in Dachigam National Park, Jammu 
and Kashmir, based on its availability and dispersion patterns. The 
specimens provided by the farmers of the hatchery were all dead, 
and as such, no slaughtering technique was used by the researcher. 
Instead, the farmers slaughtered them with a manual percussive 
stunning method in which a hard blow was given to the fish’s head 
by a wooden club so that immediate loss of consciousness could be 
achieved. This method of slaughtering is considered a humane method 
for rainbow trout by the World Organization for Animal Health (OIE). 
From the same hatchery, dead female rainbow trout with a length of 
24.0-40.0 cm and a weight of approx. 200–950g were recovered. In 

the second week of each month from February 2018 to March 2019, 
eight female rainbow trout specimens were collected. The lengths and 
weights of each individual fish were recorded. The samples were placed 
in an ice-filled box and delivered to the Cytogenetics and Molecular 
Biology Research Laboratory, Centre of Research and Development, 
University of Kashmir, India, within a few hours of collection. Various 
organs such as the liver, muscle, and ovaries were taken and exposed 
to various processes after each specimen was dissected and deguted. 
Each extracted sample was stored in zip-lock bags at -20°C until further 
analysis.

Estimation of GSI and HSI

The percentage of gonads and liver weight to total body weight was 
determined as the Gonado-somatic Index (GSI) and Hepato-somatic 
Index (HSI), respectively. The Gonado-somatic Index calculates 
gonadal weight as a percentage of overall body weight. It is a method for 
determining animal sexual maturity in relation to ovarian development 
[4]. The hepato-somatic index (HSI) is defined as the weight of the 
liver divided by the total weight of the body. It depicts the state of the 
animal’s energy reserve and its health condition [5].

Histological analysis

Histological treatments are usually performed on dead cells or 
tissues. Each month, female fish ovaries were cut into small pieces of 
around 4-5 mm and subjected to different processes such as fixation, 
dehydration, embedding, sectioning, and staining in order to conduct 
histological examinations [6].

Proximate analysis

Muscle, liver, and ovary were excised, weighed, and put into plastic 
vials and frozen at -20°C. The moisture content was measured using the 
[7] approach of a known sample weight. To measure moisture content, 
all of the samples (muscle, liver, and ovary) were dried in an oven at 
110˚ C for 3 hours. The moisture content of samples was determined 
by computing the percent moisture for each sample after measuring its 
mass before and after evaporation. The method for estimating crude 
protein content was based on a slightly modified version known as the 
micro-Kjeldahl’s method, given by [8]. The sample’s nitrogen content 
was quantified using the Kjeltec semiautomated technique, which used 
titration to determine nitrogen percentage, and then crude protein, was 
calculated by multiplying nitrogen percentage by a constant factor of 
6.25 [9]. The nitrogen content was converted to crude protein content 
using Kjeldahl’s technique [10]. All of the tests were done in triplicate 
(n = 3), and the findings were represented in percentage. The fine 
powdered, moisture-free samples were placed in clean, pre-weighed 
silica crucibles and weighed again along with the other samples. The 
samples were then put in crucibles and heated in a muffle furnace 
at 650˚C for 4-6 hours, or until the residue was entirely white. After 
cooling in desiccators for 20–30 minutes, the samples were reweighed, 
and the quantity of ash was determined as the change in weight. The 
residue left after full ashing is the sample’s ash content. A colorimetric 
method was used to estimate lipid levels in tissues (muscle, liver, and 
ovary). To 1g of tissue sample, 9 ml of diethyl alcohol was added, and 
the mixture was homogenised in a homogenizer for 5 minutes before 
centrifugation at 7000 rpm for 10 minutes. The extract was then 
evaporated, and 1 ml of ethanol was added to the residue, which was 
then used for further analysis.

Statistical analysis

Individual sample data for various nutrients were analysed using 
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One-way analysis of variance (ANOVA; SPSS, 16.0) versus distinct 
species [11-12], followed by a pair-wise comparison of means using 
Post Hoc Tests. In addition, the statistical programme SPSS (version 
16.0) was utilised to conduct the analysis. If p < 0.05, differences were 
deemed statistically significant at a 5% level of significance, and if p 
< 0.01, statistical differences were judged significant at a 1% level of 
significance. The data was given in the form of a mean and standard 
deviation of the mean (SDM). For each determination, three samples 
were utilized. 

Declaration of ethical principles

The use of experimental fish was done as per the animal welfare 
laws, guidelines, and policies approved by the “University of Kashmir” 
and the Government of Jammu and Kashmir Department of Fisheries” 
under endorsement number RWLW/Tech/17-18/1396 dated 23-10-
2017.

Results
Histological investigation of oocytes

The oocytes in this study were categorised into six developmental 
phases based on histological inspection, changes in oocyte parameters, 
and gonadosomatic index. The terminology was adopted from 
Yamazaki (1965), which includes chromatin-nucleolus oocyte (stage 
I), peri-nucleolus oocyte (stage II), cortical alveolus oocyte (stage III), 
yolk vesicle oocyte (stage IV), yolk granular oocyte (stage V), and 
mature oocyte (stage VI). Atretic oocytes were also identified in mature 
ovaries, but they were destroyed and reabsorbed follicles, so they were 
not allocated to any developmental stage.

During the various stages of reproduction, several factors, such 
as the gonadosomatic index, hepatosomatic index, and morpho-
histological features of oogenetic cells, has changed (Table 1).

Immature Phase (June to August): During this phase, the gonads 

were visible as fragile, translucent thread-like filaments partially filling 
the abdomen, and the nucleus occupied a substantial portion of the 
oocyte. On histological inspection, oogonial nests and immature 
oocytes were found in ovigerous lamellae. The ovary contained 
primary oocytes, which included chromatin-nucleolus oocytes (stage I) 
and peri-nucleolus oocytes (stage II). The chromatin-nucleolus oocytes 
(Figure 1a) were characterised by a cell with very thin cytoplasm that 
encircled a massive basophilic nucleus, while the peri-nucleolus oocyte 
(Figure 1b) was characterised by the presence of yolk nuclei, also 
known as balbiani bodies, which originally emerged near the vicinity 
of the nucleus and then migrated towards the periphery of the oocyte 
(Figure 1). The percentage of late peri-nucleolus oocytes (stage III) with 
numerous nucleoli near the undulating membrane was higher at the 
end of this phase (Figure 1c). In this phase, the average gonadosomatic 
index increased to 3.22 ± 0.40% and the calculated value of the 
hepatosomatic index was 2.49 ± 0.20%.

Developing Phase (September to November): The gonads were 
morphologically longer and amber in colour, with visible oocytes. Due 
to the existence of a large number of oocytes, this phase was marked 
by the occurrence of maximal oogenetic activity. The majority of the 
oocytes were in the cortical alveoli (stage IV) and yolk granular phases 
of development (stages V). The presence of empty vesicles filled with 
glycoprotein substances distinguished the cortical alveoli stage (Figure 
2a) of oocytes. These vesicles were known as cortical alveoli because of 
their initial position in the cortical area of the cytoplasm. However, the 
yolk granular oocyte (Figure 2b) was characterised by the presence of 
yolk-filled vesicles that engulf the whole ooplasm around the nucleus.

A small number of immature oocytes, as well as some atretic 
follicles, were discovered (Figures 2c and 2d). The gonadosomatic 
index steadily grew from 3.22 ± 0.40 % to 8.13 ± 0.61 % throughout 
the development period, whereas the hepatosomatic index peaked at 
1.76 ± 0.25 %.

Spawning phase (December to February): The gonads had totally 

PHASE MONTH
SAMPLE 
SIZE (n)

WEIGHT (g)±S.D
LENGTH
(cm) ± S.D

OVARY 
WEIGHT (g) 
± S.D

GSI ± S.D(%)
LIVER 
WEIGHT (g) 
± S.D

HSI ± S.D
(%)

IMMATURE PHASE JUN-AUG 34 337.37a±12.67 28.69a±0.48 10.32a±1.17 3.22a±0.40 8.31a±0.70 2.49a±0.20
DEVELOPING PHASE SEP-NOV 27 363.51a±10.39 31.06b±0.38 30.09b±2.78 8.13b±0.61 6.30b±0.88 1.76b±0.25
SPAWNING PHASE DEC-FEB 18 547.92b±26.40 35.15c±0.84 68.25c±6.60 12.33c±1.04 4.56cb±0.58 0.82c±0.08
POST- SPAWNING MAR-MAY 19 468.15c±40.55 33.20d±0.68 9.53a±0.72 2.12a±0.133 7.90ab±0.81 1.74b±0.10
The values presented are the mean and standard deviation of three replicates. The superscript a, b, c, d on mean values of different phases signifies that the mean values 
differ significantly (p < 0.05) while as same alphabetical superscript signifies that the mean values of two phases are non-significant (p >0.05) to each other.

Table 1: Comparison of liver and gonadal parameters of female rainbow trout during the reproductive phase.

Figure 1: (a) Chromatin-nucleolus stage with large nucleus (N) inside the oocyte (b) Yolk nuclei or balbiani bodies (Bb) begin to appear (c) Late peri-nucleolus stage of the 
oocyte having several nucleoli (Nu) lying close to the undulating membrane (Um). Hematoxylin and Eosin (40X, 100X).
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expanded and filled the abdominal cavity at this point. The ovaries 
were filled with mature follicles (Stage V oocytes). Mature oocytes 
were the biggest oocytes seen in rainbow trout ovaries (Figures 2e 
and 2f). Condensed yolk globules with eccentric germinal vesicles 
were found in mature follicles, which were bigger, asymmetrical, and 
included condensed yolk globules with asymmetric germinal vesicles. 
The ovaries were full of developed follicles throughout the spawning 
phase, and the gonadosomatic index reached a high of 12.33 ± 1.04%. 
In contrast, the hepatosomatic index fell by 0.82 0.08%.

Post-spawning phase (March to May: The gonads were loose and 
flabby in appearance morphologically. The existence of a minimal 
number of mature oocytes marked this phase. Primary oocytes and 
early peri-nucleolar oocytes, as well as a few late peri-nucleolar oocytes, 
began to emerge. The yolk-filled follicles were reabsorbed at this phase. 
The gonadosomatic index was 2.12 ± 0.13%, while the hepatosomatic 
index was 1.74 ± 0.10%.

Proximate analysis of the muscle tissue

Table 1 shows the biochemical makeup of the muscle, including 
crude protein, moisture, ash and lipid content. Females were classified 
histologically into four groups: immature, developing, spawning, 
and post-spawning. Out of 98 samples collected, 34, 27, 18, and 19 
females were discovered to be immature, developing, spawning, and 
post-spawning females, respectively. The findings of this study clearly 
demonstrate that there is a significant difference in the chief proximate 

components among the different developmental stages in the various 
tissues investigated. The muscle, liver, and ovary analysis and change 
in their biochemical composition of female rainbow trout revealed that 
the variation in biochemical composition was statistically significant 
(p < 0.05).

Proximate composition of the muscle in the immature phase: 
The current study analysed the biochemical composition of muscle 
in female rainbow trout at various gonadal phases. 98 specimens were 
collected, and the muscles were removed from various body parts and 
pooled for proximate examination (Figure 3a). The moisture content 
of immature females ranged from 62.5 to 89.5 %, with an average mean 
value of 71.5 ± 5.95 %. On a statistical note, the ANOVA test revealed 
that the comparison of moisture content in muscles of immature 
fish with respect to the other three gonadal phases was found to be 
statistically significant (p < 0.05). The multiple comparison test (Post-
hoc test) among various pairs of reproductive phases revealed that the 
difference between mean values of moisture content in the immature 
(71.5%) and developing phase (71.80%) was statistically insignificant 
(p = 0.7), while the comparison between immature and post-spawning 
(72.8%) was also observed to be statistically insignificant (p = 0.2). The 
pair-wise difference in the moisture content of immature muscle with 
respect to the spawning phase (75.20%) was found to be statistically 
significant (p < 0.05). The crude protein level was in the range of 14.3–
30.5%, with a mean value of 23.0 ± 3.70%. Among all the reproductive 
phases, the highest protein content was found in the muscles of 

Figure 2 : (a) Oocyte full of the cortical alveoli (CA) vesicles (b) Oocyte with lipid droplets (Ld) marking primary vitellogenesis stage (c) Hair-loop structure in the zona 
pellucida of the atretic oocyte (d) Atretic oocyte (AO) showing irregular folds (e) Oocytes with migratory nucleus (MN) (f) Oocytes with solid yolk mass and ooplasm 
completely filled with yolk globules. Hematoxylin and Eosin (400X).
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immature fishes. On a statistical note, the ANOVA test revealed the 
difference in mean values between various phases differs significantly, 
whereas the multiple comparison test between various pairs revealed 
that protein content in the developing phase and spawning phase 
differs significantly (p < 0.01) from the immature phase but differs 
non-significantly from the post-spawning phase (p = 0.4). The total 
lipid content falls in the range of 1.30–6.30% with an average value of 
3.6 ±1.32%. Statistically, the lipid content in the muscles of immature 
fishes differs considerably (p < 0.01) from the other three phases.

Proximate composition of the muscle in the developing phase: 
The moisture content of the 27 females tested in the developing phase 
was found to be quantitatively similar (71.80 ± 3.12%) to that of the 
immature one (71.5 ± 5.95%). The moisture content was determined 
to be between 65.30 and 78.40%. The ANOVA test indicated that the 
moisture content in developing females was significant (p < 0.01). The 
pair-wise comparison test between moisture content in developing and 
spawning females was found to be statistically significant (p < 0.01), 
but the post-hoc test between moisture content values in developing 
and post-spawning females was found to be statistically insignificant 
(p = 0.4). The crude protein content ranged from 14.30 to 24.9%, with 
an average value of 19.8 ± 2.55%. The findings revealed that the mean 
crude protein content in developing females was significantly lower 
than in the other three reproductive stages. The crude protein content 
in growing female muscles was found to be statistically non-significant 

(p = 0.2) in relation to the spawning phase. The variance in crude lipid 
in developing females was 0.30–3.9 %, with an average mean value of 
1.79 ± 0.9 % and the levels were found to be substantially lower than in 
other stages (Figure 3b).

Proximate composition of the muscle in the spawning phase: After 
histological examination, only 18 of the 98 females chosen were found 
to be ripe and allocated to the spawning phase. The moisture content 
was found to be in the 70.3–79.90% range, with a mean value of 75.2 ± 
2.48% (Figure 3c). The moisture content in the muscles of ripe females 
reached a high (75.2 ± 2.48 %) and was statistically significant (p < 
0.05) compared to the values obtained in the other three phases. An 
intermediate average value of crude protein (20.9 ± 2.0%) was found in 
females of the spawning phase. The post hoc test revealed that protein 
content in spawning and developing females differed non-significantly 
(p = 0.2) from each other but significantly (p < 0.01) from immature 
fishes. The crude lipid content of all females in their spawning phase 
was estimated to fall within the range of 1.00% to 4.2 %, with a mean 
average value of 2.4 ± 0.89 %. A statistically significant (p < 0.05) 
intermediate lipid value was obtained in females during their spawning 
period, followed by values of lipid content in the muscles of post-
spawning fish. Moisture and lipid levels were shown to be inversely 
proportional in fish muscles; muscles with substantially (p < 0.05) high 
moisture content had low lipid values. The post-hoc test indicated 
that the lipid content in spawning and post-spawning females differed 
statistically but not significantly (p = 0.3).

Figure 3: Biochemical composition of the muscle tissue during (a) immature phase (b) developing phase (c) spawning phase (d) post-spawning phase
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Proximate composition of the muscle in the post- spawning 
phase: The molecular makeup of muscles in 19 females classified as 
post-spawning is depicted visually (Fig.3d). Females that had already 
spawned exhibited an intermediate degree of moisture content (68.3 ± 
77.3%). The crude protein content in the muscles of spent females was 
higher (22.4 ± 1.73%) than that of spawning females (20.9 ± 2.0%). In 
terms of statistics, the crude protein content in post-spawning changes 
non-significantly (p > 0.05) from the spawning and immature phases. 
The quantity of lipid detected in post-spawning females ranged from 
1.0 to 3.23 percent, with an average value of 2.07 ± 0.65%. The lipid 
levels in the post-spawning phase differ substantially (p < 0.01) from 
those in the immature phase but not significantly (p > 0.05) from those 
in the developing and spawning phases.

Proximate analysis of the liver tissue

Table 1 shows the biochemical makeup of the liver. The findings 
of this study clearly demonstrate that there is a significant difference 
in the key components among the different developmental stages 
in the different tissues investigated. The differences in biochemical 
composition of the liver at various stages of gonad development of 
rainbow trout were statistically significant (p < 0.05)

Biochemical composition of the liver in the immature phase: The 

present study looked at the biochemical components of the liver with 
respect to its maturity stages (Figure 4a). Thirty-four immature females 
were studied, and their livers were removed for biochemical testing. 
The crude protein content of rainbow trout females ranged from 10.8 
to 21.6%, with an average value of 16.5 ± 2.67%. In terms of statistics, 
the ANOVA test indicated a significant difference (p < 0.05) in protein 
content across different stages of reproductive development. The post-
hoc test indicated that the protein content value in juvenile fishes 
changed substantially (p < 0.05) during the developing and spawning 
phases but not during the post-spawning phase (p = 0.6). The moisture 
content ranged from 62.5 to 79.5 percent, with a mean of 71.4 ± 3.93%. 
Statistically, the moisture content levels in immature fishes do not vary 
that much from the other three stages (p > 0.05). The lipid content 
ranged from 2.1 to 12.6%, with a mean of 7.7 ± 2.55%. Statistically, 
the post-hoc comparison test of lipid content between immature and 
post-spawning stages indicated that the results were non-significant (p 
> 0.05) to each other.

Proximate composition of the liver in the developing phase: Based 
on proximate analysis, the crude protein content of the liver in 27 
females allocated to this phase was determined to be in the range of 
10.6–18.6%. On a statistical note (p < 0.05), the mean protein content 
of the developing phase liver was considerably lower than that of the 

Figure 4: Biochemical composition of the liver tissue during (a) immature phase (b) developing phase (c) spawning phase (d) post-spawning phase
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immature phase, although it varied significantly (p < 0.05) with regard 
to the post-spawning phase but not significantly (p = 0.4) with respect 
to the spawning phase (Figure 4b). The moisture content ranged from 
64.3 to 79.3%. On a statistical note (p < 0.05), the post-hoc multiple 
comparison test between the developing phase in relation to the other 
three phases indicated that the moisture content differed insignificantly 
(p > 0.05) from each other. The crude lipid value varied between 6.50 
and 14.50%. Statistically (p > 0.05), the difference in mean lipid values 
varied insignificantly (p = 0.2) with the spawning phase but significantly 
(p < 0.01) with the other two phases. The ash content ranged from 0.36 
to 1.60% and was determined to be statistically insignificant (p > 0.05) 
in comparison to the immature and post-spawning mean values.

Proximate composition of the liver in the spawning phase: There 
were 18 fish samples allocated to this stage. Figure 4c depicts the 
fluctuation in the mean values of the biochemical composition of the 
liver at this stage. The moisture content ranged from 62.80 to 77.30%. 
Statistically, the change in mean moisture content values throughout 
the spawning phase is negligible (p > 0.05). The crude protein 
concentration varied from 8.00 to 16.30%. The pair-wise comparison 
by post-hoc test indicated that the mean values of crude protein in the 
spawning phase varied non-significantly (p = 0.4) from the developing 
phase but varied significantly (p < 0.01) in relation to the other two 
phases. However, crude protein levels in the liver were at their lowest 
during this gonadal phase. The lipid content ranged between 6.10 and 
13.50 %, whereas the ash level was between 1.30 and 2.00 %. The liver of 
the spawning phase had an intermediate level of lipid content, and the 
mean values differed substantially (p < 0.05) from the immature and 
post-spawning phases but insignificantly (p = 0.2) from the developing 
phase.

Proximate composition of the liver in the post-spawning phase: 
The mean proximate values of liver with crude protein concentrations 
ranging from 12.60 to 20.81% were depicted in (Figure 4d).The ANOVA 
test indicated that the comparison of protein content in the liver of 
post-spawning fishes with regard to developing and spawning phases 
was statistically significant (p < 0.05), but the relationship with respect 
to the immature phase was non-significant (p = 0.6). The moisture 
content varied from 64.80 to 78.20%. Multiple comparison tests (Post-
hoc tests) among different pairings of gonadal stages indicate that the 
difference in mean moisture values in the liver was determined to be 
statistically non-significant (p > 0.05). The crude lipid ranged from 
5.20 to 9.40% and the ash content ranged from 0.30 to 1.90%. The level 
of significance for the difference in lipid content of the post-spawning 
phase with respect to the liver of the immature phase was found to be 
non-significant (p = 0.4). Conversely, the post-hoc test confirmed that 
the lipid content in the developing and spawning phases was significant 
(p < 0.05).

Proximate analysis of the ovary

Table 1 shows the biochemical composition of the ovary. The 
findings of this study clearly demonstrate that the primary biochemical 
components of the ovary vary greatly between maturity stages. The 
ovarian study of variations in biochemical composition of rainbow 
trout from the Laribal Srinagar hatchery in Kashmir revealed that the 
difference in biochemical composition was statistically significant (p < 
0.05).

Proximate composition of the ovary in the immature phase: 
Figure 5a depicted the mean proximate composition values of moisture 
content ranging from 68.90% to 79.90%. The ANOVA test revealed 
that comparing moisture content in immature fishes to the other three 

gonadal phases was statistically significant (p < 0.05). The crude protein 
concentration varied from 8.60% to 21.60% (Figure 5a). Multiple 
comparison tests (Post-hoc test) among various pairs of gonadal stages 
reveal that the difference between mean values of crude protein in the 
immature and developing phases is statistically significant (p < 0.01) 
while the difference between the immature and spawning phases is 
statistically non-significant (p = 0.2). The crude lipid concentration 
varied from 2.60 to 9.50%, whereas the ash level ranged from 0.94 
to 3.89%. The level of significance for the difference in lipid content 
between immature and subsequent gonadal stages was found to be 
significant (p < 0.01) except for the pair-wise comparison between 
immature and post-spawning, where the results were determined to be 
statistically insignificant (p = 0.3).

Proximate composition of the ovary in the developing phase: A 
total of 27 fish samples were allocated to this stage. (Figure 5b) depicts 
the fluctuation in the mean values of the biochemical composition of 
the ovary at this stage. The moisture level of the samples ranged from 
67.30 to 78.40%. Statistically, the difference in mean moisture values in 
the developing phase differs substantially from the immature phase (p 
< 0.05), but not from spawning (p = 0.8) and post-spawning (p = 0.9). 
The crude protein content varied from 10.90% to 19.20%. The mean 
crude protein levels in the developing phase compared to the immature 
phase varied substantially (p < 0.01), and the crude protein values in 
the ovaries were lowest in this gonadal phase, according to the pair-
wise comparison by post-hoc test. The lipid content was between 4.40 
and 13.90%, whereas the ash content was between 1.30 and 3.60%. The 
ovaries of the developing phase had the highest lipid content, and the 
mean values differed significantly ( p < 0.01) from those of the immature 
and post-spawning phases, but not significantly (p > 0.05) from those 
of the spawning phase. In terms of the ash content, the ovary of the 
developing phase had the highest mean value (2.30± 0.60), followed by 
the ovary of the immature phase.

Proximate composition of the ovary in the spawning phase: The 
moisture content of all 18 females was determined to be between 
68.40 and 76.80%. The mean moisture values from the ovaries of the 
spawning and developing phases were significantly lower than those 
of the immature phase (p < 0.05), but they did not differ significantly 
from one another (p > 0.05). The protein content ranged from 12.40 
to 19.80%. On a statistical note (p < 0.05), the greatest mean value of 
crude protein values was observed in the ovaries of their spawning 
phase (16.70 ± 2.13), and the differences with the immature phase 
were non-significant (p = 0.2) but significant with the developing and 
post-spawning phases (p < 0.05). The lipid content values were found 
to be between 7.50 and 12.50%. Statistically, the difference in mean 
lipid content values changes insignificantly with the developing phase 
(p > 0.05), but significantly (p < 0.05) with the other two phases. In 
the fish ovaries, moisture and lipid content were found to be inversely 
proportional: ovaries with significantly (p < 0.05) high moisture 
content had low lipid value. The ash content ranged from 0.89 to 1.80% 
and was found to be significant (p < 0.01) when compared to the mean 
values of the developing and immature phases. (Figure 5c) depicts the 
biochemical makeup of the ovary during the spawning stage.

Proximate composition of the ovary in the post-spawning phase: 
(Figure 5d) depicts the average biochemical makeup of the ovary at 
the post-spawning stage. Moisture levels varied from 68.4% to 77.10%. 
The average moisture content in the post-spawning phase differed 
substantially (p < 0.05) from the mean moisture content values in the 
immature phase, but not significantly (p = 0.9) from the developing 
phase and spawning phase (p = 0.8). The amount of crude protein in the 
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samples ranged from 11.3 to 17.30%. In the post-spawning phase, an 
intermediate quantity of crude protein content (15.13%) was detected 
in the ovaries. The lipid content varied from 4.2 to 8.7%. According 
to the post-hoc test, the mean lipid content in the post-spawning 
phase differed significantly (p < 0.05) from the mean values in the 
spawning and developing phases but not significantly (p > 0.05) from 
the immature phase. The amount of ash in the samples ranged from 0.5 
to 1.9 %. Numerically, at all stages of ovarian development, the mean 
values of ash content were the same, but on a statistical note, the mean 
values of ash content in the post-spawning phase differed significantly 
(p < 0.01) from those in the immature and developing phases, but the 
difference between the mean values of ash content in spawning and 
post-spawning was found to be non-significant (p > 0.05). However, 
the maximum ash content was observed in the developing phase (2.3 ± 
0.60%), while the lowest amount was calculated in the post-spawning 
phase (1.13 ± 0.40%).

Discussion
Variations in proximate composition in the muscles, liver, and ovary 

were influenced by different stages of gonadal development. Different 
researchers have attributed different biochemical compositions to the 

same species, and these changes may be correlated to external and 
internal variables such as food regime, season, spawning and migratory 
effects, and habitat mode [13]. The gonadosomatic index (GSI) and 
hepato-somatic index (HSI) were used to estimate the reproductive 
condition of rainbow trout. According to [14], the changes in the 
gonadosomatic index can help to determine the reproductive season, 
spawning frequency and spawning period. In the present study, low 
gonadosomatic indices were found in rainbow trout both throughout 
the immature phase (June to August 2018) and the post-spawning 
period (March to May 2019). The expulsion or reabsorption of mature 
oocytes caused a substantial drop in the gonado-somatic index from 
March onwards. The GSI grew significantly from November 2018 to 
February 2019, indicating the spawning phase, and the highest GSI 
value was recorded in January 2019, suggesting maximal gonadal 
growth. The maximum spawning period corresponds to the maximum 
GSI value. As a result, it confirms a close relationship between the 
two (spawning period and GSI). The present study noticed that 
during the growth phase, the hepatosomatic index rose progressively 
until it spiked at the start of the development phase (September). 
The synthesis of vitellogenin enhances hepatic metabolism, which 
leads to a rise in the hepatosomatic index. This rise could possibly be 

Figure 5: Biochemical composition of the ovary during (a) immature phase (b) developing phase (c) spawning phase (d) post-spawning phase
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due to enlargement in dimensions of liver [15]. It was also observed 
that during early spawning period (December 2018), the lowest 
hepatosomatic index value was recorded and the same could be due to 
transportation and storage of various nutrients and the yolk precursor 
(vitellogenin) from the liver to mature oocytes [16]. Many researchers 
believe the study of the hepatosomatic index is essential because the 
liver generates vitellogenin (yolk precursor), which is crucial for the 
maturation of oocytes and gives critical data on hepatic energy reserves 
and metabolic activity [17]. However, numerous comparisons using 
post-hoc testing indicate significant mean GSI levels (p < 0.05) across 
different phases, but insignificant mean GSI values (p = 0.18) between 
the immature and post-spawning stages. Similarly, post-hoc analysis 
on mean HSI values reveal significant values (p < 0.05) between various 
stages, but insignificant mean HSI values (p = 0.95) when comparing 
the developing and post-spawning phases. Moreover, this study 
verifies the inverse connection between GSI and HSI, indicating that 
the peak value of gonadosomatic index corresponds to the lowest value 
hepatosomatic index. This circumstance led to the hypothesis that 
during gonadal maturation, vitellogenin mobilization and increased 
gonadal weight is due to transport of vitellogenin from the liver that 
causes hepatic weight loss [18]. The ANOVA test demonstrated that 
during the four phases of reproduction, ovary and liver weight changed 
significantly (p < 0.05) in female rainbow trout.

Estimation of biochemical composition in muscle at different 
gonadal stages 

The crude protein content in the muscles of captive female rainbow 
trout attained a peak value in the immature phase and then dropped 
in succeeding phases of gonadal development, with the lowest value 
observed in the developing phase. It is assumed that in immature 
muscles, proteins get stored and may be used during the maturation of 
females. But the current assumption contradicts the results of [19], who 
revealed that the protein content of fish rises as the size of the fish grows. 
However, the current study found that young fish had higher protein 
levels in their muscles and that there was no correlation between fish 
size and protein levels. The correlation between moisture and crude 
protein was also observed in the present study. The amplification of 
protein content in muscles causes a simultaneous reduction in moisture 
content during all four gonadal stages. Similarly, a direct connection 
between crude protein and a lipid was found. It was observed that an 
increase in protein content brings about an increase in lipid content 
as well. However, the current findings contradict those of [20], who 
discovered an inverse connection between protein and lipid. Moreover, 
among different tissues studied, muscles had a higher mean protein 
percentage (21.5%) than the ovary (15.5%) and liver (15.2%). The same 
finding has been endorsed by the findings of [21], who reported that 
the muscles are enriched with protein as they are mostly consumed 
by humans. Thus, it can be concluded that the rainbow trout’s edible 
muscles are enriched with protein content (15–22%) but low in lipid 
content (5%), so it may be considered a proteinaceous fish. The lipid 
content of female rainbow trout muscles differed according to gonadal 
stage. Females in their immature phase had the highest lipid content, 
followed by the muscles of spawning females. The significant drop in 
lipid content was seen throughout the developing phase, which may 
be explained by the fact that lipid content from muscles is transferred 
to the ovaries for gonadal maturation. The substantial (p < 0.05) rise 
in crude lipid content in immature fish muscles coincides with a 
reduction in moisture content, indicating that the two have an inverse 
connection. Many researchers have agreed with this conclusion. 
However, according to , this connection is applicable exclusively to 
fatty fishes, and that moisture is negatively related to protein in lean 

fishes. In female rainbow trout, the mean total lipid content in muscles 
of all gonadal stages was 2.4%, which was significantly less than that 
reported by [22], who found 4.46% of total lipid in Oncorhynchus 
mykiss, and this fluctuation could be due to sex, season, muscle location, 
feed, environment, age, and maturity stage [23]. Cell membranes 
and their components are mostly made up of phospholipids, and so 
are the muscles in which lipids are the chief energy reserves [24]. In 
certain fishes, it also serves as a key indicator of reproductive success. 
According to [25], diverse fish species are divided into four different 
classes on the basis of their total lipid content: lean fish with a lipid 
content of less than 2%, low fat fish with a total lipid within the range of 
2–4%, medium fish with a total lipid within the range of 4–8%, and high 
fat fish with a total lipid value of more than 8%. As a result, according 
to the above mentioned chart, the lipid content found in the muscles 
of rainbow trout female fish can be categorised as a low-fat fish as its 
lipid content value falls within the range of 2–4%. The lipid contents of 
rainbow trout female muscles during different gonadal stages were not 
significantly different, indicating less mobilisation of total lipid from 
muscles to other tissues, as lipids are used to make cell membranes, 
which remain intact and make transportation difficult [26]. As a result, 
there is no evidence that muscle lipids have any role in the growth and 
development of gonads in female trout. The lipid values in the muscles 
in the present study were comparable to those published for rainbow 
trout (3.71%) by [27], although they were lower than those reported 
by [28], who found greater lipid content (6.55%) in the muscles of 
rainbow trout. This variation in lipid content among the same species 
could be due to various factors, which include rate of fat metabolism, 
maturity stage, ambient temperature, food availability, stress, and other 
variables, as reported by [23]. 

In the present study, rainbow trout female muscles had a greater 
moisture content (72.8%) than their liver (71.2%), while the ovaries 
had a similar moisture level (72.7%) as that of the muscles. According 
to the post hoc test, the muscles of immature females had the highest 
protein and fat content, but the lowest moisture content. This 
reduction in moisture content indicates the qualitative condition of the 
fish. The muscles of spawning females, on the other hand, exhibited 
increased moisture content and reduced lipid and protein content, 
which might be related to protein and lipid consumption for various 
metabolic activities. When it comes to spawning, the substantial 
increase in moisture content and concomitant reduction in protein 
and fat content might be attributed to oocyte development. The average 
moisture content in muscles (72.8%) of captive raised rainbow trout 
in the present investigation was somewhat lower than that revealed by 
[29], who found that escaped Oncorhynchus mykiss muscles had the 
maximum moisture content (74.23%). This variation might be related 
to different types of food and their availability, dietary components, 
and less movement of captive-bred fish [30]. The present study also 
depicts a converse correlation between moisture and lipid values in 
muscles during different gonadal stages, and the same study endorses 
findings made by various researchers regarding an inverse relationship 
between the two [31].

Estimation of biochemical composition in the liver at different 
gonadal stages 

The moisture content of the liver remains nearly constant 
throughout the gonadal phases, and the values were not significantly 
different. Variations in biochemical composition result in changes 
in liver weight that have an impact on the hepato-somatic index. In 
the present study, the crude protein composition of the liver changes 
significantly during distinct gonadal phases. The highest levels of crude 
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protein were recorded in the livers of immature and post-spawning 
females, whereas the lowest levels were found during the spawning 
period. Because of the pressure of releasing eggs and non-feeding 
courting activity, the spawning period contains the lowest quantity of 
crude protein content. The transfer of protein from the liver towards 
the gonads to aid reproductive development might explain the 
substantial decrease in protein concentration during the spawning 
phase. [32] Both reported on the same investigation prior to spawning 
in distinct species. The liver is regarded as an essential energy reserve 
organ because it feeds nutrients to other organs throughout various 
reproductive processes. As a result, the hepato-somatic index of the 
liver fluctuates. The lipid content of the liver grows considerably 
throughout the development phase (9.9%), but then drops dramatically 
during spawning (9.1%) and the post-spawning period (7.1%). As far 
as the present study is concerned, the lipid content in muscles showed 
no significant change during different gonadal stages, but a substantial 
drop in lipid content was observed in the liver at the time of the 
spawning phase, which might be due to lipid transportation from the 
liver to gonads.

This observation is consistent with the fact that lipid mobilisation 
takes place between various organs. Thus, the current study endorses 
the findings of [33], who found that lipid is transported from the liver 
into the gonads for the latter’s appropriate growth and development. 
The findings of the current work are in contrast to those of [34], 
who found non-significant variations in the lipid content in the liver 
of the White Sea bream, Diplodus sargus, during its several gonadal 
stages. The same observation may be due to different functioning of 
the liver, in which the liver might be associated with the processing 
and modification of lipids rather than as an energy storage organ. 
Thus, in the case of rainbow trout, there is no need to include dietary 
lipids during the spawning phase as the liver has sufficient reserve to 
provide the same. The current research illustrated that the average 
quantity of lipid in the liver during all four gonadal stages falls within 
the range of 7.1% to 9.9 %, which was greater than that reported by 
[35] in wild Catla catla (3.32–5.91%) and in farmed Catla catla (4.72–
7.43%). During the present study, in female rainbow trout species, 
the maximum quantity of lipid was identified in the liver followed by 
the ovaries, which contradicts the findings of other researchers who 
reported more lipids in muscles than in other tissues. The livers of 
spawning females contain a considerable quantity of total lipid during 
distinct gonadal phases, but subsequently exhibit a rapid drop in the 
post-spawning period. It’s possible that this is due to energy being set 
aside for various reproductive activities, such as mating and egg release. 
As a result, it may be inferred that the liver of rainbow trout females 
provides nutrients to numerous organs and hence plays an important 
role in gonadal development.

Estimation of biochemical composition in the ovary at 
different gonadal stages 

The moisture content in the ovaries of rainbow trout studied in 
relation to different gonadal phases showed wide variation among each 
other. The moisture content values ranged from 71.0% to 75.30%. The 
moisture level of ovaries in relation to different gonadal stages varies 
significantly, with the lowest moisture content found in both developing 
and post-spawning ovaries and the highest moisture content found in 
immature ovaries. It was noted that the increase in moisture content in 
the ovaries of immature females brought about a simultaneous decrease 
in their lipid content. The juvenile ovaries of rainbow trout were found 
to have the maximum amount of moisture of all the organs studied. A 
maximum moisture level of 72.0–79.9% was observed by [36] in the 

ovaries of Ammodytes hexapterus. It was discovered that the quantity 
of total lipid in fish ovaries rises at the expense of moisture content, 
implying that the two have a negative connection [37]. The protein 
content of female rainbow trout ovaries was determined to be between 
14.3 and 16.7%. The spawning ovaries had the greatest protein content 
(16.7%), which was substantially greater than all other reproductive 
phases, whereas the females that were in the developing phase had the 
lowest protein content (14.3%) in their ovaries. Protein content was 
found to have intermediate values in both immature (16.10%) and 
post-spawning (15.13%) ovaries. The increased protein content in the 
ovaries (16.7 ± 2.13%) during the spawning phase might be attributed 
to protein transportation from other tissues into the ovaries [38], since 
the quantity of protein has been found to vary with eating and breeding 
capacities [39]. The crude protein levels found in this research were 
comparable to those observed in female Epinephelus diacanthus [40]. 
The change in fat content in the ovaries between reproductive stages 
was considerably greater in this research than the variance in protein 
content. The fat content of the ovaries fluctuated significantly as well, 
with levels ranging from 5.9 to 11.0% during different reproductive 
stages. As the lipid content in ovaries was found to be the chief 
biomolecule, the highest amount of lipid was found in the developing 
phase (11.00 ± 2.23%), followed by the ovaries of the spawning phase 
(10.00 ± 1.43%), whereas the significantly lowest fat content values were 
found in immature ovaries (5.9 ± 1.95%). The ovaries tend to acquire 
lipid content during the maturation of gonads. Therefore, dietary fats 
should be included in appropriate quantities throughout this time. The 
fish consume extra feed so as to compensate for the energy that was lost 
during the spawning season [41].

The highest amount of lipid content was found in the ovaries of 
developing females, which could be attributed to the fact that the 
relocation of lipid content from other tissues towards the gonads 
might be the cause of the amplification in lipid value throughout the 
developing phase. The same hypothesis was reported by [33]. Therefore, 
it is recommended to include a high-lipid and protein-rich diet for 
female rainbow trout during their developing phase for their proper 
growth and development. The ash content in the ovaries of rainbow 
trout females was 0.5–3.8% and represents the maximum amount in 
the ovaries as compared to liver and muscle. However, in the ovaries of 
wild female E. diacanthus, the same findings of ash concentration were 
recorded by [40]. As a result, the findings of this study could be used 
to improve rainbow trout captive breeding and fishing management in 
their natural environment, as well as the development of strategies to 
increase the reproduction of other salmonid fish.

Conclusion
The current study provides basic information on the different 

types of oocytes found in the ovaries, different phases of gonadal 
development, fluctuations in organo-somatic indices, and the changes 
in the biochemical composition of the liver, muscle, and ovary of female 
rainbow trout. This information is useful for establishing the nutritional 
profile, spawning season, and brood-stock diet design. Nutritionists, 
dieticians, and consumers will be able to interpret the consumption 
of key elements in fish food using the nutritional profile. It also gives 
data on different development and reproductive characteristics, which 
aids in the correct management and conservation of captivity-bred 
trout species. This research potentially serves as a foundation for 
future investigation into the design of nutrient-rich diets, as well as 
for comparative comparison with wild rainbow trout in their native 
environment and with other species. 
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