Orange Peel Waste Improved the Growth
Performance, Feed Utilization, Oxidative Stress
and Hematological Parameters of Labeo rohita

ABSTRACT

Expensive and ineffective feed ingredients in fish feed are becoming a major problem for fish
growth in the aquaculture industry. Therefore, the experiment was conducted to investigate
the utilization of fruit processing wastes as a dietary component in the feed of rohu [(Labeo
rohita). Four different feed formulations were preprepared using commercial diet and

supplemented with different lconcentrations| of orange peel powder (CT= 0%, T1= 15%, T2=
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30% and T3= 45%). Fish were fed two times a day at rate of 3% of their body weight for 35
days. The results showed that the T1, T2, and T3 treatments had almost 104%, 160% and
68% higher weight gain than that of CT, respectively. The T1 (7.55%), T2 (17.78%), and T3
(4.26%) treatments had lower feed conversion ratio than that of CT. The T1, T2, T3
treatments had almost 14.18%, 15.27% and 6.11% lower mean corpuscular hemoglobin
concentration than that of CT. The T1 and T2 treatments had almost 7.01% and 17.42%
higher ftotal protein| than that of CT, respectively. The T1 (0.90%) and T2 (6.23%) treatments

had higher A/G ratio than that of CT, respectively and T3 (0.01%) had lower A/G ratio than
that of CT. Overall, the dietary supplementation of 30% orange peel improved growth
performance, feed utilization, oxidative stress and hematological parameters in Labeo rohita.
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1. INTRODUCTION

The cost effective and complete fish nutrition is one of the tremendous barriers to the
development, sustainability and endurance of the aquaculture industry [1]. Aquaculture has
been admired most extended and ideal source of protein from animal origin consumed by
humans. Globally it is providing a safety measure towards the human nutritional
requirement. The rapid growth and successful marketing of fish have made aquaculture an
economically significant industry [2]. The rising world population is likely to hit 9 million by
2050 and food requirements for this prospective population must be fulfiled. Whereas,
aquaculture occupies substantial potential and aims to reach the remarkable demands of
biological worth protein. Globally the production of freshwater aquaculture recently extended
47.9 million tons in 2016 and 59.7% had been reported to carps. To meet the proposed
consumption appeal, worldwide aquaculture needs to put out an additional 47.5 million tons
of fish by 2050. Universally, Labeo rohita is significant aquaculture specie in countries like
Pakistan, India, Bangladesh, Myanmar, Vietnam, Laos and Nepal. Labeo rohita is
contributing to about 3.7% of total finfish production and as a single specie come up with
about 15% of worldwide freshwater aquaculture. In the Asian sub-continent Labeo rohita is
considered more classical due to its high growth rate, omnivorous feeding behavior, well
adaptability to commercial feed, excessive nutritional importance, palatability as well as high
public demand. Labeo rohita possesses polyculture ability and therefore can be reared
easily with other fish species. Intensive fish culture with technological interference is the only

Comment [A41]: It should be used ‘levels of
orange peel’ in whole article?

Comment [A5]: Should describe in more detail to
make the meaning clear! It may be ‘total serum
protein’?




well-adapted option to feed the ever-growing world population [3]. However, intensive fish
culture systems are manifested to a number of external environmental constraints that affect
their immune system. In this way, fish farmers face challenges related to disease and costly
feed elements [4]. For cost-effective fish production, the reuse of fruit by-products as feed
constituents can be a feasible option [5].

The high cost of fish feed has affected the viability and yielding profit of fish farming [6].
Traditional ingredients of fish feed report high production costs. Prices of traditional
aquafeed constituents such as soya beans are steadily increasing due to low availability and
high demand [7]. Thus, some other ingredients such as fruit by-products are broadly used in
fish feed by means of functional feed additives and as non-traditional ingredients [8].
Grapes, apples, bananas and citrus fruits are extensively used up fresh and also ut|||zed in
food processing industries [9]. All around the world orange ((Citrus aurantium dulcis) i
citrus fruit with a production of 49.6 million tons in 2016/17 [10]. On the whole, appro
70% of orange production [11] is utilized in making jam and juice and about 50% of orange
peel is obtained throughout the juice production which is also reputed as a by-product with
low economic value [12]. A very small amount of orange peel is graded in food preparations
like in baking, beverages and sauces. While the rest of the peels represent serious soil
pollution [13]. Noticeably, the misuse of orange peel could result in the loss of beneficial
nutrients. Therefore, recycling of fruit waste is necessary to avoid environmental problems
and generate profitable sources of raw products for animal feed [14]. By-products of fruit
processing provide favorable sources of useful compounds comprising essential vitamins,
minerals, antioxidants and phytochemicals [15]. Manufacturing feed from fruit waste could be
the potential to reduce production expenses and enhance aquaculture profits [16].
Therefore, we hypothesized that addition of orange peel in fish could be beneficial for fish
growth due to high nutritional value. Specifically, the study objectives were to; 1) analyze the
feed utilization efficiency and growth performance of Labeo rohita, 2) the effects of orange
peel feed on Labeo rohita oxidative stress and Hematological indices.

2. MATERIAL AND METHODS

[(Arial, normal, 10 font, justified)(Detailed instruction about this section is given below. After
reading these instructions, please delete this paragraph and begin typing your text here. If
you are using copy-paste option then select ‘match destination formatting’ in paste option
OR use ‘paste special’ option and select ‘unformatted Unicode text’ option)|
2.1. Processing of Orange Peels |
Orange peels were collected from the local markets of Sheikhupura and Faisalabad,
Pakistan. The orange peels were washed with plain water to eliminate pollutants and further
were oven dried at 60°C until a constant weight was obtained. Dried orange peels were
atomized using an electric blender and were sieved through a 320um mesh.

2.2. Diet formulation
In the preparation of experimental feed for Labeo rohita, the traditional feed ingredients such
as yellow corn and vitamin premix were substituted with different percentages of orange peel
powder. Orange peel powder 0%, 15%, 30%, and 45% respectively for CT, T1, T2 and T3
groups was mixed with commercial feed to make experimental diet. Formulated diets were
stored at +4°C until use.

Table 1. Diet ingredients and chemical composition of four formulated diets.

Ingredients CT T1 T2 T2
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(% kg™ diet)

0% orange

15% orange

30% orange

45% orange

peel peel peel peel
Fish meal® 14 14 14 14
Soybean 16 16 16 16
Rice bran 11 11 11 11
Yellow corn 49 34 19 4
Corn gluten 5 5 5 5
Vegetable oil 3 3 3 3
Mineral? 1 1 1 1
Vitamin® 1 1 1 1
Orange peel 0 15 30 45
Total 100 100 100 100
Proximal Analysis (%)
Moisture 10.81 10.75 10.61 10.89
Ash 5.33 6.46 6.53 7.72
Protein| 24.98 24.82 24.80 24.77
Lipids 536 6.49 7.61 8.69
Fibers| . 6.23 6.54 7.66 8.21
Carbohydrates® 46.48 39.52 49.55 52.07|

"Fish meal with 60% crude protein

%K, Al, Mg (55g), Cu (600mg), P (135g), Na (45g), Fe (1000mg) and Ca (155g).

3vitamin B12 (40 mg), Vitamin C (15,000 mg), Vitamin K3 (8000 mg), Nicotinic acid
(60,000mg), Calcium pantothenate (12,000 mg), Folic acid (1500 mg), Vitamin D3
(3,000,000 1U), Vitamin E (30000 IU), Vitamin A (15,000,000 IU), Vitamin B1 (3000 mg),

Vitamin B2 (7000 mg) and Vitamin B6 (4000 mg).

2.3 Fish and feeding trials |

[

Comment [A9]: Crude protein?

[

Comment [A10]: Ether extract or crude fat?

|

Comment [A11]: This fiber means crude fiber,
right?

Comment [A12]: The method of analyzing the
chemical composition of diets should be further
described.Why does the T1 diet have lower
carbohydrate than the others, seems unusual?

)
)
|

Comment [A13]: It should be provided more

information about the size and water volume in each

aquaria!




Forty Labeo rohita fingerlings being apparently healthy and weighing 28+0.05 g were
collected from Fish Seed Hatchery, Sheikhupura, Punjab, Pakistan. Fingerlings were kept
under acclimation period for 10 days and after the acclimation period, the fish were divided

into four dietryl groups (n=10). Constant aeration was supplied in all the four aquaria filled [Comment [A14]: Dietary?

with de-chlorinated tap water. Water temperature was retained at 26+0.47°C by using a 250-
watt immersion heater with thermostat. Dissolved oxygen levels of 4.01+0.47ppm to
4.04+0.47ppm were measured using a Lutron-206 apparatus. The pH levels of the water
were recorded between 5.48+0.47 and 5.52+0.47 using a Lutron-5510 pH meter. The
ammonia levels were estimated about 0.21+0.47mg/L to 0.23+0.47mg/L using Nessler's

|

method. The total hardness of the water was between 44.36+0.47mg [CaCO3JL and Comment [A15]: Reformat the correct chemical
44.39+0.47mg CaCO3/L, analyzed using the titration method. Throughout the experiment formulal
(35 days), the fish were fed with experimental diet (constituting of 25% crude protein) twice
daily (7:00 AM and 4:00 PM) comprising 3% of their body weight following a photoperiod of
12 hours. Daily water renewal activity was performed two times a day to eliminate feces and
food leftovers.
2.4 Growth Performance
Growth response of Labeo rohita under different percentages of orange peel were recorded
for a period of 35 days. After 35 days, fish were starved for 24h, weighted for calculation of
growth parameters. Standard formulas were used to calculate the weight gain (WG), weight
gain percentage (WG%), average daily gain (ADG), specific growth rate (SGR), and survival
rate.
WG (g) = Final weight -Initial weight (1)
(WG%)= (Final weight (g) — Initial weight (g))/(Initial weight (g))
2
SGR (%/day)=(In Final weight — In| Initial weight)/(Trial days ) %100 [Comment [A16]: Does it mean Ln?
(3
ADG (g/fish/day)=(Average final weight — Average initial weight)/(Trial days ) x100
4
Survival rate (%)=(Final fish count )/(Initial fish count) x100
(5)

2.5. Feed Utilizing Efficiency

By using the following standard formulas, feed conversion ratio (FCR), feed efficiency (FE),
and protein efficiency ratio (PER) were calculated.

FCR =( Total feed consuption (g) )/(Weight gain (g))

(6)

FE =(Weight gain (g))/(Total feed consuption (g) )
Q]

PER =( Weight gain (g))/(Protein fed (g) )

(8

2.6. Hematological Parameters



At the end of the experiment, triplicate from each aquarium were taken and were
anesthetized with 25 mg L-1 clove oil. Blood samples were collected from the caudal vein
using 1mL sterile syringe and samples were quickly transferred to a vial coated with EDTA
(an anti-coagulant) and kept refrigerated at 4°C for subsequent analysis. The results for red
blood cells (RBC), white blood cells (WBC), hemoglobin (Hb), and hematocrit (Hct) were
determined by using hematology analyzer CELLDYN Emerald 22 AL. The mean corpuscular
volume (MCV), mean corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin
concentration (MCHC) were determined using formulas as specified by Bain et al. (2012).

MCV (fL)=(Hct )/((RBC) x100
(9)

MCH (pg)=Hb/(RBC) x100
(10)

MCHC (g/dL)=Hb/(Hct) x100 (11)

P.7. Protein Metabolic and Oxidative Stress Enzymes Activity|

To analyze serum parameters, blood samples were obtained from three fish in each group.
The blood samples were left to coagulate at room temperature and then centrifuged in
sterilized vials. Following centrifugation at 3000xg for 10 minutes, the serum was carefully
separated from the clotted blood and collected in sterile Eppendorf tubes. The collected
serum was stored at -20°C for subsequent analysis of serum biochemical parameters.
Analysis of AST and Alt activities of serum and liver was carried out by using colorimetric
assay kits, ERBA SGPT KIT (Code Number — 120207), and ERBS SGOT KIT (Code
Number — 120204) respectively.

2.8. Statistical Analysis

Data are expressed as mean+SE. Statistix version 8.1 was used for statistical analysis. One-
way-analysis of variance (ANOVA) was used to study the differences in growth parameters,
feed utilization, hematological parameters, and protein metabolic and oxidative enzyme
activity of Labeo rohita. Differences in means were determined by using Tukey’s test and
significant difference were set at p<0.05.

3. RESULTS

3.1 Growth performance

growth in terms of WG, WG%, ADG, SGR and survival rates of Labro rohita (Table 2). The
results showed that T2 had maximum WG, WG% and ADG as compared to other
treatments. Specifically, the T1, T2, and T3 treatments had almost 104%, 160% and 68%
higher WG than that of CT, respectively. The difference among orange peel treatments T1
and T2 was about 21.42% and 54. 76% higher WG, WG% and ADG as compared to T3.
SGR was significantly higher in T2. The T1, T2, and T3 treatments had almost 82%, 120%
and 55% higher SGR than that of CT, respectively. Moreover, T1 and T2 was about 17.02%
and 41.33% higher SGR as compared to T3, respectively. Survival rate of Labeo rohita was
not affected by dietary supplementation of orange peel. The results showed that all
treatment groups (T1, T2 and T3) and control group had same survival rate of about 100%
(Table 2).
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Table 2. Growth performance of Labeo rohita fed diets supplemented with graded levels of

orange peel.\ {Comment [A19]: Letters on the superscript of
St numbers should be annotated!
arvivdi

Treat- Orange IW o ADG SGR
ments Peel (g V@ WG  WE™)  (yfishiday) (%/day) ('?Jj)‘;e
CT 0% 28+0% 36.33+0.88° 8.33+1.52° 29.76+3.15° 0.23+0.02° 0.74+0.06 100+0°

c
T1 15% 28+0* 45+0.57" 17+0.57°  60.71+2.06° 0.48+0.01° 1.35$0.03 100:0°
T2 30% 28+0% 49.66+0.88° 21+0.88%  77.38+3.15% 0.61+0.02° 1.63+0.05 100+0?

a
T3 45% 28+0° W2+0.57° 14+0.57°  50+2.06° 0.4+0.01" 1.15+0.03 1( comment [A20]: Note the extra decimals!
IW= Initial weight, FW= Final weight, WG= Weight gain, ADG= Average daily gain, SGR=
Specific growth rate.
3.2 Feed utilizing efficiency
In the present study, varying concentrations of orange peel significantly [(P<???)affected Comment [A21]: Should provide probability
feed utilizing efficiency of Labeo rohita (Figure 1). The results showed that T2 had best value!

(lowest) FCR as compared to other treatments. Specifically, the T1, T2, and T3 treatments
had almost 7.55%, 17.78% and 4.26% lower FCR than that of CT, respectively. The T1 and
T2 had about 17.02% and 41.33% lower FCR as compared to T3, respectively. The
maximum FE and PER was recorded in T2 as compared to other treatments. The T1, T2,
and T3 treatments had almost 9.17%, 22.01% and 3.66% higher FE than that of CT,
respectively. The T1, T2, and T3 treatments had almost 8.69%, 21.96% and 4.34% higher
PER than that of CT, respectively. The T1 and T2 were about 4.16% and 16.88% higher
PER as compared to T3, respectively(Figure 1).
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Figure 2. Feed utilizing efficiency parameters of Labeo rohita fed with graded levels of
orange peel. (FI= Feed intake, FCR= Feed conversion ratio, FE= Feed efficiency, PER=
Protein efficiency ratio).

3.3 Hematological analyses

hematological parameters of Labeo rohita (Table 3). The results showed that T2 had
maximum RBC as compared to other treatments. Specifically, the T1, T2, and T3 treatments
had almost 18.95%, 29.93% and 1.69% higher RBC than that of CT, respectively. It was
noticed that T2 had best (lowest) WBC as compared to other treatments. Specifically, the T1
and T2 treatments had almost 18.95%, 37.28% lower WBC count than that of CT,
respectively and T3 had 12.27% higher WBC count than that of CT. The maximum values of
Hb and Hct were recorded in T2 as compared to other treatments. The T1, T2, and T3
treatments had almost 1.62%, 8.07% and 0.64% higher Hb than that of CT, respectively.
The T1 and T2 were about 0.98% and 7.37% higher Hb as compared to T3, respectively.
The T1, T2, and T3 treatments had almost 18.44%, 27% and 7.20% higher Hct than that of
CT, respectively. The results revealed that T2 had best (lowest) HCV, MCV and MCHC
values as compared to other treatments. Specifically, the T1 and T2 treatments had almost
0.03%, 1.84% lower HCV than that of CT, respectively and T3 had 5.47% higher HCV than
that of CT. The difference among orange peel treatments, T1 and T2 were about 5.22% and
6.94% lower MCV as compared to T3, respectively. Similarly, the T1, T2, and T3 treatments
had almost 14.21%, 16.81% and 0.97% lower MCH than that of CT, respectively. The T1
and T2 were about 13.37% and 15.99% lower MCH as compared to T3, respectively. The
T1, T2, and T3 treatments had almost 14.18%, 15.27% and 6.11% lower HCMC than that of
CT, respectively (Table 3).
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Table 3.Hematological parameters of Labeo rohita fed diets supplemented with graded
levels of orange peel.|

Comment [A23]: Letters on the superscript of

Orange RBC WBC Hb (g/dL) Hct (%) HCV (fL) MCV (pg)
peel (10™/L) (10°/L)
0% 1.57+0.01° 24.46+0.04° 9.78+0.02° 25.43+0.01° 162.01+1.11° 62.31+0.38°

15% 1.86+0.05° 19.82+0.06° 9.94+0.00°  30.12+0.00° 161.95+0.45° 53.45+0.11"

30% 2.04+0.01* 15+34+0.08" 10.57+0.23° 32.43+0.17" 159.01#1.58° 51.84+1.36"
45% 1.59+0.02° 27.46x0.26° 9.84+0.00° 27.26+0.00° 170.88+3.14* 61.71+1.16°

RBC= Red blood cell, WBC= White blood cell, Hb= Hemoglobin, Hct= Hematocrit,
MCV=Mean corpuscular volume, MCH= Mean corpuscular hemoglobin, MCHC= mean
corpuscular hemoglobin concentration.

3.4 Protein Metabolic and Oxidative Stress Enzyme Activity

protein metabolic and oxidative stress enzyme activity of Labeo rohita (Table 4). The results
showed that T2 had best (lowest) AST and ALT as compared to other treatments.
Specifically, the T1, T2, and T3 treatments had almost 8.35%, 11.73% and 3.77% lower AST
than that of CT, respectively. The T1 and T2 treatments were about 4.76% and 8.27% lower
AST as compared to T3. The T1, T2, and T3 treatments had almost 12.58%, 19.07% and
6.61% lower ALT than that of CT, respectively. The difference among orange peel
treatments, T1 and T2 were about 6.39% and 13.34% lower ALT as compared to T3,
respectively. The results revealed that T2 had maximum fotal protein, albumin, globulin and
A/G ratio| as compared to other treatments. Specifically, the T1 and T2 treatments had
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almost 7.01% and 17.42% higher total protein than that of CT, respectively and T3 had
3.39% lower total protein than that of CT. The difference among orange peel treatments, T1
and T2 was about 10.77% and 21.54% higher total protein as compared to T3, respectively.
Specifically, the T1 and T2 treatments had almost 7.48% and 20.86% higher albumin than
that of CT, respectively and T3 had 3.40% lower albumin than that of CT. The T1 and T2
treatments had about 11.26% and 25.11% higher albumin as compared to T3, respectively.
Similarly, the T1 and T2 treatments had almost 6.52% and 13.76% higher globulin than that
of CT, respectively and T3 had 3.38% lower globulin than that of CT. The difference among
orange peel treatments, T1 and T2 were about 10.25% and 17.75% higher globulin as
compared to T3, respectively. The T1 and T2 treatments had almost 0.90% and 6.23%
higher A/G ratio than that of CT, respectively and T3 had 0.01% lower A/G ratio than that of
CT. The difference among orange peel treatments, T1 and T2 were about 0.91% and 6.25%
higher A/G ratio as compared to T3, respectively.

fTable 4. Protein metabolic and oxidative stress enzyme activity of Labeo rohita fed diets
supplemented with graded levels of orange peel for 35 days.|

to make the meaning clear! It may be ‘serum total
protein, albumin, etc.’?
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Orange AST (U/L) ALT (U/L) Total Albumin Globulin IA/G Ratio

peel Protein  (g/dL) (g/dL) (gidL)
(g/dL)

0% 48.33+0.01°  32.27+0.02% 2.85+0.01° 1.47+0.00° 1.38+0.00° 1.06+0.00°

15% 44.29+0.02° 28.21+0.02° 3.05+0.01" 1.58+0.00° 1.47+0.00° 1.07+0.00°
30% 42.66+0.01" 26.11+0.02" 3.34%0.02° 1.77#0.00* 1.57+0.00" 1.13+0.00%
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T3

45% 46.51+0.02°  30.14+0.01° 2.75+0.01% 1.42+0.00° 1.33+0.00° 1.06+0.00°

AST= Aspartate aminotransferase, ALT= Alanine aminotransferase, A/G Ratio=
Albumin/Globulin Ratio.

4. DISCUSSION

Byproducts from fruit and vegetable processing have long been used as key components in
the formulation of animal feed [17]. The impact of these residues on animal growth
performance has been widely researched [18]. Citrus peels, which are often discarded as
waste after juice extraction, contain a variety of bioactive compounds such as vitamin C,
phenols and flavonoids [19]. A study revealed that diets supplemented with citrus peel under
heat or low oxygen stress showed improved growth, immune system, antioxidant capacity
and blood profile of Nile tilapia [20]. In addition, several studies have reported positive
results of using citrus peel extracts as a nutritional additive in aquafeeds. Similarly, Shabana
[21] studied the effects of orange peel and the results showed significant increase in the
survival, growth, digestive enzyme activity, muscle biochemical composition and profile
amino acid and fatty acid.

Fruit waste could provide nutrients for fish metabolism, as citrus by-products contain a
variety of bioactive compounds, including phenolic compounds, carotenoids, vitamins,
essential oils, and fibers. These compounds provide nutritional value and health benefits to
aquatic lives when used in proper proportion with commercial feed [22]. In this study
significant improvement in terms of WG, ADG, and SGR of Labeo rohita (Table 2) by the
dietary inclusion of orange peel, highlighting the potential of orange peel supplementation to
stimulate fish growth. This improvement was possibly due to the orange peel hutritional
composition and the presence of phenolic compounds like gallic acid and ferulic acid [23]. In

particular these compounds could enhance digestive processes by increasing enzyme
activity, improving nutrient digestibility, and feed absorption, leading to enhance the growth
in fish and livestock [24]. Previously, Salem and Abdel-Ghany [25] reported that dietary
inclusion of orange peel had better growth in Nile tilapia. In the current study, the lowest
values of growth were observed in Labeo rohita fed with 0% followed by 15%, and 45%
orange peel supplemented diet which could be attributed to varying concentrations of
antioxidants under different application rates (Table 3). These concentrations may not meet
the fish's optimal antioxidants requirement [19]. It is worth to mention that similar results
were observed by Doan [26] who investigated the impact of pectin extracted from orange
peel (OPDP) on the growth performance of Nile tilapia (Oreochromis niloticus) and showed
that lowest growth performance was observed by the dietary administration of 5 and 20g kg-
1 OPDP. Statistical analysis (p>0.05) indicated no significant difference in survival rate
among the groups, suggesting that the treatments involving varying concentrations (0.0%,
15%, 30%, and 45%) of orange peel did not impose negative effect on the survival of Labeo
rohita. Similar findings were reported by Salem [27] in their study on sea bream (Sparus
aurata) with orange peel feed.

The feed conversion ratio (FCR) is a metric used to evaluate the effectiveness of a particular
feed or feeding strategy in terms of its efficiency [28]. The protein efficiency ratio (PER) is
utilized to estimate the efficiency of converting feed protein into aquatic animal protein [29].
In the present study of 35 days, it was observed that Labeo rohita exhibited the highest FE
and the lowest FCR (Table 3) with 30% orange peel and this dietary supplementation led to
the highest protein efficiency ratio, indicating a more effective utilization of dietary protein by
the fish. This could be due to the enzymes found in fruit by-products that could improve villus
length, mucosal folds, lipase and pepsin enzymatic activity, as well as improve gut tissue
and intestinal absorptive cells, leading to improved nutrient absorption, and digestion in fish

Comment [A28]: It should be provided more
information about what the nutritional composition
are, lipids, carbohydrates or others!




[30]. It has been suggested by studies that orange peel contains a significant quantity of
saponin [31]. A study conducted on Nile tilapia fingerlings investigated the effects of diets
supplemented with ginseng herb containing saponin. The results indicated that the inclusion
of herbal supplements with saponin significantly enhanced the growth and dietary utilization
efficiency of the Nile tilapia fingerlings [32]. Contrarily, 0%, 15%, and 45% orange peel
supplementation showed lower feed intake and higher feed conversion ratios and
consequently, resulted in a lower protein efficiency ratio compared to the group with 30%
orange peel supplementation, indicating reduced efficiency in nutrient utilization. This can be
attributed to the presence of varying concentrations of phytochemicals in orange peel
supplementation, which may act as absorbents that bind and eliminate undesirable
constituents, including pathogens, in the digestive tract, while simultaneously enhancing the
absorption of essential nutrients [33]. Similar results were obtained by Hassanin [34] , who
studied the effects of varying concentrations of orange peel on growth performance and feed
utilization of red tilapia. In agreement with Salem and Abdel-Ghany [25] we also confirmed
that dietary orange peel with an optimum level could improve the intestine nutrient
absorptive ability of fish.

Fish blood, orhematology, is a valuable tool in evaluating the physiological health of fish [35].
Particularly in the management of cultured fish, hematological indices are widely recognized
as indicators of physiological characteristics [36]. In the present study, 30% of orange peel
supplemented diet had best blood profile regarding all blood components including RBC,
WBC, Hb, Hct, HCV, MCH, and HCMC in comparison to other groups fed with 0%, 15% and
45% orange peel. Possibly, due to the quality of their diet and particularly optimal
concentrations of feed substances (Table 4) [37]. In addition, proper nutrition ensures that
fish have the necessary components to support healthy blood composition and superior
oxygen-carrying capacity [38]. The increase in RBC, Hb, and Hct in groups fed with varying
concentrations of orange peel (15%, 30% and 45%) as compared to control, indicated
beneficial effects of orange peel on the health of Labeo rohita. This could be attributed to
flavonoids present in orange peels that might prevented phospholipid peroxidation on the
erythrocyte membrane, thereby protecting red blood cells from lysis [39]. Acar [40] revealed
that orange peel in the diets of tilapia significantly increased (p<0.05) erythrocyte count,
hemoglobin and hematocrit values. The levels of leukocytes in the bloodstream can vary
based on factors such as environmental quality, nutritional status and the presence of
infectious agents [41]. This study revealed that fish fed with 30% orange peel had lowest
values of WBC that could be due to the increasing frequency of feed intake by the fish [42].
The blood parameters such as MCV, MCH, and MCHC, are sometimes collectively referred
to as red blood cell indices which assist in evaluating the size, hemoglobin content and
concentration of red blood cells [43]. In the present study the vales of MCV, MCH and
MCHC of Labeo rohita at varying concentrations of orange peel are shown in Figure 1. Fazio
[44] demonstrated that fish fed with orange peel maintained consistent biochemical values
within the typical range observed in healthy fish.
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Figure 3. Relationship of growth parameters, feed utilizing efficiency, hematological profile,
protein metabolic and oxidative stress enzyme activity of Labeo rohita fed diets
supplemented with graded levels of orange peel for 35 days.

Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) are enzymes that
are measured to assess liver health or detect liver damage or disease [45]. When liver
enzymes, such as AST and ALT, release in irregular manner, it is usually an indication that
the fish’s liver cells have experienced damage or injury [46]. In the present study the liver of
Labeo rohita in all treatments was in good condition and had not showed any inflammation
as evidenced by the decreased values of AST and ALT (Table 5). Consequently, these
results indicated the potential of orange peel to safeguard the membrane integrity of liver
cells as high levels of AST and ALT in fish blood may indicate liver damage or disease [47].
In the current study, Labeo rohita fed with 30% orange peel exhibited lowest AST and ALT
values as compared to other groups, which could be due to the optimal diet composition
(Table 1) and metabolic adaptation that could contribute to bring variations in hematological
and blood biochemical variables in fish [48]. Baba [49] revealed that orange peel improved
serum-biochemical activity in Nile tilapia. In fish, albumin and globulin are the primary
plasma proteins, playing crucial roles in various physiological processes [50] as indicated in
correlation analysis (Figure 2). Additionally, serum total protein is a significant non-specific
immune variable, providing valuable information about the fish's immune response and
overall health status [51]. In the current study, groups fed with 15% and 30% orange peel
exhibited elevated levels of total serum protein, albumin, globulin, and A/G ratio compared to
the control group. These findings indicated improved nutritional status, enhanced vascular
system integrity and enhanced liver function in Labeo rohita, highlighting the beneficial
effects of orange peel supplemented diet consumption on the fish's overall health [52].
Similar results were found by Acar [40] for total serum protein, albumin, globulin, and A/G



ratio in Mozambique tilapia (Oreochromis mossambicus) when fed essential oil extracted

from orange peel.
5. CONCLUSION

As conventional feedstuffs for fish diets have become increasingly expensive, it has become
necessary to search alternative energy sources in fish diets. [This study clearly showed that
among treatments, T2 (30% orange peel) with conventional fish meal consistently exhibited
significant results in terms of growth. performance, feed utilization, hematological profile and
protein. metabolic and oxidative. stress enzyme activity. Based on the results obtained, it

can be inferred that the inclusion of orange peel powder at an optimal level of 30% can serve
as an effective growth promoter in fish, improve their feed efficiency, blood profile, and liver
enzyme activity.

REFERENCES

1. Metian, M. Troell, M. Christensen, V. Steenbeek, J. Pouil, S. Mapping Diversity of
Species in Global Aquaculture. Rev. Aquac. 2020, 12, 1090-1100,
doi:10.1111/raq.12374.

2. Jahan, N. Islam, S.M.M. Rohani, M.F. Hossain, M.T. Shahjahan, M. Probiotic Yeast
Enhances Growth Performance of Rohu (Labeo Rohita) through Upgrading
Hematology, and Intestinal Microbiota and Morphology. Aquaculture 2021, 545,
doi:10.1016/j.aquaculture.2021.737243.

3. Jobling, M. Fish Nutrition Research: Past, Present and Future. Aquac. Int. 2016, 24,
767-786, doi:10.1007/s10499-014-9875-2.

4. Lim, K.C. Yusoff, F.M. Shariff, M. Kamarudin, M.S. Dietary Astaxanthin Augments
Disease Resistance of Asian Seabass, Lates Calcarifer (Bloch, 1790), against Vibrio
Alginolyticus Infection. Fish  Shellfish  Immunol. 2021, 114, 90-101,
doi:10.1016/j.fsi.2021.03.025.

5. Md Nor, S. Ding, P. Trends and Advances in Edible Biopolymer Coating for Tropical
Fruit: A Review. Food Res. Int. 2020, 134, 109208,
doi:10.1016/J.FOODRES.2020.109208.

6. Glencross, B.D. Baily, J. Berntssen, M.H.G. Hardy, R. MacKenzie, S. Tocher, D.R.
Risk Assessment of the Use of Alternative Animal and Plant Raw Material
Resources in Aquaculture Feeds. Rev. Aquac. 2020, 12, 703-758,
doi:10.1111/raq.12347.

7. Naylor, R.L. Hardy, R.W. Buschmann, A.H. Bush, S.R. Cao, L. Klinger, D.H. Little,
D.C. Lubchenco, J. Shumway, S.E. Troell, M. A 20-Year Retrospective Review of
Global Aquaculture. Nature 2021, 591, 551-563, doi:10.1038/s41586-021-03308-6.

8. Felix e Silva, A. Copatti, C.E. de Oliveira, E.P. Bonfa, H.C. Melo, F.V.S.T. de
Camargo, A.C. de S. Melo, J.F.B. Effects of Whole Banana Meal Inclusion as
Replacement for Corn Meal on Digestibility, Growth Performance, Haematological
and Biochemical Variables in Practical Diets for Tambaqui Juveniles (Colossoma
Macropomum). Aquac. Reports 2020, 17, 100307,
doi:10.1016/j.aqrep.2020.100307.

[Comment [A29]: Italic?

[Comment [A30]: Edit the period or comma!

[ Comment [A31]: Check for typos in citees!

)




10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Ben-Othman, S. Jéudu, |. Bhat, R. Beatriz, M. Oliveira, P. Alves, R.C. Bioactives
from Agri-Food Wastes: Present Insights and Future Challenges. Mol. 2020, Vol. 25,
Page 510 2020, 25, 510, doi:10.3390/MOLECULES25030510.

Mabharjan, M. Ulaganathan, M. Aravindan, V. Sreejith, S. Yan, Q. Madhavi, S. Wang,
J.Y. Lim, T.M. Fabrication of High Energy Li—lon Capacitors from Orange Peel
Derived Porous Carbon. ChemistrySelect 2017, 2, 5051-5058,
doi:10.1002/slct.201700574.

Siles, J.A. Vargas, F. Gutiérrez, M.C. Chica, A.F. Martin, M.A. Integral Valorisation
of Waste Orange Peel Using Combustion, Biomethanisation and Co-Composting
Technologies. Bioresour. Technol. 2016, 211, 173-182,
doi:10.1016/j.biortech.2016.03.056.

Verma, R. Singhbabu, Y.N. Didwal, P.N. Nguyen, A.G. Kim, J. Park, C.J. Biowaste
Orange Peel-Derived Mesoporous Carbon as a Cost-Effective Anode Material with
Ultra-Stable Cyclability for Potassium-lon Batteries. Batter. Supercaps 2020, 3,
1099-1111, doi:10.1002/BATT.202000068.

Xiao, K. Liu, H. Li, Y. Yi, L. Zhang, X. Hu, H. Yao, H. Correlations between
Hydrochar Properties and Chemical Constitution of Orange Peel Waste during
Hydrothermal Carbonization. Bioresour. Technol. 2018, 265, 432-436,
doi:10.1016/J.BIORTECH.2018.06.014.

Lee, C.K.M. Ng, K.K.H. Kwong, C.K. Tay, S.T. A System Dynamics Model for
Evaluating Food Waste Management in Hong Kong, China. J. Mater. Cycles Waste
Manag. 2019, 21, 433-456, doi:10.1007/s10163-018-0804-8.

Qiang, J. Khamis, O.A.M. Jiang, H.J. Cao, Z.M. He, J. Tao, Y.F. Xu, P. Bao, J.W.
Effects of Dietary Supplementation with Apple Peel Powder on the Growth, Blood
and Liver Parameters, and Transcriptome of Genetically Improved Farmed Tilapia
(GIFT, Oreochromis Niloticus). PLoS One 2019, 14, 0224995,
doi:10.1371/JOURNAL.PONE.0224995.

Choi, W.M. Lam, C.L. Mo, W.Y. Wong, M.H. The Use of Food Wastes as Feed
Ingredients for Culturing Grass Carp (Ctenopharyngodon Idellus) in Hong Kong.
Environ. Sci. Pollut. Res. 2016, 23, 7178-7185, d0i:10.1007/s11356-015-5465-8.

Altendorf, S. Minor Tropical Fruits Mainstreaming a Niche Market. Food Agric.
Organ. United Nations 2018, 67—74.

Pfaltzgraff, L.A. Cooper, E.C. Budarin, V. Clark, J.H. Food Waste Biomass: A
Resource for High-Value Chemicals. Green Chem. 2013, 15, 307-314.

Singh, B. Singh, J.P. Kaur, A. Singh, N. Phenolic Composition, Antioxidant Potential
and Health Benefits of Citrus Peel. Food Res. Int. 2020, 132, 109114,
doi:10.1016/j.foodres.2020.109114.

Vicente, I.S.T. Fleuri, L.F. Carvalho, P.L.P.F. Guimarées, M.G. Naliato, R.F. Miller,
H. de C. Sartori, M.M.P. Pezzato, L.E. Barros, M.M. Orange Peel Fragment
Improves Antioxidant Capacity and Haematological Profile of Nile Tilapia Subjected
to Heat/Dissolved Oxygen-Induced Stress. Aquac. Res. 2019, 50, 80-92,
doi:10.1111/are.13870.



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Shabana, M.S. Karthika, M. Ramasubramanian, V. Effect of Dietary Citrus Sinensis
Peel Extract on Growth Performance, Digestive Enzyme Activity, Muscle
Biochemical Composition, and Metabolic Enzyme Status of the Freshwater Fish,
Catla Catla. J. Basic Appl. Zool. 2019, 80, doi:10.1186/s41936-019-0119-x.

Magalhaes, D. Vilas-Boas, A.A. Teixeira, P. Pintado, M. The Lemon as a Fruit Is the
One That Is Fully Exploited Because the Fruit Is Mainly Used for Its Juice, While the
Fleshier Part of the Fruit and the Peel Are Particularly Used in Culinary Applications.
Foods 2023, 12.

Dawood, M.A.O. Zommara, M. Eweedah, N.M. Helal, A.l. The Evaluation of Growth
Performance, Blood Health, Oxidative Status and Immune-Related Gene Expression
in Nile Tilapia (Oreochromis Niloticus) Fed Dietary Nanoselenium Spheres Produced
by Lactic Acid Bacteria. Aquaculture 2020, 515, 734571,
doi:10.1016/j.aquaculture.2019.734571.

Cai, L. Li, Y.P. Wei, Z.X. Li, X.L. Jiang, X.R. Effects of Dietary Gallic Acid on Growth
Performance, Diarrhea Incidence, Intestinal Morphology, Plasma Antioxidant
Indices, and Immune Response in Weaned Piglets. Anim. Feed Sci. Technol. 2020,
261, doi:10.1016/j.anifeedsci.2020.114391.

Salem, M. Abdel-Ghany, H.M. Effects of Dietary Orange Peel on Growth
Performance of Nile Tilapia (Oreochromis Niloticus) Fingerlings. Aquac. Stud. 2018,
18, 127-134, doi:10.4194/2618-6381-v18_2_06.

Doan, H. Van Hoseinifar, S.H. Elumalai, P. Tongsiri, S. Chitmanat, C. Jaturasitha, S.
Doolgindachbaporn, S. Effects of Orange Peels Derived Pectin on Innate Immune
Response, Disease Resistance and Growth Performance of Nile Tilapia
(Oreochromis Niloticus) Cultured under Indoor Biofloc System. Fish Shellfish
Immunol. 2018, 80, 56-62, doi:10.1016/).fsi.2018.05.049.

Salem, M.E.S. Abdel-Ghany, H.M. Sallam, A.E. El-Feky, M.M.M. Almisherfi, H.M.
Effects of Dietary Orange Peel on Growth Performance, Antioxidant Activity,
Intestinal Microbiota and Liver Histology of Gilthead Sea Bream (Sparus Aurata)
Larvae. Aquac. Nutr. 2019, 25, 1087-1097, doi:10.1111/anu.12925.

United States Agency for International Development (USAID) Feed Conversion
Ratio ( FCR ). USAID Harvest 2011, 1-2.

Boyd, C.E. Protein Conversion Efficiency in Aguaculture. Glob. Aguac. Advocate
2018, 8-11.

Bowyer, P.H. El-Haroun, E.R. Salim, H.S. Davies, S.J. Benefits of a Commercial
Solid-State Fermentation (SSF) Product on Growth Performance, Feed Efficiency
and Gut Morphology of Juvenile Nile Tilapia (Oreochromis Niloticus) Fed Different
UK Lupin Meal Cultivars. Aquaculture 2020, 523,
doi:10.1016/j.aquaculture.2020.735192.

Oluremi, O.L.LA. Ngi, J. Andrew, |.A. Phytonutrients in Citrus Fruit Peel Meal and
Nutritional Implication for Livestock Production. Livest. Res. Rural Dev. 2007, 19,
345-346.



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Goda, A.M.A.S. Effect of Dietary Ginseng Herb (Ginsana ® G115) Supplementation
on Growth, Feed Utilization, and Hematological Indices of Nile Tilapia, Oreochromis
Niloticus (L.), Fingerlings. J. World Aquac. Soc. 2008, 39, 205-214,
doi:10.1111/j.1749-7345.2008.00153.x.

Virgili, F. Marino, M. Regulation of Cellular Signals from Nutritional Molecules: A
Specific Role for Phytochemicals, beyond Antioxidant Activity. Free Radic. Biol.
Med. 2008, 45, 1205-1216, doi:10.1016/j.freeradbiomed.2008.08.001.

Mayssara A. Abo Hassanin Supervised, A. Munawarah, S.H. Misnaniarti, M.
Isnurhadi, |. Komunitas, J.K. Rumbai, P. City, P. Komitmen, P. Kbpkp, P.
Commitment, S. et al. EFFECT OF ORANGE PEEL WASTE ON GROWTH
PERFORMANCE AND FEED UTILIZATION OF RED TILAPIA (Oreochromis
Mossambicus X O. Niloticus) FINGERLINGS. Pap. Knowl. . Towar. a Media Hist.
Doc. 2019, 7, 1-33.

Boran, H. Ciftci, C. Er, A. Kurtoglu, .Z. Kayis, S. Evaluation of Antibacterial Activity
of Green Tea (Camellia Sinensis L.) Seeds Against Some Fish Pathogens in
Rainbow Trout (Oncorhynchus Mykiss, Walbaum). Turkish J. Fish. Aquat. Sci. 2015,
15, 49-57, doi:10.4194/1303-2712-v15.

de MORAES, T.C.H. Ferreira, C.M. Gama, K.F. da S. Hoshiba, M.A. Povh, J.A. de
Abreu, J.S. Routine Exposure to Biometric Procedures in Fish Farming Reveals
Differences in Stress Response in Tambaqui and Hybrid Tambatinga. Bol. do Inst.
Pesca 2017, 43, 1-10.

Svobodova, Z. Pravda, D. Palackova, J. Unified Methods of Haematological
Examination of Fish Research Institute of fish culture and hydrobiology, 1991

Esmaeili, M. Blood Performance: A New Formula for Fish Growth and Health.
Biology (Basel). 2021, 10, 1236.

Mukrimaa, S.S. Nurdyansyah Fahyuni, E.F. YULIA CITRA, A. Schulz, N.D. 2 e,
Taniredja, T. Faridli, E.M. Harmianto, S. Covariance Structure Analysis of Health-
Related Indicators for Home-Dwelling Elderly People Centered on Subjective Health.
J. Penelit. Pendidik. Guru Sekol. Dasar 2016, 6, 128.

Acar, U. Kesbig, O.S. Yilmaz, S. Giltepe, N. Turker, A. Evaluation of the Effects of
Essential Oil Extracted from Sweet Orange Peel (Citrus Sinensis) on Growth Rate of
Tilapia (Oreochromis Mossambicus) and Possible Disease Resistance against
Streptococcus Iniae. Aguaculture 2015, 437, 282-286,
doi:10.1016/j.aquaculture.2014.12.015.

Humphries, D.L. Scott, M.E. Vermund, S.H. Pathways Linking Nutritional Status and
Infectious Disease: Causal and Conceptual Frameworks. Nutr. Infect. Dis. Shifting
Clin. Paradig. 2021, 3-22.

Tani, S. Kawauchi, K. Atsumi, W. Matsuo, R. Ashida, T. Imatake, K. Suzuki, Y. Yagi,
T. Takahashi, A. Matsumoto, N. et al. Association among Daily Fish Intake, White
Blood Cell Count, and Healthy Lifestyle Behaviors in an Apparently Healthy
Japanese Population: Implication for the Anti-Atherosclerotic Effect of Fish
Consumption. Heart Vessels 2021, 36, 924-933, doi:10.1007/s00380-020-01769-9.



43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Zhang, Z. Gao, S. Dong, M. Luo, J. Xu, C. Wen, W. Huang, Y. Wu, Y. Zhou, J.
Yuan, Z. Relationship between Red Blood Cell Indices (MCV, MCH, and MCHC)
and Major Adverse Cardiovascular Events in Anemic and Nonanemic Patients with
Acute Coronary Syndrome. Dis. Markers 2022, 2022, doi:10.1155/2022/2193343.

Fazio, F. Fish Hematology Analysis as an Important Tool of Aquaculture: A Review.
Aquaculture 2019, 500, 237—242, doi:10.1016/j.aquaculture.2018.10.030.

Shahsavani, D. Mohri, M. Kanani, H.G. Determination of Normal Values of Some
Blood Serum Enzymes in Acipenser Stellatus Pallas. Fish Physiol. Biochem. 2010,
36, 39-43, d0i:10.1007/s10695-008-9277-3.

Abdel-Daim, M.M. Dawood, M.A.O. Aleya, L. Alkahtani, S. Effects of Fucoidan on
the Hematic Indicators and Antioxidative Responses of Nile Tilapia (Oreochromis
Niloticus) Fed Diets Contaminated with Aflatoxin B1. Environ. Sci. Pollut. Res. 2020,
27, 12579-12586, d0i:10.1007/s11356-020-07854-w.

Lu, K. le Xu, W. na Li, J. yi Li, X. fei Huang, G. ging Liu, W. bin Alterations of Liver
Histology and Blood Biochemistry in Blunt Snout Bream Megalobrama
Amblycephala Fed High-Fat Diets. Fish. Sci. 2013, 79, 661-671,
doi:10.1007/s12562-013-0635-4.

Keri Alhadi, I. Aziz, A. Abol-Munafi, a B. Haematological Changes in Nile Tilapia
(Oreochromis Niloticus) Fed with Varying Dietary Maltose Levels. World J. Fish Mar.
Sci. 2012, 4, 376-381.

Baba, E. Acar, U. Ontas, C. Kesbig, O.S. Yilmaz, S. Evaluation of Citrus Limon
Peels Essential Oil on Growth Performance, Immune Response of Mozambique
Tilapia Oreochromis Mossambicus Challenged with Edwardsiella Tarda.
Aquaculture 2016, 465, 13-18, doi:10.1016/j.aquaculture.2016.08.023.

Gunter, G. Sulya, L.L. Box, B.E. SOME EVOLUTIONARY PATTERNS IN
FISHES’BLOOD. Biol. Bull. 1961, 121, 302—-306.

Magnadéttir, B. Innate Immunity of Fish (Overview). Fish Shellfish Immunol. 2006,
20, 137-151, doi:10.1016/j.fsi.2004.09.006.

M.A.A. Metwally and A.M. El-Gellal Used of Some Plant Wastes for Fish Feeding
with Reference on Its Impact on Growth Performance and Body Composition. World
Appl. Sci. J. 2009, 6, 1309-1313.



