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ABSTRACT

As mulberry is being exploited by sericulture, pharmaceutical, cosmetic,
food and beverage industries along with its utilization in environmental
safety approach; it is appropriate to call it as the most suitable plant for
sustainable development. So the aim of using Morus alba L. is to examine
its ability to enhance common carp growth performance, biological and
some hemato-biochemical parameters. This study has evaluated the growth
performance and health performance of common carp (Cyprinus carpio L.)
isoenergetic with isonitrogenous diets supplemented with ( (T1 group), (T2
group), (T3 group), 0, 10, 15gm of mulberry fruit powder, respectively )
for 12 weeks in the laboratory of fish diseases, College of Veterinary
Medicine, University of Sulaimani. Results revealed that the T3 group was
significantly higher than other treatments concerning growth performance
and feed utilization parameters. The addition of white mulberry fruit
powder significantly increased RBC's count and PCV % in the T3 group.
Cholesterol, triglyceride, and HDL were significantly higher in the T3
group, while LDL was significantly lower in the T3 group. The present
study revealed that diets supplemented with mulberry increased common
carp growth and health performance (Cyprinus carpio).
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INTRODUCTION

Tropical and subtropical fruit species mulberry
(Morus spp.) are involved in the genus Morus and the
family Moraceae (Ozrenk et al., 2010). East, West and
South East Asia, South Europe, South of North
America, Northwest of South America and some parts
of Africa are distribution areas of Morus spp. The most
commonly grown species in the Morus genus are white
mulberry, black mulberry, and red mulberry (Ozgen et
al., 2009).

Morus albas L. (Moraceae) white mulberry has
a long history in Chinese medicine. White mulberry is
cultivated through leaves is the main food source for
silkworms. Traditionally, the white mulberry plant has
been used to treat weakness, fatigue, anemia, dizziness
and constipation in elderly patients because of its
analgesic, antiasthmatic, antirheumatic, expectorant,
hypotensive and brain tonic effects (Al-Kennany et al.,
2009).

Ozgen et al., (2009) stated that mulberry had
essential effects on human health with the help of its
antioxidant contents. The demand for fruit species
containing anthocyanins and anthocyanidins has been
increased due to the identification of anticarcinogenic
effects of flavonoids in a recent study. Gundogdu et
al., (2011) determined that chlorogenic acid and
antioxidant contents in the fruit of Morus nigra were
found to be quite higher than those of M. alba and M.
Rubra. It has been reported that phenolic compounds
such as widely prevailing chlorogenic acid and
catechins have antimutagenic and anticarcinogenic
features. Moreover, nitrosamines suspected to cause
cancer are blocked with cinnamic acids, a sub-group of
phenolic acids (Cemeroglu et al., 2004).

Mulberry is also used as a medicinal plant in
improving and enhancing the life of human beings by
utilizing the biologically active pharmacokinetic
compounds found in leaf, stem and root parts. Further
industrial exploitation of mulberry through preparation
gained the attention of industrialists. As mulberry is
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being exploited by sericulture, pharmaceutical,
cosmetic, food and beverage industries and its
utilization in environmental safety approach; it is
appropriate to call it the most suitable plant for
sustainable development (Rohela et al., 2020). So the
aim of using Morus alba L. is to examine its ability to
enhance common carp growth  performance,
hematological and biochemical parameters, and meat
quality.

MATERIIALS AND METHODS

1. Preparation of Herbal powder:

White mulberry fruit obtained from local
markets in march due that it was its season and very
cheap, dried in sunlight for several days, making its
powder by mincing in the same mincer used in the
College of Veterinary Medicine.

2. Diet and Treatments:

M. alba with different concentrations were
incorporated into a commercial diet where: T1; a
commercial diet without any supplement, T2 a
commercial diet supplemented with 10 g/Kg; and T3
supplemented with 15 g/Kg diet.

Proximate chemical composition for moisture,
crude protein, total lipids, and ash contents was
determined according to the standard methods of
AOAC (2005) (Table 1).

Table 1: Chemical composition of different diet
treatments

Ingredient Tl T2 T3
(Percentage %)  (Control  (Group  ( Group
group) 2) 3)
Crude Protein 29 29 29
Crude Fat 2.2 2.2 2.2
Dry Matter 87.4 87.4 87.4
Crude Fiber 4.7 4.7 4.7
White mulberry 0 10 15
fruit powder

3. Fish and Rearing System:

Common carp ( Cyprinus carpio L.) was
brought from local earthen ponds located in Daqoq,
north of Irag, and acclimated to laboratory conditions
for three weeks during which fish fed on a commercial
diet (28% crude protein). At the end of the acclimation
period, 135 fish (95-105 g) were distributed in nine
100-L tanks at a density of 15 fish per tank. Each tank
is provided with compressed air via air stones
connected to an air pump. During the experiment, some
of the water quality parameters were 5.41-5.11, 23-25

and 7.1-7.4 in each of Oxygen concentration,
temperature, and pH, respectively. Fish fed thrice times
a day at 9:00, 13:00, and 17:00 h for 12 weeks with 3
% body weight. A half of each tank's water, along with
fish wastes, will be siphoned every day and replaced by
well-aerated dechlorinated to maintain water quality
along with the experiment.

4. Growth performance:

At the end of the experimental time, fish from
each tank were collected, counted, and group-weighed.
Parameters of fish growth and feed utilization were
calculated according to Brown (1957) as follows:

e  Weight gain (g) = W2—WI.
e Specific growth rate (SGR; %g/day) = 100 [Ln

W2 (g) -Ln W1 (g)/T .
where W1 is the initial weight (g), W2 is the final
weight (g), and T is the feeding period (day);

The relative growth rate was calculated
according to the method described by Brown, (1957)
where:

e Relative growth rate (RGR %) = Weight
gain/Initial weight x 100 = W2-W1/ W1 x 100.

e The specific growth rate was calculated
according to the method described by Uten,
(1978).

e Specific growth rate (SGR) % = (Ln final body
weight-Ln initial body weight)/ experimental
period) x 100 = ((Ln W2-Ln W1)/ T) x 100.

e Feed conversion ratio (FCR) = Total feed fed
(gm.)/ Total wet weight gain (g) .

o FCR= Total feed/ Total wet weight gain.

o Feed efficiency ratio (FER) = Total weight
gain (gm.)/ Total feed fed (gm.) according to
Uten (1978).

e The protein efficiency ratio was calculated as:
Protein efficiency ratio (PER) = Total wet
weight gain (gm/fish)/ Amount of protein fed
(gm./fish) according to Uten (1978).

o Fat efficiency ratio (FER) = Total wet weight
gain (gm/fish)/ Amount of fat fed (gm./fish)
according to Uten (1978).

5. Biological parameters:

At the end of the experimental period, five fish
were randomly taken from each tank, anesthetized with
clove powder (30 mg/L) (Hassan, 2016) and blood
samples were collected from the caudal vein. Fish
weight and total length were recorded. Fish dissected
where liver, gills, viscera, and kidney removed and
weighed.

The organs-somatic indices of fish were
calculated as follows:
e Condition (K) factor = 100 (fish weight;

g)/(fish length; cm)® (Lagler, 1956).
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e Hepatic somatic index (HSI, %) = 100 (liver
weight (g)/fish weight (g)) (Lagler, 1956).

e The following indices were calculated
according to Abdulrahman et al., (2018).

o Gills somatic index (GSI, %) = 100 (gills
weight (g)/fish weight (g)).

¢ Kidney somatic index (KSI, %) = 100 (kidney
weight (g)/fish weight (g)).

e Spleen somatic index (SSI, %) = 100 (kidney
weight (g)/fish weight (g)).

e Intestine Length Index (According to fish
Length) = 100 (Intestine length (cm)/fish
length (9)).

e Intestine Length Index (According to fish
Weight) = 100 (Intestine length (cm)/fish
weight (g)).

e Intestine Weight Index = 100 (Intestine length
(cm)/fish weight (9)).

e Weight without Viscera Index = 100 (Fish
weight / Fish Weight without Viscera.

e Weight without Viscera & Head = 100 (Fish
weight / Fish Weight without Viscera & Head.

6. Hematological parameters:

Blood samples obtained from the caudal vein
were divided into two sets of Eppendorf tubes. The
first set contained sodium heparinate (20 U/L), as an
anticoagulant, for analyzing hematological parameters
including white blood cells (WBC's) count, red blood
cells (RBC's) count, hemoglobin (Hb) concentration,

PCV % Platelets count and hematological indices (
MCV, MCH, MCHC) according to Feldeman et al.,
(2000). The second set was left with no anticoagulant
in order to clot at 4°C and centrifuged at 5000 x g for
20 min at room temperature to obtain serum for
measuring the different biochemical parameters.

7. Biochemical parameters:

Serum biochemical analyses including glucose,
total protein, total cholesterol, high-density lipoprotein
cholesterol (HDL), low-density lipoprotein cholesterol
(LDL), very low-density lipoprotein (VLDL),
triglycerides, aspartate aminotransferase (AST), and
alanine aminotransferase (ALT) were determined using
an automatic biochemical analyzer using commercial
kits from Spinreact, S.A. (Gerona, Spain)
(Abdulrahman et al., 2020).

8. statistical analysis:

Prior to statistical analysis, all data were tested
for normality of distribution using the Kolmogorov—
Smirnov test. The homogeneity of variances among
different treatments will be tested using Bartlett's test.
Then, data will be subjected to one-way ANOVA to
evaluate the effects of different feed supplementation.
Duncan's test is used as a post hoc test to compare
between treatments at P < 0.05. All the statistical
analyses were done via SPSS program version 20
(SPSS, Richmond, VA, USA) (Dytham, 2011).

RESULTS
As shown in Table 2, regarding the effect of white mulberry (Morus albas L.) fruit powder on common
carp, the T3 group with 15 g/kg was significantly higher than other treatments in each growth performance and

feed utilization parameter.

Table 2: Effect of white mulberry (Morus albas L.) fruit powder on common carp growth performance

and feed utilization

) Specific Relative Feed Feed Protein Fat
Treatments  Wt.Gain . © oo Growth Rate  Conversion  Efficiency  Efficiency  Efficiency
Ratio Ratio Ratio Ratio
0.150° + 21.334°+
Tigroup 27080°% 22497+ 45128+ 0934+  11.309°+
0.194 0.005 1.05 0.04 2.14 0.05 1.06
01922 + 28.145b +
Togroup ~ 2856%°% 20520+  49.084°+  0.985b%  12.984°+
0.24 0.004 1.07 0.07 1.56 0.03 1.06
0209°+  31.024%%
Tagroup ~ S2A70°E 16220+ 62021+ 1.120%% 14.759°%
0.34 0.001 1.14 0.07 2.04 0.09 1.90

Different letters in the same rows mean significant differences (p < 0.05).
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Table 3: Effect of white mulberry (Morus albas L.) fruit powder on common carp bio-physiological

indices
Hepatosomatic ~ Spleen somatic ~ Gill somatic  Kidney somatic Condition
Treatments . . . .
index index index index Factor
T1 group 1.476% £0.02 0.163* +0.04 6.1042+0.01 0.3072 +£0.01 1.5282+0.01
T2 group 1.6722 £0.01 0.194% +0.05 5.205%+0.01 0.4592 +0.01 1.4122+0.01
T3 group 1.8072 £0.02 0.1322 +0.04 6.282% +0.01 0.3732+0.01 1.610% £0.02

Different letters in the same rows mean significant differences (p < 0.05)

No significant differences were observed in Intestine Weight Index among treatments; the T2 group was
higher significantly in Intestine Length Index in both fish weight and length, as seen inTable 4.

Table 4: Effect of white mulberry (Morus albas L.) fruit powder on common carp intestine indices

Intestine Weight Intestine L_ength I_ndex Intestine L'ength I_ndex
Treatments Index (Accordl_ng to fish (According to fish
Weight) Length)
T1 group 1.730240.02 19.696 ° +0.03 139.642° +1.24
T2 group 2.0432+0.02 22.359 ® +0.0.3 139.524° +1.24
T3 group 2.3392+0.02 23.5412+0.02 158.182 2 +1.22

Different letters in the same rows mean significant differences (p < 0.05).

Fish weight without viscera and/ or head were significantly higher in the T2 group as shown in table 5.

Table 5: Effect of white mulberry (Morus albas L.) fruit powder on common carp meat indices

Treatments Wt. without Viscera Index we WlthOUtI r\]glz)c(era & Head
T1 group 78.974 ¢ +1.04 59.251°+1.08

T2 group 80.505 ° +1.05 59.452 ° +1.04

T3 group 83.576  +1.02 62.683 ¢ £1.03

Different letters in the same rows mean significant differences (p < 0.05)

Table 6 showed that the addition of white mulberry (M. albas L.) fruit powder significantly increased
RBC's count, WBC's count and PCV % in the T3 group ( 15g/kg diet) of than the control group (T1) and T2

group. The control group (T1) was significantly higher in each MCH, MCHC, MCV, and Platelet count. No
significant differences were observed in hemoglobin concentration.

Table 6: Effect of white mulberry (Morus albas L.) fruit powder on common carp hematological

parameters.
Treatments RBCS ~ WBCs  HB PCV MCH MCHC  MCV  PLT
(10°7pL) (10°pL)  (grdl) (%) (pg) (9%) (fL)  (10°uL)
Tigroup ©%0°f 1040° 010®: 1480° 13140°+ 612500° 2171+ 150.0°%
0004 #0005 074 0.14 1.25 +1.54 1.24 0.17
T2grop %00 b+ 10.658° 9.00®+ 16.95° 112.85°+ 5820°+ 20.28°+ 105.0°
0007  +0004 051  +011 121 1.09 106  +041
Tagrouyp 1LO0E 110597 925+ 2265° 8530°+ 4425°k 19.24° 1050 b
0001  +0.008 091  +024  1.97 1.20 +109 027

Different letter in the same rows mean significant differences (p < 0.05)
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Cholesterol, triglyceride and HDL were significantly higher in T3group according to the control group
(T1) and T2 group, LDL was significantly higher in the control group (T1), and no significant differences were

observed in VLDL seen in Table (7).

Table 7: Effect of white mulberry (Morus albas L.) fruit powder on common carp lipid profile

Treatments szgqlge;(t;i‘)rol T”(?rll)gl:glr)lde LDL (U/L) (IIIJI?LL) \(/L%/Ii)L
Tigroup  8825°%015  18L00%%014 S0 7>°  3870°2004 o
Tagoup  89.00°:0.14  185.40°:012 007 4edsvroon SN
Tagoup 03653011 104251012 00 s6isi001 o

Different letters in same rows mean significant differences (p < 0.05)

The white mulberry (M. albas L.) fruit powder significantly affects GPT, GOT in the T2 group and the
CKI. Blood sugar was higher significantly in the control group (T1), the control group (T1) was significantly
higher in each of total protein and albumin ratio, no significant in Globulin ratio as observed in Table 8.

Table 8: Effect of white mulberry (Morus albas L.) fruit powder on common carp serum biochemistry

Treatments Glucose GPT GOT TP, (g/dl) Albumin  Globulin CKI

(mg/dl) (U/L) (U/L) v (g/dl) (g/dl) (U/L)

T1 group 136.80° 64.25%+ 141.45° 2.802 1.952 0.262 770.350?
+0.01 0.14 +0.01 +0.02 +0.01 +0.02 +0.91

T2 group 125.30° 98.95° 122.30¢ 2.65P 1.15° 0.252 284.000°
+0.02 +0.15 +0.01 +0.01 +0.01 +0.01 +1.04

T3 group 62.10° 117.60? 171.852 2.59b¢ 0.19¢ 0.25% 744.550°
+0.01 +0.14 +0.01 +0.01 +0.01 +0.01 +1.05

Different letters in same rows mean significant differences (p < 0.05)

DISCUSSION

For the first time, the present study was
conducted to evaluate the possible effects of dietary
supplementation of white mulberry fruit powder on the
growth  performance, some hemato-biochemical
parameters and some biological parameters of common
carp. The efficacy of mulberry has been attributed to
the flavonoids compounds, which may help in
improving the health status and performance of fish
(Katsube et al., 2006). Although mulberry is widely
used as a medicinal herb globally, no brief studies
explained its application as feed additives in
aquaculture. Its availability in local markets with
benefits makes it used by recent research.

M. alba fruit has a long history of use as an
edible fruit and traditional medicine. A great diversity
of bioactive compounds, including anthocyanins, rutin,
quercetin, chlorogenic acid, and polysaccharides, have
been found in mulberry fruit. Furthermore, mulberry
fruit has shown numerous biological activities such as
antioxidant,  neuroprotective,  antiatherosclerosis,
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immunomodulatory, antitumor, antihyperglycemic, and
hypolipidemic activities. Natural food products might
be safe and eco-friendly without side effects. A study
suggested that polyphenolic-rich mulberry could afford
potent protection against EC-induced cytotoxicity and
oxidative stress (Chen et al., 2017).

Mulberry is listed as a kind of homology of
medicine and food in China. A large number of studies
have reported that mulberry is rich in flavonoids and
anthocyanins which give it a potent antioxidant
activity. In addition, mulberry fruits have also been
proved to possess various biological activity including
antiobesity, antihyperglycemic, and anti-inflammatory
effects (Chen et al., 2017). The results of Alipanah et
al., (2020) showed that silkworms that consumed
leaves of mulberry had better performance. Also, they
had better performance for traits of cocoon shell
weight, feed efficiency to cocoon shell weight, and
feed efficiency to cocoon weight. According to the
author's review, there is no related study to compare
the recent results.
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Growth performance and feed conversion ratio
are essential parameters to judge the potential of using
feed additives in aquaculture. The present study found
that dietary mulberry played an important role in
improving the weight gain, specific growth rate, and
feed conversion ratio of common carp. Fish fed a diet
supplemented with mulberry showed a significant
weight gain increase and concurrent FCR decrease. Our
observation is inconsistent with previous findings that
reported that using medicinal herbs addition increased
the growth-related parameters while decreasing feed
conversion ratio (Abedalhammed et al., 2017, Acar et
al., 2018; Parrino et al., 2019; Zemheri-Navruz et
al., 2019, Abdulrahman et al., 2020, Shaima et al.,
2020). In fish, monitoring the indices such as
hematological parameters can reveal general immune
system conditions. However, using high levels of the
dietary mulberry (15 g/kg) in the present study
improved the blood parameter to the point found in the
control treatments.

The current study demonstrated that dietary
incorporation of mulberry significantly affected growth
and feed efficiency in common carp through the
improvement of FCR. Berry plants are reported to
contain a variety of bioactive compounds such as
anthocyanins, flavonols, or ellagitannins (Yilmaz,
2019). Concerning these points, Shekarabi et al.,
(2020) showed that Growth performance of rainbow
trout fed diets enriched with different levels of
mulberry juice powder the SGR, WG, and SR values
were increased significantly following dietary
supplementation with mulberry juice powder in a dose-
dependent manner with the highest values in fish fed
0.75%. Additionally, the feed conversion ratio (FCR)
was decreased when fish were fed mulberry juice
powder. Li et al., (2012 ) reported that the improved
WG and FCR by dietary herbs are related to improved
utilization of nutrients and the activation of the
functionality of the intestinal flora.

Stimulation of digestion and enhanced protein
assimilation in the intestinal tract of fish takes place via
various active compounds of herbs (Kesbig¢, 2019;
Kim et al., 2019; Yilmaz, 2019 b). Further, Van
Doan et al., (2019 b) reported that herbs, such as Thai
ginseng (Boesenbergia rotunda) powder and elephant's
foot (Elephantopus scaber) extract, can stimulate
digestion in Nile tilapia through a possible increase in
digestive enzyme activity. Chemical composition of
rainbow trout fed diets in Shekarabi et al., (2020)
enriched with different levels of mulberry juice powder
after 8 weeks. Body crude protein and moisture
contents were increased significantly in fish-fed
mulberry juice powder at 0.5 and 0.75%. In contrast,
fish showed improved lipid content by feeding
mulberry supplemented at 0.25, 0.5, and 0.75%
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compared to the control group. On the other hand, body
ash content was increased in a fish-fed mulberry
enriched diet. Interestingly, mulberry supplementation
increased the body's protein and lipid contents. This
may be attributed to its role in enhancing the protein
and lipid metabolism-related to improved feed
utilization.

Blood biochemical and physiological markers,
for example, serum compounds, could be utilized to
recognize the probable beneficial effects of using
natural feed additives on the health status of aquatic
animals (Zaineldin et al., 2018). Blood cortisol and
glucose contents are among the important signs against
environmental stressors in fish (Dawood et al., 2017).
High blood glucose levels result from increased
cortisol levels, which would promote gluconeogenesis
in the liver (Leach and Taylor, 1982). In this study,
glucose levels decreased in fish-fed mulberry when
compared with the control group. The significantly
lower glucose levels in blood suggested that mulberry
had an antistress effect and inhibited the amplitude of
elevated cortisol, thereby reducing the magnitude of
elevated glucose levels in the blood.

The results also showed that from the dietary
inclusion levels of the mulberry used in the present
study (0, 10, and 15 g/kg), the dietary supplement of 15
g/kg was the most effective in improving the
performance. Several herbal plants also were tested for
their growth-promoting activity in aquatic animals such
as Jayaprakas and Euphrasia, on hRohu (Labeo rohita)
fish, Date Palm Seeds (Phoenix dactyliferous L.) by
Ahmed et al., (2017) and Hama et al., (2019) using
alfalfa leaves powder on common carp. In addition, Wu
et al. showed that the supplementation of Gynostemma
pentaphyllum, traditional herbal medicine in China, to
grass carp feed resulted in an increase in FCR, weight
gain, and growth rate. These reflect the improvements

in the nutritional balance and in immunity
enhancement in fish.
To find efficacious drugs to control

Ichthyophthirius multifiliis (Ich), the root bark of white
mulberry M.s alba was evaluated for its antiprotozoal
activity. Bark was powdered and extracted with 1 of 5
organic solvents: Low concentrations (2 and 4 mg 1-1)
of acetone and ethyl acetate extracts could not kill all
theronts after 4 h exposure, but a significant decrease in
the front infectivity was observed following 30 min of
pretreatment with the extracts. M. alba extract may be
a potential new, safe, and efficacious drug to control
Ich (Fu et al., 2014). Antiviral activities of M. alba
juice and seed were examined using time-of-addition
plaque assays against influenza viruses; its results
suggest that mulberry juice can be developed as a novel
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plant-derived antiviral against influenza viruses (Kim AHMED,

and Chung, 2018).

Fujaya, et al., (2014) show that mulberry
extract significantly influences the survival rate, stage
growth, and the mortality rate of blue swimming crab
larvae due to molting syndrome. The higher the dose of
ME in the artificial food, the higher the survival rate
and the lower the mortality rate due to molting
syndrome. These studies indicated that irrespective of
the lutein and P-carotene content of the mulberry
leaves in the diet, the fancy carp can convert them to
astaxanthin in serum (Yuangsoi et al., 2010). Fish fed
all the diets metabolized the carotenoids to astaxanthin,
resulting in increased serum levels of this compound.
This work suggests the novel approach of using natural
plant leaves to replace synthetic carotenoids in
aquaculture diets (Yuangsoi et al., 2010).

CONCLUSION

According to the results observed in our study
the addition of 10 and 15 gm white mulberry has
benefits to common carp growth and health
performance, so it is recommended to be added in
aquaculture.
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