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Avrticle History: This study aimed to perform a comparison between date pits (DP) and
Received: Sept. 28, 2020  Trichoderma. Reesei fermented (fungi degraded) date pits (FDP) as a dietary
Accepted: Nov. 29, 2020 component, to use it as a cheaper high-energy feed ingredient to increase the
Online: Dec. 14, 2020 growth rate, and to determine the probiotic possibility of FDP supplementation

Keywords: for fingerlings Liza ramada. Diets contained different concentrations of date pit

Liza ramada: (DP), and fermented DP diets (FDP) as a replacement for dietary corn, were

date pits; used to feed Liza ramada fingerlings (0.65 g initial weight) for 6 weeks. The

fermented date pits; specific growth rate remained unchanged at a concentration of 5% with DP,

intestinal bacteria. then, it was decreased by increasing the concentration of DP. A highly
significant increase in growth rate was detected by increasing the concentration
of FDP (p <0.001), reaching its maximum at 450 gkg™. Hemoglobin depletion
occurred comparing to the control during the DP feeding, whereas, it was
inclined with increasing the FDP concentrations. Serum glucose levels showed
no significant change during feeding with DP but it was increased during FDP
feeding. Serum triglycerides of fish fed with FDP was highly increased, that
explained the increase in muscle lipid. Serum cholesterol levels were decreased
in fish fed with DP, while increased with that fed FDP. It is worth mentioning
that no previous studies were examined pathogen resistance of cultured Liza
ramada associated with DP and FDP supplementation in a diet. This study
enhanced the necessity to use FDP in diets to lessen the intestinal harmful
bacteria (Salmonella spp., Campylobacter spp., Shigella spp. and E. coli) count,
and to support fish health and increase growth rates.

INTRODUCTION

The human demand for fish consumption had increased all over the world since it
became the main alternative source of the animal protein upon which one billion people
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are dependent as their main protein source, and it is likely to rise further (Assem et al.,
2014).
The price of energy supplements for animal feeds has recently increased

dramatically with their increasing demand and that lead up to search for cheaper high-
energy feed ingredients (Obirikorang et al., 2015). According to the principles of eco-
innovation concerning a “zero waste”, many wastes are now used as raw materials for
many industries (Kasapidou et al., 2015). The date palm, Phoenix dactylifera L., grows
in many developing countries, where the supply of cereal grains for animal feeds is very
limited. Egypt has been the world’s largest producer of dates since 1974 (1,562,171 MT
year ') (FAO stat, 2018). It represents about 20 % of the total world production (Zaid,
2001). Date pits are a by-product of date processing; it is known that the average weight
of date pits ranges from 13% to 15% of the date weight (Hussein et al., 1998). As a
result, approximately 189,000 MT of date pits are available every year as a by-product of
date processing plants in Egypt and are already used in the feeding of ruminant animals.
Date pits have been tested as a feed ingredient for fish feeds but fish production was
not significantly affected (Azaza et al., 2009; Gaber et al., 2014). The high content of
indigestible carbohydrates may limit their use in the fish ration (Rahman et al., 2007).
Alyileili et al. (2020) found that the crude fiber content of degraded date pits was found
to be 20.8 %, crude fat (7.2%), protein (5.56%), total carbohydrate (87.2%), ash (2.09%).
Neutral detergent fiber (NDF) and acid detergent fiber (ADF) was found to be 74.6% and
45.7%, respectively. Monosaccharide composition of fiber revealed that the degradation
with T. reesei significantly (P<0.05) enhanced the glucose and mannose content of
cellulose, hemicellulose and lignin. Also pectin, total carbohydrate and mannan
oligosaccharide content were increased in degraded date pits in which galactose and
mannose were the major neutral sugars. And concluded that biological degradation with
T. reesei significantly (P<0.05) improved the nutritional effect of date pits so as to be
used in food industry with great improvement. Belal (2008) discussed the use of xylanase
enzymes in feed formulations to liberate nutrients either by hydrolysis of non-degradable
cellulose and hemicellulose fibers or by liberating nutrients that are blocked by these
fibers. Also, Habibi Najafi et al. (2016) studied development of sourdough fermented
date seed for improving the quality and shelf life of flat bread: study with univariate and
multivariate analyses and results showed that fermentation with baker’s yeast and/or
lactic acid bacteria, improved the palatability and processability of fibers and whole meal
flours and it is a potential bioprocessing technology for improving sensory aspects of
bread supplemented with pulverized date seed, as a dietary fiber resource.
Because of the high cost of enzyme utilization in animal feed, a test made by Mireles-
Arriaga et al. (2015) and recommended the use of the soft-rot fungus, trichoderma.
reesei, which was able to produce the xylanase enzymes, as an economical alternative for
dietary fibers degradation.T. reesei is an important producer of industrial enzymes,
especially cellulases for conversion of cellulosic biomass (Bischof et al., 2016;
Paloheimo et al., 2016; Schmoll et al., 2016). Additionally, the fungi are approved as
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save ingredients for animal (fish) feed by the U.S. Food and Drug Administration (FDA,
1993). It is efficient in producing large amounts of different cellulase-degrading enzymes
(Saloheimo et al., 2002). Known to produce two exoglucanases (cellobiohydrolases, five
endoglucanases also two B-glucosidases for cellulose degradation (Saloheimo et al.,
2002). The natural substrate of this fungus found in date pits promotes induction of these
enzymes. The T. reesei nucleotide sequence and annotation data have been deposited in
GenBank under accession number MLIWO00000000.

In aquaculture, infectious diseases are the major cause of economic losses.
Modulate the immune defenses and nutritional performance (Ramos et al., 2013).
Probiotic supplementation may change the microbiota of the digestive tract and
accordingly the goal of present study is to evaluate the effect of fungi degraded date pits
as a feed ingredient and its role in decreasing the bacterial infection, via estimation of the
intestinal bacterial count of the fish, that leading to health benefits to L. ramada.

MATERIALS AND METHODS

Preparation of the fish for experiments

The grey mullet, L. ramada, fingerlings ranging in length from 6.0 - 8.0 cm used in all
experiments were obtained from local hatcheries, and maintained in 20 L fiberglass tank
under a 12 L: 12 D photoperiod. The tanks were provided with a continuous flow of
aerated dechlorinated tap water at 25+1°C. The fish was fed daily with fish diet (35%
protein) at a rate of 3% body weight, feeding was interrupted 24hr before the start of
experiments and throughout their duration. During the experiments, fishes were
transferred to 12 L glass aquaria, its water was changed every 24hr by siphon technique
to minimize disturbance.

Preparation of fungal culture and process of degradation

Fungal culture

Four ampoules of dried (vacuum) culture of T. reeseiDSM 678 were purchased from
DSMZ (Braunschweig, Germany). As described by the company (DSMZ) manual,
ampoules are opened, and re-hydration of dried cultures occurred. Transferee of a
subsample from the re-hydrated fungi culture applied to potatoinfusion media.
Fermentation of date pits by Trichoderma reesei

Five kilograms of freshly separated date pits of P. dactylifera were finely grounded using
a feed grinder, sieved to pass through 0.6 mm diameter, and stored in labelled containers
until used. Half of the grounded date pits were exposed to a degradation process using T.
reesei fungus by feed batch fermentation process as described by Belal (2008).
Experimental diets

Date Pit diets (DP) and Fermented Date Pit diets (FDP)

The five isocaloric-isonitrogenous diets (300 g kg™ crude protein, and 107 kJ gross
energy / 100 g) contained 0, 5, 10, 15 and 20 g kg™ Date pit (DP).
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The four isocaloric-isonitrogenous fermented diets (300 g kg™ crude protein, and 107 kJ
gross energy /100g) contained 0, 150, 300 and 450 g kg™ FDP. All diets were prepared as
described by Belal (2008) as follows: All feed ingredients were grounded and mixed in a
commercial mixer (Spar mixer, 3 HP, Taiwan) for 20 min. Vitamin and mineral mixes
were gradually added with continuous mixing. Distilled water (60 "C) was slowly added
while mixing to achieve a consistency suitable for pellet production. The wet mix was
then passed through a kitchen meat grinder and dried for 24 h at 60°C in a forced air
drying oven. The dried diet was chopped into pellets in a blender and then passed through
laboratory test sieves (mesh 2.00 and 0.88 mm) to ensure homogeneity of particle size.
All feeds were stored at - 20 'C until used.

Table 1. Composition and proximate analyses of the tested diets (g kg™ dry matter)

. . Degraded date pits (g kg™

Feed ingredient 0 150 300 450
Casein 236.7 224.5 214.9 207.7
Gelatin 106 106 106 106
Yellow corn 340 238 137 35
Date pits 0 150 300 450
a-cellulose 207.3 184.5 158.1 121.3
Soybean oil 30 17 4 0
Fish oil 20 20 20 20
Vitamins premix* 20 20 20 20
Minerals premix’ 40 40 40 40
Crude fat 51 48 51.3 50.5
Crude protein 308 305 308 303
Crude fiber 228.6 208.2 167.6 135.1
Total ash 128.1 128.8 131.2 | 1355
NEF® 284.3 306. 7 345.2 | 375.9
Energy” (kcal g) 34 34.8 36.2 37.4

Vitamins include: Thiamine 2.5 g kg™, riboflavin 1 g kg™, pyridoxine 2 gkg™, pantothenic acid 5
g kg™, inositol 100 g kg™, biotin 0.32.5 g kg™, folic acid 0.75gkg™, para aminobenzoic acid 2.5 g
kg™, choline 200 g kg™, niacin 10 g kg™, cyanocibalmin 0.005 g kg™, atocopherol acetate 20.1 g
kg™, ascorbic acid, retinol palmitate 100 000 IU, acid 50 g kg™, menadione 2 g kg™,
cholecalciferol 500 000 1U. Similar to that in Jauncey (1998).

2 Minerals: CaHPO,.2H,0 727.775 g kg™, MgS0,.7H,0 127.5 g kg™, NaCl 60 g kg™, KCI 50 g
kg™, FeSO,.7H,0 2gkg *, ZnS0O,.4H,0 5.5 g kg*, MnS0,.4H,0 2.5375 gkg™, CuS0O,.2H,0
0.7850 g kg™, C0S0,.6H,0 0.4775 g kg™, CalO3.6H,0 0.295 g kg™, CrCly6H,0 0.127 g kg™.
Similar to that in Jauncey (1998).

¥ Nitrogen-free extract, determined by difference.

*Gross energy, calculated based on protein (5.64 kcal g™), carbohydrate (4.11 kcal g™) and lipids
(9.44 keal g™ (Belal, 2008).
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Growth experiment
Experimental diets were fed to triplicate groups of fish (1.88 g), to satiation, twice a day,
for 6 weeks. At the end of the experiment, all fish from each tank were separately
weighed, killed, grounded in a commercial blender and stored at -20 "C for subsequent
body composition analysis. Feed efficiency performance including fish weight gain
percentage (WG), feed conversion ratio (FCR), protein deposition value (PDV),
calculated energy deposition value (EDV), protein efficiency ratio (PER), and specific
growth rate (SGR) were calculated with the following equations:
WG = (Wf - Wi)/Wi x 100.
Where Wrsis the mean final weight (g) per fish, and W; is the mean initial weight (g) per
fish.
SGR= (LN W5 — LN W) / (T2 —Ty)
Where W, is weight (g) at time T,

W is weight (g) at time T,
FCR = feed (dry) intake (g)/wet weight gain (g).
PDV= final body protein (g) per fish - initial body protein (g) per fish
PER=live weight gain (g) / protein intake (g)
EDV= final body energy (kJ) per fish-initial body energy (kJ) per fish

Experimental design and Culture system

Groups of ten fish were randomly stocked into each aquarium, with four replicates per
each treatment. To avoid the influence of any systematic stress factors, fish groups were
randomly redistributed halfway through the experiment. In each trial, one aquarium was
allocated to fish fed on the diet without DP or FDP to serve as the control. Each aquarium
was considered as an experimental unit. Fish were fed ad-lib at 09.00, 12.00, and 15.00 h.
Approximately 15 to 20 min after all feeding activity had subsided, the uneaten feed was
removed and weighed to determine the amount of eaten feed. Fecal wastes were siphoned
from each aquarium every day. Group weight measurements were done at weekly
intervals. Experimental periods lasted for 6 weeks for all the tested diets.

Blood and tissue samples collection:

Three groups of 8 fish were killed at the end of the experiment (6 weeks), for each of the
experimental diets. Handled controls were subjected to the same amount of disturbance as
the experimental fish but fed FDP free diet. Fish were caught by hand net quickly to
minimize the disturbance. Then they were placed upside down and the blood was
obtained by incision directly into the heart using heparinized glass pipette, then the blood
taken was divided for blood hemoglobin and serum analysis. Serum was separated
directly by centrifugation to avoid hemolysis and stored at -20 C till analysis was done.
After blood sampling, the fish were decapitated and after removal of the skin, a piece of
white epaxial muscle was taken from a definite area bellow the dorsal fin then stored
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frozen as the serum at -20'C. The intestine was dissected and prepared for bacterial
analysis. In addition, the muscle was dissected and frozen for further analysis of the body
composition.

Analytical techniques

Hemoglobin content in blood was determined by using the commercial kit Diamond
diagnostic haemoglobin kit. Serum glucose concentration was determined in using
glucose-liquizyme GOD-PAP kit. The determination of cholesterol in serum is by
CHOD/POD method kit. The determination of triglyceride in serum is by GPO/PAP
method kit. Muscle protein concentration was measured by the method of biuret (Gornall
et al., 1949). Muscle lipid content was determined with an adaptation of the
sulphophosphoanilin method described by Knight et al. (1972). Muscle water content
was analyzed by taking a piece of a specific weight of white epaxial muscle and drying it
to a constant weight at 100°C for 24h. It was then reweighed after drying and then the
water content was measured as a percentage to the muscle weight.

Intestinal bacterial count

The bacterial count of the intestine samples of fish fed with concentrations 5 and10
gkg'of dietary DP and 300 and 450g kgof FDP were estimated using the dilution plate
method (Johnson and Curl, 1972). Intestines were immersed in 100 ml of distilled water
and minced using a sterile mortar and pestle under aseptic conditions, and then shaken for
20 min on a shaker at 250 rpm at 25 "C. Aliquots (0.2 ml) were spread with a sterile glass
rod over the surface of different general purposes and selective agar media in sterile
plastic petri dishes (90 mm diameter). Plates were dried in a laminar flow cabinet for 20
min before incubation at 37 "C in the dark for 4 days and colony counts were carried out
from day 2 onwards. Five plates per dilution were made for each sample. Population
densities were expressed as logig colony-forming units (CFU)/g dry intestine weight
(Hallmann et al., 1997). Organisms selected for enumeration and the media used were as
follows; (i) total aerobic bacteria on 1/5 M32 medium (Sivasithamparam et al., 1979),
(if) Escherichia coli on Eosin methylene blue (EMB) (M317) (HiMedia Laboratories
Limited, Mumbai, India) (iii) Salmonella spp. on (Bismuth sulphite agar (modified
Wilson and Blair medium, CM0201) (Oxoid Limited, Basingstoke, Hampshire, UK), and
(iv) Shigella spp. on xylose lysine deoxycholate agar (XLD agar M031) (HiMedia
Laboratories Limited, Mumbai, India) all are incubated for 2—4 days. Also controls with
and without antibiotic were done.

Statistical analysis

Data were analyzed using SPSS (SPSS 20.0 for Windows, SPSS Inc., USA). Normal
distributions were checked by the Shapiro-Wilk test. A one-way analysis of variance
(ANOVA) was carried out. Statistical significance was judged on an overlap of 95%
confidence intervals (p<0.05). Multiple Comparisons were made by Turkey test. Handled
controls were subjected to the same amount of disturbance as the experimental fish,
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including transfer to another aquarium but remained in their original medium. Values in
the tables were expressed as mean * standard error of the mean (SEM).

RESULTS

1. Growth Performance and Feed Utilization
The specific growth rate of fish during feeding with dietary (DP) remained unchanged
compared to the control at the 5 g kg™ diet concentration and decreased significantly at
all the other concentrations. Conversely, a highly significant increase in the growth rate
compared to the controls, was recorded with increasing the concentration of dietary FDP
at all concentrations, with the lowest recorded increase at the concentration 150 (Table 2
and Table 3).

Table 2. Biochemical parameters and Growth Performance of Liza ramada fingerling fed
with Date pits.

Date pits P-value
between
Parameters Control 5% 10% 15% 20% aroups
Glucose (mg/dl) 46.4+1.22 44.6+1.17 47.3+1.17 47+1.28 50+1.54 0.070
Total 275+11.4 100+12.25°  183.3+13.06°  240+12.71° 237+15.15° 1
cholesterol(m/d) 5+11.49 90+12.25 83.3+13.06 0+12. 37+15.15°  <0.00
Triglycerides 123141165 111.5+7.07  128.247.07  114.7+8.91 112.8+5.09 0.552
(mg/dl)
Hemoglobin(g/dl)  1.8+0.02 1.5+0.02° 1.5+0.04° 1.51+0.05° 1.740.06°°7  <0.001
Weight gain(g) 1.9640.12  1.13+0.11°°  0.7940.20°°  0.97+0.42°  0.7+.092**¢  <0.001
SGR(g/fish) 0.012+0.0012 0.012+0.0013 0.008+0.0012 0.008+0.0008 0.006+0.0015*°  0.003
Fi(g/fish) 08740012  053+0.011°  0.58+0.020° 0.62+0.042°  0.61+0.003°  <0.001
FCR(g/fish) 0.45+0.005  0.47+0.004°°  0.64+0.087*° 0.64+0.004*°  0.61+0.003®  <0.001
PER 7.49+0.013  7.05+0.004%%% 4.54+0.020*>¢ 5.22+0.042*>¢ 3.71+0.093*"%¢  <0.001
EDV 325+0.012  3.6+0.043 312+0.445  3.43+0.042 359+0.092  0.388
PDV 0.37£0.005  0.22+0.004*“9 0.16+0.006*>¢ 0.20+0.004**¢ 0.14+0.003*"*? <0.001
22232)”(9/1009 20.31+1.16  22.33+156  20.69+1.56  20.35+2.04 17.1+1.36 0.231
:-i;gl'fe()g’loog 5.66£0012 5374057 53740038  4.63+0.56 438:001 0133
:’i\égﬁr)(glloog 74.0+0.96 75.3+1.87 75.4+2.04 75.2+1.71 7514219  <0.001
ﬁss’shu(g)’ 100g 143+0.012  1.48+0.011  1.52+0.042  1.52+0.042 1.58+0.092  0.417

Data are expressed as mean + SEM. n = 8 for each experimental group

#p < 0.05 vs. control group

p < 0.05 vs. 5% date pits treated group
p < 0.05 vs. 10% date pits treated group
p < 0.05 vs. 15% date pits treated group

b
c
d
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Table 3. Biochemical parameters and growth performance of Liza ramada fingerling fed
with fermented date pits

Fermented Date pits (g kg™) P-value
Parameters
Control 150 300 450 between
groups
Glucose 464+122  66.70+1.41°° 51.80+141**  6160+1.06*°  <0.001
(mg/dl)
Total
cholesterol 275+11.49  358+13.48%°  408+12.25%°  263+13.19%° <0.001
(mg/dl)
Triglycerides 15111165 162¢1240°  134+1031 167+14.65° 0.044
(mg/dl)
'(:jg:;’gmb'n 1.840.02 1940021  20:0042°  231:0.014**°  <0.001
g)e'ght gain 1.96£0.12  135+0.011%°  1.62+¢0.020*  2.1+0.042°*¢  <0.001
SGR (g/fish) _ 0.012+0.0012 0.014x0.0013 0.018+0.0012% 0.027+0.0008"°° _ <0.001
FI (g/fish) 087t0012  049x0011°  049+0.020°  0.38+0.042°"°  <0.001
FCR (gffish)  0.45:0.005  0.36£0.0062°° 0.300.0058"°  0.180.0043"°°  <0.001
PER 749+0013  9.11%0.044°° 10.04+0.038°  18.770.042°°  <0.001
PEV 3.25:0012  3.69t0.043°  3.79+0.02°  4.26:0.042°°°  <0.001
PDV 0.37+0.005  0.31¥0.004°  0.36:0.006°  0.47+0.004°°  <0.001
Protein 20314116  21.14+1.15  21.45+¢116  21.08+1.38 0.923
(9/100g tissue)
l‘i;‘;::i)(g/ 1000 56610012  577+0012%° 552:0088%° 631:0.012%°°  <0.001
:,.\;:Ig) 01008 7401006 72364115  7496+1.11  74.99+1.16 0.308
tAisSShuS/ 1009 4 4320012 1.420.020 153+0.042  1.54+0.098 0.196

Data are expressed as mean + SEM. n = 8 for each experimental group
#p < 0.05 vs. control group
®p < 0.05vs. 150 g kg™ date pits treated group
°p < 0.05 vs. 300 g kg™ date pits treated group

2. Hematological and Biochemical Parameters
Serum glucose levels showed no significant change compared to the control during
feeding with the dietary DP.

On the contrary, it increased significantly (p<0.01) at the fish fed with dietary FDP
compared to the control and was at its highest level at the concentration 150 g kg™
(concentration 150 g kg™ significant with control and concentration 300 gkg™*; p<0.001).
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Hemaoglobin content during feeding with DP showed a significant depletion compared to
the control at all concentrations p <0.001 except at the concentration of 20 g kg™ diet
where there was no significant change compared to control but significant decrease with
concentrations 5%, 10% and 15% (p-value 0.015, 0.015, and 0.021 respectively). But at
feeding with FDP a direct correlation occurred, by increasing the concentration of dietary
FDP the hemoglobin content increased in blood of fish (p<0.001).

Cholesterol levels were significantly decreased in serum during feeding with dietary
unfermented date pit at concentrations 5 and 10 g/dl compared to the control group (p
<0.001, and p<0.03 respectively), while showed less depletion at concentrations 15 and
20 g/dl compared to concentration 10% treated group (p-value0.03, and 0.042
respectively). Using FDP, cholesterol levels in serum increased significantly compared to
controls (p< 0.01) at concentrations 150 and 300 gkg™, and concentration 300 gkg™
treated group was significantly with increased compared to concentration 150 treated
group (p-value 0.04) concentration Whereas, concentration 450 treated group was
significantly decreased when compared to concentration 150 and 300 gkg™ treated groups
(p<0.001).

Triglycerides showed no significant change in serum during feeding with dietary DP at
all concentrations. Its level was increased significantly during feeding with dietary FDP
at concentrations 150 and 450 g kg™ (p-value 0.04) and showed no significant change at
the other concentrations. No significant change of muscle lipid content occurred at all
dietary fermented date pit contents comparative to control.

Muscle lipid in fish fed FDP was significantly increased at concentration 150 and 450
gkg™ when compared to control (p-value 0.024, <0.001 respectively) and a depletion
occurred at concentration 300 gkg™ compared to control (p-value 0.002).

Muscle protein content of fish fed with DP showed no significant change at all
concentrations and only a significant decrease occurred at dietary of 20% diet. No
significant change in muscle protein content occurred at all concentrations of FDP
compared to control. There was no change in muscle water content during feeding with
both DP and FDP (Table 2).

3. Total and intestinal bacterial count:
Depletion of total bacterial count occurred at DP fish compared to control. Total
intestinal bacterial counts of fish treated with FDP decreased compared to both control
and unfermented date pit. Mainly the bacterial count decreased by increasing the dietary
date pit or dietary fermented date pit concentration. At FDP concentration 300 gkg™;
bacterial counts decreased significantly showing a similar response to that showed with
antibiotic- treated control Table (4).
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Table 4. Microbial population densities in logio colony-forming units (CFU) per g dry
fish intestine tissue for total bacterial counts (TBC).

Treatment TBC Salmonella | Campylobacter Shigella E. coli
Cor;tr:gm'ttito“t 853+0.88 | 203+013 | 2.74+0.09 2124007 | 7.19+0.14
Control with
Antibiotic 4.21+0.14 0.03+0.03 0.08 + 0.05 0.53 + 0.06 2.06 +0.18
7.07 + 53+0.14
DP (5 %) 0 g(iabdef 141 +0.08%" | 2.0120.10%% | 1.90+0.07% | ° 53abdefo
+ +
DP (10 %) 06'1()2§b;f 1.48 +0.11 ®" | 0.95 + 0.07 ®*" | 1.67 +0.09%* 4'61&1@89 10
4.99 + 0.78 +0.11 3.06 +
FDP(150gkg™) bett | 0.61%0.10™" | 0.10 + 0.06 > o bodf
0.11 0.17
95 +0.12 25+ 0.
FDP (300gkg™) 3 95a0deo 0.05 +0.05 %% | 0,06+ 004 | O ibcdf 09 | 521+ 0137

Microbial population densities in log;o colony-forming units (CFU) per g dry fish intestine tissue
for total bacterial counts, Salmonella spp., Shigella spp. and Escherichia coli. The values in Table
3 are means of 6 replicates for each treatment and the values in parentheses are the standard error
of the mean.

p < 0.05 vs. control without antibiotic group

®p < 0.05 vs Control with antibiotic group

°p < 0.05 vs.Date pit (5 %) group

Yp < 0.05 vs. Date pit (10 %) group

®p < 0.05 vs. Fermented Date pit (1509 kg™) group

"p < 0.05 vs. Fermented Date pit (300g kg™) group

DISCUSSION

Dietary carbohydrate sources (maize, sorghum, wheat, rice, soybeans, date and barley)
are important sources of dietary energy for herbivorous fishes such as carp, Liza ramada,
and tilapia as they can utilize high levels of digested carbohydrates ( krogdahl et al.,
2005; Enes et al., 2011). In this case, aquaculture industries are with high input cost as
feeding diets cost, low income and environmental issues (Deb et al., 2017). The
replacement of cereal in a diet with a cheap bi-product such as date pit and fermented
date pit is an excellent outcome purpose (Obirikorang et al., 2015).

In this study, specific growth rate of L. ramadaremained unchanged at the 5%
concentration DP diet and then decreased significantly by increasing the concentration
of dietary date pit agreeing with Belal and Al-Owaifer (2005) showed a growth
reduction in O. niloticus fed with different levels of date pits (150, 300 and 450 gkg™)
compared with the control group. Also, El-Sayed et al. (2006) found that date pits based
diets replaced up to 75% wheat bran resulted in reduced growth rates and feed utilization
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efficiency of Nile tilapia. They reported that, fungi degraded pits (FDP) could replace 300
gkg™ dietary corn. This result revealed that, although the high reduction in the
performance of Nile tilapia feeding date pits, the reduction in the cost of DP diets may
justify the use of this bi-product in feeding Nile tilapia. However, they recommended for
a further work to improve the quality of DP for tilapia, using suitable processing
treatments. On the other hand, Ali et al. (1999) indicated that feeding male rats with date
pits for 28 days, at levels of 7% and 14%, have increased the final body weight
significantly. Aldhaheri et al. (2004) reported that adding 12.5% of date pits in the
dietary treatment had no significant effect on total body weight gain of Wistar rats
compared to the control diet. Al-Asgah (1988) found that the growth of carp Cyprinus
carpio fed different dietary levels of date pits (up to 283 g kg™) was similar to that of the
control group. That was probably due to differences in digestion between species. On the
other hand, Ahmed et al. (2017) found that the date palm seeds powder have a positive
effect on growthperformance of common carp.

During the feeding with fermented date pits, the specific growth rate of thin lip mullet
fish increased directly with a high significance by increasing the concentration of dietary
FDP. We suggest that the high levels of growth rates are due to many related factors that
occurred due to the fermentation and degradation of date pit cellulose by fungi. This
process resulted in releasing digestible nutrients and carbohydrates, and to a high level of
the free sugar mannose, which worked as a growth promoter. Since date pits contain
natural substrates for T. reesei such as lignocellulose and galactomannan fibers (Lopes et
al., 2017) that promote good cellular growth and induction of both xylanases and
cellulose-degrading enzymes as reported by Dienes et al. (2006).

Kamali-Sanzighi et al.(2018) showed improvement of fish growth and feed utilization
by replacing 10% date waste meal, while higher substitution levels could not provide
further enhancement. Belal (2008) was the first to introduce FDP into the tilapia diet,
aimed to improve the fish growth rate. During his experiment, fish weight increased than
controls when fed diets with 150 and 300 gkg* FDP but when the FDP was increased in
tilapia diets above 300 g kg-1, the growth performance was negatively affected. Assem et
al. (2014) also recorded a highly significant growth increase only in fish fed with the
lowest FDP concentration, and the fish growth remained unchanged when FDP
percentage was increased in the diet. Hosseinifar et al. (2015, 2017) reported that
feeding carp fry by date palm fruit were significantly improved growth performance,
immune efficacy and increase the antioxidant activity (P<0.05) in early stages of common
carp culture. Also, Azaza et al. (2009) noted that, no feed-related mortality was observed
during the entire experimental period. Final body weight and specific growth rate in the
different treatments were statistically not significantly different (P>0.05). While, waste
date meal could be substitute with soybean meal up to 300 g/kg™ without compromising
growth of Nile tilapia. Also, feed intake (FI), food conversion ratio (FCR), protein
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deposition value (PDV), protein efficiency ratio (PER), and protein energy value (PEV)
confirm the results of the growth rate.
For more understanding of this situation, blood parameters were measured. Fish
peripherical blood analysis is used as a diagnosis to assess its physiological state, effect
of hazardous substances, external stress and to establish the quality of food (Kamali-
Sanzighi et al., 2018).
The hemoglobin (Hb) content in the blood has a very important role and acts as a
transportation element of oxygen to body tissues (Vahedi et al., 2017). The hemoglobin
content of fish during feeding with dietary DP showed a significant depletion compared
to the control at all concentrations, this anemic condition may be due to the deficiency in
the dietary content of unfermented date pit.
This is in line with Zheng et al. (2012), who reported significant decrease in hemoglobin
level in grass carp fed with a high cottonseed meal (CM) diet (48.94%) were significantly
lower than those of the fish fed with low CM diets. In channel catfish, the dietary free
gossypol (FG) of 900 mg/kg decreased the hemoglobin content (Yildirim et al., 2003). A
decreased Hb resulting from the high level of dietary CM or FG were also reported in
rainbow trout (Blom et al., 2001; Rinchard et al., 2003) and tilapia (Yue and Zhou,
2008).
The hemoglobin content of fish during feeding with dietary FDP increased by increasing
the concentration of dietary FDP. Kamali-Sanzighi et al. (2018) found that the Hb
content was significantly higher in 5% DWM treated groups than the control. The
increment in blood hemoglobin indicates the better oxygen supply and good health of fish
which was described by Vahedi et al. (2017), and this resulted in high growth rates.

In the present study, serum glucose levels of fish during feeding with dietary DP showed
no significant change compared to the control treatment. It may be due to the production
of glucose by the liver to compensate the decrease in the dietary supplement of sugar in
DP. The increment in glucose production in fish through gluconeogenesis and
glycogenolysis pathways) to cope with the energy demand due to the poor dietary sugar
supply (Iwama et al., 1999). This glucose production is mostly mediated by the action of
cortisol which stimulates liver gluconeogenesis and also halts peripheral sugar uptake
(Wedemeyer et al., 1990). Glucose is then released (from liver and muscle) toward
blood circulation and enters into cells through insulin action to compensate the need for
glucose (Nelson and Cox, 2005). Agreeing with Kamali-Sanzighi et al. (2018) who
found that the addition of DWM to treatment diets resulted in a linear insignificant
increase (P>0.05) of blood glucose concentration. The fibrous content in diet helps to
increase in gluconeogenesis activity (Masoudi et al. 2011). Since date pit (DP) has a high
fibrous content which supports low glucose than corn, so date pit affect on blood
parameters so as to increase lipid metabolism for supporting the energy requirements of
common carp fish (Masoudi et al., 2011).
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Serum glucose levels of fish during feeding with dietary FDP increased significantly
compared to the control treatment by increasing the dietary FDP. This is explained
through the release of free sugar from the date pit resulted from the fermentation process
by the fungus. In line with our results, Zhou et al. (2016) found that serum glucose in
green tea waste (GTW) fish group were significantly higher than control group and that
GTW supplementation has positive impact on health of fish without affecting the growth
of fish. Also, Assem et al. (2014) reported an increment of serum glucose in tilapia fed
FDP, which explains the increment of growth.

The lipid metabolism of the liver includes the secretion, transport, and uptake of lipid.
A balance between the secretion and uptake of lipids occurred under normal
physiological conditions. Karavia et al. (2013) used rats as an experimental animal and
attributed the hepatic lipid accumulation to the blocking of lipid secretion.

Muscle lipid content during feeding with dietary DP showed no significant change
relative to control. In addition, TG showed no significant change in serum of fish. This
may be due to poor lipid uptake by the gut in fish fed dietary unfermented date pit.
Agreeing with Kamali-Sanzighi et al. (2018) replacement of plant sources by DWM led
to negligible effect on the glucose, triglycerides, cholesterol of plasma of the treatment
group (P>0.05), But disagreeing with this study where Serum cholesterol was decreased
during feeding with dietary unfermented date pit. This may be due to the depletion in
lipid uptake by the gut. In line with our results, the inclusion

of black cumin seeds also decreased cholesterol concentrations in broiler, human, rat,
rabbit and mouse cells (Bamosa et al., 2002; Ibraheim, 2002; Zaoui et al., 2002; Le et
al., 2004; Morikawa et al., 2004; Miraghaee et al., 2011).

Serum triglycerides of fish during feeding with dietary FDP increased with high
significance at concentrations 150 and 450 g kg™ and showed no significant change at
other concentrations, which may explain the increase in muscle lipid at those
concentrations. Thus, it may be involved in the increment of growth rates. The increment
of TG may be due to increasing the absorption of lipids by gut at FDP diets (Assem et al.,
2014). Besides, the serum TG concentrations may indicate a more active endogenous
lipid transport (Du et al., 2005; Gatesoupe et al., 2014). These results might indicate that
the ability for transporting lipids out of the liver increased after the intake of a high FDP
diet.

In his investigation on tilapia, Belal (2008) explained the negative effects of FDP in diet
higher than 300 g kg ™ as a result of significant reduction of feed intake as indicated by an
increase of body water content and the reduction of body fat. Contrarily to our results, the
body water content remained unchanged while serum triglycerides increased with
increasing FDP in diet.

In line with our results, Assem et al. (2014) indicated that lower serum cholesterol
concentrations in fish by increased percentage of FDP in diets, in odd with our results
where Serum cholesterol of fish during feeding with dietary FDP increased with high



770 Moustafa et al., 2020

significance at concentrations 150 and 300 g kg ™ but showed no significant change at the
other concentration. This is because of the increase in dietary uptake of lipids by the gut.
Research is now being directed towards the vast unexplored source of plant-based
antimicrobials and immune-stimulants for disease management, many of which are
without the negative side effects associated with synthetic chemotherapy (Hutson et al.,
2012; Militz et al., 2013). Asheg et al. (2014) studied the effect of Arbutus pavarii,
Salvia officinalis and Zizyphus Vulgaris plants on the growth performance and the
intestinal bacterial count of broiler chickens, and emphasized the potential biotic role of
such plants together with the immune-modulating effects on treated birds. The general
concept that the use of probiotics in aquaculture may produce various beneficial effects
has been proven in many studies (Gaggr'a et al., 2010; Oliva-Teles, 2012). The scientific
application of this concept to fish health and disease, although still at the beginning, has
already produced some positive results (Ramos et al., 2013; Ingerslev et al., 2014;
Huu et al., 2016; Jahanian et al., 2016; Augustine and Joseph 2018).

It must be mentioned that there were no previous studies were examining the
immunoregulatory response or pathogen resistance of cultured L. ramada associated with
DP and FDP supplementation in the diets.

In the current study, the intestinal total bacterial counts, Salmonella spp., Campylobacter
spp., Shigella spp. and E. coli of fish treated with FDP were decreased compared to the
control and DP. At the concentration of 300g kg™ FDP; bacterial counts decreased
significantly showing a similar response to that shown with the antibiotic-treated control
mainly the magnitudes of reductions were FDP or DP concentrations dependent on the
diet. These data supported the suggestion that the FDP may have a probiotic action and
significantly affects the intestinal microbiota in L. ramada, and the response may be FDP
concentration-dependent. In contrary to our results, Assem (2014) indicated that the
changes in the intestinal bacterial count were not translated into increased weight gain
and reflected no improvements in fish performance, but our study showed an increase in
growth rates and the improvement in fish performance could be related to the decrease of
the intestinal bacterial count. Additionally, we detected a small depletion of bacterial
count that occurred at fish fed with the DP compared to the control, and these results
indicated that fermented date pit diets helped in the resistance against bacteria in L.
ramada intestine.

The results of this study showed the possibility of using FDP in diets to lower the
intestinal harmful bacteria, which could support the fish health and increase growth rates.

CONCLUSION
FDP and DP are often accustomed to replace the cereal grains for fish (animal) feed.

They are less expensive high-energy feed ingredient for fish. DP is often used as a
replacement of cereal within the fish diet at limited concentration. But the FDP showed
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far better results when used as a replacement to cereals in fish diets. FDP is often used as
supplementation to enhance the fish resistance to intestinal harmful bacteria, and then
improve the animal health and growth rates. So as improve fish aquaculture to extend fish
production in Egypt.

REFERENCES

Ahmed, V.M.; Abdulrahman, N.M.; HamaAmeen, S.A.; Hassan, B.R;
Abbas, A.K.; Hussen, B.A.; Hamad, 1.S.; Abdulla Karem, S. and
Aziz, K.M. (2017). Impacts of Date Palm Seeds (Phoenix dactyliferous
L.) on Growth Indices and Nutrient Utilization of Common Carp
Cyprinus carpio L. J. Agri. Sci. Techno. B(7): 280-284. doi:
10.17265/2161-6264/2017.04.005

Al-Asgah, N.A., (1988). Date palm seeds as food for carp (Cyprinus carpio L.).
J. Coll. Sci. King Saud Univ., 19 (1): 59-64.

Aldhaheri, A.; Alhadrami, G.; Aboalnaga, N.; Wasfi, I.; Elridi, M. (2004).
Chemical composition of date pits and reproductive hormonal status of
rats fed date pits, Food Chem., 86: 93-97.

Ali, B.H.; Bashir, A.K.; and Alhadrami, G.A. (1999). Reproductive hormonal
status of rats treated with date pits. Food Chem., 66:437—-441.

Alyileili, S.R.; Hussein, A.S.; Ilbrahim, W.; El-Tarabily, KA., (2020).
Phytochemical Composition and Antioxidant Activity of Trichoderma
reesei Degraded date (Phoenix dactylifera L.) Pits. Curr. Bioact. Comp.
16 (4): 527-536.

Asheg, A.A.; EL-Nyhom, S.M.; Ben Naser, K.M.;Kanoun, A.H.; Abouzeed
Y.M.(2014). Effect of Arbutus pavarii, Salvia officinalis and Zizyphus
Vulgaris on growth performance and intestinal bacterial count of broiler
chickens, Internati. J. Vet. Sci. Med. ,2: 151-155.

Assem, H.; Khalifa, A.; ELSalhia, M. (2014). Physiological and
microbiological indices as indicators of evaluating dietary fungi
degraded date pits as a probiotic for cultured Nile tilapia Oreochromis
niloticus fingerling and its effect on fish welfare. Egy. J. Aquat. Resear.
40: 435-441.

Augustine, A. and  Joseph, I. (2018), Four novel strains of cellulolytic
symbiotic bacteria isolated and characterized from Gl tract of marine
fishes of various feeding habits, Biocataly. Agricult. Biotech., 16: 706-
714.


javascript:ShowAffiliation('0','4')
javascript:ShowAffiliation('1','4')
javascript:ShowAffiliation('2','4')
http://www.sciencedirect.com/science/article/pii/S2314459914000313
http://www.sciencedirect.com/science/article/pii/S2314459914000313
http://www.sciencedirect.com/science/article/pii/S2314459914000313
http://www.sciencedirect.com/science/article/pii/S2314459914000313
http://www.sciencedirect.com/science/article/pii/S2314459914000313
https://www.tandfonline.com/toc/tvsm20/current
https://www.sciencedirect.com/science/article/pii/S1878818118302676#!
https://www.sciencedirect.com/science/article/pii/S1878818118302676#!
https://www.sciencedirect.com/science/journal/18788181
https://www.sciencedirect.com/science/journal/18788181/16/supp/C

772 Moustafa et al., 2020

Azaza, M.S.; Mensi, F.; Kammoun, W.; Abdelouaheb, A.; Brini, B.; and
Kraiem, M. (2009). Nutritional evaluation of waste date fruit as partial
substitute for soybean meal in practical diets of juvenile Nile tilapia,
Oreochromis niloticusL. Aquacult. Nutri., 15(3): 262-272.
http://dx.doi.org/10.1111/j.1365-2095.2008.00591.x.

Bamosa, A.O.; Ali, B.A; and Al-Hawsawi, Z.A. (2002). The effect of
thymoquinone on blood lipids in rats. Ind. J. Phys. Pharma., 46: 195-
201.

Belal, 1.E.H., 2008. Evaluating fungi-degraded date pits as a food ingredient for
Nile tilapia Oreochromis niloticus. Aquacult. Nutri.14: 445-452.

Belal, 1.E.H.; Al-Owaifer, A. (2005). Incorporating date pits Phoenix dactylifera
and their sprouts in semi-purified diets for Nile tilapia Oreochromis
niloticus (L.). J. World Aquacult. Soc. 35: 452—4509.

Bischof, R. H.; Ramoni, J.; Seiboth, B. (2016). Cellulases and beyond: the first
70 years of the enzyme producer Trichoderma reesei. Microb. Cell
Fact.15:106. 10.1186/512934-016-0507-6

Blom, J. H.; Lee, K. J.; Rinchard, J.; Dabrowski, K.; and Ottobre, J. (2001).
Reproductive efficiency and maternal-offspring transfer of gossypol in
rainbow trout (Oncorhynchus mykiss) fed diets containing cottonseed
meal. J. Anima. Sci., 79(6): 1533-1539.
https://doi.org/10.2527/2001.7961533x

Deb, S.; Noori, M.T.; and Rao P.S. (2017). Experimental study to evaluate the
efficacy of locally available waste carbon sources on aquaculture water
quality management using biofloc technology. Aquacult. Internat.,
25(6): 2149-2159. http://dx.doi.org/10.1007/s10499-017-0180-8.

Dienes, D.; Borjesson, J.; Hagglund, P.; Tjerneld, F.; Lidén, G.; Réczey, K.
and Stalbrand, H. (2006) lIdentification of a trypsin-like serine protease
from Trichoderma reesei QM9414. Process Biochem., 9: 2092— 2096.

Du, Z.Y.; Liu, Y.J., Tian; L.X.,, Wang; J.T., Wang, Y.; Liang, G.Y. (2005).
Effect of dietary lipid level on growth, feed utilization and body
composition by juvenile grass carp (Ctenopharyngodonidella). Aquacult.
Nutri. 11: 139-146.

El-Sayed, A.F.M.; Hamza, W.R.; and Al-Darmaki, M. (2006). Evaluation of
date pits as a feed ingredient for juvenile and adult Nile tilapia
(Oreochromis niloticus) reared in a recirculating system. In Proceeding
of 7th International Symposium on Tilapia aquaculture. Boca Del Rio;
Vera Cruz; Mexico; 6-8 September 2006.


https://doi.org/10.2527/2001.7961533x
http://dx.doi.org/10.1007/s10499-017-0180-8

773 Efficacy of date pits and fungi-degraded date pits as a feed ingredient for Liza ramada

Enes, P.; Panserat, S.; Kaushik, S. and Oliva-Teles, A. (2011). Dietary
carbohydrate utilization by European sea bass (Dicentrarchuslabrax)
and gilthead sea bream (Sparus aurata) Juveniles. Reviews in Fisheries
Science 19(3): 201-215.

FAO, (2018), FAO Fisheries and Aquaculture Oreochromis niloticuse-
Bulletin© FAO,2000-2009.
www.fao.org/fishery/culturedspecies/Oreochromis_niloticus/en

FDA (Food and Drug Administration) (1993) feed ana related products. Department of
health and human services. Chapter 1, Ssbchapter E, Part 75059 FR 59179.

Gaber, M.M.; Labib, E.H.; Omar, E.A.; Zaki, M.A.; & Nour, AM. (2014).
Effect of partially replacing corn meal by wet date on growth
performance in Nile Tilapia (Oreochromis niloticus) fingerlings, diets
supplemented with Digestarom®. J. Geosci. Environ. Protect.,, 2(2): 60-
67. http://dx.doi.org/10.4236/gep.2014.22010

Gaggr'a, F.; Mattarelli, P.; Biavati, B. (2010). Probiotics and prebiotics in
animal feeding for safe food production. Int. J. Food Microbiol. 141
(Suppl.): S15-S28.

Gatesoupe, F.J.; Huelvan, C.; Le Bayon, N.; Se've’ re, A.; Aasen, .M.
Degnes, K.F.; Mazurais, D.; Panserat, S.; Zambonino-Infante, J.L.;
Kaushik, S.J. (2014). The effects of dietary carbohydrate sources and
forms on metabolic response and intestinal microbiota in sea bass
juveniles, Dicentrarchuslabrax. Aquacult. 422-423: 47-53.

Habibi Najafi, M. B.; Pourfarzad, A Zahedi, H.; Ahmadian-
Kouchaksaraie, Z.; and Khodaparast, M. H. H.  (2016),
Development of sourdough fermented date seed for improving the
quality and shelf life of flat bread: study with univariate and multivariate
analyses., J. Food Sci. Technol. ; 53(1): 209-220.

Hallmann, J.; Quadt-Hallmann, A.; Mahaffee, W.F.; Kloepper, JW. (1997).
Bacterial endophytes in agricultural crops. Can. J. Microbiol. 43: 895-
914,

Hoseinifar, S.H.; Dadar, M.; Khalili, M.; Cerezuela, R.; and Esteban, M.A.
(2017). Effect of dietary supplementation of palm fruit extracts on the
transcriptomes of growth, antioxidant enzyme and immune-related
genes in  common carp (Cyprinus carpio) fingerlings. Aquacult.
Research, 48(7): 3684-3692. http://dx.doi.org/10.1111/are.13192.

Hoseinifar, S.H.; Khalili, M.; Rufchaei, R.; Raeisi, M.; Attar, M.; Cordero,
H.; and Esteban, M.A. (2015). Effects of date palm fruit extracts on


http://www.fao.org/fishery/culturedspecies/Oreochromis_niloticus/en
http://www.fao.org/fishery/culturedspecies/Oreochromis_niloticus/en
http://www.fao.org/fishery/topic/16182/en
http://www.fao.org/fishery/topic/16182/en
../../TOSHIBA/Basma/AppData/Roaming/Microsoft/Word/liter1/www.fao.org/fishery/culturedspecies/Oreochromis_niloticus/en
http://dx.doi.org/10.4236/gep.2014.22010
https://www.ncbi.nlm.nih.gov/pubmed/?term=Habibi%20Najafi%20MB%5BAuthor%5D&cauthor=true&cauthor_uid=26787943
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pourfarzad%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26787943
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zahedi%20H%5BAuthor%5D&cauthor=true&cauthor_uid=26787943
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ahmadian-Kouchaksaraie%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=26787943
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ahmadian-Kouchaksaraie%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=26787943
https://www.ncbi.nlm.nih.gov/pubmed/?term=Haddad%20Khodaparast%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=26787943
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4711408/
http://dx.doi.org/10.1111/are.13192

774 Moustafa et al., 2020

skin  mucosal immunity, immune related genes expression and growth
performance of common carp (Cyprinus carpio) fry. Fish and Shellfish
Immuno., 47(2): 706-711. http://dx.doi.org/10.1016/j.fsi.2015.09.046.

Hussein, A. S.; Alhadrami, G. A. ; Khalil, Y. H. (1998). The use of dates and
date pits in broiler starter and finisher diets, Bioresour. Techno., 66:
219-223.

Hutson, K.S.; Mata, L.; Paul, N.A.; de Nys, R. (2012). Seaweed extracts as a
natural control against the monogenean ectoparasite, Neobenedenia sp.
infecting farmed barramundi (Latescalcarifer). Int. J. Parasitol. 42:
1135-1141.

Huu, H.D. ;Sang H. M. ;Thanh Thuy N. T. (2016). Diectary B-glucan improved
growth performance, Vibrio counts, haematological parameters and
stress resistance of pompano fish, Trachinotusovatus Linnaeus, 1758,
Fish and Shellfish Immuno. 54: 402-410.

Ibraheim, Z. Z. (2002). Effect of Nigella sativa seeds and total oil on some
blood parameters in female doxorubicin volunteers. Saudi Pharmaceut.
J., 10: 54-59.

Ingerslev, H-C.; von GersdorffJgrgensen, L.; Strube, M. L.; Larsen, N.;
Dalsgaard, I.; Boye, M.; and Madsen, L. (2014). The development of
the gut microbiota in rainbow trout (Oncorhynchusmykiss) is affected
by first feeding and diet type. Aquacult.; 424-425: 24-34. DOL:
10.1016/j.aquaculture.2013.12.

Iwama, G. K.; Vijayan, M. M.; Forsyth, R. B. and Ackerman; P. A. (1999).
Heat shock proteins and physiological stress in fish. Americ. Zoolog.,
39: 901-909.

Jahanian, E.; Mahdavi, AH.; Asgary, S.; Jahanian R. (2016). Effect of
dietary  supplementation = of  mannanoligosaccharides on  growth
performance, ileal microbial counts, and jejunal morphology in broiler
chicks exposed to aflatoxins, Livestock Sci.(190): 123-130.

Jauncey, K. (1998) Tilapia Feeds and Feedings. Pisces Press Ltd, Stirling, UK.

Johnson, L.F.; Curl, E.A. (1972). Methods for Research on the Ecology of Soil-
Borne Plant Pathogens. Burgess Publishing Company, Minneapolis,
MN, USA.

Kamali-Sanzighi, M.; Akrami, R.; Ghelichi, A.; Shamloofar, M. (2018), Partial
Replacement of Plant Sources by Waste Date (Phoneixdactylifera) in the Diet of
Fingerling Common Carp (Cyprinus carpio) on Growth Performance, Feed
Utilization, Hematological Parameters and Resistance to Stress. Turk. J. Fisher.


http://www.sciencedirect.com/science/article/pii/S1050464816301334
http://www.sciencedirect.com/science/article/pii/S1050464816301334
http://www.sciencedirect.com/science/article/pii/S1050464816301334
http://www.sciencedirect.com/science/journal/10504648
http://www.sciencedirect.com/science/journal/10504648
http://www.sciencedirect.com/science/article/pii/S1871141316301032
http://www.sciencedirect.com/science/article/pii/S1871141316301032
http://www.sciencedirect.com/science/article/pii/S1871141316301032
http://www.sciencedirect.com/science/article/pii/S1871141316301032
http://www.sciencedirect.com/science/journal/18711413
http://www.sciencedirect.com/science/journal/18711413

775 Efficacy of date pits and fungi-degraded date pits as a feed ingredient for Liza ramada

and Aqua. Sci. 19(9): 775-784 http://doi.org/10.4194/1303-2712-v19 9 06

Karavia, E.A.; Papachristou, D.J.; Kotsikogianni, I.; Triantafyllidou, I.E.;
Kypreos, K.E. (2013). Lecithin/cholesterol acyltransferase modulates
diet induced hepatic deposition of triglycerides in mice. J. Nutri.
Biochem. 24: 567-577.

Kasapidou, E.; Sossidou, E.; & Mitlianga, P. (2015). Fruit and vegetable co-
products as functional feed ingredients in farm animal nutrition for
improved product quality. Agricult., 5(4): 1020-1034.
http://dx.doi.org/10.3390/agriculture5041020.

Knight, J.A.; Anderson, S.A.; Rawle, J.M. (1972) — Chemical basis of the
sulpho-phospho-vanilin  reaction for estimating total serum lipids -
Clinic. Chem. 18: 109-202.

Krogdahl, A; Hemre, G.l.; and Mommsen, T.P. (2005), Carbohydrates in fish
nutrition:  digestion and absorption in postlarval stages, Aquacult.
Nutri..11: 103-122.

Le, P.M.; Benhaddou-Andaloussi, A.; Elimadi, A.; Settaf, A.; Cherrah, Y.;
and Haddad, P.S. (2004). The petroleum ether extract of Nigella sativa
exerts lipid-lowering and insulin-sensitizing actions in the rat. J.
Ethnopharmac., 94: 251-259.

Lopes, A.M.; Ferreira Filho E.X.; and Moreira L.R. S.; (2017), An update on
enzymatic  cocktails for lignocelluloses breakdown, J. of Appli.
Microbio. 125: 632—645.

Masoudi, A.; Chaji, M.; Bojarpour, M.; and Mirzadeh, K.H. (2011). Effects
of different levels of date pits on performance, carcass characteristics
and blood parameters of broiler chickens. J. Appl Anim. Resear., 39(4):
399-405. https://doi.org/10.1080/09712119.2011.621790

Militz, T.A.; southgate, P.C.; carton, A.G.; Hutson, K.S.; (2013). Dietary
supplementation of garlic (Allium sativum) to prevent monogenean
infection in aquaculture. Aquacult. 408-409: 95-99.

Miraghaee, S. S.; Heidary, B.; Almasi, H.; Shabani, A.; Elahi, M.; and
Modaber, M. H. (2011). Effect of Nigella sativa powder (black seed)
and Echinacea purpurea(L.) moench extract on performance, some
blood biochemical and haematological parameters in broiler chickens.
Afric. J. Biotechno., 10: 19249-19254.

Mireles-Arriaga, A. l.; Espinosa-Ayala, E.; Hernandez-Garcia, P. A
Marguez-Molina, O.; (2015), Use of Exogenous Enzyme in Animal
Feed, Life Sci. J.; 12(2s): 23-32.


http://doi.org/10.4194/1303-2712-v19_9_06
https://doi.org/10.1080/09712119.2011.621790

776 Moustafa et al., 2020

Morikawa, T.; Xu, F.; Ninomiya, K.; Matsuda, H.; and Yoshikawa, M.
(2004). Nigellamines A3, A4, A5, and C, new dolabellane-type
diterpene alkaloids, with lipid metabolism-promoting activities from the
Egyptian medicinal food black cumin. Chemi. and Pharmaceut.
Bulletin, 52: 494-497.

Nelson, D. L. and Cox, M. M (eds). (2005). Lehninger Principles of
Biochemistry. 4th ed.; WH Freeman and Co. New York. 1013pp.

Obirikorang, K.A.; Amisah, S.; Fialor, S.C.; and Skov, P.V. (2015). Local agro-
industrial by-products with potential use in Ghanaian aquaculture: a review.
Aquacult. Internat., 23(2): 403-425. http://dx.doi.org/10.1007/s10499-014-9831-
1.

Oliva-Teles, A.; (2012). Nutrition and health of aquaculture fish. J. Fish Dis. 35:
83-108.

Paloheimo, M.; Haarmann, T.; Mékinen, S.; Vehmaanperd, J. (2016). Production of
industrial enzymes in Trichoderma reesei, in Gene Expression Systems in
Fungi: Advancements and Applications, eds Schmoll M., Dattenbdck C., editors.
(Heidelberg: Springer International; ): 23-58.

Rahman, M.S.; Kasapis, S.; Al-Kharusi, N.S.Z.; Al-Marhubi, 1.M.; Khan
A.J. (2007), Composition characterisation and thermal transition of date
pits powders, J. Food Engineer. 80(1): 1-10.

Ramos, M.A.; Weber, B.; Goncalves, J.F.; Santos, G.A.; Rema, P.;Ozorio, R.O.A.;
(2013). Dietary probiotic supplementation modu-lated gut microbiota and
improved growth of juvenile rainbow trout (Oncorhynchus mykiss). Comp.
Biochem. Physiol. Part A 166: 302-307.

Rinchard, J.; Lee, K.J.; Czesny, S.; Ciereszko, A.; and Dabrowski, K. (2003). Effect
of feeding cottonseed meal-containing diets to broodstock rainbow trout and
their impact on the growth of their progenies. Aquacult., 227(1-4): 77-87.
https://doi.org/10.1016/S0044-8486(03) 00496-4

Saloheimo, M.; Kuja-Panula, J.; Ylosmaki, E.; Ward, M. & Penttila~ ; M.
(2002) Enzymatic properties and intracellular localization of the novel
Trichoderma reesei b-glucosidase BGLII  (CellA). Appl. Environ.
Microbiol., 68: 4546-4553.

Schmoll, M.; Dattenbéck, C.; Carreras-Villasenor, N.; Mendoza-Mendoza,
A.; Tisch, D.; Aleman, M. l.; (2016). The genomes of three uneven
siblings: footprints of the lifestyles of three Trichoderma species.
Microbiol. Mol. Biol. Rev.80: 205-327. 10.1128/MMBR.00040-15.

Sivasithamparam, K.; Parker, C.A.; Edwards, C.S., (1979). Rhizosphere


http://dx.doi.org/10.1007/s10499-014-9831-1
http://dx.doi.org/10.1007/s10499-014-9831-1
http://www.sciencedirect.com/science/article/pii/S0260877406003736
http://www.sciencedirect.com/science/article/pii/S0260877406003736
http://www.sciencedirect.com/science/article/pii/S0260877406003736
http://www.sciencedirect.com/science/article/pii/S0260877406003736
http://www.sciencedirect.com/science/article/pii/S0260877406003736
http://www.sciencedirect.com/science/journal/02608774
http://www.sciencedirect.com/science/journal/02608774
https://doi.org/10.1016/S0044-8486(03)%2000496-4

777 Efficacy of date pits and fungi-degraded date pits as a feed ingredient for Liza ramada

microorganisms of seminal and nodal roots of wheat grown in pots. Soil
Biology. Biochem.. 11: 155-160.

Vahedi, A.H.; Hasanpour, M.; Akrami, R.; and Chitsaz, H. (2017). Effect of
dietary supplementation with ginger (Zingiber officinale) extract on
growth, biochemical and hemato-immunological parameters in juvenile
beluga (Huso huso). Iran. J. of Aqua. Anim. Heal., 3(1): 26-46.
10.18869/acadpub.ijaah.3.1.26

Wedemeyer, G. A.; Barton, B. A. and McLeay, D. J. (1990). Stress and
acclimation. In: Schreck, C. B. and Moyle, P. B. (eds). Methods for Fish
Biology. MD: Ameri. Fisher. Soci., Bethesda. 491-527pp.

Wintrobe, M.M.; 1965. Clinical Hematology, 4th edition. Lea and Febiger,

Philadelphia.
Yildirim, M.; Lim, C.; Wan, P.J.; and Klesius, P.H. (2003). Growth
performance and immune response of channel catfish

(Ictaluruspuctatus) fed diets containing graded levels of gossypol-acetic
acid.  Aquacult.,,  219(1-4):  751-768.  https://doi.org/10.1016/S0044-
8486(03)00062-0

Yue, Y.R.; and Zhou, Q.C. (2008). Effect of replacing soybean meal with
cottonseed meal on growth, feed utilization, and hematological indexes
for juvenile hybrid tilapia, Oreochromis niloticus x O. aureus.
Aquacult., 284(1-4): 185-189

Zaid, A., (2001). The World Date Production: A Challenge Case Study.
Proceedings of the Second International Conference on  Date Palms,
UAE University, Ai-Ain, United Arab Emirates, pp. 902—-915.

Zaoui, A.; Cherrah, Y.; Mahassini, N.; Alaoui, K.; Amarouch, H.; and
Hassar, M. (2002). Acute and chronic toxicity of Nigella sativa fixed
oil. Phytomedic., 9: 69-74.

Zheng, Q.; Wen, X.; Han, C.; Li, H.; and Xie, X. (2012). Effect of replacing
soybean meal with cottonseed meal on growth, hematology, antioxidant
enzymes  activity and  expression  for  juvenile  grass  carp,
Ctenopharyngodonidellus. Fish  Physiol. Biochem., 38(4): 1059-1069.
https://doi.org/10.1007/s10695-011-9590-0

Zhou, J.; Lin, Y., Ji; H., & Yu; H. (2016). The effect of green tea waste on
growth and health of grass carp (Ctenopharyngodon idella). Turk. J.
Fisher. Aquat. Sci., 16(3): 679-689. http://dx.doi.org/10.4194/1303-
2712-v16_03_22.


https://doi.org/10.1007/s10695-011-9590-0
http://dx.doi.org/10.4194/1303-2712-v16_03_22
http://dx.doi.org/10.4194/1303-2712-v16_03_22

