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Abstract

A 45-day feeding experiment was conducted to examine the effect of dietary ascorbic acid (AA) supplementation on the
growth of milkfish larvae. Five isonitrogenous and isolipidic (580 g protein/kg and 120 g lipid/kg) experimental diets
were prepared with varying levels of AA supplementation at 0 (AAg), 250 (AA,sq), 500 (AAsy), 1000 (AA ), and 2000
(AA,,) mg ascorbic acid (L-ascorbyl-2-polyphosphate) equivalent/kg diet. The experiment results revealed that milkfish
fed with 500 and 1000 mg/kg of AA showed significantly better (p < 0.05) performance in terms of final body weight, weight
gain, specific growth rate and survival rate. The highest level of red blood cells count in pre- and post-challenge groups
was recorded in AAsq, group. Intestinal histology revealed that the length of villi, the thickness of lamina propria, and the
concentration of lymphoid cells in the lamina propria were observed to be more in AAsy, and AA |, compared with control,
AA,5oand AA, . AA supplementation at 1000 level (AA ) had the best survival (93.3%) against Vibrio harveyi challenge
(5 10° CFU/fish) with significantly higher survival compared with control. Based on the curvilinear (polynomial) regression
analyses, the optimum final body weight, weight gain, specific growth rate, feed efficiency ratio, protein efficiency ratio, and
survival were obtained at dietary ascorbic acid levels of 1175, 1174, 1238, 1262, 1246 and 1174 mg/kg diet, respectively.
Accordingly, the optimum dietary ascorbic acid required for milkfish in a range of 1174 mg/kg to 1262 mg/kg is beneficial
for better health, survival, and growth. The findings of this study can be used as the baseline scientific information on the
ascorbic acid requirement for the formulation of a cost-effective diet for milkfish larvae.
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Introduction

Nutritional needs are described as the ‘requirements for
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cichlids, and cyprinids, lack the enzyme L-gulono-1,4-lac-
tone oxidase; hence, the nutritional requirement of vitamin
C needs to be supplemented (Xie et al. 2006; Daniel et al.
2018). Though it is believed that fish larvae require higher
concentrations of micronutrients than juvenile or adult fish,
there is a lack of studies on the nutritional requirement of
AA (Daniel et al. 2018).

According to the reports, AA is unstable in its natural
state because throughout the feed manufacturing process,
50% of the AA will be destroyed. As a result, a major issue
was the correct estimate of dietary AA for fish. Because
phosphate groups are easily hydrolyzed by digestive
enzymes such as phosphatases, L-ascorbyl-2 polyphosphate
is the phosphate derivative, an excellent supply and the most
stable form of AA (Daniel et al. 2018; Abdelghany 1996)
that is better utilized by animals (Matusiewicz et al. 1995).
L-ascorbyl-2 polyphosphate always has a better bioavail-
ability of AA than other AA sources (Abdelghany 1996).

Although the global production of Chanos chanos is
reaching one million tonnes annually, the production in
India has not yet achieved the full potential (FAO 2020). The
availability of hatchery-produced milkfish fry in adequate
numbers is the prerequisite for increasing milkfish farming
in India (Bera et al. 2019; Bera et al. 2021). This situation
necessitates understanding the critical elements of larval
nutrition and optimal feeding strategies (Bera et al. 2019;
Sivaramakrishnan et al. 2021, 2023a). The prime objective,
while formulating larval feeds is to meet its known nutri-
tional requirements, especially those vital nutrients, which
are critical during the early larval stages (Sivaramakrishnan
et al. 2023a, 2023b). Moreover, infectious diseases are the
foremost reason behind economic losses in commercial
aquaculture (Lovell 1996). The application of chemothera-
peutics and antibiotics have been criticised for antimicrobial
resistance and drug residues. Therefore, preventive strat-
egy using a proper diet has been considered necessary to
improve animal health and maintain their ability in disease
resistance (Lall and Olivier 1993). Keeping these points in
mind, the present study was planned to investigate the effect
of AA supplementation on the growth, survival, and nutrient
utilization of C. chanos larvae and to determine the optimum
dietary AA supplementation level. In addition, the effects of
AA on histology and hematology were also assessed.

Materials and methods

Experimental diets and proximate composition

Five isoproteic (580 g/kg) and isolipidic (120 g/kg) micro-
diets were prepared to comprise different levels of ascor-

bic acid supplementation at 0 (AAg), 250 (AA,sy), 500
(AAsy), 1000 (AA 4y and 2000 (AA,q) mg ascorbic
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acid (L-ascorbyl-2-polyphosphate) equivalent per kg diet
using practical ingredients(Table 1). The dry solid ingre-
dients were powdered and mixed with fish oil, lecithin and
water, followed by steam cooking. Once the dough is cooled
(60 °C), vitamin and mineral mixture were added and mixed
homogeneously. Dough was further pressed by a micro
extruder (MG-55 Multi-xtruder™, Japan) and grounded
(QJ-230 T Laboratory marumerizer, Japan) (MeM). Diets
were prepared in 300, 500 and 800 pg, resulting in feed sizes
suitable for feeding milkfish larvae at 18-33, 34—47 and
48-63 days post hatch (dph), respectively. Diets were oven
dried at 40 °C to less than 10% moisture and stored under
refrigeration in airtight containers until use.

The composition of experimental diets were done using
standard methods of AOAC (2005). Dry matter was detected
by drying the samples at 105 °C in a hot-air oven till a con-
stant weight was achieved. The crude protein content was
determined by analyzing the nitrogen content and multiply-
ing by a factor of 6.25 (micro-Kjeldhal method). Fat content
was determined after extraction with petroleum ether (boil-
ing point: 40-60 °C) in Soxhlet’s apparatus. Total ash con-
tent was determined by incinerating the moisture-free sample
at 550 °C temperature in a muffle furnace. The crude fiber of
feed was determined by acid digestion (H,SO,—1.25%) fol-
lowed by alkali digestion (NaOH-1.25%). Feed gross energy
values were measured using a semi-micro oxygen bomb
calorimeter (Parr Instrument Company, USA Model 1425).

Experimental fish, design and feeding trial

The 18 dph larvae of milkfish were procured from a fin-
fish hatchery, ICAR-Central Institute of Brackishwater
Aquaculture (CIBA). A total of 1500 larvae with a mean
weight of 25.18 mg were randomly distributed into five
experimental groups in triplicate according to a completely
randomized design. The experimental setup consisted of
15 fiber-reinforced plastic (FRP) rectangular tanks (100 L
capacity) stocked at one larvae/L (100 larvae/tank) covered
with perforated lids. Larvae in the tanks were reared with
continuous aeration and water exchange to provide optimum
water quality requirements. Feeding rate was calculated on
the basis of the demand for satiation. The total amount of
feed was divided into three equal portions and fed at 08:00,
13:00, and 17:00 h.

Sampling and analysis

Growth performance, nutrient utilization, and survival

For growth indices, twenty-five larvae from each tank were
fortnightly sampled and weighed. The larvae were starved

overnight before sampling, where they were individually
weighed in an electronic balance with an accuracy of 0.001 g
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Table 1 Ingredient * and

chemical composition of the Ingredient composition (g-kg~! feed) AA, AA,s, AAsy AA 000 Asgoo

experimental diets Fish meal 550 550 550 550 550
Acetes, dried 150 150 150 150 150
Squid meal 50 50 50 50 50
Wheat gluten 90 90 90 90 90
Yeast 25 25 25 25 25
Fish oil 35 35 35 35 35
Soy lecithin 35 35 35 35 35
Spirulina 10 10 10 10 10
Fish hydrolysate 10 10 10 10 10
Vitamin mix? 15 15 15 15 15
Mineral mix® 15 15 15 15 15
Binder 10 10 10 10 10
Astaxanthin 1 1 1
Choline chloride 2 2 2 2
Ascorbic acid 0 0.25 0.5

Chemical composition of feed (g-kg™" dry matter basis)

Moisture 77.2 77 76.3 82.3 76
Crude protein 584.2 581.6 584 589.3 586.4
Ether extract 128.2 126.6 121.5 123.7 1249
Crude fibre 7.9 8.1 15.8 10.6 8.5
Gross energy, MJ/g DM 20.5 20.6 20.6 20.5 20.4
Protein to energy ratio, g CP/MJ 28.5 28.2 28.2 28.7 28.6

4Composition of vitamin premix (quantity/kg); vitamin A 500,000 IU, vitamin D3 250,000 IU, vitamin E
2000 mg, vitamin K 1000 mg, thiamin 100 mg, riboflavin 2000 mg, pyridoxine 500 mg, cyanacobalamin
400 mg, calcium pantothenate 2500 mg, niacin 4000 mg, biotin 4000 mg, folic acid 200 mg

®Composition of mineral premix (quantity/kg); manganese oxide 500 mg, potassium iodide 500 mg, fer-
rous sulphate 10 g, zinc oxide 1000 mg, copper sulphate 250 mg, cobalt carbonate 2 mg, sodium selenite
10 mg, chromium chloride 100 mg, calcium lactate 250 g, calcium phosphate (monobasic) 350 g, magne-

sium sulphate 50 g

*Same ingredients source details described (Sivaramakrishnan et al. 2022)

(Shimadzu, BL220H). Growth performance, nutrient utiliza-
tion, and survival of the experimental fish were calculated
on the basis of the formulae mentioned below.

Weight gain (mg)=Final weight/ initial weight.

Specific growth rate (%/day) = (In final weight/ In initial
weight/(number of days) x 100.

Feed conversion ratio (FCR) =Total feed given/total
weight gain.

Feed efficiency ratio (FER) =Total wet weight gain/total
feed given.

Protein efficiency ratio (PER) =Total weight gain/total
protein intake.

Survival (%)= (Total number of survived larvae)/(total
number of larvae stocked) x 100.

Hematological analysis

Blood samples were collected in heparinized vials in
triplicates for hematological parameters on the 45th day

of treatment from the randomly selected fish population,
either through gill arch or intracardiac puncture, which
was employed only wherever the blood sample could not
be collected from the gill arch. Approximately 33.3 uL of
blood from each fish was collected in 66.6 uL of heparin
preloaded 1 mL sterile disposable syringe with 23 gauge
needle and mixed gently and stored in heparin vials for
hematological parameters. The blood was diluted 1/1000
in Natt—Herrik staining solution to count red blood cells
(RBCs) and 1/100 for white blood cells (WBCs) and
counted in a Neubauer hemocytometer using a light micro-
scope. Differential WBC counts were carried out by bind-
ing the smears with Leishman—Giemsa stain, and the cells
were identified on the basis of characteristic morphology.
Hemoglobin (Hb) was estimated by hematin conversion
method using Sahli’s hemoglobinometer. Hematocrit
(HCT) value was calculated by micro hematocrit capillary
method. Erythrocyte indices were calculated by the stand-
ard formulae as mentioned by Ananda Raja et al. (2020).

@ Springer
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Histology of intestine

Milkfish larvae (n=3) per treatment were ice killed and dis-
sected under a stereo-microscope to remove the intestine.
The intestinal tissue (n=3) was collected in 10% neutral
buffered formalin (NBF) and processed for histological
examination following the standard procedures (Ananda
Raja and Jithendran, 2015). Briefly, the intestinal tissue
was subjected to dehydration in graded level of alcohol
series (70%, 90%, and 100%), and clearing by xylene. The
fixed tissue samples were embedded in a paraffin block.
Three sections per tissue sample at 4-um thick were made
and positioned on the glass slides coated with 2% APTES
(3-aminopropyltriethoxysilane) (Sigma—Aldrich, USA).
After rehydration, the sections were stained with hematoxy-
lin and eosin (H&E) and were viewed under a light micro-
scope (Eclipse NIU, Nikon microscope with DS Fi3 camera
and NIS BR Software). Then the sections were assessed as
described earlier (Segner et al. 1987).

Challenge study

After 45 days of the feeding trial, milkfish was challenged
with a virulent strain of Vibrio harveyi LMG19643. The
challenge was carried out as per our earlier method (Kumar
et al. 2021) with 1 LDy, dose of this strain equivalent to
5% 10° CFU for milkfish. In brief, the bacterium was revived
on freshly prepared Zobell Marine agar (ZMA) (HiMedia,
Mumbiai, India) and incubated overnight at 30 °C. The colo-
nies were resuspended in normal saline solution (NSS, 0.9%
NaCl). After washing, the ODy, was set at 1.0 (~ 108 CFU/
mL) using UV-VIS spectrophotometer. The culture was
further diluted four fold (2.5x 10" CFU/mL). A 20 uL of
diluted culture provided the challenge dose of 5x 10> CFU/
fish and was intramuscularly injected near the dorsal fin of
the fish using a tuberculin syringe (U-40, 31 gauge). The
challenge trial was conducted in 100 L FRP tanks, with
five fish/replicate, resulting in 15 fish/treatment. Mortality
recorded within 2 h of injection was regarded as death due to
injection shock, and dead fish were discarded from the study
and replaced to the challenge with fresh fish. Postinjection,
mortality was recorded at 6, 12, 24, 48, 72, 96, 120, 144,
and 168 h. No water was exchanged during that period. The
survival at the end of the 7th day was analyzed with analysis
of variance (ANOVA) and presented as survival percentage.

Statistical analysis

Before statistical analysis, the data were tested for normality
and homogeneity of variance using the Shapiro-Wilk test
and Levene test, respectively. Growth performance, hema-
tological parameters and survival post challenge were ana-
lyzed among the treatments by one-way analysis of variance
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(ANOVA) using SPSS 16.0. Duncan’s multiple range test
was used for post hoc comparison of means among the treat-
ments (p <0.05) (Duncan 1955). Orthogonal polynomial
regression analysis were used to optimum dietary ascorbic
acid supplementation for maximum growth and nutrient uti-
lization. All the data presented in the text, figures, and tables
are mean + standard deviation (SD), and statistical signifi-
cance for all statistical tests was set at p <0.05 and p <0.01.

Result
Proximate compositions of the experimental diets

All experimental diets contained similar proximate com-
positions (Table 1), with approximately 58% protein, 12%
lipid, and 8% of moisture content. The gross energy content
of experimental diet is 20.5, MJ g/DM, and the protein to
energy ratio was 28.8 g CP/MJ.

Effect of AA supplementation on the growth
performance of milkfish larvae

The effect of dietary supplementation of ascorbic acid on
weight gain, specific growth rate, protein efficiency ratio,
feed efficiency, and survival were calculated and presented
in Table 2. Dietary supplementation of AA at different con-
centrations showed significantly (p <0.05) higher weight
gain in AA gy, and AA, group than those without sup-
plementation of AA (AA,). Also, significantly (p <0.05)
higher specific growth rate (SGR) was recorded in AA 4
than other AA-supplemented diets. In addition, there was a
significant difference observed between AA supplemented
diet and the control diet in nutrient utilization parameters,
FER and PER. The AA supplemented groups showed sig-
nificant difference (p <0.05) and 20% higher survival com-
pared with the control diet (AA,).

Dietary ascorbic acid requirement

Based on the curvilinear (orthogonal polynomial) regres-
sion analyses, optimum final body weight (FBW), weight
gain (WGQ), SGR, FER, PER, and survival were obtained at
dietary ascorbic acid levels of 1175, 1174, 1238, 1262, 1246
and 1174 mg/kg diet, respectively (Fig. 1). Accordingly, the
optimum dietary ascorbic acid required for milkfish in a
range of 1174 to 1262 mg/kg diet.

Hematology
Statistically significant differences (p <0.01) in hematologi-

cal parameters, such as RBC, WBC, Hb, packed-cell vol-
ume (PCV), mean corpuscular cell volume (MCV), mean
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Table 2 Growth performance of

Chanos chanos larvae fed with Parameters Ao Afaso Adsoo Ahio0o Ahaono

graded level of dietary ascorbic IBW (mg) 25.18+3.23 25.18+3.23 25.184+3.23  25.18+3.23 25.18+3.23

acid (AA) FBW (mg) 145341039 2756541452 2757941280 315.00417.64  255.0°+10.32
WG (mg) 120+ 10.40 250°+£20.38 250°+20.80  290%+30.65 230°+20.43
SGR 3.75°+0.17 5.03°+0.17 5.18°+0.17 5.46°+0.13 5.22°+0.16
FI (g)* 0.82+0.06 0.91+0.5 1.08+0.02 0.83+0.10 0.82+0.07
FER 0.18°+0.03 0.20°+0.03 0.20°+0.03 0.20°+0.03 0.20°+0.03
PER 0.312+0.03 0.34°+0.03 0.34°+0.03 0.35°+0.03 0.34°+0.03
Survival (%) 69.56°+3.19 90.22°°+3.55  93.78"°+0.96  9534°+2.85 88.01°+4.85

Data are presented as mean+SD (n=3). Values in the same row with different superscript differ signifi-
cantly (p<0.05). IBW initial body weight, FBW final body weight, WG weight gain, SGR specific growth
rate, FER feed efficiency ratio, PER protein efficiency ratio

*NS: not significant

corpuscular hemaglobin concentration (MCHC), total
thrombocytes, mature neutrophils, myelocytes, and mono-
cytes, were observed among the groups fed with different
levels of AA. Among the treatments, the highest RBC count
in pre- and post-challenge groups were recorded in AA,
group, while the highest level of hemoglobin and PCV level
was observed in AA, group. Furthermore, most of the
hematological parameters had a higher level in the pre-
challenge groups compared with the post-challenge groups
(Table 3). However, the post-challenge groups also showed
a higher level of hematological indices in AA fed groups
compared with that of the control. Microscopically, no mor-
phological abnormalities were observed in RBCs among the
different treatment groups.

Histological examination of intestine

In the histological examination, intestinal villi height, villi
density, mucous membrane thickness, and lamina propria
were examined for evaluating the effect of AA supplementa-
tion (Fig. 2). Histological examination of foregut revealed
largely normal architecture in all the treatments with suf-
ficient number of villi, goblet cells, and lymphoid cells in
the lamina propria. However, the length of villi, thickness of
lamina propria, concentration of lymphoid cells in the lam-
ina propria were observed to be more in AAyj, and AA
compared with other treatments. Also, the gap between the
villi was observed to be the smallest in the groups AA,
and AA g0

Survival analysis post challenge

The influence of AA supplementation on its protective effect
against pathogens was evaluated by a challenge study using
V. harveyi LMG19643 and is presented in Fig. 3. The results
suggest that AA supplementation at 1000 level (AA ) had
the best protective effect as it resulted in significantly higher

survival (93.3%) compared with the control (p <0.01),
AA,5,(p<0.01), and AAS00 (p <0.05). Moreover, although
the difference was insignificant (p > 0.05), the highest dose
of AA (AA,y) showed a lower level of protection compared
with AA g0

Discussion

AA is attributed to play an essential role as an antioxi-
dant scavenger and as an immune stimulant (Ibrahim et al.
2020). Their deficiency in fish diet causes spinal defor-
mation, retarded growth, and a lower survival rate (Zhou
et al. 2013). Dietary supplementation of AA in nile tilapia
Oreochromis niloticus fingerlings significantly increased the
growth performance of fish in comparison with the control
diet (Ibrahim et al. 2020). In the present study, dietary AA
significantly affected the growth and feed intake of milk-
fish in a dose-dependent manner. The experimental group
provided with AA dietary supplementation has proven to
have a higher survival rate than that of the control group.
This indicated that the different levels of AA supplemen-
tation had a prominent effect on weight gain by improv-
ing the feed intake, PER, and survival rate. Furthermore,
increased disease resistance and hematological indices of
AA were also observed in this study. The deficiency of
AA in the diet slows down the growth rate, immunocom-
petence (Lin and Shiau 2005), causes spinal deformities,
hemorrhages, anemia, hypertyrosinemia, and increases the
exposure to bacterial disease risks (Lakani 2015). AA defi-
ciency induces excessive production of toxic lipid perox-
ides, leading to a decrease in weight gain and feed efficiency
in fishes (Daniel et al. 2018). The relevance of AA in fish
nutrition was first reported by McLaren et al. (1947), who
noted the fact that deficiency of AA can arrest the growth
in rainbow trout. Merchie et al. (1995) observed that high
levels of AA as a dietary supplement increased growth rate

@ Springer
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Table 3 Hematological parameters of milkfish (Chanos chanos) fry fed with different levels of vitamin C concentrations

Parameters AA, AA,5, AAsy, AA 500 AAyy
Pre-challenge
Red blood cells (x 106 mm?)* 9.77°+0.12 10.03°4+0.33 10.404+0.21 10.03°4+0.18 9.87°4+0.33
White blood cells (x 10° mm?®)** 159.03%9+1.13 154.87%¢+2.22 160.704+0.67 160.20% +1.99 158.20%4+2.48
Hemoglobin (g/dL)** 7.47440.09 7.30%4+0.10 7.60¢+0.15 8.03°+0.12 7.73%+0.12
Packed-cell volume (%)** 22.20%+0.20 21.874+0.32 22.43%40.33 24.277+0.23 23.20°°+0.35
Mean corpuscular volume (fl)** 22.83%4+0.48 21.83%°+0.42 21.63%+0.35 24.30%+0.56 23.57%4+0.44
Mean corpuscular hemoglobin (pg)** 7.67°¢+0.20 7.27%+0.13 730 +0.10 8.039+0.20 7.87°4+0.13
Mean corpuscular hemoglobin concen- 33.63*+0.13 33.37% +0.67 33.87*+0.20 33.132+0.20 33.33%1+0.15
tration (g/dL)**
Elongated thrombocytes (%)** 23.00°+0.58 23.00°+0.58 23.00°+1.16 22.33%+1.20 22.00°+1.73
Oval thrombocytes (%) 7.00+1.52 6.33+0.88 6.33+0.33 4.67+1.76 7.33+0.88
Total thrombocytes (%)** 30.00 +1.00 29.33%+0.33 29.33%+1.20 27.00°+0.58 29.33% +2.60
Large lymphocytes (%) 9.67+1.20 9.33+2.60 5.00+1.73 7.33+1.20 9.00+0.58
Small lymphocytes (%)* 21.33%¢+0.67 22.00%+1.73 22.00%+1.16  24.33%*+0.67 20.33%+0.88
Total lymphocytes (%) 31.00+1.73 31.33+0.88 27.00+2.52 31.67+1.20 29.33+1.33
Juvenile neutrophils (%) 4.33+0.33 2.67+1.20 2.67+1.20 3.00+£0.58 4.33+0.88
Mature neutrophils (%)** 6.33%°+0.88 4.00°+1.16 5.33%+1.45 7.00% +1.52 6.00°+2.65
Total neutrophils (%)* 10.67°%¢ +0.67 6.67°+1.45 8.00° +2.65 10.00% +2.00 10.33%¢+2.91
Myelocytes (%)** 11.67% +0.33 15.00¢4+0.58 15.00%4+1.73 13.67°9+0.88 11.67%¢+2.73
Monocytes (%)** 16.67°+1.20 17.67°+1.20 20.67% +1.45 17.67°+£2.33 19.33%+0.88
Parameters AA, AAs5 AAsg AA 00 AAs00
Post-challenge
Red blood cells (x 10° mm?)#+ 8.53*+0.13 9.10®+0.15 9.53%+0.30 9.07°°+0.07 8.53*+0.09
White blood cells (x 10° mm?)** 156.63°9+£044  150.97°+0.17 159.779+1.79 156.97°9+0.88 153.37%+0.52
Hemoglobin (g/dL)** 5.90*+0.16 6.70°+0.1 6.93%+0.20 6.67°+0.03 6.03+0.23
Packed-cell volume (%)** 17.76*+0.30 18.57°+0.33 20.00°+0.81 19.10% +0.42 18.23%+0.26
Mean corpuscular volume (fl)** 20.87*+0.47 20.43*+0.28 21.07*+0.19 21.10*°+0.50 2147 +0.49
Mean corpuscular hemoglobin (pg)** 6.93*+0.19 7.40%¢ +0.17 7.30°°+0.06 7.37%¢+0.03 7.10°+0.29
Mean corpuscular hemoglobin concen- 33.20°+0.15 36.10°+0.61 34.70% +0.38 34.93% +0.62 33.10°+1.15
tration (g/dL)**
Elongated thrombocytes (%)** 17.00°+0.58 22.00°+0.58 24.67°+0.88 23.67°+0.88 16.67*+0.88
Oval thrombocytes (%) 5.00+0.58 8.00+0.58 9.33+1.20 8.67+0.88 6.00+0.58
Total thrombocytes (%)** 22.00°+1.16 30.00*+1.16 34.00°+0.58 32.33%+1.67 22.67*+0.33
Large lymphocytes (%) 7.33+1.20 9.67+0.88 9.67+0.88 10.67+1.20 7.33+0.88
Small lymphocytes (%)* 24.33%+1.20 20.33+0.88 22.00%°+2.31  25.33°+0.88 19.332+0.88
Total lymphocytes (%) 31.67+1.20 30.00+1.16 31.67+3.18 36.00+1.16 26.67+1.76
Juvenile neutrophils (%) 3.67+0.33 3.00+0.58 3.33+0.67 4.67+0.33 2.33+0.67
Mature neutrophils (%)** 8.67°4+0.33 9.33%d 4 0.67 11.339+0.33 10.33°44+0.88 7.00%*° +0.58
Total neutrophils (%)* 12.33%+0.67 12.33%+0.33 14.67°+0.88 15.00°+0.58 9.33%+1.20
Myelocytes (%)** 13.67°9+1.20 11.33%¢+0.88 9.67*+1.20 7.33*+1.45 17.004+1.00
Monocytes (%)** 20.33%+2.91 16.33°+1.33 10.00*+3.01 9.33*+2.03 24.33°+2.40

Data are presented as mean +SD (n=3). Values bearing different superscripts in a row differ significantly (**p <0.01, *p <0.05)

and stress resistance in the larval stages of African cat-
fish (Clarias gariepinus). In addition, in the present study,
dietary AA supplementation increased the feed efficiency,
which is an essential factor and visual index to evaluate the
feed quality, and the results of the present study were con-
sistent with the findings of the earlier studies quoted above.

Depending on the fish species, size, the form of AA, and
experimental settings, varying amounts of ascorbic acid may
be needed in the food. The amount of dietary ascorbic acid
had an impact on feed consumption as well. The amount of
total feed consumed correlated with the diet’s ascorbic acid
content. In fish fed with diet deficient in ascorbic acid, both
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Fig.2 Histology sections showing the cross section of foregut of control and treatment. Yellow arrow indicates the length of villi and blue arrow
indicates the thickness of lamina propria. Goblet cells are represented by “G”
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Fig.3 Survival percentage of milkfish larvae challenged with
Vibrio harveyi

the protein conversion ratio and the feed conversion ratio
were lower. This showed that through increasing feed intake
and PER in the group AA ;. AA had a notable impact on
specific growth rate. The difference in the requirement of
dietary ascorbic acid is likely related to fish species, size,
the form of AA, and different experimental conditions. The
feed utilization was also affected by the dietary ascorbic
acid level. The total feed consumed was proportional to the
ascorbic acid concentration in the diet. Both protein conver-
sion ratio and feed conversion ratio were lower in fish fed
with diet without ascorbic acid. This indicated that AA has
a remarkable effect on specific growth rate by improving the
feed intake and PER in the group AA 0.

@ Springer

The hematological parameters are an important character-
istic tool used to monitor the physiological and pathological
characters in fishes (Fazio et al. 2012). AA plays a principal
role in protecting membranes from oxidation (Narra 2017).
Several studies have reported that AA supplemented diets
had a positive effect on the hematological parameters. A
considerate increase was observed in Cirrhinus mrigala
(Zehra and Khan 2012). In this study, the values of hemoto-
logical parameters were higher in pre-challenge groups when
compared with post-challenge groups. The RBC count was
the highest in challenge group AAs,, while the WBC count
was higher in AAyy, and AA |, groups. Hb and PCV also
showed similar trend with the highest values in pre-chal-
lenge groups. However, among the post-challenge groups,
AA fed groups showed higher values compared with that of
the control. It is pertinent to note that hematological param-
eters, particularly the RBCs, seem to significantly increase
with the increase in the concentration of AA supplementa-
tion. This result implies that AA could protect the red blood
cell membranes from oxidation (Yu et al. 2020).

The intestine has a dedicative role in nutrient absorption
and digestion, and the digestive function directly relates to
intestinal tract development. The intestinal morphology,
including the heights of the intestinal villi and the number
of goblet cells, is a significant indicator of the digestive
and absorptive efficiency of the gut (Pirarat et al. 2011).
Instead of having an intestinal villus as in terrestrial organ-
isms, the intestinal folds present in fishes directly reflect
the digestive and absorptive capacity (Olli and Krogdahi



Fisheries Science

1994). In the current study, the inclusion of dietary AA
increased the villi heights and the number of goblet cells.
The histological examination of the intestine revealed that
the length of the villi, thickness of the lamina propia, and
the concentration of lymphoid cells in the lamina pro-
pia were higher in AAsy, and AA,y, groups compared
with the control, AA,s,, and AA,q,, groups. Also, the
gap between the villi was minimal in groups AAs, and
AA |y The above findings stipulate that the absorptive
function of the intestine is enhanced because of the avail-
ability of greater surface area for the absorption of nutri-
ents and a better immune defensive mechanism against
pathogens (Rahman et al. 2018; Pirarat et al. 2011).

The addition of vitamins as supplements in the diets
has proven to improve the growth rate, immunity, disease
resistance, and survival. AA is one of the most proven
nutrients for its immunomodulatory and antioxidant func-
tionalities (Oskoii et al. 2012). In this study, the immuno-
genicity of the milkfish was determined by exposing it to
a challenge study against V. harveyi LMG19643 patho-
gen. The results imply that the AA supplementation at
the 1000 level (AA ) had the best defensive mechanism
against the above pathogen, as it had a significantly higher
survival rate compared with the control (p <0.01), AA,5,
(»<0.01), and AA4y, (p <0.05). Several reports from the
literature have reported to improve growth performance,
and immune robustness of fish fed on AA supplemented
diets (Zhou et al. 2013; Liua et al. 2016). However, the
highest dose of AA (AA,q) had the lowest level of
protection compared with AA,,,; hence, these results
required further studies to confirm the toxic potential of
AA at higher doses in the fish.
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