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ABSTRACT: The effects of diet supplementation using chitosan stabilized ascorbic acid (CSAA), ascorbyl-
2-polyphosphate (ASPP), crystalline L-ascorbic acid (AA) at 250 mg ascorbic acid equivalent (AAE) kg-1
diet and a diet devoid of ascorbic acid (C) was studied using juvenile Macrobrachium rosenbergii prawns in
a 50-day feeding trial. Ascorbic acid retention (%) after feed processing, leaching, and storage revealed
that both CSAA and ASPP were significantly more heat and water stable than AA. Prawns had an initial
weight of 64 £0.02 mg. Prawns fed CSAA had a significantly higher survival rate (100%) compared to those
fed ASPP (86.7%), AA (53.3%), or C (36.7%). Weight gain (%) and specific growth rate (SGR) of prawns
fed with diets ASPP and CSAA were significantly higher than those fed with diets C and AA. Whole Body
Ascorbic Acid (WBAA) concentration was significantly higher in prawns, fed diets supplemented with
CSAA and ASPP compared to those received diet AA and C. The results indicated that chitosan stabilised
ascorbic acid in a heat-stable, water-insoluble, and bioavailable form for M. rosenbergii juveniles provides
a comparable growth performance, WBAA content, and better survival compared to the commercial
stabilised ascorbic acid formulation: ascorbyl-2-polyphosphate.

Keywords: Ascorbic acid, Vitamin C, Feed evaluation, Freshwater prawn, Macrobrachium rosenbergii, Whole-

body ascorbic acid.

INTRODUCTION

Aquatic animals, especially fish and prawns, cannot
synthesize ascorbic acid as they lack the enzyme L-
gulonolactone oxidase. Ascorbic acid is essential for
normal growth, immunity, and reproduction in finfish
and shellfish (Lovel, 1973; Wilson and Poe, 1973;
Desimaru and Kuroki, 1976; Hilton et al., 1978;
Margarelli et al., 1979; Shiau and Jan, 1992; Lee et al.,
1998, Shahkar, 2015; Asaikkutti et al., 2016; Zafar and
Khan, 2020; Yusuf et al., 2020). L-ascorbic acid is
extremely labile and its chemistry suggests that the rate
of degradation can be a function of storage time,
temperature, oxygen, pH, and light (Herreid et al.,
1952; Wanninger, 1972; Lim and Lovell, 1978;
Soliman, et al., 1987). The degradation of L-ascorbic
acid loss can be reduced to some extent by polymer or
silicon coating (Skelbnaek et al., 1990; Moreau et al.,
1998) encapsulation with ethylcellulose or other
impervious materials (Adams, 1978; Robinson, 1992).
The reactive component of ascorbic acid is the hydroxyl
group (OH) at the C2 position; it is possible to protect
this group through esterification by replacing it with a
sulphate or phosphate group. Since these derivatives of
ascorbic acid are relatively resistant to degradation
through heat and oxidation (Shigueno and Itoh, 1988;
Grant et al, 1989; NRC, 1993) it would be
advantageous to use them in fish and prawn feeds.
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Phosphate derivatives of ascorbic acid have been shown
to have antiscorbutic activity in channel catfish (Wilson
et al., 1989; El Naggar and Lovel, 1991), tilapia
(Soliman et al., 1986), rainbow trout (Cho and Cowey,
1993; Dabrowski et al., 1996), Japanese yellowtail
(Kanzawa et al., 1992), Marsupenaeus japonicus
(Shigueno and Itoh, 1988), Penaeus monodon (Shiau
and Hsu,1994), Macrobrachium rosenbergii (Hari and
Kurup, 2002), Marsupenaeus japonicus (Moe et al.,
2005), Litopenaeus vannamei (Niu et al., 2009; Chen et
al., 2017) and to have been utilised successfully to
enrich Artemia for use in live larval feeds (Smith et al.,
2004 a, b). Matusiewicz and Dabrowski (1995)
reported that the alkaline phosphatase which is seen as
abundant in the intestine of rainbow trout serves to
hydrolyase the ascorbate phosphate releasing active
ascorbic acid into the circulation. However, the
production of the polyphosphate and monophosphate
esters of ascorbic acid requires extensive purification, a
process that increases the cost of production (Liao and
Seib, 1990). It is therefore of interest to feed
manufacturers to use cheaper ascorbate derivatives with
high stability while still remaining bioavailability to
fish and prawns.

Several attempts have been made to develop a more
stable form of ascorbic acid for aquaculture feeds. The
ascorbic acid in the present composition was stabilised
through the use of the cationic polymer chitosan. The
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chitosan-stabilised ascorbic acid was synthesised by the
Central Institute of Fisheries Technology, Cochin,
India. Before any compound can be used to replace
traditional forms of stabilised ascorbic acid, in aquatic
feeds information on efficacy must be attained (Lovell
and El Naggar, 1989). Therefore, during this study the
efficacy of chitosan stabilised ascorbic acid has been
compared with the commercially available ascorbic
acid ascorbyl-2-polyphosphate (ROVIMIX Stay — C
35, Hoffman La Roche Vitamins, NJ., USA) and
crystalline L-ascorbic acid (Qualigens Fine Chemicals,
Mumbai, India) on the growth performance, survival
and whole-body ascorbic acid content (WBAA) of M.
rosenbergii juvenile. Furthermore, investigations were
also made on the effect of feed processing, leaching,
and storage on dietary retention of the above-said
ascorbic acid sources.

MATERIAL AND METHODS

Experimental diets

The composition of the basal semi-purified control diet
(C) devoid of ascorbic acid is shown in Table 1. Three
semi-purified diets were prepared using the following
ascorbic acid sources: chitosan stabilised ascorbic acid
(CSAA), ascorbyl-2-polyphosphate (ASPP), crystalline
L-ascorbic acid (AA), diets were formulated to contain
250 mg ascorbic acid equivalents (AAE) kg™ diet. The
CSAA and ASPP are reported to contain 50% and 35%
ascorbic acid activity, respectively. A vitamin premix
without ascorbic acid was used in all experimental
diets. Vitamin-free casein (Himedia Laboratories,
Mumbai, India) was the protein source used in all
experimental feeds. In diets supplemented with
ascorbic acid the equivalent amount of alpha cellulose
was removed. The experimental diets were formulated
to contain 400 g crude protein kg™ diet and 70 g crude
lipid kg* diet. The ingredients were weighed according
to the formula (Table 1) and mixed thoroughly.
Approximately 400 ml warm water (60 °C) was added
per kilogram diet, mixed thoroughly and the dough was
passed through a hand pelletizer using a2 mm die. The
resultant pellets were steamed for 3 min. and dried in a
hot air oven at 50°C for 2 hrs. and followed by fan
drying at room temperature (28 °C) for 2 hrs. The dry
pellets were broken into pieces of 2-3 mm and stored in
airtight plastic containers at -18 °C until use.

Experimental animals and feeding trial

Twenty-day-old post-larvae  of  Macrobrachuim
rosenbergii (de Man) reared from a single brood at the
Hatchery Complex of the School of Industrial Fisheries
were nursed for 30 days in 1000 L fibre-reinforced
plastic (FRP) tanks. An ascorbic acid-free basal control
diet (C) was given to the prawns for two weeks during
the second half of the nursery rearing to acclimatise
them to the experimental diets and deplete the body
stores of ascorbic acid. A total of 120 uniformly sized
prawns with a mean + SD weight of 64 +0.02 mg were
distributed in the four dietary treatments (30 individuals
per treatment). The post larvae were visually checked
for signs of diseases or parasites, but none were
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observed. Round aquamarine coloured 120 L FRP tanks
with a 0.4 m? tank base was filled with 100 L of de-
chlorinated tap water. Triplicate tanks were maintained
for each treatment (10 animals in each culture tank) and
the tank allocation for each treatment was completely
randomised. Water was exchanged 50% daily at 09.00
hours and a 12 h light and 12 h dark photoperiod was
maintained throughout the experimental period.
Pelleted sinking experimental diets were given to the
experimental animals at 120 g kg* day? of initial
weight and after the first week, it was then adjusted to
70 to 80 g kg™ day™. The daily ration was divided into
two equal feeds, which were distributed evenly over the
tank’s surface, at 10.00 and 18.00 hours. After 5 hrs.,
the unconsumed feed was removed, and dried and the
weight was recorded. Records were maintained for the
feed applied and unconsumed. The experimental tanks
were scrubbed on alternate days to minimise fungal and
algal growth that could provide a source of ascorbic
acid to the experimental animals. Survival was recorded
through daily counts. On day 50 of the culture, the
feeding experiment was terminated and prawns were
harvested after draining the tanks.
Sample collection and analysis
The initial and final live weight of the prawns was
measured individually using an electronic balance after
blotting with soft tissue paper. Body length was
measured using a dial caliper. The test animals were
observed for physical abnormalities. Specific growth
rate (SGR), feed conversion ratio (FCR), protein
efficiency ratio (PER) and survival were calculated as
follows:
SGR = [(In final weight -In initial weight) x 100]/ days
of experiment
FCR= feed consumed (dry weight)/ live weight gain
(wet weight)

PER= live weight gain (g)/ protein consumed (g)
Survival rate (%) = 100 — (Initial No. of prawns - Final
No. of prawns) x 100/ Initial No. of prawns
Daily water temperature and pH were measured using a
mercury thermometer and a pH meter, respectively.
Dissolved oxygen and ammonia were determined
following the standard procedures (APHA, 1995).
Moisture, crude protein, and crude fibre were
determined following AOAC (1990). Crude lipid was
estimated by soxhlet extraction with petroleum ether
(BP 60-80 °C) and the ash content was determined from
the residue remaining after incineration of the samples
for 24 hrs at 550°C in a muffle furnace. The nitrogen-
free extracts (NFE) were computed by difference
(Crompton and Harris, 1969).

The ascorbyl-2-polyphosphate content of the diet ASPP
was assayed following Wang et al. (1988). The total
ascorbate content of the other experimental diets was
assayed following (Roe, 1967). Leaching loss of the
ascorbic acid sources was determined by following
Soliman et al. (1987) at 28 °C water temperature for 15
and 30 min. Storage studies were conducted following
Soliman et al. (1987) and samples from each diet were
stored at room temperature (27 to 29°C) in black plastic
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bags. The ascorbic acid content of the experimental
diets after processing, leaching, and storage was
expressed as the retention (%).

At the termination of feeding trials, prawns were
weighed and samples were prepared by homogenising
in 5 ml of ice-cold 5% trichloroacetic acid (TCA) for
the analysis of whole-body ascorbic acid (WBAA)
content of the prawns. The homogenates were
centrifuged for 20 min. at 3000 rpm. The ascorbic acid
content of the supernatant was analysed using the
DNPH method described by Omaye et al. (1979) and
expressed as pig.g* wet body weight of prawn.
Statistical analysis

Variables such as prawn growth, FCR, SGR, and PER,
survival, the ascorbic acid content in experimental
diets, and ascorbic acid retention (%) after processing,
leaching, storage, and WBAA content of prawns were
analysed by one-way ANOVA. All percentage data
were normalised by square root arc-sign, but only non-
transformed data are presented. Water quality
parameters were subjected to split-plot ANOVA. All
the ANOVA were performed using the SPSS 11
program for Windows. All effects were considered
significant at a level of significance of P<0.05. Tukey’s
test was applied for post-hoc comparison.

RESULTS AND DISCUSSION

Water temperature, pH, dissolved oxygen and ammonia
ranged from 27 to 29 °C, 7.21t0 7.8, 6.1 t0 7.2 mg L7,
and <0.01 mg L%, respectively throughout the
experimental period and were not significantly different
between treatments. The proximate composition and
ascorbic acid content (mg AAE kg? diet) of the
experimental diets are given in Table 2. The
significantly lower growth performance, survival rate,
and protein conversion efficiency of M. rosenbergii
juvenile-fed diet AA indicated that crystalline L-
ascorbic acid at 250 mg AAE kg™ diet inclusion
concentration could not satisfy the ascorbic acid
requirement of M. rosenbergii. This was due to its
lower stability and only 42% of the crystalline L-
ascorbic acid was retained in the feed after processing.
Soliman et al. (1987) reported retention of only 38% L-
ascorbic acid in the diet after feed processing. Chitosan
stabilised ascorbic acid and ascorbyl-2-polyphosphate
content in experimental diets was not significantly
affected by feed processing.

Retention (%) of various ascorbic acid sources after
processing, leaching, and storage in experimental diets
are shown in Table 3. Feed processing including
mixing, the addition of warm water (60 °C), pelleting,
and drying at 50°C had a negligible effect on the
stability of chitosan stabilised ascorbic acid and
ascorbyl-2-polyphosphate. However, significantly low
L-ascorbic acid recovery was recorded in diet AA after
feed processing. Gadient and Schai (1994) and Moreau
et al. (1998) recorded 98% and 86-100% retention of
ascorbyl-2-polyphosphate in  shrimp feeds after
processing. Grant et al. (1989) reported that ascorbyl-
2-polyphosphate is a water and heat-stable ascorbic

Hari and Jisha Biological Forum — An International Journal

acid derivative with stability in pelleted feeds reported
to be up to 83 to 45-times greater than that of crystalline
L-ascorbic acid at 25 and 40 °C, respectively. The
results of the present study revealed that chitosan
stabilised ascorbic acid had similar ascorbic acid
retention to ascorbyl-2-polyphosphate after feed
processing.

Increasing immersion time led to increased leaching of
ascorbic acid. Significantly higher ascorbic acid
retention was recorded after 30 min. of leaching in diets
supplemented with ascorbyl-2-polyphosphate and
chitosan-stabilised ascorbic acid compared to L-
ascorbic acid. Shiau and Hsu (1994) reported that even
at relatively mild conditions of feed preparation in the
lab compared to those used in feed manufacturing, the
process destroyed approximately 67 to 75% of
crystalline L-ascorbic acid in the feed and a reduction
of activity up to 85.7% after one-hour immersion in
water prior to analysis was also recorded. Aquatic
crustaceans, unlike fish, are slow feeders, and food
particles usually remain suspended in water for
extended periods before being consumed. Increased
leaching may also be due to external manipulation of
the diet by the prawns during feeding. Only 57% of the
initial dietary content of L-ascorbic acid content was
retained after 30 min. of the leaching experiment.
Soliman et al. (1987) reported only 43% retention of L-
ascorbic acid after 3 min. of exposure to water at 28 °C.
However, Khajarern and Khajarern (1997) recorded
79.9% L-ascorbic acid retention in catfish feed after 30
min exposure to water. Ascorbyl-2-polyphosphate and
chitosan stabilised ascorbic acid recorded 90% and 91%
retention, respectively after 30 min. leaching. This
agrees with Moreau et al. (1998) who recorded a dietary
retention of 93 to 91% ascorbyl-2-polyphosphate after
15 to 30 minutes of leaching.

After 2 months of storage of the experimental diets,
retention (%) of L-ascorbic acid was significantly
affected compared to ascorbyl-2-polyphosphate and
chitosan stabilised ascorbic acid. There was no
significant difference in the retention (%) ascorbic acid
after 2 months of storage at 28 °C between diets
supplemented with chitosan stabilised ascorbic acid and
ascorbyl-2-polyphosphate. Volker and Fenster (1994)
recorded 55% L-crystalline ascorbic acid retention in
rainbow trout feeds after 8 weeks of storage. While it
was only 25% in catfish feed after 2 months of storage
(Khajarern and Khajarern, 1997). The use of crystalline
L-ascorbic acid necessitates a higher level of inclusion
in crustacean diets compared to phosphate derivatives
of ascorbic acid (Shiau and Hsu, 1994; D’ Abramo, et
al., 1994) increasing the cost of the diet through the
higher level of inclusion. Grant et al. (1989) reported a
retention of 84% and 65% ascorbic acid activity in the
ascorbyl-2-polyphosphate supplemented feed after
steam pelleting and storage of 60 and 90 days,
respectively at 40 °C. Retention of 86 to 88% ascorbic
activities after 2 months of storage at room temperature
would suggest that ascorbyl-2-polyphosphate and
chitosan stabilised ascorbic acid are stable forms of
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ascorbic acid which can be used as ascorbate sources in
aquaculture feeds.

Loss of ASPP and CSAA demonstrated during the feed
processing was only minor and overall retention was
97% for both the ascorbic acid sources. Gadient and
Schai (1994) showed similar retention in the range of
91 and 98% for ascorbyl-2-monophosphate and
ascorbyl-2- polyphosphate, respectively in pelleted
shrimp feed. Lavens et al. (1999) recorded retention of
99% of ascorbyl-2-monophosphate in purified micro-
bound diets for Litopenaeus vannamei. Moreover, 86-
100% ascorbic acid retention was recorded by Moreau
et al. (1998) in practical diets of P. monodon. In the
present investigation, comparable water retention of
ascorbic acid derivatives was recorded in CSAA (89%)
and ASPP (87%) and the loss of ascorbic acid potency
was negligible after 30 minutes of exposure to water,
the period of time required by the prawns to complete a
meal. Thus, by using CSAA it is feasible to quantify
ascorbic acid intake by M. rosenbergii and other prawns
because of its comparable stability and residence in the
pelleted feed with that of ASPP.

Results of the survival, growth performance, FCR, and
PER are summarized in Table 4. The survival of the
prawns was significantly affected by the dietary
treatments. Survival was significantly higher for
prawns receiving the dietary treatment CSAA
compared to those fed ASPP with subsequent lower
survival in prawns fed AA and C diets, respectively.
After 50 days of feeding the experimental diets to the
prawns their growth performance was significantly
affected. The percentage increase in body length was
significantly higher for prawns receiving diets CSAA
and ASPP compared to those fed diets AA and C. The
prawns consuming diets CSAA and ASPP showed
significantly higher weight gain (%) compared to those
fed diets AA and C. There was no significant difference
in weight gain (%) between prawns fed diet CSAA and
diet ASPP. SGR also showed the same trend.
Comparable weight gain, SGR, and improved survival
of juvenile M. rosenbergii, fed a chitosan stabilised
ascorbic acid diet demonstrated the efficacy of this form
of ascorbic acid; producing similar results to ascorbyl-
2-polyphosphate for use in this life-stage of M.
rosenbergii. Ascorbic acid plays an important role in
certain aspects of protein metabolism (Chatterjee,
1967) and has a specific effect on fish growth (Ram,
1966).

The FCR, and PER values for diets CSAA and ASPP
were not significantly different. In the present study,
prawns fed the CSAA and ASPP diets attained
significantly (P<0.05) lower FCR compared to prawns
fed diets devoid of ascorbic acid. Prawns fed diets
CSAA and ASPP recorded significantly higher PER
values compared to diets AA and C. This suggests that
M. rosenbergii utilized CSAA as a source of ascorbic
acid similar to ASPP, and may have assisted in the
utilization of dietary protein. Dietary supplementation
of stable ascorbic acid derivatives such as L-ascorbyl-
2-monophosphate, L-ascorbyl-2-polyphosphate, L-
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ascorbyl-2-monophosphate-Na/Ca positively
influenced the feed and protein conversion efficiency in
P. monodon (Shiau and Hsu, 1994), olive flonder,
Paralichthyus oliaceus (Wang et al., 2002) and Korean
rockfish, Sebastes schlegelii (Wang et al., 2003).
There were considerable benefits noted in the use of
chitosan stabilised ascorbic acid at a level of 250 AAE
kgdiet, no gross signs of ascorbic acid deficiency were
observed in prawns fed this prepared diet (Fig.1). This
supports the suggestion that chitosan stabilised ascorbic
acid is biologically active for juvenile M. rosenbergii
enabling them to meet their antiscorbutic vitamin
requirements.  Significantly higher survival was
recorded for the M. rosenbergii juveniles fed CSAA
diets compared to all other dietary treatments. Feeding
the diets devoid of ascorbic acid to prawns resulted in
significantly lower growth performance in terms of
length increase, weight gain, and a lower PER
compared to either diets supplemented with CSAA or
ASPP. Results of the present study showed that stable
dietary ascorbic acid sources such as chitosan stabilised
ascorbic acid and ascorbyl-2-polyphosphate at a dietary
level of 250 mg AAE kg diet had significant effect on
the growth and FCR of M. rosenbergii juveniles. Hari
and Kurup (2002) recorded significantly greater body
length and weight gain in M. rosenbergii fed 150 and
250 mg AAE kgldiet of ascorbyl-2-polyphosphate
compared to animals fed at a zero level of inclusion.
Lavens et al. (1999) reported significantly higher
growth in L. vannamei receiving 100 to 200 mg AAE
kg of ascorbyl-2-polyphosphate compared with those
fed 0-10 mg AAE kg. Similarly, Shiau and Hsu (1994)
reported that P. monodon fed diets supplemented with
ascorbyl-2-polyphosphate (30 to 2000 mg kg diet) had
significantly higher weight gain and lower FCR than
those fed an unsupplemented control diet. M.
malcolmsonii fed a diet supplemented with 25-100
mg/kg of vitamins C showed enhanced (P<0.05)
growth performance, including final weight and weight
gain (WG) (Asaikkutti et al., 2016). However, D’
Abramo (1994) suggested that weight gain in M.
rosenbergii was not significantly affected by varying
dietary levels of ascorbyl-2-monophosphate Ca salt and
ascorbyl-6-palmitate. Similar results were recorded in
Litopenaeus vannamei in an 8-week feeding trial which
was conducted to evaluate the effects of ascorbic acid
(AsA), in the form of L-ascorbyl-2-polyphosphate
(LAPP) (Niu et al., 2009; Chen et al., 2017).
Ascorbyl-2-polyphosphate is utilised extensively in the
aquaculture feed industry. It has proven to be a good
dietary source of ascorbic acid in many species
including P. monodon (Shiau and Hsu, 1994; Moreau et
al., 1998) channel catfish (Wilson et al., 1989) trout and
fathered minnow (Grant et al., 1989). The significant
improvement in the survival of prawns by adding ASPP
to their diets indicated that ASPP is also an effective
dietary source of ascorbic acid. The results of the
present study confirmed the results of the previous
observations of Hari and Kurup (2002) that ascorbyl-2-
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polyphosphate can be effectively utilised as a dietary
source of ascorbic acid for M. rosenbergii.

In the present study, a high mortality rate was recorded
in M. rosenbergii juveniles fed the diet supplemented
with crystalline L-ascorbic acid and the diet devoid of
ascorbic acid, and during the third and fourth weeks of
the experiment, it was primarily associated with a
moulting event, with many dead prawns displaying
exuvia-entrapment. D* Abramo et al. (1994) and Hari
and Kurup (2002) made similar observations in M.
rosenbergii juveniles. The inability to moult completely
when fed an ascorbic acid-deficient diet has been
reported for M. japonicus (Desimaru and Kuroki 1976)
Litopenaeus vannamei (He and Lawrence, 1993).
Lightner et al. (1977) reported the inability of ascorbic
acid-deficient shrimp to hydroxylate sufficient
procollagen to produce mature collagen fibres.
Similarly, Moreau et al. (1998) recorded that
hepatopancreas ascorbic acid and collagen content were
significantly lower in P. monodon deprived of ascorbic
acid. In the present study, the impaired moulting
performance observed in prawns fed a diet
supplemented with crystalline L-ascorbic acid or totally
devoid of ascorbic acid may be attributed to the
aforesaid reasons and are commonly termed
‘incomplete moulting’ (Chen & Chang, 1994) or
‘inability to extricate successfully from the old
exoskeleton during ecdysis’ (D’ Abramo, et al., 1994).
Boonyaratpalin and Phongmaneerat (1995) and Reddy
et al. (1999) reported that P. monodon fed ascorbic
acid-deficient diets showed poor food intake, anorexia,
and prolonged deficiency results in blackening of gills
and lesions in the abdominal region.

The WBAA concentrations of the experimental prawns
are shown in Fig. 1. The dietary treatments significantly
influenced the WBAA of M. rosenbergii juveniles.
Significantly higher WBAA concentrations were
recorded for prawns consuming diets CSAA and ASPP,
which did not differ, compared to the WBAA
concentration of prawns fed diets AA and C. After 50
days of feeding the formulated diets, the WBAA
concentration of prawns fed diet CSAA and diet ASPP
were significantly greater than their initial
concentrations. The lowest WBAA concentration was
recorded in prawns that, consumed diet C. Moreover,
the prawns fed diets AA and C failed to accumulate
ascorbic acid during the study with WBAA
concentrations significantly less than their initial
concentrations. Hari and Kurup (2002) reported that
juveniles of M. rosenbergii appeared to require a
minimum of 135 mg AAE kg diet to maintain normal
survival. WBAA content of about 8.5 ug g* was
required to prevent the occurrence of high mortality and
values below this level may indicate ascorbic acid
deficiency in M. rosenbergii and relatively low
depletion levels for WBAA from 2.27 to 7.61 ug g*
were observed in prawns fed diets containing ascorby-
2-polyphosphate from 0 to 100 mg AAE kg™ (Hari and
Kurup, 2002). In the present investigation, diet
deficient in AA and in crystalline L-ascorbic acid
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dietary treatments, the WBAA was significantly lower
than that found essential for normal survival as reported
by Hari and Kurup (2002). This may be the reason for
lower survival in a diet devoid of ascorbic acid and a
diet supplemented with crystalline L-ascorbic acid. A
dietary requirement of 120 mg AAE kg diet was
reported in L. vannamei having a body weight of 0.1 g
for maintaining normal survival and WBAA content
(He and Lawrence, 1993).

In ascorbic acid-supplemented diets, P. monodon
(Shiau and Hsu, 1994) and L. vannamei (He and
Lawrence, 1993) survival were significantly higher
than the non-supplemented diets.  Furthermore,
survival of L. vannaemi (0.1g mean body weight) fed
graded levels of ascorbyl-2-polyphosphate (0-400 mg
AAE kg diet) showed a significant difference in their
survival rate (He and Lawrence, 1993). In the present
study, prawn fed a diet containing CSAA showed
significantly higher survival compared to ASPP while,
in P. monodon fed a diet contacting ascorbyl-2-
polyphosphate and silicon-coated ascorbic acid there
exists no significant difference in survival at two dietary
levels (500 and 1000 AAE kg) (Moreau et al., 1998).
Survival of M. rosenbergii fed diet contacting ascorbyl-
2-monophosphate and ascorbyl-6-palmitate (AP) at
graded levels regardless of the source >50 mg AAE kg
! diet was >75% survival rate. In the present study
dietary treatments containing CSAA and ASPP at 243
and 242 mg AAE kg?', respectively showed
significantly higher survival >75% as reported by
D’Abramo (1996). Marsupenaeus japonicus fed diets
with AsA 0, 20 and 56 mg kg showed high cumulative
mortality after 10 days of feeding (Moe, et al., 2005).
The WBAA levels of the M. rosenbergii juvenile fed
diets CSAA and ASPP are not significantly different
indicating that CSAA is stable, biologically active, and
plays an important role in the growth and survival of
prawns. After the 50 days of the current study, the
WBAA concentration in prawns fed diets AA and C
was less than the initial depleted WBAA content. This
suggests that diet AA containing only 105 mg AAE kg
! diet of L-ascorbic acid failed to provide sufficient
WBAA levels necessary to prevent ascorbic acid
deficiency signs due to low stability during feed
processing, leaching, and storage (Hilton et al., 1977;
Soliman et al., 1987; Gadient and Schai, 1994). Hari
and Kurup (2002) recommended a concentration of 135
mg AAE kg! diet for juvenile M. rosenbergii as a
dietary requirement to maintain a WBAA necessary to
provide good growth performance, feed conversion,
and survival. Lightner et al. (1977) and He and
Lawrence (1993) suggested that crustaceans have
limited ability for de novo synthesis of ascorbic acid.
The results of the present study revealed that, in M.
rosenbergii juvenile with a body weight of 64 mg this
ability was not sufficient to meet their ascorbic acid
requirements and suggest that their diets have to be
supplemented with stable forms of ascorbic acid.
WBAA content of the prawns were significantly
reduced by feeding ascorbic acid deficient diets when
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compared to diets supplemented with ASPP and CSAA.
Similar results have been demonstrated by in P.
monodon (He and Lawrence, 1993); in channel
catfishes (Wilson et al., 1989), in trout (Grant et al.,
1989). In the present study, after a depletion period of
14 days, the estimated initial WBAA content of M.
rosenbergii juveniles (4.0 ug g*) was further reduced
to 2.3 pg g due to continued feeding with the ascorbic
acid deficient practical diet for 50 days during the
experiment. Similarly, a reduction of hepatopancreatic
ascorbic acid level from 27.9 ug g* to 1.35 pg g* was
recorded in P. monodon (mean body weight 0.9) on a
diet lacking ascorbic acid for 5 weeks and a further
reduction of 1.27ug g* was also recorded during the 13
weeks of experimental period (Moreau et al., 1998).
Hari and Kurup (2002) recorded a WBAA content of
2.27 and 3.89 pg g in M. rosenbergii fed ascorbic acid-
free purified diet and a diet supplemented with 50 mg
AAE Kg diet of ascorbyl-2-poly phosphate in a 7-
week feeding experiment. The WBAA ranged from 2.6
to 3.0 ug g* in L. vannamei juveniles having 0.1g body
weight fed an ascorbate deficient diet purified diet (He
and Lawrence, 1993).

Prawns fed the diet containing L-crystalline ascorbic
acid had a WBAA content that was approximately 39%
of the WBAA content found in prawns fed diets ASPP
and CSAA. This was in accordance with the earlier
reports of Wilson et al. (1989) who recorded the carcass
ascorbate concentration of channel catfish fed coated
form of crystalline L-crystalline ascorbic acid contain
only 40% of the total ascorbate concentration found in
fish fed diets containing ascorbyl-2-polyphosphate. The

WBAA content of prawns feed diet containing
crystalline L-ascorbic acid was only 4.2 ug g* and it
revealed that it did not significantly improve the
WBAA from the initial content (4.0 ug g*?) after 50
days of feeding trial. Low WBAA content of the
dietary treatment AA can be attributed to the leaching
of hydrophilic L-crystalline ascorbic acid in the feed
when exposed to water causes substantial losses of
ascorbic acid before the pellet was ingested by the
prawn. The results of the present study revealed that
250 mg AAE kg™ crystalline L-ascorbic acid added to
the diet before feed processing was reduced to 105 mg
AAE kg due to pelletization process after immersion
in water for 30 min it was further reduced to 61 mg kg
! diet which indicted that only 24.4% retention of the
dietary supplementation was available to the prawns for
ingestion.  Similarly, Gadient and Sachai (1994)
demonstrated only 20 to 30% retention of crystalline L-
ascorbic acid in shrimp immersed for 2 hr. in water.
Furthermore, He and Lawrence (1993) reported that
dietary supplementation of ascorbic acid from 0-90 mg
AAE kg' might result only slight increase in the
WBAA (2.6 to 3.0 pug g-1) in L. vannamei. Ascorbyl-
2-polyphosphate at a dosage of 50 and 100 mg AAE kg~
Lin the diets of M. rosenbergii recorded significantly
lower WBAA compared to 250 mg AAE kg (Hari and
Kurup, 2002). D’Abramo (1994) used very high
dietary concentrations of crystalline ascorbic acid
(5000 mg kg* diet) in a semi-purified basal diet to
ensure comparable growth and survival in M.
rosnebergii with ascorbyl-2-polyphosphate.

Table 1: Inclusion of feed ingredients in the experimental basal diet (g kg ).

Casein (vitamin free) 350
Starch 230
Lipid mix 2 70
Aminoacid mix ? 30
Dextrin 50
Gelatin 50
Sodium citrate 3
Mineral and vitamin mix © 20
Choline chloride 10
Chitosan 8
Ascorbic acid 0
Cholesterol 5
Carboxy methyl cellulose 10
Alpha cellulose 164

2 Lipid Mix -1:1 ratio of Cod liver oil and Sunflower oil

b Amino acid Mix - 1:1 ratio of Glycine and Betaine

¢ Mineral and vitamin mix (g kg)

Vitamin A 62 500 1U; Vitamin Dz 30000 1U; Vitamin E 0.05; niacinamide 0.225;

thiamine mononitrate, 0.3; riboflavin, 3.0; folic acid, 0.5; biotin, 0.1; choline chloride, 100.0

pyridoxine HCL 1.0; D pantothenate 3.75; cyanocobalamine 0.05;

K2HPO4 100; NaH2P0O4.H20 215; Ca(H2P0s) 265, CaCOs 105; Ca lactate 165;

KCI 28; MgSOa4. 7 H20 100; Fe citrate 12; ZnSO4 0.5; KI 1.0; CoCl.. 6 H20 0.1;

CuCl20.5; Se020.05; MnS041.0; AICI30.5.

d 250 mg ascorbic acid equivalent (AAE) kg™ of chitosan stabilized vitamin C; ascorbyl -2-polyphosphate; crystalline ascorbic

acid
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Table 2: Proximate composition (g kg) of experimental diets.

Diet C Diet AA Diet ASPP Diet CSAA
Protein 409.1 401.9 395.6 406.1
Lipid 77.8 70.3 71.1 70.5
Moisture 85.7 86.3 89.7 86.5
Ash 21.9 19.3 19.9 21.0
Fibre 28.7 31.2 29.9 28.3
NFE ! 376.8 391.0 393.8 387.6

INFE: Nitrogen Free Extract

Table 3: Ascorbic acid content (mg AAE Kg) and retention (%0) in diets after processing, leaching and storage
[Mean values + S.D. with different superscript vary significantly (P< 0.05)].

Diet C Diet AA Diet CSAA Diet ASPP
After feed processing* N.D.! 105.4+1.3° 242.9+2.78 241.9+1.8%
Retention (%) after feed processing** N.D. 42+0.9° 97+1.18 97+0.72
After 15 min. leaching N.D. 71.1+0.9 225.3+£3.82 224.3+3.5%
Retention (%) after 15 min. leaching * N.D.! | 68+0.9° 93+1.32 93+0.9°
After 30 min. leaching N.D.! 60.+3.2° 221.745.6° 218.5+3.82
Retention (%) after 30 min. leaching” N.D.X 57+2.5P 91+1.42 90+0.92
After one month storage ? N.D. 44.8+1.2° 217.1+2.6° 210.4+2.52
Retention (%) after one month storage 2# N.D.! | 43+0.7° 89+0.72 87+0.5
After 2 months storage? N.D.! 29.8+0.1° 212.843.12 207.1+4.4b
Retention (%) after 2 months storage? # N.D.! 28+0.3° 88+1.42 86+1.52

IND: None detected

2 Storage in sealed black plastic bags at 27 to 29 °C

* Initial ascorbic acid content in feed (mg AAE Kg-1) used for leaching and storage studies

** Percentage of initial concentration of ascorbic acid sources in the feed material (250 mg AAE Kg) before processing
# Percentage of initial concentration of ascorbic acid sources in the feed before leaching and storage

Table 4: Length (cm) and weight gain (g), percentage length (%) and weight gain (%), SGR?, FCR?, PER®
and survival (%) of juveniles of Macrobrachium rosenbergii fed diets containing different Ascorbic acid
sources
[Mean values with different superscript vary significantly (P< 0.05); Values are expressed as mean of
triplicates + S.D.]

Significancet

Control Diet AA Diet ASPP diet CSAA P- value
Initial length 2.4+0.1 2.5+0.1 2.3+0.1 2.5+0.1
Final length 2.9+0.1 3.04+0.1 3.19+0.2 3.39+0.1
Length increase 0.47+0.1° 0.50+0.1° 0.85+0.12 0.92+0.12 **
Length increase (%) | 19.2+3.4° 19.645.7° 36.3+2.52 37.3+£5.62 el
Initial weight 0.067+0.003 | 0.063+0.001 0.065+0.001 0.066+0.002
Final weight 0.138+0.004 | 0.147+0.006 0.209+0.002 0.222+0.02
Weight gain 0.07+0.004° 0.08+0.005° 0.14+0.0022 0.16+0.0162 falalel
Weight gain (%) 113.048.7° | 134.0+7.5 223.8+4.7° 238.4+20.5 ok
SGR?! 1.5+0.1° 1.7+0.1° 2.4+0.032 2.4+0.12 kel
FCR? 3.1+0.2° 2.7+0.2° 1.8+0.03° 1.6+0.2° kel
PER?® 0.8+0.1° 0.9+0.1° 1.4+0.022 1.5+0.28 fiokad
Survival (%) 36.7+5.8¢ 53.34£5.8° 86.7+5.8" 100.0+0.02 fiokad

! Specific Growth Rate

2 Feed Conversion Ratio

3 Protein Efficiency Ratio

T Results of one-way ANOVA
** (P<0.01)

**x (P<0.001)
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Fig. 1. The effect of diets containing various ascorbic acid sources on the whole body ascorbic acid concentration
of Macrobrachium rosenbergii (de Man) juvenile reared for 50 days.

CONCLUSIONS

The dietary ascorbic acid sources CSAA and ASPP
have a stronger influence on the growth and survival of
M. rosenbergii compared to crystalline L-ascorbic acid.
At the standard concentration (250 mg AAE kg diet)
used in all supplemented diets, the heat-labile and
highly water-soluble nature of crystalline L-ascorbic
acid resulted in low survival, low WBAA
concentrations, and poor growth performance when
compared to CSAA and ASPP supplemented diets.
Under the present experimental conditions, we
conclude that chitosan stabilised ascorbic acid
developed by the Central Institute of Fisheries
Technology, Cochin, India is heat stable, water-
insoluble, bio-available and has an antiscorbutic
activity similar to ascorbyl-2-polyphosphate in the diets
for M. rosenbergii juveniles.

FUTURE SCOPE

The efficacy of chitosan stabilised ascorbic acid can be
compared with the other commercially available
ascorbic acids on the growth performance, survival and
whole-body ascorbic acid content (WBAA) of other
shellfishes of aquaculture importance. Furthermore, the
investigations can be focused on the effect of different
feed processing methods, and storage conditions on
dietary retention of the chitosan stabilised ascorbic
acid.
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