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ABSTRACT

A 60-days feeding experiment was conducted to evaluate the utilisation of sweet potato leaf meal (SPLM) for replacement
of de-oiled rice bran (DORB) in the diets of rohu Labeo rohita (Hamilton, 1822) fingerlings. SPLM has good protein content
(22.12%) and digestible energy content (11.81 MJ kg!). Five iso-nitrogenous (30%) and iso-caloric diets (13.5 MJ kg')
were prepared by replacing DORB with sweet potato leaf meal (SPLM) at 0% (C), 25% (T1), 50% (T2), 75% (T3) and
100% (T4). Each dietary treatment was tested in triplicates with 12 fingerlings per tank, following completely randomised
design. The growth performance and feed utilisation parameters viz., weight gain % (WG), specific growth rate (SGR),
protein efficiency ratio (PER) and feed conversion ratio (FCR) were not significantly different (p>0.05) among treatments.
The digestive enzyme activity remained unaffected except amylase activity, which increased significantly in 50% SPLM
replacement group (T2). Chymotrypsin decreased significantly (p<0.05) in the treatment groups. Metabolic enzymes
viz., ATPase activity of liver increased significantly (p<0.05) whereas ALP (alkaline phosphatase) activity in the intestine
had irregular pattern. The present study indicates that DORB can be completely replaced by SPLM without affecting growth
performance and digestive enzyme activity in the diet of L. rohita.

Keywords: Body composition, De-oiled rice bran, Growth performance, Labeo rohita, Sweet potato leaf meal

Introduction

Aquaculture is a rapidly growing food-producing
sector. For sustainable fish production, use of formulated
feed is of utmost importance. Aquaculture in India is slowly
shifting from non-feed based or extensive culture systems
to feed based semi-intensive culture systems. Artificial
feeding is one of the most important factor required for
faster growth and higher yield for fish culture (Jose et al.,
2006; Maity and Patra, 2008). The feed ingredients have
to be sourced mainly from plants, agriculture products
and animal protein. Plant-based alternative ingredients
are widely available and many are already being used
for aqua feed. The long-term viability of aquaculture will
only be realised if use of alternative and non-conventional
ingredients are promoted to use in place of conventional
ingredients.

De-oiled rice bran (DORB) is the most commonly
utilised agricultural byproducts used in feed formulation
(Kumaretal., 2017: 2018a,b; 2019; Ranjan et al., 2018a,b;
2019). As a source of carbohydrate, it provides energy in
the diet and also offers a substantial part of the essential
amino acids (Tsvetanov and Duneva, 1990; Ranjan

et al.,, 2017; 2018a). Even in farm-made feed, major part
is contributed by the rice bran (50-80%) along with other
agricultural byproducts. The importance of dietary and
functional properties of rice bran has led to its multiple
uses including human consumption (Sharif, 2009) and
so the demand for rice bran has grown exponentially.
Further, yield losses in rice production due to climate
change related issues became another determinant of price
of rice bran. The cumulative effects of these multiple
factors have forced the price of rice bran to surge up to
14-19 kg' in Indian markets creating huge stress on
aquafeed production. Hence, an alternative source of rice
bran has been investigated here. Many reports on use of
various sources of leaf meal proteins in diet of herbivorous
and carnivorous fishes viz., cassava leaf meal (Ng and
Wee, 1989), alfalfa (Yousif et al., 1994), Carica papaya
(Reyes and Fermin, 2003) and Leucaena leucocephala
(Bairagi et al., 2004). These studies projected leaf meal
as a good source to replace protein and energy sources
in fish feed. There are many inexpensive, unutilised
leafy plants whose nutritive and anti-nutritive potentials
are yet to be sufficiently studied and exploited, among
which sweet potato leaves deserve a special attention
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(Antia et al., 2006). Sweet potato is a widely grown crop
in tropical countries but originated from Central America.
The crude protein and crude fibre contents of the foliage
of sweet potato differ largely with variety, soil and water
condition and parts of the plant. According to Preston
(2006), the crude protein content of leaves varied from 26.5
to 32.5% on dry matter basis. Sweet potato leaves (SPL)
are used as vegetables, especially in China and South-east
Asia. Moreover, being used for human consumption, the
SPL serves as fodder for cattle, sheep, goats, pigs and
other domestic animals (Antia et al., 2006). There are very
few reports available on the use of sweet potato leaves in
fish feed. The foliage production of sweet potato can be
from 4.3 to 6.0 t DM ha’'crop™ (Ruiz et al., 1981). It can
be planted twice in a year because it has a short generation
interval hence it can be harvested many times throughout
the year (Hong ef al., 2003). The price calculated at farm
site is around 10 per kg and dry weight recovery was
around 20% depending on the maturity stages of leaf. The
shrubbery parts of sweet potato, such as leaves, stalks and
stems have a high nutritive value (Ishida et al., 2000). In
particular, leaves contain a large amount of protein with a
high amino acid score. Contents of minerals and vitamins
such as A, B, C and E are high in leaves in comparison to
other vegetables. Presence of anti-nutritional factor is the
major limiting factor of sweet potato leaf meal utilisation
as feed ingredients. SPLM has been reported to contain
various anti-nutritional factors like invertase, protease
inhibitors, cyanide, tannins, oxalate and phytate (Tacon,
1993; Antia et al., 2006). Sweet potato leaves are deficient
in some essential amino acids like lysine, necessitating
the inclusion of adequate lysine in diets (Fuller and
Chamberlain, 1982). Since there is limited information
available on the utilisation of sweet potato leaf meal as an
energy source in the diet of rohu Labeo rohita (Hamilton,
1822), the present study was conducted to evaluate the
potential of sweet potato leaf meal as a replacer of DORB
in the diet.

Materials and methods
Preparation of sweet potato leaf meal (SPLM)

Sweet potato leaves were collected from the Doab
region of Ganga basin near Patna from a local farm. The
leaves were washed, dried in shade and brought to the lab
and again dried in the oven at 40°C for a night and dried
leaf was ground and screened using 50 mm mesh.

Experimental set up

Rohu fingerlings were procured from Nisarga fish
farm, Boiser, Thane, Mumbai, Maharashtra. The fishes
were transported to the wet laboratory of ICAR-Central
Institute of Fisheries Education (ICAR-CIFE), Mumbai
in oxygen filled polyethylene bags. Two hundred fifty
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fishes were carefully transferred to a circular tank
(500 1) and were left undisturbed overnight. In order to
reduce handling stress, the fishes were given a vitamin C
(1 mg 1") treatment and on the subsequent day salt
treatment (20 g I'') was given to eliminate chances of
parasitic infection. The fingelings were acclimatised
under aerated conditions for a period of 30 days. During
acclimation, fish were fed with a basal diet containing
30% crude protein. One hundred eighty fingerlings with
an average size of 4.3+0.2 g were randomly distributed
in 15 rectangular plastic tanks following completely
randomised design (CRD). The experiment was conducted
for a period of 60 days. Five iso-caloric (13.5 MJ kg™') and
iso-nitrogenous (30% crude protein) experimental diets
were prepared (Table 1). Fishes were fed twice daily at
2% body weight at 10:00 hrs in the morning and in the
evening at 16:00 hrs. Sufficient aeration was provided
in all tanks. Siphoning was done daily to remove the
excreta and residual feed. The same volume of water was
replenished after siphoning.

Table 1. Proximate composition of sweet potato leaf meal
(SPLM) and de-oiled rice bran (DORB)

Parameters SPLM DORB
Dry matter 95.57+5.00 91.93+0.60
Crude protein 22.12+3.00 15.03+0.50
Crude fat 3.59+1.50 0.57+0.18
Crude fiber 15.43+2.00 14.47+0.23
Nitrogen free extract 38.40+3.30 55.89+0.36
Ash content 16.03£6.50 6.07+0.61

Values are Mean+SE (n=3)

The ingredient composition of different experimental
diet is presented in Table 2. Practical ingredients such
as groundnut oil cake, de-oiled rice bran, wheat flour,
carboxymethyl cellulose (CMC), defatted soyabean meal,
butylated hydroxytoluene (BHT), cod liver oil, vitamin
and mineral mixture, were used for feed preparation.
Six iso-caloric and iso-nitrogenous diets were prepared
with 30% protein. All the ingredients were weighed
according to the formulation, cooked in pressure cooker,
cooled, vitamins and mineral mixture were added, pressed
through a pelletizer and dried. After drying, the pellets
were packed in polythene bags and were sealed airtight
and were labelled according to the treatments.

Water quality parameters

Water quality parameters viz., temperature, dissolved
oxygen, ammonia, total hardness, pH, ammonia, nitrite-N
and nitrate-N were determined as per the standard methods
of APHA (1998).
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Table 2. Ingredients composition of experimental diets

Ingredients C T1 T2 T3 T4
GNOC* 30 28 26 26 26
SPLM® 0 7.5 15 22.5 30
DORB¢ 30 22.5 15 7.5 0
DSBM¢ 20 20 20 19 19
Wheat flourr  9.35 11.35 13.35 143 14.8
Fish meal® 5 5 5 5 4.5
Fish oil® 3 3 3 3 3
Vit-min mix® 2 2 2 2 2
Vit C¢ 1.0 1.0 1.0 1.0 1.0
BHT: 0.05 0.05 0.05 0.05 0.05
CMCe 0.5 0.5 0.5 0.5 0.5

T: Treatment; C: Control; CMC: Carboxymethyl cellulose; BHT: Butylated
hydroxyl toluene; *GNOC: Groundnut oil cake; "SPLM: sweet potato
leaf meal; “DORB: De-oiled rice bran; ‘DSBM: Defatted soybean meal;
“Purchased from Vaighai agro products, India; ¢ Procured from local retail
shop.

" Composition of vitamin mineral mix (PREEMIX PLUS) (quantity per kg):
Vitamin A - 55,00,000 [U; Vitamin D, - 11,00,000 IU; Vitamin B, - 2,000 mg;
Vitamin E - 50 mg; Vitamin K - 1,000 mg; Vitamin B, - 1,000 mg; Vitamin
B, - 6 pg; Calcium pantothenate - 2,500 mg; Nicotinamide - 10 g; Choline
chloride - 150 g; Mn - 27,000 mg; I - 1,000 mg; Fe - 7,500 mg; Zn - 5,000 mg;
Cu - 2,000 mg; Co - 450 L-lysine - 10 g; DL-Methionine - 10 g; Selenium ¢
Purified ingredients procured from HiMedia Ltd., India

Proximate analysis of leaf, diet and whole fish

Proximate analysis of the DORB, SPLM and
experimental diets, was done by following standard
methods (AOAC, 1995). Similarly, body composition
of experimental fishes was estimated following AOAC
method (1995). Moisture content of the experimental diets
was determined by taking a known weight of the sample
in a petridish and drying it in a hot air oven at 100-105°C
till a constant weight was achieved. Crude protein content
was determined by micro-Kjeldahl method (Kelplus,
PELICAN, India). Fat content of experimental diets
samples were estimated by soxhlet apparatus using diethyl
ether (boiling point 65+5°C) as the solvent. Ash content of
the experimental diets was estimated by taking a known
weight of dried samples in a silica crucible and placing
it in a muffle furnace at 600°C for 5-6 h. Fibre estimation
was done in Fibre Tech (Tulin Equipment, India) apparatus
and further ashing was done using a muffle furnace at
550°C for 5 h. Nitrogen free extract of the experimental
diets was calculated by subtracting the percentage of other
nutrients from 100:

NFE (%) =100 — [Crude protein (%) + Ether extract (%) + Ash
(%) + Fibre (%)]
Growth performance and nutrient utilisation

The growth assessment of experimental fish were
done fortnightly by estimation of growth parameters and
nutrient utilisation parameters using following formulae:

Weight gain % =[Final weight - Initial weight/

Initial weight] x 100

Specific growth rate (SGR) ~ =[(Log,Final weight - Log, Initial

weight)/Number of days] % 100

Feed conversation ratio (FCR) =[Feed consumed (g, on dry
weight basis)/Body gain (g, on
wet weight basis)]

Feed efficiency ratio (FER)  =[Body gain (g on wet weight

basis/Feed consumed (g on dry
weight basis)]

Protein efficiency ratio (PER) =[Net weight gain (g on wet
weight basis)/ Protein fed (g on
dry weight basis)]

Hepatosomatic index (HSI) ~ =[Wet weight of liver (g)/ Wet

weight to fish (g)] x 100

Intestinal somatic index (ISI) =[Weight of intestine (g)/Weight
of fish] x100

Enzyme assay
Sample preparation

On termination of the experiment, three fishes from
each tank were randomly collected and anesthetised with
clove oil (50 pl I'"). Fishes were then dissected and the
tissues viz., liver, intestine and muscle, were immediately
excised. A 5% tissue homogenate was prepared in
chilled 0.25 M sucrose solution using a teflon coated
mechanical homogenizer (REMI, Mumbai, India). The
whole procedure was carried out in ice-cold condition.
Homogenised samples were centrifuged at 6000 rpm for
10 min at 4°C. The supernatant was collected in glass vials
and stored in a deep freezer (-20°C) for enzyme assay.
Total protein of each tissue sample for enzyme assays was
estimated by the Bradford method (Bradford, 1976).

Digestive enzymes assay

Protease activity was determined by the casein
digestion method (Drapeau, 1976). Trypsin and
chymotrypsin activity were estimated as per the methods
described by Kunitz ez al. (1947). Amylase activity was
estimated as the reducing sugars produced due to the
action of glucoamylase following di-nitro-salicylic-acid
(DNS) method (Rick and Stegbauer, 1974). Specific
amylase activity was expressed as the mole of maltose
released from starch per min at 37°C temperature. The
lipase activity was determined following the procedure
of Cherry and Crandall (1932). The reaction mixture
was prepared with distilled water, tissue homogenate,
phosphate buffer (pH 7) and olive oil emulsion. The whole
mixture was shaken well and incubated at 37°C for 24 h,.
After adding 95% alcohol and 2 drops of phenolphthalein
indicator, titrated against 0.05 N NaOH until it exhibited
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a permanent pink colour. The milli-equivalent of alkali
consumed was taken as a measure of the activity of the
enzyme unit mg!' protein.

Alkaline phosphatase (ALP) assay

The alkaline phosphatase (ALP) activity was
determined by the method of Garen and Levinthal (1960).
The assay mixture comprised 0.2 ml bicarbonate buffer
(0.2m), 0.1 mlof 0.1 M MgCl,, 0.1 ml tissue homogenate,
0.5 ml of distilled water and 0.1 ml freshly prepared
0.1 M para-nitrophenyl phosphate. The reaction mixture
was incubated in a water bath at 37°C for 15 min and the
reaction was stopped by adding 1.0 ml of 0.1 N NaOH and
OD was measured at 410 nm.

Adenosine triphosphate diphosphohydrolase (ATPase)
assay

ATPase (Adenosine triphosphate diphosphohydrolase,
E.C. 3.6.1.3) was assayed in a reaction mixture of 0.1 M
Tris-HCI buffer (pH 7.8), 100 mM NaCl, 20 mM KClI,
3 mM MgCl, and 5 mM ATP. The mixture was incubated
for 15 min and then the reaction was terminated by
means of 10% trichloroacetic acid (Post and Sen, 1967).
Phosphate liberated was estimated at 660 nm (Fiske and
Subbarow, 1925).

Statistical analysis

The data was subjected to one-way analysis of
variance (ANOVA) using SPSS 16.0 for Windows.
Duncan’s multiple range test was performed for post hoc
comparison of means between different experimental
groups. All data presented are means+standard error and

Table 3. Proximate composition of experimental diets
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statistical significance for all statistical tests was set at
p<0.05.

Results and discussion

The water quality parameters such as temperature
(27.3-29.5°C), dissolved oxygen (6-6.9 mg I'"), ammonia
(0.13-0.20 mg '), total hardness (229-246 mg 1),
pH (7.2-8.5), nitrite-N (0.001-0.002 mg 1), nitrate-N
(0.03-0.04 mg I'") recorded during the experimental period
were found to be within the optimum range for fish.

The proximate composition of SPLM and DORB
are presented in Table 1. As compared to DORB, SPLM
contains more crude protein and crude fat. However,
SPLM contains more crude fibre and total ash content. The
proximate composition of experimental diets is presented
in Table 3. The proximate composition of whole body of
L. rohita is presented in Table 4. The body composition
of L. rohita viz., moisture content, dry matter, crude
protein, lipid, carbohydrate and ash content did not vary
significantly (p>0.05).

Feed cost represents the highest operating cost in
aquaculture, ranging from 30 to 60% of the operating
cost based on the culture system (Riaz, 1997). The cost
of feed can be reduced by using low cost ingredients.
The evaluation of ingredient is based on nutritional
composition and its effect on growth performance of
fish. The proximate composition (%) of sweet potato
(Ipomoea batatas) leaves showed that ash, crude fat,
crude protein, crude fibre and nitrogen-free extract
content were lower than the wvalues reported by

Ingredients C T1 T2 T3 T4

Dry matter 90.96+0.76 91.12+0.19 89.90+0.62 90.89+0.15 91.92+0.96
Crude protein 31.05+0.06 30.57+0.02 30.95+0.07 30.63+0.16 30.63+0.87
Crude lipid 5.89+0.83 5.954+0.96 5.00+0.37 5.84+0.58 5.414+0.66
Ash 9.26+0.64 8.73+0.44 9.35+0.67 8.49+0.55 10.66+0.36
Dietary fiber 8.95+0.34 9.18+0.86 8.34+0.02 9.70+0.08 10.46+0.40
NFE 33.78+0.36 36.66+0.50 34.24+0.22 36.21+£0.45 30.72+0.04
Energy(MJ kg™) 13.58+0.83 13.64+0.12 13.25+0.44 13.69+0.01 13.12+0.67

C: Control; T: Treatments; NFE: Nitrogen free extract, Calculated energy* (MJ kg') =[16.74 9 CP (g kg' ) +37.7 9 EE (g kg-') +16.74 9 TC (g kg ) }/1000

Table 4. Proximate composition of whole body of L. rohita fingerlings of different experimental groups (% wet weight basis)

Treatment Moisture Dry matter Crude protein Lipid Carbohydrate Ash
Control 76.93+0.42 23.06+0.73 14.84+0.49 2.34+0.29 2..21+0.26 3.65+0.66
Tl 77.09+£0.46 22.90+0.80 14.95+0.16 2.70+0.24 3.24+0.43 2.63+0.30
T2 77.33+0.42 22.67+0.74 14.97+0.73 2.90+0.09 2.29+0.97 3.29+0.56
T3 76.94+0.74 23.06+1.28 13.91+0.65 2.69+0.08 3.13+0.39 3.31+0.36
T4 76.92+0.49 23.67+0.86 15.34+0.35 2.78+0.34 1.84+0.22 3.32+£0.43
p value >0.05 >0.05 >0.05 >0.05 >0.05 >0.05

All values are expressed as Mean + SE (n=3)
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Hong et al. (2003), Akindahunsi and Salawu (2005) and
Etuk et al. (2009). However, protein content recorded
during the present study was similar to that reported
by Oduro et al. (2008), but less than that observed by
Antia et al. (2006). It may be due to the difference in variety
as reported by Ishida ef al. (2000), who found significant
differences in protein content among the cultivars. The
high ash content (16.03+0.65) in the SPLM is a reflection
of the high mineral contents. The results, therefore suggest
a high deposit of mineral elements in the leaves.

There was no significant effect of dietary DORB
replacement by SPLM on the tissue protein level and in
the lipid level of the fish. This is supported by the findings
of Muin et al. (2013) who reported that the replacement of
rice bran with Pleurotus florida stalks has no significant
impact on body composition of Clarias gariepinus
fingerlings. In the present study these values were within
the normal range for L. rohita, which was in agreement
with Adewolu et al. (2008) who reported that SPLM did
not cause any significant change in the body composition
of Tilapia zilli fingerlings.

The nutritional quality of sweet potato leaf meal in
rohu was determined in terms of body weight gain (WG
%), specific growth rate (SGR), feed conversion ratio
(FCR) and protein efficiency ratio (PER). The growth and
nutrient utilisation parameters viz., WG (%), SGR, FCR and
PER are presented in Table 4. The weight gain percentage,
SGR, FCR and PER did not vary significantly (p>0.05)
among the various treatment groups (Table 4). However,
these parameters were not significantly different (p>0.05)
from fish fed with SPLM compared to the control diet
(0% leaf meal). Meshram et al. (2018) reported similar
results when incorporation of fermented sweet potato leaf
meal in the fish diet was replaced by de-oiled rice bran in
the diet of L. rohita. In the present study, the inclusion of
sweet potato leaf meal at levels up to 100% replacement of
rice bran did not reduce the growth rate and feed utilisation
of L. rohita fingerlings and no significant difference in FCR
was observed in fish fed with different levels of SPLM.
Fasakin ef al. (1999) reported that up to 30% inclusion,
in the diet, duckweed (Spirodela polyrrhiza) supported

favourable growth in Oreochromis niloticus. The HSI
and ISI were found similar among different treatments
(p>0.05) (Table 5).

Breakdown of macro nutrients into micro absorbable
monomeric forms in the digestive tract of the animals
depends largely on the accessible enzymes (Blier ef al.,
2002). Ingredient source and type can alter the secretion
of enzyme and its activity from the digestive tract. For
better growth performance, digestive and metabolic
capacity to support the tissue protein synthesis is required
(Blier et al., 2002), because the digestive enzymes play
a key role in nutrient utilisation and growth performance
of fish (Chan et al, 2008, Kumar et al, 2017). The
breakdown of nutrients depends on the digestive enzymes
activity associated with better digestion and absorption of
nutrients (Kumar ez al., 2018b). The activity of digestive
enzymes like protease, trypsin and lipase in the intestine
of L. rohita juveniles were found similar (p>0.05) among
different experimental groups (Table 6). The chymotrypsin
activity in the intestine was significantly (p<0.05) higher
in the control group (C) and lower in T3 and T4 groups.
Amylase activity significantly varied among different
groups and the highest amylase activity in the intestine
was recorded in the T2 group (p<0.05). Reduced protein
digestibility may be associated with phytate and trypsin
inhibitors present in SPLM (Antia et al., 2006). Trypsin
inhibitor inhibits the activity of protein-digesting enzymes
(Ali et al., 2009) and phytate forms complexes with
minerals (Sugiura et al., 1999) and proteins (Moyano
et al., 1999). In the present study, no significant growth
depression was observed for sixty days of feeding trial.
This observation was in corroboration with the findings of
Krogdahl et al. (1994) and Santigosa et al. (2008) in trout.

Similarly, ALP activity of the liver varied significantly
among treatment groups and the lowest ALP activity
was observed in control group (p<0.05). No significant
difference was observed in lipase, protease and trypsin
activities when compared with the control, but it was
observed that the group fed with higher levels of SPLM
had significantly lower (p<0.05) chymotrypsin, ALP and
amylase activity, which could be attributed to the presence

Table 5. Growth parameters of L. rohita fingerlings fed with different experimental diets at the end of the experiment

Treatments  Initial weight (g)  Final weight (g) WG (%) SGR FCR PER HSI (%) ISI (%) Survival (%)
Control 4.30+0.03 8.06+0.55 100.58+5.01  1.11x0.11 2.01£0.29  1.65+0.28 0.77£0.05 3.18+0.26 98

Tl 4.4240.02 8.30+0.44 97.90+4.09  1.12+£0.11 2.50+0.13  1.29+0.06  0.90+0.11  3.30+0.25 100

T2 4.41£0.09 9.09+0.24 106.31£5.02  1.29£0.06 2.39+0.14 1.32+0.07 0.75£0.05 4.10+0.32 95

T3 4.49+0.07 9.14+0.38 103.7245.03  1.26£0.07 2.41£0.18 1.36+0.11  0.92+0.16 3.93£0.15 95

T4 4.49+0.03 8.56+0.21 90.42+4.45  1.29+£0.04 2.74+0.13  1.14+0.05 1.04+£0.12 3.51+£0.36 99

p value >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >(.05 >(.05 >(.05

WG: Weight gain; SGR:Specific growth rate; FCR: Feed conversion ratio; FER: Feed efficiency ratio; PER: Protein efficiency ratio; HSI: Hepatosomatic Index;
IST: Intestinal somatic Index. Values are Mean + SE (n=9), Mean values in the same column with different superscripts differ significantly (p<0.05)
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Table 6. Specific enzyme activities in the digestive tract of L. rohita fingerlings fed with different replacement level of DORB with the SPLM

Treatments  Protease Trypsin Chymotrypsin ~ Amylase Lipase ATPase ALP
(Intestine)  (Intestine)  (Intestine) (Intestine)  (Intestine) ~ Liver Intestine  Intestine Liver
C 41.06+£3.2 1.49+0.29  0.74+0.06 1.96%+0.17  0.66+0.09 1.53*£0.36  12.22+1.2  107.6045.66  10.26*+1.28
Tl 26.65+3.3 0.73+0.16  0.49°+0.09 1.46°£0.24  0.72+0.09 1.45:40.14  18.05+2.6  61.65°+6.69  15.25°3.64
T2 2747+5.2 1.21+0.14  0.50*+0.08 2.57°40.32  0.62+0.07 1.37%+£0.29 21.56+0.86 75.78+5.65 14.37°+1.64
T3 27.61+£5.9 0.87+0.26  0.25+0.03 1.80*£0.17  0.80+0.07 247°+0.37  18.11£2.6  46.22+2.88 11.24£2.22
T4 26.13+4.7 0.51+0.13  0.38+0.02 1.65*£0.24  0.76+0.11 2.58+£0.27 19.2242.8  58.43+5.73 10.72+1.16
p value >(.05 >(.05 <0.05 <0.05 >(.05 <0.05 >(.05 <0.05 <0.05

Activities are expressed as follows: Protease as micromole of tyrosine released per min per mg protein; Amylase as micromole unit per min per mg
protein; Lipase activity as units per hour per mg protein; Alkaline phosphatase (ALP) as Nano moles p-nitrophenol released per min per mg protein at
37°C. Different superscript letters in the same column signify statistical differences (p<0.05). Data expressed as Mean + SE (n=6)

of trypsin inhibitors and other anti-nutritional factors
associated with SPLM. ALP activity of the intestine was
observed to decrease with the increasing SPLM inclusion
level in the diet and highest activity was observed in the
control group (p<0.05) followed by T2, T1, T3 and T4
group. Alkaline phosphatase activity plays a major role in
the phosphorus metabolism in the body. It catalyses the
hydrolysis of various phosphate-containing compounds
and acts as transphosphorylase at alkaline pH. This
enzyme gets activated during the energy demand and the
presence of excess levels of phosphorus in the diet. In the
present study, the ALP activity in intestine and liver varied
significantly. The deficiency of sodium can have an impact
on the activity of Na-K-ATPase in the gastrointestinal
(GI) tract and liver, which is involved in the absorption
of nutrients. It has been reported that ingestion of phytic
acid reduced the activity of Na-K-ATPase in the GI tract
and liver in broilers (Liu ef al., 2008), whcih may be
one of the reasons for the increase in the liver ATPase
activity in SPLM fed groups which resulted in a reduction
of phytic acid with replacement of rice bran in the diet.
Replacement of DORB with SPLM significantly (p<0.05)
affected ATPase activity in the liver of L. rohita juveniles
in different experimental groups. However, ATPase
activity in the intestine did not differ significantly among
groups.

Based on the finding of the present study, it is
concluded that SPLM can replace 100% of de-oiled rice
bran in practical diets of L. rohita. Further, agro wastes like
sweet potato leaves based feeds are cheaper as compared
to the conventional feeds. However, the economic viability
of incorporation of SPLM in L. rohita diets as a replacer of
DORB needs to be studied. The present study advocates
short-term utilisation efficiency but same time indicated
the inevitability of long-term feeding trial with SPLM by
replacing DORB and its effect on the physiology of fish.
In addition to this, dietary utilisation of detoxified SPLM
as a replacer of DORB can also be taken up as an approach
for cost-effective use of SPLM as agriculture waste in
aqua feed.
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