



Effects of Feeding of Babul Pod (Acacia nilotica) Powder and Extracted Babul Pod Tannin Powder on Growth Performance,  Nutrient Utilization, Haemato-Biochemical Profile, Anti- oxidative  Status  and Immune Status in Male Albino Rats

                                         Abstract

The objective of  this study was to investigate the effects of feeding of  babul  pod (Acacia nilotica)  powder and  extracted  babul  pod tannin powder  on  growth  performance,  nutrient utilization,  haemato- biochemical  profile, anti- oxidative  status  and immune function  in  male albino  rats. The study was conducted at Experimental small animal house and Division of Animal Nutrition, ICAR-National Dairy Research Institute (NDRI) at Karnal, Haryana, India. A total of  twenty four  (24Nos.) weanling male albino rats of  Wister strain about 5-6 weeks age were  randomly allocated into three treatment groups of 8 animals each based on their body weight  in a completely randomized design. Treatments were arranged into T1: (control, containing conventional diet); T2: inclusion of  3.0% tannin  equivalent  babul pod powder in conventional  diet; T3: inclusion of 3.0% tannin  extracted  Acacia  powder in conventional diet. Male albino rats were reared in a cage system  using standard protocol. Diets were prepared as per recommendation of  NRC (1995). Statistical analysis was conducted using SPSS version 20. One way ANOVA, followed by Duncan’s Multiple Range test was used for multiple comparisons. Our results indicate that the significantly difference (P≤0.05) was noticed among dry matter intake (g/d/rat) and DMI (g/100g BW/rat)  in different treatment groups during whole trial period. Average body weight gain was observed significantly (P≤0.05) reduced in  T3 group followed by T2 and T1 groups. Digestibility coefficient of nutrients and haemato-biochemical profile were significantly (P≤0.05) affected by inclusion of babul pod powder and extracted babul pod tannin in diet of rats during whole trial period. The overall concentration of SOD was significantly (P<0.01) higher in T2 and T3 tannin treated group as compared to control group. The feeding of  babul pod tannin and extracted Acacia tannin did not address significant changes about  the immunoglobulin (IgG µg/l) level and Lymphocyte proliferation index (LPI) among different treatment groups.  It can be concluded that  3% tannin equivalent from extracted babul pods powder feeding  were  beneficial in terms of  growth,  nutrient utilization, lipid profile, and anti- oxidative  status as compared to 3% tannin equivalent from babul pods powder in male albino rats.  
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1. INTRODUCTION

Phytobiotics are bioactive compounds from a plant origin, which may improve monogastric animal performance when added to the feed (Windisch et al., 2008; Sugiharto, 2016).  These substances may originate from all parts of the plant (leaves, roots, tubers, fruits of herbs, etc.) and might be available in various physical states (solid, dried, ground, extracts, etc.)  (Panda et al., 2006).  The active compounds of  phytobiotics are mainly secondary plant constituents-terpenoids (mono- and sesquiterpenes, steroids, etc.), phenolics (tannins), glycosides and alkaloids (present as alcohols, aldehydes, ketones, esters, ethers, lactones, etc.) (Panda et al. (2006);  Huyghebaert et al. (2011);  Sugiharto, 2016 ).
  Tannins are plant secondary metabolites consisting of part of the plant chemical defense system against pathogens and insects. Tannins have shown numerous biological properties with antimicrobial, antiparasitic, antioxidant, anti-inflammatory and antivirus effects (Sugiharto, 2016).  According to the chemical structure, tannins are a group of phenolic compounds with diverse structures but with the same ability to bind and precipitate proteins. Tannins are mainly classified into three major groups-hydrolysable tannins, condensed tannins or proanthocyanidins, and  phlorotannins. Hydrolysable tannins are susceptible to hydrolysis by acids, bases or esterases, being easily degraded and absorbed in the digestive tract (Mcleod, 1974). Condensed tannins are oligomeric or polymeric flavonoids with complex structures and high molecular weights. Contrary to hydrolysable tannins, only strong oxidative and acidic hydrolysis can depolymerize the condensed tannin structures that are also not susceptible to anaerobic enzyme degradation (McSweeney et al., 2001).  In the past, tannins have been considered to act as anti-nutritional compounds in diets for monogastric animals, nevertheless, reports today prove that according to factors such as concentration and type of  tannin source, animal age, animal  health and physiological status, beneficial effects in animals might be obtained (Zotte et al., 2009; Biagi, et al., 2010; Brus et al., 2013). However, in monogastric animals, especially rats, few dietary tannin sources have been studied.  

Babul tree  is  used extensively as a traditional/ ayurvedic medicine. Its bark, gum, leaves and pods are used medicinally in India and West Africa. Babul (Acacia nilotica) pod (pulp and  seeds) is one of the unconventional feed resources which are abundantly found in tropics and subtropics. It contains high amount of  tannins 18.71%, but rich source of protein and energy  i.e. 13% CP, 72% TDN (Barman and Rai, 2006).  Babul pods are available in most states of  India in huge quantity. Therefore; it is suggested to use it as a substitute of energy source like cereal grains in conventional rations for livestock (Barman and Rai, 2006, Tandon, 2009). Babul (Acacia nilotica) leaves contain relatively uncommon catechin gallate tannins. While Acacia nilotica   pods and  bark contain (-) epigallocatechin gallates (Ayoub, 1985). Tanner et al. (1990) and Barman and Rai (2006) also reported catechin gallates in Acacia nilotica pods. These compounds even being of condense tannin nature can be degraded in rumen to yield gallic acid, catechin and epicatechin.  Tannin is also hydrolyzed  in the animal body especially by  rumen microbes and releases some antioxidants like catechin,  epicatechin, catechin gallate,  gallic acid, and ellagic acid etc., which have therapeutic values (Tandon, 2009).  These metabolites of tannin have been identified in various biological fluids like faeces, urine, blood and milk for the first time at NDRI (Barman and  Rai, 2006) which will help in the determination of degraded products and facilitate understanding the physiological functions as influenced by tannins degradation in the animal system.  Catechin serves as powerful antioxidant against lipid per oxidation when phospholipids bilayers  are exposed to aqueous oxygen radicals. Total antioxidant activity was significantly improved in calves when 27.8% babul pods were incorporated either treated with calcium hydroxide or PEG in diets of growing calves (Dubey, 2007). Hence, the investigation was carried out with a view to assess a safe level of  tannins through babul (Acacia nilotica)  pods  and  extracted tannin through Acacia nilotica pods in the diet of male albino  rats  with reference to dry matter intake, growth, nutrient utilization, haemato-biochemical profile, antioxidant status  and immune status.
2. MATERIALS AND METHODS

2.1 EXPERIMENTAL  ANIMAL  LOCATION 
The entire study was conducted at Experimental Small Animal House and Division of Animal Nutrition, ICAR-National Dairy Research Institute (NDRI) at Karnal, Haryana  located at  an  altitude of  250 meters (820 feet) above sea level, with latitude 29.7014° N and longitude 76.9848° E.

2.2 ETHICAL  STATEMENT
The experiment protocol were conducted in accordance with the guidelines for Institutional Animal Ethical Committee of  National Dairy Research Institute, Karnal.
2.3   EXPERIMENTAL DESIGN, TREATMENT AND HOUSING MANAGEMENT
For this feeding trial, twenty four  (24Nos.) weanling male albino rats of  Wister strain about 5-6 weeks  old  were procured from disease free small animal house  Hisar Agriculture University,  Hisar and randomly divided  into three treatment groups of 8 animals each based on their body weight  in a completely randomized design.  Body weights of  treatment groups were 54.1, 50.4, 50.4 gms, respectively at the start of experiment. Male albino rats were reared in a  cage system  using standard management and health care practices throughout the entire experiment. The rats  were individually weighed and leg banded for identification before being assigned to each treatment group. Health of the experimental stock and mortality rate were closely observed and recorded daily. The entire study was from February to May 2010 for a period of 120 days.
	                  List 1. Experimental  design  and  treatments

	Groups
	Treatment
	Total  no. of  rats

	T1
	 Conventional (Control)
	08

	T2
	 Conventional diet  with  3.0% tannin  equivalent  babul pod powder
	08

	T3
	 Conventional diet with  3.0% tannin  extracted  Acacia  powder
	08


2.4 EXPERIMENTAL  DIET
Standard male albino rats conventional diets and treatment diets were prepared by combining ingredients to meet the rats nutritional requirements, as per recommendation of  NRC (1995) presented in Table 1 and Table 2. While determined chemical analysis was conducted by the method of AOAC (2000). Feed ingredients required for the formulation of  the experimental diet were procured from the feed unit, NDRI  and all the ingredients were ground in feed mill before mixing at feed unit of the farm.
	Table 1:  Ingredient  composition  used  for  formulation of   different diets for male albino rat experiment

	            Ingredients (%)
	              Treatments 

	
	T1
	T2
	T3

	Wheat
	40.0
	11.0
	18.0

	Bengal gram
	23.0
	32.0
	33.0

	Groundnut cake
	12.0
	15.0
	13.0

	Skim milk powder
	21.0
	21.0
	21.0

	Babul (Acacia nilotica) pods powder
	0
	16.70
	0

	Extracted Acacia nilotica powder
	0
	0
	8.0

	Refined oil
	4.0
	4.30
	7.0

	Total
	100
	100
	100

	Vitamin mix
	0.10
	0.10
	0.10

	Salt mix
	1.50
	1.50
	1.50

	T1 : Conventional diet; T2: Conventional diet with 3.0% tannin equivalent babul pod powder;  T3:  Conventional  diet  with  3.0% tannin extracted  Acacia  powder 


	Table 2:  Composition of  Vitamin (100g) and Mineral Mixture (1 kg)

	Vitamin mixture
	mg/100 g
	Mineral mixture
	g/kg

	Vitamin A
	2000 IU
	KH2PO4
	389.00

	Vitamin D
	200 IU
	MgSO4
	57.30

	Vitamin K
	0.50
	CaCO3
	381.40

	Choline chloride
	200.00
	FeSO4.7H2O
	27.00

	Para amino benzoic acid
	10.00
	MnSO4.H2O
	4.10

	Mesoinositol
	10.00
	ZnSO4.7H2O
	0.548

	Niacin
	4.00
	CuSO4.5H2O
	0.477

	Ca-D-Pantothenate
	4.00
	COCl2.6H2O
	0.023

	Riboflavin
	0.80
	NaCl
	139.30

	Thiamin-HCl
	0.50
	KI
	0.790 g

	Pyridoxin-HCl
	0.50
	
	

	Folic acid
	0.20
	
	

	Biotin
	0.04
	
	

	Vitamin B12
	0.003
	
	


2.5  GROWTH   PERFORMANCE 
a) FEED  INTAKE
Five consecutive days in a fortnight of dry matter intake was recorded by weighing feed offered and residue left during the entire period of feeding experiment.

b) BODY WEIGHT GAIN 
Body weight  of  the  animals were recorded at fortnightly interval for two consecutive days before offering feed and water and body wt. gain/day/rat was calculated.
2.6 DIGESTION TRIAL 
A digestion trial was conducted on animals in each group in mid of the experiment. Digestibility coefficient of  nutrients, nitrogen balance, mineral balance were estimated as the standard procedure. Proximate composition of feed,  residue and  faeces  were estimated according to the procedure of AOAC  (2000)  and fibre constituents were estimated as per the procedure of Goering and Van-Soest, (1970).
2.7 HAEMATO-BIOCHEMICAL  PROFILE 
Blood collection was done at the interval of  30 th day  i.e. 0 days, 30, 60 , 90 days and 120 days respectively. Blood was collected before starting of  the  feeding experimental diet, i.e., on zero day and on monthly basis till the completion of experiment. Rats were first anaesthetized by exposing them to chloroform in a glass  jar for a brief period of  time. Using a heparinzed capillary tube, blood was drawn from the orbital venous plexus and collected in storage vials wetted with heparin solution. Immediately after collection, haemoglobin content in blood was estimated and rest of the blood was centrifuged at 4500 rpm for 10 minute at 40C in a refrigerated centrifuge (Sigma Laborzentrifugen). Plasma was separated and stored at -20°C till further analysis. The RBC cells were washed thrice by re-suspending in isotonic (0.89% NaCl) saline, followed by  re-centrifugation and removal of supernatant fluid. The cells were lysed by adding cold distilled water. The erythrocyte lysate (5%, v/v) was prepared by lysing aliquots of washed RBC with deionized water and was stored at –20°C until further analysis.  Haemoglobin was estimated using haemoglobin reagent by Drabkin’s  Cyanomethaemoglobin  method . Lipid  profile and glucose  in the plasma  were analyzed using Autopak  kits, procured from Span Diagnostics Ltd., Surat, India. The kit is based on enzymatic colorimetric method. Low density lipoprotein (LDL) cholesterol and atherogenic index (AI) are calculated using Friedewald’s equation.  Insulin in plasma is estimated by  Rat Insulin ELISA Kit  based on  Enzyme Immunoassay method.
2.8 ANTI-OXIDATIVE   STATUS 
The anti-oxidative enzyme, the catalase enzyme activity was estimated spectrophotometrically using the method of  Aebi (1984).  Superoxide dismutase (SOD) activity of this enzyme was assayed by the method of  Marklund and Marklund (1974). The glutathione peroxidase enzyme activity was estimated spectrophotometrically using the method of  Lawrence and Burk (1976). Total antioxidant activity was measured by ferric reducing antioxidant power (FRAP) assay of Benzie and Strain (1999). FRAP assay uses antioxidants as reductants in a redox-linked colorimetric method, employing an easily reduced oxidant system present in stoichiometric excess.
2.9 IMMUNOGLOBULIN CONCENTRATION IN SERUM
 
 IgG  level in serum were determined using ELISA kit supplied by Koma Biotech., USA. The operating procedures were strictly followed as provided by the manufacturer. The principle of  the  ELISA  kit was to employ  the quantitative sandwich enzyme immunoassay technique.
2.10 STATISTICAL   ANALYSIS
The data were presented as means ± standard error (SE). Statistical analysis was conducted using  SPSS version 20  (Snedecor and Cochran, 1989). One way ANOVA, followed by Duncan’s Multiple Range test was used for multiple comparisons  (Kramer, 1957). Statistical differences were determined at the 1% level of significance.
3. RESULTS AND DISCUSSION:
3.1  Chemical  composition (%DM basis) of experimental diet fed to male albino rats
	Table 3:  Chemical  composition (%DM basis) of  experimental  diet fed to male albino rats

	Parameter
	T1
	T2
	T3
	SEm
	Sig.

	DM
	91.87
	±
	0.04
	91.86
	±
	0.93
	92.61
	±
	0.57
	0.51NS
	0.65

	OM
	95.30c
	±
	0.07
	94.14a
	±
	0.02
	94.92b
	±
	0.06
	0.04**
	0.01

	CP
	24.07
	±
	0.67
	23.81
	±
	0.49
	25.77
	±
	0.60
	0.48NS
	0.11

	EE
	14.99
	±
	1.18
	12.84
	±
	0.23
	11.56
	±
	0.54
	0.62NS
	0.05

	CF
	2.64
	±
	0.02
	5.36
	±
	1.06
	4.62
	±
	0.57
	0.57NS
	0.08

	NFE
	53.60
	±
	2.61
	52.21
	
	1.94
	52.98
	
	2.08
	0.58NS
	0.12

	NDF
	19.89b
	±
	0.13
	18.21b
	±
	0.32
	14.84a
	±
	0.57
	0.31**
	0.01

	ADF
	8.47
	±
	0.22
	9.47
	±
	0.74
	10.95
	±
	0.93
	0.57NS
	0.11

	Total Ash
	4.70a
	±
	0.07
	5.86c
	±
	0.02
	5.08b
	±
	0.06
	0.04**
	0.01

	AIA
	1.13a
	±
	0.02
	1.40b
	±
	0.05
	1.18a
	±
	0.01
	0.03**
	0.01

	Ca
	3.38a
	±
	0.13
	4.68b
	±
	0.17
	3.76a
	±
	0.16
	0.09**
	0.01

	P
	0.43
	±
	0.03
	0.38
	±
	0.01
	0.36
	±
	0.02
	0.02NS
	0.21

	T1 : Conventional diet; T2: Conventional diet with 3.0% tannin equivalent babul pod powder;  T3:  Conventional  diet  with  3.0% tannin extracted  Acacia  powder; NS = non-significant, * *= <0.01 Mean values with different superscripts a,b,c, within a column differ significantly S.E.M.: standard error of the mean


The proximate composition (%DM basis) of experimental diets fed to different treatment groups of   male albino rats  is presented in Table 3. Experimental diet was formulated iso-nitrogenous and iso-caloric for albino rats to meet out the nutritional requirements as per NRC (1995) recommendation. 
3.2 EFFECT OF  FEEDING OF  TANNIN ON FORTNIGHTLY DRY MATTER INTAKE (g/d/rat) 
Fortnightly dry matter intake (DMI g/d/rat)  of different groups were presented in Table 4.  The results obtained that average DMI (g/d/rat) was 11.61, 10.55 and 9.25 g in T1, T2, and T3 treatment groups, respectively. Significantly difference (P≤0.05) was noted among DMI (g/d/rat) and  DMI (g/100g BW/rat)  in different treatment groups during whole trial period. But non significant (P≥0.05) difference was observed among DMI/g metabolic body size/rat  in different treatment groups during whole trial period.
	Table 4. Effect of  tannin on fortnightly dry matter intake (g/d/rat)  during whole trial period

	Fortnightly
	T1
	T2
	T3
	SEm
	Sig.

	0day
	7.43
	±
	0.2
	7.11
	±
	0.31
	6.68
	±
	0.34
	0.24NS
	0.22

	1st
	8.8c
	±
	0.23
	8.52b
	±
	0.34
	7.98a
	±
	0.15
	0.21**
	0.10

	2nd
	9.96c
	±
	0.08
	9.17b
	±
	0.19
	7.5a
	±
	0.15
	0.12**
	0.01

	3rd
	11.02c
	±
	0.24
	9.71b
	±
	0.35
	7.88a
	±
	0.21
	0.22**
	0.01

	4th
	11.95c
	±
	0.27
	10.8b
	±
	0.05
	8.57a
	±
	0.21
	0.16**
	0.01

	5th
	13.2c
	±
	0.12
	11.8b
	±
	0.15
	10.9a
	±
	0.24
	0.12**
	0.01

	6th
	12.37c
	±
	0.15
	11.1b
	±
	0.19
	9.19a
	±
	0.1
	0.14**
	0.01

	7th
	14.28c
	±
	0.19
	13b
	±
	0.2
	11.9a
	±
	0.21
	0.16**
	0.01

	8th
	15.49c
	±
	0.21
	13.7b
	±
	0.22
	12.8a
	±
	0.18
	0.17**
	0.01

	Mean
	11.61c
	±
	0.1
	10.6b
	±
	0.09
	9.25a
	±
	0.05
	0.07**
	0.01

	DMI (g/ 100g Bwt./rat)
	6.501ab
	±
	0.08
	7.29b
	±
	0.36
	6.07a
	±
	0.2
	0.19**
	0.01

	DMI/g metabolic body size/rat
	0.23
	±
	0.02
	0.24
	±
	0.02
	0.20
	±
	0.02
	0.01NS
	0.30

	T1 : Conventional diet; T2: Conventional diet with 3.0% tannin equivalent babul pod powder;  T3:  Conventional  diet  with  3.0% tannin extracted  Acacia  powder; NS = non-significant, * *= <0.01 Mean values with different superscripts a,b,c, within a column differ significantly S.E.M.: standard error of the mean


3.3 EFFECTS OF FEEDING OF  TANNIN ON FORTNIGHTLY BODY WEIGHT GAIN  (g/rat)
Fortnightly body weight changes of different groups were presented in Table 5. At the start of experiment, body weights were 54.07, 50.43  and  50.41g  in T1, T2 and T3 treatment groups,  respectively. As the experiment advanced the body weights of animals were increased significantly (P≤0.05) upto  120 days in all groups of animal.  Significantly (P≤0.05) lowered value of body weight (g/rat) and average gain in weight (g/rat)  were  noticed in  T3 and T2 treatment groups as compared to control. But  weight gain (g Metabolic body size/rat) was similar (P≥0.05)  in all treatment groups. The higher body gain in T1 group was found due to higher dry matter intake and increased efficiency of digestibility of  nutrients than T2 and T3 groups. The decrease in body weight in T2 and T3 groups may be due to dietary supplementation of 3% tannin in diet of  rats as tannin is having astringent property and binds with protein and other nutrients.  However  Zhang et al. (2002)  found body weight gain and food intake remained similar in control and powdered green tea consuming groups, while contrary to this  Miura et al. (2001) found a significant increased in body weights in tea fed groups of mice over control.

	Table 5. Effect of  feeding of  tannin on fortnightly  body weight (g/rat) change during whole trial period

	Fortnightly
	T1
	T2
	T3
	SEm
	Sig.

	0day
	54.07± 1.87
	50.43± 4.25
	50.41± 4.63
	3.07NS
	0.62

	1st
	119.5± 6.28
	94.74± 10.68
	98.8± 10.24
	7.48NS
	0.12

	2nd
	175.62b± 6.74
	130.75a± 7.72
	156.61ab± 7.27
	6.22**
	0.01

	3rd
	195.1b± 8.51
	143.06a± 10.31
	170.95ab± 6.01
	6.94**
	0.01

	4th
	240.35b± 10.6
	184.43a± 13.09
	215.78ab± 7.26
	8.89**
	0.01

	5th
	252.99b± 10.1
	199.99a± 9.31
	218.83ab± 8.5
	7.14**
	0.01

	6th
	266.87b± 13.6
	223.89ab± 8.09
	223.81a± 11.72
	9.23 NS
	0.02

	7th
	272.76b± 9.71
	227.44a± 6.36
	229.16a ± 17.27
	9.80NS
	0.02

	8th
	303.24b± 7.12
	236.04a± 3.8
	239.34a± 10.41
	6.22**
	0.01

	Mean
	208.92b± 3.37
	167.86a± 2.98
	177.09a± 4.276
	2.85**
	0.01

	B.W. gain, (g/rat)
	249.15b± 7.59
	189.32a± 5.28
	184.58a± 10.11
	6.15**
	0.01

	Average daily gain in b.wt. (g/rat)
	2.07b± 0.06
	1.57a± 0.04
	1.53a± 0.084
	0.05**
	0.01

	Bwt. gain/ g Metabolic body size/rat)
	54.17 ± 5.08
	45.54 ± 4.24
	48.14 ± 4.30
	4.30NS
	3.72

	T1 : Conventional diet; T2: Conventional diet with 3.0% tannin equivalent babul pod powder;  T3:  Conventional  diet  with  3.0% tannin extracted  Acacia  powder; NS = non-significant, * *= <0.01 Mean values with different superscripts a,b   within a column differ significantly S.E.M.: standard error of the mean


3.4 EFFECT OF FEEDING OF TANNIN ON DIGESTIBILITY COEFFICIENT OF NUTRIENTS, NITROGEN AND CALCIUM BALANCE  IN MALE ALBINO RATS
The data pertaining to the digestibility coefficient of nutrients, nitrogen and calcium  balance  of  the male albino rats  fed diet incorporated with  different form of tannin  on 120th day of the  feeding trial is exhibited in Table 6.  During digestion trial, digestibility coefficient of crude protein and neutral detergent fibre were observed significantly (P<0.01) lowered in T3 followed by T2 as compared to control group. But crude fibre and nitrogen free extract and acid detergent fibre were found significantly (P<0.01) lowered in  T2 group followed by  T3 and T1 groups. 
	Table 6. Effect of  tannin on  digestibility coefficient of nutrients,  nitrogen and calcium  balance in male albino rats

	 Parameters 
	                     Digestibility Coefficient (%)

	
	T1
	T2
	T3
	SEm
	Sig.

	Dry  matter 
	75.84±2.42b
	63.54± 3.07a
	67.82±0.70ab
	1.04 NS
	0.03

	Organic  matter 
	77.83±2.38b
	68.53±2.64a
	70.44±0.67ab
	0.97NS
	0.03

	Crude protein
	90.39± 1.03b
	71.79±2.46a
	71.56±0.47a
	0.26**
	0.01

	Ether Extract
	89.73± 0.93b
	81.65±1.33a
	84.53±0.43a
	0.06NS
	0.04

	Crude fibre
	58.47±  4.49b
	44.09±5.12a
	46.93±0.93a
	0.11**
	0.01

	Nitrogen  free extract 
	72.44± 1.48b
	59.57±3.40a
	61.35±1.00a
	0.27**
	0.01

	Neutral detergent fibre
	72.99± 2.91b
	54.07± 5.42a
	51.00±1.11a
	0.12**
	0.01

	Acid detergent fibre
	62.57± 4.03b
	45.70± 5.38a
	46.27±0.85a
	0.57**
	0.01

	Nitrogen balance

	N intake (mg/d)
	1.04a   ±   0.04
	1.12b  ±  0.04
	0.98a ±  0.04
	0.03NS
	0.05

	N outgo (mg/d)
	0.01a  ±   0.01
	0.30b  ±  0.01
	0.28b ±  0.02
	0.01**
	0.01

	N balance (mg/d)
	0.94b  ±   0.04
	0.81ab  ±  0.04
	0.70a ±  0.03
	0.03**
	0.01

	Calcium balance

	Ca intake (mg/d)
	1.05a  ±  0.03
	1.57b  ±  0.04
	1.03a  ±  0.02
	0.02**
	0.01

	Ca outgo (mg/d)
	0.13a  ± 0.01
	0.26b  ±  0.01
	0.10a  ±  0.01
	0.01**
	0.01

	Ca balance (mg/d)
	0.92a ±  0.03
	1.31b  ±  0.04
	0.95a  ±  0.02
	0.03**
	0.01

	T1 : Conventional diet; T2: Conventional diet with 3.0% tannin equivalent babul pod powder;  T3:  Conventional  diet  with  3.0% tannin extracted  Acacia  powder; NS = non-significant, * *= <0.01 Mean values with different superscripts a,b   within a column differ significantly S.E.M.: standard error of the mean


 Nitrogen balance (mg/d) was significantly (P<0.01) lowered in T3 group followed by T2 and T1 group. But calcium balance was significantly (P<0.01) maximum  in T2 group as compared to T3 and T1 group. These results appear to indicate that fibre and nitrogen ratio had significant effects on growth and calcium balance of  the rat. Our results was similar with  Nyachoti et al.  (1996)  who found that efficiency of nitrogen utilization of  the high tannin sorghum diet had significantly (P<0.05) lower than that of the corn based control diet in male broiler chicks.  
3.5 EFFECT OF FEEDING OF TANNIN ON GLUCOSE (mg/dl),  INSULIN (µg/l) AND  HAEMOGLOBIN (g/dl)  CONCENTRATION 
The data pertaining to the  Glucose (mg/dl),  Insulin (µg/l) and  Haemoglobin (g/dl)  of  the male albino rats  fed diet incorporated with  different form  of  tannin  on 120th day of the  feeding trial is  exhibited in Table 7.
	Table 7:   Effect of feeding of  tannin on glucose, insulin and haemoglobin concentration in male albino rats

	Days 
	T1
	T2
	T3
	SEm
	Sig

	Glucose (mg/ dl)

	0day
	119.98
	±
	5.88
	118.45
	±
	13.60
	126.58
	±
	8.44
	8.00NS
	0.74

	30day
	117.6
	±
	5.68
	101.57
	±
	6.50
	117.04
	±
	8.54
	5.96NS
	0.48

	60day
	124.48
	±
	7.55
	116.51
	±
	6.85
	119.34
	±
	9.25
	6.41NS
	0.61

	90day
	128.48b
	±
	4.62
	109.31a
	±
	7.84
	100.56a
	±
	7.22
	5.52*
	0.03

	120day
	132.89b
	±
	5.23
	95.77a
	±
	7.57
	97.07a
	±
	6.71
	5.37**
	0.01

	Mean
	124.71b
	±
	2.08
	108.33a
	±
	3.00
	112.11a
	±
	2.70
	2.13**
	0.01

	Insulin (µg/ l)

	0day
	0.333
	±
	0.02
	0.41
	±
	0.03
	0.36
	±
	0.03
	0.02NS
	0.48

	30day
	0.35a
	±
	0.04
	0.51b
	±
	0.02
	0.36a
	±
	0.02
	0.02**
	0.01

	60day
	0.46
	±
	0.03
	0.54
	±
	0.06
	0.52
	±
	0.05
	0.04NS
	0.54

	90day
	0.35a
	±
	0.02
	0.48ab
	±
	0.08
	0.57b
	±
	0.05
	0.04*
	0.02

	120day
	0.446
	±
	0.02
	0.38
	±
	0.03
	0.46
	±
	0.02
	0.02NS
	0.07

	Mean
	0.388a
	±
	0.01
	0.45ab
	±
	0.02
	0.46b
	±
	0.01
	0.01**
	0.01

	Haemoglobin (g/ dl)

	0day
	14.08
	±
	0.48
	12.45
	±
	1.31
	14.31
	±
	1.36
	0.92NS
	0.46

	30day
	15.45
	±
	0.94
	13.34
	±
	0.97
	13.53
	±
	0.81
	0.74NS
	0.22

	60day
	15.94
	±
	0.89
	14.05
	±
	1.43
	13.61
	±
	0.64
	0.85NS
	0.26

	90day
	15.43b
	±
	0.53
	12.22a
	±
	1.02
	14.06ab
	±
	0.45
	0.58*
	0.02

	120day
	16.66b
	±
	0.82
	13.42a
	±
	0.82
	13.69a
	±
	0.95
	0.71*
	0.03

	Mean
	15.51b
	±
	0.36
	13.09a
	±
	0.53
	13.84a
	±
	0.32
	0.34**
	0.01

	T1 : Conventional diet; T2: Conventional diet with 3.0% tannin equivalent babul pod powder;  T3:  Conventional  diet  with  3.0% tannin extracted  Acacia  powder; NS = non-significant, * *= <0.01 Mean values with different superscripts a,b   within a column differ significantly S.E.M.: standard error of the mean


During whole trial period, the glucose (mg/dl) concentrations of different treatment groups were presented in Table 7. Significantly (P≤0.05) reduced mean value of glucose (mg/dl) was noticed in T2 (108.33mg/dl) and T3 (112.11mg/dl) treatment group as compared to control (124.71mg/dl) group. Supplemented tannin treatment group revealed the tannin monomers are effective in reducing the glucose concentration on one side and increases the insulin level. There is inverse relationship between insulin and glucose concentration in serum. These results attribute to effectiveness of different components of tannin monomers available either by babul pods powder as such or extracted tannin from babul pods. This study was similar with Sabu et al. (2002) who observed that green tea decreased serum glucose levels in rates. This is quite significant in case of diabetes condition where the tannin contents decreased the serum glucose level either by using extracted tannin or powder of  babul pods.  Similarly Wu  et al. (2004)  reported that catechins interact with glucose metabolism. Moreover, in an oral glucose tolerance test in normal rats, green tea catechins decreased plasma insulin levels but did not affect plasma glucose levels. Likewise Wolfram et al. (2006) observed that epigallocatechingallate (EGCG) enhances oral glucose tolerance in severely diabetic mice and in moderately diabetic rats.  The in vivo and in vitro findings suggested that the reduction of effective glucose production (EGP) and increase in glucose-induced insulin secretion contributed to the anti diabetic effects of EGCG. EGP is main determinant of fasting glucose levels. EGCG supplementation causes a pronounced decrease of glucose levels in food-deprived animals, which exceeds the decrease of glucose levels in animals not deprived of food. The increase in insulin concentration in mice supplemented with EGCG could either be caused by direct stimulation of insulin secretion in response to feeding or by a positive effect of EGCG on the pancreas.  Haemoglobin (g/ dl)  concentration of different groups were presented in Table 6. The feeding of babul pod and extracted Acacia  tannin powder in total DMI affects the  mean value of   haemoglobin (g/ dl)  level slightly and it was fall in treated group of rat  (Table 6).  Our result  concurrent  with the finding of  Dey et al. (2008)  reported no effect on Hb, glucose in lambs supplemented with graded levels (0-2%) of condense tannin  from Ficus infectoria  leaves. Similarly Pathak (2011)  did not observed any effect on Hb, PCV and glucose in lambs fed diets having 1-2% CT supplied through a leaf meal mixture of F. infectoria and Psidium guajava.
3.6 EFFECT OF FEEDING OF TANNIN ON LIPID PROFILE OF  MALE ALBINO RATS
The data pertaining to the  lipid profile  of  the male  albino rats  fed diet  with tannin  on 120th day of the  feeding trial is  exhibited in Table 8 and Table 9.  At 60th day the feeding trial,  cholesterol level was  significantly (P<0.01) reduced in tannin treated group of  rat. But at 120 days of feeding trial similar results were noticed. However  overall mean cholesterol level  was  significantly (P<0.01) reduced in tannin treated group of rat as compared to control. The triglyceride level did  not change in different group during whole trial period.  At the  120th  days  of feeding trial, TG concentration was significantly (P<0.01)  reduced   in tannin treated   group as compared to control. This decreased concentration in TG is due to tannin monomers available in babul pods or extracted tannins from babul pods.  In the present study, similar results was  obtained  by  Murase et al. (2002) and Tijburg et al. (1997)  who reported that green tea  contains catechin,  epicatechin (EC) and epigallocatechingallate (EGCG) decreases plasma total cholesterol and blood triglyceride levels  at various rates in mice and rabbit.  In contrast with Miura  et al. (2001)  reported that tea ingestion (rich in EGCG, EGC, EC and ECG) did not affect plasma total cholesterol and plasma TG concentration through the  experimental period in mice.  There was slight reduction in total serum cholesterol level by 8.41% in the treatment group of goat as compared to control but change was not significant (P>0.05). The slight decreased cholesterol level might be due to the presence of some bioactive molecules which may affect the lipid metabolism in goats (Paswan et al. 2016). 
The HDL-cholesterol level was significantly (P<0.01) lowered in treated group of male albino rat as compared to control. But  the  LDL-cholesterol level and  atherogenic index did  not change in different treatment group during whole trial period (Table 9). This results was concurrent  with the study of  Crespy and Williamson, (2004)  who showed that  Green tea (catechin) ingestion decreases LDL cholesterol. Concurrently, HDL cholesterol increases, showing that green tea polyphenols exert an anti-atherosclerotic effect. So long term feeding of  tea catechins can be beneficial by modulating lipid metabolism. Likewise Lkeda, et al. (2005) showed that tea catechins and heat treated tea catechins (autoclaving the catechins mixture at 1200C for 5 min.) suppressed postprandial hypertriacylglycerolemia to almost the same extent in rats, which shows that heat treatment of milk during milk powder formation did not lost these catechin or epicatechins therapeutic potential. 
	Table 8:  Effect of feeding of  tannin on  total cholesterol  (mg/dl) and  triglycerides (mg/dl) level  in male albino rats

	    Days 
	T1
	T2
	T3
	SEm
	Sig.

	Total Cholesterol (mg/ dl)

	0day
	86.87
	±
	9.7
	88.6
	±
	19.36
	85.78
	±
	20.98
	14.08NS
	0.81

	30day
	115.84
	±
	10.71
	79.9
	±
	12.12
	82.14
	±
	11.26
	9.28NS
	0.06

	60day
	117.29b
	±
	9.28
	77.6a
	±
	12.09
	92.82a
	±
	8.4
	8.34**
	0.01

	90day
	111.62
	±
	8.69
	79.2
	±
	11.14
	83.48
	±
	18.15
	10.85NS
	0.20

	120day
	125.59
	±
	21.67
	64.9
	±
	17.32
	71.15
	±
	17.14
	15.39NS
	0.07

	Mean
	111.44b
	±
	8.07
	78.02a
	±
	7.53
	83.07a
	±
	6.21
	6.00**
	0.01

	Triglycerides (mg/ dl)

	0day
	92.2
	±
	7.77
	97.4
	±
	16.27
	98.62
	±
	20.31
	12.80NS
	0.96

	30day
	121.81
	±
	20.63
	85.1
	±
	21.7
	96.36
	±
	22.79
	17.76NS
	0.50

	60day
	125.84
	±
	24.48
	87.7
	±
	30.46
	96.65
	±
	23.24
	21.45NS
	0.58

	90day
	132.09
	±
	29.03
	76.3
	±
	17.48
	84.98
	±
	25.09
	19.78NS
	0.22

	120day
	144.08b
	±
	21.2
	76.1a
	±
	21.62
	79.17a
	±
	17.11
	16.35**
	0.01

	Mean
	123.2
	±
	11.26
	84.5
	±
	13.31
	91.15
	±
	10.27
	9.57NS
	0.07

	T1 : Conventional diet; T2: Conventional diet with 3.0% tannin equivalent babul pod powder;  T3:  Conventional  diet  with  3.0% tannin extracted  Acacia  powder; NS = non-significant, * *= <0.01 Mean values with different superscripts a,b   within a column differ significantly S.E.M.: standard error of the mean


	Table 9:  Effect of feeding of  tannin on  HDL,  LDL  and  Atherogenic index  in male albino rats

	Days
	T1
	T2
	T3
	SEm
	Sig.

	HDL (mg/dl)

	0day
	28.74
	±
	6.69
	27.34
	±
	2.99
	30.46
	±
	2.43
	3.62NS
	0.78

	30day
	37.54
	±
	3.31
	40.33
	±
	3.49
	28.07
	±
	4.6
	3.17NS
	0.11

	60day
	32.24
	±
	5.5
	32.58
	±
	3.18
	26.31
	±
	4.61
	3.69NS
	0.53

	90day
	51.79b
	±
	3.55
	29.84a
	±
	5.08
	27.45ab
	±
	7.83
	4.71**
	0.01

	120day
	51.18b
	±
	6.77
	26.31a
	±
	7.24
	28.16a
	±
	6.16
	5.45*
	0.02

	Mean
	40.3b
	±
	1.44
	31.28a
	±
	1.24
	28.09a
	±
	1.12
	1.03**
	0.01

	LDL (mg/dl)

	0day
	39.83
	±
	15.23
	41.73
	±
	18.51
	35.6
	±
	21.8
	15.07NS
	0.74

	30day
	31.41
	±
	10.81
	27.27
	±
	13.26
	39.51
	±
	13.1
	10.15NS
	0.78

	60day
	30.18
	±
	23.04
	27.46
	±
	10.92
	47.18
	±
	6.69
	12.49NS
	0.68

	90day
	45.26
	±
	9.09
	51.56
	±
	18.68
	40.06
	±
	14.4
	11.64NS
	0.53

	120day
	45.56
	±
	24.51
	46.19
	±
	32.7
	26.16
	±
	13.9
	20.42NS
	0.87

	Mean
	38.44
	±
	9.62
	38.84
	±
	11.77
	37.7
	±
	4.96
	7.51NS
	0.91

	Atherogenic index (LDL/ HDL)

	0 day
	1.81
	±
	0.54
	1.51
	±
	0.69
	1.53
	±
	0.81
	0.56NS
	0.77

	30day
	0.94
	±
	0.29
	0.78
	±
	0.38
	1.08
	±
	0.46
	0.31NS
	0.89

	60day
	1.66
	±
	1.65
	0.82
	±
	0.36
	1.26
	±
	0.18
	0.80NS
	0.86

	90day
	1.14
	±
	0.26
	2.54
	±
	0.96
	1.49
	±
	0.54
	0.54NS
	0.39

	120day
	1.69
	±
	1.2
	1.02
	±
	0.62
	0.9
	±
	0.56
	0.69NS
	0.78

	Mean
	1.45
	±
	0.58
	1.34
	±
	0.29
	1.25
	±
	0.25
	0.33NS
	0.91

	 T1 : Conventional diet; T2: Conventional diet with 3.0% tannin equivalent babul pod powder;  T3:  Conventional  diet  with  3.0% tannin extracted  Acacia  powder; NS = non-significant, * *= <0.01 Mean values with different superscripts a,b   within a column differ significantly S.E.M.: standard error of the mean


3.7   EFFECT OF FEEDING OF  TANNIN  ON ANTI-OXIDATIVE STATUS IN MALE ALBINO RATS
Data pertaining to anti-oxidative activities (super oxide dismutase (SOD), glutathione peroxides (GPx), catalase and  FRAP value)  in male albino rat are exhibited in Table 10 and 11. The SOD (U/g Hb)  concentration  keeps on increasing with progressive time and it maintained throughout the period till 120th day. The overall concentration of SOD was significantly (P<0.01) higher in T2 and T3 tannin treated group as compared to T1 (control) group. However  glutathione peroxides (GPx), catalase and  FRAP value found to be non  significantly (P >0.01) variations among the treatment groups as compared to control. Our results was similar with Yokozawa, et al. (2002) who studied  in vivo  showed that green tea catechins increased total plasma antioxidant activity.  SOD facilitates the conversion of superoxide anions into oxygen and hydrogen peroxide (H2O2), thereby preventing excessive accumulation of reactive oxygen species (Bhatti et al., 2022). Reduced glutathione (GSH), a key non-enzymatic antioxidant, plays a vital role in neutralizing free radicals, safeguarding sulfhydryl groups in proteins and enzymes from oxidative damage (Tan et al., 2023).  Xiao et al. (2025) who reported that  antioxidant defense was enhanced in the pancreas, liver, kidneys, and heart through elevated SOD, CAT, GSH, and GR activities, and reduced MDA content in type 2 diabetic rats fed diet with Jasmine green tea (JGT). The significantly (P <0.05) higher MDA levels in the DBC group compared to normal groups suggest that T2D induction triggered lipid peroxidation.  However, the significant (P <0.05) decline in MDA levels in JGT-treated groups highlights the potential of  JGT to counteract lipid peroxidation.

	Table 10:  Effect of feeding of  tannin on  SOD,  GPX  and  Catalase  in male albino rats

	Days
	T1
	T2
	T3
	SEm
	Sig.

	Superoxide dismutase (U/g Hb)

	0day
	2160.05
	±
	230.96
	2348.79
±
	373.76
	2304.69
	±
	270.72
	243.28NS
	0.90

	30day
	2175.46
	±
	244.94
	2915.41
±
	291.14
	2781.12
	±
	376.51
	252.33NS
	0.22

	60day
	2059.67
	±
	141.25
	3216.12
±
	343.26
	2949.23
	±
	519.17
	300.86NS
	0.09

	90day
	2211.94
	±
	102.27
	3886.01
±
	613.37
	3226.49
	±
	363.52
	339.55*
	0.03

	120day
	2230.55a
	±
	152.95
	3902.3b
±
	342.1
	3252.13ab
	±
	438.27
	271.83**
	0.01

	Mean
	2167.54a
	±
	70.49
	3253.71b
±
	244.37
	2902.74b
	±
	154.15
	140.19**
	0.01

	Glutathione peroxidase (U/g Hb)

	0day
	16.4
	±
	1.38
	18.36
±
	1.39
	17.64
	±
	0.61
	0.96NS
	0.51

	30day
	23.92
	±
	2.91
	20.42
±
	3.16
	17.92
	±
	0.85
	2.06NS
	0.27

	60day
	22.71
	±
	1.51
	23.6
±
	2.24
	24.01
	±
	1.88
	1.55NS
	0.88

	90day
	22
	±
	2.24
	22.55
±
	1.78
	25.79
	±
	3.29
	2.05NS
	0.53

	120day
	24.83
	±
	1.93
	27.08
±
	1.35
	29.88
	±
	1.32
	1.27NS
	0.11

	Mean
	21.98
	±
	0.96
	22.4
±
	1.03
	23.05
	±
	0.84
	0.77NS
	0.73

	Catalase (U/mg Hb)

	0day
	70.06
	±
	18.4
	78.97
±
	27.9
	75.81
	±
	17.4
	17.76NS
	0.96

	30day
	83.09
	±
	15.8
	94.27
±
	19.4
	107.6
	±
	17.3
	14.34NS
	0.62

	60day
	97.76
	±
	9.46
	108.3
±
	20.1
	110.4
	±
	15.3
	12.70NS
	0.83

	90day
	94.35
	±
	7.62
	111.9
±
	11.1
	109.3
	±
	19.4
	11.14NS
	0.62

	120day
	89.93
	±
	15.5
	112.4
±
	12
	110.2
	±
	17.5
	12.36NS
	0.52

	Mean
	87.04
	±
	5.6
	101.2
±
	6.14
	102.7
	±
	9.23
	5.86NS
	0.26

	T1= Conventional diet (control); T2= Conventional diet +3% tannin equivalent babul pods ; T3 = Conventional diet + 3% Extracted tannin powder from B.Pod;  NS = non-significant, * = <0.01 Mean values with different superscripts a,b,  within a column differ significantly,   S.E.M.: standard error of the mean


3.8  EFFECT OF FEEDING OF  TANNIN  ON IMMUNOGLOBULIN STATUS  IN MALE ALBINO RATS
Data pertaining to Immunoglobulin status  in male albino rats are exhibited in Table 11. The feeding of  babul pod tannin and extracted Acacia tannin did not address significant changes about  the immunoglobulin (IgG µg/l) level and Lymphocyte proliferation index (LPI) among different treatment groups. This  study was concurrent with Liu et al., (2023) who reported that   significantly increasing the levels of IgA   in serum of broiler  by inclusion of  Acacia mearnsii  tannin extract (68%, AT), Castanea sativa tannin (60%, CT),  Schinopsis lorenzii tannin extract (73%, QT) and Caesalpinia spinosa tannin extract (50%, 

	Table 11:  Effect of feeding of  tannin on  FRAP activity, IgG Concentration and  Lymphocyte proliferation Index   in male albino rat

	Days
	T1
	T2
	T3
	SEm
	Sig.

	Total antioxidant activity (FRAP Value (µmol/l))

	0day
	1042.00
	±
	273.30
	1025.00
	±
	181.59
	889.00
	±
	104.00
	162.31NS
	0.84

	30 day
	1066.00
	±
	239.07
	1149.00
	±
	31.90
	1012.00
	±
	34.80
	114.88NS
	0.79

	60day
	1065.00
	±
	191.06
	1175.00
	±
	206.69
	1079.00
	±
	156.00
	151.81NS
	0.90

	90 day
	1081.00
	±
	244.04
	1190.00
	±
	35.22
	1064.00
	±
	78.60
	122.00NS
	0.81

	120 day
	1104.00
	±
	60.25
	1100.00
	±
	238.57
	1110.00
	±
	215.00
	154.01NS
	1.00

	Mean
	1072.00
	±
	77.96
	1128.00
	±
	53.92
	1031.00
	±
	37.90
	48.12NS
	0.52

	IgG (µg/l)

	0day
	160.67
	±
	3.02
	160.30
	±
	3.75
	150.57
	±
	8.33
	4.54NS
	1.06

	30day
	158.70
	±
	1.10
	163.07
	±
	3.18
	163.93
	±
	0.91
	1.64NS
	3.56

	60day
	166.43
	±
	9.84
	165.38
	±
	0.87
	158.31
	±
	1.66
	4.72NS
	1.10

	90day
	165.56
	±
	4.63
	159.33
	±
	0.59
	156.50
	±
	3.86
	2.86NS
	1.29

	120day
	162.50
	±
	2.00
	162.61
	±
	0.97
	158.17
	±
	0.37
	1.06NS
	7.72

	Mean
	162.77
	±
	4.12
	162.14
	±
	1.87
	157.50
	±
	3.03
	2.96NS
	2.95

	Lymphocyte proliferation index (LPI)

	LPI
	1.36
	±
	0.12
	1.38
	±
	0.12
	1.35
	±
	0.06
	0.09NS
	0.44


TT). Which is consistent with the findings of Liu et al. (2020) with CT being the highest, followed by AT, QT and TT, and serum IgA also showed the same result. Serum IgA serves 
as the first line of defense to protect the intestinal mucosa, and it maintains intestinal 
homeostasis, together with mucins.

4. CONCLUSION
Based on findings from this research, it can be concluded that  3% tannin equivalent from extracted babul pods powder  was beneficial in terms of  growth,  nutrient utilization as compared to 3% tannin equivalent from babul pods powder.  The feeding  of  tannin in diets caused increased insulin level which in turn reduces the glucose concentration in rats, reduction in the serum levels of  total cholesterol, triglycerides and not allowing the increase in LDL level. Considerable increase in SOD and little positive in catalase can be considered a boom to increase immune system in the body. Given their widespread availability and nutritional benefits,  babul  pod could be incorporated into monogastric animal diets as a sustainable feed resource. However,  Long-term feeding trials are also necessary to assess the impact of  babul  pod on  monogastric  animal health, productivity, and reproductive performance.
FUTURE SCOPE
Similar type of work will be conducted in different species of laboratory animals. 
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