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Abstract

The experiment was conducted to study the effect of tomato waste as unusual feed stuff at four levels (0.0, 14.0, 22.0, and 30%) in the diet for growing rabbits. The tested responses in this study were growth change, weight gain, feed conversion, digestibility, carcass quality, liver and kidney functions, economical evaluation and histopathological examination of ………….. A total of …….. were distributed into four experimental groups. 
Introduction

The Egyptian population is currently increasing at a rate of 1.72% and has been estimated in July 2007 to be 80,335,036 (CIA World Fact book 2007). At this time one of the most important objectives is to supply the population with enough food. This means that the agricultural production has to be increased and the animal production continually has to be intensified with the exploitation of new food sources. Accordingly, much effort is being made to study the possibilities of utilizing agricultural, animal and industrial wastes for feeding the food animals. As a consequence, there can be a reduction in the use of traditional feed ingredients such as maize and soybeans that increased in their price and can also be consumed by humans. This means that wastes or neglected agricultural and industrial resources could be used for animal nutrition and be transferred into animal protein in the form of eggs and meat. A great problem would be solved by helping the people to avoid hunger by saving useful feed stuffs such as corn, soybeans and wheat for human consumption only. In developing market economies, however, the need for plant protein and energy is great while the production is never adequate. Waste residue from the vegetable, fruit and brewers’ industry is rarely identified or found in the developing market but, as large-scale processing industries develop around the world, residues suitable for the use as feedstuffs are bound to occur more often Tomato belongs to the fruits of the nightshade family (Solanaceae) and serves in human nutrition as two types of product: fresh product (in salads) or processed as juice, ketchups, paste as a whole (pulp) or without seeds, purée and in soups. This processing produced solid waste that composed of broken and diseased tomatoes, skins, core tissue and seeds (El Boushy and van der Poel, 1994). Egypt is one of countries that produce and process tomatoes. The average annual production of tomato in Egypt is 7.6 million tons by the year 2006 (FAO, 2008). The total solid waste is estimated to be 19% of the total solids in the original tomatoes. Tomato by-product is a good source of vitamin B1 and a reasonable source of vitamin A and B2. It also contains 1.8% leucine, 1.7% lysine and 0.1% methionine (Hopper, 1958 and Ewing, 1963). Domestic rabbit is primarily herbivorous and will consume most types of grains, greens, and hay. Since the rabbit can utilize a certain amount of forage, it has a place in food production by making use of some non-competitive feeds (NRC 1977). Besides this, low cost rabbit meat will be available and will assist in lowering the competition between humans and rabbits for food. 

The present study was conducted to investigate the response of growing rabbits to diets containing tomato waste at different levels (0.0, 14.0, 22.0, and 30.0%) in the terms of growth performance, digestibility, carcass traits, some blood components, caecum pH, histopathological changes and economical evaluation.

Materials and methods
A. Animals and management

Forty (40) weaned rabbits (20 males and 20 females) with an average initial weight of 600±50g were randomly allotted into 4 equal groups (10 rabbits/group; 5 males and 5 females). This experiment was carried out throughout the period from 21.6-23.8.2007. All rabbits were reared under hygienic and uniform managerial conditions by housing them individually in clean and well ventilated galvanized metallic cages (30×35×40 cm), fitted with feeders and waterers. 
B. Feeds and feeding
1- Tomato waste preparation: 

The tomato waste (TW) was obtained from Kaha Factory, sun dried and thoroughly mixed. The proximate analysis of the TW (Table 1) was carried out according to AOAC (2000) and the crude fiber fractions were determined according to Van Soest et al., (1991). The resulting residue was ground to meal and incorporated in the diet. 
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Fig. (1): Tomato waste as a by-product of tomatoes processing

2- The experimental diet and feeding system

The experimental diets were prepared by thoroughly mixing the ingredients which composed of berseem hay, wheat bran, yellow corn, soybean meal, molasses, berseem straw and TW. The diet was further fortified with adequate minerals and vitamins. Four experimental diets were formulated (Table 1) to satisfy nutrient requirements of growing rabbits according to NRC (1977) and Cheek (1987) then were pelleted in a pelleting machine.
The first diet was the control (0.0% TW) and the other three treatments contained 14%, 22% and 30 % TW of the diet in groups D1, D2 and D3, respectively. Some modifications in dietary component were undertaken to compensate the protein deficiency and to make the four diets isocaloric and isonitrogenous. The calculated chemical composition of the experimental diets is presented in table (1). 
Table (1): Composition and calculated analysis of the experimental diets
	Feed ingredients
	Control
	D1
	D2
	D3

	Tomato waste

Yellow corn

Soybean meal (44%CP)

Wheat bran

Molasses

Berseem hay

Berseem straw

Vita. &Min. mix.1
Salt

Limestone

Dicalcium  phosphate2
	----

32.00

30.00

----

3.00

10.00

21.00

0.50

0.50

1.00

2.00
	14
33.00

23.00

5.00

3.00

9.00

9.00

0.50

0.50

1.00

2.00
	22
35.00

19.00

8.00

3.00

5.00

4.00

0.50

0.50

1.00

2.00
	30
37.00

17.00

9.00

3.00

----

----

0.50

0.50

1.00

2.00

	Total
	100.0
	100.0
	100.0
	100.0

	Calculated analysis3: 

Crude protein %

Digestible energy (kcal/kg)
Crude fiber %

NDF %4
ADF %5
Hemicellulose %6
Calcium %

Total phosphorus %

Lysine %

DE:CP
	18.33
2615.2

13.15

37.56

21.42

16.14

1.1

0.67
1.02
142.67
	18.27
2605.8

13.48

37.78

21.72

16.06

1.057

 0.668
1.077
142.63
	17.95

2618.5

13.42

37.74

21.67

16.07

0.99
0.66

1.088
145.88
	18.07
2638.2
13.51

37.80

21.75

16.05

0.91

0.65

1.14
146.0


1Each 3 Kg contain: Vitamin A = 12,000,000 IU, D3 = 2,200,000 IU, E = 10,000 mg, K3 = 2,000 mg, B1 = 1,000 mg, B2 = 5,000 mg, B6 = 1,500 mg, B12 = 10 mg, Niacin = 30,000 mg, Biotin = 50 mg, Folic acid = 1,000 mg, Pantothenic acid = 10,000 mg, Zinc = 50,000 mg, Manganese = 60,000 mg, Iron = 30,000 mg, Copper = 4,000 mg, Iodine = 1,000 mg, Selenium = 100 mg, Cobalt = 100 mg, Calcium carbonate to 3 Kg. Purchased by Multivita for animal nutrition, 6th October city, Egypt, registered by Adisseo combany, France.
2 Contains 18% phosphorus, 25% calcium and 0.18% florin, Egypharm. Egypt.

3According to Feed Composition Tables for rabbits (NRC 1977) and Cheeke (1987). [4 NDF% = 28.924 + 0.657 (%CF), 5 ADF= 9.432+0.912 (CF%). 6 Hemicellulose = NDF% - ADF%, according to Cheeke (1987)].

The experimental pelleted diets and water were offered ad libitum during the experimental period (9 weeks). Rabbits were observed daily and the leftovers of feed residues were weighed weekly to ascertain daily food consumption.
3. Body weight changes

Individual live body weight in grams was measured for all rabbits at the beginning of the experiment and also at weekly intervals. Body gain and feed conversion ratio for each experimental group were also computed. 
FCR = Mass of feed consumed (DM) / Increase in mass of animal produced (wet) (Desilva and Anderson, 1995).
4. Digestibility Trail
At the end of the experimental period, a digestibility trail was performed to determine the digestion coefficients of the experimental diets. A total number of 12 male rabbits (3 within each treatment) were allotted to meet the different treatments. Rabbits were housed individually in metabolic cages that allow collecting fecal matter throughout the digestibility trial. Quantitative collection of feces was started 24 hrs after offering the daily feed. Feed intake was recorded and feces of each male were collected every day for a collecting period of 10 days. Fecal samples were dried at 60°C for 48 hours, mixed and finally ground and stored for chemical analysis.

5. Carcass Characteristics
At the end of the experimental period, four rabbits (2 males and 2 females) were randomly chosen from each treatment to study the different carcass traits. Rabbits were fasted for 16 hours, individually weighed and thereafter slaughtered by severing the neck with a sharp knife according to the Islamic Religion.  After complete bleeding of rabbits, the slaughtered weight was recorded, and instantly the head was separated. Skinning was carried out by removing the skin including the tail and feet. Then after, the carcass was opened down and all entrails were removed. The empty carcass, head, liver, kidneys, heart and lungs were weighed separately. Weights of the carcass, coat and head were recorded according to Cheeke (1987). All weights were taken to the nearest gram.

6. Measurements of some blood parameters

A. Measurements of some cellular blood indices

 Blood samples were collected during slaughtering in vials containing potassium ethylene diamine tetraacetate (potassium EDTA), The blood samples were used for determination of erythrocyte indices through determination of erythrocyte count, Hemoglobin content by using diagnostic kit and packed cell volume,  The total leucocytes count, differential leucocytes counts (Schalm et al. 1975).
B. Evaluation of some biological functions

Blood samples were collected during slaughtering for separation of serum for the quantitative determination of aspartate transaminase (AST) and alanine transaminase (ALT) by Reitman and Frankel (1957), total serum protein by Gornal et al. (1949), serum albumin by Doumas and Biggs (1972), total serum cholesterol by Waston. (1960), and serum uric acid by Caraway, (1963), total calcium was determined spectrophotometrically using commercial kit of TECO-Diagnostics, 1268 N. Lakeview Ave. USA and total serum creatinine by Folin, (1934). The serum was also used for determination of serum glucose by Trinder, (1969) and serum triglycerides by Lowell and Rolph, (1973).

7. Financial cost

As rabbit industry is based on momentary returns rather than maximal rabbit performance, the main purpose of this item of the study is to investigate the economical possibility of using TW as unusual s feed stuff in growing rabbit's diets. According to guide lines of economic evaluation, the production costs include: rabbit price, feed cost, management care, and final body weight. The economical efficiency of the present study could be calculated from input-output analysis based mainly upon the total feeding cost and the prevailing selling price of live body weight.

8. Histopatological studies:

At the end of the feeding period and during slaughter, the liver, kidney, intestine and cecum were taken and preserved in 10% neutral buffered formalin as fixative for subsequent histological examination. The tissues were embedded in paraffin sectioned at 5-7 microns thickness and stained with hematoxylin and eosin (H&E) according to Banchroft et al. (1996). 
9. Statistical analysis: The data were subjected to ANOVA and t-test procedures. Statements of statistical significance were based on P<0.05 according to KaleidaGraph ™ computer program (2000).
Results and discussions

One of the major problems facing rabbit industry in Egypt as well as in most development countries is the availability and cost of feed ingredients. This study was intended to examine the potential use of tomato waste as unusual feed resource obtained from agro-industrial by-products which could be used in rabbit feeding under local management conditions. 
1. The chemical composition of the tomato waste 
The proximate analysis of TW used in this study is shown in table (2). The results indicated that TW contained crude protein (CP), Ether extract (EE), crude fiber (CF), and dry matter (DM) within the range of the previous proximate analyses (Table 3). The TW contained CP from 16.1 to 22.77% and 13% more lysine than soybean protein (Brodowski and Geisman, 1980). This was attractive to use this by-product as a protein supplement in rabbit diets.
Table (2): The proximate analysis and Van Soest of tomato waste (Dry matter basis)
	Item
	%
	Crude fiber fractions
	%

	Dry matter
	94.6
	NDF
	55

	CP
	20.93
	ADF
	42

	EE
	10.22
	Cellulose
	22

	Ash
	14.37
	Lignin
	20

	NFE
	16.73
	Hemicellulose
	13

	DE٭ (kcal/kg)
	1659.5
	CF٭٭
	37.74


DE* (kcal/g diet) = 4.36-0.0491 (NDF%). According to Cheeke (1987)
ADF= 9.432+0.912 (%CF٭*). According to Cheeke (1987)
Table (3): Proximate chemical analysis of tomato waste as reported by several authors.

	Authors
	DM
	CP*
	EE*
	CF*
	Ash*
	NFE*

	Squires et al. (1992)
	93.6
	18.8
	12.2
	31.0
	3.6
	28.0

	El-Sayed (1994)
	93.96
	16.11
	5.49
	44.18
	5.49
	28.73

	El-Hassan (1999)
	94.47
	22.46
	15.11
	24.33
	4.90
	27.67

	Hamza (2001)
	92.28
	22.77
	12.83
	32.46
	5.62
	26.32

	Mahmoud (2002)
	89.57
	22.53
	7.22
	23.92
	4.58
	31.32

	Soltan (2002)
	91.72
	20.13
	7.92
	29.33
	11.11
	31.51

	Hassan (2004)
	91.72
	20.13
	7.92
	29.33
	11.11
	31.51


* Calculated on dry matter basis.

Also the high CF content in TW gives the opportunity to be used in animal diets, especially rabbit which possesses partial microbial digestion and can utilize diets with 14% CF (NRC 1977). The EE of TW of the present study was 10.22 %. This high content increases the nutritive value of TW via improving the energy content. Ash and nitrogen-free extract of TW in the present study were found to somewhat lower than the range of other studies; this may be attributed to the variation in the breeds and condition of the raw tomatoes. Moreover, TW contains fair amounts of vitamin B complex, vitamin A, and has no known antinutritive factors (Geisman, 1981). Recent studies by King and Zeidler (2004) indicates that tomato pomace (TP) could be used as a source of α-tocopherol in broiler diets to decrease lipid oxidation during heating and long-term frozen storage of dark meat, and to increase its shelf life. From our results it could be concluded that tomato waste had a reasonable resemblance to some feedstuff such as wheat bran and berseem hay. In comparison with the berseem hay, TW can be recommended as a good alternate, where it contained higher protein and ether extract but almost higher crude fiber percentages, and energy content. Tomato by-products contained 0.10% methionine, which was slightly lower than that of clover (0.18%), while lysine was 1.70%, higher than that of clover (0.54%). This result indicated that methionine and lysine, which are deficient in most feedstuffs, were not the limiting amino acids in tomato by-product
2. Effect of TW on rabbit performance:
· Live body weight and body weight gain
The effect of TW on live body weight change and gain of growing rabbits from 5 to 14 weeks of age for male and female growing rabbits is demonstrated in tables (4, 5, 6 and 7), and figures (2 and 3). The difference among treatments for the initial means of live body weight at 5 weeks of age was statistically insignificant (p>0.05) and ranged between 615 to 647g on an average for male and female rabbits. 
Table (4): Live body weight change of the experimental male rabbit groups during the growth period

	Group
	Initial (5 Weeks)
	6 weeks
	7 weeks
	8 weeks
	9 weeks
	10 

weeks
	11

weeks
	12 

weeks
	13 

weeks
	14 

Weeks

	Control
	635± 43.76

a
	819

±57.2
	964

±48.7
	1036

± 45
	1138

±45.7
	1191

± 35
	1258

±33.3
	1364.6

± 27.8
	1386

±27.2
	1504

±38.5

a

	14% TW
	647 ± 44.45

a
	825

±69.5
	1009

±73.8
	1197

±97.9
	1321.3

±109
	1403.8± 109.5
	1490

±113.3
	1655.7± 124.2
	1713.3± 122.7
	1866

±50.4

b

	22% TW
	629 ± 29.1

a
	752

±48.3
	915± 41.2
	1021.4±46.4
	1135 ± 52.4
	1195

± 49.1
	1327.2± 61.5
	1449.5± 79.3
	1422.3± 41.2
	1541.3

± 108.3

ac

	30% TW
	636 ± 44.8

a
	748

±65.7
	943

±68.5
	1071

±63.7
	1202 ± 79.2
	1287

± 73.7
	1429

± 89.6
	1506.8± 127
	1577.4

± 124.8
	1706.2± 149.2

abc


Table (5): Body weight gain of the experimental male rabbit groups during the growth period (g/week)

	Group
	Initial wt. 
	1 week
	2 week
	3 week
	4 week
	5 

week
	6 

week
	7 

week
	8 

week
	9 

week
	Total gain

	Control
	635

± 43.76


	184 

±34.3
	145

±23.4
	72

±17.1
	102

±21.3
	53

±11.1
	67

±11.8
	106.6

±7.4
	21.4

± 6.5
	118

±14.24
	869

±48.7



	14% TW
	647

± 44.45


	178

±27
	184

±12
	188

±42.6
	124.3

±19.8
	82.5

±9.2
	86.2

±14.4
	165.7

±13.1
	57.6

±9.6
	152.7

±24.3
	1219

±97



	22% TW
	629

± 29.1


	123

±23.1
	163

±20.7
	106.4

±25.4
	113.6

± 12.4
	60

± 8.9
	87.3

±44.7
	106.8

±21.2

	73.3

±17.4

	80.4

±27
	912.3

±85.3



	30% TW
	636 

± 44.8


	112 

±30.6
	195

±30.3
	128

±26.3
	131

±19.7
	85

±11.2
	82.7

± 34.2
	169.4

±14.2
	70.6

±14.3
	128.8

±29.7
	1070.2

±111.8
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Fig. (2): Live weight change of the experimental male rabbit groups during the growth period

Table (6): Live body weight change of the experimental female rabbit groups during the growth period

	Group
	Initial wt.
	1 week
	2 week
	3 week
	4 week
	5 

week
	6 

week
	7 

week
	8 

week
	9 

Week

	Control
	645 ±219

a
	823

±266
	950

±281
	1037

±242
	1124

±422
	1173.8

± 51.8
	1244.7

± 90.2
	1326.7

± 105.6
	1381

±122
	1459

±133

a

	14% TW
	642

± 24.83

a
	771

±50.6
	923

±59.7
	1086.8±44.7
	1170

±55.7
	1245

± 56.6
	1304

± 44.8
	1437.5± 52.2
	1495.3

± 16.9
	1613. 7±28.7a

	22% TW
	615±38.6

a
	781±45.4
	917±54.3
	911±55.7
	1029±58.3
	1083.2±62.4
	1273.2±69.4
	1366.6±68.5
	1453±60.3
	1570±70.8

a

	30% TW
	643 ± 29.05

a
	781

± 38
	961

± 51
	1094

±57.7
	1234 ± 70.8
	1297

± 70.2
	1412

± 85
	1462.6± 85.2
	1553.8± 106
	1651.6±124.7a


For male growing rabbits, D1 group which was fed on diet containing 14% TW showed significant (p<0.05) increase in body weight gain compared to other groups. On the other hand in the female growing rabbit (Tables 6, 7 and fig. 3), there was no significant differences (p>0.05) between control group and other treatments in the final live body weight. Comparatively, there was insignificant increase (p>0.05) in male final weight gain more than female growing rabbits.

Table (7): Body weight gain of the experimental female rabbit groups during the growth period (g/week)

	Group
	Initial wt.
	1 week
	2 week
	3 week
	4 week
	5 

week
	6 

week
	7 

week
	8 

week
	9 

week
	Total gain

	Control
	645 ±219


	178 ±25.3
	127

±12.1
	87

±12
	87

±18.5
	49.8

± 4.3
	70.9

±29.7
	82

±16.7
	54.3

± 23.2
	78

±24.25
	814

±21.7



	14% TW
	642

± 24.83


	129

±27.9
	152

±13.3
	163.8

±27.6
	83.2

±16.8
	75

±4.1
	59

±17.7
	133.5

±17.6
	57.8

±14.1
	118.4

±17.5
	971.7

±34.4



	22% TW
	615

±38.6


	156.7±23.6
	130

±10.2
	104

±75
	118. 7

±17.9
	108.3

±19.9
	188.17±8.41
	88.3

±6.5
	80.8

±10.5
	113.3

±10.3
	955

±65.7



	30% TW
	643 

±29.05


	138 

±23.3
	180

±36.3
	133

±12.1
	140

± 19.1
	63

± 7.1
	149.2

±44.7
	98.7

±27.5
	91.2

± 31.9
	97.8

±19.7
	1008.6±115.3




[image: image6.jpg]



Fig. (3): Live weight change of the experimental female rabbit groups during the growth period

It can be noticed that there were no significant differences (p>0.05) among treatments and control group at different weeks of age, except the only significant difference (p<0.05) was observed in the total body gain in male. Abd El-Razik (1996) found that no significant differences in daily gain were detected between rabbits fed on three formulated diets containing 0, 5 and 10% TP. However, rabbits fed on the diet contained the 10% level recorded the highest daily gain followed by those fed 0% TP (control diet), while rabbits fed 5% TP recorded the lowest daily gain at 14 weeks of age. The improvement in weight gain rabbits fed the diet contained 10% TP level may be due to the high protein contents of TP (20-23% CP) as reported by Geisman (1981) and also this may be due to the fact that TP protein contains some essential amino acids such as methionine, lysine. Hopper (1958) reported that TP contained arginin 1.3%, histidine 0.4%, isoleucine 0.8%, leucine 1.8%, lysine 1.7%, methionine 0.1%, phenylalanine 0.9%, threonine 0.8%, valine 1.1%, tryptophan 0.2% and tyrosine 1.0%. From the above results, it can be concluded that supplementation of the diet with TW at levels 14%, 22%, and even 30% significantly has no any adverse effect of rabbit body weight gain, especially when the diet is formulated according to the NRC requirements for energy, protein and crude fiber contents.
· Feed intake and feed conversion ratio
Means of daily feed intake and the total feed consumption of TW supplemented diets and control for male and female growing rabbits during the experimental period were recorded and presented in tables 8 and 9. There was no any significant difference (p>0.05) between all groups in feed intake. This may be attributed to the balanced diet offered to all groups. On the other side, results of feed conversion showed that all groups fed on TW-supplemented diets had better feed conversion than the control diet.  This improvement may be attributed to the higher final body weight and vitamin E content in TW which is beneficial in reducing the stress factors, especially the high environmental temperatures which have deleterious effects on rabbit production and reproduction (Marai et al., 1991, 1994; Verga Marina, 1992; Yamani & Farghally, 1994). Such effects may influence thermal balance, endocrine status, appetite, feed intake and metabolism, conception, uterine function and blood flow. In general, inclusion of tomato waste in rabbit diet up to 30% had no adverse effect on feed intake and feed conversion ratio. These results were in agreement with those obtained by Rojas et al. (1989) who found no adverse effect on feed conversion values due to feeding rabbits on diets containing 10 or 20% residue from tomato processing and Ahmed et al. (1994) who reported that rabbits which fed on diet containing from 10 to 20% tomato pomace showed the highest growth rate, performance index and feed utilization when compared to the other groups. 

Table (8): Feed intake, feed conversion, of male growing rabbits fed TW supplemented diets during the experimental period.

	Group
	Feed intake (g)
	Feed intake (Kg)
	Gain

(g)
	Feed conversion ratio

	Control
	55.85 ± 3.9
	3.351
	869±48.7
	3.86

	14% TW
	57.844±3.14
	3.47064
	1219±97
	2.85

	22% TW
	56.59±3.6
	3.3954
	912.3±85.3
	3.72

	30% TW
	57.11±3.56
	3.4266
	1070.2±111.8
	3.2


Table (9): Feed intake, feed conversion, of female growing rabbits fed TW supplemented diets during the experimental period.

	Group
	Feed intake (g)
	Feed intake (Kg)
	Gain

(g)
	Feed conversion ratio

	Control
	55.044±3.83
	3.30264
	814±21.7
	4.057

	14% TW
	56.48±2.93
	3.3888
	971.7±34.4
	3.49

	22% TW
	62.16±5.86
	3.7296
	955±65.7
	3.905

	30% TW
	56.17±3.64
	3.3702
	1008.6±115.3
	3.34


Concerning the mortality rate of growing rabbits during the experimental period, there were some few cases in male groups fed diets containing 14% and 22% TW and in female control, 14% and 22% TW.  This was due to infection or may be due to management factors, since the control female group was included.
3. Effect of experimental TW on blood parameters: 
A. Effect of feeding TW on erythrocyte indices
The results of erythrocyte indices in terms of Red blood cells (RBCs), Hb, Packed cell volume (PCV) and Mean cellular volume (MCV), Mean cellular hemoglobin (MCH) and Mean cellular hemoglobin concentration (MCHC) of the experimental groups are present in table (10). The analysis of variance of the obtained data revealed that the TW feeding had no significant change on Hb, platelets, and PCV. The results of RBCs, MCH and MCHC revealed increase in its values in groups fed the TW. This may be attributed to the content of TW of dietary protein and energy, since dietary protein and energy are the most effective factors on blood picture (Archibald et al. 1979). Only the erythrocyte index (MCV) was reduced comparatively with the control group but was in the normal range. These results indicated a normal erythrocyte indices, therefore no apparent indication of health troubles could be noticed in the blood picture with feeding TW to rabbits up to 30% of their diet.

Table (10): Effect of TW feeding on erythrocyte indices of different experimental groups

	Groups
	Hb
	
	RBCs


	Plat.


	PCV

(Hct.)
	MCV (fl)

femtoliter
	MCH 

(pg)
	MCHC

	
	g/dl
	%
	(x106/µl)
	(x103/µl)
	%
	µm3 
	Picogram
	%

	Control
	13.6 

± 0.69a
	89.0

± 3.4a
	4.97

± 0.14 a
	27.75

± 2.09a
	46.5

± 0.86a
	89.0

± 3.76a
	27.5

± 0.5 a
	27.75

± 1.1 a

	14% TW
	13.3

±0.72a
	87.5

±4.19a
	6.17

±0.26b 
	29.25

±3.06a
	45.75

±0.48a
	74.5

±3.23b
	21.5

±0.64b
	34.75

±1.89b

	22% TW
	14.6

±0.42a
	92.75

±1.93a
	5.85

±0.06 b
	31.25

±0.85a
	46.5

±0.65a
	79.5

±0.96ab
	25.75

±1.49ac
	32.25

±0.41b

	30% TW
	14.85

± 0.18a
	93.0± 1.22a
	6.15

±0.41b
	30.5

±2.9a
	48.5

±0.65a
	80.0

±5.77ab
	24.5

±0.29c
	32.75

±0.75b


B. Effect of feeding TW on differential leukocyte count
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