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Abstract

The effect of feeding tamarind (Tamarindus indica) seed husk (TSH) as a source of tannin on dry

matter intake (DMI), digestibility, N balance, milk yield and milk composition was studied in

crossbred dairy cows in mid-lactation. The study included lactation and metabolism trials. The

lactation trial was conducted using nine multiparous cows in mid-lactation in a switchback design.

The cows were divided into three groups of three each. The animals of Group I (GP-1) received a

compounded feed mixture (CFM) without tamarind seed husk (control group), Group II (GP-II)

CFM with 2.5% TSH and Group III (GP-III) CFM with 7.5% TSH. The duration of the trial was 18

weeks, each period lasting for six weeks. The diet consisted of finger millet straw (FMS) and CFM.

The difference among the groups in DMI, milk yield, milk fat, solid not fat (SNF) and lactose was

not significant (p > 0.05). The DOMD of the diets was similar. There was significant difference in

body weight gain (p < 0.05) and milk protein content (p < 0.07) between GP-I and GP-III. Although

there were significant differences among the groups in faecal N (p < 0.05) and urinary N (p < 0.01)

excretion, the nitrogen balance was similar. There was significant (p < 0.05) difference among the

three groups in CP digestibility, whereas the digestibility of other nutrients are similar. It may be

concluded that TSH tannin at low concentration has beneficial effect on the performance of

crossbred lactating cows. # 2000 Published by Elsevier Science B.V. All rights reserved.
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1. Introduction

Although tannins are generally regarded as antinutritional, certain types/kinds of

tannins at low concentrations are known to alter rumen fermentation of carbohydrates and

proteins (Barry and Duncan, 1984) and microbial protein synthesis (Makkar et al., 1995)

to the benefit of ruminants. Since tannins are widely distributed in tropical feedstuffs,

identification of tanniferous feedstuffs having beneficial effects on ruminant digestion

would provide useful hints to exploit the use of such feedstuffs to improve efficiency of

ruminant digestion instead of the cost additive detannification of such feedstuffs.

Tamarind (Tamarindus indica, Linn) seed husk (TSH), one of the by-products obtained

from tamarind seed starch extraction, is almost completely indigestible and a rich source

of tannins. If these tannins have any beneficial effects on rumen fermentation and or

nutrient utilization, TSH can be used as one of the dietary components as a source of

tannins to manipulate rumen fermentation or nutrient digestion to the advantage of

ruminant. Therefore, this study was undertaken with the objectives of identifying the

roles of tannin in TSH and the effect of two levels of TSH in the diet on DMI, nutrient

digestibility and production performance.

2. Materials and methods

2.1. Animals and diet

Nine multiparous crossbred cows (HF � Bos indicus or Jersey � Bos indicus) in mid-

lactation were divided into three groups of three each based on comparable milk yield,

body weight, number of lactations completed and days in lactation. The experimental

animals housed in individual stalls were provided with similar management practices.

The diet of experimental cows included finger millet straw (FMS) offered ad libitum and

CFM (compounded feed mixture) as a supplement to provide adequate energy, protein

and others nutrients as specified by the ARC (1980). The ingredient composition of the

three CFMs is presented in Table 1. FMS and CFM were offered separately. The daily

Table 1

Ingredient composition (g kgÿ1) of diets of three groups

Ingredienta CFM-I CFM-II CFM-III

Maize 560.0 560.0 560.0

Rice bran extraction 180.0 155.0 105.0

Wheat bran 70.0 70.0 70.0

Groundnut cake 50.0 50.0 50.0

Tamarind seed husk ± 25.0 75.0

Urea 10.0 10.0 10.0

Molasses 100.0 100.0 100.0

Salt 10.0 10.0 10.0

Mineral mixture 20.0 20.0 20.0

a Vitamin A acetate (5000 IU kgÿ1), zinc oxide (10 mg kgÿ1), and sodium sulphate (350 g 100 kgÿ1) were

added to the concentrate mixture.

68 R. Bhatta et al. / Animal Feed Science and Technology 83 (2000) 67±74



allowance of CFM was calculated based on previous week's FMS intake, milk yield, milk

fat and body weight. The CFM was fed in two equal portions at 06:00 and 13:00 h. The

animals were allowed to have free access to water at 08:00 and 15:00 h.

2.1.1. Lactation trial

The lactation trial lasted for 18 weeks in three periods in a switchback design. Each

period lasted for six weeks with an adjustment period of two weeks and an observation

period of four weeks. Feed intake and milk yield was recorded daily. Samples of FMS and

CFM offered were collected once weekly for the determination of dry matter. Two- or

three-week samples were pooled for chemical analyses. Milk samples were collected one

day in a week.

2.1.2. Metabolism trial (MT)

Three metabolism trials were conducted, one in each period. The MT lasted for five

days during which daily intake of feed and fodder, milk yield and output of faeces and

urine were recorded. Samples of feed offered, feed refusals, faeces and urine were

collected every morning. The faeces and urine excreted were collected manually by the

total collection method. One hundredth by weight of the daily faeces voided by individual

animal was used for dry matter (DM) determination. DM in fodder, CFM and faeces were

determined by drying at 708C to a constant weight. Dried samples of each day for five

days collection were pooled, ground through a 1-mm sieve and preserved for chemical

analyses. Samples of urine (1/2000 part) from individual animals were collected every

morning for five days in a 500-ml Kjeldahl flask containing 15 ml concentrated sulphuric

acid and stored at room temperature for N determination.

2.2. Chemical analyses

Samples of feed and faeces were analyzed for proximate principles (AOAC, 1984),

except for crude fibre (CF) which was determined according to Indian standards

Institution (ISI, 1965). The neutral detergent fibre (NDF), acid detergent fibre (ADF) and

acid detergent lignin (ADL) were determined according to the methods described by

Goering and van Soest (1970). The NDF in concentrate mixture was estimated by the

method of Robertson and van Soest (1977) using amylase enzyme. The metabolizable

energy (ME) was determined according to Menke and Steingas (1988) and protein

degradation using protease enzyme (Krishnamoorthy et al., 1983). Morning and evening

samples of milk were pooled as a proportion of the yield. Total solids, protein and fat

(Gerber's method) in milk were estimated according to AOAC (1984). The tannin content

in TSH was estimated according to Burns (1971).

2.3. Statistical analysis

The experimental data were analyzed using analysis of variance (ANOVA) technique

for switchback design with three periods as described by Federer (1967).
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3. Results

3.1. Lactation trial

The chemical composition of TSH, FMS and CFM for the three composite samples

collected during the experimental period is presented in Table 2.

3.1.1. Feed intake, body weight, milk yield and milk composition

The mean intakes of DM, NDF and ADF, average body weight, milk yield and milk

composition for the three groups for three periods over four weeks are presented in

Table 3. The intake of DM, NDF and ADF among the groups was not statistically

significant. The mean body weight gains (kg) of GP-I, GP-II and GP-III for the three

periods were 9.2, 9.7 and 13.8, respectively, whereas, the daily gains (g) for the

corresponding groups were 222, 231 and 325 g, respectively. The difference in the weight

gain between GP-I and GP-III was statistically significant (p < 0.05). The mean daily 4%

FCM yield for GP-I, GP-II and GP-III were 9.79 9.75 and 9.48 kg, respectively. The

difference among the three groups for milk yields, 4% FCM and milk composition (total

solids, milk fat, and solids not fat) were not significant (p > 0.05). However, the mean

milk protein content of GP-I GP-II and GP-III were 3.49, 3.52 and 3.53%, respectively.

The difference between GP-I and GP-III was statistically significant (p < 0.07).

3.2. Metabolism trial

3.2.1. Digestibility of nutrients

The mean intake and digestibility for proximate constituents and fibre fractions are

presented in Table 4. The digestibility of CP in GP-I GP-II and GP-III was, respectively,

56.02, 49.66 and 44.86%, and these differences are statistically significant (p < 0.05). The

digestibilities of other proximate constituents and fibre fractions among the three groups

Table 2

Chemical composition (g kg DMÿ1) of compounded feed mixture and finger millet straw used in metabolic triala

Parameters TSH CFM-1 CFM-II CFM-III FMS

Organic matter 975.4 906.5 919.4 924.3 913.8

Crude protein 71.9 151.2 146.6 148.8 33.3

Ether extract 3.0 34.8 33.6 34.0 5.1

Crude fibre 201.1 69.7 77.3 59.1 366.8

Total ash 24.6 93.5 80.6 75.7 86.2

Neutral detergent fibre 755.2 322.3 320.2 313.4 807.3

Acid detergent fibre 725.4 139.8 163.9 148.2 514.1

Acid detergent lignin 421.9 29.8 39.9 45.6 53.8

ME (MJ kgÿ1 DM) 2.40 11.09 11.28 11.08 6.02

Buffer insoluble CP 69.1 81.9 87.5 106.2 23.3

Protease insoluble CP 67.9 52.9 53.1 54.0 13.7

Acid detergent insoluble CP 61.9 15.0 14.3 14.7 10.1

a Sequential detergent analysis (ADF-NDF): ADF, 725.4; NDF, 576.9; tannin, 148.6; tannin estimated by

vanillin HCl method, 136.0.
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were similar. The DOMD and TDN were similar for both the diets. The ME (M kgÿ1)

content of the diets of GP-I, GP-II, and GP-III, were 11.09, 11.28 and 11.08, respectively.

3.2.2. Nitrogen balance

The N intake, N excretion in faeces, urine and milk are presented in Table 4. There is

no statistically significant (p > 0.05) difference among the groups in nitrogen intake and

nitrogen excreted through milk. The nitrogen voided through dung and urine in GP-I, GP-

II and GP-III was 90.94 and 50.89, 99.28 and 28.89, and 110.53 and 17.43 g, respectively;

these differences are statistically significant (p < 0.05). However, the nitrogen balance

among the groups is similar.

4. Discussion

The level of tamarind seed husk (TSH) to be incorporated in the compounded feed

mixture (CFM) was arrived at based on in vitro studies. The tannin content of total diets

amounts to 0.2% in GP-II and 0.74% in GP-III, respectively. A similarity in total DMI

and NDF among the three groups indicated that tannin levels in diet had no effect on DMI

Table 3

Intake (DM, NDF and ADF, milk yield and milk composition for three groups during lactation trial (mean � SE)

Parameter GP-I GP-II GP-III

Intake

Dry matter (kg dayÿ1)

Roughage 4.10 � 0.44 3.95 � 0.36 3.91 � 0.44

CFM 7.68 � 0.32 7.61 � 0.24 7.59 � 0.25

Total 11.77 � 0.65 11.55 � 0.53 11.51 � 0.57

body weight (%) 3.00 � 0.11 2.97 � 0.09 2.94 � 0.11

NDF (kg dayÿ1) 5.79 � 0.10 5.63 � 0.34 5.55 � 0.39

body weight (%) 1.48 � 0.07 1.44 � 0.05 1.41 � 0.07

ADF (kg day)ÿ1 3.18 � 0.25 3.28 � 0.21 3.14 � 0.24

body weight (%) 0.81 � 0.04 0.84 � 0.03 0.80 � 0.05

Milk yield and composition

Total yield (kg dayÿ1) 9.13 � 0.53 9.39 � 0.47 9.02 � 0.45

4% FCM 9.79 � 0.61 9.75 � 0.42 9.48 � 0.45

Composition (%)

Total solids 13.26 � 0.22 13.34 � 0.26 13.55 � 0.27

yield (kg dayÿ1) 1.30 � 0.10 1.30 � 0.21 1.28 � 0.20

Fat 4.35 � 0.10 4.31 � 0.09 4.44 � 0.08

yield (kg dayÿ1) 0.43 � 0.08 0.42 � 0.08 0.42 � 0.07

SNF 8.91 � 0.15 9.03 � 0.20 9.08 � 0.23

yield (kg dayÿ1) 0.87 � 0.13 0.88 � 0.20 0.86 � 0.21

Proteina 3.49 � 0.02 a 3.52 � 0.02 a 3.53 � 0.01 b

yield (kg dayÿ1) 0.34 � 0.01 0.34 � 0.01 0.33 � 0.01

Lactose 4.69 � 0.14 4.78 � 0.19 4.82 � 0.23

yield (kg dayÿ1) 0.46 � 0.13 0.47 � 0.16 0.46 � 0.21

a Values in a row with different letters differ significantly (p < 0.07).

R. Bhatta et al. / Animal Feed Science and Technology 83 (2000) 67±74 71



and fibre intake. The animals were fed for a body weight gain of 300 g per day in this

study. There was no difference in body weight gain between GP-I and GP-II (222 vs.

231). However, the body weight gain in GP-III (325) was significantly higher (p < 0.05)

compared to the other two groups. The energy intake (ME MJ dayÿ1) by the animals

among the three groups were similar. The calculated energy output (body

weight � gain � milk yield) in GP-I (103.9 � 4.41) was comparable to the input

(102.2 � 6.00), whereas the energy outputs in GP-II (108.1 � 3.22) and GP-III

(112.2 � 3.93) were significantly (p < 0.05) higher compared to the intake

(98.6 � 4.55 and 99.15 � 5.98). It can be inferred that the efficiency of utilization of

energy may be better in tannin-containing diets because of the alteration in the rumen

fermentation. The milk yield and composition were not altered in tannin fed groups

except for milk protein. There was significant difference (p < 0.07) in milk protein

content between control group and 7.5% TSH-fed group. An increased flow of amino

acids to the duodenum causing an increase in milk protein may be justifiable, because

Barry and Manley (1984) and Barry et al. (1986) have reported an increased flow of non-

ammonia nitrogen (NAN) to the duodenum in sheep fed with lotus-containing CT.

There was significant difference between the control and the TSH-fed groups in

nitrogen excretion in dung (p < 0.05) (90.94 vs. 99.28 and 110.53) and nitrogen excretion

in urine (p < 0.01) (50.89 vs. 28.89 and 17.43). Though there was increased nitrogen

retention in the TSH-fed groups compared to the control, it was not statistically

significant (p > 0.05). Eagan and Ulyatt (1980) in sheep fed with sainfoin, Barry et al.

Table 4

Intake and digestibility of three diets used in metabolism trial

Parameter GP-I GP-II GP-III

Intake

Dry matter (kg dayÿ1)

Roughage 4.19 � 0.52 4.11 � 0.41 3.92 � 0.46

CFM 7.69 � 0.32 7.66 � 0.24 7.60 � 0.26

Total 11.88 � 0.71 11.77 � 0.61 11.52 � 0.60

Digestibility (%)

Dry matter 57.42 � 1.29 56.50 � 1.28 56.61 � 1.97

Organic matter 61.05 � 1.24 59.26 � 1.63 59.49 � 1.87

Crude proteina 56.02 � 2.94 a 49.66 � 2.83 b 44.86 � 3.11 c

Neutral detergent fibre 43.32 � 2.28 43.48 � 2.25 40.89 � 3.88

Acid detergent fibre 33.03 � 3.18 32.98 � 2.67 34.54 � 3.35

TDN 57.64 � 1.14 57.87 � 1.55 58.30 � 1.63

DOMD 55.92 � 1.13 55.83 � 1.50 56.03 � 1.72

Nitrogen balance (g dayÿ1)

N intake 208.30 � 9.19 201.70 � 7.45 201.67 � 7.33

N excretion

Milk 46.61 � 3.14 51.18 � 2.79 48.07 � 2.52

Faecesa 90.94 � 5.85 a 99.28 � 6.43 b 110.53 � 5.78 c

Urinea 50.89 � 2.04 a 28.89 � 2.93 b 17.43 � 1.49 c

N retained 19.90 � 6.22 22.20 � 3.94 25.64 � 5.95

a Values in a row with different letters differ significantly (p < 0.05).
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(1986) in sheep fed with lotus and Pritchard et al. (1992) in sheep fed with Acacia have

reported similar findings of decreased nitrogen excretion in urine with subsequent

improvement in nitrogen balance. In all these cases, the higher N retention was attributed

to the tannin content present in these legumes causing reduction in protein fermentation

in rumen, decreased rumen ammonia concentration and improvement in efficiency of

nitrogen utilization. Woodward (1988) has reported that, tannins lower the rate of protein

degradation and de-amination in the rumen and, therefore, lower ruminal ammonia and

also urinary N loss when sheep and goats were fed legumes that contained tannins.

Several researchers have observed increase in non-ammonia nitrogen (NAN) flows to the

duodenum (Barry and Manley, 1984; Barry et al., 1986) greater than N intake for forage

legumes that contain tannins. The reduction in urinary nitrogen excretion with subsequent

improvement in body weight gains in tannin-fed animals in the present study may be

attributed to reduction in protein fermentation in rumen with subsequent improvement in

efficiency of nitrogen utilization.

Presence of TSH in CFM did not affect the digestibility of fibre and other components,

except for decrease in digestibility of CP (p < 0.05). Ehoche et al. (1983), Bhatia et al.

(1991), Pritchard et al. (1992) also reported reduction in CP digestibility with tannin in

the diet (see also, Wang et al., 1994; Waghorn and Shelton, 1995; Steinzen et al., 1996).

5. Conclusions

Tamarind seed husk when incorporated at 7.5% in the concentrate mixture of crossbred

lactating cows did not affect the intake of DM, NDF, ADF and digestibility of major

nutrients, except CP. There was significant improvement in body-weight gain, calculated

energy (ME) output as well as milk- protein content in animals fed with 7.5% TSH in the

diet. The nitrogen excretion in faeces was significantly (p < 0.05) higher, whereas

nitrogen excretion in urine was significantly lower in tannin fed animals compared to the

control group. It was observed that tannin present in TSH when incorporated at the 7.5%

level in the concentrate mixture alters the rumen fermentation beneficially, resulting in

improved performance. Therefore, it may be concluded that TSH can be used as one of

the dietary components as a source of tannin to manipulate fermentation or nutrient

digestion to the advantage of lactating cows instead of the cost-additive efforts in

detannifying it, on the one hand, and utilizing the unconventional material in the diet on

the other.
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