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ABSTRACT

In one trial (Trial I), 16 Crossbred cows (HF x Jersey) were divided
into two groups of 8 each, based on milk yield, fat % and stage of lactation.
Animals in both groups were fed similar basal ration. In addition to basal
ration, animals in control group were fed 1.0 kg untreated sunflower meal
(CP 28%) and in experimental group 1.0 kg protected sunflower meal (CP
28%, UDP 74% of CP, NDIN 0.17%, ADIN 0.31%). Average increase in milk
yield (kg), fat and protein (%) in experimental group were 1.1 (P<0.05), 0.2
and 4.3 (P<0.05), respectively. Net average daily income increased by Rs. 9.61
on feeding 1.0 kg protected sunflower meal in lactating cow. In another trial
(Trial II), 20 crossbred cows (HF x Jersey) were divided into two groups of
10 each and all animals were fed similar basal ration. Animals in experimental
group were fed 1.0 kg bypass fat/protein supplement (Fat.32-33%, CP 25-
26%, NDIN 0.46%, ADIN 0.21%). Degree of fat protection was 79 per cent
of the total, whereas protein protection was 80 per cent of total CP. Average
increase in milk yield in experimental group was 1.1 kg (p<0.05). Fat and
protein % increased by 0.6 (p<0.01) and 0.4 (p<0.05) respectively. Net average
daily income increased by Rs. 10.18 on feeding 1.0 kg protected fat/protein
supplement in lactating cows. In the present study, supplementation of protected
protein and protected fat/protein in the ration of milch cows was economical.

Key words: Bypass protein, Bypass fat, Undegradable protein, Rumen degradable
protein, Sunflower meal, Crossbred cows

In recent years two important factors have influenced the approaches in formulating
diets with the use of protected protein and energy sources. The first is the global impact
of economic pressure to substanticlly and continually improve the efficiency of milk
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production. The second is the need to improve the quality of the derived ruminant products
to meet consumer needs. This has resulted in the development of ruminants that require
increased quantities of essential nutrients, such as specific amino acids and extra energy
in the form of long-chain fatty acids, to achieve their genetic potential. In many instances,
essential nutrients are inadequately supplied by the normal process of microbial metabolism
in the rumen (Clarke, 1975). For milk production, the composition of amino acids leaving
the abomasum is deficient in the essential amino acids like lysine and methionine (Hogan,
1975). To address these concerns procedures have been developed to protect by-product
nutrients such as proteins and lipids, to avoid the usual breakdown and binding processes
that occur in the rumen especially ruminal protein (Ferguson, 1975) while the role of
protected fats has been reviewed by (Scott and Ashes 1993). The protection of these essential
nutrients have been shown to enhance the productivity of ruminants. This study observes
the effect of feeding protected protein and fat in feeds on the quantity and quality of milk
in lactating crossbred cows.

Table 1 Chemical composition (% DM) of feeds and fodder and
daily DMI during the trials

Particular Maize Paddy Jowar Oat Cattle Total DM
green straw straw silage feed intake (kg/day)

Chemical compositon

OM 93.53+£0.01 83.41+0.03 93.03+0.01 91.54+0.02 87.82+0.01
CP 7.01+0.03 3.82+0.01 5.12+0.01 6.54+0.01 22.60+0.13
EE 0.43+0.00 1.¢0+0.00  1.40+0.01 2.57+0.01 3.09+0.01
NDF 61.10+0.15 67.7+0.11 61.78+0.16 61.54+0.14 20.25+0.16
ADF 40.38+0.11 50.41£0.12 41.68+0.12 38.70+0.13 12.27+0.12
Cellulose 32.70+0.10 40.16+0.05 32.70+0.12 33.42+0.14 9.06+0.10
HC 20.72+0.06 17.29+0.05 20.10+0.10 22.84+0.16 7.98+0.12
ADL 4.35+0.02 2.74+0.01 4.12+0.01 3.81+0.02 1.44+0.01

Total Ash 7.85+0.02 14.56+0.09 5.81+0.03 8.87+0.05 10.34+0.08
Silica (S§) 3.33x0.01 7.51+0.01 4.86+0.01 1.47+0.00 1.77+0.00
NDIN 0.28+0.00 0.24+0.00  0.24+0.00 0.27+0.00 0.21+0.00
ADIN 0.11+0.00 0.16+0.00  0.10+0.00 0.08+0.00 0.10+0.00

Daily DM Intake (kg)

Trial I
Control 3.86+0.00 4.66+0.01 ---  4.77+£0.00 6.43+0.00 19.72+0.01
Experiment 3.71+0.01 4.50+0.01 --- 4.80+0.00 6.65+0.00 19.66+0.01
Traii II
Control 3.63+0.00 ---  4.74+0.00 ---  5.49+0.00 13.86=0.00
Experiment 3.87+0.01 ---  4.80+0.01 ---  6.71x0.00 15.38"+0.01

*(P<0.05)
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MATERIALS AND METHODS

Trial I was conducted on 16 crossbred cows (HF x Jersey), yielding 10-14 kg milk
per animal per day. Animals were divided into two groups of 8 each, based on milk yield,
fat % and stage of lactation. All animals in both the groups were fed similar basal ration,
comprising 15 kg green maize fodder, 5 kg paddy straw and 15 kg oat silage. Concentrate
mixture was given according to level of milk production, to meet the maintenance and
production requirements (NRC, 1989). The chemical composition of feeds and fodder was
carried out as per AOAC (1984). Feeds and fodder were also tested for NDF, NDIN, ADF,
ADIN, cellulose, hemicellulose, acid detergent lignin as per Goering and Van Soest (1970).
In addition to basal ration, animals in control group were fed 1.0 kg untreated sunflower
meal (CP 28%) and animals in experimental group were fed 1.0 kg protected sunflower
meal (CP 28%, UDP 74% of CP). The trial was conducted for a four weeks period. Sunflower
meal was treated with aldehyde in sealed chambers where it underwent formation of
complexes, resisting degradation in the rumen (Ashes et al., 1995; Gulati et al., 1999).
The protein meal was tested for degree of protection using in vitro rumen incubation
procedure. Known quantity of feed material was incubated for 24 h in strained rumen liquor,
anaerobically at 38°C (Ashes et al., 1997; Chalupa and Sniffen, 1996; Stern et al., 1994).
The protein degradation was measured by analyzing ammonia nitrogen level in strained
rumen liquor, at the end of incubation (Scott and Ashes 1993; Gulati et al., 1997b; 1999a).
Protected and unprotected sunflower meals were analyzed for critical amino acids by ion-
exchange chromatography (Connell et al., 1987).

Table 2 Critical amino acids and fatty acids available for absorption at small
intestine on feeding bypass,and fat/protein supplement,

Critical amino Unprotected Protected Unprotected Protected
acids/fatty acids sunflower meal sunflower meal fat fat
(g/kg) (g/kg) (g/kg) (g/kg)
Cysteine Va3 1.84 0.27 1.09
Methionine 0.52 16311 0:25 0.98
Isoleucine 1.33 3.32 0.71 2.85
Leucine 2.02 5.06 1.21 4.86
Phenylalanine 1.25 3.12 0.74 2.96
Lysine 1.14 2.85 0.78 3.12
Histidine 0.67 1.69 0.46 1.85
Arginine 2.34 5.85 1.12 4.47
Total amino acids 10.00 25.04 5.54 22.18
Oleic acid (C 18:1 cis) - - 8.40 133.20
Linoleic acid (C 18:2) - —- 4.20 66.30

Linolenic acid (C 18:3) --- --- 1.40 21.90
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Trial IT was conducted on 20 crossbred cows (HF x Jersey) yielding 10-12 kg milk
per animal per day. Animals were divided into two groups of 10 each, based on milk yield,
fat % and stage of lactation. Animal in both the groups were fed similar basal ration,
comprising 15 kg green maize fodder and 5 kg jowar straw. Concentrate mixture was given
according to level of milk production (NRC, 1989). In addition to basal ration, animals
in experimental group were fed 1.0 kg protected fat / protein (Fat 32-33%, CP 25-26%,
NDIN 0.46%, ADIN 0.21%). In the bypass feed supplement, degree of bypass fat was 79
per cent of total, whereas, protected protein was 80 per cent of total CP (Palmquist 1984).
Each treatment was given for a period of four weeks. Fatty acid composition of feed was
measured by Gas-Chromatograph (Ashes et al., 1992). The degree of protection of fat was
determined by the extent of hydrogenation of the unsaturated fatty acids (Gulati et al.,
1997a, 1999b, 2000).

The milk yield, fat and protein per cent of individual animals was recorded in both
the experiments for entire trial period. The milk samples were analyzed for fat (IS: 1224,
1977) and protein (IS: 1479, 1961). The data were analyzed statistically (Snedecor and
Cochran, 1968).

RESULTS AND DISCUSSION

Analysis of feeds and fodder reveals that the NDIN and ADIN contents were very
low. Thus, cell wall bound nitrogen level was non-significant in all the feeds and fodder
offered to animals during trial period. Since animals in trial I were fed similar ration, there
was no significant difference in the daily DM intake in the two groups. However, in trial
I animals only in experimental group were fed one kg protected fat/protein supplement,
therefore total DM intake was significantly (p<0.05) higher compared to control group
(Table 1).

Lysine and methionine are reported to be the most limiting amino acids for milk
production (Schwab, 1995; Xu et al., 1998). Approximately 0.95 g of methionine is present
in one litre of milk. On feeding one kg unprotected sunflower meal, methionine availability
would be only 0.52 g, whereas, from one kg protected sunflower meal, it will be 1.31
g. On protection, availability of limiting amino acids increased significantly. Similarly
on protecting fat, availability of unsaturated fatty acids like oleic acid (C,, cis), linoleic
acid (C,,,), and linolenic acid (C,) also increased significantly (Table 2). Higher level
of essential fatty acids in butter fat could be beneficial for the consumer from physiological
requirements point of view.

On feeding 1000g untreated sunflower meal in control group and 1000g treated
sunflower meal in experimental group, daily average milk yield in kg was 14.1+0.26,
15.2+0.28, fat % 4.4+0.10, 4.6+0.14 and protein % 3.2+0.00, 3.5+0.01, respectively (Table
3). There was an increase in daily milk yield, fat and protein % in experimental group
(Kunju et al., 1992: Ashes et al., 1995 and Sampath et al., 1997). Increase in milk yield
(kg) and protein % was higher (P<0.05) in experimental group. Significant improvement
in milk yield and composition on feeding protected protein was also reported earlier in
crossbred cows (Clarke, 1975; Garg, 1998a). Similar trend in results was found by other
workers on feeding bypass protein (Ashes et al., 1995; Santos et al., 1998). Hamilton et
al. (1992) also observed the effect of formaldehyde treated sunflower meal on milk
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production in grazing cows. Economics of milk production on feeding 1.0 kg protected
sunflower meal was also calculated. It was observed that on feeding 1.0 kg
protected sunflower meal, net average daily income increased by Rs.9.61 per animal per
day.

Table 3 Daily average milk yield, fat and protein per cent on feeding 1.0 kg
bypass protein and 1.0 kg bypass fat/protein supplement

1.0 kg bypass protein feed 1.0 kg bypass fat protein feed

Parameter Control Experiment Control Experiment
Milk yield (kg) 134 - 15.6 145 - 15.8 9.8 - 12.0 113 - 13.0
Mean+SE (14.1£0.26) (15.27x£0.28) (11.2+0.32) (12.3°+0.34)
Fat (%) 4.1 - 4.6 43 -48 38-43 42 - 48

Mean+SE (4.4x0.10) (4.6+0.14) (4.0+0.10) (4.6"+0.12)
Protein (%) Selp o33 3.3 3.6 30-33 33,236

Mean+SE (3.2+0.00) (3.5°+£0.01) (3.1+0.00) (3.5°+0.00)

*(P<0.05) **(P<0.01)

Economic analysis of feeding 1.0 kg bypass protein and fat supplement

1.0 kg bypass protein feed

Average value of 14.1 kg milk in control group with 4.4% fat (@ Rs. 8.00 per kg) = 112.77
Average value of 15.2 kg milk in experimental group with 4.6% fat (@ Rs. 8.14 per kg) = 123.88
Increase in gross income per animal per day = Rs. 11.11

Additional feeding cost = Rs. 1.50

Increase in daily income = Rs. 9.61

1.0 kg bypass fat/protein feed

Average value of 11.2 kg milk in control group with 4.0% fat (@ Rs. 6.69 per kg) = 74.94
Average value of 12.3 kg milk in experimental group with 4.6% fat (@ Rs. 8.14 per kg) = 100.12
Increase in gross income per animal per day = Rs. 25.18

Cost of 1.0 kg bypass fat feed = Rs. 15.00

Increase in daily income = Rs. 10.18

On feeding 1000g bypass fat/protein feed in experimental group, daily average
increase in milk yield (kg) was 1.1 (P<0.05). The average fat % increased by 0.6 (p<0.01)
and average increase in protein % was 0.4 (P<0.05), thus, there was a significant effect
of supplementing bypass fat/protein on milk production, fat and protein per cent. Similar
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results were obtained in Australia where cows are grazed at pasture and supplemented
with protected nutrients at the time of milking (Scott and Ashes, 1993; Ashes et al, 1995;
Garg and Mehta, 1998b). It was further observed that on feeding 1.0 kg protected fat/
protein, net average daily income increased by Rs.10.18 per animal per day, (Table 4).

It is concluded that supplementation of 1.0 kg protected fat/protein in the ration
of crossbred cows, yielding 10-14 kg milk per day may be economical and this may help
in increasing the net daily income per animal and also improved the level of essential
fatty acids in butter fat.
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