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Utilization of dietary energy for maintenance,
milk production and lipogenesis by lactating crossbred cows
during their midstage of lactation

By B. R. PATLE* anp V. D. MUDGAL
National Dairy Research Institute, Karnal, India

(Received 15 April 1975 — Accepted 28 July 1976)

1. Twenty-four energy and nitrogen balances were determined using twenty-four crossbred
cows (Brown Swiss x Sahiwal) during their midstage of lactation. Energy balances were
estimated by subtracting milk energy and heat production from the metabolizable energy (ME)
intake. Heat production was estimated by indirect calorimetry, by collection and analysis of
respiratory gases. The cows were given amounts corresponding to 9o, 110 and 130 % of the ME
and go and 110 %, of the digestible crude protein (DCP) standards of the (US) National Research
Council (1966).

2. Energy requirements were estimated by partitioning the ME intake for maintenance, milk
production and energy gain or loss by multiple regression of energy balance values. Heat
production (and thus energy balance) was corrected for excess N intake.

3. Energy requirements for maintenance were 585'18, 580'17 and 57441 k] Me/kg body-
weight®?® per d for cows in negative balance, cows in positive balance and for all cows,
respectively.

4. The efficiency of utilization of ME for milk production was 68-52, 6548 and 66129,
respectively, for cows in negative balance, for cows in positive balance and all cows. Energy
required per kg fat-corrected milk production was 4°580, 4791 and 4746 MJ ME for the
respective groups of cows.

5. The efficiency of utilization of ME for tissue gain was 67-67 and 64:86 % for cows in
positive balance and for all cows respectively.

It has been established that nutrient requirement of cattle vary with breed (Mullick,
1959; Hashizume, Kaishio, Ambo, Tanaka, Hamada & Takahashi, 1963 ; Vercoe, 1970)
and climate (Kibler & Yeck, 1959; Johnson, Ragsdale, Berry & Shanklin, 1962;
McDowell, Moody, Van Soest, Lehman & Ford, 1969). It would, therefore, appear
that the requirements of different breeds of cattle would have to be determined under
the climatic conditions where they are kept. Mullick & Kehar (1952), Mullick (1959)
and Mudgal (1969) have reported that the energy requirement of Indian cattle was 209,
less than the energy requirement recommended for various other breeds. Earlier
studies in our laboratory (Patle & Mudgal, 1975) indicate that the maintenance
requirement of crossbred bullocks was similar to that reported by ARC (1965).
In later studies (Patle & Mudgal, 19764) the maintenance energy requirement of
crossbred lactating cows in the early part of their lactation was found to be 22 9, higher
than the requirement for crossbred bullocks under the same climatic conditions.
The present studies were undertaken to find out the energy requirement of crossbred
cows in their midstage (60-198 d) of lactation.

* Present address: College of Veterinary Science and Animal Husbandry, J.N. Agriculture
University, Jabalpur, India.
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Table 1. Details of the cows used in the energy balance experiments

Stage of Stage of
lactation lactation
Initial at start at end
Level of Animal Lactation FCM®* yield of expt of expt

Group feedingt No. No. (kg/d) ()] (d)
A LP-LE 23 4 154 128 198
43 4 17:2 79 149
19 5 119 64 134
50 5 107 127 197
B LP-HE 73 3 10°6 67 160
12 a 177 6o 130
22 3 108 119 189
75 2 11°6 60 130
[ LP-VHE 25 3 133 128 198
66 3 18-9 94 164
46 3 109 122 192
27 4 11-8 78 148
D HP-LE 39 3 152 122 192
56 3 153 63 133
35 4 125 6o 130
15 3 112 127 197
E HP-HE 44 3 150 128 198
5 5 154 68 138
54 3 12:6 110 180
21 4 107 119 189
F HP-VHE 34 4 144 118 188
74 3 92 102 172
7 5 1Ir's 111 181
63 3 11°0 122 192

* FCM, fat-corrected milk.

1+ LP, HP, go and 1109 of the (US) National Research Council (1966) recommended levels for
digestible crude protein intake; LE, HE, VHE, go, 110 and 130 % of the recommended levels for meta-
bolizable energy intake.

EXPERIMENTAL
Design

Twenty-four crossbred cows (Brown Swiss x Sahiwal, all F;) 60-128 d post par-
turition were selected from the National Dairy Research Institute, Karnal, herd. The
details of the experimental animals are given in Table 1. The cows were divided into
six groups according to their milk yield during the period between the 2nd and 8th
week of lactation. The trial included a 2-week control and a 6-week experimental
period. The 7 d period preceding both the control and experimental periods was used
for the changeover from the old to the new ration. The level of feeding was the same
for all animals in the control period and equalled 100 9, of the (US) National Reasearch
Council (1966) standards for the mean milk production during the fortnight preceding
the control period.

The six treatments consisted of a factorial arrangement of three levels of meta-
bolizable energy (ME) intake, go, 110 and 1309, of the (US) National Research
Council (1966) maintenance and production recommendations and two levels of
digestible crude protein (DCP) intake, go and 110 %, of maintenance and production
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Table 2. Composition (g/kg) of concentrate mixtures fed to
different treatment groups of cows

Mixture
A B C D E F
Ingredients (LP-LE) (LP-HE) (LP-VHE) (HP-LE) (HP-HE) (HP-VHE)
Crushed yellow 600 660 690 550 600 550
maize
Wheat bran 230 250 280 180 230 250
Groundnut cake 140 60 — 240 140 70
(decorticated)
Sodium chloride 20 20 20 20 20 20
Mineral mixture* 10 10 10 10 10 1o
Digestible crude 102 83 70 124 102 86
protein
Metabolizable energyt 1098 11°05 1108 1092 11°0L 11'04
(M] /kg)

* Proprietary mixture ‘ Super Mindif’ supplied by Boots Pure Drug Co. (India) Pvt. Ltd, Bombay-1,
contained (g/kg): calcium 236, phosphorus 114, copper 1‘8, cobalt 0'3, manganese o'51, iodine 1°0,
sulphur 7-5, iron 2'4, sodium chloride 300.

1 Digestible crude protein (DCP) and metabolizable energy (ME) values were calculated from values
reported by Sen & Ray (1964); ME was calculated from total digestible nutrient (TDN) on the basis that
1 kg TDN contains 15-0995 kJ ME.

recommendations. The go, 110 and 1309, energy levels were termed LE, HE and
VHE and go and 110 9%, protein levels were termed LP and HP. Rations were calculated
for individual cows from their mean performance during the 2-week control period.
Subsequently during the 6-week experimental period the requirements were calculated
fortnightly by the method of equalized feeding (Lucas, 1943).

After the 2nd week of the experimental period, a conventional 7 d metabolism trial
followed by 12 d respiration trial were conducted. During the collection period, a total
collection of faeces, urine and milk was made. During the respiration trial, the heat
production was measured by indirect calorimetry using Douglas bags for collection
of respiratory gases and analysis of gases by Haldane gas analysis apparatus. Energy
balances were calculated by subtracting heat production and milk energy from ME
intake. A total of twenty-four energy balances were made on twenty-four cows.

Diets

Oat silage (Avena satrva) and berseem hay (Trifolium alexandrinum) were used as
roughages. The quantities of berseem hay and oat silage were adjusted to provide
maintenance requirements and for production of first 4 kg 49, fat-corrected milk
(FCM). The requirements for production of milk beyond 4kg FCM were met by
various concentrate mixtures (Table 2). The calculations were made using the
literature values for ME and DCP for various ingredients used. The feeding schedule
of the cows used during the metabolism and respiratory trials is given in Table 3.
The concentrates were given at the time of the three milkings (i.e. at 05.00, 12.00 and
19.00 hours). Hay was provided at og.o0 hours and the silage at 12.30 hours. Water
was provided immediately after the three milkings and also at 09.00 and 16.00 hours.
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Table 3. Rations given to the cows in the different experimental
groups (kg/d) and the amounts refused

Rations
Animal Berseem Oat Concen-
Treatment no. hay silage trate® Refusals
LP-LE 23 43 130 45 nil
43 43 130 4'5 nil
19 41 130 20 nil
50 46 14°5 2°5 nil
LP-HE 73 30 230 28 6-0 (silage)
12 30 250 5°5 8-5 (silage)
22 30 250 4'5 5°5 (silage)
75 30 230 35 nil
LP-VHE 25 17 34°0 60 125 (silage)
66 -8 35°5 80 15-0 (silage)
46 17 340 4’5 6-5 (silage)
27 1-8 35°'5 50 6-0 (silage)
HP-LE 39 65 60 35 nil
56 61 65 40 nil
35 70 55 2’5 nil
15 6-x 65 25 nil
HP-HE 44 51 15°5 55 nil
5 56 180 55 nil
54 LR 155 35 nil
21 5°0 19°0 35 nil
HP-VHE 34 39 260 65 9-o (silage)
74 39 260 35 100 (silage)
51 39 250 40 4-o (silage)
65 40 275 50 5-0 (silage)

LP, HP, 9o and 110 % of the (US) National Research Council (1966) recommended levels of digestible
crude protein intake; LE, HE, VHE, go, 110 and 130 % of the recommended levels of metabolizable
energy intake.

* See Table 2.

Housing and management

The cows were housed in a well-ventilated byre, specially partitioned with iron bars,
During the collection period the animals were housed in metabolism stalls. All animals
were weighed at the beginning and end of the control and experimental periods of
3 consecutive days. The average of their three weights was taken as the body-weight
of the animals at that time. Weighings were done at 08.00 hours, before water and
hay were provided in the morning. The difference in weight during the 6-week experi-
mental period was used for calculating daily live weight change.

Analytical methods

Faeces were collected manually and the urine was collected using metal bowls
similar to those described by Sen (1953). These metal bowls were closely fixed under
the anus. The urine voided was carried by a long rubber tube connected to the bowl
into a narrow-mouth metal container placed in a covered pit behind the animal.
Methods followed for sampling and preservation of feeds, faeces and urine were the
same as reported by Patle & Mudgal (1975). Milk samples were taken at each milking
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and the pooled sample was analysed for fat by the Gerber method (I.S., 1961) and the
non-fat solids by calculation from the fat content and milk density readings (I.S., 1965).
Daily milk samples were preserved for protein estimation and gross energy content
with 2 ml potassium dichromate and mercuric chloride solution (Blaxter, Clapperton
& Martin, 1966). All the samples were kept in the refrigerator until analysed. The
methods described by the Association of Official Agricultural Chemists (1960) were
used to determine moisture, diethyl ether extract, crude fibre and N in feed and faeces,
except for the estimation of the moisture content of the faeces when the method of
Bratzler & Swift (1959) was used. The feeding stuffs were analysed for their proximate
constituents at intervals of 15 d throughout the control and experimental periods. The
energy content of the feed, faeces, urine and milk were estimated using a ballistic bomb
calorimeter (A. Gallenkamp & Co. Ltd, London). Before burning in the bomb calori-
meter the urine was absorbed in a weighed amount of cellulose and dried in a vacuum
oven. Milk was dried in the vacuum oven without using any primer for gross energy
estimation. Digested carbohydrate was estimated by subtracting faecal crude fibre and
N-free extract from the dietary crude fibre and N-free extract.

After completion of the metabolism trial, respiratory gases were measured from each
animal for 3 consecutive days at 04.30, 09.00 and 15.00 hours. The methods of gas
collection, gas volume measurements, gas analysis and calculation of heat have already
been described in our earlier publication (Patle & Mudgal, 1975). Methane was
estimated from the digested carbohydrates using the formula of Bratzler & Forbes
(1940): E = 4012 x+17-68; where E is methane produced (g) and « is carbohydrate
digested (100 g). To obtain values for methane production in litres the values were
divided by o716 (Brower, 1965). Heat production was calculated according to the
formula described by Blaxter (1970). For calculation of heat production two values at
04.30 hours, one value at 09.00 hours and one value at 15.00 hours were averaged as
suggested by 1. A. F. Webster (personal communication).

RESULTS

The average chemical composition of oat silage, berseem hay and the six concentrate
mixtures used during the experimental period is shown in Table 4, and the average
nutrient intakes and live weight changes of various groups of cows are shown in
Table 5. ME intake of all the groups was more than the (US) Nutritional Research
Council (1966) recommendations. Still the cows in LE group lost weight during the
trial irrespective of protein intake. The DCP intake as percentage of (US) National
Research Council (1966) standards were 93-9 %, in LP-LE treatment and 119:5 %, in
group HP-LE. It would thus appear that energy fed to the animals in LE groups was
not adequate.

The energy balances per kg metabolic body size (body-weight (W)*75) together with
the analysis of variance of each item are presented in Table 6. Losses of energy in
faeces, urine and as heat increased significantly (P < o-or) as the level of ME in the
diet increased. Increase in protein level in the diet significantly (P < o-o1) increased
losses of energy in urine. However, protein level in the diet did not affect loss of energy
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Table 4. Average chemical composition of feeding stuffs used during the
experimental period (dry matter basis)

Dry Crude Ether Crude N-free Gross

Feeding matter protein  extract fibre extract Ash energy

stuff (%) (%) (%) (%) (%) (%) kJ/e)

Berseem hay ... 874 136 17 310 409 12°8 1829

Oat silage ... 315 7'9 1°9 384 430 88 18:37
Concentrates

A 88-6 136 40 4'9 720 55 18-62

B 883 11-8 36 47 74'5 54 1833

C 88-0 10°5 32 46 764 53 1812

D 884 156 4'4 48 69-6 56 1899

E 886 13°5 39 49 721 56 18:62

F 883 12°0 3-8 46 741 5'5 18-37

in faeces and heat loss. Secretion of energy in milk was not significantly affected
either by energy or by protein levels in the diet. Energy retention increased signi-
ficantly (P < o-or) as the level of both energy and protein increased in the diet.
The ME requirement for maintenance, milk production and tissue gain was computed
using the following model:
Y = a+byx; +byxy -+ byxg+ byx,y,

where Y is ME intake (MJ): x, is W07 kg; x, is energy secreted in milk (MJ); x5 is
energy retained in the body (MJ) and x, is energy lost from the body (M]).

Excess N has been shown to increase heat production and thus there is a decrease in
energy retention by 30-55 kJ/g excess N (Tyrrell, Moe & Flatt, 1970). Therefore the
heat production values were adjusted by subtracting 30-55 kJ for each g of excess N
intake. Excess N intake was computed by subtracting the N required for maintenance
and milk production from digestible N intake. The N required for maintenance and
milk production was calculated from N balance data for the same cows during the
metabolism trial by regression analysis:

Y = a+bx; 4+ byxy 4 byxs,

where Y was DCP intake (g/kg W per d); x, was WO kg; x, was DCP secreted in
milk (kg/d); x; was N balance (g/d) (Patle & Mudgal, 19765).

Separate regressions were computed for cows in negative balance, for cows in
positive balance and for all cows. The multiple regressions of ME intake by cows are
presented in Table 7.

In the above model b,, b, and b, represent the amount of ME required for maintenance,
milk production and energy gain and b, represents the amount of dietary ME which 1s
spared per unit of body tissue loss. For estimation of maintenance energy requirements
the value ‘a’ was divided by the average metabolic body size and was added to the
value of b, in a similar way to that calculated earlier (Patle & Mudgal, 1975). The
maintenance requirements of cows in negative balance, cows in positive balance and all
cows were 585-18, 580-17 and 574-41 k] ME/kg W7 per d, respectively.

The ME required for the production of 1 kg of milk (FCM) was calculated by

ssa.d Anssanun abpriquied Ag suljuo paysiignd 7000426 LNIE/6£01°01/B10"10p//:sdny


https://doi.org/10.1079/BJN19770004

https://doi.org/10.1079/BJN19770004 Published online by Cambridge University Press

29

‘ayeIut AN

o, 03 S[3A9] PapUAUNU0IAI 3y} JO % OEX pu o1 ‘06 ‘GHA ‘@ ‘AT ‘axBIul JO( JO S[9AI] PIPUIWUI0AI (§961) [IoUNe)) Ydoleasay [euoneN (S[)) 3Y# Jo Y%o1r ‘06 ‘qH ‘d'I
m 0. §.611 Lot g-0zI 9.1 S.611 V.1 L.Lg Lz L.¥6 S.x 1.€6
Mo g1 0.z€1 o.1 £.6z1 L.o S.001 €z §.9z1 9.¥ 6.211 S.1 L.101
...M SUONEPUAWIWI0DAT (g961) [foUNoy) 12189say [BuoneN (S()) Jo 98ejusdrad e se sayeaut JUILINN
3 gt.o goz.o1 6%.0 obg.o1 $9.0 1fo0.01 §S.0 ¥zg-g Sz.0 ¥gz.g VvL.0 016.4

M to.0 615.1 So.0 zgb.1 20.0 601.1 yo.0 0z9.1 Z0.0 Lot.1 go.0 2.1

=~ L a4 0S.€6 9.2 10.6L4 0.z ob.LS o.¥ 29.201 1.z €L.08 g€ 0I.6§
= 8-£ S.LS1 6.§ z.8§1 1.l z.g11 t.1 S.¥o1 €z 1.ob1 L.t g.611
M (se-0M) 9718 £poq d1oqEISWE By/SeIUT JuURLIINN]

..M £0.0 LS€.0 zo.0 0Sz.0 £0.0 g91.o— o0 12£.0 Lo.o 611.0 vo.0 1£1.0~
X 9.81 L.99¢ S.Sz o.10t £.Sz z.16€ £.€1 0.59€ o.Lx S.1g¢ €.81 z.60¥
—~—

B as UBdIAl as ueaIAl as UBOA as UBOTA as UBIAl as uBaIAl

= - v 4 —_— - - — - v RN v —J ~ J
= (THA-IH) (ZH-dH) (TT-dH) (FHA-dTD) (FH-4T) qAT-d'T

b d q a o) q v

=

S spuapuo2 () AS.ous 31qu10qvIaW PUv

400
an

(3 nda

() an
(8) soeapAyoqred passadi(]
(8) 1amewr L1y

(p{3) 93uByd Im-2ar']
(33) "1 241 [enIU]

dnoin)

(d0a) wiz104d apnas ajqusadep uasaffip yuee suonvs uacs§ swor fo sayvyur Juarygnu pup saSuvys ySm-aory S o[qe],

Vol. 37

NUT 37


https://doi.org/10.1079/BJN19770004

https://doi.org/10.1079/BJN19770004 Published online by Cambridge University Press

B. R. PaTLE anDp V. D. MUDGAL 1977

30

*(o¥61 ‘saqio, 2 I9JzieIg) San[ea pajendfe) |
JUBDYIUSIS JOU = GN] f10.0 > J gy +50.0 > J 4 :SIUDWIIEII} USOMID( SOOUBIOYIP JO 20UBOYIUSIS [BOIISUBIG
*a)e1ul AZI9Ud 9]qEZI[0QElaUI J0] S[AAd] PIPUIUIOIAL I Jo Y, of1 pue
OII ‘06 ‘“UHA ‘AH ‘AT ‘o3eiul uraoid Ipnid J[qussSIp JO S[9AS] POPUAUIODAI (99OI) [1oUnor) YoIeasay] [euoleN (S[1) 9Ys Jo % o011 pue 06 ‘JH ‘d1

* % * % g10-0 geie.o ggI1.0 6120.0 — 1881.0 96Lo.0 gg10.0— paurelal ABsouyg

SN P SN 910.0 266g.0 Lggg.0 S¥Sl.o z2£6.0 0g9zg.0 gSSz.0 uononpoad jesry

SN SN SN 6fo.0 9lot.0 SSot.0 viLg.o z€6t.0 gI1o¥.0 gSot.o Hux ut A81ausy

SN o * Soo0.0 9z¥o.0 SSto.0 +oSo.0 g9to.0 Y€fo.0 tzho.0 sunn ur A31ougy

SN % SN 020.0 9902.0 09gI.0 tgfr.o 1fzz.0 §SL1.0 Libr.o Jouryow ur A850usy

SN o SN 185.0 £90z.1 oSEr.1 88lg.0 Yofe.1 6280.1 1006.0 saoory w1 AS10u7y

SN e SN sgh.o YSL6.2 Lysg.z giliz obz1.¢ ¥695.2 2902.2 ayeIul A31ouy

uomderayuy  ABroug  urj0lg s (dHA-dH) (@H-dH) (@T1-dH) EHA-ITD @EH-dTD @141 dnoxp
h ~ E:{ a a 2 q v

Y
sis{jeue [BoNISHEIG

sdnoad quasaffip ur sa03 wz (p 4ad o0 M Apoq Sy[L) saouvppq L3aausy g S[qe],


https://doi.org/10.1079/BJN19770004

Vol. 37 Energy utilization by lactating cows 31

Table 7. Equations describing the relationship between metabolizable energy
(ME) intake and metabolic body size, milk energy and energy balances

Y = 0-545%; + I'512%; + 1-542%3— 1-738x,+2-529 (all cows)
+o0-029, +0-023, *+o020, 0163
n = 24, R%* = 099, Syx = 0669

Y = 0'544%; + 1°527%; + 1'478%5+ 3°130 (cows in positive balance)
+o020, to015, Fo014
n =17, R*= 099, Syx = 0381

Y = o612x,+1'459x, — 1-536x,— 2-480 (cows in negative balance)
+o0'133, o106, *o0°470
n=7, R!®=o099, Syx=r154

Y, ME intake (M]J); x,, metabolic body size (W*? kg); x,, energy secreted in milk (M]); x;, energy
retained in the body (MJ); x,, energy lost from the body (M]).

Table 8. Metabolizable energy (ME) requirements for maintenance and milk production
and partial efficiency of utilization of metabolizable energy for milk production and

energy pain in cows
Requirement  Efficiency

Requirement for milk of utilization  Efficiency
for maintenance production of ME for  of utilization
(k] me/W*% kg (M] mE/kg milk of ME for
per d) FCM) production tissue gain
All cows ... 54741 4746 6612 6486
Cows in positive balance 58017 4791 65-48 6767
Cows in negative balance 585-18 4580 6852 —

W, body-weight; FCM, fat-corrected milk,

multiplying 1-512, 1'527 and 1459, the coeflicients for x, obtained in different
equations furnished in Table 6, by 3-139 (presuming 1 kg FCM has 3-139 MJ). Thus
the energy required for the production of 1 kg FCM was 4-580, 4791 and 4+746 MJ ME
for cows in negative balance, cows in positive balance and for all cows, respectively.

The percent efficiency of utilization of ME for milk production and tissue gain was
estimated by dividing 100 by b, and b;, respectively. The efficiency of utilization of ME
for milk production was 68-52, 65-48 and 66-12 9, for cows in negative balance, cows
in positive balance and for all cows, respectively. The efficiency of utilization of ME
for tissue gain was 67-67 and 64-86 %, in cows in positive balance and all cows, respec-
tively. The energy required for maintenance and milk production and the efficiency
of utilization of ME for milk production and tissue gain is shown in Table 8.

DISCUSSION
Energy vequirement for maintenance

The maintenance requirement of cows in the present experiment was 57417 kJ
ME/kg WO per d, which is 32:9 9, higher than the value of 432-15 k] me/kg WO%
per d, obtained for bullocks in our earlier studies (Patle & Mudgal, 1975). The figure
is also higher than that recommended by the Agricultural Research Council (1965)
(451-98 k] ME/kg W7 per d) and by the (US) National Research Council (1966)

2-2
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(49471 k] ME/kg W®7 per d). The maintenance energy requirement values recom-
mended by the Agricultural Research Council (1965) and the (US) National Research
Council (1966) are syntheses of estimates from several workers on steers and dry cows.
The results of the present experiment show that the maintenance requirement values
obtained for steers or dry cows cannot be used for lactating cows. The higher main-
tenance requirement of lactating cows than of dry cows has also been reported by
Ritzman & Benedict (1938), Brody (1945), Hutton (1962), Neville & McCullough
(x969) and Moe, Tyrrell & Flatt (1970). Probably the changes in amount of hormones
produced, differences in voluntary activity, food intake, mastication and transport of
food is connected with large energy expenditure by the lactating cows (Crampton &
Harris, 1969; Leroy, 1970).

"The maintenance requirement of crossbred cows in early lactation (40-80 d) obtained
in our earlier studies (Patle & Mudgal, 1976a) was 546-89 kJ ME/kg WO per d. The
difference in maintenance energy requirements of lactating cows during early lactation
and mid-lactation appears to be a small one.

Energy requirements for milk production

The partial efficiency of utilization of ME for milk production was 68-52, 65-48 and
66-12 %, for cows in negative balance, for cows in positive balance and for all cows,
respectively. The efficiency of utilization of ME for milk production during early
lactation of the crossbred cows was 64-4 9, (Patle & Mudgal, 19764). The efficiency of
utilization of energy for milk production has been reported by other workers as
65-77 % (Hashizume, Morimoto, Masubuchi, Abe & Hamada, 1965), 638 %, (Hoffman
& Koriath, 1970), and 61-6 %, (Moe et al. 1970). Thus the values in the present studies
are similar to those obtained by other workers.

The ME required for the production of 1 kg FCM in early lactation was found to be
4-877 MJ (Patle & Mudgal, 1976 a). The value for the cows in mid-lactation as obtained
in the present studies was 4-746 MJ. Both these values are somewhat lower than
5-02 MJ recommended by the (US) Nutritional Research Council (1966) for cows
producing less than 2o kg milk per d.

Energy required for tissue gain

The dietary ME required per MJ tissue gain was 1-478 MJ for cows in positive
balance and 1-542 MJ for all cows (Table %) and the efficiencies of utilization of ME
for tissue gain were 67-67 and 64-86 9, for the two groups of cows. These values are
considerably higher than that reported for bullocks (54:59%) in our eatlier studies
(Patle & Mudgal, 1975) and are not much different from the values of 66-12 %, obtained
in the present studies for milk production. Moe et al. (1970) also reported that
efficiency of utilization of ME for lipogenesis in lactating cows was higher (747 %) than
in dry cows (596 %). The energy balance experiments with lactating cows (Flatt, Moe,
Oltjen, Putnam & Hoover, 1969) and with goats (Armstrong & Blaxter, 1965) also
showed that the process of fattening in lactating animals was as efficient as for milk
production. However, the above findings are not in agreement with those of Neville &
McCullough (1969) who reported that the lactating cows required more energy per
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unit gain than the non-lactating ones. Armstrong & Blaxter (1965) stated that the
improved efficiency of lipogenesis in lactating animals was due to the removal of
acetate by the mammary gland with the result that the metabolites available for
lipogenesis were of a type associated with efficient production of body fat. This theory
is based on the assumption that lower efficiency of fattening in the non-lactating
animal is due to the ineflicient utilization of acetate for fat production.
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