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SUMMARY

The energy balance in lactating cows was analyzed for changes during lactation and to determine the
influence of calving numbers on such changes. Data used are the values of feed allowances, milk yields, milk
fat percentages and the body weights of a cow herd raised between 1980 and 1988, together with the monthly
average of air temperatures during that period. The animals' individual values of metabolizable energy
allowances, milk yields, body retention and heat production (each mj/mbs/day) on the feed origin and the
gross energetic efficiency (%) were calculated by using mathematical techniques based on dietetics. The
changes during lactation of the above values are as follows. 1. Metabolizable energy allowances, milk yields
and heat production increased with increasing calving numbers. 2. Body retention and its gross energetic
efficiency decreased with increasing calving numbers. 3. No differences among calving numbers were
seen in gross energetic efficiencies for milk and heat production. 4. Decreases after the first or second
month of lactation were seen in metabolizable energy allowance, milk yields, heat production and gross
energetic efficiency for milk. 5. Body retention rose at the fifth or sixth month in the period, and was steady
after that. 6. The rises in gross energetic efficiencies were reflected in body retention after the fifth or
sixth month of lactation, and in heat production after the first or second months. 7. The gross energetic
efficiency for milk was strongly affected by lactating times in contrast to gross energetic efficiencies for body
retention or heat production. These results lead to the conclusion that the peculiar changes in energy balance
during lactation are due to the changes in metabolizable energy intake and all gross energetic efficiencies.
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INTRODUCTION

The purpose of this paper is to clarify the influence of the lactating period and calving numbers on the
energy flow in an actual cow herd. Some researchers" > report that there is a seasonal change in a cows'
energy flow. We also showed previously that the seasonal change occurred due to changes in both diet energy
allowances and the rate of conversion from the allowance to production: gross energetic efficiency?. It
seems, however, that the variations in the energy balance of dairy cows was more affected by factors such as
lactating time and calving numbers. Accordingly, the influence of these factors must also be examined for the
appropriate management of dairy cows.

In this research, mathematical formulae were applied to measurement data of an actual cow herd over
nine years. These formulae were developed based on the findings of nutritional science. We compared the
changes in calculated values during lactation and for each calving number, together with feed allowances,
milk yields, body retention, heat production and gross energetic efficiency. The correlations among gross
energetic efficiencies, calving numbers, lactating time and environmental temperature were then shown by
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multiple regression analysis.

MATERIALS AND METHODS

Data used

For analysis, 127 examples of cows' lactation data were collected from a Holstein herd raised in the
Animal Husbandry Experimental Station of The University of Tokyo, covering the years from 1980 to 1988.
These examples consist of data on milk yields, milk fat percentages and body weights during lactation. These
were classified into the following four calving numbers: first calving 41, second 29, third and fourth 35, and
fifth or higher 22. The one example consists of monthly measurement values during a ten-month in a dairy
cow. Added to these, we used data on monthly roughage given to that dairy cow's group (n=108), and on the
concentrate given to each individual cow (n=1260).

All energy values in this paper were shown per metabolic body size (mbs), which was calculated by
raising each individual body weight to the 0.75th power.

Metabolizable energy allowance (MEa: mj/mbs/day) during lactation

The individual MEa during lactation was shown as the sums of concentrate and roughage given to each
individual; details are in the thesis of Itano and Okubo®. Those values could be further classified by each
postpartum month.

Body retention from diet (REdiet: mj/mbs/day) during lactation

Body retention energy (RE, mj/mbs/day) was shown by multiplying each individual daily gain (DG:
kg/day) during lactation by the numerical value of 26, as in the following formula.

RE = DG - 26/ mbs €))

Where DG was derived from the data of individual body weights during lactation, and the value of 26 is an
energy value (mj/kg) recommended by the Agricultural Research Council (1980: ARC) required to produce a
one-kilogram weight change in a lactating cow®.

The energy level given to a lactating cow will always exceed the maintenance requirement. For this
reason, we assumed as follows; decreases in weight occur due to energy modification from body tissue to
milk; increases in weight are dietetic in origin. If these hypotheses are followed, the body retention energy
from diet (REdiet, mj/mbs/day) during lactation can be shown as follows.

If RE =2 (, REdiet=RE

if RE< 0, REdiet=10 2)

Milk yields from diet (Ydiet: mj/mbs/day) during lactation

Each milk energy value (¥: mj/mbs/day) was calculated by using the data of both measured milk fat
percentages (F: %) and milk yields (M, kg) at each measured time, as in the following formula.

Y=M-(015-F+ 04) - 3138/ mbs @A)
From the hypotheses mentioned above, the milk yields with decreases in body weight must be modified by
decreases coming from body tissue.

If RE=(0 Ydiet=Y

if RE<O, Ydiet=Y-084-RE )]
Where, [0.84 - RE] shows the energy flow from body tissue to milk yields (ARC” and Moe et al.®).

Heat production (HPdiet; mj/mbs/day) was then defined as the value left after subtracting the energies of
both milk and body retention from the metabolizable energy allowance.

HPdiet = MEa - REdiet - Ydiet o)
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Gross energetic efficiency (%) during lactation

The converted rates of energy (GEE; %) from feed to milk, body retention and heat production,
respectively, were reached by using the calculated values above as follows.

On feed origin,

GEE for milk = Ydiet /MEa - 100

GEE for retention = REdiet/MEa - 100

GEE for heat production = HPdiet / MEa - 100 (6)
Analysis

Analysis 1: We classified the calculated values (MEa, Ydiet, REdiet, HPdiet and their gross energetic
efficiencies) into the first, second, third and fourth, and fifth or higher calving, respectively; then the changes
in those values during lactation were compared among calving numbers. For comparison analysis, the
Friedman test was adopted.

Analysis 2: In order to examine the influence of lactating time, calving numbers and environmental
temperature upon the above gross energetic efficiencies, we performed a multiple regression analysis in
which the dependent variable is the gross energetic efficiency. '

RESULTS

Table 1 summarizes the mean values of the metabolizable energy allowance, milk yields, body retention,
heat production and their gross energetic efficiency in each calving number. The changes in those values
during lactation are shown in Fig. 1 and Fig. 2.

Table 1. The average values of metabolic eriergy allowance, milk yields, body retention, heat production,
and these gross energetic efficiencies on each calving number during lactation.

Calving number

First Second Third - fourth Fifth or more
n=41 n=29 n=35 n=22
ME allowance (MJ/mbs/day) 1.2789 1.3418 1.4153 1.3935 *r e
From diets ‘ _ v
Milk yield 0.4127 0.4549 0.4762 0.4619 **
(MJ/mbs/day) ’
Body retention 0.0848 0.0708 0.0713 0.0614
(MJ/mbs/day)
Heat production 0.7814 0.8161 0.8678 0.8702 *
(MJ/mbs/day)
Gross energetic efficiency for
Milk yield 31.8239 33.3191 33.1504 32.6644
%)
Body retention 6.9681 5.6158 5.4063 4.7953
@)
Heat production 61.208 61.065 61.4433 62.5403
(%)

Level of significance: ***P < 0.001; **P < 0.01; *P < 0.05

The metabolizable energy allowance (MEa: mj/mbs/day) was different among calving numbers
(P<0.001). The mean values of MEa through lactation in the third-forth calving (1.42) and the fifth or later
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one (1.39) were higher than those in the first (1.28) and second calving (1.34); the mean value of MEa in the
second calving was higher than that in the first calving, but no differences among calving numbers beyond
the third one were detected. Metabolizable energy allowances in all the calvings decreased after the second
month of lactation. MEa of the first and second months rose with calving numbers, provided that MEa
beyond the third calving held steady (the first calving: 1.53-1.54, the second: 1.58-1.66, the third-forth: 1.74
and the fifth or later: 1.67-1.73). No differences in MEa among calving numbers were shown in the 10th
month of lactation, when MEa were in the range of 1.06 to 1.09.

2 1 st 2 nd 3rd-4th 5th or later
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Fig. 1 The chages of energy balance of feed allowance, milk yields, body retention and heat production during lactation. These are
shown with the mean values of each calving number and the standard deviations.

-0~ ME allowance —@— Milkyield —# Body retention —&— Heat production

Milk yields from diet (Ydier: mj/mbs/day) also showed significant differences among calving numbers
(P<0.01); Ydiet in the first calving were significantly smaller than other calving numbers, but differences in
Ydiet beyond the second calving were minor: the mean value of Ydiet in the first calving was 0.41, whereas
values beyond the second were in the range of 0.45 to 0.48. Milk energies which peaked in the first or second
month of lactation, showed a value of 0.58 in the first calving, and were in the range of 0.64 to 0.68 in other
calving numbers. However, the differences in Ydiet at the 10th month of lactation were minor, being in the
range of 0.28 to 0.29.

Except for the second calving, the variations in body retention from diet (REdiet: mj/mbs/day) during
lactation showed the following tendency. The lowest values of REdiet were seen in the first, fourth and fifth
months of lactation (0.03 - 0.06); REdiet was steady after rising in the fifth and sixth months. No significant
differences were detected among calving numbers (P>0.05), but the mean values of REdiet tended to decrease
with increasing calving numbers (the first calving: 0.08, the second - fourth: 0.07 and the fifth or later: 0.06).

Heat production from diet (HPdier: mj/mbs/day) decreased in all the calving numbers throughout
lactation. These decreases were more gradual than those of the metabolizable energy allowance. The mean
values of HPdiet then rose with the calving numbers (first calving: 0.78, second: 0.82, beyond third: 0.87;
P>0.05), and this tendency was the same throughout lactation.

The gross energetic efficiency (GEE: %) for milk from diet decreased with lactating time, as did the
milk yields. GEE in the first calving (the average: 31.8) was only slightly less than in other calving numbers
(the averages: 32.7 ~ 33.3), and was not significant (P<0.05).

HP: heat production (kj/mbs/min), HR: heart rate (beats/min),**:P<0.01
ns: not significant
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Fig. 2 The changes of gross energetic efficiency for milk yields, body retention and heat production in lactation. They were shown with
monthly averages of each calving number and with their standard deviations.
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GEE for body retention in the first - fourth calving had been rising since the latter half of the lactating
periods (the fourth - seventh month), as long as GEE beyond the fifth calving had been holding steady during
the period. These increases were more pronounced among the lower calving numbers. For example, GEEs at
the 10th month showed the values of 11.7 in the first calving, 9.3 in the second, 8.7 in the third-fourth, 7.5'in
the fifth or later. The mean values of GEFE in each calving also decreased with rising calving numbers (the
first calving: 7.0, the second: 5.6, the third-fourth: 5.4, the fifth or later: 4.8), but no significant difference
was detected (P>0.05).

Table 2. Estimated formulas of the gross energetic efficiencies (%) for milk yields, body accumulations and heat
productions, by using lactating time and air temperature.

n= Formula r=
For milk yield
First 391 -1.2020 “Lact - 0.0096 ‘Temp > + 0.4218 ‘Temp + 35.1699 0.4160 ***
Second 288 -1.1032 “Lact - 0.0040 “Temp * + 0.3586 ‘Temp + 35.8165 0.4334  ***
Third - fourth 334 -1.1245 “Lact - 0.0002 ‘Temp * + 0.1387 ‘Temp + 37.6671 0.3921  ***
Fifth or more 223 -1.3574 ‘Lact - 0.0109 Temp *> + 0.5425 ‘Temp + 35.4642 0.4552  ***
Total 393 -1.3782 “Lact- 0.0148 ‘Temp > + 0.5675 ‘Temp + 36.3198 0.4286 ***
For body retention
First 391 0.5600 -Lact - 0.0307 ‘Temp * + 1.0150 ‘Temp - 2.3197 0.3211  ***
Second 288 0.6105 ‘Lact - 0.0219 ‘Temp > + 0.8437 ‘Temp - 3.4895 0.3775 ***
Third - fourth 334 0.4930 ‘Lact - 0.0184 ‘Temp > + 0.6060 ‘Temp - 0.8883 0.2908  ***
Fifth or more 223 0.3155 ‘Lact - 0.0267 ‘Temp > + 0.8973 ‘Temp - 2.5344 0.2962 ***
Total 393 0.4522 Lact - 0.0286 ‘Temp > + 0.9457 ‘Temp - 2.6091 0.3125  ***
For heat production
First 391 0.6419 ‘Lact + 0.0402 ‘Temp ° - 1.4368 ‘Temp + 67.1498 0.2935  ***
Second 288 0.4927 Lact + 0.0259 *Temp * - 1.2023 ‘Temp + 67.6730 0.3737 ***
Third - fourth 334 0.6317 ‘Lact + 0.0186 ‘Temp * - 0.7447 ‘Temp + 63.2212 0.2321  ***
Fifth or more 223 1.0419 ‘Lact + 0.0376 ‘Temp *> - 1.4398 ‘Temp + 67.0701 0.3421  **+*
Total 393 0.9260 -Lact + 0.0433 Temp * - 1.5132 Temp + 66.2893 0.3242  **=*

Lact: lactating time (month), Temp: air tem perature (°C), r: correlation coefficient,

Level of significance: ***P<0.001
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GEE for heat production rose with lactating times, although the changes in heat production decreased.
No differences among calving numbers were seen in GEE for heat production; the mean values of each
calving were in the range of 61.6 to 62.5%.

The above results showed that GEE for milk decreased with lactating time, and that GEEs for both body
retention and heat production increased with the time. We previously showed that those gross energetic
efficiencies may be depicted as parabolas to air temperature®. In order to investigate the relation between
GEE and lactation, therefore, we carried out multiple regression analyses in which the independent variables
were the lactating time (Lact: month), average temperatures of each month (Temp: C) and their square
(Temp?); the dependent variable was GEE for milk yields, body retention and heat production, respectively
(Table 2). The adaptation of multiple regression formulas to the data was highest in GEE for milk (r=0.4286).
No differences among calving numbers were clearly detectable in the regression coefficients to lactating
times in the formulas of milk yields and heat production, but the coefficients in the formulas of body
retention decreased with increasing calving numbers (first calving 0.56, second 0.61, third and forth 0.49 and
fifth or later 0.32).

DISCUSSION

During the lactating period, variations in milk yields from diet (mj/mbs/day) depend on the
characteristic changes in both metabolizable energy allowance (MEa: mj/mbs/day) and in the gross energetic
efficiency (GEE: %) for milk. The results in this paper showed that both the MEa and GEE for milk
decreased with longer lactating times. The variations corresponded with changes in milk energy during
lactation. Everson et al.”, Flatt8) and Naito et al.” also reported decreases in GEE for milk during lactation.
We previously showed that there was a positive correlation between the milk energy and MEa in a cow herd,
also reporting that no correlation was found between MEa and GEE for milk?. Therefore, we tend to think
that the variations in milk yields during lactation are caused by independent changes in MEa and GEE for
milk. ‘

Milk yields per metabolic body size (mj/mbs/day) increased with calving numbers. This increase had
probably been caused by the difference in MEa among the calving numbers rather than by that in GEE for
milk. Naito et al.” stated that GEE for milk rose from the first to third calving, but that these differences were
not remarkable. In this paper, no differences among calving numbers of GEE for milk were shown, except for
that of the first calving which was slightly lower than those of other calving numbers. On the other hand, the
metabolizable energy allowance increased with calving numbers. '

Body retention (mj/mbs/day) from diet rose in the fifth or sixth month of lactation, and held steady
thereafter. Everson et al.” also showed that the changes in body weight up to twenty-one weeks in a lactation
period were negative, whereas those from twenty-two to forty-four weeks were positive. We think that this
positive level was occurred due to increases in the gross energetic efficiency for body retention during
lactation; since this level occurred despite the decline in MEa during that period. Greeve et al.'® showed that
there was a negative correlation between a cows' roughage intake and body weight gain during lactation, and
that the intake per body weight gain decreased with the passage of lactating time. Flatt® then showed that
GEE for body tissue rose as lactating time passed. Judging from these findings, it seems reasonable to
suppose that body gains during the latter half of lactation were maintained by increases in GEE for body
retention.

In a low calving number, although the metabolizable energy allowance (MEa) was small, the gross
energetic efficiency (GEE: %) for body retention was high. From the result of this research which found that
body retention is higher the younger a cow is, we speculate that differences in body gain or loss among
calving numbers is independent of the differences in GEE for body retention based on a cow’s ages. It seems
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likely that the rate of conversion from MEa to body retention rises when cows are young, but there is not
much evidence to clarify the matter. ‘

As for the metabolizable energy intake (MEa) and each gross energetic efficiency (GEE: %), this
research showed that the lactating period influenced both, and that calving numbers influenced energy intake.
We previously carried out a multiple regression analysis between air temperatures and GEE ?, showing the
fitness of the correlation coefficients: r=0.2570~0.3795. The values in that report are lower than those
(r=0.3125~0.4286) in this paper in which both air temperatures and lactating time were adopted as
independent variables. Consequently, we conclude that the production efficiency in lactating cows was more
affected by lactation time than by air temperature. Moreover, it is obvious that GEE for milk is particularly
influenced by the lactation period as seen in the comparison among correlation coefficients of multiple
regression formulas for each GEE. When raising the dairy cows, therefore, attention must be paid not only to
diet allowance but also to the influence of lactation on production efficiencies.

REFERENCES

1) Brody, S.: “Bioenergetics and Growth” New York: Hafner, 1945.

2) Itano, S. & Okubo, T.: The seasonal change of energy flow from feed to milk yield and body retention of
Holstein dairy cows. Res. Bull. Fac. Agr. Gifu Univ. 60: 181-189, 1995.

3) Moran, J. B.: The influence of season and management system on intake and productivity of confined
dairy cows in a mediterranean climate. Anim. Prod. 49: 339-344, 1989.

4) Shibata, M. & Mukai, A.: Seasonal changes on heat production, on some responses and lactation in
cows. Japanese Journal of Livestock Management 17: 43-50, 1981.

5) Agricultural Research Council: “The Nutrient Requirements of Ruminant Livestock” Slough:
Commonwealth Agricultural Bureaux, 1980.

6) Moe, P. W, Tyrrell, H. F. & Flatt, W. P.: Energetics of body tissue mobilization. J. Dairy Sci. 54: 548-
553, 1971.

7) Everson, R. A., Jorgensen, N. A., Crowley, J. W,, Jensen, E. L. & Barrington, G. P.: Input-output of
dairy cows fed a complete ration of a constant or variable forage-to-grain ratio. J. Dairy Sci. 59: 1776-
1787, 1976. ‘

8 ) Flatt, W. P:: Energy metabolism results with lactating dairy cows. J. Dairy Sci. 49: 230-237, 1966.

9) Naito, M., Takahashi, H., Miura, T., Kano, Y., Oyama, N., Kato, T., Okano, F. & Koike, Y.: Gross
energetic efficiency and simple production-body size indices in Holstein cows at Stock Station of the
University of Tokyo. Jpn. J. Zootech. Sci. 45 : 249-261, 1974.

10) Grieve, D. G., Macleod, G. K., Batra, T. R., Burnside, E. B. & Stone, J. B.: Relationship of feed intake
and ration digestibility to estimated transmitting ability, body weight, and efficiency in first lactation. J.
Dairy Sci. 59: 1312-1318, 1976.



126 Research Bulletin of the Faculity of Agriculture, Gifu University, No. 62, 1997

KRIVAY A VIR BT AR>S EEAND
IRV F —ROUFL B%¢@@Ma%ncﬁﬁﬁﬁf¢§”

*ﬁﬁlb\ﬂl& kﬁﬁ:u\ Y}#Lﬂl J\\

BEEHWE RS
(19974 7 H18H % #)

® #

AHEXOBWHE, WHFOZANVF-PHOZERICBII2WAMHEFOEBEHLPIZTHI L TD
3o NEBICO- ARSI LWILEORSFHE, LR, FUEE, AEOT - 2f-H) &L o T,
BEEORBEEY- ) ORFLANVF-B5E, ARBRkOWI - FER - BEERE (%4 mj/mbs/day)
EENSOBME (%) 2EHELL, KOO Er WA boEgE LTEL, EXETHEL
BRIILDTORY)THD, 1L RABIAVT—HRER - W - ABERISERIIEH . 2. EHIL
NE-LFNAOBHERIIFERITLEE Y, 3. WILLHBROLDOBRMFIERMEIALN RV, 4.
RHFTLINVF—BE5E. WA - BREAERE - WAOOORYDRIIWAM L - 21 BURERBI TS, 5 &
ERIANE—IIWAMS - 6 VB ERLFhDREET S, 6. BERD D OREFRITWIL 5 ~
6 AL, BRBREDOOBHNTIINIY L - 2HAUELERT S, 7. WIALO-DORFIFRIIMD 2
SDOBRICHRTRABOEE LW FIT 5, DEOKERIZ, RFZ AT —BNE L SRZRITITW
AYBHOBBAAET S 2 L. ZROFUIMBP O I F— I, BB IV ¥ —ICHm PR
LTWwW3 I %KL,

\

I B AR (62) - 119—126, 1997

C1RBAE EER
*2RILRE REFE



