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SUMMARY

In order to describe the energy flow from feed allowance to milk and body and its seasonal
change under actual condition of raising dairy cows, the relations among the factors in the energy
flow and environmental temperature were analyzed.

The data of feed allowances, milk yields, milk fat rates and body weights of dairy cows under
farmers’ identical management during nine years were used for mathematical modeling based on a
scientific knowledge of animal nutrition. The values of metabolizable energy allowances, milk
yields, body accumulations, heat productions (each MJ/mbs/day), gross energetic efficiencies
(GEE), and utilized efficiency for milk (kl) were calculated. Regression analyses among those
calculated values clarified the influence of air temperature on them. The results are as follows. (1)
Seasonal changes were seen in all the data for energy balance, and GEE for milk was high in April,
May, September and October. (2) Seasonal changes in GEE for milk and body retention from diet
were in the range of 28 ~349% and 1~9%, those were 319 and 495 on the year averages, respectively.
(3) The calculated utilized efficiency was k1=58.57%. (4) Metabolic energy allowance showed
positive correlations to milk energy and heat production, but not to body retention nor to all GEE.
(5) The environmental temperature showed the relations of a negative parabola to GEE for milk and
body retention.

For the improvement of milk production, the above results had the following importance, which
was to increase metabolizable energy allowance during the time when high efficiency to milk yields
is shown, and which was to act as a control for preventing a decline in milk efficiency during hot
weather. Res. Bull. Fac. Agr. Gifu Univ. (60) : 181—189, 1995.

INTRODUCTION

Energy flow and its seasonal change in an actual dairy cow herd should give useful information
on breeding conditions and improving management through the year.

Energy balance of dairy cows depends on the energy intake, the energy conversion rate to milk
and body, and the energy conversion rate from body tissue to milk. As these components are
influenced by various feeding environmental factors, the understanding of the energy balance of a
dairy cow herd under a general feeding system is usually very difficult. Some research has been done
on the relations between environmental factors and the energy balance of dairy cows!™, but their
measuring periods are rather short. We tried to understand the seasonal variation in energy balance
under an actual feeding system, and to earn its relevance to feed allowance and air temperature. We
intended at next step to apply these results to the improvement of feeding management.

1) Institute for Basin Ecosystem Studies



182 Research Bulletin of the Faculity of Agriculture, Gifu University, No.60, 1995

In this research, the authors analyzed the feeding data of a dairy cow herd during nine years by
applying a scientific knowledge of animal nutrition, and calculated the values of feed energy
allowances, milk yields, body accumulations and heat productions. Then we showed those seasonal
changes, and analyzed the influence of temperature on them.

MATERIALS AND METHODS

1. Data used

The authors used the monthly values of milk yield, milk fat percentage, body weight and
allowance of concentrate for the lactating Holstein cows raised in our Animal Husbandry Experi-
ment Station (The University of Tokyo) as measurement data over nine years from 1980 to 1988
(each n=1260). The monthly amount of roughage given the herd during this period was also used
(each n=108).

All energy measurements in this paper were shown with the values per metabolic body size
(mbs). This was calculated by raising each weight measurement value of individuals to the 0.75th
power.

2. Seasonal feed energy allowance (MEa: MJ/mbs/day)

Feed energy allowances were expressed by the metabolic energy quantities in the feeds given to
the herd each month. The quantities were calculated by multiplying the feed allowance by its
metabolic energy content (in Japanese Feeding Standard, Feed Component, 1987), and were expres-
sed as the values per metabolic body size per day.

The metabolizable energy in the roughage intake was calculated by using the values of various
roughage quantities given to the cows, the metabolic body size of the cow herd in total measured
monthly, and the number of days in each month. The metabolizable energy of the concentrate intake
was calculated for each individual apart from the calculation of the roughage, and they both were
averaged in each month. '

Seasonal feed energy allowance (MEa: MJ/mbs/day) was calculated as the sum of the
metabolic energy allowances of the concentrate and the roughage in each month.

3. Seasonal body retention energy from diet (REdiet: MJ/mbs/day)

The monthly body retention energy (REindiv: MJ/mbs/day) of individual can be shown by

multiplying their daily gain (DGindiv: kg/mbs/day) by an energy value for the gain (MJ/kg).
REindiv=DGindiv - 26 / mbs, 1)

where DGindiv is calculated from weight data of each month per individual, and the numerical value

in the formula shows the recommended energy value (MJ/kg) in ARC®, when a cow’s body weight

varies by one kilogram.

The feed allowance is never lower than the maintenance requirement in the actual feeding spot.
The authors, therefore, supposed that the observed decreases in weight originate in the change of
energy from body tissues to milk production, and that all increases of weight in the data are dietetic
in origin. If this supposition is followed, the bodily accumulated energy from diet (REindiv-diet: MJ/
mbs/day) of each individual becomes the following equation.

If REindiv>0, REindiv-diet=REindiv,
if REindiv=0, REindiv-diet=0. 2)
The seasonal body retention energy from diet (REdiet: MJ/mbs/day) was calculated by averaging
the REindiv-diet of the cows in each month.
4. Seasonal production of milk energy from diet (Ydiet: MJ/mbs/day)
Milk energy yields of each month per individual (Yindiv: MJ/mbs/day) was presumed by using
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data for the milk fat rate (F: %) measured once a month together with the milk yields (M: kg/day).

Yindiv=M - (0.15 - F+0.4) - 3.138 / mbs. 3)
This formula makes 3.138 megajoules (=0.75Mcal) of the energy value per one kilogram of 4 percent
fat-corrected milk. From the above supposition, each individual’s milk energy from diet (Yindiv
-diet: MJ/mbs/day) with an increase in body weight is equal to the value of Yindiv, and that with
a weight decrease must subtract the milk energy of body tissue origin from the value of Yindiv. Moe
et al.®, who showed utilized efficiencies from body tissue to milk energy in the range from 0.82 to 0.84,
ARCH also recommend the value of 0.84. The authors adopted the value of 0.84, and deduced
Yindiv-diet from the following equation.

If REindiv=0, Yindiv-diet= Yindiv,

if REindiv<0, Yindiv-diet=Yindiv—0.84 - REindiv. (4)
The seasonal milk energy from diet (Ydiet: MJ/mbs/day) was calculated by averaging the Yindiv
-diet of the cow herd in each month.

Then, the authors defined that the values arrived at by subtracting REdiet and Ydiet from MEa
in each month were heat productions from diet of each month (HPdiet: MJ/mbs/day).

HPdiet=MEa—REdiet— Ydiet (5)
5. Gross energy efficiency (GEE: %) of feed metabolic energy in each season
The conversion rates (GEE: %) from feed metabolic energies to milk yields, body accumulations
and heat productions were shown as the following formula by using the above values.
On feed origin,
GEE for milk=Ydiet / MEa + 100
GEE for retention=REdiet / MEa - 100
GEE for heat production=HPdiet / MEa - 100 (6)
6. Analytic technique

Technique 1: By averaging the values of the metabolic energy allowances, milk yields, body
accumulations, heat productions, and their gross energy efficiencies, respectively, the authors got
their representative values. Their seasonal changes were shown by classifying those values in each
month. Then the authors tried to calculate the utilized efficiency of a feed metabolic energy for milk
(kl) by supposing a value of 0.5265 as the maintenance requirement (MEm: MJ/mbs/day) "®.

Technique 2: The energy balance of dairy cows can be separated by the metabolic energy
allowance, the productive energy and the distributive rates from the allowance to the productions.
To know the relations among these factors, the authors carried out the regression analysis, in which
the independent variable is the metabolic energy allowance.

Technique 3: As mentioned below, these results showed that the energy balance of the herd
shows seasonal changes, and that the changes are influenced by both the metabolic energy allowance
and the individual gross energetic efficiencies. The authors, therefore, examined the influence of
environmental temperature on those efficiencies by regression analyses; the temperature is one factor
in the seasonal changes.

RESULTS

The energy flows from metabolic energy allowances to milk yields, body accumulations and heat
production and those gross energetic efficiencies are revealed in the following figures: Fig.1 shows
the total average of all data; Fig.2 shows those seasonal changes. The levels of metabolic energy
allowances (MEa: MJ/mbs/day) changed in a range from 1.26 to 1.41 (average 1.34), being lower
from March to May (1.26~1.28), and higher from August to November (1.37~1.41). They then
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MEa decreased in December and January. The milk
1.3365 energy from diet (Ydiet: MJ/mbs/day) chan-
(100.00%) ged in a range from 0.38 to 0.45 (average 0.42),

increased from September through November
(0.44~0.45), and showed declines in December,

> ‘ig‘_‘(‘;%z) January and March (0.37~0.38). The body

retention energy from diet (REdiet: MJ/mbs/

Y ¢ day) varied in a range from 0.01 to 0.11 (aver-

Y diet RE diet age 0.06), rose in May, June and September (0.
?é‘lui’i’(y) (240?33/) 10~0.11), and decreased from December to
e 2 January and in again March (0.01~0.03). The

Fig.1. Representative values (M]/mbs/day) of heat production from diet (HPdiet: MJ/mbs/
energy flows from the metabolic enegy day) markedly rose to 0.95 from 0.73 (average

allowance to milk yield, body retention and 0.86) , rose in June, August and from November

heat production. The values in parentheses

are the converted rate (%) of energy from to February (0.90~0.95), and decreased from

the metabolic energy allowance to each April to June and in again September (0.73~0.
item. 81).

The gross energetic efficiencies (GEE) for
milk, for body retention and for heat production were in the range of 28~34%, 1~9% and 57~71%,
respectively, and those were 31%, 4% and 65% on the averages, respectively. The changes in energy
corresponded with those in each gross efficiency. In April and May, however changes in efficiency
for milk were high (32% and 34%, respectively), in comparison with changes in the energy for milk.

The same seasonal change emerged between the metabolic energy allowance and the milk
energy of feed origin from September to March. The heat production increased from July to
November except in September, and decreased from March until June. Those changes corresponded
with changes in energy allowances during those periods.

The utilized efficiency of the feed metabolic energy for milk (k1) can be presumed from the study
of Coppock et al.? and Flatt® by the following formula.

kl=Ydiet / (MEa—MEm—MEg), (7)
where Ydiet is the milk energy from diet, MEm is a metabolic energy requirement for maintenance
and MEg is its requirement for body retention.

Since ARC® makes [0.95 - k1] of the utilized efficiency of the feed metabolic energy for a cow’s
body retention (kf), MEg can be shown by the following formula.

MEg=REdiet / kf=REdiet / (0.95 - k1), (8)
where REdiet is body retention energy from diet. By substituting formula (8) into formula (7), the
authors expressed the utilized efficiency of the feed metabolic energy for milk (kl) by the following
formula.

k1= (0.95 - Ydiet+REdiet) / {0.95 (MEa—MEm)} 9)
The authors substituted the representative values (Fig.1) derived from the above analysis into MEa,
Ydiet, REdiet in formula (9), and then supposed the value of 0.5265 as MEm (MJ/mbs/day) of the
dairy cow™®. As a result, the utilized efficiency for milk (k1) was shown as the following numerical
value.

k1=0.5857

Table 1 indicates the regression formulas between the metabolic energy allowance, which is an
independent variable, and the energy of milk, body retention and heat production. The formulas,
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being correlations, showed the relations of posi-
tive straight lines. The metabolic energy allow-
ance was involved moderately in the changes in
milk energy (r=0.48, p<0.001) and heat produc-
tion (r=0.63, p<0.001), but no significant
involvement was found with the change in body
retention energy (r=0.09, p>0.05). Moreover, no
gross efficiency was found to depend on the

Energy balance (MJ/mbs/da

17273747576 778'9710'11'12 metabolic energy allowance (r=0.02~0.17, each
0 p>0.05).

70 The authors presented the relations between
60 W air temperature, which was an independent vari-
50 able, and metabolic energy allowance or individ-
40
30
20
10

ual gross energetic efficiency in Table 2 and in

M’O\.—’—MQ\. Fig.3. The result was that no relation was shown

between air temperature and metabolic energy

allowance. The efficiencies for milk, body reten-

Gross energetic efficiency (%)

172 3747567 89 10 1113 tion and heat produc.tlon were described in the
Month parabola to the environmental temperature as

Fig.2. The seasonal change in energy balance and ~ S€€N in Fig.3. The authors, therefore, arrived at

the gross energetic efficiency in a dairy cow the formulas in Table 2 by applying these data to
herd. The top line graph shows metabolic quadratic equations. Those equations showed
energy allowance, milk yield, body retention  gome reliable correlations (r=0.26, 0.38 and 0.37;

and heat production fromf;ﬁet' The bot}tlom p<0.05, <0.001 and <0.001, respectively). The
one Is gross energetic etficiency to these efficiencies for milk and body retention increased
energy factors.

ME with air temperature from the low 'temperature
allowance ¥ Milk vield to 15~20°C, and decreased under the temperature
Body _, [Heat above it. Those for heat production showed a
retention production trend opposite to those for milk and body reten-
tion.
DISCUSSION

For increasing milk yields in December, January, April and May when the low yields were
shown, the metabolizable energy intake and its efficiency must be improved by some methods, such
as a diet allowance of a high metabolic rate and high palatability. The decreases in milk energy
yields from diet in January and December are due to the declines in the metabolic energy allowance
and its efficiency for milk. The milk energy (MJ/mbs/day) in April and May was 0.40 and 0.43,
respectively. Those values are close to the total average (0.42), but the gross energetic efficiencies
were 32.2% and 34.0%, respectively, which were higher than the total average of 31%. The metabolic
energy allowances (MJ/mbs/day) in the terms were 1.26 and 1.27, which were lower than the total
average of 1.34. Moran® showed that the metabolic energy intakes of dairy cows in winter and spring
were the highest of the year. He also showed that FCM yields per metabolic energy (energetic
efficiency) were high in spring (0.139) and low in winter (0.121). Brody!® pays attention to the rise
in milk production in May. Shibata and Mukai'V showed that cow’s TDN intakes in November,
January and March were high (more than 11 kg) for the year. They also observed that the intakes
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Table 1. Correlation between energy balance and metabolic energy allowance

No. of
data Formula r=
Milk yield
observed (MJ/mbs/day) 107 0.3206 - MEa+0.0092  0.5560 o
from MEa (M]/mbs/day) 107 0.3151 - MEa—0.0052  0.4804 rEx
GEE (%) 107 0.9553 - MEa+29.832  0.0217 NS
Body retention
observed (MJ/mbs/day) 107 —0.0530 - MEa+0.1010  0.0733 NS
from MEa (M]/mbs/day) 107 —0.0460 - MEa+0.1181  0.0937 NS
GEE (%) 107 —6.5595 - MEa+13.073  0.1715 NS
Heart production
from MEa (MJ/mbs/day) 107 0.7312 - MEa—0.1130  0.6305 *Ex
GEE (%) 107 5.6043 - MEa+55.095  0.0806 NS

MEa: Metabolic enegy allowance (MJ/bs/day), GEE: Gross energetic efficiency (%), r: Correlation coeffi-
cient. ‘Observed’ is the actual produced energy. ‘From MEa’ is the energy coming from metabolic energy in
the diet. Level of significance: ***P<0.001; NS: Not significant

Table 2. Correlation between environmental temperature and metabolic energy allowance or
gross energetic efficiencies.

No. of
data Formula r=
MEa (M]/mbs/day) 107 —0.0012 - Temp+1.3188 0.0752 NS
GEE (%) for
milk yield 107 —0.0234 - Temp?+0.7295 - Temp—+27.1555 0.2570*
body retention 107 —0.0254 - Temp?+0.8498 - Temp—0.7654 0.3792***
heat production 107 0.0488 - Temp?—1.5793 - Temp—+73.6098 0.3691***

MEa: Metabolic enegy allowance (MJ/mbs/day), GEE: Gross energetic efficiency (%),

Temp: Air-temperature (C), r: Correlation coefficient, Level of significance: ***P<0.001; *P <0.05;

NS: Not significant.

in June and August were a low 9.50 kg and 9.58 kg, respectively. These reports suggest that the above
mentioned improvement is effective.

As for the values of the gross energetic efficiency for milk, Naitoh et al.!? showed a value of
25.99%; Hashizume'® arrived at values from 28.3 to 32.3%. The authors have also gotten trial values
of 30.5~34.1% and 32.2%, respectively, by using data of Coppock et al.V and Flatt®. The value of
31.19% in this paper approximates all the above values except that of Naitoh et al.'®.

At present, regression analysis is generally used for estimating of the utilized efficiency for milk
(kl), in which the dependent variables are for milk energy and the independent ones are for metabolic
energy allowance. Since the energy data in this research was not derived from an experimental
program, the dispersion of data was great; the range of variation in metabolic energy allowances was
small. Regression analysis, therefore, could not be used. Thus the authors obtained the value of kl=
58.6% by supposing that the value of the maintenance requirement (MEm: MJ/mbs/day) in the
formula (8) was 0.5265, and that the compensation at increasing weight was obtained as in formula
(3). Coppock et al.V calculated the value of kl=54~65% by the same method, where MEm was
supposed as 0.55 and the compensation value to the gain of body weight was 1.61. However, the
values derived by using this method will change with changes in the establishment values of the cow’s
maintenance requirement, as can be seen in the study of Flatt®. The maintenance requirement used
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100 in our research (0.5265 MJ/mbs/day) is calcu-
90+ lated by multiplying the supposed fasting metab-
. olism (0.39 MJ/mbs/day) by the value of 1.35.

This method accords with the thought of Blaxter
concerning the relations between fasting metabo-
lism and maintenance requirement”.
Hashizume® referred to the difficulty in measur-

ing directly the maintenance requirement of

Gross energetic efficiency (%)

° ‘0,' LIS S e, '. ) ;: dairy cows, and then showed the values of 0.36, 0.

30 'MW 39 and 0.40 as the fasting metabolism. By using

20 “:. PR A e T e regression analysis, Moe et al.'® showed the

ol . ’_ " 2 "% -'=' . values of k1=54~659, and Sekine et al.? expres-

. o e sed the value of k1=599 as the utilized efficiency

0 '0 c 10 - 15 20 e 30 for milk. These values approximate the value of
Air-temperature (‘C) 58.6% in this paper.

Fig.3. The relationship between enbironmental The relations between air temperature and

temperature and gross energetic effi- metabolic energy allowance could not be shown
ciencies. The gross energetic efficiency is  in this paper (Table 2). One explanation for this
the comverted rate (%) from metabolic may be that the metabolic energy allowances in
energy allowance to milk yield, body reten-
tion and heat production. These efficiencies
describe parabolas to the air-temparature.
® Milk yield = Body retention 4 Heat production

winter and spring were smaller than the possible
intakes of the observed dairy cows. This is
because a dairy cow’s intake generally decreases
in summer, and we did not calculate such counter-
measures to heat as air conditioning, sprinkled water or feed of high quality.

Air temperature has some influence on gross energetic efficiency. At high temperatures, the
efficiency for heat production rose, and those for milk and body retention decreased. Shibata et al.
showed that the heat production of dry'® and dairy cows*!® rose under high temperatures. Further-
more, the same holds true of decreasing gross efficiency for milk at high temperatures. These reports
correspond with the trends for gross energetic efficiencies for milk yield and heat production in
summer in this paper. Our results confirmed their suggestion'® that the rate of metabolic energy
converted to body system, not to milk, at high temperature increased more than that at the suitable
temperature.

In cold temperatures, the gross energetic efficiency for milk and body retention decreased.
Shijimaya et al.'*'® carried out two examinations of dairy cows exposed to cold conditions, and they
got two different results as follows. One decreased the efficiency of milk production under cold
conditions, and the other raised it. Thus, clarification of this point awaits further study.
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