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Comparative Study of Methods Available for the Evaluation of the Energy

Value of Feeds

Yarn Kananurakl and G.S. Sidhu2

The efliciency of livestock produc-
tion depends on the adequate supply of
energy, protein and other essential nut-
rients. Out of these, energy and protein
constitute the most significant dietary
essentials both from the standpoint of
efficiency of production and economics.
Since all the major organic nutrients
contained in the feed are capable of
supplying energy, therefore, the energy
basis for
expressing the nutritive value. It has
been rightly pointed out by Huffman
and Duncan (1945) that the deficiency
of energy is the primary cause of low
productivity in livestock. Compared
with this, deficiencies of vitamins and

value provides a common

minerals, though important, occupy a
secondary place.

The need for having feeding stan-
dards based on eunergy requirements of
livestock and energy value of feeds has
been stressed by a number of workers
in recent years (Beeson, 1958; Blaxter,
1962; Harris, 1963). The Animal Nutri-
tion Committee of the United States
National Research Council have also
expressed a desire to give energy requi-

rements of livestock in terms of calories.
For determining gross energy of feeds
and feces the bomb calorimetry is usuaily
employed. Although this method gives
results with high accuracy, yet it is time
consuming and requires expeusive equip-
ment aud technical skill. The energy
values calculated from chemical composi-
tion of feedstuffs are approximats and
variable. Recently O'Shea and Maguire
(1962) have described a method based
on the oxidation of organic contents of
feedstuffs- and feces with chromic acid
for the determination of gross energy
values of these materials. This method
was compared with conventional methods
for its accaracy for determining energy
value of common feedstuffs, because it
possesses definite advantages over other
methods,

MATERIALS AND METHODS

A wide variety of feedstuffs were
collected from different sources. The
concentrate feeds were sampled, ground
and passed through a sieve having 10

mesh per cm. The green forages such
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“Jowar” (Andropogon sorghum), ‘““Bajra”

(Penisetum  purpuriophoedes),

(Penisetum typhoidium) and alfalfa (Meds.

cago sative) were cut at three stages of
their growth, 1i.e., before flowering,
flowering and milk stage. These forages
were chopped, mixed, dried at 105°C in
an air oven and ground in the same
manner as concentrate feeds.

The feedstuffs were analysed for
moisture, crude protein, ether extract,
crude fibre, ash and nitrogen-free extract.
The methods used for the analysis were
those recommended by A.0.A.C. (1960)
with the exception of crude protein which
was estimated by the method of Mcken.
zie and Wallace (1954).

For the determination of gress
energyv value the following three methods
were used.

1) Combustion in bomb calorimeter
as described in the technical
manual . No. 130 of Parr In-
strument Company (1960).

2) Oxidation with chromic acid as
reported by O’Shea and Maguire
(1962). In this method the
organic compounds in feedstuffs
are oxidized with chromic acid.
Rozental (1957) found that while
carbohydrates and fats were
quantitatively oxidized to carbon
dioxide and water, in most cases
the protein was not quantitatjvely
oxidized, due to the formation
of nou-oxidized nitrogenous end
products. The oxidiation coeffi-
cients calculated by dividing

the amount of 1.5 N. potassium

dichromate used with the gross
energy in kcal, were found to be
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negatively correlated with the
quantities of protein in feeds.
Working on the above concept,
O’Shea and Maguire (1962)
showed that the oxidation coefh-
cient (C) of feeds may be calcu-

lated from the equations:

C =23.39 ~0.069 P40.000226P2
when the amount of ether
extract was less than 10 percent,

and

C-24.02-0.1055 P2 when
the ether extract was more than
10 percent, where P is the
percentage of protein in feeds.
The gross energy value was
calculated by dividing the mil-
liliters of 15 N. potassium
dichromate used, with the oxida-

tion coeflicient.

3) Calculation from composition
of feedstuff: _
The protein, ether extract and’
carbohydrate in one gram of
material were multiplied by
factors of 56, 9.3 and 4.3
respectively and added up to
obtain the gross energy value

(Crampton, 1956).
RESULTS

The average percentage composition

of feedstuffs taken up for study is given
in Table 1.
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Table 1. Average percentage composition of experimental Feedstugrs (each value

represents an average of duplicale delermination on dry maiter basis)

*Crude Ether *Crude N itrogen

No. Feeds protein extract fibre  .free Ash
percent percent percent extract percent
percent

Green forages

1. EBs (before flowering) 7.95 2.23 31.47 42.61 15.74
2. —— (flowering) 3.98 1.95 33.57 51.05 8.34
3. —— (ripe stage) 2.19 0.64 37.36 51.46 8.34
4. Jowar (before flowering) 7.31 2.25 32.37 51.13 6.94
5. (flowering) 5.71 1.38 37.09 50.09 6.73
6. (milk stage) 2.82 1.09 40.56 50.69 4.84
7. Bajra (before flowering) 9.30 2.63 32.98 41.07 14.02
8. (flowering) 7.39 2.12 34.39 44.83 11.27
9. (milk stage) 5.44 2.05 31.11 54.25 7.15
10. Alfalfa (before flowering) 24.61 2.13 36:32 27.76 9.18
11 (flowering) 19.39 1.39 28.63 41.61 8.44.
Dry roughages
12. Rice straw 3.68 1.31 38.61 37.05 19.35
13. Wheat straw 2.46 1.52 45.88 40.94 9.20
Concentrates

14. Broken rice 8.40 1.41 0.64. 88.01 1.55
15. Corn meal 10.86 513  2.23 80.22 1.56
~ 16. Bajra grain 13.59 5.60 1.89 76.62 2.40
17. Rice polish 1083 11.03 10.88 5852 874
18. Wheat bran 16.73 4.86 9.47 62.51 6.43
19. ‘Gram husk 464 020 4825  39.79 712
20. Cotton seed cake 26.81 6.54 36.75 23.60 6.30
21. Sarson oil cake 3642 11.40 10.79 30.89 10 50
22. Groundnut cake 46.07 8.12 10.82 29.32 5.67
23. Corn gluten meal 43.07 4.49 3.68 46.96 1.80
24. Meat meal 45 27 9.91 2.56 29.32 12.94
25. Fish meal 62.16 10.58 1.17 8.10 17.99

* The values represent average of three determinations.



“Table 2. The comparison of gross encrgy values of feedstuffs measured by different methods and the relationship of organic

matter to the quantity of chromic acid used for ozidalion

Gross energy value Kcal/y material ~ Percent difference Organic Dichromate
Feedstuff By bomb-  Calculated By chromic between between matter (.5 ) used
» calori from chemical acid 3&4 3&5 in dry to oxidizefg
-meter composition oxidation matter of oven dry
(percent) feed (mD
1. 2. 3. 4. 5. 6. 7. 8. 9.
1. (before flowering) 3.800 3.838 3.805 1.00 0.13 84.26 88.06
2. (flowering) 4.192 4.043 4.151 3.55 0.98 91.66 95.98
3. (ripe) 4.165 4.001 4.175 3.94 0.24 91.66 97.05
4. Jowar (before flowering) 4.245 4.210 4.271 0.82 0.61 93 06 97.79
5, — (flowering) 3.969 4.197 3.972 5.74 0.08 93 27 93.85
6. —— (milk stage) 4.242 4.181 4.167 1.60 1.93 95.16 95.09
7. Bajra (before flowering) 3.877 3.949 3.863 1.86 0.36 85.98 87.90
8 — (flowering) 4.131 4.017 4.043 2.76 2.13 86.73 92.51
9.

_— (milk stage) 4.282 4.165 4.287 273 0.12 92.85 98.70



10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.

Alfalfa (before flowering)

Rice straw
Wheat straw
Broken rice
Corn meal

Bajra grain

Rice polish
Wheat bran
Gram husk
Countton seed cake
Sarson cake
Groundnut cake
Corn gluten meal
Meat meal

Fish meal

(flowering)

4.475
4.388

3.650

4.247
4.488
4.577
4.650
4.682
4.670
3.936
4.661
4.992
5.140
5.184
4.851
5.379

4.331

. 4.265

3.581

4.010
4.414
4.629

4.654
4.617
4.484
4.064
4.705
4.892
5.061

5.008
4.828
4.869

4.464
4.382
3.655
4.246
4.257
4.636
4.739
4.654
4.720
3.925
4.485
5.058
5.099
5481
4.978
5.370

3.22
2.80
1.89
5.58
1.65
1.14
0.09
1.39
3.98
3.25
0.945
2.00
1.54
3.40

10.47

9.95

0.25
0.37
009
0.02
5.30
1.28
1.92
0.80
1.07
0.28
3.76
1.32
0.80
5.90
2.64
0.17

90.82
91.56
80.65
90.80
98.45
98.44
97.60
91.26
83.57
92.88
93.70
89.50
94.33
98.20
87.06
82.01

97.47
96.63
84.47
98.68
96.72
105.20
106.60
111.50
105.30
90.53
97.34
106 30
105.40
114.20
92.34
107.80
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It could be observed from the
data in Table 1 that crude protein,
ether extract and ash showed a general
tendency to decrease as the green forages
approached maturity while the crude fibre
tended to increase. Variable values were
obtained with respect to nitrogen-free
extract, though it showed a tendency to

increase with maturity.

The gross energy values of the
feedstuffs as measured by the three met-
Table 2.

The statistical analysis of the
data in Table 2 showed that:

hods, are summarized in

1. The gross energy values as
calculated from the chemical composition
were significantly different from those
determined with bomb calorimeter, the
“value” (2.661) obtained from the data
being higher than the “t.value” (2.064)
at 5% level.

2. The difference between gross
energy values as determined with chromic
acid oxidation and bomb calorimeter
were not significant.

3. The organic matter content
of the green forages and roughages was
positively related with the quantity of
1.5 N. potassium dichromate used, cor-
relation coefficient of 4-0.819 indicating
a very close relationship between the two
However, in the concentrate
feeds no such relation was observed
(r = 4+0.0417). This could be due to
greater variation in ether extract and
protein contents in different concentrates.

characters.

DISCUSSION

The values given in Table 2, on
the composition of different feeds lie
within the range of values reposted by
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Sen (1951).

exceptions.

However, there are a few
The lower values obtained
in bajra for crude protein during the
present investigation than those reported
in literature may be due to the varietal,
manurial and climatic differences, and
the variations in the exact identification
of stages at which the crop was analysed.
This may also be the case with values
obtained for other feedstuffs.

Data on the gross energy values
of feedstuffs available is not extensive.
The gross energy values, 5.140, 4.670,
4.247 & 3.650 kcal/g have been
obtained by bomb calorimeter. These
compare very favorably with the values
of 5.374, 4.255 & 3.843 reported by G.S.
Sidhu (1961, personal communication)
for the same feedstuffs.

It is obvious from the data in
Table 2 that the gross energy values as
determined by chromic acid oxidation
are comparable with those obtained by
combustion in the bomb calorimeter’
which -is considered to give accurate
On the other hand the values
calculated from proximate composition
of feedstuffs (Table 2) are different from
those obtained by bomb calorimeter.
This shows that reliance can be placed
on the chromic acid oxidation method

values.

for determining gross energy value of
common feedstuffs. (’Shea and Maguire
(1962) have shown that the gross energy
value of sheep feces can also be deter-
mined accurately with this method and
it is reasonable to believe that the same
will hold true for the feces of cattle.
In that case, chromic acid oxidation
method can provide a simple and relia-
ble technique for determining the diges-
tible energy of feeds. This “method,
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however, connot be used for an accurate
determination of gross energy value of
urine, since urea which is its main par-
tially oxidized nitrogenous compound, is
completely unaffected by chromic acid.
Hence for the determination of metabo-
lizable energy of feed, an estimate of
the energyoloss through urine may be
arrived at by using the accepted figure
of 2.17 times number of gram of urinary
nitrogen while that through combustible
gases may be made by applying the
1949y

equation evolved by Axelsson

Ys - 1083 X20-038
methane energy in keal, and X3 - diges-
ted carbohydrates in kg. By using
these calculations, it may be possible
to obtain a fairly accurate estimate of
the metabolizable energy value of dif-
ferent feedstuffs using chromic acid oxi-
dation method.

in which Y2 =

SUMMARY

Two methods for-the determina-
tion of gross energy value of a number
of cattle feeds, viz., oxidation with chro-
mic acid and as calculated from the chemi-
cal composition were compared with the
standard method of bomb calorimeter.

The chromic acid oxidation me-
thod, after applying a correction due to
incomplete oxidation of protein,
which were not

gave
gross energy values
different statistically from those obtained
by the bomb calorimeter while the values
obtained by calculation from chemical

composition were different.

It has also been suggested that
the chromic acid oxidation method could
be used for the determination of gross

energy values of feed in place of the bomb
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calorimetry with convenience and advan.
tage.

A close relationship was found
io exist between the organic matter con.
tent of dry roughages, forages and the
quantity of chromic acid used for oxida-
tion, while no such relationship was
observed in the case of concentrates
presumably due to their having greater
variations in protein and fat contents.
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Increasing viélds of alfalfa with NPK in Iran

2740
@ Yield of control t/ha 188
- Increase overcontrol tha - 3082 3.91
=3} of vield increase X
Rials/ha
n ; n ' ) ' . 1
N Urea 0 B 15
P,05 Triple Superphosphate ] 45 45
K0 Potassium Sulphate 0 0 45






