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ABSTRACT

This study was undertaken to determined the metabolizable encrgy of cereal by the different
method. Raw or cooked cereal foods were freeze-dried and fed to Sprague Dawley rat with
200 - 300g body weight to measure apparent metabolizable energy(AME) values and nitrogen-
corrected AME(AMEn) values for four days after three days of preliminary. period for a-
daptation to the diets. The AME values of Karaeddok, raw rice, cooked rice, raw brown rice,
cooked brown rice, raw glutinous rice, cooked glutinous rice, raw barley and cooked barley ap-
peared 4516.1, 3380.6, 4092.2, 3992.2, 4072.2, 3457.0, 4448.9, 2929 4 and 3780.2kcal /kg
dry matter, respectively. The AMEn values of Karaeddok, raw rice, cooked rice, raw brown rice,
cooked brown rice, raw glutinous rice, cooked glutinous rice, raw barley and cooked barley ap-
peared 4421.5, 3349.6, 4160.0, 3918.7, 4039.3, 3572.0, 4552.5, 3009.9 and 3873.4kcal /kg
dry matter, respectively. A slight difference was observed when the AME values of the cereals
measured in present study were compared with the energy values calculated by various conv-
ersion parameters such as Atwater's, Rubner's, Sochun’s and FAO's, indicating that the latter

energy values by all conversion factors are acceptable for several cereals. (Korean J Nutrition
29(1) : 50~58, 1996)

KEY WORDS : apparent metabolizable energy(AME) - nitrogen corrected apparent meta-

bolizable energy(AMEn).
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Table 1. Food items selected to measure energy values
) Food items Cooking condition : Producer or product name
A(Rice, R)” THE )RS AAT F vralste] AHS A (ha)
. 3 F A8 th&, 500g Aukn]/0.7L A &4 o
2} Rice) = w3 408 ez e o k) (3
)2 39 FAF F RATES Yoz .
7}#) 8 (Karaeddok) o) 4 A % v A gk (3 2)
@m](Brown rice, R) E38 01222 AAY F vhste] ALE o 154
5 ; 39 FAE g, kg AR/150 &S 20
& u] v Brown rice) - G 458 A2 B th B 34t
A (Glu. rice, RYY £39 o|2AL AAF T vl st /\}__g_ o B A
. ] 2 ]_ o A —
Z29HGlu. rice)” iﬁlzﬂ% S—g“—’é’;}kg AN 5L H ST o) B2 a®
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R yHE, Barley, cut-polished) S st 7 }Oaﬂ‘}_ kg AN 5L ARFS =ara®
1) R=Raw, R A7} gl&= A 8+ cooked sampled]. A& JaponicaF & AHE S 2) Glutinous rice.
Table 2. Proximate analytical values of the food items
Items Moisture  Crude protein  Crude fat Crude fiber  Crude ash  Nitrogen free e.”
%

Cooked”
Rice, well-milled 11.97 6.68 - 0.68 0.15 80.52
Karaeddok 12.63 7.41 0.03 0.62 0.71 78.60
Brown rice 12.16 8.15 2.08 1.28 1.28 75.05
Glutinous rice 12.71 8.00 0.30 0.57 0.28 78.14
Barley, cut-polished 12.82 9.30 0.26 0.78 0.56 76.28

Raw .
Rice, well-milled 14.28 7.22 0.46 0.36 0.62 77.06
Brown rice 13.62 8.58 1.84 0.70 1.19 74.07
Glutinous rice 14.17 6.87 0.57. - 0.44 77.95
Barley, cut-polished 11.50 9.75 0.73 0.73 0.88  76.41

1) Nitrogen free extract. 2) All cooked food items were freeze-dried after cooking.
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Table 4. Proximate analysis of experimental diets
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jibhai®®] %ﬁ‘ﬂc}‘ﬂﬁi B )
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Table 3. Formulation of experimental diets
Ingredients Basal diet Test diet
%
Foog item" - 30.0
Corn 76.4 46.4
Soybean meal 7.0 7.0
Wheat bran 4.0 4.0
Corn oil® 10.0 10.0
Limestone 0.2 0.2
Dicalciumphosphate 1.7 1.7
NaCl 0.1 0.1
Premix” 0.6 0.6
Total 100.0 100.0
Analytical values
Crude protein, % 11.33 -
Crude fat, % 14.56 -
Crude fiber, % 3.05 -
AME, kcalkg 3729.00 -

1) Refer to food items in Table 1.

2) Stabilized by adding BHT(Chungang Chem. Co. Ltd,
Korea Seoul) at a level of 0.0125% of the oil.

3) Vitamin and mineral premix supplied followings per
kg diet : Vitamin A 40 L.U., Vitamin D; 10 L.U., Vi-
tamin E 60 LU., Vitamin K; 8mg, Vitamin B, 1mg,
Panthothenic Acid 1.2mg, Niacin 3.2mg, Fe 6mg,
Mn 10mg, Cu Tmg, | 120ug, Zn 4mg.

Experimental diets Moisture  Crude protein  Crude fat ~ Crude fiber ~ Crude ash NFE"
%
Cooked
Rice, well-milled 10.60 1033 14.25 2.35 3.83 58.64
Karaeddok 9.64 10.66 15.28 2.26 3.69 58.47
Brown rice 9.44 10.91 14.45 3.32 4.12 57.76
Glutinous rice 13.80 10.97 14.84 2.62 3.78 53.99
Barley, cut-polished 9.02 11.44 14.61 2.70 3.89 58.34
Raw
Rice, well-milled 11.91 9.36 11.73 2.28 3.55 61.17
Brown rice 11.72 10.23 12.55 3.42 4.08 58.00
Glutinous rice 11.99 9.15 11.70 2.29 412 60.75
Barley, cut-polished 11.01 10.13 11.97 2.33 3.60 60.96

1) Nitrogen free extract.
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(GEfxX) - Yef

Feed Intake(kg)

AME : Apparent Metabolizable Energy(kcal/kg)
GEf: gross energy per kg test diet(kcal/kg)

X : feed intake(kg)

Yef : excreted gross energy(fecal energy +urinary energy)

AME (kcal/kg) =

AME per gram test ingredient =
AME per gram Test diet—
AME per gram Basal diet

0.3

AME per gram Comn+

AMERn per gram test ingredient =

Total N consumed —Total N excreted
AME - 7.82%( )
Feed consumed

782 AAHAAS keal/g urea nitrogen
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Table 5. Body weight change, dietary intake, gross energy intake and nitrogen intake of rats during the balance study”

Dietary groups® Body weight Intake
v 8Toup Initial Change Feed Gross energy Nitrogen

——————— g/rat ——————- g/rat/ddays kcal/rat/4days mg/rat/ddays
Basal diet 231.1 + 31.2 75+ 25 53.77 + 8.44 273.4 + 435 1163 + 144
BD+Rice, R 2654 + 31.8 11 +04" 5376+ 5.70 258.7 + 27.3 1137 £ 145
BD+Rice, C 2323+ 223 13.7 +57° 5271 % 5.80 268.5 + 29.4 976 + 117
BD+Karaeddok 267.8 + 36.1 120+ 42" 4830+ 597 2423 +29.9 937 + 116
BD+Brown rice, R 254.1 + 334 111+ 27 6093 + 5.60 306.9 + 27.9 1130 + 103
BD+Brown rice, C 245.9 + 25.1 ~07+17° 6170+ 653 309.3 + 32.6 1020 + 107
BD+Glu. rice, R 231.9 + 59.1 15.9 + 2.1° 4565 + 12.60° 2213 + 61.2° 754 + 229
BD+Glu. rice, C 269.4 + 23.1 ~37+01" 5761+ 618  302.7 +£32.8° 1174 + 127°
BD+Barley, cut-p., R 268.1 + 36.4 12+00° 5161+ 7.12 2433 + 335 940 + 129
BD+Barley, cutp., C 278.3 + 33.7 6.1 +44 5775+ 791 287.1 + 39.2 1165 + 174

1) Values are Means 4= SD, n=6.

2) R = Raw, C = Cooked, Glu. = Glutinous, cut-p. = cut-polished.

The grains were added at a level of 30% by replacing corn on a weight basis in the basal diet.
3) Within a group, values with different superscripts are significantly different(p < 0.05) by Duncan’s multiple range test.
4) Within a group, values with different superscripts are significantly different(p < 0.05) by t-test.



541792 3F9) oA g %)

£ folA7t A4,
2 TR FAUA HHF 2 A HAGE P4
£ oA Aol 4Bt o] BAH %

o) ghe A= vekort, AR A
MW 2o AR FUA A4HAG

2. & Aolo| Eof ofFt & olX| ujA
= A2 oX| SN Y L £

o) Exeol o Folluix] vjAd
A, A 4% 2 a4 F2FL Table 60l
20 F oyA wj S Als AHFT FouA]
Hisgh Jgo s veyton], ddvTa 44
P& wA ARl 71 WA ekt

o} ofx] FHF % FHEL o 85~87%
b kol A FelAt QA e Ax
FOR UETH HAH oz AEio] 87.9
EA, REiTo] 83.8%2 71 vHA| ouvA]
Hebg o sejio] vz TRy v

N
ko
|

3‘94 .
= b
_E

2 o X P~

o]

N

o
b
N

L= O TR ST
S
5Y

S5
e
oX.

-
o3t

o mi &R Hx
on -HN‘
odh
o ot
it

Lo

oo
9

T

AA .
ArSAFn £AE(%)L Wt (raw barley or
cooked barley)g 93 B8 oA ZTe] RA

uebgeh, dakitel M e A, AW A o2 ey
o Auiito] g B oF 18% WA £3
¥ Aoz vehdt} dn)Es e ARtk =
3 2ol A &89 Ao Yehgo} dujukzn
Adnzel e TAA Foake AAHA ekgron g
Fol|l M o] AT R 16.3% A%, B
A Begtol AR TRt 11% WA Vbt

dtH oz @ule= Wu)o] vl gl A Afa
Bo} Ashgo] Hojx|= Aoz A4 girk. £ 4
Sl M EHnlte] oA Edge] At Huhs
OF YERt o) A &4 dux £48 2
HEE B53 A Jebinh 2% Ao ]
/ol B7] it Ashgo] vu wlAe @
Fl7E7E golx)= o dejA gl
A= He|Fe] ATrr) x| Ealek
ol B oy A& A FHE) R
Bhtow, A A¥47E 71E Mg dvlteta
Zhre] #3e] vjA o] AT 71 =2 A
2 R,

38 Hartsooks'?2 2jo] gz A}
Zte] BAE FAFAE sl AY3F

le}

jo ob ¥ M o% o

= -~ b rlo i
T Y

&
i,

P T
i
TR

Table 6. Gross energy loss, nitrogen loss, energy retention and nitrogen retention of rats fed ingredients as mixed diet”

Loss Retention
Diet 2 i
Ielary groups el:r?ecrgly LeJrr]gragr;/ Fecal N Urinary N Energy Energy Nitrogen  Nitrogen
kcal/rat/ddays mg/rat/ddays kcal % mg %
Bacal dict 39.28 5.34 307 232 22878 837 623 52.9
+778  4+270 459 4+ 59  +3856 +14  + 90  + 49
. 32.38 208 299 237 22348 864 600 54.0
BD+Rice, R £400 +058  +37 4155 +£2576 +19  + 97 121
. 32.75 7.76 231 379 22797 849 366 36.0
BD+Rice, C £541 +3.09 435  +£162 +2940 +23  +202  +205
26.71 2.69 213 211 21292 879 512 54.0
BD-+Karaeddok +460  +099 =+ 31 + 96 42505  +09  +143  +124
. 38.74 423 251 282 26389 860 597 53.0
BD+Brown rice, R £202 +226  +11 £125 +2683 +12  +107  +100
. 4345 3.57 223 251 25225 848 547 53.3
BD+Brown rice, C +642 +139  +34  + 68 <2541 +10 4115  + 88
. 26.30 3.74 181 218 19125 864 354 40.1
BD+Clu. rice, R +787 +1.34 +47% £ 46 +£5431 £ 15 +197 4247
‘ 37.22 447 273 638 26098 862 263 23.8
BD+Glu. rice, C 1606  +254  +47°  +436 +3132  +22 439  + 330
3459 3.01 246 506 20564 845 188 21.2
BD+Barley, cutp., R §7%65  £128  4+39° L£140 2954 +31  + 76  +116
43.09 338 310 498 24062 838 358 32.2
BD+Barley, cutp, C /55 301 +47  +£302 +£3945 436 4219 210

1) Values are Means + SD, n=6.

2) R=Raw, C = Cooked, Glu. = Glutinous, cut-p. = cut-polished.
The grains were added at a level of 30% by replacing corn on a weight basis in the basal diet.
3) Within a group, values with different superscripts are significantly different(p < 0.05) by t-test.
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Table 7. Estimation of apparent metabolizable energy(AME) and nitrogen-corrected AME(AMER) contents of the various

grains added to the basal diet”

Diet 2 Dietary Single ingredients
Ietary groups AME AMER AME AMER
kcal/kg

Basal diet 42482+ 72.0 41775+ 64.0 - -
BD+Rice, R 41496 + 89.0” 4085.4 + 81.1° 3380.6 + 296.6° 3349.6 + 270.2°
BD-+Rice, C 4317.1 £ 117.2° 42834 + 83.3° 4092.2 + 390.5° 4160.0 + 277.6°
BD+Karaeddok 44115 + 44.8° 43296 + 53.5° 4516.1 + 149.2° 44215 + 178.3°
BD+Brown rice, R 43263 + 609 42495 + 68.8 3992.2 + 203.0 3918.7 + 2293
BD+Brown rice, C 42548 + 50.7 4179.4 + 549 4072.2 + 168.9 4039.3 + 183.1
BD+Glu. rice, R 41754 + 72.0°° 41549 + 97.2° 3457.0 + 240.1° 3572.0.+ 324.1°

BD+Glu. rice, C 4521.2 + 112.6°

39825 + 146.0°
4153.2 £ 177.2°

BD+Barley, cut-p., R
BD+Barley, cut-p., C

4483.4 + 105.4°

3952.4 + 151.8°
41159 4+ 192.9°

44489 + 375.5° 4552.5 + 351.4°

3009.9 + 506.0°
3873.4 + 643.0°

2929 4 + 486.6°
3780.2 + 590.7°

1) All values were expressed as Mean + SD.

2) R=Raw, C = Cooked, Glu. = Glutinous, cut-p. = cut-polished.
The grains were added at a level of 30% by replacing corn on a weight basis in the basal diet.
3) Within a group, values with different superscripts are significantly different(p < 0.05) by Duncan’s multiple range test.

4) Within a group, values with different superscripts are significantly different(p

< 0.05) by t-test.
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Table 8. Comparison between AME values of single ingredients in this experiment and the calculated values by various
energy conversion factors

Single ingredients” AME by this experiment by Rubner” by Atwater” by FAQ? by SoCheun”
kcal/kg
Rice, well-milled, R 3380.6 4118.8 4018.0 4112.6 39119
Rice, well-milled, C 4092.2 4093.0 3993.2 4094.1 3885.8
Karaeddok 4516.1 4068.5 3969.2 4066.8 3861.7
Brown rice, R 3992.2 41543 4051.4 4128.9 3951.4
Brown rice, C 4072.2 4163.4 4060.1 4137.4 3961.8
Glutinous rice, R 3457.0 4113.5 4012.7 41071 3907.9
Glutinous rice, C 44489 4104.7 4004.4 4098.5 3896.9
Barley, cut-polished, R 2929.4 4102.1 4001.5 3903.1 3894.8
Barley, cut-polished, C 3780.2 4089.2 3989.2 3895.1 3880.4

1) R =Raw, C = Cooked.

2) Rubner's energy conversion factors are 4.1, 9.3, 4.1kcal/kg for protein, fat, carbohydrate, respectively.

3) Atwater's energy conversion factors are 4, 9, 4kcalkg for protein, fat, carbohydrate, respectively.

4) FAO's energy conversion factors are 3.87, 8.37, 4.12kcal/kg for protein, at, carbohydrate, respectively in rice, karaed-
dok, brown rice, glutinous rice, 3.55, 8.37, 3.95 in barley.

5) SoCheun's energy conversion factors are 3.8, 9.3, 3.9kcal/kg for protein, fat, carbohydrate, respectively.
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Fig. 1. Comparision relatived percentage values between AME values of single ingredients in this experiment(100%)
and the calculated values by various energy conversion factros.
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