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Abstract

This experiment was conducted to study effects of different sources of protein,and of the dif-
ferent combination ratios of the two protein supplemented or unsupplemented with methionine on
the growth and body metabolism of the growing male rats. Casein and isolated soyprotein(ISP) w-
ere combined at different ratios of 100 :0, 80 :20,50:50, 20:80 and 0 : 100 to supply the con-
stant levels of dietary energy and protein of 3,600kcal/kg and 20%, respectively. Each combination
was supplemented with either 0 or 0.3% methionine.

Results obtained in these experiments were summarized as follows:

The body weight and weight gain in the ISP diet were the lowest, but were increased with the
increase of ratios of casein to ISP. The body weight gain in the ISP diet supplemented with me-
thionine was similiar to that in the combination diets of casein and ISP. The combination diets of
casein and 1SP supplemented with methionine had the higher weight gain than the casein diet.

The food intake in the casein diet was the highest, and was increased with the increase of ra-
tios of casein to ISP, and was lowered with methionine supplementation. The food intake in the
ISP diet was the lowest and was not increased with methionine supplementation to the ISP diet.

The food efficiency ratio of the combination diets of casein and ISP was improved comparedto
those of either the casein or the ISP diets. The food efficiency ratio was improved in the diet
of either casein or ISP supplemented with methionine, but was not improved in the combination
diets of casein and ISP with methionine supplementation.

The gross energy intake had direct relation with the food intake of rats and .the relation was
increased either in the casein diet or with the increase of the ratios of casein to ISP. The energy
efficiency and protein efficiency ratios were improved in the diet of either casein or ISP by the
supplementation of methionine, and the effect of methionine supplementation on the energy efficie-
ncy and protein efficiency ratio was increased with the inc -ease of the ratios of ISP to casein

The nitrogen intake and urinary nitrogen excretion of the casein diet were the highest and th-
ose of the ISP diet were the lowest, They were increased with the increase of ratios of casein
to ISP. The nitrogen balance and retention were not significantly different among the treatments.

The gross energy intake and fecal and urinary energy were the highest in the casein diet but the
digestible and metabolizable energy and the digestibility and metabolizability of energy were not
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significantly different among the treatments.
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The body fat content of rats was increased by supplementation of methionine but the body protein
content was decreased(r=-—0, 65, p<0.01). The body fat content of rats was negatively correlated
with body moisture content (r=—0. 83, p<0.01). The liver weight was highly correlated with the
carcass weight (r=0.79, p<0.01), and was increased by the methionine supplementation and by the

increase of the ratios of casein to ISP.
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Table. 1. Formular and chemical compostion of experimental diets with different combination of proteins
supplemented with or without methionine(g/100g diet)

Casein:ISP(%)  100:0 100:0 80:20 50:50 50:50 20:80 20:80 0:100 0:100 0:100 0:100 5% Casein Protein
Met. (%) 0 03 0 03 0 03 0 03 0 03 06 09  +0.3%Met. free diet.
Ingredients:

Casein 3 B 116 176 11 11 44 44 0 0 0 0 5% 0
Isolated soyprotein 0 46 46 115 1L5 184 184 23 23 2 23 0 0
Starch % 47 508 55 505 502 502 499 50 497 494 491 69.0 75.4
Glucose 10 10 0 10 10 10 10 10 10 10 10 10 10 10
Soybean oil 5 5 5 5 5 5 5 5 5 5 5 5 5 5
a-Cellulose 6 6 6 6 ) 6 6 6 6 6 6 6 43 3.6
Vitamin mixture" 2 2 2 2 2 2 2 2 2 2 2 2 L6 2.0
Mineral mixture” 4 4 4 4 4 4 4 4 4 4 4 4 4.0 40
Methionine 0 03 0 03 0 03 0 03 0 0.3 06 0.9 0.3 0
Chemical composition:

Moisture 1.2 1147 112 1103 1L% 1L13 1L08 0% 1091 107 1066 1L®8 10.96 1Ly
C. fat 4B 1B 3D 4B 4B 446 421 4R 4B 44 506 515 38 367
C. protein 1970 198 1901 194 1919 1851 198 197 198 199 2075 2. 5% 0.06
C. ash 3B Ik W 3B 3L 3B 408 410 4B 400 4B 402 3z 440
C. fiber 3% 346 37T 3N 271 267 2 262 2B 24 28 210 L4 A
GE (keal/g)* 4135 421 419 4250 4233 4227 4U46 4241 4282 460 420 427 4,040 3. 856
ME (kcalkg) 3,557 35% 353 3522 35465 35% 3557 358 356 3N 354 358 3,558 359

1) Vitamin mixture (per 100g mixture) : Vitamin A, 50, 000IU; Vitamin D, 10, 000IU; Thiamin-HCl, 120mg;
Riboflavin, 400mg; Pyridoxine - HCI, 800mg; Cyanocobal amin, 0. 05mg; Niacin, 600mg, Choline, 20, 000mg;
Folic acid, 600mg; PABA, 500mg; Calcium pantothenate, 500mg; Inositol, 600mg ; Vitamin K, 520mg;
Vitamin E, 500mg; Ascorbic acid, 3,000mg.

2)Mineral mixture(per 100g mixture) : CaCO,, 29. 29¢;KH, PO, 34, 31g;NaCl, 25. 06g;MgSO, -7H,0, 9. 98g:
Fe(C4H;0,) -6H,0, 623mg;CuS0,,. 5H,0, 156mg;MnSO, -H, 0, 121mg; K], 0. 5mg; (NH,) Mo, 0, -4H, O,
2.5mg;CaHPO, :2H, 0, 0. 43¢

3)Determined by automatic bomb calorimeter
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Table 2. Weight gain(WG), food intake (FI), food efficiency raito(FER), gross energy (GE)intake, energy
efficiency and protein efficiency ratio (PER) of growing rats fed diets of different combinations
of protein supplemented with or without methionine.

Protein Initial Final Energy
combination 1na GE  efficienc
. . I y PER
Grow g "gp  ee weight  weigh FS Pl UFER inske (WG (g) /
(%) (%) (%) (g) {g) . (kecal/day) 100kcal)
1 100 0 0 79 244a* 5.9a 20.6a 0.29¢ 85a 7.0cd  1.5¢
2 80 20 0 77 2392 5.8a 16.2b 0.36a 68b 8.6a 1.9a
3 50 50 0 79 237a 5.6a 16.5b 0.34b 70ab 8.0ab 1.8ab
4 20 80 0 78 230ab 5.4ab  16.7b 0.32bc Tlab 7.5bc 1.6bc
5 0 100 0 78 206b 4.6b 15.8b 0.29¢ 68b 6.7d 1.4c
1 100 0 0.3 78 263a 6.6a 17.8a 0.37a 75ab 8.82a 1.9a
2 80 20 0.3 79 260a 6.5a 18.3a 0.36a 78a 8.3a 1.8a
3 50 50 0.3 79 246ab 5.9ab  17.0ab 0.35a 72ab 8.2a 1.9a
4 20 80 0.3 78 247b 6.2ab  16.6ab 0.38a 70ab 8.82 1.9a
5 0 100 0.3 80 234b 5.5b 15.7b 0.35a 67b 8.2a 1.8a
(L SD, 5%between group) 25 0.9 1.9 0.03 8 0.8 0.2

Effects of methionine supplementation without considering combination.

- - 0.0 78 231b 5.5b 17.2a 0.32b 85a 7.5b 1.6b
- - 0.3 79 2502 6.1a 17.1a 0.36a 75b 8.52 1.9
(LSD, 5%) 1 13 0.4 0.8 0.02 7 0.4 0.1

% Casein
% % Methionine
+Mean values with different superscripts are significantly different (p<0.05)

4] Es 2L FHEel K

2. faxR FFHFIXE -2 methionine BEI AR A= 744l
480 ENR-S #8sT 108 3 Aol WXL 7HA =9k 20 L 80 A XS sHAF ek o
2ol fBIEA 7 3 7 HEY RBEERS AA84E o (p<0.05) methioninefiFeel] 2|3t ERo| HEMH
b R £33k 2k 2 wolx ¢hobrh BMHEL MEERMIE =

methionine 7B B 7t lzt ATEEHES ¥ 2 5 EABEY BE&oly methionine®Feo] 93
oo BAHER o8 XRE v WKW E BESEE ek dxBEE T BEABES R
WRE BT siAc EHK st BEEARES B XA B R ol HEMAUA S o (p<
g ATEAH BHKA4A BIEHES 2o 0.05), KTEEHEBBKA oz Boke #HE
o KEEAHA 7¥ Y BAERES M Al ST (p<0.05), Zutel c}E ALHfde =
2 hEe o Hhsiodch(p<0.05). BRE KRS HEEE e gk or, methioninefliftel <
Rl E 22l methioninefiFo) o3k MK BE4 B ERE g
ERoll e Hiltke| s A wokot MFEEFS 5 sHAl st AT BEES R EEKS ¥ methion
Ho] BEFLHRC of TAL HREl|s}. HWERE inefiF HEJIZ REAE MK MHts E



(78) v

ookz" * 8\}0\_%

WS R AN G

Table 3. Wieght gain (WG), food intake (FI), food efficiency ratio (FER), gross energy(GE) intake,

and energy efficiency of rats fed diets of different combinations of protein supplemented
with or without methionine.
Protein Initial Final WG i ;“I N B _Energy effi-
Group combination weight weight (&/day)  (g/day) FER ciency (WG (g)
c* ISP M** @ ) gyl ey / 100kcal)
1 100 0 0 321a* 353a 4.6 24. 0a 0.19 4.55
2 80 20 0 297ab 331ab 4.9 21.7ab 0.22 6.72
3 50 50 0 310ab 340ab 4.3 21. 8ab 0.20 6.72
4 20 80 0 283b 312b 4.1 9.0b 0.18 6.00
5 0 100 0 285b 313b 3.9 20. 6ab 0.19 4.34
1 100 0 0.3 324a 354a 4.3 20. 3a 0.21 5.05
2 80 20 0.3 320ab 345ab 3.5 19. 2a 0.18 4.81
3 50 50 0.3 304abc 337ab 4.7 21.2a 0.22 6.19
4 20 80 0.3 307abc 337ab 4.2 21.8a 0.20 5.54
5 0 100 0.3 284c 310c 3.8 19. 6a 0.19 4.46
(LSD, 5%between groups) 31 40 NS 3.8 NS NS
Effects of methionine supplementation without considering protein combination.

- - 0.0 299 330 4.4 21.4 0.19 5.33
- - 0.3 308 337 4.1 20. 4 0.20 5.21
(LSD 5%) NS NS NS NS NS NS

* Casein

% % Methionine

+Mean values with different superscripts are significantly different (p<0, 05)
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Table 4 Apparent and true digestibility of nitrogen, biological value, true biological value and net
protein utilization of protein when diets of different protein combinations were fed to rats.
Protein Apparent True Biological True
Group combination digestibility digestibility value biological NPU
c* ISP M** (%) (%) (%) value(%) (%)
1 100 0 0 94 98 30.3 42.1 37.5 7
2 80 20 0 95 98 35.0 48.3 47.1
3 50 50 0 96 98 36.4 49. 4 48 .4
4 20 80 0 94 97 41.1 58.4 57.0
5 0 100 0 94 97 37.8 51.2 49.5
1 100 0 0.3 95 98 39.4 48.1 47.1
2 80 20 0.3 94 97 32.9 49.1 48.1
3 50 50 0.3 95 98 47.5 60.9 59.8
4 20 80 0.3 93 96 34.8 46.9 45.3
5 0 100 0.3 94 97 39.9 53.8 52.2
(LSD, 5 %between groups) NS NS NS NS NS
Effects of methionine supplementation without considering protein combination.
- - 0 94 97 36.1 49.9 47.9
- - 0.3 94 97 38.7 51.8 50.5
(LSD, 5%) NS NS NS NS NS

* Casein % % Methionine

A} methionine & fiFsh= Ao FMEEE, &R
EBR 9 x| 28RS o fakdoz s =
Heg Erel

T KGEAES 20% Ko WM H5aL
o Rk ¥ REER SRE sl ¥ 9 XE&
B'HE MBI obn]=Al HAR-S methionine ¢] 0.26
%0]32.2 methionine 2] BXE ERE™ 2 0.6%0=
A KiEslo 4 KEER MR SEHERE K
FTHAR a4 BE Y MEEE KTsydon,
BEBCE A A% 2 EHEREE =5 KT
ool 2y mREB Asls]= RBMERMR
£ methionine?] #iEF TR F o) 0.23%° 0|22 20
% K#Ee] AGEAHE BHEX methionine S8
ol B} LHualAl o MEo|u kR AL k3t
ETs o ik, o= o BAEHEL ke 4
Hol H—3 HEET Lo EREE Y ERK
< Al Q) KRt o L& FRE Bk ol
©— EAESY FAE HHEAEY H3l ERgY
o] ¥ Aol =le} delalclc Hegstedo} Neff
o] Ruels Usjske Agkelgich

RIWEAE o o3te 249 MEHY ATEAE
o kah KEES 20%14 30%2 WIMAIAE A&
olu} oluizal 9 HmEIE FIRLS W4 s= &
o, shAlglale] BEHES B D45 42
olv} ellfal B EEEe FAHES Z/h470
=3} 0. 3% methionine & #MFEH L oo o] FL %
RE 2oich ubd Bl sHAllz ATER
Hel #lKeldE & MES 2o ol
0.3% methionine 238 % o] o] T HES B
olx %glom 2 sidlelzl AEHEEHES BT
4lell methionine & ©] o] WFszA Uole EFL
Aoz B s

ol MKMWl v WAWRcl RE HEEL o
vho] B R EHEsbE ZHolw =& Aol 7ol
RE® EAHoIE A gtolu) x4l 8o ML A
L HENES EmAviddels BRSE o 53
FEREL H43TE dd5ke Al Hstd likEA
o] s KTFSE RS myach

3. MRk




(80) dtofa} - gl

mEHRAMBEE

Fable 5 Nitrogen balance and retention of rats fed diets of different protein combinations with or

without methionine supplementation.

Protein N Fecal Digestible Urinary N N
Group combination intake N N N balance retention

c* ISP M** (mg/day) (mg/day) (mg/day) (mg/day) (mg/day) (%)

1 100 0 0 748a 46, 6a 709a 492a 217 28.7

2 80 20 0 661ab 36. 5ab 624ab 407ab 218 33.0

3 50 50 0 668ab 34.4b 633ab 402ab 231 34.6

4 20 80 0 604b 36. 4ab 567b 336b 231 38.2

5 0 100 0 655ab 42, 5ab 613ab 380ab 233 35.6

1 100 0 0.3 637 34.1b 603 336 237 37.2

2 80 20 0.3 597 38. 8ab 597 373 186 31.2

3 50 50 - 0.3 629 33.7b 629 310 285 45.0

4 20 80 0-3 689 47.7a 689 425 217 3L.5

5 0 100 0.3 624 39, 1ab 624 357 227 36.4
(LSD,5%) 119 12.2 115 154 NS NS

Effects of methione supplementation without considering protein combinations.

0 667 39.3 629 403 226 34.0
0.3 635 38.7 596 366 230 36.2
(LSD, 5%) NS NS NS NS NS NS NS NS

% Casein % % Methionine

+Mean values with different superscripts are significantly different (p<0, 05)
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Table 6. Digestible energy (DE) and metabolizable energy (ME), DM digestibility and metabolizability
of diets with different protein combinations and methionine supplementation,

Protein Gross Fecal Urinary
Group combination energy energy (kcggday) energy ME DE/GE  ME/GE

C* ISP M**  (keal/day) (kcal/day) (keal/day) cal/day) (%) (%)
1 100 0 0 99at 10. 1a 89 4.5a 84 90 85
2 8 2 0 91ab 7.9b 83 3.7ab 80 91 87
3 5 50 0 92ab 8.5b 84 3.8ab 80 91 87
4 20 80 0 81b 7.9b -73 2.6b 70 90 87
5 0 100 0 88ab 8.7ab 79 3.6ab 76 90 86
1 100 0 0.3 86a 7.8a 78 3.7a 74 91 86
2 80 20 0.3 8la 8.2a 73 4.2a 69 90 85
3 5 50 0.3 90a 8.2a 82 2.9a 79 91 88
4 20 80 0.3 92a 9. 1a 83 4.1a 79 90 86
5 0 100 0.3 83a 8. 4a 74 3.3a 71 89 87

(LSD, 5%) 16 L5 NS 1.4 NS NS NS

Effects of methionine supplementation without considering protein combinations.

0 90 8.6 82 3.7 78 90 86
- - 03 87 8.3 78 3.6 74 90 86
(LSD, 5%) NS NS NS NS NS NS NS

*Casein % % Methionine
+Mean values with different superscripts are significantly different (p<0, 05)

Table 7. Body and liver composition of rats fed diets with different protein combinations and methionine

supplementation.

Protein combinations Carcass Liver
Group Coce ISP \ Weight  Moisture Fat Protein  Weight Fat Protein

Reein @ W % @ (g) (%) %
100 0 0 256 62 16.1 20.3 10.3 4.9 20.6
80 20 0 244 62 14.9 20.0 9.4 44 20.2
50 50 0 244 65 12.1 20.1 8.2 4.3 20.6
20 80 0 235 64 12.0 20.5 7.8 4.4 21.2
0 100 0 222 65 12.4 21.4 7.3 4.6 22.3
100 0 0.3 280 64 14.2 19.7 10.5 5.0 21.7
80 20 0.3 269 63 15.8 19.4 9.8 4.7 19.6
50 50 0.3 252 62 15.4 19.6 9.1 4.4 20,2
20 80 0.3 259 64 13.5 19.9 9.1 4.8 20.7
0 100 0.3 226 65 13.4 20.2 8.1 4.6 22.6

Effect of methionine supplementation without considering protein combinations.

- - 0 240 64 13.5 20.5 8.6 4.5 21.0
- - 0.3 257 64 14.5 19.8 9.3 4.7 21.0




(82)

= ¥

ERES HERHFE 2 FIRolv) Al #iFe] 33
(Sprague Dawley % - #2.8 =3) o HE, H#N
e o kel ozl HEBE TH7 S8k
fFE Y KBERS Fhsldcl. EREHS] old
A 9 EEH K#EL 247 3 600kcal/kg ¥ 20%2
aYsidn, EAHEY #HBFoR sidedas XKE
EAHEBES sl 727 100:0,80: 20, 50:50, 20
180, 0 :1009 HE=2 Eiystdoes Zzbel met-
hionine$ 0% =t 0.3%2 #iKxsidsl AL E
#Hald oS3 2ok

Hao EI HMEEL KoEAE BE 8
B oo ZpA udbgba siAl Qo) WALEE M4
42 =g, ATEAHEY methionined 7
ffé‘i—*“ <« MRS Efit BA

—glow shA|Ql BB H5d 2ol shAlql BE
methlomne HT th5olA BEEL o =kl

ERHERES shdled HBEE P 7RIl
BEHEES A2 o %921 meihionine S #
YL o KT KTEAE BHEES 4

w9k ¢ ] methionine § AT s A kel -

FEREL shdlclel vt ATERAES WE &5
dyuct F BEREY BaiS A o 2o HE
# 5.6l methionine & fF 2 24 fFIHE] M
m=gdovt BEHG BEAUSE dadl= T K
RE Holx] okgkef

R EREF o) =) B E

& WA o g

ol A B K} BHEHREL T BEAES ¥%k
5% ajol| = methionine 7ol 2lsl i =lgloH
E3F BEHBY dde KEEAH HES M
7 4% mothionine o] &%t AFHRE Rk

HEBHE 2 7HA Q) REXRS UBES UL
AR Eotn, ATEME EEHRS o 7 ke
o ghA|ole) H&-S M4 +2 ns e &
Fi8 o LR W o3 ER HIHE
B gtk

R ERPIMES Bl v 2 HRES ¥ 9 Kol
A sHAQ BEES < Eokx, FIHEME dhvxs)
ool =, Auixle R P FIALS WL
2lg HEZE ek

HISH5-S methionine FFEe o8l 1= ot
HEEE-S e (r=0.65, p<0.01). &EP
ok ya= Fo] HESEHGE (r=—0.83, p<0.01) 7t
A et

BEHe ek

& fF pERE
A AR 7HAlQ] BBRS S 1o BAKK

— okt . el

el FAl=

RRESERRB Gt

fthel 7419 #fkol —HIL (r=

0.79,p<0.01) methionine #iFcol 2|=H i = .o

of shAelel JekS

0=

w

16. =
17. 3
18.3

19.
20.

21

22.

23.

24.

25.
26.

WA 5 s ek

X 1
RET  HESERERE S (1979)
WHO : The health aspect of food end nutrilion.

WPRO. Manila. 94 (1969)

szbal, 2o gb=dokshs) 213, 27(1980)
Black, R.J.and Mitchell, H. H. : Nutr. Abst. and
Revs., 14, 249 (1946)

Geiger, E : J. Nutr., 34,97 (1947)

Harper, A.E : J. Nutr., 68 ,405(1959)

Harper, A.E. | In Mammalian Protabolism. (ed.
by H.N.Munro and J. B. Allison, Academic Pre-
ss, Vol. 11.)87(1964)

Morrison, A. B. and Sabry Z.1. . Canad.J. Bioc-
hem. Physiol., 41,649 (1963)
Osborne, T. B. and Mendel, L. B. : J. Biol. Chem.,.

17,325 (1914)

, WA=

gHF dokdts) A, 5, 177

: g3 ogekehs] #|, 9, 117 (1976)
] s3], ol7ld, U LT

3 AR goFEtsa, 7,1

odakiks] ], 5, 13(1972)

doFehs) 7|, 9,99 (1976)

&, el L g oFdts] A, 9,213

(1976)

Fixsen, M. A, B. : Nutr. Abst. & Rev.,4,447 (1935)

Forbes, R. M. and Yohe,M. : J.Nutr., 55, 449

(1955)

Henry, K. M. and Kon, S. K. : Brit. J. Nutr. 10,39

(1956)

Henry, K. M. and Kon,S. K. : Bril. J. Nutr, 11,

305 (1957)

McL aughlan, J. M. and Morrison,A. B. : Can. J.

Biochem. Physiol., 38, 1378 (1960)

Munro. L. C., Morrision, A. B. and Mayer,M. : J.

Am. Diet. Asso., 54,398 (1969)

Sure, B. ; J. Nutr., 61,547 (1957)

Aykroyd, W. R. and Doughty, J. : Legumes in hu-



7hAIQI3 KEEEES H{T 2 Methionine Aifel 79| MK

Vol. 12. No. 2 (1983)

man nutrition. FAO Nutr. Studies No. 19, FAO
UN, Rome (1964)

27. Jones, D. B. and Divine,J. P. | J. Nuir., 28 41
(1944)

28. Swaminathan, M. | Newer methods of nutritional
Biochemisiry(ed. by A. A. Albanese. Vol. 1) 197
(1967)

29 Canon, P. R., Steffee, C. H. Lrazier, L. J. Rowley,
D. A and Stepto R.O. : Fed., Proc., 6,390 (1946)

30. Gieger, E. : J. Nutr., 36,813 (1948)

31. Woodham, A. A. and Clarke E. M. W. : Brit.

J. Nutr., 37,309 (1977)

32.A O.A.C. : Official method of analysis of the
associatal of official analytical chemists 12ed.,
(1980)

33 Han, [. K. ; K. J. Agri. Chem., 7, 29(1966)

34. Park, Y. J.and Han I. K. : K. J. Nutr. Soc., 15,
30111982)

RS 2 R w1 A5 (83)

35, Steel, R. G. D. and Torrie.J. H. . Principles and
procedures of Statics, (McGraw-Hill Book Co
N. Y.} (1960)

36. Sibbald, I. R., Bowland, J. P. Robblee A. K. and R.
Berg. R. T. : J. Nuir., 61,71(1957)

37. Hegsted, D. M. and Worcester, J. . J. Nutr.,33’
685 (1947)

38. Jansen, G. R. © J. Nutr., 78,231 (1962)

39. NRC : Nutrient reqﬁirements of laboratery an-
imals. (3rd ed. National Academy of Sciences,
Washington, D. C., (1978)

40. Hegsted, D. M. and Neff, R. @ J. Nutr.,100, 1173
(1970)

41. Henry, K. M., Cormack, R. M. and Kosterlitz, H.
W. : Brit J. Nutr.,15, 199 (1961)

42 Bender, A. E. and Doell,D, H. : Brit J. Nutr. 11,
140 (1957)



