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< Abstract>

This study was designed to compare the effect of protein with that of calorie, both of which
were supplemented by separate feeding, on the recovery rate and metabolic change of undernourished
rats.

During the two weeks of food restriction, the weight of body and some major internal organs
was reduced, compared with normal growing rats, but the extent of reduction was various,

After that, recovery food was supplemented for two weeks. The amount of body nitrogen
retention and its percentage were lower in unsupplemented and sugar supplemented groups. Among
the supplemented groups, its amount was increased according as the protein intake was higher,
while its percentage was decreased. Body and internal organs weight change showed a similar
tendency. Interrelation between calorie intake and body fat retention :(liver fat content and epididymal
fat pad weight) was not found regularly.

Consequently, the recovery rate from restriction was higher in protein supplemented group than
calorie supplemented group. But no significant difference could be found between the groups.
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il Aol dBAL ols eAAYE &
2 2 ¢ PCM (Protein-Calorie Malnutrition)o] 2}
E Aol 2 FA} Azel BT AT A7
H Ae E3 4ndgeletm P, 19500 ol B
PCM9) Yalst 288 FAA JE42 b
o] FAHo] of Fr}H gl o o gkl Hshed b A4
FAH A 5] kgl ek, Zelell 9k Waterlow®
Ashworth®7} PCM=x] 8 %3 Marsmus 2} 8ol 4
ZA S A i AAH B - E3rA e wEst
gdrt. 2FE o)yt o] E¢ FHUAsle 4R
z&®E6] ow glth

E APe opatulel mabet AArle] MF
Al 50%4e] AL st Gk A o A
aF, B0l 2A S Lol e YEE B 3
Zol} w9y ARE Yob T H¥E:
FEEZ v malm obgel Al =AE 9F
& goprwah sl

I. 48 A= 9 34

Aol 283 FEL Sprague-Dawleyd 23
A A4PAAFA] FFNFTL 121gtlgel g
of, AYI)zHEL, & Ak 3820 RE E
ol Abgd yEAES FAHAEL (X D] el
W oabel el

7 Ag T 4nte] o) A4 & B2k 4F7F AL
SR E 15eke A5 HAAA, EAee F
Foll A& 3 FPEY Aol ofEy W 9k
AFS Fhal) W EE) Berek, (E 26| A Ei= upo)

<E 1> 7I8 AtEel TA ME( /kg diet)

4 4% + %
Corn-Starch 770g
Casen 150g
o 4 F 45¢c

*@ Salt Mixture 40g

*® Vit(A+D) Mixture 1lcc

*@®) Fat-Soluble Vit. 2ce

*@ Water-Soluble Vit. +

*®) Vit B, Solution lee

*@ Salt mixture
g/kg salt mixture

Calcium carbonate 300
Dipotassium phosphate 322.5
Magnessium scifate-7H,0 102
Monacalcium phosplate 2H,0 75
Sodium chloride 167.5
Ferric citrate 6H,0 27.5
Potassium iodide 0.8
Zinc chloride 0.25
Copper sulfate 5H,0 0.8
Manganous sulfate H,0 5

*® Vit A.D mixture
mg/cc corn oil

Vitamin A 0.1
Vitamin D 0.01

*@ Fat-soluble vitamin mixture

Alpha tocopherol acetate(Vit E) 5g
Menadion (Vit K) 200mg
Corn oil 200ml

*(@) Water soluble vitamin mixture

mg/kg diet
Choline chloride 2,000
Thimine hydrochloride 10
Riboflavin 20
Nicotinic acid 120
Pyridoxine 10
Calcium pantothenate 100
Biotin 0.05
Folic acid 4
Inositol 500
Para-amino benzoic acid 100

*® Vitamin B, solution
Vitamin B, 5mg& <% 500mlel] =417
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e -2 2| £ A} k=3 .
q o A @ 3 ¥ rh AR
717k D % e
initial 0
2F 1 FA 1
AT I 2ET9 50% 1
2FE 1 FAT 2
Ag 1 25 19 50% 2
e
3) Casein [ Casein
5 |/ Starch I & 19 50% 2 245 1 Starch 3
ﬁl'e. Sugar | Sugar 3
, / Casein 1.5
CatSt 1 \Starch 1.5
FH7 1
3 Casgein [ Casein
¥} Starch | EFE 14 50% 2 A 8k 2 Starch
qzz Sugar 1 Sugar 3
Casein 1.5
CatSt 1  Starch I8

o] AgAT ool AR F& initlaly, 4
o] A 15 WAL AT [F, o] A2
Zol B4 &AL 12, oleh e, 50%
Aol A Pzl s A AL [, DT
2 2% [F, I 1FF 7 pair feeding
Hg AAskgeh 2F 2k e Ad: e s
2 (Mg IF) ololA 2578 3|EAelE A3
Al s e o] J1ZEekdlE Sl RALEE bR
AAtE A JAARE TEugeh, Bt 4
B 2 X casein, starch, sugarZ 23519 1 3 -B-7]
ZE 159} 256 A& A4AF =l 3 &7
L % casein ], [, starch], I, sugar], 1%
casein3} starch& 4}¢] F33F Ca+Stl, I3, ¢
E3}e N RELE 3 AR FEHA B 7
EARRRE AHsle T LTE E2 U4
o R

H7} AR E FF 56l & separate feedingy

of st At evl, 13 0.2% agar §A
3~5moll 2+ H7+ A8 E 1.5g4 4o] 14 23]e] A
A F9eh FHIEE FE IR0 2 ¢ jam
254 AMgEga, EdE 2l EAR 2RE AA
I FU ARE Y AHsz o (oF 308
7b) ¥Al J1E AR B8 @l FYr).

B39 14 7T B AL 2080 P
71 AR A AHH e s ske 3ge] Hme
casein [, [F-& 47 I, I wldle <k 2w
7heFel kg QH3A He 2 Gt F5Y
HIAALE ZF%E casein Bk ki e
A 4% 4 Y EE stg el (isocaloric supple-
mentation).

A AR Y, ANFL 296 134
F3std e, 1508 AB4HE 4 gua 4
HeF, AF F/hgoE Fu A8 B &
% (F.E.R and P.E.R)-& A4 . Ho]7] 1
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<E 3> I8 AEB HEHY U MEBI
RS
\ 718 AR A H % (g/F) g AF (2) AF 57 (%)
initial 120.0+4.1 ab 0
2E 1 110. 12, 9* be# 145.8+1.4 b +20.5
A 1 55.1+1.5 a 109.840.8 a -9.3
25 1 128.8+4.4 bed 192.744.1 cd +59.3
A 1 64.4+2.2 a 124.7+3.7 ab +3.1
=37 1 136.3+4.9 cd 194, 04-4.6 cd +55.6
i Casein | 120.379.7 bed 192.1+13.1 d +54.0
; Starch [ 106.045.3 b 185.8+10.4 ¢ +49.0
Z= | Sugar | 117.146.2 bed 195.0+5.7 d +56. 4
Ca+St [ 114.746.8 bed 192.9--14.0 cd +54.7
AL 1 132.1+3.3 bed 226, 3+3.0 def +81.5
_iﬁl_ Casein 119.7-4.6 bed 251.1+3.9 f +101.4
; Starch I 140.0749.0 d 248.9+9.4 ef +99.6
= | Suger [ 107.7£9.6 b 218.8 9.6 de +75.5
Ca+St 1 112.314.6 bed 242,7+5.7 ef +94.6
*HE = EFeF

# Alphabeto] t}&A

Fx1oll metabolic caged]] ¥ol A &A1 7% 242 %
& %o} ¥$ Micro-Kjeldahl #ive)] o&) 243
AW A& BF 3 BiEe A4S

7+, ®ZF, 23, ¥4, epididymal fat pad, T
(RAAFZL, FEAAZ, 7H]E, FAE, 4
)9 FAE AU L TAHS R
Z (Micro-Kjeldahl ¥ 1), =] u} (saxon¥!®) &
%3 HrEd S

EA4 =8 E kg el HEAS B
] AL5le] analysis of varianced ¥-%
a=0.05 9=F| 4] Tukey's test!®el] 3} F4

&

I. 48 A3
1. 7|2AlE Mgk W XS

(E 39 AsAHE ¢4 J4H7A 15

Apolol = a=0.05 +F2 2 Tukey’'s test el ]3]

#914 pel7t gl

% ebd Aol
FAT AFA7 FHEA S FHAEY 4 H
o F& gL Y °t=] starch

F XMOH% %-"—X#ﬂ el & 25
3]

E i+

olet. AMEAY AF AF wWidE ¥d AT
134 9% ztistglelst 2F:#AlE 4 F7HE 8t
o Azd o= initialFd A F3 AY
& fAede 25 HEF A3k casein [
+101%, starch[F +100%, Ca+StI ¢ +95%.,
FH7 1+ +82%, sugar[ & +75%¢ ¢2o=
37heted g By

=
P
=
)
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g3l B o8l whAe] Aol AFHE whe HF Y FHEo niA L g 5
<= 4> Al2 % cheiEiol LHo|&
W% ] 3

q\ Are] T4 (F.ER) =44 & (P.ER) AL 2iF(mg/day) HALRFE(%)
initial
2E ] 0. 22-£0. 03* bc# 14.61+0.23 b 295.6+3.8 be 75.0+3.4 NS§
A 1 -0.23+0.1 a —1.4940.67 a 110.74-18.4 a 54.8%7.5
25 I 0.3240.12  bede 2.124+0,11 be 342.0£22,0 cd 75.544.5
I | 0.1610.,03 b 1.07+0.21 b 159.5+3.8 ab 70.31+0.6
T 0.4740.01 defg 3.15240.07 cd 343.3430.2 cd 72.81+4.5

il Casein [ 0.58+0.02 fg 1.80+0.14 b 612.3+48.1 € 68.4+7.0

; Starch [ 0.5240.04 efg 3.4740.29 d 283.3421.8 be 73.1-04.4

Z | Sugar | 0.57+0.02 fg 3.78--0.14 € 337.025.3 cd 79.7+1.2
Ca+5t1 0.60--0.06 g 2.4710. 28 bed 441.7143.0 d 69.7+3.5
470 0.261+0.02 bed 1.73+0.13 b 291.8=-20.9 be 65.6+1.9

_%_1 Casein |l 0.4340.03 cdefg 1.324+0.11 b 604.3-517.3 e 68.2--4.5

; Starch T 0.3340.03 bede 2.20740.19 bed 341.5+49.7 cd 70.8:+£7.8

% | Sugar | 0.3130.01 bede 2.0840.06 be 311.4428.7 cd 77.3+1.7
Ca+St] 0.38+0.05 cdef 1.57+0.19 b 497.4F51.1 € 73.2F5.3

*yFEEERA}
# Alphabet o] t}23 Abolol & a=0.05FF2 =2 Tukey's test ubulel] o o1& xpo] gl-e.

§a=0.05 FF22 Tukey's test ¥}go] &) F9x o] §&.

2. At= 8 chMEel XL 018
K O #E)

A&t 159 = F.E.RoJu P.E.Ro] &44al At}
£ 24 A% A4LE Jebd oot AR 25 = i
849 F7HE stgch e 34 154 & F.ER
st P.E.Re] A& Tol uldl fedee F3
drtrl B8 25d e thd FdsE Aol
F.E.R¢ 7A %ol casein], [Fo T3z F3A7
I, [0 ¥& dbdd] P.ERS] 7%l & 53}
E Hsb¢q starch I, 1F3} sugar I, [F¢] ¥
2 AL, casein HrFEEe] *& AFE 2Y
oh, g, A A ge] & 5 AW AL
B4 3oy H4ee Wk

3. =39 2A

7h ®ulel RHKE 5 &)

7k, u} AL Aol Al gk 255k A3l o2 initial
27 10%, 33%9 ZF4E dgch. g
& Aol Al gl B LT 2388 8%FE FrhsEl

BEEFY zHFAIZE AR 13
o] casein [ -]

72 2 selgivh, u[A8 A caseinF& A
% 3 5FHe] +106% F7H&o]l Bgow sugar T
< ¥ 15 Folstelob eFsel & zbisld +
38%E st e FHEE 24 A EER
A5 15 7] SHE B ANE o +62%8] T
7Hg Jelbi gy a8 A, A5 133
casein [ T4 A F7l7t B sugar[ 39 &
b 7F el Z sbel & ok 2ul FEsb H it
FAL8] 7 el = Ae Aol HEY Jagg A
o kAl ghgket
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<E 5> g 2H (g)
ﬂ 7F H) A k-2 H Al
x
initial 5. 670, 2% ab? 0.5170. 03 abc 0.88+0.06 a 0.031+0.002 ab
25 1 8.2+0.6 be 0.547+0.02 be 1.332+0.05 b 0. 030+0. 003 a
A 1 4.410.2 a 0.29+0.02 a 1.30+0.04 ab 0.0290.001 a
E: 9.110.8 «cd 0.70-£0.01 ¢ 1.92:+0. 03 cd 0.034--0. 003 ab
A 0 5.0+0.3 a 0.34-+0.03 ab 1.840.03 ¢ 0.03070.002 a
A1 9.040.3 cd 0.5740.02 be 2.114+0.03 cdef  0.03940.001 ab
i Casein [ 9.1+0.9 cd 0.59+0.07 ¢ 2.3310. 16 def 0.0371£0.002 ab
_1‘ Starch | 8.2+0.6 be 0.55-£0. 05 be 2.12+0.09 cdef  0.032-0.003 ab
% | Sugar ] 9.37+0.5 cde 0.57£0.06 be 1.98+0.12 cde 0.033%0.003 ab
Ca+St] 9.1+0.7 cd 0.554:0. 04 be 2.014+0.10 cdef  0.034--0. 002 ab
2470 11.0£0.6 de 0.54-0. 08 be 2.4240.05 f 0.032+0. 001 ab
i] Casein [ 120.010.4 e 0.700.06 ¢ 2.41+0.13 f 0.036+0.001 ab
; Starch If 10.8+1.0 cde 0.597+0.04 ¢ 2.19=0. 10 def 0.042740.003 b
Z | Sugar I 9.770.8 cde 0.4770. 03 abe 2.074+0.06 cdef  0.031==0.003 ab
U Ca+Stl 10.9-+0.5 cde 0.58-0.03 ¢ 2.3540. 08 ef 0.037+0.003 ab

* FFLEELA

# Alphabete] th&A Abolol & a=0.05 $%22 Tukey's test ol 2a #23 o] &

L}) Epididymal fat pada} 24282 FH
(% 6 #x)
Ao] Al E ¥F3xn fat pads] FAl} FF

<8 6> 81 2€%H 4 Epididymal fat pad

2} 2 (g)
5 —
pididymal 2 —o m
N fat pad T =F A
initial 0.47-£0. 05% a# 0.8410.05 a
241 1.01-50.13 abc 1.10-20.06 a
AT 0.40=0.09 a 0.96-0.02 a
E&£1 1.6940.13 abed  1.59-0.06 cd
Al 0.72+0.12 ab 1.157+0.08 ab
FdsF] 2.280.11 bede  1.597-0.06 cd
i] Casein [ 2.00--0.29 abede 1,680, 10 cde
; Starch I 2.1040.15 abede 1.54+0.15 ke
2 |Sugar [ 2.20-+0.16 bede  1.6070.04 cd2
Ca+StI 2.11+0.13 abede 1.537+0.19 ke

FH7FT  2.61£0.24 cde 1.8340. 05 cde
_i‘i Casein]] 3.35--0.10 de 2.06+0.09 e
; Starch 3.54+0.33 e 1.94+0.11 cde
ZF |Sugar T 3.2640.61 de 1.827+0. 06 cde

Ca+StT 3.32+0.15 de 2.00£0.08 de

* H3F ok 25
# Alphabeto] tt&R 4toldlE a=0.05 T2
2 Tukeys testy]ol] 2l 24 o] gl

59 AL Frhsle] initiale) wisle] B 22
+53%, +37%9 E7&& 244 2FFed 3
o)z TEFOl 4449 F71E shdon fat
pad?] A% starch [T,

A A% Bkn FHA [FE FAS =25
$e AgE 2y

ZH-¢ casein [F9 F

o},
4. 7te| M ME (g v #=&)

Aol ARFE R Adge AFABRG ¥
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B3l B o nhgle] o] AL w2 HFHY 3L "AE 4T 7
<E > Ziel TMME BRY 4 RS
RS 2 w} f <3l = W
z % mgN % § mg %
initial 78.5--0. 4* bc# 176.5+2.7 ab 19.8 216.547.3 a 3.9
23 I 74.67-0.9 e 298.8--14.3 abc  17.5 424.1+36.1 be 5.2
A 1 70.1+1.1 a 165.3+16.1 a 23.1 216.7+33.6 a 4.8
25 0 73.24+0.7 be 262.44:9.7 cod 18.0 449.3+428.4 bede 5.0
A 1 71.5+0.5 ab 172.0-£10.4 ab 21.7 198.9+17.8a 4.0
T4 73.3+0.8 be 275.8+7.2 cde 19.1 449.4+17.5 bede 5.0
i Casein [ 73.1+0.3 be 280.4+33.7 cde  19.1 438.5+46.1 bede 4.8
; Starch [ 74.640.4 ¢ 234.4+15.7 abc  17.9 372.9+13.9 ab 4.6
% | Sugar I 74.710.4 ¢ 266.9-+14.3 cd 17.9 431.9+20.9 bed 4.7
Ca+St] 73.840.4 be 275.6-+19.8 cde  19.0 431.9+54.4 bed 4.7
FAH] 73.610.3 be 314.2+16.3 cde 17.7 483.1+20.1 cde 4.3
i Casein [ 72.4+0.2 abc 356.6+12.9 e 18.6 561.51-36.0 cde 4.7
; Starch [ 71.6--0.3 abc 395.5+32.7 de  18.8 619.8+80.3 € 5.7
4 | Sugar [ 71.310.2 ab 282.8+14.6 cde  18.4 615.4+40.3 de 6.4
Ca+St] 72.6+0.5 abc 320.6+13.1 de 18.4 524.8+22.5 bede 4.8
* (yF+EFest
# Alphabete] £} &3 Aol \‘f =0.05 F2 2 Tukey's test ol & K9 o] YL
§ wbild % A4 (N)X6.25X100/7-FA & A4k
2% AL 2ok 38 230 2ZE FY 7 Aol AYE e A AL 1F) 2L 77
A4 ALY 17~19%8 &2 Frlsld #¢ A A4 T A EE T3 v o 65%3
A ql 2ol E -‘5‘-°121 ggko ) casein [o] & =9 AFE& Vel Yok KE 333%E).
sugar [[ o] AL ngch. B Awek &% 7k, w3, epididymalf at pad®] FA)L A
2 AolAIFL R Polx| £ AFFE Holrlsl 3 E T T&el & [ wel 2 55%, 48%, 43%

Aol 2 BEFo| Mg [Fe sty
sk 22y %2 Eedb
AT A 4~5%2 43 ul&L 20 7

#9449 3718

1.5~2u 9

REE B AR
4 we 2%, $4, 189
04%¢ FAE

AZEY FX R dgroat v

A%e A2 12%, 88%,

Bojdo], Avlel wel, 4AelA

8] FETHEE FEI o 13~T4%H EE B2
o 3 Eo] APl we}l chd Yolxe AL
xyd '

V. = &
W AR -l E

o e 499 ART o olel
At g4 AL

=2 A ate] R H
w719k &
A E e, E Agaly 25

9 ggke] whokshAl vhebdtg ¢4 gich Ax
Hoeg B AP E 50% Ae]Algtez A 2
918 AAE 2k Aol FAYGRZTE Ao v
3 50%elst2 B zAAAgE gt

25718 35478 ALY fgg ANy (B
4) A7k 7bF FE casein [, [FL A
Ca+St I, %3 starch], [F¢ vlad o) F
A8 AL AR Aol F 70%7F dHE FEE
vergioy sl 8 4259 4L AY v
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8 W & sk A3 ¥ 3 X

<ZE 8> =T 19 THHE 9 @ MEHY*

EE .
g (g/d)  deF(cal/d) §
F
FHN IFE 2.92 78
iil Cagein [ 5.58 68. 8-12#(80. 8)
; Starch [ 2.27 60.4+12(72.4)
= |Sugar [ 2.51 66.8+12(78.8)
Ca+St [ 3.96 65.6-+12(77.6)
FA4 I+ 2.84 75.6
ilj_ Casein [ 5.57 68.4+12(80.4)
; Starch 1% 3.00 80.0+12/52.0)
Z |Sugar [T 2.31 61.6+12(73.6)
Ca+St [ 3.92 (4. 4+12(76. 4)
*(E 3 JEAR A JFoE 19 4

FHegg AEsydcl
g V1 BALR A3 1gd 4.04cale] ko2 AAL
# (lfilz)}%:— FIHARR A dgE BAF

Al
ek 2 dg A Ee Ca+St I, 1
2 casein FFE 1.5g/ Al UF He] 2 59F
o] ol XA F& s BALE Egsl
bl 2] gho] FF-5led starchii] £ F2] 4 &e] Ca+t
St 4wt vxsA 2 5 g FgkErk 94
Ak, (& 8 #X)

gtH, sugari®] A4 Bk starchT o A

A Fa) (CE 4)) 38 1Fo = 2387 starch |
ol Wl g 2 e e S
2w 29 e AgLE AF U 4 Y
A& 2Yd 2 AEE o At FHA 0
T4 AFRclE fEAE AF4E BdFYd:
i B8 I E-FFAA AR A # el sh ek
e old AsE Z*"—EH%PX st A2k ®le)

g b LR FFE dukddl A Azl
£ A A F) iﬂlﬂ AW (k8 X afekat
epididymal fat pad ¥#1) 53 g g3k
AfA & A7 °1€'4%l°‘°1 s S3 (w9
A& It TKFA) & BFHER 95E I
nho-Fof] ) &) FP““’éli FFE-EEel A EFA Y

elytel, K& 8) 3E)

+ A4 vebd A AER 4449
Aol E vhebll Ae ohuk A S @ 2 ] Bg
8 4l casein FFFY Hol Fo Ao
& vhepyton] starchsb Ca+StF4 Ao w
A sugarEst T o Wale] glo] v
L2 elitel 2T HolAlgten gk oAy
Aol A B EE E6l g FEe) dgEIag
B EAAS gl 2ynl o 4 gq ).
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