HEAFEERERILE Health & Sport Science, The Univ. of Tsukuba 5: 163—171 1982. — 163 —

7w b OEE, WY, HEIKFEATICKRIZTEE
2RI PELrLABLIz zLF-RBIHEORE

o R E w R M= #w K IE #”

The Effects of Dietary Protein Level and Energy Source on the Growth,
Body Composition and Swimming Endurance Time in Rats

Shigeji MURAMATSU, Tetsuzo TAKAHASHI and Masatoshi SUZUKI

Abstract

The effects of dietary protein level and energy source on the growth, body composition and swimm-
ing endurance time was studied in rats. Twenty -four rats (SD strain, female) weighing about 130g were
devided into two groups, low protein diet group (5% casein) and high protein diet group (40% casein).
Each of the two groups was further devided into two groups, 5% soybean oil contained diet group
and 17% soybean oil contained diet group. Low protein 5% oil, low protein 17% oil, high protein 5%
oil and high protein 17% oil group was abbreviated to LPC (Low protein carbohydrate), LPF (low
protein fat), HPC (high protein carbohydrate) and HPF (high protein fat)group, respectively. Casein
content in low protein diet was increased from 5% to 9% on the 30th day of the experimental period.
During 9 weeks of experimental period, all the rats were trained by swimming for 10 min. per day every
two days. On the 9th week, swimming endurance time was measured five times in a week. At the first
of 10th week, rats were sacrificed and liver, heart, lung, spleen, kidney, adrenals, adipose tissue and
skeletal muscle were weighed. Glycogen in liver and skeletal muscle, protein in liver and skeketal muscle,
crude fat and water in liver were also determined.

The results obtained were as follows:

1) Body weight gain was higher in high protein diet group (HPC and HPF) than in low protein diet
group (LPC and LPF) throughout the experimental period. Any significant differences were not found
between carbohydrate diet group (LPC and HPC) and fat diet group (LPF and HPF). The almost same
results were obtained in the length of body and tail.

2) The weight of organs and tissue measured were heavier in high protein diet group than in low
protein ‘diet group. In the relative weight per 100g body weight, most of items measured did not have
any significant differences among each diet group.

3) Protein content in liver was higher in high protein diet group than in low protein diet group, and
in carbohydrate diet group than in fat diet group, respectively. Protein in skeletal muscle did not have
any differences. Crude fat content in liver was significantly higher in fat diet group than in carbo-
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hydrate diet group. Notable differences were not found bétween low and high protein diet group.
Watér content in liver in high protein diet group was remarkably higher than in low protein diet group.
Any significant differences were not found between carbohydrate diet group and fat diet group.

4) Glycogen content in liver was significantly higher in carbohydrate diet group than in fat diet group,
and also in high protein diet group than in low protein diet group. Glycogen content in skeletal muscle
was higher in high protein diet group than in low protein diet group in real contents, and higher in
carbohydrate diet group than in fat diet group in relative content per 1g tissue weight.

5) Swimming endurance time was significantly longer in carbohydrate diet group than in fat diet
group, respectively.

6) In corelation coefficient between swimming endurance time and all items measured, glycogen
content in liver, weight, protein content and glycogen content in skeletal muscle, and heart weight were
significantly corelated with swimming endurance time. Protein and glycogen content in liver in the

relative content per 1g tissue weight also showed high significant corelation.
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Table 1 Composition of experimental diet

Groupa)

Ingredient LPC HPC LPF PHF
Casein 5(9* 40 5(9) 40
Cornstarch 83 (79) 48 56 (52) 21
Soybean oil 5 5 17 17
Mineral mixtureb) 5 N 5 5
Vitamin mixture® 1 1 1 1
Cellulose 1 1 1 1
Total (g) 100 100 85 85
Total energy 400 400 400 400
* (kcal)

a) LPC (Low protein-carbohydrate diet group)
HPC (High protein-carbohydrate diet group)
LPF (Low protein-fat diet group)

HPF (High protein-fat diet group)

b) Jones Foster’s mineral mixture.

c) (in 100g) Vitamin A-acetate 50000IU, Vitamin D3
10000IU, Vitamin B;-HCl 120mg, Vitamin B, 400
mg, Vitamin Bg- HCl 80mg, Vitamin By, 0.05mg,
Vitamin C 3000mg, Vitamin E-acetate 500mg,
Vitamin K3 520mg, D-Biotin 2mg, Folic acid 20mg,
Ca-Pantothenate 500mg, p- Aminobenzoic acid 500
mg, Nicotinic acid 600mg, Inositol 600mg, Choline
chloride 20000mg, Celluloce powder others.

* Protein content in low protein diet was inceased to
9% and constarch was decreased by 4% on the 30th
day of the experiment.
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Fig. 1 Changes in body weight of rats fed experimental diets.

LPC:
HPC:
.LPF:
HPF:

Low protein-carbohydrate diet group.
High protein-carbohydrate diet group.

Low protein-fat diet group.
High protein-fat diet group.

Table 2 Final body weight and length of body and tail of rats

Final BW Length (cm)

Group ®) Body Tail

LPC 2125 % 15.8%) 37.0£1.55 16.7 £0.98

HPC 401.3 = 37.8 44,0 £0.63 19.3 £0.52

LPF 22081 16.4 37.3t1.51 16.5 £1.05

HPF 369.7% 32.8 423%1.33 18.5 £1.05
Carbohydrate 306.9 £102.44 40.5 £3.83y 18.0 £1.58
(LPC +HPC) NS NS NS
Fat 295.3 £ 81.6 39.8£2.90 17.5x1.45
(LPF +HPF) _
Low protein 216.7£16.0 Y 37.2£1.477 16.6 £0.97 7
(LPC + LPF) *kk ko ok
High protein 385.5+37.6 43.1+%1.35 18.9 £0.90
(HPC + HPF)
a) Mean £ SD. *#% 1 < 0,001 NS; No significance
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Table 3 Weight of organs and tissues of rats.

Liver Heart Kidney Spleen Adrenals Adipose T.  Skeletal M.
(g or mg) ® ® ® (G (mg) ® @
LPC 7.69+2.14 0.68*0.08 141+0.08 0.37%*0.06 27.33+7.15 3.30%£0.83 1.58%0.12
HPC 1043+0.89 1.19+0.07 2.66%*0.13 0.68*0.11 52.17+6.27 8.93%286 2.67*0.14
LPF 9.25+2.13 0.68%0.09 1.52*0.13 0.37%0.04 3200%7.07 3.76£0.51 1.51%0.17
HPF 10.63+£1.08 1.09+0.13 240+0.30 0.70+0.10 43.17+10.96 7.87 £1.81 2.59%0.27
Carbohydrate®  9.06 £2.12 0.93£0.28 2.04£0.66 0.52%0.18 39.75+14.48 6.12%£3.56 2.120.58
Fat 994+1.77 0.89%0.24 196%051 0.54+0.19 37.58%10.55 5.81%£2.50 2.05+£0.60
Low protein 847+ 219 068% 0 .08 1. 470 AV 0.37%0 .03 29.67 * 7,20 3.53 +Q .19 1.55 + 0,14
High protein 10.53 i0*.95 1.14 £ 0 11 253% 0 26 069t 0 10 47.67%9.73 840t 2 35 2.6310.21
( g or mg per 100g of body weight)

LPC 3.59+0.84 0.32+0.05 0.67*0.06 0.18%0.04 12831366 1.54+0.29 0.74%0.04
HPC 2.60%+0.09 0.30+0.03 0.67%*0.04 0.17£0.03 13.00t2.19 2.20%£0.62 0.67£0.05
LPF 4.15%0.68 0.31%0.02 0.69%x0.03 0.17+0.02 14.33+3.56 1.70%0.19 0.69 £0.07
HPF 2.87+0.14 0.30+0.03 0.65+0.04 0.19£0.01 11.67£2.34 2131049 0.70%0.05
Carbohydrate®  3.10%0.77 0.31%0.04 0.67%0.05 0.17%0.03 1292+2.87 1.87%+0.58 0.71%0.06
Fat 351+0.82 0.30£0.02 0.67+0.04 0.18%0.02 13.00%£3.19 192%042 0.69*0.06
Low protein 3.87 % 0,79 031 +0.03 0.68%+0.04 0.17*0.03 13.58%£3.53 1.62% 0.25 0.72 +0.06
High protein 2.74 £0.18 0.30+0.02 0.66 £0.04 0.18+0.02 12.33+£2.27 217£0.54 0.68%0.05
Mean £ SD  *** p <(.001 and ** p <0.01 (Significance between low protein diet group and high protein diet group.

Any significant difference was not found between carbohydrate diet group and fat diet group.)
#: Carbohydrate (LPC +HPC), Fat (LPF +HPF), Low protein (LPC +LPF), High protein (HPC +HPF)
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Table 4 Protein, fat and water contents in liver and skeletal muscle of rats (%).

Protein Fat Water
Group (Liver) (Muscle) (Liver) (Liver)
LPC 20.8 £4.79 22.7+1.17 17.2+6.21 44,5 £5.18
HPC 28.6 £2.36 22.6 £1.09 18.5 £5.39 57.7 £2.60
LPF 18.8 £3.73 21.8%1.83 44.0 £8.41 44,5 £5.66
HPF 23.7+1.54 21.8+1.94 34.7 £5.40 53.7+£2.89
‘Carbohydrate 24.7+544 22,6 £1.08 17.9£5.59 51.1 £7.90
Fat 21.3+3.73 21.8%+1.80 39.3 +8.31 49.1 £6.43
Low protein 19.8 £4.22 22.21+1.52 30.6 £1.57 44,5 +5.17
High Protein 26.2+3.18 22.2*1.56 26.6 £9.89 557 £3.35
Significance ( p <) '
LPC vs HPC 0.01 NS NS 0.001
LPF vs HPF 0.05 NS 0.05 0.01
LPCvs LPF NS NS 0.001 NS
HPC vs HPF 0.01 NS 0.001 NS
C vs HPF 0.05 NS 0.001 NS
Hvs F 0.001 NS NS 0.001

C; Carbohydrate (LPC +HPC), F; Fat (LPF +HPF), L; Low Protein (LPC +LPF)

H; High protein (HPC + HPF),

NS; Not significant.

Table 5 Glycogen content in liver and skeletal muscle.

mg mg / 1g wet wt.
Group Liver Muscle Liver S. Muscle

LPC 985 10.5b) 223 +1.64 12.2*1.84 14.1 £2.41
HPC 219.8+22.9 40.7 £4.86 20.8 £1.46 15.1 £1.25
LPF 84.7 £ 5.7 18.8+0.67 10.0 £1.33 13.2+1.62
HPF 191.8+114 35.2%4.30 17.3£0.68 13.8 £3.70
Carbohydrate 159.2 £66.1 31.5+10.3 16.5 £4.77 14.6 £1.01
Fat 138.3 £57.1 27.0 £9.08 13.7 £3.97 13.5*1.14
Low protein 91.6 £10.8 20.6 £2.16 11.1£1.91 13.6 £1.18
High protein 205.8 £22.6 37.9+5.21 19.0 £2.11 144 +1.11
Significance ( p <)
LPC vs HPC 0.001 0.001 0.001 NS
LPF vs HPF 0.001 0.001 0.001 NS
LPC vs LPF 0.05 0.001 0.05 NS
HPC vs HPF 0.05 NS 0.001 0.05

C vs F NS NS NS 0.05

L vs H 0.001 0.001 0.001 NS
Mean * SD

C; Carbohydrate (LPC +HPC), F; Fat (LPF +HPF), L; Low protein (LPC +LPF)
H; High protein (HPC + HPF)



Table 6 Swimming endurance time of rats

Group Time (sec)a)

LPC 1459 £ 209 7%
HPC - [ 1635 +306

LPF [ 1090 £155

HPF NS | 1497232 1™
Carbohydrate™ 15472274 ya
Fat 1294 =283

Low protein 1275 £ 261 - 7
High protein 1566277

a) Swimming endurance test was carried out five times.
Values represent mean = SD of all measured for
five times in each group of rats.

b) Carbohydrate (LPC + HPC), Fat (LPF -+ HPF)
Low protein (LPC + LPF), High protein (HPC +

HPF). *p<0.05 #¥*p <0.001
Table 7  Correlation coefficient between swimming
endurance time and some other items
measured of rats.
A) ®)
Body weight 0.609
Liver
Weight 0.179 -0.571
Protein 0.160 0.650%**
Lipid =0.110 -0.700
Glycogen 0.710%** 0.780%**
Skeietal muscle
Weight 0.650%** 0.420
Protein 0.650%** -0.001
Glycogen 0.690%** 0.400%
Heart 0.780%** 0.300
Kidney 0.431 -0.118
Spleen 0.556** 0.181
Adipose tissue 0.420% 0.420%*
Adrenals 0.403% -0.113

(A); Actual weight or content.
(B); Relative weight or content.
*p<0.05, **p<0.01, ***+p<0.001

B S BSOS, £ A E
BTy v X058, 7)Va-4VERIE
WEE A AHREE S i,

£ =B

7 v b OKEHEM, #E BRCHELTEs v
NORBBTCNTOELEFCNETTOEL D
WMEICBOTED LN TN B 41518 FESAHEE

— 169 —

WM&y v @S » MicFEBDBL SN
7203, ZhBCHL Ty FEEREICENATHE
WZ &, BLUSHBAHEL VATIRS v MOKE
BT A PR TH S EMERE L TE
ZoNd, KERICEWTEY v X7AES v b

CBMES VNI RTET 5 b XD BIIARES K
T ERBEROWE E—HTF 5o BOKLHE IS

DEEOHRICLZHEITS v FOREFICHLT
FERTRUED - 1o, KBICHL TESORBOE
BELTRIEL kR, BREDICE Y VYR
BEEESY V) ABICHR L 1o IcEBIS Z%2 3
HTHY, REDFEFILBEOTHRMY V¥ L
NNDEEIPKTH 5 T EBHERELI,
BB L OHBERIERBEEECHOMILE S
VNI BETEONC EWRENTS, KFE 100 g
HI:D ORFERICT EEIZEALEDIFEH IO
THEERBEBAONKEL B 51, TDT LIS
BLOHBERBRIERECHAL THML T3 T
EAERBLTEY, KELINOHBER L33k
WICEOEELESHS & LRALOHEY L —%
TH5ECATH b,

fFigs v 7 SBEIES v BEINES Vo
JRBELD GEBICEN - 122 L3E L OUFFHE
EhOLAHATHROC L LEBDND, Fk{basE
MIENERL D bBEEICEVIFEY v 7 &8
AL, 2O EBFBIEISROBR LG
THRELBONRE S0, $1bb, e
(X LPFE, HPFHE&HITHTOFOITEIENS
BARLTED, 2O DTy v 37 &RIC
B BRKMNBEE BB E OB DEL b /2
LLIFERNTH BEEL NS, BEEfFs v
JEBROVThOBEMIcOEEREZIRD 1T,
i B iE X SBO BT L B 5
2 0nEEZ LND, FFBIKDEEIZL
PCH#L HPCH#, >3V LPF&# L HPF R &
THRLES, tbicEs v IR THAH
PRENERICEN L0RE N, RAK Y&
¥ (LPC#, HPCHH) LIEli&# (LPF#,
HPFE) ¢ CHEBRLABEEDOEIHIBEEZED
HHNT, TOTEBEMES NI LwDBLR
WHSHFRAK S ERICKES EBL 6T L E
RBLTHWAEEZ LND,



— 170 —

EE 212 B L OBRKAY 12k T
BLROBEEHT ) a—r v ERBENT &
BE<HIONTBY, KEBRTEY V57 B,
By v BEESICRMMMIERTH L HPC
BOHPFELD S, £/ LPCEMSLPFELD
bEDL- I ERERTXS, LhLEY VY7
BEOEMES YN0 BELD DEOERENES
NEFERICOWTIEIAETH 5,

Wk HPCE>LPC#, HPF &>
LPF#, LPCE>LPFEE Z2hZNEL -
THD, HPCH L HPFHE TREBKERY
Molze THHDL ERRKIC BB IEN AR
£0b, FEmI Vv ABEMBMES v BE K
D bBERBAEBICENTEHERTHB T EERL
Td, RO TIIE S v NIRLD
bLLAKSY VNI BOENENTHD &0 HH
EH2L, AEROBERIT LA Fh
HEVRFGE A FTRIEEE D (R E & Wbk & (3078
DEOCHBEEE ], ChoDT LRMEY v o &
fHE T v P DEESENT EH3T o b OFAEE
IKERMTH B EW S Fuge®$ LU Crews 55 D
EE—HKLKO, ZOERDO—D& L TAERT
FErkFREEER ICAEIBES > HfHE=AMNL
ol EBRE L EEZ NS, 2l
MR EE &k RS & IXE MBI AR L 1o,
AR BR T L MRk R IR R B 5 L kiR & 22~23°C
EES LT0B T EpD, KIBETFICK % EERE
TR Tt U T HRIERE D% W BRSNS D BRI IS
STWARIEBEZL NS, B L OHHER 7
Vo —rrERIFE biCERERERR S EFICE
VIR A B, TOT L3RI B R D IS
FUOB®H ) a7 VERBEOT ENDD,
J v b OBKFEATICH U TRIKIEGIBERBRT
HFBELTHS Ahberg SOMEV 2XH T 5 &
DTH2. $LARERTRIES v/ BFICHTR
BLUBHERZ Y 2 -4 vEE, B OIEWER
HEFRWCIDNEEIN, TOTEMFY VN
o BREO T S ERE RS EL - RN EE 2
55,

E B
7 v DO, B, BIKFATICKRESTE

fHEy NI U B LU xvFE - #EGHEOE
BICOWTHET L7ze SDRIEY o 2 X3 ((KE
$9130g) &Ky v/ (bBHEA V) BEE
By VNI R (A% HAEAY) BO2BITH,
ILIENSERAREMS BEEUBEERTMITHS
TEURICH T, UTEY v/ B - 5%KE
MEE, Ky 0B - 1T REHEL, S5 vy
B 5 BREMBBLUESY V0B 1T KRE
MEEENETNLPCHE, LPF#, HPCHB X
UHPEH & L7, 48, Ey v ¥ 7B8ICBO
TI30HB LD €4 v EBE 9 DBickEML, =
— VR —=F DRI L, EERERE LM
R 9BMEL, 1 HBXicl HI0DMOEKESR
ZiThE . BIBEBIREHD 7 v + OBIKEG
Rl 200 U 7o SB10:BE I T v b Ak ms L
KA ER, s XOBEHBO 7Y 2 - vE
&, ks v~ 8, B Kaags JOHE
By NI EBEBAUNE L. BRRBUTOLEE
DTHd,

1) EREFAEHRAEL TES VY7 a8
&y vy BELD BB I - 7008, R®K1L
Y- IC X B EEREEIRA SN - T,

2) BBBREES VI EHNEY VN A
BLD bEDr -7, KE100g 720 DN ER
TRZEDALNITVIEEMREZ S, BRI
BILTEL > T BT ENRI NI,

3) Iy v x0 BEREE S v 0 REDE
g YNNI RBLD S, TRRRICERSEN&
BLObEBICEL- 1, BERs v/xs &8I
BFREAEEBBONLED- . FRIEBHSEI
EMERES K EE LD bFRITEL, &8
5 VN IF LNV K BEBRIEE D - T,
A DEREIZES V50 BENES Vo5 A
L0 sFRICELS, R tOER & BHEHOM
ICEEBREERLASNIE o T,

4) W7 a-rvER3EHEHRL O K
Kb, Ky vNIBELD bF Y VXY
BRICEL- o BHER Y 2 -7 vEBIIER
TEEY VN0 ARBENEY v BELD BEL
BERERG 1 g 7D OXMESE TIIIEHER LD &
RIS EEED T E D - 120

5) BUkFEANTIRIEHERL D SRR



B, B v BBLDbE Y VNI BRE
D HBEREICED - I,

6) SMETAE & MR & OB TR,
g7 ) o -+~ vag BRHSAIERE I
D B H BB, ANSRTARES ¥
Ny ERk, U 3= gV ARICEVERIHE%E

B,

53, APPRRFEMAEMRGS TEERE

&

1)

2)

3)

4)

5)

6)

BE#H=) 2520,

& 5 X ™

Ahlberg, B., Bergstrom, J., Ekelund, L-G. and
Hultman, E. Muscle glycogen and muscle
electrolytes during prolong physical exercise.
Acta. Physiol. Scand. 70, 129-142 (1967)
Bergstrom, J. and Hultman, E. : Muscle glycogen
synthesis after exercise; an enhancing factor
localised in the muscle in man. Nature, 210,
309-310 (1966)

Bergstrom, J., Hermansen, L., Hultman, E. and
Saltin, B : Diet, Muscle glycogen and physical
performance. Acta. Physiol. Scand. 71, 140—

- 150 (1967)

Bergstrom, S., Falhlen, A., Hjalmasson, and
Johnson, R. : Activities of rats muscle enzymes
after acute exercise. Acta. Physiol. Scand. 90,
544-554 (1974)

Crews III, E. L., Fuge, K. W,, Oscai, L. B,,
Holloszy, J. B. and Shank, R. E. : Weight, food
intake and body composition; effects of exercise
and of protein deficiency. Am. J. Physiol,, 216
(2), 359-363 (1969)

Fuge, K. W, Crews IIL, E. L., Pattengale, P. K.,
Holloszy, J. L. and Shank, R. E. : Effects of
protein deficiency on certain adaptive responses

7

8)

9

10)

11)

12)

13)

14)

15)

16)

17

18)

— 171 —

to exercise. Am. J. Physiol., 215(3), 660-663
(1968)

BEE— | BIERREE AR L Tlic s oY
IBELBERICHOVT, KBEAME, 13 (6), 63
— 67 (1961).

RERE, SERE BHEN, EHREA D
WE—, WEHEk  EERe & RERA (1) Al
a A BaOhERE. R, 22, 132
— 140 (1973).

MAER I ABMER R © NamER
WAHEREREER, F1 ik (1980).

Lo, S., Russell, J. C. and Taylor, A. W. : Deter-
mination of glycogen in small tissue samples. J.
Appl. Physiol., 28(2), 234~236 (1970)

W EFSR, SESE, LBERET  $20E, 530
B AAFXEAEESBE (E8, 1E) BEHES
£ (1975, 1976).

Procter, H. A., and Best, C. H. : Changes in
muscle glycogen accompanying physical training.
Am. J. Physiol., 100, 506510 (1932)

Saltin, B. and Hermansen, L. : Glycogen stores
and prolonged severe exercise in : Gunnar Blix,
Nutrition and Physical activity. Almqvist &
Wikslls, Stockholm/Sweden. 32—46 (1967)
Slonakér, J. R. : The effect of different percents
of protein in the diet. I, Growth. Am. J. Physiol,,
96, 547557 (1931)

Stevenson, J. A. F., Box, B. M., Feleki, V. and
Beaton, J. R. : Bouts of exercise and food intake
in the rats. J. Appl. Physiol. 21(1), 118-122
(1966)

MHBT, Hsg, BEET 5o bOWKE
BicBad 5 2 - 3OKE, BARE. 11 (4),
188 — 191 (1963 ).

SEH=, BEHES, NRkE : 8fEy vXs R
BB XUEBIEDO 7 » ~ Ok EBEIKFATIC
K348, WERERERERICES 24,131
— 138 (1979).

=G, IR MR, RR7Y &
v N BROBR, HaichETEE, (1)
B VI BRDT v FOREIBIITTE
FKELARE 19 (2), 76 —80 (1966).



