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Growth Inhibition of Rats Fed Raw or Heated Korean Beans and the
Effect of Methionine or Protein Supplementation

Myung-Hee Kang

Department of Food and Nutrition, Han—Nam University

== ABSTRACT =

A study was made on the effect of anti —nutritional factors found in some Korean beans
soybean, red bean, mung bean and kidney bean. Two animal experiments were conducted to
investigate the nutritional value of the beans, The first experiment,in which the diet contained
159 protein from raw beans, compared the intensity of inhibition caused by methionine
deficiency or a total amino acid deficiency. In the second experiment, the conditions were
the same as in experiment I, except that heated beans were substituted for raw beans.

Severe growth inhibition and high mortality was found in the raw kidney bean and red
bean groups than in the soybean and mung bean groups. As no effect on the growth inhi-
bition of raw bean groups was shown by methionine and protein supplementation, the
inhibition could be ascribed mainly to the low feed intake and the low protein digestibility
caused by toxic factors. Pancreatic enlargement was obserbed in all the raw bean groups.
A increase in body weight, a desrease in mortality and a decrease in the weight pancreases
were found in the heated bean groups. But the digestility of the diet and of the protein,
and the PER by heating did not increase as markedly as weight, except in the heated red
bean groups. Even with heat treatment, the whole inhibitory action could not be eliminated.
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(1) Abg 9] 1)

=3 2% 5 ( Soybean, Glycine max )3 (Redbean,
Phaseolus angularis), =% ( Mungbean, Phaseolus
vidissimus ), 73'3E (Kidney bean, phaseolus wulgaris
var. nanus)& ARSF o AEAZAN  FI3Y
43 Aot

g3 FRe AFHE 424 2443 AFA &
120T, 15psi ol 30 &3} autoclaving §F 4~5 Y7t
LFAZAA BHI A

Methionine & DL -methionine ¢ 2 Merck A} AF
A Ak 1FE AHE3 Yo Boj(Dried pollack) &
ANgeA FYsta Yok I 9 casein corn
strach, 2718 (S8 ) & N85I 3= 283
o

= =

(2) AtR2 9 THAE

AtE o] ZEu &L Table 13 Zop A [Me
7R FREE AFFAZEE, methionine F7HT, B o
oSud HIlroE UFen 21 R/ wdEe 15
%E &8 i methionine 3 2o Tld.g HrkstA
o 4dF BF d%& 24 857 HsiA corn starch
o Fr)8o2 24P}l Methionine 8] 7} £FL&
casein & 7] &0 2 caseino] ¥#8}3 3= methionine
9] g ¥ F7/HF ¥ 9 methionine & o] 0.18
g(100g M8F ) BE ESHoER o] FL TF9
Z7] 95 0.18%& M3 Yn 2L %< methionine
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Table 1. Formulation of the diet
Ingredients ( g/ 100g diet )
Group Protein sources { g)
Casein . Bean! ﬁ]s)}fi;gw der? Methionine s(t:fa)llr‘?h S?irlbean 51\%2(4') Vi\%;;r’si)rl

15% Casein 15 - - - B 40 40 0.3
209% Casein 20 - - - 72 4.0 4.0 0.3
Soybean - 44.6 - - 49.2 2.2 4.0 0.3
Soybean+ met. 3 - 4.6 -~ 0.18 49.2 2.2 40 0.3
Soybean+ Prot. - 44.6 7.0 - 42.7 1.7 40 0.3
Red bean - 77.1 -~ - 4.6 14.3 4,0 0.3
Red bean-+ met. - 77.1 - 0.18 4.6 143 4.0 0.3
Red bean+ prot. - 77.1 7.0 - 0 11.9 4.0 0.3
Mung bean - 76.3 - - 47 15.0 4.0 0.3
Mung bean+ met. - 76.3 - 0.18 4.7 15.0 4.0 0.3
Mung bean+ prot. - 76.3 7.0 - 0 12.7 4.0 0.3
Kidney bean - 73.0 - - 11.7 11.3 4.0 0.3
Kidney bean+ met. - 73.0 - 0.18 11.7 113 40 0.3
Kidney bean+ prot. - 73.0 7.0 - 5.2 10.8 40 0.3

1 Amount which supply 15% protein from the beans.
2> Added for supplying 5% protein from the dried fish powder.

3 Added for adjusting same methionine content as that of the 15% casein group. .

4 Salt mixture( g/ kg salt mixture ): Calcium carbonate 300, dipotassium phosphate 322.5, Magnesium sulfate.

7H,0O 102, Monocalcium phosphate.2H,O 75, Sodium chloride 167.5, Ferric citrate-6H,0 27.5,
iodide 0.8, Zine chloride 0.25, Copper sulfate - 5H,0. 0.3, Manganous sulfate -

potassium
QO 5.

5 Vitamin mixture({ mg/kg diet)’ Vitamin A 0.1, Vitamin D 0.01, alpha tocopherol acetate 50, Menadion 2,
Choline chloride 2,000, Thiamin 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, Cyano cobalamin

0.01.

< I F7] Y8 ad g B B 7 g
(100g ALE ") & st @I 2E 5% H7t o
A 34 E o)A AL W AFFTHY methionine
A7Ee iAol 15% ol Ho vl Je
S 20% FFEo|BE o] F £F U FEFLELS
%<t 20% casein L EYAIFOH 15%IETH 20
% BETOE EHHAT

AP [l e A5F did JUFHE ALLE A 9
de A48 13 2& AEE T3 AY

E AN ALg " W7t TR gitE s B4
dgen I Agd me Alge 748 AASA

2. 48 TE9 A%

A8 1 % 489 0dxMe 24 2 9 Sprague -Daw-
ley = albino rat 43 70088 RYAIEE 3YL
LA F AT met YHYPOE UTLE U

Z 7% 5upEd 4 I e AFFES|E, 4
FIdMe 98 FF TR 457 AR AT
AEe MY W PFH FEAFL Y 0] 638
1..3g, 4¥ [+ 60.2+1.4g o] gith

Zt 4% 2% A% v ) ¥y ¥a Aea
23 29¥E 47 iy FHsden EL Y #
ol Q3 A3 & Agglel HA A

3. HejdyE, AF, Hojae ¥ 99 ¢

AY7)1E T Aol AZH MFE FHAAT A
BEE&(FER)¥ 993 38 (PER) & 423
o

4 ¥ 4

(1) ¥ AH

A 194 4¥AF F A6 ARE 34
€ A7) A% BEXAEBAE Fe 05 (2 4 & Y

=]

“
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FE Fe,0;7} Soi8le Ho4 ©8 4~59¢0) AR
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AEIMe 4848 £ A 15Y AR 2421
% Fe,05 8 T8 4402 FF3Y2 A 162 A
5E Fe,0;7F Eojgle B Mo ¥g 4~5¢9) B
A E-'r:- 2 # 5 Rk,

2) AN WAaF 24 2 u}u_li;gg] A23F5LE AN

WHE Ah wfAdF-E micro-kjeldahl method!®, 2
olF A4 HHFL semi-micro-kjeldahl method o
Perrin % Wy o] olg 24331 Fe, 0,7} 2349
Holg Bt AT A YoM 23t vz
28 EFFE L AEIGY

5. $A2)

EE datat $AH A2E HAT Daa o F2X
S EEoNE AVSYor B4R @ & Y
29 YEFAL fo44Le a=0.05%5502 Scheffes

21 % 0@

L AR X dg

1) Heole] HH%E, 23F5TE 2 28

AEF A Aol we dgko) sl Aoy
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Holol ABlESgo] Woln Aoz My FRd
Table 2. Feed intate, feed digestibility and F.ER of rats fed raw and heated beans
Group Feed Indake ( g/ day) Feed Digestibility ( % ) FER
Raw Heated Raw Heated Raw Heated

15% Casein 15.5+0. 4Nsl)219 7+1.1°9 0474049  948-+4-0.4%¢  0,303-0.01°  0.344-0.019
209% Casein 15.1+1.5 18.3+1.8%  956+0.1° 95.64-0.2¢ 0.32+ 0.02°  0,37+0.01¢
Soybean 13.4+1.2 19.2+-0.78b 86.3+11%  87.0+06%° 0.19+0.02% (0.32+0.01%
Soybean+ met. 14.2+0.9 18.9+-0,82b 83.7+0.9%¢ 844 +03%°c  0.21+0.03%° (.361-0.019¢
Soybean+ prot. 14.7+0.5 14.44-0.8%0  8.14+0.6%  8434-0.2%°  0.28+0.03>¢ 0,37+0.01°
Red bean 11.0+0.2 14.3+1.8%  7554-1.2%  83.7415%c  0.12+0.03%®  0.23+0.00%
Red bean+ met. 9.6+2.8 19.4+1.3%  741+032*  784-+1.0% 0.06+0.02%  (.31+0.01%¢€
Red bean+ prot. 13.1+1.1 19.94-0.70 87.3+0.2°%¢ 7844122 0.21+0.01%¢  (,35+0.01%
Mung bean 12.0+1.0 14.341.82b 84.2+0.4 b 758+712 0.22+0.01*¢  0,24+0.01%
Mung bean -+ met. 11.3+1.8 19.4+1.12  82.0+1.3%¢c 77.9+1.02 0.30+0.01°  0.34+0.00%
Mung bean-+ prot. 14.4+1.0 18.14+1.22b ~ 83.3+0.5%¢  80.7+16%c 0.29+0.02°  0.34+0.01d€
Kidney bean -3 11.7+1.32 - 82.5+0.8%¢ =¥ 0.16+0.012
Kidney bean+ met. - 16.9+0.83b - 80.1+0.5% - 0.28+0.01bcd
Kidney bean-+ prot. -~ 19.4+ 0.43b -3 79.3+0.9% -3 0.3140.0(pcde

1)
2) Mean+S.E.
3)
4)

scheffe’s test.

Could not obtain any data due to death.
Values within a column not followed by the same letter are significantly different at
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Fig. 1. Growth rate of rats fed raw and heated beans. )
* Values in parentheses represent number of animals surviving out of 5 rats.
** Growth rate of rats fed raw kidney beans during early 3 days.
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Table 3. Weight gain and mortality of rats fed raw and heated beans

Group Weight gain{ g/day) Mortality
Raw Heated Raw Heated
159% Casein 5.6 4-0,3°D2 5.940.04 - -
209 Casein 58+0.3°¢ 6.5+0.24 R ~
Soybean 3.040.5%¢ 59+0.24d - -
Soybean + met. 3.4+0.75¢ 6.3+0.3¢ - -
Soybean+ prot. 4.8+06°¢ 6.6+02¢ - -
Red bean 0.940.7 b<® 3.14+0.32b 20% ( 8)® -
Red bean + met. —0.540.5 5.7+0.3 ©d 60% ( 9) -
Red bean+ prot.’ —~0.7+3.1 %4 6.240.2 ¢ 40% ( 2~9) -
Mung bean 3.14-0.3bc 3.4+0.5 2b¢ - -
Mung bean+ met. 2.8+1.2b% 4.7+ 2.7 bed®) 409%(11~23) 209% (6)
Mung bean + prot. 51406 ¢ 5.6+0.4 ° - -
Kidney bean —29+11% 1.3+1.0 ¥ 100%( 2~9) 209% (6)
Kidney bean -+ met. —40+0.7% 4.4+-0.4 bed 100%( 3~4) -
Kidney bean-+ prot. - 3.2+05% 5,44 0.1 bed 100%( 2~ 8) -

1) Mean+S.E

2) Values within a column not followed by the same letter are significantly different at a=0.05 level by

scheffe’s test.
3) Values in parentheses represent surviving days.
4) Includes the data of the dead animals.
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Table 4. Protein digestibility and P.ER. of rats fed raw and heated beans

Group Protein digestibility ( % ) PER
Raw Heated Raw Heated

159% Casein 89.9+ 1,29eV2 87.7+1.2°¢ 2.15+0.10¢ 2.744-0.069
209, Casein 93 3+0.2° 92.5+0.6 1.80+ 0.09%¢ 2.1940.08°d
Soybean 74.8+ 1.99% 79.04-0.9¢¢ 1.10+0.14% 1.94+0.05%¢
Soybean + met. 69.5+ 1.7 73.6+ 1.4 bed 1.25+0.15%¢ 1.99+ 0.06%¢
Soybean + prot. 76.5-+ 1.2 Sd¢ 78.6+ 0.8 cde 1.274+0.12%¢ 1.70+4- 0.04 %¢
Red bean 42.0+37°% 72.3+ 2.5 bed 0.77+0.20* 1.3240.03%
Red bean+ met. 45.1+71% 63.1+23 % 0.394-0.152 1.92 4 0.04%¢
Red bean+ prot. 79.1+4 1.3 cde 70.9+ 1.9 2bed 1.00+0.04% 1.60+ 0.04%¢
Mung bean 65.7+ 1.1 b 76.3+ 1.5 cde 1.26 0,04 %¢ 1.34+0.06%
Mung bean+ met. 68.6+ 1.6 °d 67.7+ 2.3 2ed 1.73+0.07%¢ 1.954 0.01%¢
Mung bean+ prot. 77.9+4 1.1 cde 77.1+4 1.8 cde 1.24+ 0.06 % 1.49+0.06%
Kidney bean -3 66.2+4 2.1 2b¢ -9 1103 0.062
Kidney bean-+ met. - 59.1+2.2° -® 191+ 0.05%¢
Kidney bean+ prot. -3 67.1+4 2.3 tbed -3 1.58+0.022b¢

1) Mean+S.E.

2) Values within a column not followed by the same letter are significautly different at a=0.05 level by

scheffe’s test.

3) Could not obtain any data due to death.
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o L3 FTE0] 36.2%F B g AsEs
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83 o0E 43R BIe BT v
& Ao
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o albumin28¢ 71958 W 059 range 7}
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2 MsAe ANt ed BRPdA B HY A
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238 554E2 usdtA Jebd 2 ol ZA UR
AN FFE AL A4S 8 FE&8A 20]x Fo
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7tA € Kreb's cycle 8] WA E W8 715 Aol
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227 237 AR AdEA JeEged 9F 22
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EA7F v 3 EQAY O g4o 8 By AF
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3 24E HOA

Zol} FER PERF9 #o3<
3 HAAH) AN 2 AEFAM & 2948
FoA 2o JuF
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93¢ 5%

L 93} methionine 8} g o) 0,18
2 wzolA Hrd &
& methionine gt A719S e Koz &Y AT
28E5 €9 F7HE B
ot} thE ojrite) B
TY 3o vude Z2¥E dERdE dovle
AT O1FA o] Fol wiAd)

Qe

BB

1S3 A7 HelA ke vs) (48 1) YaF 23§ B ABTe Astne HolgdWd il o
T AR (AP D) AME methionine 2712 A% A g, 5%, 2UTS ASFLESD 4PFY Ak
Table 5. Pancreas weights of rats fed raw and heated beans
Weight of pancreas(g) Weight of pfmcreas (e) x 108
Group Body weight( g )

Raw Heated Raw Heated
15% Casein 0.25 + 0.01deD2) 0.29+-0.0320d 1.16+0.05%0 1.33+0.612
209 Casein 0.19+ 0.019¢ 0.35-+0.02 0.82-+0.042 1.44+0,123b
Soybean 0.33+0.04 feb 0.28 40,04 2bcd 2.23+0153b¢ 1.20+0.15%
Soybean+ met. 0.31+ 0.05 efeh 0.29-+0,022bed 2.10-+0.473b¢ 1.24+0.11%
Soybean+ prot. 0.36+0.03 1 0.34+0.04bcd 1.8340.14%¢ 1.3240.122
Red bean 0.26 + 0,04 4 0.19+4:0.013b¢ 2.96+-0.38¢°% 1.33+0.102
Red bean+ met. 0.17 +0.01%%® 0.22+4-0.032b<d 2.90+0.60°% 1.01+0.102
Red bean-+ prot. 0.28 -+ 0.064¢3 0.37+:0.034 2.63+0.400¢% 1.56+ 0.092b
Mung bean 0.36-+0.041 0.17+0 0220 2.37+0.13b¢ 1.134+0,002
Mung bean-+ met, 0.24 -+ 0.03 °d% 0.314-0.072bcd® 2.0140.403b<% 1.76+ 0,342
Mung bean+ prot. 0.31-+0.04 ¢t 0.38+0.044 1.48+0.162b¢ 1.7640.183°
Kidney bean 0.14 + 0.02 203 0.17+0.0429 2.7740.21¢% 1.61+0.112b9
Kidney bean+ met. 0.10-+ 0,013 0.29-+0.022bcd 2.14-+0.242be3) 1.58+ 0.082b
Kidney bean+ prot. 0.14+ 0.03 2% 0.45+0.034 2.57+0.39P¢% 2.14+0.092

1) Mean+S.E

2) Values within a column not followed by the same letter are significantly different at a=0.05 level by

Tukey’s test.

3) Includes the data of the dead animal during the experiment.
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