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Abstract

This research aimed to examine the isoflavonoid contents, antibacterial activities, and physiological activities
of Cheonggukjang made from sword bean (CS). The effects of adding sword bean were compared with those
of raw materials (RM), steamed materials (SM), and traditional Cheonggukjang (TC). In the case of the anti-
bacterial activity on Gram-positive bacteria, the result of CS in ethanol extract was the highest in Bacillus
cereus, and the result of water extract was the highest in Staphylococcus aureus. However, in the case of
Gram—negative bacteria, Salmonella Typhimurium was the highest in all the extraction. Antioxidant activity
and total flavonoid contents were present in the order of TC<CS. The isoflavonoid glycosides daidzin and genis—
tin were present in the order of SM<RM<FM. Meanwhile, daidzein, glycitein, and genistein, which are aglycones,
increased in fermented Cheonggukjang. ACE inhibitory activities of all extracts were higher in CS compared

with TC. In conclusion, we found that addition of CS provided an excellent Cheonggukjang material.
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F-&MQl Canavalia gladiata(Jacg.) DC.9] 5 &o] ATH3).
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Ago] 2188 Al3= U F(soybean: SOB) ¥ Z5FF
(sword bean: SWB)¥} SA}tl] F(steamed soybean: SSOB)
2 ZX A F (steamed sword bean: SSWB), o] thA] &
BAA Az AE A (traditional Cheonggukjang:
TC) B 23 7} A=74(Cheonggulkjang made from the
sword bean: CS)& AH&-3tloH, A&l WA 532 5
& oA 538 AL, Fe A5 &34 g8 A
KX

gt

ol WA 2AEF 30%(w/w)e g E§she]
2°Col FRE 12417 A EZolE 23] HA|
g o8 1.5 kg/em” ¢ &0l A 20~308 7t kol 50~60°C
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1 gdl 2554 % 75% o e&L 40 mLE

F o793l 50 mL2 FE5t P&
2 ARSI FEAd SAd AHEE AT Gram
positive(+) bacteria 2% (Staphylococcus aureus KCTC
1621, Bacillus cereus KCTC 1012)3} Gram negative(-)
bacteria 2F(Escherichia coli KCTC 2441, Salmonella
Typhimurium KCTC 1925)2 KCTC(Daejeon, Korea)oll 4]
T FRtol ALgslTh A A AT 1 WFelE 5
mLe] 44 ¥ (nutrient broth; Difco ™)l BEste] 1~2¢
7wkt & 22 8 A] 5 mLE &3 Alg T SHS
2 75% V&R FE8 AE 01 mLet A7) AT W
A 01 mLE Zt7F ¥ 37°Col A 24417t v st = 2EH T
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gaksl 42 DPPH radical-scavenging activity testol]
93] Moon® Terao(®)9] WHo = =AUt 100 uM
DPPH(2,2-diphenyl-1-picrylhydrazyl; Sigma Chemical, St.
Louis, MO, USA) &t &4 09 mLe} A|EE methanol 2
F23 €9 01 mLE Al@Ho ¥3 30% B IS &
Gao A 1023 WgAIA EFFZ=A(UV/VIS spectro-
photometer; V-560, Jasco, Tokyo, Japan)Z 517 nmoi A
FREE SAseH, A8 WAl 75%(v/v) methanol-s th
TN F 3o offf e oJato] ksl E4S ERlsHATh
Adde] F3&

EEC B =

(¢

kel 24(%)=(1-

At = A8 0.1 g€ 50 mL9) 75% methanol &< (v/v)ll
7Vake] A20] 4 150 rpm o2 24X AgFE3 F o] 5
29 1 mLE A8 FHslx 10 mLY diethylene glycolS
7yste] 2 £33kt o719 0.1 mLe) 1 N NaOH &
(wW)E & EFAIA 3rCY &2 FxoA A7 &<t vk
Al % 420 nmol A §F=(UV/VIS spectrophotometer;
V-560, Jasco)S =434t FAIEL A5 &9 4l 50%
methanol &% (v/v)S FY3HA Mo, TFIH
rutin(Sigma Chemical) 2.2 ZA3le] & ZTgH ol= &
FS FA



176 44 - A - 2
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Isoflavonoids®] F&-& F70] & 24 APl 2+
F A7 A=A B2 02 g 10 mLe] 80% methanol £
(v/v)& 7}8ke] 70°C, 150 rpm e & 15413 A& F&3 &
A EHB00x g, 10 min)g FEAS 30°CAlA 53 H
10 mL9] 80% methanol & (v/v)ell &< o5 045 ym
membrane filter2 &J3}3ta] HPLC(1100 series, Agilent
Technology, Santa Clara, CA, USA)E #2]3}3t}. oluj
columne Symetry shield RP Ci5(4.6 x 250 mm i.d., Waters,
Milford, MA, USA)E 25°CE FAHEE 3, &re
ACN: A 8H(80:20, v/V)[A &4 =glacial acetic acid : DW
(52.6:900, v/v)]19] HIEZ 4¢ AS % 1 mLE & HA
3t} Detector= DADEA] 254 nmoll A 288 Z} peakS
3= isoflavone(Sigma Chemical) 2] retention time™} H] 1l
ste] 58 2 At ATH10).

Angiotesin converting enzyme(ACE) A5l &HA

ACE A3l&7d-2 Cushman 59 ¥HADES NFste =
A3A. =, 54 ¥-3-2 0.36 mLe] 50 mM sodium borate
buffer(pH 8.3), 0.36 mL.¢] 300 mM NaCl ¥ &4 (10 mU)
S E38te 37°Coll A 1027F pre-incubation A1 ¥ 0.36
mLe] 5 mM HHL(pH 8.3, HHL[N-Hippuryl-His-Leu tetra
hydrate, Sigma Chemical) 7128 ¥ o] 37°Col A 3083+ 4
a7 WHSAIZl F Z4) 036 mLe] 1 N HCIE wH&-4 =] <
o2 H71stde) o] &9 1.5 mL2 ethyl acetateE 7}3}
o hippuric acidE F%3}1 800X g& 1087t A48 3

S, 1.0 mL9] ethyl acetate &2 F 3l ©-E Al F ol
713 temp-blocks ©]-&3] 90°C Aol A 1A]7F evapo-
rationd}al 1.0 mL2] 50 mM sodium borate buffer(pH 8.3)
£ Yol hippuric acidE =9 oS EFF=A(UV/VIS
spectrophotometer; V-560, Jasco)Z 228 nmollA FF ==
ZA4sAh B4 A9 1 unite BT 24 ZA3801A 37
°C AolA 18 S<F 1 upM9 hippuric acid’} HHLEZH¥
ARE A FREE Tt ths Aol ot =3tk

[Azss— Azs(controD)]x 5.6 x 10 *=unit

3 ACE A3lE-< sodium borate £+ (pH 8.3)4] 3
F 557 2x10% 2x10° 2 2x10° Me] HA 243 t&

S YR e assay mixture®t 30% 7t pre incubation
2% 714E ¥aL 37Col A 3023t §E&-A1Z1 £ 1 N HCI

Table 1. Composition content of each materials

S 718t WSS AAA Y. AHAS BA F& AL 0%
AAZ B, &3] A" 3S 100% JAZ Hol ACE
4o MI=E FHstH o vl FZE enalapril(Santa
Cruz Biotechnology Inc., Santa Cruz, CA, USA)S AM-&38}
ol ACE A3 5¥-& vlustith
SHAz|
B Uit A2 33 wHEs g, 4
excel softwareE AM&3te] B, BFOAE
I3 One way ANOVA] 93] p<0.05914 Fox17F 9le
i

o) ths) A= Duncan’s multiple test® T3F o=
HAZ3HAT
Zont 3 oE
Qe e

SOB, SWB, SSOB, SSWB, TC 2 CS¢] gulydie +8
6.2~9.7%, B35 283~53.1%, 2T A 283~38.0%,
Z AW 55~184%, F3]& 34~9.3% WY olAtHTable 1).

olE 7}&d BaEHE CSe TCY gdlE, oz
9 235 o] 2JolE B, ol& TCY A% ulF3t
S ZA8te] HEAZ WhE CSY ALE YFHFS Fole
Al AFEFFS SV Az A 4 2 dagg s A
2 CS7t g3t Ee S 2 2 2Ae fAE Ao
Z AR ET Kim(12)oll 98t A=) dAdES &
55.0%, B35 14.3%, ZAW 11.0%, 2T 17.8%, %3]
o]

Ul o

B 19%Z sk vf glof, o5 CSe} sYx7o=E vl
7] flete] AxEFOZ et A9, g@53E 29.7%, A
W 229%, 2T 37.0%, 237 4.0%2 YEST o] & H
W3 BF Kim(12)9] A= duk A& 2yno 2 A9
CS7F &3t E 2 238 FHoAe =2 FFS e
v 22 ] A 9ot ol tiFd Histe =5
o] AE F ©rslE dEo] oy vy A Ao g
]

o] wed 1 9o 9

=
ol
O

A
o

ook

s

1]

Gram positive(+) bacteriaQl Staphylococcus aureus
KCTC 16219] o8- detE F59 49 0.58~4.70%
M2 CS<KTCLSSOBKSSWB<SOB<KSWB o2 =3t

I, B 3% A9 0.00~4.93% HYE TC<KSSWB<SWB

Component soB” SWB SSOB SSWB TC CS

Moisture 9.7+0.3 9.3+0.3 6.3+0.1 6.3+0.2 6.24+0.1 6.4+0.2
Carbohydrate 305+1.1 531+15 30.8+1.1 52.7+1.5 28.3%£0.7 42.7+1.7
Crude lipid 179+05 5.9+02 172+0.5 55%0.2 184+0.4 10.8+£0.3
Crude protein 36.0+0.9 283*1.1 36.4+0.8 282=*11 38.0+0.7 33.6+1.3
Ash 59+0.1 3.4+0.1 9.3+0.2 7.3+0.3 9.1+0.2 6.5+0.1
SUM 100.0 100.0 100.0 100.0 100.0 100.0

YSOB: soybean, SWB: sword bean, SSOB: steamed soybean, SSWB: steamed sword bean, TC: traditional Cheonggukjang (manufac—
tured with only soybean), CS: Cheonggukjang added sword bean (manufactured with added soybean with sword bean [30% (w/w)]).
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Table 2. Antibacterial activity of extracts obtained from each material and its effect on the growth of gram positive and

gram negative bacteria

D

Antibacterial activity (%)

Strains Materials FiOH Water
SOB 2.82+0.11 4.93+0.15
SWB 470+0.17 0.66+0.02
Staphylococcus aureus SSOB 1.51£0.06 2.631£0.08
KCTC 1621 SSWB 2.27+0.08 0.37+0.01
TC 0.99+0.02 —
CS 0.58+0.01 1.50+0.05
Gram(+) bacteria
SOB 2.42+0.09 -
SWB 4.26+0.07 -
Bacillus cereus SSOB 1.28+0.05 -
KCTC 1012 SSWB 2.32+0.05 —
TC 3.86+0.13 —
CS 497+0.17 —
SOB 2.62+0.10 0.59+0.02
SWB 1.90+0.07 4.38+0.16
Escherichia coli SSOB 1.25+0.04 0.31+0.01
KCTC 2441 SSWB 0.92+0.03 2.21+£0.04
TC 0.31+0.01 441+0.14
. CS 0.13+0.01 857+0.27
Gram(-) bacteria
SOB 1.11+0.04 0.71+0.02
SWB 3.12+0.11 1.06+0.04
Salmonella Typhimurium SSOB 0.79+0.02 0.58+0.02
KCTC 1925 SSWB 1.74+0.07 0.88+0.02
TC 451+0.15 0.28+0.01
CS 5.30+0.16 1.42+0.05

YSee footnote Table 1.

<CS<SSOB<SOB 2.2 =3t} Bacillus cereus KCTC
1012¢] A= & F29 AF FdEo] 001303, g
FZE9 739 1.28~497% HAZ SSOB<KSSWB<SOB<TC
<SWB<CS 2o Z(Table 2) &7 80| 714 &2 CS&
SSOB9I| Hlsle] 388u]u; =o} CS YR 9 s}l A 5T
ol &3t d AR/ LAAFANX FAF @ Bacillus cereus
9] 10,000 ol3} 71F(13)s FZAE 7sAol =& &A=
A ZF= ). T3 gram positive bacteriagol] ™3 CS9] &
T8 FEE8d wel xpolrt o] A& FEEA
Bacillus cereus KCTC 1012, & F&EL2 Staphylococcus
aureus KCTC 16217} TCE T & A7E vehich
Gram negative(-) bacteriall Escherichia coli KCTC
244100 g e AdgE F2E 4F 013~262%
M2 CS<KTC<KSSWB<SSOB<KSWB<SOB 22 %9k
3, B FEEY A 031~857% HHZ SSOBKSOB<L
SSWB<SWB<TC<CS 2.2 =9ttt Salmonella Typhi-
murium KCTC 19259 &8 &g 559 45 079
~5.30% HYZ SSOB<KSOB<KSSWB<KSWBLTCLCS <2
Z =a, & FEEY A 028~142% W E TC<SSOB
<SOB<SSWB<SWB<CS 2.2 #=%tH(Table 2). CS]

gram negative bacteria®l] 3+ FaH L &S LD & F=
B Salmonella Typhimurium KCTC 1925914 714 =&
Wb Escherichia coli KCTC 24419] o €kg FZo) A%

wrob 71 @i} el shgn.

ugtr CSe FdEZAL gram positived| X Bacillus
cereus$}t gram negativedl A Salmonella Typhimurium
F29A AR S-S GRS o9 22 A E
A= HEaHP AN e FEAEFH NG oA
AFF e A Ede 3 Ao E AdHA= o
A ste ATE ANFY FEEFRH QG A=
TS A 23 F7bol S7HE4= gram positive
gram negative Mol A &g o] F713F A (14), 25
S HEEE 9d FE23 FEEF FVEWE EA F2
t ethyl acetate FEENA =& 0844 2 IAFFY
|ete FEEA FFEZE 345-trihydroxybenzoic
acid methyl ester, methyl gallate 573 (15)& <213 v} 2l
7] WEoltt. o] g ARZRE TCHU CSe| g go] &
2 Y02 E A AANE HEEHAY gEA)e sE
o CSel A8 gl FAFFd FHE FaED ot
BAH7Y e Ao 2 FAE

ol Wi o mu K orr Lo
f

ol

=2

oo

A5} 2y
In vivooll A 9] A+3lE= free radicalell 9J3te] 3 5 =H)

o) 5 &l A 3} isoflavonoidd] AFHE =3l A9t T3}

£ dste A-8o] st olHd EaRE Adsly] 9o

SOB, SWB, SSOB, SSWB, TC ¥ CS9] &1ts) 848 =

93 A¥= Table 37 2t}

3rrsl BAdL 3.84~25.99% W92 SSWB<KSWB<SSOB

W
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Table 3. Antioxidative activity and total flavonoid content
of soybean and sword bean forms as raw, steamed, tradi-
tional Cheonggukjang, and Cheonggukjang made from sword
bean

Materials! Antioxidative Total flavonoid
: activity [% (v/v)] content (%)
SOB 25.99+0.85" 2.56+0.25"
SWB 6.77+0.65° 3.10+£0.55°
SSOB 14.29+0.46° 1.33+0.24°
SSWB 3.84+0.26' 1.65+0.26%
TC 17.85+0.62° 1.88+0.37°
CS 19.88+0.83" 2.32+0.39

USee footnote Table 1.

“Mean with the same lettered superscripts in a column are not
significantly different at the 5% level by Duncan’s multiple
range test.

<TC<CS<SOB 22 Folx foido] A H UG (p<
0.05). 99521 SOB ¥ SWB9| &4t3}8 -2 Sx1A]
A on A5 SSOB ¥ SSWBE H|A)
A QL HF=4 A5 PAaslgo] Frtele AES
TCHT} CS7F E4d0] &3S 1% 4 3Lt oF
3 &Aoo Z71 99 F @9 phenolic acid® ZH5F
el 9] phenolic acid®} &, obv]=4l, @A Fo] o A8
o2 AdHE 33E| free radical S FA L2AAINAY
+ phenolic acid®} F4:0] A5ty &AE F A8l free
radical®] AL A&7 WEJo =2 AZAHTH(16,17).
o]# 3+ FAk3} A]S TEAC(Trolox Equivalent An-
tioxidant Capacity) 322 EAstG = 57} 0.68 mM,
F2 U5 061 mM, &2 tF 035 mM, 5 &2 = 163
mM, 5742 209 mM=E Yeh dtstEdo] OiFE 4
3} o] A genistic acid, chlorogenic acid, p-coumaric acid
7} B2 o)l a, i 4L 57 Ha&=E w genistic acid,
chlorogenic acid, cafeic acid @ ferulic acid7} =7}3&
Kwak 5(18)2 Rilgtglown, 7o) wasEs HA
ook AFFol Eolle WA, peptide, 1] =4}, amines
9 {9 carbonyl”], A4l 9]¢k carbonyl7] £ <
3 Maillard ¥F-g- 2.2 AA == &322 3-deoxyglucosone
o] gitalso] ATkaL(19-21) gl o] o3 APHEZ R
B £ CSo| aAAo A ditstes 717l Edo] 4=
Aoz FAHA

& ElEL0|= stEf

Flavonoids© 21 &9 23} QAMHEZ HdojA=H IUPAC
W o wg} 2-phenylchromen-4-one(¥+ 2-phenyl-1,
4-benzopyrone), isoflavonoids+= 3-phenylchromen-4-one
(X=+= 3-phenyl-1,4-benzopyrone), neoflavonoids+ 4-phe-
nyl coumarine(¥®+ 4-phenyl-1,2-benzopyrone)2] ©]& 2%
2 BERdg. ]33} flavonoidse] AL citrus fruits, ber-
ries, onions, parsley, legumes, green tea, red wine, sea—
buckthorn, dark chocolatez(cocoa) 5©¢] oW, o|EZH

B &89 hesperidin, rutin(a glycoside quercetin), luteolin,

E

o

B4 - 95}

tangeritin, catechins(catechin, epicatechin, epicatechin

gallate, epigallocatechin gallate), oligomeric proanthocya-
nins 5ol & Fitsts, FLH 27, FEF, FTAH 1
3 o] 7)1z o3y oA 4 A didste A
2 48 Avh2). webA ol A4S B & EetR
rol= kS ZARE AR 1.33~3.10% M Z SSOB<
SSWB<TC<CS<SOB<SWB £2.2 A% +& 7t F94
o] A AHp<0.05, Table 3). AFF H7t= A3 F
EetR ol gHo] FUtE e AEFS Holu, dRE 4
3t &% v BHE HAHAN o] & HEA|7|E S
Z7FY T st FtEE 23E B ol g
ARl FAx70 AFFol BAg Bho o5k E3&HE
I FAF e % ERAE Aste] FAaHA R v
ol 9%k &g ygoA H=72] flavonoids7t A4 =] 7]

Fo 7 FAHHEY. o= Toda 5(23)9 Bacillus subtilis
(natto)7} 528 F9) 6”-0-succinylgenistin, 6”-0-suc—
cinyldaidzin, 6”-0-succlinyl glyciting A3t B3k
A7} o5 SRS A T B3 Matsuura 5(24)-2 o 5ol
g2 B-glucosidase= A F9l genistin®| Y daidzinS
7hE3l Al A aglycone$] genistein®} daidzein®] &7} th
3 3%a, Kudou 5(25)2 9 FA Al malonyl iso-
flavone wjBA ] E37F Wol dojdtta 3pHTh ESH
Toda 5(26)& 55 95°CollA £A3FH isoflavoned} Hj
ZFA21 6”"-0-malonyl genistin, 6”"-0-malonyl daiazin, 6"~
0-malonyl glycitin®] ®l-&9] Z}7} 7+ % 1l isoflavone Bl
A ¢l genistin, daidzin, glycitin®] Bl&-o] Z7}€tta B3

a gle,

Isoflavonoids &tz¢

Isoflavonoid &3&9 7]1E FZL isoflavonoid, iso-
flavan, isoflavanone, coumestan, rotenoid, pterocarpan,
coumaronochromone?] 77} 2 E{F oA TH27). BE FI
2B 7E9 isoflavonoids = isoflavone 89%, iso—
flavanone 100%, coumestan 100%, pterocarpan 100%, L&)
3 ratenoid 95%7F FfrEo] Aso] A= ATHEB).
Table 49} 29| isoflavonoids %2 daidzin¥ genistin
A= A E<Q SOB ¥ SWB7F A} Ao M= 74 E
oSy HFFo g LaAAIE FUteke BEFS UER
, malonyl daidzin, malonyl glycitin, malonyl genistin2]
< A B A BE A FEFo] FAA Hace=
2 H Yo} T3 acetyl daidzin, acetyl glycitin, acetyl
genistin®] Z$-ol= SOB ¥ SWB AFolM= =%, T4
92 A5G o R Wa A o] fgaste AFS Holu 1
2pole =LA &gk} A daidzein, glycitein, genisteine
SOB ¥ SWBEUT 2 Ao A ZAAHFS Ho|f A=
o2 WaEHA o] FASHA Frtete BEFES U
Wlth o= Table 39] & ZetH o= o] wsle}l 2
o] dEAANA A FFY 44802 A5 FFH

o % R 32 rlo

0% o
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Table 4. Isoflavonoids content of soybean and sword bean forms as raw, steamed, traditional Cheonggukjang, and Cheonggukjang

made from sword bean

(Unit: mg/kg)

Isoflavonoids Molecular structure soBY SWB SSOB SSWB TC CS CS/TC
Daidzin &a o & o 486.7 374.3 230.5 228.1 587.4 756.0 1.29
Glycitin ©o 195.9 205.1 179.2 188.1 242.7 1915 0.79
Genistin ALY 387.3 404.3 233.7 242.0 679.1 7915 117
o Neon  § -
Malonyl daidzin & mﬂj 742.3 4882 5525 332.0 283 46.4 1.64
OT}/ED.H wog O on
Malonyl glycitin % >/ o) 501.6 506.7 368.8 370.9 25.7 215 0.84
oy oo o
Malonyl genistin ©o o 1,010.5 868.8 794.7 632.9 186 10.7 0.58
YA
Acetyl daidzin @o o 379 88.3 25.3 52.2 285 30.3 1.06
oy “ [ ;
Acetyl glycitin N ) 68.1 26.2 46.8 32.7 20.7 9.5 0.46
Acetyl genistin &7 , 2 o 144.0 138.9 98.5 94.7 95.9 89.6 0.93
Total glycoside 3,574.3 3,100.8 2,530 2,173.6 1,610.3 2,147.0 0.98
Daidzein O i O 185 255 13.4 23.3 319.5 392.7 1.23
Glycitein e O ] O 10.6 42.8 5.4 22.4 33.7 56.2 1.67
Genistein ] o 172 39.3 11.7 35.2 385.1 402.2 1.04
Total aglycone 46.3 107.6 30.5 80.9 2,025.7 851.1 0.43
SUM 3,620.6 3,208.4 2,560.5 2,254.5 2,465.2 2,798.1 1.14
YSee footnote Table 1.
polyphenol 33% 2 flavonoids”} isoflavonoidsE A3H5 o] Axte= H=H HE FF F total isoflavone gHEFo] T4
ozl Aoz AT 4 9t} Jang (29 Y3tH HHFS HAouy, B CSY Afde It FU18te AE¢S Holn
A Z3st= B9t isoflavone?] W37} B Aol Autd Ak daidzin®} genistin®] 3teFo] Z71E B P o] Shon 5
2 H2l isoflavone < glycoside®] malonyl glycitin, acetyl (30)9] AAFTE ol &3] HAFHAE 72X 7R wHast= 4
daidzin, acetyl glycitin, acetyl genistin®] 131, 95 tF2 L A 7to] ARHFE AEFH o Zystatta g d B
malonyl genistin &% 1,111 pg/gelA o 4 3 wta 119} isoflavone % daidzin® genistin®] $F#o] ¥E £8

HARY BAI T2 HAWAA £ FES 4AHY

| Aol B Aol A Fazk Jojx CSel B4 107 ng/g
FEOE st ZolE UEhl Y. 28y Jang 5(29)

S kg AR Z713 420S aglycone?! daidzein® gen-
istein®] ¥a) 27292 Bu¥ W& g3l Table 39 &
ZglR o= o] ZrtE YA e 4 AT
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Table 5. ACE inhibitory activity in the extract of soybean
and sword bean forms as raw, steamed, traditional Cheong-
gukjang, and Cheonggukjang made from sword bean

ACE inhibitory Activity (%)

Materials”

EtOH Water
SOB 28.89+0.20% 25.82+0.30"
SWB 32.55+0.40° 28.24+0.50°
SSOB 37.86+0.30" 33.75+0.60
SSWB 39.37+0.50° 35.77+0.40°
TC 43.87+0.70" 40.28+0.80°
CS 49.33+0.80 42.86+0.50

YSee footnote Table 1.

YMean with the same lettered superscripts in a column are not
significantly different at the 5% level by Duncan’s multiple
range test.

ACE Aslighd
138te] - F 2 renin angiotensinA ol &3k A2
A3tstd 712 o 2 dojuyb | angiotensin I converting en—
zyme®] A4S AAAA Dds o] EE angiotensin
I8 A8E& AR o z2n dtdss AT &+
23D FAFTE Hre A=Y 18GIAESF HE
& ACE A4S SHs At

Table 5¢] angiotensin converting enzyme(ACE)2] #] &}
AL S FF9 4 2889~49.33%F SOB<SWB<
SSOB<SSWB<TCLCS 0L, /5 F59 45 2582
~42.86%% SOB<SWB<SSOB<SSWBLTCLCS <=°]%d
ot o]A 7 ACE A3 84L& 334 2AF73< S TF %

T<TH AFTE HUM 28 A £ 2 FUEHA
=4, ol AM&4S JEl = oligopeptideEo]l 9= F
I AFFERYE FA A 27| AR AL A8
Sl 88, 28l HaAAH Bacillus subtilis’} £
H3tE 49 Zgo 2 AAH oligopeptideEol &3ty =
7t A3 A4EHY, 53] & FEERTUE JdE©E 59
ZAS-ol Aol =of & T/ ©]/d9 oligopeptideE ]

gom

ACEE A#AI7le Aoz A7 = A wekx] ACE A3&
AL BE FEEA CS7F 7HE wol AFTS A8k
TE A AS d9xd a9 Vel IUNHES ¢+
AJT nEE N FAZA ACE Asz-4S Ad 3}stA
E9 captopril 3-& enalapril 5(32,33)& o] &3l1 ot
R 4F F2E 5o EAHC Bol AAE FolA
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