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Abstract: Peptides from fermented soybean products have been proved to possess many physiological activities, such as an-

tioxidant, antihypertensive, antidiabetic, and anticancer potentials. Moreover, the bioactivity of these peptides are closely re-

lated to the microbial strains and fermentation process used in the fermented soybean products. However, the study and appli-

cation of functional food and bioactive peptides derived from soybean fermentation in China is still in its infancy now. In view

of this situation, this article reviews the production of fermented soybean products and the application potential of their bioac-

tive peptides in prevention and treatment of several metabolic diseases, and also prospects the future research directions,

which will provide some guidance for improving the research advance on fermented soybean products and their bioactive pep-

tides in China.
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Table 1 Bioactive peptides from soybean fermented food
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Healthy benefits Source Starter culture References
[%1fiL 5 Antihypertensive Wi PN LEFOFF [17]
Sk B Kt & [18]
TEER MBS % [20]
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T Antimicrobial P AT [40]
Rl ENE RN [41]
it bR 2 AT T [45]
a5 B 2R [46]
HUBEFR Antidiabetic HEEE A AT [48]
HUFAE Anticancer B g MBS 2 AL T [51]

3.1 mEZRKREEWERPHIAL

M4 ek Z 0 ACE(EC. 3.4.15. 1) &—#p —jik
Pk 2 BRI , & R 2 1M/ X T I 1 LA AR Sy 11 7Y | [f)
A A A5 B 2% 25 00 T T, O 0 R R R
LA WA [, 5 R 0 e TR, 5 O i A 9 9 XL
5o A ACE 0 50) B SR ELA 2 30T o (1) 4
EXTE DI REA — & M. i T B e AR 1y B AR
FH/IN, WR SR B v 43 85 T il ACE 1% 14 1 28 1
JHC, BB A 3 T KBIE 5 40 Y B . RS R
B, Q2R 88 UK R BEARAE B K L 2 5% L (Try \Phe |
Trp.Ala . Ile, Val 51 Met) b §fi {4 28 F= BR 5% HE ( Lys I
Arg) ,JIKEE C A & Pro 5% 3L, By ml B4 fin ik 5 ACE
YL A AT B RO ACE JE PRI IR

The 2517 MY T 2EFFT 3 09516 KRG H A4
Sy alifk it ACE #IiK, & BI7E 1 mg kg™ -bw
) ARA T X B K S h B el X 1 % P & i
R R 2E B35 A e T S, sk AR 20 e i
it R A I 1t RN B ST 1Y) ACE I PR
VERET T OIS, R 90 A T8 48 FI 72 h (4 8¢ i 42
Bk 2 AR i T8 26 K 5 XF ACE (1 410 il 7
PR BRI B &, o I HENDR VR T S Bl () ACE
PR Sy 25 AL s 25 AL S IR B IR S . T
Sephadex G-25 BEIEJZAT45 2B 48 h 5 i il il
ACE MR o F it ) e 4 M p . K

rhA i ACE 3G HEAVE H s A S AR N AR 57 5e
FIRFIHZRR LA 1:2:5 BEIR LEFI A AL Z BK . Kuba
2T AR S LA IR B WA X ACE KB R
a4 P4 I /E F 19 Z2 K Tle-Phe-Leu #1 Trp-Leu,
HCAE A TR E L AR L AR e O AR
FTFAT AT B — 1 Mo B 250 s B e ) )i
FLXT ACE 15 P40 iV F BE & 2 15 5 S Ak s 1a] i)
FEATTIG 0, I 5 H 2 IS i AR OC, TSR
A2 AR T AR HAS i 4 b DCORIZE T b R P Y
JEZURE A, I B LA ACE &I HI/EH & F
HASE L, m S FL ) ACE 3R PEIHIVE vl 13 o) T8
A KEAERN TR T 10 kDa (/K. Li
A2 TS AR [] 3 162 77 6 4% 2 Rk Rk
an Y ACE il & . S5 R A BENJE R¥E 8 H A
JEEFL | F AR A K A [ S ACE 5504 e
1C, {43 5 0.51,0.660 ~1.771,1.27 ~2.38 Fil
0.012 mg-mL ™", 1 [# 5 ¥ () ACE 15PE il VI &
BLH A, Nakahara %57 % B % We 6 i EL A 1 RLAY
ACE 7S PRI 7 1, IC5, {4 0. 45 mg-mL ™", A i
SRR BRI A & M i R BRI e . 2 —
N R TR AT oy B AR B 2 R A ACE 35 P
HIVEFHAYZ R, f045 Ala-Trp (IC5{f:10 wmol -L7") |
Ala-Tyr (IC,ff:48 pmol-L™") (Gly-Trp (IC, {8 :30



162 K & R 1 4

pmol < L™") Ser-Tyr (ICyf#:67 pmol-L ") Gly-Tyr
(ICoE:97 pmol -L™") Val-Pro (1C4fi:480 pmol -L7")
Ala-Phe (ICsfH:190 wmol - L") (Ala-Tle (ICy {H:
690 pmol - L.™")  Val-Pro (I1Cy{fi:1 100 wmol - L"),
Shin 252 W ¢ ¥ b4 B A ] ACE 2R
=k His-His-Leu, H IC, i/ 2.2 pg-mL™', HE
P IR FR R T 2R 3 Rk 48 5 mg-kg ™' -bw
(1) His-His-Leu J5 , Ifil = N F& T 61 mmHg, BRI,
O ¥ Ah, LR TR K Y 3L R S A A
ACE 3EPER)ZE Ik, Martinez-Villaluenga 2= (250 1)
it GELHP IR S KRR AR, YW E A KBS FL A
FEAME] ACE 358 AR I /E A o Tsai 267 (i J T
Pi% FLAT D61 VB PR LT TRT | g REE BR AT L O3 i 1) AT
R AIOSUBEAT B FE 40°C T K BEGFL 30 h )5, R
FLADIE B IR 5 Z IR & 2 W 1 0, L FL X ACE
TEVERY IC5fE A 9. 28 mg-mL ™" FF&Z 0. 66 mg-ml ™'
(3% T&E1t) . Vallabha F1 Tiku> i F§ T 8% LA 5
AR A R B 48 K 8, N o B A 2
K, ACE 75 P 1C, {54354 17 130 pg-mL™',
H—0 N 5% 4 N Leu-lle-Val-Thr-Gln 1) £ ik 5
HAIY T ACE F6 1% 4 XF L, A& 3R BE 1Yy
Gln 5 Thr ZZEXT Z KM ACE # i5 E BAA 8 K5
Wi, Singh I Vij ™ RS FLAT 1 & WS FL, & BE
3,5 #1 10 kDa {1 % ¥ 52 3L 20 70 34 o Hh R 4 1
ACE $ i 3% ¥ , J5 22 308 i WA 0 3k — o 3%/ o 1%
BHEAR N B ok A KRG ERE A B - KRG 1
BREE Y 17 A ACE IR K,
3.2 =ML

NI £ R YAk BRI RT3 AR ) T
srFEAL, RN 20 A R E RS 5 R A
FET, SRR PLAE iR, 200 A i 5, s A
H 2 G E AR A A R O IR B AR
Yy GAAL R R A WUE S 5 NV 2 50 T AN
FERE WEDRAG . 20 R Ak L OG5 48 | Pl 28 A8 1 9 s 45
RIFHLIEAT OG0 YA AT AT DR TS 1 B 45 48 F A1
FARVEBR A B2, Tl k. PR R BIR T LB
mn BT AAA M 2R D) T H A A M 2 2 i,
SRR R e, KRR T AMNZ
iy =1 S = X o S 0 = =
FZ2 ket w] DL K 7 % T B o 1) B A A Al i o
BR'2 o Zhu 25500 A 2EFORT B 1 0 4
HHEE SRR L, R BRI 24 h 5, B PT
AALRE U RS IS EETEZIREERA IE
FItk . Watanabe 257" AR % % 2 19 B JE 5.8
I3 B K BT R AR 0, A IR AR 25 DR 480 A I 7 A
()23 HE IR S 22 IR 2 B 3, AH L ) B JE T BOK i

PR BT R DI RO 5. K T R B A AL IR Y
REMR H WAL 45 Trp., His, Phe, Ala, Tyr, Met, Gly,
Leu 1 Val, M D5 ik 2 2R VL S His 1Y 5% 5L
T oA WA E RE A, RE A BT 1L i
BT HRE ZBH58RE T WA ERT
KWL B AAL I BB

Yu 255 PG R AT 1 2 1K R 43 B
PEAL K, HAE 10 mg - mL ™" iUk BE R BE 08 15 %
62% I B4 [ L1 96% 1y ¥ L [ i B, Fan
USRS S TR T A0 Y ) BT R, R B e
i B KA AR BT A K 0 BRI i T R B
V] Y A A o, T A A T ) R v B 1 T T 3G
BB, U S AR R Y 2, B PR AL
AE i, Horb, K 2 2R 5 TP 2 TR
P2 R Bl R M 2 SR R A I - s /N IR AE T
S PR AR E DT T R P T SR T S T AR
AT ST A AR A U B R, Kim 450 s
EIE 2% 53 253K 15 B Asp \Thr Ser ,Glu Gly  Lys |
His Fll Arg 8 P2 FElR 41 sl i) 2 IR, BAT T BR H iR
SR O SR S T E AN T A . BR Kk
T EBO G AN, FURR T A B T EL ] R
PUEALRK . Zhao FT Shah "™ fif A [7] fr) 7L 16 1 2% 1%
L, KRS e W 1 FL BB A A I A5 Y 2R
FIBE PEEARDC . Horp, BRZEME LA TR R W 2 2Lt
AATEYE e, R AE & 3L R I 7R v 2R K A
PP Z K LA S Val \Leu \Phe F1 Trp X A& % 52 FL 1Y
PrE g e R A B L,
3.3 HEA

TTERR AT AR A £ B S ) sl A AR RGBT
AR L WA SER, EHRLEES TR
PG RRAT gy Foth [ B 2wl & B ET R IR
ARAE A o TR T A TR £ v A R IR R 2 Bk
TETFRM B B ZF AT B AR 02 Al 2 AT T
TSR G R R S = A A MR Y T, H LA
YDA RN LT AR K 1Y F DU A FR 2R FRLAT TR AR 7 Y
EdSINUN SN B e R SR = K R DR e
FFTE R BEAT T B3 2R TR B O JE VD T IR L 4
T A 7 BK TR RN & AT TR S 2 PP BUR TR Y A
KRR W b P B ) A BEE 1
2 B, 410 o A 3 T B R 8 2% G BH P TR 5 B
BYA o R e IR, X TR RV R A 53 = R K Ly~
D - AR K levan T FLRELH A .

NG G oy B A B A 98 52 2R AT R TK-1 7] LA
A — i B 5 R TS R Y R IR, HXE K A 4 A
AL ER R T B | A BR TR 45 FE P 3K TR A e D TR
HAPRBAEH . 191 G2 AT NK-1 225 )



L i

55 SR i T IS MR S A BRI R ST 163

PR LA AR T 3 44 791 88, R 400+ 4 1 R
AT S DA I 77 2 4 FL R FLER T GMOOS , i
FEA AN FUFT B JCML1ST A KA 4N i %, 5t
JIE B35 A L Dk 43 BT W 7R I AR R 2R S N s B AT 1 2
FIVO SR A TR 43 BT #e s I A T R AR & A K
RIYHUK AR S F BMEAR, 5 FBmitER
&EH A 225 . Moreno %5 I\ Ih 3k PG 1. 1 i vh
BeAs i BRI ER A T 555 3. 4 1 S. 4 kDa
HIYIEE 2 E. faecium LMG 19827 Fil E. faecium LMG
19828 , u] A7 R | Ssg B HrRe i 1 AR 1 o SR SEAE
BRI R GBI RAE P 2 B T 5 3 M R en-
terocin P, enterocin L50A Fl enterocin L50B #H 3 F
PIGILIR W ok R AL G R TSR A T soks-
eongjang [ i B 2 FF R HI18-4 1] L)y Az —Ffr il
TR, FH 4o ot R 0 T A R 2 A R Y 2
AR, SEE PCR RIS 7 15 0 A 28 J A 1 5 P AH
R BE A TEAY B 20 AT 18 HI184 AYFFTE N 53R
RN, R F AR 58 & e % kyeopjang YA
B ZFAOAT A SCK-2 Al AR PASE AN pH BRE 1 R
UFRIITE IR AMP IC-1, H 43752 3. 4 kDa, i 33
NEIERRFRIEA N, &4 Cys Asn(Asp) .GIn(Glu) |
Ser,Ala Phe Gly ,Arg Thr Val Ile Leu F1 Lys 13 F
SRR AT SR 2R AT B AU 2E K, Lee 251
AT ] i R P o0 8 R B 2 AL IR LM, Rl A
4 D 2FAURRE R D A4 SRS PR UM A
AN I, AESE PR pH RS E P R4, X ISR 27 F AT
R R P 2 B0 A R A 2 T PP T A T s
P, [ IS 3 AT 400 1 38 40 BT Y A A, A3 o A )
SFUAT TR A 2L R LK 1 L R I o 55 7L 1R T 119 2 K
FREE R T I T A AR X B R R K B
R, PEAT 77 20 3R 0 LR T O 2, AR AR T — MR
TR AR BRTE R, HoXh WA R TeHi ik,
FEPZH DNA A E A B DL I B AH DG 75 ) 56, 22
VR, HT AT R AR PRI S T R, AR
SEPERT AW BR T A Ry )02, XoF B 2 B R BT ) 410 1
AE ) Rt o
3.4 HuHERRIRAK

W DR 2 — Tl L e AR Ay Rk 1 A PR 0
Al AR 1 RORE PR A I BB PR . L, T BUBE IR
o FH PR AR TIC 125 70 A JBR 05 3R JB 0 3R 246 %o ik = R 2L,

I ADHE BRI rh R 15 2R 20 1 5 Il W WO SC 22 8] B AN
P, Yang %7 5% Uk [ O SR A B A 1
TR PRI R TR , 2 S TR R 15 5 T 1 T
(22 k5 S o TR 0T B R, HOBE DR e RIOCR B
U, Kwon 251 7 B It 25 & I At i 14 428 K , o i 7
T IR SE YR 3T3-L1 i 117 2 56 22 2R ) o v 4

W FR IR A1 T A5 38 i, A DU s Fh T 1T B PR T
RO R A E R = 2 IR . M AR
LT TR & I 110 5 [ S o 11 280 bR A5 18 /N B
ABAfRBESREEEN, X 50 E PR FE22
KR S B ST AR G, Ho A F it/ T 3 kDa 19 2 ik
HA RUF PPARy SZARMME RV, AT 02 R 5% %
TEPE BRI  PRIR TS B AR PR R
AU /)N BR B0k it A8 e A a0 TR I AR S Ty LA
VEHIBER B2 T+ = B 5 . R, S48 A DG i 58 R W
KRB S OB RS E M S S A2k E
SARDE, HR B A 8 R DA DR IR T K Tk
Tl G5 B PR R I P K Y o3 B Ak R
TE A GBI TRAT A it — 2B TR
3.5 HURERERK

NN SRR R (R S E 21 €[ SN EBS
TR £ i v B 09 E I B B 58 01 2 0,
KRG RBEE M PUsaE ik, 2 8 b fith B B8k
TS0 ) DR 2 2 P A e 7 A 1 2 TS P O (456 Btk
JRAEAK) o Lee 45" M [ 1 # doenjang H143 55
PAFHIRG B2 FAT T CSY 191, ek etk = — K HAY
Vi TE M . & R 7 %) Gly-Leu-Leu-Tyr-Asp-Leu-
Leu 123 A 2 25 4 15 0 2 T 306 1 R, kot 2L g o
4 MCF-7 BAA S w20 RMs/E- . M HHE
S T A T A 48 h T, RS PR R & i
PR3] 0.3 ~48.2 g-kg ™, P TEMEIGK 2.6 ~5. 1
i o BIFFEAS SRR IITE B i ok O 4 Ak A K H - B
(TGF-B) {5 7 i, NI 5 & RHLHIAH 1 FE H 3R
IEKE IR AR A K. Cao 25 fENF P &
PR P 4N 2R AT B TK-1 AR A i o 28 2% 1 336 PR B
AMLEAMBEEE , 8 Ge7E A SN 50 T ] F s
Y K-562 FITHEE 401 BEL-7402 {4 K, 2 3kl v
BE4y 524 19. 1 F130.2 mg-mL ™", Song %! pA#
F S E T B 2 & Ko i K = B W 40 i 2
1% e 2 R RN 2 IR 1 22 iR, & LT NIH/3T3 /)N
B L 1 BT 4 240 B R A L P88 DI /)N BRL bk L0 A i
JEANAEL MSB1 X T 4 bk L% 4 g . SNU C2A A2
S5 IR A R 0 AR K B I RE T, s Y 2, X
L J= N4 Ak R T v S SN NESE R R
B RAE

o T 7 A Y R S BT IR A, 16 R R TR B
A EE G S R R TR A RGA S
A FURKEE IS (lunasin) 5 @0 43 A4
LR R L A B, vT LA By 45 F 98 L 10 80 R R L R R
S T K PR 55 22 Mo e % o R IR e
/NS R AE A 2 B P o (7 12 - IR
JEROR 3 — HUEEIB D) 5 T B8R A s kE T 1, AR



164 KR

S R AT AT e B A B R
(T FhRa 20 HepG2 BA (L2 BB VR ™ . 2
A HE LA IR 580 IR S 77 T AR AR [ 25 B 4
gl (B AR K T A A v 5% R 2 TR T I
Tl T 208 1 R R A 61 R ) PR 5 2 A
TR K T 25 o 4 1 490 RN g v 95 A e IR IR
T 20 760 R 5 2k T 1 4% F) B0 JE T8 P A A R
B2, 8 A e AR 43 A 1 B 1 RS 4 R A 7R TR
SRR T R T R I e SR TR
PEBHORETE PRI, 107 12 78 4R 08 5 i 8 T R ke 0 2
TR WA

4 Hit5RE

REWEARFE, HEHMENE Y2 P
Prese % R 2R A B &) R SE e SR IR 5 A
B U NOE SR NCY. 4 YN 205 % 35PN
MR A AR AR Rl e, REPUE IR T
SIWOIA , 5L AR R B 55 AL e R, R 2 A
555 IR A B 22 b 2 BRS PR) JoAE . R L&
MR bl P AR A IKRT DL el Rl B B A A, e e]
PSS NITR: =Fi a4 Sun Ll D] 63 (Y NIEY.4
JIREA s BT S AL AT U S DAL, A BN
TRACHES 7 25 0, JH TR SRR IR T . AR, 42 T
RE R B T ALK AF 5 R SARER A o T
TR R R T i AU B SRk b 8 g L D g
P, JRIS R AL R R G b Tl A & R Y
AR 5 [A) IR s TR S IR P A R
A9 A O BRI R T 1 | A T2 A T A 1A IR0 45 F R AIE
FHAB AL AT R 52 K I B i B LT P R AT 5
TAERYEE KT T8

S 3k

[1] Samurailatpam S, Amit K R. Production of bioactive peptides dur-
ing soybean fermentation and their potential health benefits[ ] ].
Trends in Food Science and Technology, 2016, 50(1) : 1-10.

(2] kB, TN, LBEREE R RICRI]. & T
b, 2018, 39(6) : 241-245. (Zhang M H, Ding C H. Research
of functionality in fermented soybean food [ J]. The Food Indus-
try, 2018, 39(6): 241-245.)

(3] B/N&, AE KREZRM I RRREE K RN (7]
FEEY 5EFE, 2009(7) : 2124, (Yao X F, Shi H. Func-
tional characteristics of soybean polypeptide and its development
and application progress[ J]. Food and Nutrition in China, 2009
(7):21-24.)

(4] skt sk, RS, %5 ARG R L RER b R 2 AR TR
BIBFoE R (], TP E R, 2011(1) ; 5-8. (Zhang J L, Zhang
J, JiF D, et al. Research progress on important functional bacte-

ria in fermented soybean food [J]. China Brewing, 2011 (1) :

[5]

(6]

[7]

(8]

[9]

[10]

[11

[

[12]

[13]

[14]

[15]

[16]

5-8.)

wmy, B, B, . RS RN T IR
KAEHAR[T]. S, 2013, 38(8): 18-21. (Yang F M,
Zhao Y, Hou J, et al. Key technology progress of traditional fer-
mented soybean food industrialization [J]. China Condiment,
2013, 38(8): 18-21.)

XUBHE, RANEE, IKIEER, 5 REEAMEFRMEIRRITR
BARLI]. AU TR (B ARERRD , 2012, 30(2): 1-6.
(Liu X Q, Tu C H, Zhang LL H, et al. Research status of nutri-
tional and health functions of soybean protein[ J]. Journal of Bei-
jing Technology and Business University ( Natural Science Edi-
tion) , 2012, 30(2): 1-6.)

FHL, 08, HRIES, 5. REEE AL SrERelT]. k¥
Bk, 2008(4) : 565-573. (Tian K, Guan J, Shao Z Z, et al.
Structural and functional study of soybean protein isolation [ J].
Progress in Chemistry, 2008(4) ; 565-573. )

Sanjukta S, Rai A K, Muhammed A, et al. Enhancement of an-
tioxidant properties of two soybean varieties of Sikkim Himalayan
region by proteolytic Bacillus subtilis fermentation[ J]. Journal of
Functional Foods, 2015, 14 650-658.

Weng T M, Chen M T. Effect of two-steps fermentation by Rhizo-
pus oligosporus and Bacillus subtilis on protein of fermented soy-
bean[ J]. Food Science and Technology Research, 2011, 17;
393-400.

BET, ARSLHE, MO IE. 250 K I S A FL R T Y 43
i IRERINAHLT]. & iFlE, 2013, 34(19) : 381-385. (Li-
ang H'Y, Deng L K, Lin H L. Distribution, function and applica-
tion of lactic acid bacteria in fermented soybean food [ J]. Food
Science, 2013, 34(19); 381-385. )

AR, W, ke bk, . FLRRI AR SRR ]
i Tk RBHE , 2016, 37(12): 385-390. (Li X L, Hu H E,
Zhang J T, et al. Research progress on fermented soybean milk by
lactobacillus [J].
2016, 37(12) ; 385-390. )

JAERGE, phar, R e EEILAE SRR BR [T ]
EdEHE, 2007 (11): 20-23. (Zhou J X, Lin Q, Tang Q Y.

Science and Technology of Food Industry,

Research status of bacteria used in humus production in China
[J]. Food Science and Technology, 2007 (11) . 20-23.)
L0 KIS T]. £ 624 BTt Rl 2 3,
2013, 4(6) : 1803-1809. (Jiang L. W. Research progress on fer-
mented black bean sauce[ J]. Journal of Food Safety and Quality,
2013, 4(6) : 1803-1809. )

R, R4, TRE. HAMGS R GRS hE
SR L[], A E A, 2014, 39(2); 134-138. (Wu H
L, Wu C S, Ding X W. Comparison between miso and tempeh in
Japanese traditional fermented food[ J]. China Condiment, 2014,
39(2).134-138.)

SO, BARAE, RO, Sl MR ] AR
(7)), 2007(9): 2123, (Gong H K, Wei F H, Xu D
H. Aspergillus legume and its enzyme production characteristics
[J]. Agricultural Products Processing ( Academic Journal ) ,2007
(9):2123.)

FIBUET, ThIL, SRTESE. b o R B A 9T AR R
[J]. &fh 5 REERY, 2012, 48(1) ; 11-15. (Zhou H X, Ma
L, Zhang Y H. Research status and application of hypotensive



14

55 SR i T IS MR S A BRI R ST

165

[17]

[18]

[19]

[20]

[21]

[22]

[24]

[25]

[27]

[28]

[29]

[30]

peptide in food[ J]. Food and Fermentation Technology, 2012, 48
(1):11-15.)

Ibe S, Yoshida K, Kumada K, et al. Antihypertensive effects of
natto, a traditional Japanese fermented food, in spontaneously hy-
pertensive rats [ J]. Food Science and Technology Research,
2009, 15 199-202.

Zhang J H, Tatsumi E, Ding C H, et al. Angiotensin I-converting
enzyme inhibitory peptides in douchi, a Chinese traditional fer-
mented soybean product [J]. Food Chemistry, 2006, 98:
551-557.

Kuba M, Tanaka K, Tawata S, et al. Angiotensin-I converting en-
zyme inhibitory peptides isolated from tofuyo fermented soybean
[J]. Bioscience, Biotechnology and Biochemistry, 2003, 67:
1278-1283.

Ma Y, Cheng Y, Yin L, et al. Effects of processing and NaCl on
angiotensin [-converting enzyme inhibitory activity and y-aminobu-
tyric acid content during sufu manufacturing[ J]. Food and Biopro-
cess Technology, 2012, 6. 1782-1789.

Wang L J, Saito M, Tatsumi E, et al. Antioxidative and angioten-
sin I-converting enzyme inhibitory activities of sufu (fermented to-
fu) extracts[ J]. Japan Agricultural Research Quarterly, 2003, 37
(2):129-132.

LiFJ,Yin L], Cheng Y Q, et al. Angiotensin I — converting en-
zyme inhibitory activities of extracts from commercial Chinese style
fermented soypaste [ J]. Japan Agricultural Research Quarterly,
2010, 44(2) . 167 - 172.

Nakahara T, Sano A, Yamaguchi H, et al. Antihypertensive effect
of peptide-enriched soy sauce-like seasoning and identification of
its angiotensin I-converting enzyme inhibitory substances [ J ].
Journal of Agricultural and Food Chemistry, 2010, 58 (2):
821-827.

Shin Z I, Yu R, Par S A, et al. His-His-Leu, an angiotensin-I
converting enzyme inhibitory peptide derived from Korean soybean
paste, exerts antihypertensive activity in vivo[ J]. Journal of Agri-
cultural & Food Chemistry, 2001, 49(6) :3004-3009.
Martinez-Villaluenga C, Torino M I, Martin V, et al. Multifunc-
tional properties of soy milk fermented by Enterococcus faecium
strains isolated from raw soy milk[ J]. Journal of Agricultural &
Food Chemistry, 2012, 60(41) : 10235-10244.

Tsai J S, Lin Y S, Pan B S, et al. Antihypertensive peptides and
y-aminobutyric acid from prozyme 6 facilitated lactic acid bacteria
fermentation of soymilk[ J]. Process Biochemistry, 2006, 41(6) .
1282-1288.

Vallabha V S, Tiku P K. Antihypertensive peptides derived from
soy protein by fermentation[ J].

Research and Therapeutics, 2014, 20(2) :161-168.

International Journal of Peptide

Singh B P, Vij S. Growth and bioactive peptides production poten-
tial of Lactobacillus plantarum strain C2 in soy milk: A LC-MS/
MS based revelation for peptides biofunctionality[ J]. LWT - Food
Science and Technology, 2017, 86 293-301.

Sanjukta S, Rai A K, Muhammed A, et al. Enhancement of an-
tioxidant properties of two soybean varieties of Sikkim Himalayan
region by proteolytic Bacillus subtilis fermentation[ J]. Journal of
Functional Foods, 2015, 14 650-658.

Zhu Y P, Fan J F, Cheng Y Q, et al. Improvement of the antioxi-

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

dant activity of Chinese traditional fermented okara ( Meitauza) u-
sing Bacillus subtilis B2 [J]. Food Control, 2008, 19 (7).
654-661.

Watanabe N, Fujimoto K, Aoki H. Antioxidant activities of the
water-soluble fraction in tempeh-like fermented soybean ( GABA-
tempeh) [ J]. International Journal of Food Sciences & Nutrition,
2007, 58(8) : 577-587.

TR, MRS, 8L, 55 HYIRME Y b st I R 4l
BARTFEIERELT]. Bk 5 K BE Tk, 2014, 40(6) : 110-116.
(Tian M H, Lin Q L, Liang Y, et al. Advances in studies on the
composition of active peptide amino acids in plant-based foods
[J]. 2014, 40 (6):
110-116. )

Food and Fermentation Industries,

Yu B, LuZ X, Bie X M, et al. Scavenging and anti-fatigue activ-
ity of fermented defatted soybean peptides[ J]. European Food Re-
search and Technology, 2008, 226(3) ; 415421.

Fan J, Zhang Y, Chang X, et al. Changes in the radical scaven-
ging activity of bacterial-type douchi, a traditional fermented soy-
bean product, during the primary fermentation process[ J]. Biosci-
ence, Biotechnology, and Biochemistry, 2009, 73 (12 ):
2749-2753.

Kim SL, Chi HY, Kim J T, et al. Evaluation of antioxidant ac-
tivities of peptides isolated from Korean fermented soybean paste,
chungkukjang [ J]. Korean Journal of Crop Science, 2011, 56
(4) : 349-360.

Zhao D, Shah N P. Changes in antioxidant capacity, isoflavone
profile, phenolic and vitamin contents in soymilk during extended
fermentation[ J]. LWT - Food Science and Technology, 2014, 58
(2): 454462.

Sumi C D, Yang B W, Yeo I C, et al. Antimicrobial peptides of
the genus Bacillus; A new era for antibiotics[ J]. Revue Cana-
dienne De Microbiologie, 2015, 61(2) . 93-103.

Yeo I C, Lee N K, Cha C J, et al. Narrow antagonistic activity of
antimicrobial peptide from Bacillus subtilis, SCK-2 against Bacillus
cereus[ J]. Journal of Bioscience & Bioengineering, 2011, 112
(4):338-344.

Schallmey M, Singh A, Ward O P. Developments in the use of
Bacillus species for industrial production[ J]. Canadian Journal of
Microbiology,, 2004, 50(1) . 1-17.

Cao X H, Liao Z Y, Wang C L, et al. Evaluation of a lipopeptide
biosurfactant from Bacillus natto TK-1 as a potential source of anti-
adhesive, antimicrobial and antitumor activities [J]. Brazilian
Journal of Microbiology, 2009, 40(2) ; 373.

Onda T, Yanagida I, Tsuji M, et al. Production and purification
of a bacteriocin peptide produced by Lactococcus sp. strain
GMO05, isolated from Miso-paste [J]. International Journal of
Food Microbiology, 2003, 87(1-2) : 153-159.

Moreno M R F, Leisner J J, Tee L K, et al. Microbial analysis of
Malaysian tempeh, and characterization of two bacteriocins pro-
duced by isolates of Enterococcus faecium[]]. Journal of Applied
Microbiology,, 2002, 92(1) . 147-157.

Eom J S, Lee SY, Choi HS. Bacillus subtilis HJ18-4 from tradi-
tional fermented soybean food Inhibits Bacillus cereus growth and

toxin-related genes[ J]. Journal of Food Science, 2014, 79(11) .
2279-2287.



166

K E B

[44]

[45]

[46]

[48]

[49]

Yeo I C, Lee N K, Cha C J, et al. Narrow antagonistic activity of
antimicrobial peptide from Bacillus subtilis, SCK-2 against Bacillus
cereus[ J]. Journal of Bioscience and Bioengineering, 2011, 112
(4):338-344.

Lee M H, Lee J, Nam Y D, et al. Characterization of antimicrobi-
al lipopeptides produced by Bacillus sp. LM7 isolated from chun-
gkookjang , a Korean traditional fermented soybean food[ J]. Inter-
national Journal of Food Microbiology, 2016, 221 12-18.
FREEE. S A0 T 3R PR M IR A SR A AT (D ]
PEPH TR FHAR Y K2, 2016 23-30. (Wang X R. Screening and
characteristic analysis of enterococcus enterococcus bacteriosa in
soybean paste[ D]. Shenyang: Shenyang Agricultural University,
2016 23-30. )

Yang H J, Kwon D Y, Min J K, et al. Unsalted soybeans fermen-
ted with Bacillus subtilis and Aspergilus oryzae, potentiates insuli-
notropic actions and improves hepatic insulin sensitivity in diabetic
rats[ J]. Nutrition & Metabolism, 2012, 9(1): 1-12.

Kwon D Y, Sang M H, Ahn IS, et al. Isoflavonoids and peptides
from meju, long-term fermented soybeans, increase insulin sensi-
tivity and exert insulinotropic effects in vitro[ J]. Nutrition, 2011,
27(2): 244-252.

Yang H J, Kim H J, Kim M J, et al. Standardized chungkook-
jang, short-term fermented soybeans with Bacillus lichemiformis,
improves glucose homeostasis as much as traditionally made chun-
gkookjang in diabetic rats[ J]. Journal of Clinical Biochemistry &
Nutrition, 2013, 52(1) ; 49-57.

HEY, XWEHE, Ak, 5. REE KT LB TARN
Sy HARREE LR IR SET]. iR, 2008(10) @ 557-
559. (Ge X Z, Liu HY, Zheng L. L, et al. Studies on the effect
of antiproteinase and non-enzymatic saccharification in vitro of tem-

peh, soybean and black soybean[ J]. Food Science, 2008 (10) .

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

557-559.)

Lee ] H, Nam S H, Seo W T, et al. The production of surfactin
during the fermentation of cheonggukjang by potential probiotic Ba-
cillus subtilis CSY191 and the resultant growth suppression of MCF-
7 human breast cancer cells [ J]. Food Chemistry, 2012, 131
(4): 1347-1354.

Song E K, Pai T, Lee H J. Cytotoxic effects of the peptides de-
rived from traditional Korean soy sauce on tumorcell lines|[ J].
Food Science and Biotechnology, 1998, 7(2) :1-5.

Cavazos A, Morales E, Dia V P, et al. Analysis of lunasin in
commercial and pilot plant produced soybean products and an im-
proved method of lunasin purification [ J]. Journal of Food Sci-
ence, 2012, 77(5) : 539-545.

Blanca H, Chiachien H, Beno D L. Lunasin and Bowman-Birk
protease inhibitor ( BBI) in US commercial soy foods[ J]. Food
Chemistry, 2009, 115(2) : 574-580.

Herndandez-Ledesma B, Hsieh C C, Lumen B O. Lunasin, a novel
seed peptide for cancer prevention [J]. Peptides, 2009, 30
(2): 26.

Hsieh C C, Martinez-Villaluenga C, Lumen B O D, et al. Upda-
ting the research on the chemopreventive and therapeutic role of
the peptide lunasin[ J]. Journal of Science and Food Agriculture,
2017, 98(6) : 2070-2079.

Hsieh C C, Hernandezledesma B, Lumen B O D. Soybean pep-
tide lunasin suppresses in vitro and in vivo 7, 2-dimethylbenz[ a ]
anthracene-induced tumorigenesis[ J]. Journal of Food Science,
2010, 75(9) : 311-316.

Fernandez-Tomé S, Ramos S, Cordero-Herrera 1, et al. In vitro
chemo-protective effect of bioactive peptide lunasin against oxida-
tive stress in human HepG2 cells[ J]. Food Research Internation-

al, 2014, 62(1) : 793-800.



