547 % 1 i Tl B Vol. 47 No. 1
2026 4F 1 H Science and Technology of Food Industry Jan. 2026

X, 22T, B HR, 55, P IR ST T A e S A S B B R (], B Tl R, 2026, 47(1): 206-214.
doi: 10.13386/j.issn11002-0306.2024120181

LIU Qu, AN Feiyu, WU Rina, et al. Screening of High Yielding Antioxidant Peptide Bacillus sphaericus and Its Application in Value-
added Utilization of Soybean Residue[J]. Science and Technology of Food Industry, 2026, 47(1): 206—214. (in Chinese with English
abstract). doi: 10.13386/j.issn1002-0306.2024120181

-EYTEE -

R DL B AR AT A B S i B R
FE S IE A FH R RIDLA:

x| #"RTFE, GEHHC,H OB E B EEG, EZEE L, BER, DB, KEw
(LR LR FR TR, LT 8 110866;
23T HR AR AR TAB P, I T YA 1108665
3.FE TR A R B AR HE SR E, T T8 110866;
43T T A Ak AR B A TN E] L AT T 3 F B 125200)

4)

 E:R4): S AKREWI TR 4, RATRMEL, CRHLEK, ol EFET LA ALK, K5
REAENT BN REBELR, ARNFERFBER SR P ARG DO R A4, R F TS MAES
K7 X (UAF) , RERERANKE DT AW ERWOH 2 REZ, BRAZBGARNMEL, Fik: @idEH
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Abstract: Objective: Soybean residue, a major by-product of soybean processing, possess nutritional value but have low

industrial utilization due to low digestibility and poor palatability. The aim of this study was to use soybean residue as a
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fermentation substrate, take advantage of the characteristics of Bacillus sp. that can grow and multiply in food materials and
secrete an extracellular enzyme system, and explore an effective way to prepare small molecule bioactive substances such
as antioxidant peptides with the help of ultrasonic-combined microbial fermentation (UAF), thereby enhancing the
utilization value of soybean residue. Methods: In this study, 28 high-protease-producing strains were screened from 56
strains of Bacillus sp. by initial screening using the transparent-circle method. Then, their protease activity, superoxide
dismutase activity, peptide-producing capacity, and antioxidant capacity were comprehensively evaluated through re-
screening in combination with factor analysis. Results: Four strains with antioxidant capacity, namely B. siamensis s4, B.
amyloliquefaciens 10, B. subtilis SNBS-3, and B. subtilis 63, were finally screened out. Among them, the protease activity,
ABTS" radical scavenging rate, and DPPH radical scavenging rate of B. amyloliquefaciens 10 were significantly increased
(P<0.05) 12.23%=+0.08%, 8.69%=+0.11%, and 3.38%=+0.81%, respectively. Meanwhile, the peptide content and DPPH
radical scavenging rate of B. subtilis SNBS-3 were significantly increased (P<0.05) 7.20%+0.10%, 3.41%+0.14%,
respectively. Conclusion: Using soybean residue as a fermentation substrate, ultrasonication combined with microbial
fermentation could be regarded as a method to screen strains with high antioxidant peptide production. Under
ultrasonication stress conditions, the two strains, B. amyloliquefaciens 10 and B. subtilis SNBS-3, not only demonstrated
good growth ability but also significantly enhanced protease activity, peptide content, and antioxidant capacity. They had
strong antioxidant potential and provided theoretical support for the industrialization of antioxidant peptide preparation.
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IEAER S AETE PR TS Y, H A A
LR B D7 REVE— PR T A IO, TE B hh A4
JRBLH RAFR N T o FAT, R S A )
FAUIRAS N T IR ST 6 UL, E T AT
FEWZ R BRI | B R A5 rp— il 5 7 =G
o, sl A SR B A BROL AL il A M Z2 A A Qi A
DL e s AR AR IR TS, 154 T2 20 B BE, ALk
RHAR AR A=) R T A i) s T AR, X
SR IR A 22 G sl B HAA B 208 8L WEoEk
B, ZEAAT R (Bacillus ) AU BERE I HER, & K i
R AOBE AR - SIIRER Y, LRSS, nl ek
SR EURE b RAFA I BOAE P, (H S AT E X b
FALIKR BT SEAR SATAFAEAR SE3E Z Ak

DAL it A5 38 ek 375 W e ik 00 s, 5 I D
AP AR T . Z2 IS BT AL RE T 2 T,
ZRA Bt H HA S DU R AL IR EE 1 10 R S PR B PR
BE— 21 AR P R S T E W) R T i) S DU AR ALK,
TEAR i A PR TR T Z2 5 (e, X 4R T Sk
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Table 1 Comparison of 16S tDNA sequence homology R ) Bz EE CABTS) o 1,1-— 28 He -2-= A 3 78 Bk
among strains (DPPH) ., &5, i GRAREE . I EE . K& DOAliiR EN
L7 3 kRS Y R (%) (Na,B,0,-10H,0) . T ke B4 (SDS) 4347
53 B. subtilis 99.8 ali, [ se MR AR B W5 34 AR S
s  velesensi o P 46 32 7 £2 (ELISA) . SOD 3% 1 46 9 32t 71 4%
- . subtilis .
o . =4 =
v B et o8 (ELISA) b5t el BB RAT IR AT 28 7
31 B. amyloliquefaciens 99.9 QYC-200 [HIRIEFEFEIR IR A
7 B velezensis 958 BRAS A5 UV-2100 2407 A0 JRJetl( L
J19 B. subtilis 98.4 S .
3 V N, i = g a2y
T BH i 63 B. subtilis 100 i#) (AT L2 v KQ-300VDE i {%H} =
17-1 B. amyloliquefaciens 99.5 LT A A A BR 2% F]; DHG-9023S SXU T4
21 B. velezensis 98.8 TR %’fﬁ(%ﬁﬁrﬁu%ﬁ PR F]
s16 B. subtilis 98.4 A=
101 B. velezensis 99.8 1.2 *Euﬁli
15 B. amyloliquefaciens 99.8 1.2.1 550l #]  LB(Luria-Bertani) {4
25 B. amyloliquefaciens 99.7 EEFE L WK 1 WA EE FR 3L =2 Kasana 2524 Jig
26 B. amyloliquefaciens 99.8 e .
],121 °C KB 20 S o
104 B. amyloliquefaciens 98.8 il . Vi \l’l’lil’l‘ (K2 . e o .
100 B. subtilis 98.4 BRIt ST 60 °C BIXTHERAE gL
j1o B. velezensis 99.2 FEfHHE, 10 g T 57, /K 150 mL, 121 °C K 20 min
116 B. amyloliquefaciens 99.8 5
SN K NS 117 B. amyloliquefaciens 99.8 e s e
105 B. amyloliquefaciens 99.7 OPA ¥#¥ifi: 25 mL ZEiE/KIFfifF 0.96 g Na,B,0,-
103 B. subtilis 99.8 10H,0, 2.5 mL ZEM/KIE#% 0.5 g SDS, 1 mL HfEHs
6-2 B. velezensis 99.8 fi# 0.04 g OPA J5/im 0.1 mL g-#Hi I M, ERXKE
SNBS-3 B. subtilis 100 50 mL
j21 B. subtilis 98.4 ° . o
i B. subtilis 992 DPPH ##¥4: 100 mL HEE4# 6.3 mg DPPH,
j14 B. velezensis 98.4 ABTS ¥ #i: 2 mL ZE18 /K% 7.68 mg ABTS,
s B. subilis 992 4 mL ZEIK AR 2.65 mg K,8,04, IR 21F T3
0PRSS 73 B. velezensi 99.5 - .
A o el o (2551 °C) F Ml 12~16 h i B35 T 6K 2.,
10 B. amyloliquefaciens 100 734 nm ALYEREE F I SERE A 0.7+0.02 5.
A B amylliguelciens 995 122 FEERCRALIRE T BRI RIE I,
s9 B. amyloliquefaciens 98.8 e e N o .
. B, sublilis 08.4 o PR B 28 FOAT 0GRS 4R 2 LB WA B IR S,
20 B. pseudomycoide 99.8 37 °C. 170 r/min 553£ 16 h J5 5000 r/min E5.0> 10 min
24 B. velezensis 99.2 FE LW, 09% LA EL K IEE ODygo N 0.5+
WH LR % jl12 B. velezensis 99.5 0.02 W EW £ . 2% Kasana %[24] IR
s4 B. siamensis 98.8 X .
7 B. velezensis 98.4 'ﬂ%Ei, 100 IJ—L %%?&lﬁﬁﬁ%ge 12[31%‘?%%, 37 C
29 B. amyloliquefaciens 99.8 FE ISR 12 h J5 s~ RS B I H AR (D) M
sl B. subtilis 99.8 BEEEA),
s14 B. amyloliquefaciens 99.7 . , By e i
E”—%ﬁiimigj $3 B. subtilis 99.8 1.2.3 @FEH@@{E jj E‘*ﬁkiuﬁ%ﬁ
43 B. subilis 99.5 1.23.1 ZRmdle B 1.2.2 BRI, #2 1%(v/v)
b b one PR 2 JE T L K FE 3£, 37 °C L 170 min 3R
120 . velezensis 98.4 N I . ~ . =
113 B. amyloliquefaciens 99.8 36 h, BRI 10000 r/min #5.0 25 min J5 B EHER
114 B. subtilis 99.5 it 0.45 um PEREE T80 °C & .
2 Banbligufciens 988 1.2.3.2 BBk IVE L 2 KR 1B 1 B
I8 B. velezensis 100 . Y .
S29 B. amyloliquefaciens 100 gﬂjwﬁl?f};ﬁ%z 45 kHz, Ij]% 120 W/L T 15 min,
HIF 5 RN 43 B. amyloliquefaciens 99.5 Ao A o A TS A A I 59 & (ELIS A, 5
J40 B. amyloliquefaciens 98.8 450 nm AR FEREE . [RIRT LB FS A FH 1 B R 2
44 B. subtilis 98.4
=V e AT R 3% VA >
S m e oo 1L, P R BR R 1 TS 2 R AR (D
8-3 B. velezensis 99.2 o N 2% 10/ Py — Py
24 B. velezensis 99.2 = El@@/ﬁjjii(ﬂ)) - T X100 ﬁ (D
jl12 B. velezensis 99.5

U Py AR T BRIR A2 1 0 22 SRR O RE
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1.2.3.3 BEMRAEBE OIS Z R AR S ENE =%
Tuly &8P () 7 L RS EE 2L, 75 pL 10 mg/mL £
K5 3 mL OPA IR A), £ 12 9%F 2 min, I
E 340 nm &b WG el 0. 0.2, 0.4, 0.6, 0.8 %
1.0 mg/mL 1Y Gly-Gly-Tyr-Arg 7 W il VE AR A i 28
(Y=11.175X—0.0075, R?>=0.9996) . #8520 A =5
1, HE 7 JE PRAR AR & B SRR A (2) 15

kS BRI (%) = Car =Crar 109

C*/&Fn‘

s Cyg e N 75 )5 B8 MR K & B (mg/mL) ;
C o WA AR IR & B (mg/mL) .
1.2.3.4 MR A B 50 2 IO A AL B A TG
ME  PEEZBALFH SOD G AR & (ELISA),
ME P 450 nm AEWOGREE, Fean oL, 7 1 7
USRI 74 1 umol ABABAES - 1 i e
SR A S PR TR I
1.2.3.5 BMRA R GE Z M DPPH A H 75 R
M =M Rai 2 1 LI FEAEE 2. 200 pL
Z KW 5 2 mL DPPH ER IR A, iR F#Cm s
30 min, 0.2 mg/mL V& 24 FHPAEXS I, Il 5E 517 nm 4k
WGRE, APEA=0(3) 1155 DPPH [ HALE R

&

DPPH 4 13 14:(%) = (1-%% 100 3 (3)

K A, RESIBOGEE(E A S H B AR
DPPH I OCREAE; A, HZ2T RIS IO
BEH

EAR, KL Ras 1, #8755 WAk DPPH H
TV R RARYE A (4) T34
D,-D,

D,

b D, B S AR DPPH [ H L3 5%
D, NAEF TR DPPH H HILERR .
1.2.3.6 K G #Z KR ABTST H H 375 5 =0
X ZM Fang 5507 (7 0 RSEE . 1 mL £
RS 4 mL il ABTS R FTHIRA), EiE F#EDE
W%F 6 min, 0.2 mg/mL V. & BHMEXT &, ) 2 3% 1<
734 nm ZRWEOGEE, HRPE A5 ABTST H B %

DPPH H 1375 R R (%) = x100 X (4

ABTS® [ Hi M5 2(%) = (1—%)x 100 3% (5)

A A, N Z KPR IR OGE R A, S ABTS %
WAS WG
eAh, R H s [, B G R ABTSTH
H FLVE B R R AR YR 20 (6) 1T &L,
ABTS™ H HIFEIERR R IR (%) = A“A;Ab % 100

X A, WG R R ABTSY H HRLEBRR;

X (6

A, HARFEFHTRER ABTS™ [ FHIEWE R
1.2.3.7 HF48 Z=FE ARSIk, K
28 IR ZE AT B 00 2R GG 1 L R ARk B A TG
PELIRSE . ABTS T H i 3L7ERR 3 . DPPH H f3LiE
53 AR B, LR PO AN ) 2E A AT R O P E L BE
THA ZF AT B PR AL RE 0 AH G Z B0 M4 DA B G 3=
B B RN EAE N DTHR AR AE, Jfxt P2 A R B4 EA
TREFE AL IR I 2T TR 2R PR B LR I T2
5355
1.2.3.8 75 pais X PRI AR 22 1 7 i e e A R 1 s )

P BT R 1 I ZEHIAF IR, BePh 1% (v/v) Rk
BEFEHE, 76 37 °C. 170 r/min 2514 R334 h Je A
45 kHz, TH3 120 W/L F #7410 min, %35
36 h, [AIHF RAASHE 7 AL B A4 A B M 25 P 4H, 555k
7 IR X B AR IKBE 77 . SR S 7 . DPPH H f &
THERZEA ABTS™ H HH ZLIE BRI AR
1.3 HIEAIE

BRI ER Y A I RE 3 UK, 45 SRR

{HEbRIEZE, SR SPSS FAFUEAT K F 43 S i 1]
BEE2E FAHT, L P<0.05 25 5 B3, JH Origin
2021. Design-Expert.V8.0.6.1 F{4H£:&,
2 BR5SH
2.1 SFMENREBNEKIFIE
2.1.1 TR EARRE VI i B X o
B ARIMEG LB/ KRS % RIS U
56 BRZEAAT BR A TR0, LI ELAT r= 25 e
FOBE kR, &SRR 2 PR, 56 MREFAFT ¥ HAT »=
R AT 7, 375 BH R I R IN B S R T P 7 o 2 1 g
M5 BaE ), B ELE (D-d ™) B ™ 25 P Bl R

K2 R E BRI

Table 2 Preliminary screening test on strain protease production

WS WED-d) |EkkGS WED-d) | keSS LED-d)
10 8.44=0.06° J32 3.67x0.03%™| 21 2.33+0.03"
SNBS-3  8.32+0.01° 43 3.6+0.06™™ 8" 2.3+0.12™
63 7.22+0.14° sl6 3.6£0.01™™ | 6.2 2.26+0.04™
s4 6.00£0.12° jl10 - 3.57+0.03M™|  J20  1.84+0.01"
$3 5.73£0.27° 104 3.49+£0.01™™| 112 1.66+0.01°
J19 5.08+0.04¢ 117 3.47+0.038™| 519 1.58+0.04"
52 4.83+0.14% 111 3.4+0.06™ 103 1.52+0.03®
44 4.47£0.08 | S29  3.33£0.07™ 31 1.45+0.05"
24 4.47+0.08"" s9  333x0.07™ | j14  1.43%0.03"
25 4.46+0.08°" 100 3.2120.09™ | 43" 1.4+0.06"
53 4.32+0.03% 26 3.08+0.03" 23 1.4+0.06"°
8-3  4.32+0.03% 73 2.77+0.03% 105 1.35+0.06°
SN-14  4.13+0.04® | 17-1 2.57+0.07° 114 1.34+0.01"
21 4.02+0.07"" 15 2.47+0.09° 101 1.27£0.07°
sl4  3.96£0.07%" | 116  2.47+0.03" j20 1.2+0.03°
sl 3.93£0.058"% | 7] 2.38+0.54 140 1.2+0.03°
TS 3.84+£0.01"M| g 2.38+0.06" 24" 1.19£0.02°
7 3.84x0.012 ) 1 2.37£0.03° 29 1.16+0.01'
jl2 3.67+0.03™Mm™) 113 2.36+0.03"

e RIFNN R0 3R 25 573 1. 35 (P<0.05), #3~3% 5[],
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B, 56 Bk I A9 D-d7' {H 7E 1.16£0.01~8.44+0.06
Z ], SEME N 3.22+0.04, 383 23S AT AL, AS
IR R R[] 5 U RE A7 E 35 22 572 (P<0.05) .
e 28 BRTENE W BB LU AR & TP 2 ME, SE R 28 Bk
BA P8 RS 2R s gt T fe s . Hoh
B. siamensis s4. B. amyloliquefaciens 10. B. subtilis
SNBS-3. B. subtilis 63. B. subtilis s3 tL{H 3= T
5.50, 7E 7 &5 M1 B 6 71 J7 1 W 3 o T OH il T Bk
(P<0.05), KU THRA R H NI -
2.1.2 mEr PR IR R A T 2k
2.1.2.1 TEBRANE L 2 A UG ) s X
28 BR TR 19 85 S 0 EA TIN5 , O 18 HY 2 S 7 b
EALIRIE SRR . AR ANER 3 P, 28 BRZF AT
PRI AR B IiEHE 1, SIS0 TR A 25 S )
HFAE 2 22 5 (P<0.05) . Htp, B. siamensis s4. B.
amyloliquefaciens 10, B. subtilis 63 FJ3E NS 153
A 566.29+1.59, 566.05+0.57 ., 565.92+1.50 U/mL,
HAEE AR )7 AR T[] — 2K, R A
PitFRE 7 35 0 T HAB IR Bk (P<0.05), 7™ H5 F T
BE S1%5558:; B. subtilis s16. B. subtilis 5-3 F=%& B HE
JiiE i, 4350k 412.20+0.81, 408.46+0.52 U/mL, iX
P AR BT 1) 1 T TS 0 7K SF- TG B 35 28 55 B. amylo-
liquefaciens 104, B. amyloliquefaciens 25 5 F g%
F157 5 247.04+0.44, 243.94+1.10 U/mL, &
PR 1o W35 25 5, P R 04855, SHTiegiE ]
FElwI it AR, PTSGUE IR SIS IR
3 WA 2 R A S
Table 3 Protease activity in fermented soybean
residue peptide solution

WS EAREE(UmLY) | EtkgS ARG (UmL)
s4 566.29+1.59°" 117 275.300.86°
719 498.60+2.90° 104 247.04+0.44°
SN-14 332.69+1.57" 111 405.15+0.90)
5-2 482.88+3.25¢ 53 408.46+0.52
$29 306.84+0.35° s9 354.98+1.14™
10 566.05+0.57" 24 350.59+0.13™
63 565.92+1.50° j12 438.90+0.94"
21 469.71=1.72" 8-3 392.52+0.90%
SNBS-3 556.61+4.67° 7 388.57+0.65¢
25 243.94+1.10° sl 486.87+0.91¢
44 508.83+1.00° sl4 456.3142.04¢
s16 412.20+0.81° s3 469.02+0.64"
132 322.32+0.78° 43 434.19+0.70"
j10 380.79+0.79" TS 272.46+1.219

2.1.2.2 WERAEBOEZ R Z IR N #Eid
Xt 28 BRE Y7 IRAE J7 A TN E , ik H = 22 IkfRE 7
TRIVTEMR . G5IRUNER 4 PR, 28 BRZFAUFT R EA
TERKBURE T, SERSTRIER ] BRRE A AE 3 22 5 (P<
0.05). HA B. subtilis 63 k&4 9.06+£0.13 mg/mL,
U KRR 7 20 T A IS 43 B Ak (P<0.05); B.
subtilis 111 B. subtilis 5-3 K&~ 6.57+£0.04. 6.57+

0.07 mg/mL, —FHE RS I W3 255, P IIkBE )
EH, 5rERREE 1B EY B. subtilis 63 AALL, HLA
#7255 (P<0.05); B. amyloliquefaciens 104 y=JIKBE
2, AN 4.1420.10 mg/mL. @it X} 28 ¥REFFRAY
T ARG DA Z2 k& B 7 v LASGIE, 25 RS )
AT PARS Z K& B A E S . R BRI
W I, ORI IREE JT545
4 WHREABDIEZIKRZ KNG &
Table 4 Peptide content in fermented soybean
residue peptide solution

WS &R (mgmL™) Wtk K& (mg-mL™)
s4 8.74+0.05° 117 4.79+0.019
119 7.73+0.04° 104 4.1440.10°
SN-14 5.65+0.04" 111 6.57+0.04%
5-2 7.43+0.09' 5-3 6.57+0.07%
S29 5.03+0.03° s9 5.99+0.01™
10 8.50+0.07° 24 5.86+0.04™
63 9.06+0.13* j12 6.74+0.02
21 7.30+0.10%" 8-3 6.34+0.06'
SNBS-3 8.76+0.09° 7 6.26+0.02'
25 3.96+0.03° sl 7.49+0.11%
44 8.10+0.04¢ sl4 6.96+0.03'
s16 6.58+0.02¢ s3 7.24+0.03"
132 5.37+0.03° 43 6.70+0.03%
jl10 6.27+0.02' TS 4.68+0.02¢

2.1.2.3 BEERE IR & 2 I Pt AL Re e
SOD J& Pt a b 4@ i, 7EPL A b b e 2] 2
KEBIWVE, BB R PrE LB R EZ AL
Z P PR AT e s AR I ) S A RS S
R SRR T, DATTS BT ARV E R,

ELA SR, B. amyloliquefaciens . B. subtilis
SRR T BT R D TR RN TE, TERI R PTE L
AWE M EAA —E B R IBY . S, %
R 28 BROL™ 25 B SR AT oA, 2E— 2B e B sy
77 SOD BRI R MR R, 45 R a3k 5 s, 28
MRZEAUAT IR 0] 7= SOD [, SC06 TR AR B BTG JIA7A7E
#2257 (P<0.05) . H:" B. amyloliquefaciens 10,
B. subtilis 63 SOD [iffiE J1 B, 437320 368.00+1.4,
371.53+0.96 U/mL, yZEFHE I W& & F T 2480 i
% Y SOD il i 2R F AT I C328(358 U/mL)
B. subtilis 43 . B. velezensis j12 SOD G 714535 R
265.05+0.69. 267.68+0.20 U/mL, . FH L #F 2% 5,
FEMFRESIIE P, S RE 1 BRI AR AR B 22
(P<0.05), {H 3 8 2575 Fr= [ RE J1 5055 i B AR (P<
0.05); B. amyloliquefaciens 25 SOD HHE 1M 166.74=+
0.30 U/mL, F=liRE J14055 . 28 MREFAIFT B 14 22 AT
VIR BUEARTE TR, HARE B35 25 5+ (P<0.05) . H:
d1 B. subtilis SNBS-3 Z K19 ABTS' H H L35 %
#% . DPPH H H 2515 BR 2 4351 8 68.94%+0.45%.
45.62%=+0.28%, AbTF Ik, 2B B AR Z IR
Pra b EE 7 W 2 5 T H A KR 43 TR AR (P<0.05); B.
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Table 5 Antioxidant capacity of peptide solution from fermented soybean residue
S ABTS H & DPPH [ 3 SODFi 11 ———_— ABTS™H & DPPH [ 3 SODFHT /1
THERE (%) THBEF(%) (U'mL™) THERE (%) THBEF (%) (U'mL™)

s4 64.34+0.8° 44.46+0.52° 365.93+2.34° 117 32.94+0.32" 21.49+0.23° 200.42+0.14°
J19 56.41+0.77° 38.43+0.59¢ 307.01£0.60° 104 29.14+0.31" 21.58+0.26° 172.76+2.02¢
SN-14 40.67+0.22! 23.97+0.14™ 229.50+0.81" 111 50.44+0.53¢ 30.28+0.34' 249.43+0.71*
5-2 52.91+1.09¢ 37.06+0.70° 298.76+1.65¢ 5-3 50.88+0.29° 30.57+0.19' 251.814+0.45"
S29 37.19+0.12' 21.710.08° 217.03+0.51° s9 43.67+0.16' 25.91+0.10' 236.72+0.39™
10 64.72+0.52° 44.70+0.33" 368.00+1.4™ 24 43.09:+0.2' 25.53+0.12' 234.07+0.71™

63 63.4+1.28" 43.84+0.83" 371.53+0.96" j12 54.98+0.51¢ 33.22+0.33" 267.86+0.20"

21 51.13+0.34¢ 35.91+0.22" 288.93+1.40" 8-3 48.74+0.35¢ 29.18+0.23! 249 .46+1.24*
SNBS-3 68.94+0.45° 45.62+0.28" 368.31+2.39° 7 48.2+0.36%" 28.84:+0.24* 245.2340.69"
25 28.72+0.24" 21.23+0.20° 166.74+0.30° sl 53.45+0.84¢ 37.41£0.55° 305.40+0.97¢

44 55.03+0.91¢ 39.32+0.50° 312.25+0.08° sl4 49.33+0.7% 34.74+0.45¢ 277.14£1.25¢
s16 43.39+0.311 30.90+0.20' 255.58+0.23' s3 51.05+0.7° 35.85+0.45" 289.60+0.98"
132 39.28+0.29" 23.07+0.19" 221.00+0.80° 43 46.35+0.42" 32.82+0.27" 265.05+0.69"
j10 47.16£0.33" 28.16+0.22" 242.47+0.27" TS 32.56£0.13™ 21.2120.10° 201.21+1.36°

amyloliquefaciens 25 . B. amyloliquefaciens 104 ZJik
W ABTS' [ 2T BR AR B 25, i 28.72%+0.24% .
29.14%+0.31%; B. amyloliquefaciens 117, B. amyloli-
quefaciens 104, B. amyloliquefaciens S29. B. subtilis
TS. B. amyloliquefaciens 25 DPPH [ H 375 258
I, 5390120 21.49%40.23% ., 21.58%+0.26% ., 21.71%+
0.08%. 21.21%=+0.10%. 21.23%+0.20%

22 EFath

FETF RIS A5 I, 28 BR ZE AT B 204 7 il
FERR K PTEALRE S, FIFHEHE AT 28 MREZEALFT
TR G T -
2.2.1 KMO F Bartlett BRIEFIS b T 8 AR 2
B (Y B RESE T =R AT WAL (EE v S & 5 iR T e e o WP e 2 VA
B S HEAT T KMO Fil Bartlett BRI A 56 A1 530 H7,
2% 6 nJJ, KMO fH . Bartlett ERIEAG L6554 0.844 .
0.0001, B4 [E]FH IR, Z0ii B SR IE A5 10,
A A TR T 4007 o

%6  KMO F Bartlett BRIEATS
Table 6 Results of KMO and Bartlett test

R T ORFERANTS 28 TR

Table 7 Eigenvalues and variance contributions

VISR RIBRARET IR R
WY oy R BB R BB WEA RH
) (%) YT (%) (%) T (%) (%)
4900 97.994 97.994 4900 97.994 97.994 2.707 54.149 54.149
0.054 1.078 99.073 0.054 1.078 99.073 2.246 44.924 99.073
0.024 0.489 99.562
0.018 0.357 99919
0.004 0.081 100.000

[ N O S

WAV EERE F1+0.274x K& B +2.747<ABTS" [ i 37
4:%—1.474xDPPH [ HEIER#,

*8 1 RRUEN

Table 8 Score coefficient matrix

A7 1 2
X EEE 0.462 ~0.206
XA A R 0.854 —0.639
Xk it 0.025 0.274
X, ABTS"H 3T R R 2227 2.747
X; DPPH H i1 33 B 1.612 ~1.474

eIzt &
BURE A2 % I KMOJE 0.844
¥RIr 1173.241
BartlettAYERTE B K56 df 10
Sig. 0.0001

222 AN ZEMAF YA LRE I LR ST H
SPSS HAFHATH F 430, 3K 7 Al 1, $2H 1 20
i}, B siekER R 97.99%, FEHL 2 K T,
FITBTHRER 99.07%, AILREGRFERSHME S, FRH 2 4>
ISR

B R TACE AR 8 Fi7s, #3045 F =0.462 <4
FATEE 77+0.8 54 S AL B AR i 1 7+0.025 = K&
H—2.227<ABTS" [ 1 5535 5% +1.612xDPPH [ i
TR F,=—0.206>85 i 71-0.639 < 504

TN XL A 7 28 ST 3A F ARt T
HEF, anzk 9 JroR, 28 ¥RZF AT A T, B. siamensis
s4. B. amyloliquefaciens 10, B. subtilis 63 . B. subtilis
SNBS-3 P43 #eE, 435 1.55, 1.53, 1.53, 1.52, H.
A ErehrEALIKIE 715 B. amyloliquefaciens 104, B.
amyloliquefaciens 25 PRI, 535°8—2.01, —2.06,
il B P AL IR BE 1455 . e E B. siamensis
s4. B. amyloliquefaciens 10, B. subtilis 63 . B. subtilis
SNBS-3 HA7)a £ A Mk .

2.3 BEMEMNERABIEEAMTEN. KEER
MELEE RIS
Kl 1 ffr7n 2~ B. subtilis SNBS3. B. amylolique-

faciens 10 ¥£ UAF J7 =0T (AR LB 1:1., EEFh &
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Table 9 Component composite scores

RS F, F, HFLEE1T45F HoP WitkGis F, F, HFL AT F Hev
s4 135 0.97 1.55 1 sl4 0.71 -0.36 0.09 15
10 1.35 0.95 1.53 2 7 -1.09 0.82 0.09 16
63 1.52 0.83 153 3 j10 -1.08 0.72 0.01 17

SNBS-3 1.53 0.81 1.52 4 43 0.67 —0.67 —0.19 18
J19 0.60 0.58 0.81 5 s9 -1.00 0.27 -0.32 19
j12 -1.07 1.56 0.71 6 24 -1.01 0.19 -0.39 20
44 1.22 0.02 0.7 7 s16 0.67 -0.97 —0.44 21
sl 0.95 -0.03 0.5 8 SN-14 -0.96 -0.11 -0.62 22
52 0.87 —0.04 0.45 9 132 -1.03 -0.25 -0.78 23
53 -1.11 1.16 0.36 10 $29 -0.99 -0.55 -1.01 24
111 -1.13 1.13 0.33 11 117 -0.51 —1.45 -1.49 25
21 0.81 -0.19 0.29 12 TS -0.61 -133 -1.57 26
s3 0.82 -0.22 0.27 13 104 —0.60 -1.39 -2.01 27
8-3 -1.05 0.86 0.14 14 25 -0.32 -2.26 -2.06 28

1%, ZFF 4 h J5 /e A D3R 120 W/L., 83 E R
45 kHz)#75 10 min J5 P& % 36 h (& A BN ).
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Fig.1 Effects of ultrasonic stress on protease activity, peptide
content and antioxidant capacity increase rate

TE: AFNE R [F] — S8R U 5E T AN [R] bk =22 [H] 22 5
#(P<0.05).

LERRWMETS S B. subtilis SNBS-3 . B. amyloli-
quefaciens 10, B. subtilis 63 . B. siamensis s4 FiEAL
Be 139 B2 5 (P<0.05), Hip B. amyloliquefa-
ciens 10 1Y) ABTS" I HIETE SRR & DPPH H H2LiE
4% R P v R R R, 43 9 H 8.69%+0.11% ., 3.38%+
0.81%, {HIZX] T2 I & B AR G ) A S B A
— 3 TEAH I, AN [R) EETAR B8 B o o) A5 A i 52 AN

[Flo B4, B. subtilis s4 F5 1A 3N, (HZ IS
IR, SRS AT esgnn T AR R ZR s A
LK, TG T 5 S S R DG Y B IR, (e 5
AN, WE ) BTt TR RS A G P 25 b
TOREET R, HAE ) RSB IR R U R
HIHAE, NI & 5 R BEPY MITE UAF AL 215, B.
subtilis 63 W2 KGR LI, SRR 1T, HEH
A RESE AR S (AT UABESON, FIFRGSON A T A A v
LA, AL LN PR L A S SR, SR T 250
15 JIREAR . SR, IR N Z2 IR A IO T E 58 st T
XA I EEOVE o A N — SRR £ 22 IR 244 ]
P AVE TR T, A5 A A T A A AR B2 1Y
Z B R, AT SEEGI B  Z ik&r &= BT, 5
Ruan F5PY ORISR LE R —20. 28 LA, fiivk i s
B 8B B 7 . IS 2 AP AL RE T B
FIBEAR B. subtilis SNBS-3 . B. amyloliquefaciens 10,
3 g

AT LA S0 Sl A L BT, ik 4 R B
PUAEALIREE ) 0 ZF 0TS . XS UAF d #2 b iy
PRGBS B PUEALRE IR SC R BT R G
Foo HRAEIREW], M HA T B. subtilis SNBS-
3 Fl B. amyloliquefaciens 10 PR & 1Y) 25 FI B IG JT .
R B b AR ST A = (P<0.05), RRES
HARSEA P HUEAUIRAONE I 1, AWFFER LT+
Bl PR 2, AARAS | 224 | S ReR il e i AR
HAEZAE S, 7T el il a e ft—e
AR SR, (H H AT PR IST i Ak T 2
BB, ZBONRAU T B AE T Z I B, AR ET XS HT 4
AR EIVE AL, SRR AIRSR, Rl — ik
PR, PR IR A P B RCRE RS E M, §TOCH:
REHE R RAT B TR S50 58 PR ISR 544k
BRI TV, HESH B | At Rl 25 5540 5C
Al A
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