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BREK, 75, REHE, BRROE, E5E
(ERZIEFREME R IRFIR, ERTARLFELDTRFLANN LRBEAFTL T S, ER 404000)

TE: AFRALIAERENA RAT, AR A REERE (50%) FaRVETRN (50%) H4E-484F, KA RE R Fa
Wb E KWL, &S (Saccharomyces cerevisiae ). FLELH ( Lactobacillus bulgaricus #= Streptococcus thermophilus ). R AR B&
Fatt e B B & s Eil i SGRI AL e g, SRR, LB . RIBREA AT R0 A K 2.0%. 2.0%. 0.5%
Fa 2.0%. RIS TR RIS . ARG, KBERE . K BEOT R R & IR i E SRR AT PR EE A
B LEEM A A AR R E 20%, Bk 1:1.3, 36 CHEAM 35d. RE, ERMABFN T H &L IORIEMEBE = S itn)
FHEAAEEFRE, REREMGEOIATTH A 94.33%, 7633 F= 8533, XEa A i 1 iE 3RS T ARACLT FAFRAEAREY £ £ P T
LBIREG F de/i. HENNE L IEACAT L BRI R B - S BAE AR 5T A AL B (p<0.05), EHLHBRFHRE.
DPPH-#= ABTS-" Al & AR E 51380 T 8.69%. 11.89%F= 36.57%. ABFR AN AMdd &40 FafRIEAR An T /= Sud@AR47 77 k.
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Optimization of Fermentation Process for Hongyang Kiwifruit Jiaosu and

Antioxidant Activity in Vitro
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(Engineering Technology Research Center of Characteristic Biological Resources in Northeast of Chongqing, College of
Biology and Food Engineering, Chongqing Three Gorges University, Chongqing 404000, China)

Abstract: The fermentation process of Hongyang kiwi jiaosu produced in Chongging was optimized by biorthogonal experiment with
hydroxyl radical scavenging rate (50%) and sensory evaluation (50%) as comprehensive indexes. Firstly, the addition of yeast (Saccharomyces
cerevisiae), lactobacillus (Lactobacillus bulgaricus & Streptococcus thermophilus), pectinase and cellulase were chosen as the independent
variables and optimized through the first orthogonal experiments on the basis of single-factor experiments. The addition amounts of yeast,
Lactobacillus, pectinase and cellulase were determined to be 2.0%, 2.0%, 0.5% and 2.0%, respectively. Then on this basis, the initial amount of
sugar, fermentation temperature, fermentation time and solid-liquid ratio were investigated through the second orthogonal test as another part of
the independent variables. The optimal technological parameters were as follows: 20% of initial amount of sugar, 1:1.3 of solid-liquid ratio, and
fermentation at 36 “C for 35 d, under these conditions the hydroxyl free radical clearance rate, sensory evaluation and comprehensive indexes
were 94.33%, 76.33 and 85.33, separately. The results showed that the fermentation process of Hongyang kiwiftuit jiaosu could be optimized by
the orthogonal experiment. In addition, it was found that the antioxidant activity of the fermentation product was significantly higher than that of
the natural fermentation group (p<0.05), and the hydroxyl free radical clearance rate, DPPH:, ABTS-" were increased by 8.69%, 11.89% and
36.57%, separately. This study provides a new way to promote the deep processing of Hongyang kiwifruit with local characteristics.
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JRRE (Actinidia chinensis Planch.) J& 77T [,
WEAE — oW F AN & M e R R R A DY), 2
G PR, Bk S T R Ak A
Y, dE R C SER (1613 mg/g), HHAAE. .
B PR TR ASSRT AN IR E B
BRAEIERE b oA F AR m A BBk e
Hh [ 32 B TP AR R SE OBk A R 51, Hoh
ZLFH. Hortl6A. &H. PCAE BN R FIHL
i AN R 10 Y& A CARINY 1% | AR g
e H DY 1 SR BRI ST BT B AR Bk SR
TR — R A0 B Rl E RTZL PEBRABERE S Fe A P
NS ER B BRI ST X R . 54 A
BRGEROAHLL, ZEPRBRERk SR A SIRAR . AR,
HEREAREMBERHE, Prditk. RIoK, iy
0 L TN

RS — NI RE, A AEY R 4y
AR Ol BN R PR T BURAE
FAPY, R e AN B 6 152 v £ o5t ) XU AT HE K B2 2401,
1M HAede s e Iaett, We bR AT
P R B DhRe . B S T RTE SRR R
O W — 5 Tk 33 e o b et &
PRI AL A & Bk A s ", B—
7 T R T S BUE Y 40 B EE B ROR R S| )
US4 B e TR bk & AR SHIE A0 S B rh 7R 4tk
TR BB >0, TR b SR A B 2 R
PUEAGIEERBE T ST D o R R B A
EIBR T A )z 23], AL i T e
W, B R B SO PSR R, RS g A
BH R B 25 A S AT, BT
FRO A SR B IS A LU BBk AR, AP T
R S T IR RGBT Rk SR 5T
PR ELAST g, AN Hb RS 22528 m Bk in L= ot
RSB E BEAE SN . AR TAH A
DT IR I L2 FiAaE, (HRAN R &
FhAHIIEONT T AR A IR KGR, HAUEAS R AR
R ARk R KA L2 AT RahoE. [
AT FE LT L BRBR R S5k, AR RERN LR
NEE KBRS Bk R . gl SRR Ty
PR TS HOATIRA, FRERIURIE 2%
N TN e R A ey ki A= R N L RE 7R S
BAG b T 2L BRI 2 i F RSN M e A
AR L= PR

1 HRSES

1.1 #HE &

ZLPRARIEAR R B F T M X E B, LK
T AR E Y TR R AR AR AR T O 2 e
LR . B 5 ERAH S 1 h NHZIR R =,
WA 2 h JE A (3%~5% 02+3%~4% CO,)
%5} (Saccharomyces cerevisiae), 74 Sofralab the
Oenological Aw]; RJKHg, T EMAY TEARA
Al AYERME, TEMREBAEMEARAR: ARRE
(  Lactobacillus  bulgaricus &  Streptococcus
thermophilus), JEIJIFHHEARAF]; BmEITHEE,
TR IS ABR AR EBTK, RETHHFIH R
WRAEMAT; DPPH. ABTS %5l 1t 5T Solarbio £}
BN ] Ks[Fe(CN)g], RIEKBIR, Tk LREEE G
et Mg E E RN AR TERA R A A .
LRH-300 440357746, g #AGERE R AR A
Al; A5176024 SLANH B ARKE B BOUE T 1A
BT FA2004 HL7RF, BIgRPREZSGERA IR
Al; SP-756 AN WGt IR AR
HAMRAT]; PAL-BX FHRFERAL, HA Atago A F];
PH-100A ZE R AL 1T, HPHAE AL (H)AIRAR]

1.2 o7k

SEHF RO R 2R, e BERE
FURRTA . FACHEA LR 4 R WK T T 58— IE
ARG, FEHIER AR AR S SR B AR
I, RERRE . BRI LG R RS, B i
AT IEAS RS . M PR IR EAZ 10 45 S 41 FH
BRI 2 R B L A4
12,1 BERNmg

BRERRE DT E T, SRR AT TG 4T 5
s B 75 g BRI VR 7 BITBON 5 AN KR 1) 250 mL
WER SN 85 mL ZE08/K . e 44 In
AN 0.5%. 1.0%. 1.5%. 2.0%F1 2.5%RE. SRIE4
NN 1.5%FLEREE, 0.5%RIHEA 1.0%4F4E %=
A RELEE 36 CR|E 21 d, %ME“1.2.117¢1.2.127F1
“U213" I EMERTHE (GaTehr: BRE A ISR
R 50%HEE I 50%), AR ER 3 XK.

122 3LBREA Az

FEfARIE 120 35, B HMA 0.5%;.
1.0%- 1.5%- 2.0%F1 2.5%MIFLIRE . SRR
1.5%ERE, 0.5%FRIGHER 1.0%4F4E K. FrEFEm
fE36 CRIEE21d, 8 “1.2.117“12.12”7 F1“1.2.13”
TrEMERHE, RSO E S 3 X,
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123 RIREEHImZE

FEMZR 121 W¥E, "BHS A 0.3%.
0.4%- 0.5%- 0.6%F1 0.7%I R/ SRIGREEIA
1.5%E48E, 1.5%FLERE A 1.0%4F4E R . Fra e
736 CREZ21d, #B“1.2.11791.2.12” A1“1.2.13”
TrEMERTHE, RHSINESE 3 K.
124 LT

FEMIZR 121 W¥E, "BHS A 0.3%.
0.5%- 1.0%- 1.5%F1 2.0%MI4F4E K. SRIaHR40m
N LS%FERE, 1.5%FLERE N 0.5% R HE. Fra e
736 CREZ21d, #MB“1.2.1171.2.12” A1“1.2.13”
TrEMERTHE, RHSINEE 3 K.
125 iR

BRERRE DT E T, SRR AT TR /R S
1, B 75 g BRERR SR TN 5 N KB 11 250 mL
MR RN 2.0%5% 5, 2.0%FLERH « 0.5%%
el 2.0%A4E x5, BN 150 g 28K, 7
AFEIE 10% 15%- 20%-. 25%- 30%IK FE A IR,
iR 36 CREE 21 d, #&IR“1.2.11741.2.12” 1
V213 FEMERVHE, HSIREST 3 K.
12,6 REEEE

BRI ER 1.2.5 /FEE, AP 20%HEE .
BB HITE 04 120 24 36. 48 CRiHT 21d K%,
PR “1.2.117 “1.2.127 1 “1.2.137 J7ikIERITHEL,
TSI E R 3 Ko
1.2.7 KBTI

BRI HR 1.2.5 WFEE, JATYIMR 20%HEE .
BT 36 CTFREE 7. 14, 21, 28, 35 d,
“1.2.1171.2.12° 11,213 ik e Fii -5, FgH seae
HE 3K

<3 i

1.2.8 #F&rt
BRERRGeE BET FTHE)S, 40 alRRE 45, 60,
75+ 90+ 105 g #%H& 1.2.5 &bFE 5, TV 20%HHE,
Iy IRENREE 1:4.5. 1:3.14 1:2.3. 1:1.74 1:1.3 g/mL
IWINZEMAK. BE 36 C Fidir 21d kKB,
“1.21171.2.12°F11. 2137 7k e A58, B2 s
HE 3.
129 KRB @A Aol g E 3K
KM Lo BHIERI), 7ER N FR ISR L,
PAFREE EH HFEERR R (50%) FURE VRN (50%) A
CEETaby, W s REER MR IR GR D.
#1 B IRE  REEBSNTERERNEERKERL Q)
Table 1 Factors and levels of Lo (3%) orthogonal test of the
addition of yeast, Lactobacillus, pectinase and cellulase
KP EBEEY% LBRE/%  RIREEY%  ERER%

1 1.0 1.0 0.4 1.0
2 1.5 1.5 0.5 1.5
3 2.0 2.0 0.6 2.0

12,10 KB 54 E R
=2 MIRYERME. AEHRE. FHEFIRLRELE =K TR
L, (3%
Table 2 Factors and levels of L (3*) orthogonal test of initial
sugar addition, fermentation temperature, time and solid-liquid

ratio

Wb AE KB

KE e mmec T HRMGML)
! 15 24 21 123
2 20 36 28 1:17
3 25 48 35 1:13

kB RiRR BT EE

Table 3 Criteria of sensory evaluation of fermented kiwifruit jiaosu

H TFINATAE 5 Giths 100 4)
B T, FiFZ A A =k 20~30
72 (30) BRAEE R, Ak ERAFAR 10~20
TERHA, RIS EA Fok <10
eFHL, ZNRRNGEE 15~25
&iF (25) EFE—3, ZAHBE 10~15
R B AHREE <10
RAERAR, BHHTRAEAR, LF%R 15~25
Ak (25) BA RAvkR, EARE, L% 10~15
FRAER, IBHAE BAHOTA FoA <10
HRAE. MEER 15~20
A& (20) FERKE, AARGGEREN 10~15
B I R IVRAA RZILR <10
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KA L9 GHIER R, e FRG IR E, bl
PRI E HFTERR (50%) FURETEN (50%) NEE
Hfabr, WhEREREELZH&ME (R2).

1211 BRBEAEEE R E RIS &

Bk R I iE 120 B 2 Wi 5 3RS Rk
BRI T 4 CHRAE, HTREWNEY. RErEh
20 % (B Gt LI pA g, SRR
PRORBER G B, &AL DTS GR3).
12,12 BRAEMEEFIRIR G %

FREL 30 g Bk, FHRE-ZK (80:20, VIV)
Fike, FEEAE 20 °C, 150 r/min #8503 HEFEM
7E 4 ‘CZAFF, 3000 r/min B0 20 min, PRHL_EIEW,
PAFIERR R R UM IREGED FHTHusEtbatr, ik
B 0.1 mg/mL Ve A UH X6
12.13 A gwAFmREnE

¥ 3 B EH I 4% FRAS s (K M R W s T v
(24251 Y 1 mL #2045 1 mL 9 mmol/L FeSO, F1 1 mL
8.8 mmol/L HyO, #J2J1R4, & 10 min J5HIA 1 mL 9
mmol/L 7KIFRIEWR, T 37 CIKF 30 min, M 510 nm
WHEIE (A J7iERIRET, FZEMKEA 1 mL 88
mmol/L H,O, MTEERITIGE Ay o ZEIRAKAE FREU,
MSERICE Ao PEBGRFRSE A BRI E A A
s

I Eﬂ%i%ﬁfﬁ%/%=(l—%}xloo%

1.2.14 DPPH A wiFRF N2

DPPH [ HH 55 Bl 2 7R H Kim J71EFEH
s, g = IR ZIERER S, 1 SR
A 1.6 mL £ETIK, 2 58 3 SilEIA 0.5 mL
FEHGEAN 1.1 mL R 7K. 86 1 SR 2 S3E 09
0N 2.1 mL 0.1 mol/L DPPH: Z.FI&W, 3 Sk ] 2.1
mL /K ZEEARE . =S 7R S EEHE MY 60 min
&, 517 nm AMEWOERE, WE g5 R RIROEEE .
DPPH H AR EA XL T

DPPHE EE%?%B%%/%{I—%}AOO%

1.2.15 ABTS™ g &g 2L AR F &

ABTS"- H HIETE BRI 772Kk H Re J7iIFHY
e, &5k 5 mL 7.0 mmol/L ABTS i 55 88
puL 2.6 mmol/L K,S,05 1A, #EG B 12~16 h il £ %
ABTS TAEW. ARG 5 mM BERRGEM IR TR A
734 nm AWOERE Y 0.7040.02. BL 0.2 mL ABTS ik
5 10 uL SRR S, #OERM 6 min, 7E 734 nm
REERIEE Ay ANERESIIE ABTS - FiBsiiot
¥ Ay ABTS™ H HIEMRARLT:

ABTS' -H1 m%ﬁﬁfﬁ%/%%me%

12,16  #IESHT

a1 YK H Microsoft Excel 47401, 77
ZEOI MR RZE 43 R SPSS version 16.0 4iit.
TS 2 /DT 3 K, S5 R TIHEbRE E R .

2 #R51He

21 ABEMFEENANELEEZRBEE

A IR R B A TR B AL, AR A
T EAFESER G R E TR EL e A
SR b PR I R B T A EDWPEAN . [RIRAR
W EER 2B ARbr R H HERETERR R (50%) F
EEIE (50%) PIANJT THIZH AR o

G BR AP FIRGRE NS A e BB R %, K o
2T T A5 T O T B R A A XU, 184 e
K. B EY. TSP R R T 20T
FU R BB PR S B R B s R, A
SO AR S S R R PRI D&, de LR R
SIGMERE, FLIREH . RARBEFIA 4 R M Bk eR &
TRARIIFANA o A SO0 ARV BRI B[] o 2 I LR TR
LA R, — 5 T EEREA LR B 2 = nVa UL &4,
AT LR B VR R A KR LS BRI . 4T 4
FEAN R IREGRE T S R TR R,
REERCR . CAPTIESERR S G2t dE, JuHZ
EvERs 20 LT Ak B A EE . [FIRE, SRR
ZATIET /K RGHuRE, 78 K HAR Gk K i
R, It SRR g AN A2 X AL R A Bk L AR R AL
P— e E K TR SR A, i — 7 T RefR
WRFE A EKIE 1. W1 R T EERE. FLERER
SRIRBEANA 4 R AN RIS I E R IR SR A fabr 5
W, REFWIEA, FEEBEARIBEAINEG I, 255ttt
I R, UEERRRINEA 1.5%, ARERINE
1.5%, RICEGFARINIE 0.5%F1 A 4E 2 BRI 1.5%H,
CRA RIS R B o

a 65
.60
LIS_
gm
gz
4o
8 55¢F
50 1 1 1 1 1
0.5 1.0 1.5 2.0 2.5
FERER NS / %
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b 65
60 -
L)é
ﬁg
<o
-El—(\»
55+
50 1 1 1 1 1
0.5 1.0 1.5 2.0 2.5
FLRRE RIS / %
c 65
% 60 -
%g
Rind
i
K ss|
50 1 1 1 1 1
0.5 1.0 1.5 2.0 2.5
RIREFARINE / %
d 70 -
65
g
=60
a L
55+
50 1 1 1 1 1
0.5 1.0 1.5 2.0 2.5
FRERRINE/ %
B 1 TRABEEMAEERME T A BRIRG S BRI
g

Fig.1 Effect of different fermentation strains and enzyme

additions on the aggregative indicator of fermented
22 REAMEEZRRER

WIUEREAS IR N BRAE A FR AL EE BRI, I
2a BHH, BEEVILEPEAINE RGN, PP FEIRIZET
Thim, HHIAERERE R INEELL 20%, A A KIETER
BRI, ZREIRIRITIR TR, FIRE, EREEAE,
T BRI RE AR P A D AR BB % P SRS A
PE, ARG BRI, sl 2.
ME 2b B H, KEHREHEL 36 C, BEEIEAAEY)
A BTN o SIS (B2 BE A5 A IR0 ot 1 2 ]
R B 2¢ B BIBRIGHE A B SR & TR ARBEHE A TR]
MIAR R 2R, KIREER 28 d fiabrinery, DRI IR ik
FHEHEY 21~35 d. BRRHCR MK RE BRI R
=, BRGSO RRAE &
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TBEAT R P TR R R RS I BB EAT IS B8 0o 4 SR AT
TiTTZNT, BRERERINE (R4, 5). HK 4 7]
R, oMk A EERRR R R, WERONEEEE>
FURR >R > 2T A 3k il TR 5 TR R 3RO I
B> R A 4E X > FLIR T . 7099 ABRAE B/ )
RNRELUAT T 20 (R 5), fumredk | i

BRNER, BHSARENIERS ZEHM; K
FIFN R, B RERm. ST,
DR 2 I B> LR B> £ 4 R > ey, DAARAE e/ s
R R TR, BEREAFLRR A A BT, MOfE
RALEINE N R, PR A4 4E KBTS 2.0%, R
JBH#E 0.5%.

7 4 FrfEbkEE R A BEEAFIBENIN & E IR0 4,
Table 4 Results of Lg (3%) orthogonal test of addition of strains and enzyme of fermented kiwi fruit

JPT BEE/Y%  RIREE%  SUBRE%  HgEE% AR aBRERENSG BB GA4R
1 1(1.0) 1(04) 1(10) 1(1.0) 46.61 53 49.81
2 1 2(05)  2(15) 2(1.5) 43.85 55 49.43
3 1 3(06)  3(20) 3(20) 48.15 58 53.08
4 2(15) 1 3 2 4336 60 51.68
5 2 2 1 3 38.74 64 51.37
6 2 3 2 1 36.77 64 5039
7 3(20) 1 2 3 38.37 69 53.69
8 3 2 3 1 43.95 68 55.98
9 3 3 1 2 36.58 67 51.79
ki 46.203 42.780 40.643 42.443
K2 39.623 42.180 39.663 41.263
BEhEFRE
k3 39.633 40.500 45.153 41.753
R 6.570 2.280 5.490 1.180
k1 55.333 60.667 61.333 61.667
P k2 62.667 62.333 62.667 60.667
K3 68.000 63.000 62.000 63.667
R 12.667 2.333 1334 2.000
k1 50.773 51.727 50.990 52.060
k2 51.147 52.260 51.170 50.967
A48H
K3 53.820 51.753 53.580 52713
R 3.047 0.533 2.590 1.746

*®5 BB R A B EMAEER B IE NSRS ENT

Table 5 Variance analysis and parameter estimation of addition of strains and enzyme of fermented kiwi fruit

A 7 ZRR SS f MS F {4 P&
iz 25 86.461 2 43.231 41.004 <0.05
2 kB 8.381 2 4.19 3.975 >0.05
#EHGRERE -
LB 51.441 2 25.72 24.296 <0.05
HepEle (%) 2.109 2 1.054
B4 242.667 2 121.333 91 <0.05
. % B 8.667 2 4333 325 >0.05
BB o
FLBRE (R £) 2.667 2 1333
ot E B 14 2 7 525 >0.05
iz 22y 16.568 2 8.284 30.576 <0.05
RIxFe (iR£) 0.542 2 0.271
48k o
BNy 12.549 2 6.274 23.158 <0.05
S Ems 4,673 2 2.337 8.624 >0.05
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R 6 BiEMBERARER M IETINIGEER
Table 6 Results of Lq (3*) orthogonal test of fermentation condition of fermented kiwi fruit

A5 AREABRAE /Y% REERE/C A/ ARRI(gmL) Bk A wRFERE Y BRI GA15T
1 1(15) 1(24)  1(21) 1(123) 54.95 62 58.48
2 1 2(36) 2(28) 2(1:1.7) 58.88 66 62.44
3 1 3(48)  3(35) 3(1:13) 66.35 68 67.18
4 2 (20) 1 3 2 72.64 79 75.82
5 2 2 1 3 73.63 77 7532
6 2 3 2 1 61.53 75 68.27
7 3(25) 1 2 3 63.8 74 68.90
8 3 2 3 1 60.78 71 65.89
9 3 3 1 2 63.33 70 66.67

k1 60.060  63.797 63.970 59.087

) 69267  64.430 61.403 64.950

Gl histl k3 62.637  63.737 66.590 67.927

R 9.207 0.693 5.187 8.840

kl 65333 71.667 69.667 69.333

P k2 77000 71333 71.667 71.667

k3 71.667 71.000 72.667 73.000

R 11.667 0.667 3.000 3.667

kl 62700  67.733 66.823 64.213

) 73137 67.883 66.537 68.310

LRAdR AT
k3 67.153 67373 69.630 70.467
R 10.437 0510 3.093 6.254

R7 BB R ABE R M ERNNER S ENT

Table 7 Variance analysis and parameter estimation of fermentation condition of fermented kiwi fruit

T B 7 ERR SS f MS F1& P14
RN E 135.359 2 67.6795 152.875 <0.05
R BRI E) 0.885 2 0.4425
B HbAHRE -
K BT IA) 40.354 2 20.177 45.576 <0.05
AR Ad 121.385 2 60.693 137.093 <0.05
Ak 204.667 2 102.3335 307 <0.05
. KERE (RE) 0.667 2 0.3335
BB . .
K BRI 14 2 7 21 <0.05
AR A9 20.667 2 10.333 31 <0.05
ANAEAE A E 164.556 2 82.278 399.215 <0.05
, 3 REEE (RE) 0.412 2 0.206
LR FEAT L
KBTI 17.528 2 8.764 42.524 <0.05
b 60.538 2 30.269 146.866 <0.05

K, RUMAEREE B G R A A R EONUE 5 T S B
2, MEBNIOTRIAEHE EE> R >R B 1A)> Bl
JZ o 733 ARRARL S5 /N R B R ZE 0 AT 75 22 0 Wi (BR
7), MRSk B AR B R R R A S P R
VIRERETR NG RN AR LI B i . X
TERGTRIR, MR R ZOR 2 2 SUmm 45 R 5 248 s — 3

24 REEAMERRBER

FE A AN A IR SO0 45 SRR 1, AR A%
PRI A R, SRR SR a0t B S
FRATMA S R AT IESSA K (G 2), FEXTEE Rt
TiZEohT, WEREREERME (R 6. 7). B 6 7T
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RIAJ U 0 >l Ll e i) [8)> % BEIL FEE,  ff sE AR
WRBEZAT N 20%PIaaHEARInE, BREN 1:1.3,
36 CREZE35d.

25 JAKEE L LRI

FEOUE SR 45 R R SR L 21T 3
RISHIESRIR A R (GR 8), AL E Rtk = 152
FHHEERE, REN LGSR 0N
94.33%. 76.33 il 85.33, SEEGAE ST IEAS S0
1RGSR, RYIIEAT SRR I L BRIk I 2R AE 2
FH HAEERFE MR E T AR R .

7 8 Bk AEE T ZWIERINEER
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