VLM 244 ( Jiangsu J.of Agr.Sci.) ,2018,34(3) :669 ~678
http: //www.jsnyxb.com 669

HORHE G o RS, 55, AR R R R RSO A 5 SR T2 B AUk e s PR A AT [ 0] L9540l %41, 2018,
34(3) :669-678.
doi ;:10.3969/j.issn.1000-4440.2018.03.028

EEBRBABRERBESREIZMNUL R,
mAaLEEZTELSTH

wRAE, L F, REER, KE¥, REM, %t
(PSR R 2B, )il FiE%E 625014)

WE. WUCEIORREEE G AU X, LS R e DU B B & T P Pk, 76 SR R 200 At b ) DUBSOR £ 2 ek
BLERDER RIS RmIgR , R ES R G R R TS, R P T4 [ A A -0 033 o R 16k FH 7
454 ROAV LA HT & BEAR e i Tad B vh i & M KR i 284k, O BU R R ISR S IR R B R S AR T84T A LR B &
e BRI E TR M . 255 R EF R R IEE G R B A A i 1x10° CFU/ml R BRI 28 C &
BETI] 20 h BERETR I 4% , T 4510 R BE AL 1 36. 02% , AT P BTE Y 40. 15% , pH3. 32 B 454314 86. 82,
RO EN 2.83 pg/e. HERMUEVTITEERRY , B Wi SEBUNRY TR0k 85 A e b R B2 A 1
RGN T 2R 2 D5 R CIERER RSB SACEY) e KRB T i S PR S BERIE R L BR5E 7
FIEESA ST, T R AR ) R A SR, AR REE R RS T2 R O & & 3 TR E, 1
TR R R e BRI 0 T2 A R A, AR IR R R T R SRR V. SRR A R
DPPH - V& BRAE T MGG R 40 B35, RERE IR A 2107 2, 048 & T 4% - OHA i IEERRR

KGR, RIERE; W BOTIUBEER:; ROEE; RWIRIST; AHLR,; St

FRESERS . TS255.43 XHkFRIREG . A XEHS: 1000-4440(2018)03-0669-10

Optimization of fermentation conditions and analysis of volatile compo-
nents and antioxidant activity of low-sugar complex mulberry jam fermen-
ted by Wickerhamomyces anomalus 7133

SHEN Guang-hui, FENG Meng, ZHANG Zhi-qing, CHEN An-jun, LI Shan-shan, LIU Xing-yan
(College of Food Science, Sichuan Agricultural University, Ya’ an 625014, China)

Abstract: In order to improve the flavor quality of the low-sugar mulberry jam mixed with tomato and carrot, orthog-
onal experiments based on single-factor test combined with fuzzy mathematics sensory evaluation were applied to optimize
the fermentation conditions of complex purple by aroma-producing yeast strain Wickerhamomyces anomalus Z133. Headspace
solid-phase micro-extraction coupled with gas chromatography-mass spectrometry ( HP-SPME-GC-MS) and relative odor ac-
tivity value (ROAV) method were used to detect and analyze the changes of volatile compounds of fermented jam at differ-

ent processing stage. The basic quality, organic acid, antioxidant substances and antioxidant activity in vitro were also com-

pared between fermented jam and unfermented jam. The

7S B 89 :2017-10-09 results showed that the optimal fermentation conditions
BETH AT (Rl BHFE 55 (201303073) were inoculation amount 1 x 10° CFU/ml, fermentation
VEZ N HEHE(1985-) , 55  BEPEIERE A, T4, PR, 332 ik temperature 28 °C, fermentation time 20 h, sugar added
TR 5 T WF 5, (Tel) 0835-2882281; ( E-mail ) with 4%. The sugar content in fermented jam product was
shenghuishen@ 163.com 36.02%, total soluble solid 40.15%, pH3.32, sensory

WIAEE KA, (E-mail) zqzhang721@ 163.com score 86. 82, phenylethanol content 2.83 pg/g. Although
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sous vide process decreased the volatile flavor component, the fermentation by W. anomalus 7133 produced more aroma

compounds for complex purple such as ethenyl benzene, linalool, phenylethanol, octanoic acid ethyl ester. Terpinene in

mulberry, phenylethanol, octanoic acid ethyl ester and other seven esters compounds produced from fermentation were de-

tected in jam. These aroma compounds newly produced by W. anomalus Z133 enriched the fruity and flower odour of jam.

The contents of lactic acid, formic acid and acetic acid were increased after the fermentation, but there were no significant

changes in the contents of total phenolics, total flavonoids and V., the DPPH + scavenging activity and total reducing pow-

er. In addition, the anthocyanin was better maintained and - OH scavenging activity was enhanced in fermented jam.
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fruit pulp in the process of fermentation

o PR kmERE REMRRAINE L.
wr (CFU/ml) (h) (%) R
1 10* 16 4 )
2 10° 20 6 2
3 10° 24 8 3
133 RFAEFHEMEFEZLSFH HLTLL

24 ) BEYINAY 10 4560 8 &l iR 58 A 4 BB DT RE /1
Y41, RH 3 Rbr D B AR R HEUR
A URIRME 5 VT B bR A A R R IS Y K T
RRIATREE (R 2) o 2P0 F S A5 5
R MBI TE R R A, SR B A& RS T
M( - +) BT BOIZEA PPN AT X 2 e SR 3K Uk
BTG A HNEE U= | F R, , OF u,,
FURK wy  HEURES w, RN uy ] TSP V=1 T
v, D% v, , MK v, | W ELE K=10.30 k,,0.15 k,,
0.30 ky,0.15 k,,0.10 ky} o BRICREEATTFHIER =
KxA K AALESE A RO TEI R 4 | BIVRE SR R 7
SEFEAR AR R i S AT R i — 2D R G 5

BITIGRA A = SR L VAT T 4R 90
a1, WEIR 75 71, WK 60 71

Table 2 Sensory evaluation criteria of fruit jam fermented by aroma-producing yeast
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Fig.1 Effects of inoculation amount on sensory scores and phe-

nylethanol content of fermented jam
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Fig.2 Effects of fermentation temperature on sensory scores

and phenylethanol content of fermented jam
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Fig.3 Effects of fermentation time on sensory scores and phe-

nylethanol content of fermented jam
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Fig.4 Effects of the amount of sugar on sensory scores and

phenylethanol content of fermented jam
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R3 SERREBEBREL(3) EXHBRERE

Table 3 Orthogonal experiment design and results of fruit pulp fermentation by yeast

e i i R B wisaws AR
1 10* 16 4 1 70.63 1.52
2 10* 20 6 2 80.13 1.94
3 10* 24 8 3 71.65 2.48
4 10° 16 6 3 80.93 1.78
5 10° 20 8 1 86.50 2.84
6 10° 24 4 2 80.13 2.98
7 10° 16 8 2 73.50 2.72
8 10° 20 4 3 83.18 2.89
9 10° 24 6 1 74.65 3.05
K, 74.14 75.02 77.98 77.98
Ky, 82.52 83.27 78.57 77.92
K 77.11 75.48 77.22 78.59
Ry 8.38 8.25 1.35 0.67
K, 1.98 2.01 2.46 2.46
K,y 2.53 2.56 2.26 2.55
Ky 2.89 2.84 2.68 2.38
R, 0.91 0.83 0.42 0.16
Ry Ry S BRI B LA VP R B i AR 22 {H
R4 EXTHBAESHER
Table 4 Analysis of variance of orthogonal experiment results
BRESGAT KO R
5 ¥ FH PH il ¥1J5 F1H P1E
Hefhit 108.389 54.195 41.06 0.024 1.253 0.627 31.27 0.031
J% B A] 129.007 64.504 48.86 0.020 1.070 0.535 26.70 0.036
PR N 2.762 1.381 1.05 0.489 0.269 0.134 6.71 0.130
R 2.640 1.320 0.040 0.020

G R G R Wb R AL, ¥ R TR
PPN A T I AR A, 3l e A A PR A I T
B T BATRER AR O 7R 2 MR RS
Yy B BORAE T B AR L AN A i T 4l i
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Mo BEhb, A A WS IR A2 B T TR LTS5 9 b
FERAL Y, WEUR A 3 B e AL & Pl REad i
it S ST A T A e B R R R A

e T2 TR ) A R I OB IR Y, s ok A
A S A AR e A R A R S v X 2R 2
A A AR o OB IR O IR, R s Al AL,
SR FH A 7 I B A 2R SR e A4 1T 0 114 2R 25 5 3R A 1
R RN LY P A R 2E S R, YR

Bk W AR MR S 1 2R I 28 ) TS R R K
WD R B AR AR R FE Y
0 [ A, 475 G 35 B S SR i T XU g i o 26 B 35
(AEAE" 20 Hedix 2 R R AR IR 26 AL &
PRI AN [, Fevh e e RS e A ) 3 A A
MEZR W) BT RCREIR , Rl g8 2R AR T 6 RhER R AL 5 9,
VARSI T 3 AR A R PR 4 FhRSEAE
EPIARBAG L, TR RESBT 3 1 2 i, SR s T2
Pl R T R e 4 ST RE 6 9T A B 22 A i 2R 4k
B, AT RE 5 AR A R e I AR I T 2 A T 2 i A
VIBA % BRI I PR R R A, e 2R ¥ Ak
KBEREZ 11 PRI S Y. L, A B mERE A
M AT R A R IE 2 R R T,
X7 ity AU A 81— A 1
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Table 5 Volatile components and relative percentage in fermented jam by aroma-producing yeast at different processing period

. iREEdE _ FXEFE (%)
GBS (min) &Y 2K CAS 5 [(a=y SRR ABEN EERE LABRE
EES 4 ¥ i
JHEK 9.598 KM 100-42-5 CgHyg - 0.809 - -
11.045  o-JRM 80-56-8 CioHig 0.223 0.042 - -
12.526  B-MkAME 28634-89-1 CioHpg - - - 0.662
13217  ZElE-B-RM 18172-67-3 CoHy - - - 0.845
14.439 ¥l 5989-27-5 CoHys 0.822 0.227 1.478 3.163
15.460 vy i G 99-85-4 CioHyg 0.399 0.107 0.091 -
16.417  2-¥4 554-61-0 CoHg 0.082 - - -
16.913  J5fafs 78-70-6 CoH30 - 0.193 - -
28.985  a-fifTiA 6753-98-6 CysH,, 0.065 0.036 - -
44.906  fHENG 111-02-4 CyHsy 3.559 - - -
fisds  19.805 ¥R 106-32-1 CypHy 0, - 0.108 0.136 -
26.364  9-FMTERH ER 1931-63-1 CoH;0;, - 0.613 - -
30.850  8-(2-MKMRg3E ) -~ iR Y iR 38199-50-7 C3H,0;4 - 0.145 0.247 -
33.040  PASAERR R 124-10-7 Cy5H50, - 0.112 0.029 -
37.019  (Z)-tNKER W R 1120-25-8 C,sH30,SNa - 0.113 0.096 -
37.550  14-F 3L FbemR F g 5129-60-2 Cy7H3,0, - - 5.974 6.566
37.556  fREAEER W NE 112-39-0 Cy,H3,0, 8.600 9.049 4.003 6.005
39.097  5-Hexyltetrahydrofuran-2-octanoic 34724-76-0 C1oHs605 - 0.035 - -
acid methyl ester
39.516 LW EE 1731-92-6 C3H3s0, 0.083 0.067 0.244 -
39.522  14-H A7 bEmg R 2490-49-5 CsH30, - - 0.190 0.081
40.602 9, 11-J52 - B W iR P R 13058-52-1 CyH3,0, - - 3.1983 -
40.614 iR g 112-63-0 CoH3,0, - 11.815 7.236 -
40.685 S = iHiER 1 g 2462-84-2 CoH0, 37.674 13.410 18.688 20.530
41.045  EARHR T EE 112-61-8 CyoHs50, 4.862 2.829 3.640 3.064
41311 10-52, 12-M-/\ B — s i H g 21870-97-3 CoH3,0, 0.851 - 1.251 -
41.417  8-(5-CFE-2-WEMEIE ) -3 R I ik 10038-16-1 CoH3,04 - - 1.792 -
41.872  6,9-F/\lk MR H Es 56599-55-4 CyoHs, 0, 0.572 - - -
42.928 -9, 10-FF 4 M 5 1R g 2566-91-8 CoHzs 04 - 1.661 - -
43.147  11-ZRRIG TR H R 3946-08-5 Cy HyO, 1.499 - - -
43.424  18-HIFE LA R H G 65301-91-9 Cy H,0, - - 2.108 -
43.430  AEAERR TS 1120-28-1 Cy Hyp O, 3.640 2.007 3.717 1.995
46.069 LR H Mg 929-77-1 Cy3Hy 0, - 1.180 1.440 -
Bk 17497  HOWE 60-12-8 CgH, 0 - 1.457 0. 500 -
R 16,977 TR 124-19-6 CoH g0 0.401 0.202 0.140 0.293
B 38.601  EfHER 57-10-3 CsH3,0, - - 0.762 -
Hfh  8.855 AR HIZE 95-47-6 CgHyp - - - 2.811
9.699  [A] HIZE 108-38-3 CsHyg - - 0.625 1.293
41.966  AIFEHEHE 133-03-9 CyH 504 - 13.252 - -

“ =T FORARK
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TR IE RUR AN SZ 2 M IXUBR J80 53 AR G 5 d
SR [R5 G B KUK ) 80 R (B G, H 3R 6
AR 4 A TR i A DG XU T F 2 et 22
SRR H A AR AR R T I (AR (43 A
0.210 0 mg/kg #10.015 0 mg/kg) , 42 J5 kL 53¢ K 2
SR B B SR AE PE KR T, AR T
B KB -7 ROAV IR T 1, R IR i 6
BERFEVEXIRAL G, A RE BT LB S
{18 ¢ T SRR R IR S b R BRI hn, Herh 0%

R 6 AREBERXERRY RSKEE, SWKEFER ROAV

AR X S A XU BT B K (ROAV=100) , b4 K i
PR IR M ROAV g 13,27 6B R B A TS
W 2 205 TR XUBR R AE B A 5, Z8ad Uk
A5 1 2 Fh L b B B R A R A T
W R A A R R A R O W D R
RAF BT AR B AH R R T i y B 0 e R
SR AR £ T o ¥ KUK 7= A T i AR VR
(ROAV ¥IKT 0. 1) , R A A B & FERE A A 20K
BREE SRR,

Table 6 Sensory threshold, odor description and relative odor activity value( ROAV) of key aroma compounds in fermented and unfermented

jam
feit SRR BEME IR
(me/ke) AR KR RWERY  ARRFRE

R oA IR 0.120 0 - 13.27 - -
o-JE M AR 1.010 0 0.83 0.08 - -
T KR 0.210 0 14.64 2.13 75.41 77.11
y il A A 2.140 0 0.70 0.10 0.46 -
J5 R £ BOAEE 0.003 8 - 100.00 - -
a1 s KE MEE THE 0.160 0 1.52 0.44 - -
VR P SN 5.000 0 - 0.04 0.29 -
Tt Y i 4 000.000 0 0.01 0.00 0.01 0.01
9-MT, 11- 5 - HHE MY 3 7R HHY i 8 800.000 0 - - <0.001 -
e 2R R 3 400.000 0 0.04 0.01 0.06 0.03
KT YAy 8% =7 41.400 0 - 0.07 0.13 -
T WA EHE R el 0.0150 100.00 26.51 100.00 100.00
“ =T RN AR
24 REBRESELABRERRILE B 2R BB PATIERR & AR, ARG PR R

N B E AR R TR S E G R E SRR AR RRAFIE | ZLIR AT 1Y o ik S8, SRR AR IR

R F G A T BT R RE T 1 22 57 IR DR &
R I LA VAR [R) T 25 25 T e 24 ) o POl A e 2R
X T A AR PR S A

HIZR 7 AL AL, A 7 W B A e T 20 s 1) SR A
PR BERERATR 2T B, TR R R
My R A AT BILIR , T8 A T 2R 1 AR ] 3
Y& 5 0 R TR A B (P<0.05)  FRIE
Hi TR AR (P<0.05) . KR EILR, &
P VPR i e TR AR I BR
MR R T AR A RS (P<0.05) o FPAIR =
S o T A B BRI, A A PR A T A R TR
Him, P T pH AR AR IR IS 0 2 I 2> i

R , SRS RE A, TR R R TR WA ik 5 s, R
PR , M BREAMR SR Rt A Fr i
WA SR A ML i, (L B R
My AL S OB I AR
MBS TE T AT o o Bk & WX IR S Ak B0 B
Hys AR 7 R 7w, SRR
TG E , & T SR v B9 T RS G R AR Ak
(P>0.05),V, & EIA R, H 2550 B35 (P>
0.05), MAHTRGTER ER TELBERE (P<
0.05), M4t S Ak 16 vk 45 R W, & e R %
DPPH - {fBRZF1EGA S RE 7 5 HE R R % 0 i 3
PEZEF(P>0.05) HEBRYE - OHIGRF N E
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TARABER Y (P<0.05) o [HI, A=A Wby A I il —
R EIRTERESURLIIRE,

KT RBESERBREEFER. GNRASURS REME
HiEHEER

Table 7  Comparison of physical-chemical properties, organic

acids, antioxidant substance and in vitro antioxidant ac-

tivity of aroma-producing yeast fermented and non-fer-

mented mulberry jam

kit KR KRB
WEEE (%) 36.02+1.03b 40.50£2.38a
ATEVERIEY) (%) 40.15+0.63b 43.23+0.8 a
A% (g/kg) 2.63+0.04a 2.38+0.03b
pH & 3.32+0.12b 3.63+0.16a

FLEE (mg/g) 0.606=0.020a 0.083+0.002b
LT (mg/g)
HR (mg/g)
BRI (mg/g)
SRR (mg/g)
R (mg/g)

IR (mg/g)

0.135£0.034a 0.014£0.001b

0.175+0.047a 0.029+0.002b
1.954+0.103b 3.165+0.018a
0.730£0.046a 0.704+0.008a
0.203+0.004a 0.088+0.003b

11.326+0.344b 13.109+0.312a

B (mg/g) 6.83+0.48a 7.11+0.43a
BB (mg/g) 6.75+0.09a 6.61£0.22a

WEHE (mg/g)
Vc(mg/g)

2.573 2+0.015 6a 2.515 1+0.020 9b

0.088 0+0.010 5a 0.104 3+0.012 Oa

DPPH - V&K% (%) 78.08+2.78a 79.86+2.00a
- OHIEBR% (%) 65.72+1.13a 59.24+0.96b

BIREH (Ayg) 0.281+0.020a 0.303+0.011a
R —4T8HR G AR R/NE FRFRIRZE R B (P < 0.05)

3 451

ARG R S 5 e DU RS 2133 K%, s
WA Tl 28 R T B SO &2 6 2% . s LAkl
PAF TR R SR A R B e Fh
1x10° CFU/ml & R E] 20 h EMFA & 4%, BF
il £ B 3 B 36. 02% , 7T ¥ 1 & T 9 40. 15%,
pH3. 32, KUK [0 9], B2 G A R MR A, BB 25 5 0 4
86. 82 , AR LWEFT M 2. 83 we/g, KEIEEREN
b A A TR R T T A G SRR R S R O O
FRPE K O BERE TR O TR 7 MR E R YR, &
R TR R RGBTy il S E R O
BRI 20 48 T 3LRR  CIR  HRR R R 5 5 ik

TR AR RN A BT, R R T E 24
5T - OHIERRRE
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