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Optimization of process conditions and volatile flavor components analysis
of low-sugar complex mulberry jam fermented by lactic acid bacteria

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

Abstract: In order to optimize processing conditions of low-sugar complex mulberry jam fermented by lactic acid
bacteria and analyze the volatile flavor components in fermentation jam, orthogonal and uniform experiments based on sin-
gle-factor test were employed to optimize fermentation and jam concentration conditions, respectively. Organic acids in jam
were determined by ion chromatography with conducting detection. Volatile flavor components were analyzed by headspace
solid-phase micro-extraction and gas chromatography-mass spectrometry. Results showed that the optimum fermentation con-
dition was: 1x10°CFU/ml inoculation of lactic acid bacteria, added with 8.00% sucrose, 5.00% dried skim milk, fermen-
tation time 20 h. The optimum concentration condition was: pulp pH 3.8, added with 28.90% sucrose, 0.50% complex
thickeners (low-methoxyl pectin; xanthan gum=1.0 : 1.0) and 0.04% CaCl, - 2H, 0. The final product, purple-red in
color, had delicate taste, good stability and the flavor both of mulberry fruit and yoghourt. The content of lactic acid, acetic

acid and citric acid were increased after fermentation. The

total of eight volatile flavor compounds were newly
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HESTE A28 M (el BHFFE I H (201303073) produced by lactic acid bacteria in fermented jam, inclu-
VEER A HOGHE(1985-) , 5 BT I A, 1, b0, £33k ding five esters, two kinds of alkene and one leinoleic
PRI 5 I TBESE, (Tel) 0835-2882281; ( E-mail ) acid. Lactic acid bacteria fermentation can be applied for
shenghuishen@ 163.com the production of novel low-sugar complex mulberry jam
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HISEHESE  FURR IR R BB S 5 5 R0 T2 B KU I 43 4347 159

Key words

FHENARR R B F AR ALH
R HI S Z R A s e B P
A A ThRE, P E R A (R A
R By, S KRG I BOME R, BRI A
ARG, S BOLGN T7= 5 Z e B AN

I FH 75 A LR B R e SR i 2B 1) B R TR ek
S B 7 S AR, I A B I D RE IS Ty,
S SN ", B 0N P AP SR i T F
SR 22— AR FLER B R I AR 5 A N
T A CE AT R I R ARk AR
Yo' ST REE A R B T (3K e, RR I EL
FEBA R23 64T K, S ALAE SRy 34 1 D RS AN i
HR E ) 6 FhE R PERFIE KR T g R
FUFF R ZLAF 1R & 8%, 43 38 n T P4 I rh i
SN S M XU 0 TR I S 4 S P XU B R
Tt A a0 ) ST FLAT P R g B Rk TR A e e R SRS, T
MR S B RS RIS RIR IS AE 18 AR
XA

S S A RIS I B2 S B0 220 T4
HAT, H E S F 2R AME G AR s Ty =, 5 b
B (=60%) 7 PR A — KR SRR | TC Ik
ETTTER . Ht, OB RE R T T 258
XFH P AT R kR A B2 L, 28R E
BB LIBU RN 113 2l N TRl R4 e R =2 37 % =
P v M S SR 1 1 KU RIS RN AL, T AR
ok, FLIR T % W T 45 1% bl I T R R i e
SR R S E ARG BN TR, DA A KU
HOG T FLIR TR W0 S0 SR 98 XU ) JB 18753 T 1)
WD ARSI E R EM B, DUE & V..
W YRE LR EFETT R I FAMMEA L N Rk,
T LR TR e T A M S A5 SR 1 7 it XUBR:
KBS -t i il e % e SR A HLRR 4 B M % i,
T2 AR fA BC-ASOAH €038 - 3R 5K BT 15 1% ( SPME-GC-
MS) 4B FLIR B & T o 5 8 51 6 4 kMR W) T 1 5%
ey, DAHA R SR8 i 48 T 22 AL SR i

IR ik

1.1 ##
1.1.1 KM REEMATERTRFR,RA
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1.1.2 &L 5XA MRS WK, &K
10. 00 g, 4 PAF 10. 00 g, FEREFY 5. 00 o, B R & — 4
2.00 g, FPIEIR 4k 2.00 g, ZFREN 5. 00 g, 7 %5 B
20. 00 g, M:7-80 1 ml,MgSO, - 7H,0 0. 50 g, MnSO,
0.25 g, 287K 1 L,pH 6.2~6.4, 121 C K} 20
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NS
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JKIEATE 20 min, A1
1.2.2 KB TRHFE  FAPEL K KE MRS 5
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RIATRAL I R 2 K- IR 1, Kl 4 i
TR TR A R, 37 C & R,
F4% 2 (PEoM bR B SR I A T B TR

F1 HARFUBEARL () EXRBREZAEER

Table 1 Factors and levels of L, (3*) orthogonal experiment of

fruit pulp fermented by lactic acid bacteria

K FeFh RENTR] RSN ‘HFEH%?L%}
(CFU/ml) (h) (%) W (%)

1 1x10* 12 8 3

2 1x10° 16 10 5

3 1x10° 20 12 7

K2 RERREETSRE

Table 2 Sensory evaluation criteria of fermented fruit pulp

e WEorbRiE SHE
FUE (35 43) FUBRSEE , SREERU , o Rk 26~35
R AR, REREIR DA S0k 16~25
MR IE, TREIR A 50k 0~15
IR (40 43) HARERAFESMRIFBEERR,F 31~40
SHRAR
B R EMARR SN RITIEES  16~30
R, AR
&ﬂﬁ%gé%,ﬁ%%,ﬁﬁéﬁﬁiﬁ 0~15
(25 5)) R RE OISR BIEYS -8 21~25
PR IR O, B EE A 5] — 3 16~20
ANRIEE BEARYS 0~15

124 FERBRSE LR RIEBURELE R R
FH Ug(6x32x2) BB, DU B ot B
S S FNZEEE e AR, 6 RS i SR pH (R A
HEFFRIAS N CaCl, IR N2 4 > FEZH R AT
bR R R KT WL 3, W KRR A R pH
JE A A B b R A T O AR , e LS 2R &)
THERTIE Y& 5o 40% A2 AT IS A1 HR 7 (AR 4k
JECE VPRI BT AR A A R ARG B T LL Ay« A AR

R BRI =1 1 1) FEERTF] CaCl, , EHE 2345
REAREE A 000, RS R E R JF
S5 FURRTE A T R KRR s ) o SR BB R AR
HE(R4) o B 10 AN B U E IR/ A T
BT, BERCHRIE BRI B A , e A/
BE 3k ,d40 £IRTE ZE, R 1 mm/s, T 3
I mm/s, FFHEEE 1 mm/s, il & S Auto-5 g, A 25
20 mm, ISR 200 pps.

F3 REBERE Ug(6x3°x2) 5N EARKFR
Table 3 Factors and levels of Ug( 6x32x2) uniform experiment in

the process of jam concentration

dop ORI g g g M CCL B
1 5.00 3.20 0.50 0.02
2 10.00 3.70 0.60 0.04
3 15.00 4.20 0.70
4 20.00
5 25.00
6 30.00

R4 RBRERESARENRETERE
Table 4 Sensory evaluation criteria of fermented low-sugar com-

plex mulberry jam

A FEATbRIE S
A (15 43) ﬁﬁ%%mi&ﬁaﬁfﬁ@%ﬁmﬁ%% 14~15
BARERFREN RIFOBEFK, & 11~13

SRR
TR A% 0~10
P15 5)) g?%ﬁ?ﬁ%%,%i%&%ﬁ%,%%@ﬁ%ﬁ 14~15
R PR R IR SR, 11~13
[ERE /I IPIRE S E e | o AR ) 0~10
HE(3048) BRI P RORIAR 26~30
Wl 2 1T, SRR IR 16~25
FRFIT LR B AT Sk 0~15
Bk (30 73)  BERERAF TR, T ENTK 26~30
AT MBEIE , WRCRL, 4 ENTKE D 16~25
RI HUBEIE , RN, S EHTK % 0~15
WIREE(104y) Bk IRZH 000 9~10
B, RES A 6~8
MERIR IRZAR ) R 0~5
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1.2.5 REABME RAEFOISNE,
{61 254 . TonPac AS18 (4 mmx250 mm) BH B+
e 4y A7 A, AGIS P FE (4 mm x50 mm)
KOH bk P8 6 BE Ve i 25 4 .0 ~ 13 min 2 mmol/L,
13~ 30 min 2~ 45 mmol/L, 30~ 45 min 45
mmol/L,45~50 min 45 ~2 mmol/L; 3L 7 2 1
ml/min ; PEAERFR 25 wl, O3 iR B 35 €, 1R
30 °C, 4B 1125 mA, FE G 4l K s R
100 1%, 14 SPE-RP #: fil SPE-Ag #, 248 3 ml %)
B 28 0. 22 wm P8 B G U8, SEAE 2 A, W T AR
F MR TR AT A

1.2.6 REBELBERAY R oW NEEAR
PR WX SRR A R R r g, R
[0 255 [ A A% B0 £ 35 - FR IR O 3% 1k DU e K I
R A R M R e R, LR & BB
SERB X B HEAT A A, T0AS [ AR fCAE . B
5 ¢ WET 15 ml RAEME A, A NaCl i & F 57
HWE N 0.1 g/ml, #7710 min, 3 A 24T 2K BT
Yk i T FEFE 28,60 °C L 30 min, P
Ak IR A SAE G5 AR 11,250 C #A# AT 3
min JEFE, @3 2 4. HP-5MS (30.00 mx 0. 25
mmx0. 25 wm) 3% H: #FE 0 B 250 °C, He
FAWE 1 ml/min, N, PR EHIR
FE 40 C,A%F 5 min, 285 LA 5 C/min - 2 190
C A5+ 2 min, FLL 10 C/min FHEZ 250 C , 1}
5 min, FUE &M ARG R E (ED B, BT
RBHL N 70 eV, B T IR EE Ky 230 °C, B H i
JB far LS LR 33 ~ 550, 3% R B b 250 €, Fl
J GC-MS T AE 3 i NIST 11. L b i K FE X} % 4
) ) i B HEAT A 2R, AR i DT C B R i R 0 Ak
G, SAHRLEE (SI) >80% Nt & 1t % i Ak &9
SR FH W T FRUE — Ak 7 110545 1 A X B o i

x6 IBEABRRESKBAESWER

2 HR5Hr

2.1 IABMELBIZEHMHE
PR G0 25 R FLIR B PP | R R
TE) R o R RO B LA N R 4 A R S RO
FLRR W R B REE A RK T MR, %
5 M2 6 TR, 45520 PR Z 0 = BT R >
I8 i LA VS N > & e ] > TR AR VS n o, B b
Xof % M AR B A EL AT S B R T IS ]
S T2 RO LA S e o e IR SR SRR (Y
AR (£6), KR L(3*) IE3IR K6 & fc
RSN M 1x10° CFU/ml &) 20 h
WEIR N 8% AR FLAR WS N 5% , 76 B A% 4F T it
TTHIE & B SS , I R B IR E PEor-h 83.6, 5
RIGHIE R ZEFAK,
x5 ABBEBREL/(3) EXRWEITRER
Table 5 Orthogonal experiment design and results of fruit pulp fer-

mented by lactic acid bacteria

woy w0 SN wee
1 1 1 1 1 74.6+1.0
| 1 2 2 2 77.5+0.6
I 1 3 3 3 78.9+1.4
v 2 1 2 3 79.0+3.1
\ 2 2 3 1 82.1+£0.7
A 2 3 1 2 85.1+0.1
VI 3 1 3 3 79.2+1.4
VIl 3 2 1 2 73.2+0.8
X 3 3 2 1 77.4x2.5
k, 77.0 77.6 77.6 78.0
ky 82.1 77.6 77.9 80.6
ks 76.6 80.5 80.1 77.0
R, 5.5 2.9 2.5 3.6

ky kg s SR A5 B 1K 2 7K 3 KSR E SHE P
R AW, 123 %1,

Table 6 Analysis of variance of orthogonal experiment of fruit pulp fermented by lactic acid bacteria

75 S SR Y 5 ER:t];3 ¥y F{E PH
R 111.823 3 2 55.911 7 7.580 7 0.011 8
K TR (] 33.070 0 2 16.535 0 22419 0.162 2
FEH VR I 2t 21.003 3 2 10.501 7 1.423 8 0.290 2
J G FLR AN 0 £ 40.723 3 2 20.361 7 2.760 7 0.116 2
R 66.380 0 9 7.375 6
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22 RERABRBEIZMHL
RIS & R AR OCHE T 278 T 1
BRI WIR pH 2 A IEHRFIGS I & 1 CaCl, BRI,
TR A I A SRR S A v s SR e 2 | [ g 34 n
B e, AT B — 2 1 B VR A5 AR ek 22 )
S IR T R, S BOR B WA LU 1A I XUk

RT Ug(6x32x2) A RBIZITRER

Table 7 Experimental design and results of the uniform experiment

BER , RERN NG D MR BELS 21 XA BRI T
T EAYTR ORGSR R ES I Tk (e o)
B<50%) N E B BERSBOR | 18 1o A i ) g
FRFAFNEEE ), 76— pH 2 T A AT LI sUsE iR
AR PR R E I, R Uy (6x37x2) 4
SJRETH E S R IO A AR (R T) o

s X X X X, Y, Y,(g) Yi(g-s)
I 1 1 2 2 71.5 212.5 -196.5
I 2 2 3 2 81.6 225.8 -216.5
I 3 3 1 2 77.8 240.3 -195.2
I\ 4 1 3 1 81.3 283.2 -210.3
\ 5 2 1 1 83.8 293.8 -218.3
VI 6 3 2 1 76.3 276.3 -204.6

Xy MR I ; X, IR pH B X, BAIPIRIR I X, - CaCL BNt V) BT AR Y, BERCIREE ; ¥, B R P, 1,23 W& 3,

LU E IR (Y, ) BERSRIE (Y,) R R R
(V) MRACSESR, R DPS 7.05 S 4F#E4T Ik 230
B A AT, 2 N7 0 Tl UH 5 2 RRG: 56 235 21 4 )
H

Y, =-129.542 9+118.780 0X,-17.400 0X>—

0.142 9X,X,+27.457 0X, X, (1)

X, AR IR, X, ARG pH (H, X, A
BAMBRIGINE, X, R CaCl, W, HFEME
Z$0r=0.999 6,F=298.280 0, 2. F/KFE-P=0.043 4,
FIAPRAEZES=0.189 7, P& A K R #r,=0.997 9,
Durbin-Watson it & d=2. 70,

Y, =317.930 0-4.930 0X,-5.970 0X>-31.230 0

X2+17.730 0X,X, (2)

AR r=0.999 9, F=1 533.100 0, .3
KFP=0.019 2, FllpbrifE2ZE S=0.958 0, I FEAH C
Z%r,=0.999 6, Durbin-Watson Gt il & d=2. 66,

Y,=-263.360 0+56.750 0X,-9.530 0X>+

12.540 0X2-14.650 0X, X, (3)

JARAH S B %0r=0.999 9, F=2 963.140 0, i
ZKFP=0.013 8, FRIFUEZES=0.202 1, P4 £ HH
9%/%;%[’3 =0.999 8, Durbin-Watson &tifd=1. 83,

LRSS A 3 A EIE R P EY /N
F 0. 05, Durbin-Watson Ziit& d ¥4 2. 00 224, U
GERET . AR R R EERR PER/N(ES)
AL, 25 PR BT VR0 BE IS5 S B R M1

M BIFAE H AR (P<0.05) o

®8 ZRZMABRHEIFLER

Table 8 The results of quadratic polynomial stepwise regression

PR AR HWHEF RASCRE t18 PE
B X, 0.999 1 23.8640  0.0018
X, X, -0.999 3 262315  0.0015
X, X, -0.984 4 55902  0.030 5
XX, 0.997 7 14.8569  0.004 5
IR B X, -0.993 8 8.930 4 0.012 3
X,X, 0.998 3 17.1042  0.003 4
X,X, -0.999 8 48,5979  0.000 4
X, X, 0.998 8 201211 0.0025
iR X, 0.999 9 73.752 1 0.000 2
X;X, -0.999 8 544286  0.0003
XX, 0.999 9 86.2108  0.000 1
XX, -0.999 9 724987  0.000 2

X, X, Xy X, 0% 7,

BT R (L) L (2) ((3) #A7 FOEH5E, 4k
PHECE O BRI 0 KRB SRR L S 8, 3R 9
B, IANRIE AR B £ 57 19 [0 59 07 Re A 2 A9 S 4h
RARGEAAANR, EUE 3 I RE TR, 23 % 3 40
RISHEE & TR (% 10) . 3 AR [
77 FE P AR L 2 A 25 B RE Al R PR
BRI E b IR bn 52 I {855 05 e TO (A 0T 45
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2N, R 3 AN RERY U AE 14 ks, [RIR, DAJEK
B IFEARIRAS 1 foe A S H00T il & i R i, FLE I
568 35 NG SRR B3 T LA 2 AR Ak A5 T &5 1Y
72 i, B AR BB DT 05 e ik R G R 5 T
IERIE S R 2 T A K, (HLABEI 3R 5 3R
PTG AR T A5 S5 U0 2% 1 1 5 1) 506 10 B B 97 40 e
5, 33X AT RE 2 PR kg A %ot SR 3 11 SRR A S i e K T
SR TCIE VR AR S BRI RS . PR, 25 A IR T
W e B AN BE BPE TS A 4 1, B & 2 1A
RO 4 ) B A4 G < REREUS &L 28. 90% , W14 pH
5 3.8, B4 F 3 nf& 0.50%, A& 4k 45 4 i
0.04%, ZA&MF Tl N ERAIEREL 5 R &R
BsE iR o, B REE IR E &, R
R SRS S AR BEIE AT, B a2 345
JeH, FRGE B, T ENTKILG , CEXURARAE

R9 ZREMABSOEFRBEHINER
Table 9 The concentration conditions obtained by quadratic poly-

nomial stepwise regression model

RILSHAE

WA O
Ry, X, X, X, i
Y, 28.90 3.80 0.51 0.04 99.80
Y, 27.70 3.50 0.50 0.02 294.90
Y; 29.20 4.20 0.53 0.04 -193.60
X, X, X3 Xy Y, Y, VR T

£10 3ARASHASWIEINEER
Table 10 The actual values of jam prepared with three different

concentration conditions

BRSHAE S
X, X, X, X, Y, Y, Y,
28.90 3.80 051  0.04 9470 284.00 -197.60
2770 350 050  0.02 8560 289.00 —203.50
2920 420 053  0.04 8320 279.00 -190.00

X, Xy X3 X, Y, .Y, YV 87,

2.3 BHUERSH

8 P HLER TR AR Lk AN 1 o, A LR 2
SRAEHEKIRANFFE AT . 3R 11 s, DR fh
HILAG Y 7 M EEA MR, SR KRR EA L, FLIR
PR IR TP LR 5 1 LR TR 5 1Y
N, BEFATR S AR S BRI R R B A
1, A FURR R N T R TR LR | LR BT
Rt iR LR AR IR o5 s, elese 1R

ERCE A T A R R SR A R

357 6
30
8

. 25F
n
2 20 4
#m
= 15
=10 !

L 23

0 L A a N L )

5 10 15 20 25 30 35 40 45 50
) (min)

1.3 2. OFR;3: R 4. BRHAMR; 5. SRR 6. W A TR; 7. &
% ;8 AT 1R

E1 8§HMANBRESTFaIEE

Fig.1 Ion chromatogram of eight organic acids

2.4 ERMEXIEY RS HT

12 BoR 2 P RFEERIERE S b S AR e 13
PRV oy, Hop R 2 8 I 4 Fh, BRI R 1
Fr, P FLRR B A ER R 11 A R R,
A TRTAR Y 40. 619% , BESS 7 B, 5 36.42% , M2k
30,5 1.98%, JRITIRZE 1 F, 5 2.21% ., KA
R bk 5 R KMk R A, 7R 0 T R Y
30.41%, Big 25 3 FF, 5 27.65%, M 25 2 P,
2.76% .

RN R G A R KR it 32 2R R R
LRI B A A =4, ROV 4 ol B rhoB = 2R 1Y
VIR, 38 X & SR e R A e e SR e 1 4 e M T
PEFT AR b, R E A 3 R (3 R R,
b e i SR e A e G s AN S -9- /N R TR 1)
FEXT 5 AR TR R W, WT g2 X oy A I
AR AR O R B R LR AR A, R R
T SR KRB, 3N T 8 P L PEY T, AL 45
5 PRS2 FREASAN 1 FhE R , X Lok & YR T
T RER BRI RBR AR, B E Y2
R SR v — PR AR 0 45 R 1 KU I, EL A Ry
R AF IR [R) B PR 25 0 o ) 0 {1 — PR RAIR, X A1
RBRITTERAR A, TR, TR S o LR B &
T R A R XU Y B 2 15

3 4t

AW T AR KB R EE SR &N
BAET 2 . M EERE 1x10° CFU/ml, BEBEZR N
17 8. 00% , JRHEFLB A & 5. 00% , K7 20 h, %
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pH N 3. 8, BERHER AN 28. 90% , 34 H4 3] (0% H 42 %
R W =1 1) W& 0. 50% , CaCl, ¥ il
0. 04% , FEATHRHSR , AT 1Y K AT S 5 5 SR 7
ARSI LL 6, B RERE LR KBS
AR, H UGN, BRI b, R E M, B
(< 42.00%) E AL T & 5 R % (& R=

Rl ABAERESSRESALBREFANRIENLE

65.00% ) , £ S HITTH 9% 5 06 il = A0 (RO IR
R ) B2k, A FLRR X 2 A R R kAT &
B I T REREEAREPARSE . CRY
IR S LA R MY R R A A e
BRSNS, B T 7= A A KU

Table 11 Comparison of organic acids content in fermented low-sugar complex mulberry jam and unfermented jam

", HHER S (mg/g)

" M 2. i BEHIL SR G B Frigm
R 1.937£0.005 0.162+0.011  0.023+0.003  0.984+0.011  0.282+0.005 - 0.065+0.006  16.4000.256
KRB 0.083+0.002  0.014x0.001  0.029+0.002 3.165+0.018  0.704=0.008 - 0.088+0.003  14.709+0.312

= ARAE S

R12 IBEXENREREELERSHHN

Table 12 Effect of lactic acid bacteria fermentation on volatile components of mulberry jam

X &R (%)

s PR CAS & et e e~
a2 o KRR

1 12.51 3387-41-5 ek 0.27 -

2 12.52 28634-89-1 Bt - 0.43

3 14.44 5989-27-5 A7 TEmG 5 1.58 2.33

4 15.47 99-85-4 il i M 0.13 -

5 37.55 5129-60-2 14-H 56 R FF iR 6.13 -

6 37.56 112-39-0 TR g - 5.62

7 39.52 1731-92-6 TR TR 0.20 -

8 40.60 112-63-0 S i 2 F g 8.66 -

9 40.69 1937-62-8 -9 /\ M R F i 13.94 19.29
10 41.05 112-61-8 Tl i 72 P i 2.89 2.74
11 41.42 60-33-3 TR 2.21 -

12 41.87 1000336-44-0 9, 11-/\ ik —Ja iz H ik 1.19 -
13 43.43 1120-28-1 AEA: R W g 3.41 -
— AR LAY
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A BRI AF A M o0 B0 S B IO R 45 1 XUk, (5
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