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GC-MS Analysis of Aroma Components of Apple Juice Fermented with Lactic Acid Bacteria

LI Weini, GUO Chunfeng, ZHANG Yuxiang, WEI Jianping, YUE Tianli™®
(College of Food Science and Engineering, Northwest A&F University, Yangling 712100, China)

Abstract: In this study, changes in optical density (OD) during the fermentation of apple juice with pure and mixed cultures
of lactic acid bacteria were monitored by a UV-Vis spectrophotometer. The aroma components of nine fermented apple
juices were identified by head-space solid phase micro-extraction (HS-SPME) combined with gas chromatography-mass
spectrometry (GC-MS), and the characteristic aroma components were evaluated by odor activity value (OAV) and odor
threshold value (OTV). Sensory evaluation was also carried out on the samples. The results showed that the OD value of
apple juice increased logarithmically with time. Forty eight aroma components were identified from nine fermented apple
juices, mainly including alcohols, esters, aldehydes, ketones and phenols. Esters were the most abundant components with
the highest species diversity, followed by alcohols. In addition, according to their aroma values, butyric acid ethyl ester,
ethyl-2-methylbutyrate, 2-methylbutyl acetate and hexyl acetate were the main aroma components in all the fermented
samples. The contents of aroma components and aroma values from single and mixed culture fermentation of apple juice
were significantly different (P < 0.05). It was shown that the total contents of alcohols, esters and other aroma components
with mixed culture fermentation were significantly higher than those of single culture fermentation and apple juice fermented
with single cultures had a stronger fruity, green and flowery aroma. The overall sensory score of apple juice fermented
with mixed cultures was higher than that of single culture fermentation. A mixed culture of Lactobacillus paracasei 20241,
Bifidobacterium animalis 6165, Streptococcus thermophilus 6063 and Lactobacillus acidophilus 6005 at a ratio of 1:1:1:1
was the optimal combination in sensory acceptance. These results can provide a theoretical basis for the research and
application of lactic acid bacteria in fermented fruit and vegetable juice.

Key words: apple juice; lactic acid bacteria; mixed-strain fermentation; aroma components; head-space solid phase micro-
extraction (HS-SPME); gas chromatography-mass spectrometry (GC-MS)

DOI:10.7506/spkx1002-6630-201704024

5. TS255.4 SCHRFR GRS A SCE S 1002-6630 (2017) 04-0146-09

Wk H: 2016-07-02

BEE&UH: EREAREST EDE (31371814)

EE I 4R (1990—) , 2o, WiEAafsEAE, 57 MR A . E-mail: 18700942939@163.com

MEEEE . WHEA (1965—) , 5, B, WL, RN EMAEDER KR MZ SR E-mail: yuetl@nwafu.edu.cn



XK 53D

i

i

i =2 2017, Vol.38, No.04 147

FI30H%

ZEYEYE, FOERE, KT, SF UM - B U FLIR R R SR B R D). B REE, 2017, 38(4): 146-154.
DOI:10.7506/spkx1002-6630-201704024.  http://www.spkx.net.cn

LI Weini, GUO Chunfeng, ZHANG Yuxiang, et al. GC-MS analysis of aroma components of apple juice fermented with
lactic acid bacteria[J]. Food Science, 2017, 38(4): 146-154. (in Chinese with English abstract) DOI:10.7506/spkx1002-6630-

201704024. http://www.spkx.net.cn

FLER B R — R B R FH W R T B KA B 7 AR S
REME SR, BT LR E TR . AL
B, FEESP IR AE RS ARE@ERE -2 E R, it
R ST, o R R 2 T AN A s KU, 3
R EEHE. AR, 28, FEREEFRLT, 2
A E RS2 AT R 2 — o SRR BA SRR R
Bk, HAFSEs e ERRNERRR. AREK
T R B vt BE HL A FLER A I AR, SUA R B8 R B
SRIAIR AT A B T e S T B e XU, T 9 % 1
KR TS VPN SR ER T R B AR bR . SR
S RE S, A EHSBRAE, HRESRA M E £
B 5 1k 32 B T2 [ AH 2 B 5 SR (it - o 1l S5 1
BEH, MR REES NS BAREE, @Fes. ik
P R BUZ RS s BT F S A S
TRV BA I, T I BB KRR E IS I ok
FH/FSWIR M KRB, BrCL TR E &SR EAES
(B3R s S .

AR, RTARERBERETOHAREZ, £8
B AEBALTE AR T UL R T4tk b, R
FoA AR RN T SUAT B« T LT B8 A fi JUR B s Bk
RS KBS B R, SERREREE 4, RN
Kbk, MEam. HAR. CBRAFERSA 5L
b (P>0.05) . Fiaig FIFSE R @R (FLERBEER
B FLERAT B . BEER B ANEERESE) X4 SE ST IEAT K EE,
i3 IE AT R 19 B e R B4k 14 pH 4.0, 15 °Bx H A B
WPE3T °C, PRI EH B2 M3 BR-FLIR K e e 7
Y. Elena s LK AE 4 SLAT B 2 N TR0 FLI% 1 K710
SERA R AT R EE, B B R AR AR e e R
B R, Hal, X TR E KRR
RO HIARTE R o BRI 2L S5 R SO AE A LT T R T
M E SRR B E AT RS SR, R
R, BEN O AT T RRY) R LR . A R L
TR RS Dyt RS 7S S b BRI 8 0 — s kR
. RIS LR . BRI IR A A R
BN, WA REEG B RS R38R B ok T B
AHIRRYIR . BB 00 TR FLT B R BEHE M
IRTR)JTT 1) A2 4K, G5 S 3 BH 3 A 1) 0 s 247 ot BH I sk
/b, EEESEWIRR IS . Ellendersen ! R F T B& FLAT
BORIFSER, R BA AR R SR

FSERIRR . HAEl, FIREAEKREREITNHEZR
FRUTR R TSR K W, B PR IE R —, HLE A
DL AT A 7 L T TR A T 21 5 32 SR v A AR 40 52 Tl 1) Tt
FUHRIE o A FT R FH 0025 (] AH Fl 2 H0 A0 AR €1 - ot
Tl AR B FH X LIRS BB — B PP R 2 B AL R S R
FAW PHAT ZE BRI I A3 AT, SR SR AR L4 ool
JE I E SE VTR (optical density, OD) f{f, Jf
TRAE A F & A G B BB & & S B RS & AU o i
RS SRt AR A AORVBE B o o P 5 ) B R IR it R
RVTODIE M AE A, 7L IR BRI 7E A I 2R B3 vt J D 1) B FH
FEALIES AR o

1 #ME5Jk

L1 RS iG]
5+ (Malus pumila Mill) SES, TR, 9
A aERAE, KNS —, TolUkants, Jom & L.

AFREEM: B THAATH20241 (Lactobacillus
paracasei) « NPNEFE 6165 (Bifidobacterium
EMEEERE 6063 (Streptococcus
thermophilus) . WEMRFLFF 16005 (Lactobacillus
acidophilus) , {RAF T PHALR MBI R & RS TR
FhEEmAKRE TSR eEnE.

MRSWZGFAE  Jbnt IR A EARA IR I A v
3-FRE (hrttEdh, 2HE>98%) H A2 A Tl P
Aotl; S (i) V9P BeAt A B A
12 5 R&

2000JP- 1BV E.LARYTHL ISR IR A 7
YXQ-LS-70AIS A )28 KB Bl silv A7
FRAFIBEIT 4% 3 PHS-3CHpHTT  L¥g Rl 22AY
B ARAT; HC-3018RAFEHRAH B LN 2
R R AR AR A A YT-CJ-2NDREF T/E G
e R BN ARGIRAE ;. HWS-8081 2 G 1H I
TR TR IR LIRS 120150-T230L
AR - BOE B AL, UV-1700%8 4h- AT W53 6 6 B i
HABEAR: 50/30 pmBE — HREREE b/ — 43K
(polydimethylsiloxane/divinylbenzene, PDMS/DVB) #
sk & SupelcoA 7] .

animalis) -



148 2017, Vol.38, No.04

E6oil

= XRS5 53 B

1.3 Hi&
1.3.1  SERAH %

Poide ~1F Ve —~ %~ I — W — 3 B — B g — ih
T~ TR~ AR (=20 CRAE) .
132 ERHMREE

4 ORAT T H S 16 DU AR FLER A 20 0l B T MRS 1k 8%
FRIEFHATIEAL, T37 CHEREA P E E 9724 h, T
3R T 100 mL3E SRR, 137 CHRAFTHE
Hi3218 h, TEEBLIA1X 10" CFUML, 2 )5 @l T EE LT
#20241. ZHPYIRUEAT #6165, W& HVEEER 2 6063 F1NE R 7,
B 6005 UK B 12 8 P — TR MO 2 R LA IS L 7 =X, 43
i LA R 73 B2 o e Pl s P F-500 mL3E Ry, F37 C
A N ERE K24 h, HHIA]E BFEUREDN E ODYE, KB4
WIEET—20 C&M MR Hi5h: ST (EITBE
FAFE20241) |« S2 (BIWIXUAFH6165)  S3 (Mg #VEE
BRE6063) . S4 (WEFRFLATR6005) « M5 (EIFEEFLFT
A -S40 ST B - AV BR TR -WE R FLAT R 1022122, VG TA
kb, TRED . M6 (1:1:1:1) . M7 (1:2:2:1) . M8
(2:1:2:1) « M9 (2:2:1:1) &
1.33  FERFODERNE

AR B 0P 25t 2L R 1 2B K B 1 2 i ST R
BT 1 M ODAE AL WA B T B [RIFE M R R, A
A AT S N s O DAL 1 75 ¥ SR VF 58 R VI 14 35 B 4
ODMH B H /v Jeob FE v kA7 s, B3 IR, BCFH
B, W5E P 9600 nm.
134 B/ EE

AR - A AR 5 R AT N, SRR T A A A
REREAT SR E . FRE R ES mL3E Rt
FET20 mLBERE R, A2 g &AL B AT — & = 11
WARIER (3-2FlE) , EHLIE. R TE45 CH
Bi P 4730 min, F5 21040 B 0 Rk 4 N HERE
b, THASWEH30 min, SR 5 3EAT AR .
135  faiftgft

i DB-17MSEME (i (30 mX0.25 mm,
0.25 um) 5 FHEFEF: RIGEEE40 C, AFF3 min)5
PL4 C/minff) i E R FE E120 C, FHLL6 ‘C/minfl i
RIHRE240 C, RFF9 min; HBhHERE; HERE DR E
250 °C; A MWHe; i N1.93 mL/min; ANoMifidthe.
13.6  JRi&M4

BB, BTARERT0eV: B TRIRE230 C;
PR E230 °C: R Em/z 35~500.
137 EMh5EE

5 P R R R ASOR € - 5 B HPNIST 145 3 450808 /2
UG e 5 LR B B B 6 S-S0 R AT R 2R o S PR UL I B K
T 85I AE A A SR o B U I A AH 7]

JREIRIE 3-SR E AW AT B, &% (D
BREFR AR ESD RN EGE, %X Q) HHES
B, T3 RECMSE R HPIIE N R &S5 .

FAREAE (ngl) = m R (ngl) (1)
FAYFEE/ (mg/L)

FAUI="" ) gl
1.3.8 B EIAHYE Z W REFAE SN 2 T B

Tl FH SPS ST A SR FH oA B8 2 06T 2L R 1 P 1 R B RN 22 1
KRB & S & ' A RAE W 2 5 B b AT
Faniin
1.3.9  EEHMN

R TN R B b R 22 R 2 S R R S SR R R
IR BEAT VRN, RO PR, 20 fiszid
BB S R TR ] 22 R 2 AN, R TR
B BRSO BRIE. ARG R R A e 52 1 25 5 T 40
TR AR AT B VY, BT A9 A
ANEER T, DRI EN D EM ST /RE, 1.
WA 2: WAEWR; 3: REEAREK; 4: BEALN
X 5. LPTE; 6: BIEER; 7. PEENR; 8: R
B 9 MEEWR.

X1 000 2

2 ZR5SH

21 SRR EALFE bR e g5 R

PSS Ryt B e & &N (14.0340.20) °Brix,
pHfH 55.854+0.02, @& ®EAN (7.10+0.20) g/L,
MBS EN (0.2940.00) g/100 g, HHEEN
(53.21£0.50) pug/100 pL.
22 R REELFEHODE KA

02 4 6 § 1012 14 16 18 20 22 24
R RIS [E) /min
1 ERHREEERPODEME

Fig.1  Changes in OD value during fermentation of apple juice
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Tablel Aroma compounds and their contents in different fermented apple juices

S8 (mgL)

== =
*5 EUA sl 2 S3 st M5 M6 M7 M8 M9
B

| 2.7 ethanol 09754002 0893+001 0934002  0893£003  0937+002 09724003 08904004 09084001  090340.02
) 53782 isopropyl alcohol 0.188£0.00 01854000 01862001 01794001 01914001 01904002 01824001 01834002  0.18440.02
3 IETH 1-butanol 0424003 03894003 04195001  0415E001 04162001 04374006 03924001 04114002  039640.03
4 2BEELTE dmethyllbuanol 10214001 09894004 1035001 10394001 LOAIE£0.02  LOSTE0.03 09924004 10724006 1045003
5 IR 1-pentanol 0056+001  0057+002 00594002 00594002 00594003 00624003  0056+001 00614003 00584001
6 2 1-hexanol 02304005 02514001 02584003 02634003 02614002 02624002 02474002 02754005 02604001
7 GHESBAE2E G-methyl-Shepten2-ol 12854012 13254009 14334007 13574003 13804006 14634015 13454005 14054003 13874001
8 T8 1-octanol 00614000 00704001 0074001 0074001 0074000 00724000 0073001 00814002 00734001
9 S_etfl'efy’fe%ﬁf}rgﬁfmfﬁ o VIGO0 0175E001  0170£000 0173001 0IT9E001  OI77£001  0I76£001 0199001 0189000
10 WS4 10 (2)-S-octen-l-ol 00234001 00294000 00284000 0.026+001 00294000 00304000 00294000 00324000  0.030+0.00
1 S5 RERE Tinalool 0028+001 00334001 00354001 00314002 00324002 00324000 00334001 00384001  0.03540.00
) TSR (emR) 00494000  0.050£0.00  0.053£001 00525000 00514002 00555000 00514003 0062003  0.059%0.03

trans-linalool oxide, furanoid
13 3-3c-1-H 3-cyclohexene-1-methanol  0.024£0.00  0.026£0.00  0.024£0.00  0.027£0.00  0.025£0.01 ~ 0.025£0.00  0.026£0.01 ~ 0.027£0.01  0.028£0.00

14 o citronellol 0.027£0.00  0.034£0.01  0.032£0.01 ~ 0.038£0.00  0.034£0.02  0.041£0.02  0.037£0.00  0.041£0.02  0.054£0.02

15 1,3-3 2 1,3-octanediol 0.153£0.01  0.151£0.01  0.078£0.03  0.143£0.01 ~ 0.148+£0.02  0.113£0.01 ~ 0.200£0.06 ~ 0.170£0.01 ~ 0.163£0.01
S

16 LR LT ethyl acetate 0.591+0.02 05431002 05412001 0574001  0.572£0.00  0.615£0.03  0.539£0.01  0.590£0.02  0.594£0.02

17 PR 1 ethyl propionate 0.300+£0.11  0.285+0.15  0291£0.16  0.300+0.19  0297+0.08  0.317+£0.14  0.283+0.13  0.317£0.10  0.3134+0.02

18 2-HIENE LB ethyl isobutyrate 0.020£0.01  0.020£0.01  0.020£0.00  0.021£0.00  0.020£0.00  0.022£0.01 ~ 0.019£0.00  0.023£0.01 ~ 0.021£0.01
19 2-HETHEEHEE methyl 2-methylbutyrate  0.025£0.00  0.025£0.00  0.026+£0.01  0.026+0.01  0.026£0.01  0.028£0.01  0.024+0.01  0.029+0.01  0.028£0.01

20 '/ 2.1 butyric acid ethyl ester 1.600+0.06  1.524+0.08  1.555+0.05 1.616+0.06 1.610£0.07 1716+0.06 1.516£0.06  1.523+0.07  1.694+0.03
21 AR propyl propanoate 0.036£0.02  0.033+0.02  0.032£0.02  0.038+0.02  0.035+0.02  0.036£0.02  0.033+0.02  0.035+£0.02  0.038+0.02
22 LT T B n-butyl acetate 0.695£0.17  0494£0.11  0.510£0.08  0.542£0.03  0.525£0.01  0.723£0.11  0.710£0.10 ~ 0.558£0.04  0.586£0.01

23 2-HETRLE ethyl-2-methylbutyrate  1.554£0.02 15394001  1.557+0.01  1.540+0.06  1.587+0.01  1.710+£0.11  1.587+0.08  1.5954+0.01  1.708+0.09
24 2HEETHORIEE 2-methylbutyl acetate  1.300£0.08  1233+£0.01  1.268+0.03  1.30240.02  1.293+0.01  1.403+0.02 12394005  1.379+0.02  1.400£0.01

25 THRER n-propyl butyrate 0.060£0.03  0.048£0.03  0.049£0.02  0.059£0.01 ~ 0.051£0.03  0.062£0.01 ~ 0.049£0.01  0.057£0.01  0.060£0.02
26 1%L L ethyl n-valerate 0.023+0.01  0.023£0.00  0.023£0.01  0.023+0.01 ~ 0.024£0.01  0.025+0.00  0.023£0.01  0.026+0.01  0.026%0.01
27 AL T butyl propionate 0.011£0.00  0.011£0.00  0.012£0.00  0.011£0.00  0.012£0.00  0.012£0.00  0.012+0.00  0.013£0.00  0.01340.00
28 LTRIY T amyl acetate 0.067£0.01  0.065+£0.03  0.068+£0.03  0.068+£0.03  0.068+£0.02  0.073£0.03  0.069£0.03  0.075£0.01  0.075£0.02
29 VR 5 methyl caproate 0.016+0.00 0014001  0.015£0.00  0.014£0.00  0.014£0.00  0.018+0.00  0.014£0.00  0.017£0.00  0.018+0.01
30 2-HEETRNEE propyl 2-methylbutanoate  0.0560.01  0.061£0.00  0.061+0.01  0.06240.02  0.061£0.00  0.064+0.01  0.061+0.01  0.070+0.01  0.067£0.01
31 15 % 2T ethyl tiglate 0.038+0.01  0.043+£0.00  0.044£0.01  0.040+0.01 ~ 0.044£0.00  0.043+0.00  0.044+£0.01  0.048+0.00  0.048+0.00
32 TR TEE n-butyl butyrate 0.027£0.01  0.032£0.01  0.032£0.02  0.021£0.01 ~ 0.032£0.00  0.030£0.01 ~ 0.032£0.02  0.036£0.01 ~ 0.042£0.01
33 £ CU hexyl acetate 0.669+0.02 06731001  0.688+0.03  0.682+0.00 0.699+0.05 0.757£0.04  0.702£0.02  0.762£0.01 ~ 0.801£0.03

34 2-FIETHETHES butyl 2-methylbutyrate  0.033+0.01  0.035£0.01  0.036+0.00  0.032+0.01  0.036+0.00  0.040+£0.00  0.037+0.00  0.040+£0.00  0.04240.00
35 3FREETERLREE ethyl 3-hydroxybutyrate  0.016+0.00  0.018£0.00  0.01940.00  0.016£0.00  0.018+0.00  0.018£0.00  0.019£0.00  0.020£0.00  0.019+0.00

36 B4R 2 ethyl sorbate 0.039£0.00  0.045£0.01  0.053£0.01  0.051£0.02  0.045£0.00  0.046£0.00  0.050£0.02  0.055+0.01  0.048£0.01
9 1=t
37 BRI 0.021+0.01  0.023+0.01  0.024+0.01 — 0.023+£0.01  0.026£0.01  0.024£0.01  0.026£0.00  0.015£0.00
carbonic acid, ethyl hexyl ester
38 2-HETHCE hexyl-2-methylbutyrate  0.007+0.00  0.014£0.00  0.01540.00 — — 0.016£0.00 — 0.009£0.01  0.014£0.00

j— o = = 7 1=
39 2’2’4'*Eﬁ%'1’3'& ‘E ~”:TWH 0447£0.03  0409£0.02  0444£0.03  0375+0.01  04434£0.02  0425£0.01  0394£0.03  0393£0.03  0.400£0.00
2,2 4-trimethyl-1,3-pentanediol diisobytyrate

Hh
40 L% acetaldhyde 0.026£0.00  0.025£0.00  0.039£0.02  0.027£0.01 ~ 0.043£0.00  0.041£0.00  0.025£0.01 ~ 0.032£0.00  0.026£0.00
41 J-2-C A% trans-2-hexenal 0.0194+0.00  0.015+£0.00  0.041£0.02 - 0.067£0.02  0.069+0.03  0.017£0.00  0.025+0.00  0.018+0.00

2 FEL B 7 6-methyl-5-hepten-2-one 0.076£0.03  0.084+0.03  0.081£0.03  0.082£0.02 0.082+0.01  0.077£0.01  0.080+0.01 ~ 0.083£0.03  0.07940.01
- -
43 A2 RIE O — — — 0.1234£0.02  0.12140.03  0.11540.02  0.1254+0.03  0.117£0.03  0.125£0.01
4-hydroxy-2-methylacetophenone

KI5 2-buten-1-one, 1-(2,6,6-trimethyl-

44 . 0.0294£0.01  0.033+£0.01  0.034£0.00  0.037+0.02  0.033£0.00  0.032£0.00  0.034£0.00  0.036+£0.01  0.033+0.01
1,3-cyclohexadien-1-yl)-, (2E)-

45 ML geranyl acetone 0.017£0.00 — — 0.0162:0.00 — — — — —

46 LB acetoin — — — 0.023£0.01  0.014£0.00  0.013£0.00  0.01340.00 — —

47 26- ] BeA- AR 0.0084£0.00  0.019£0.00  0.015£0.00  0.009£0.00  0.016£0.00  0.013£0.00  0.013£0.00  0.010£0.00  0.009£0.00

butylated hydroxytoluene
48 24-TFUTHRE) 24-ditert-butylphenol - 0.082£0.02  0.078+0.01  0.061+0.01  0.065£0.00  0.058£0.00  0.0724£0.00  0.062+0.01  0.065£0.01  0.087+0.00

e — AR, PR
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Table2 OAYV of aroma compounds in different fermented apple juices
. S i Eat
(wgl) g1 2 S3 S4 M5 M6 M7 M8 M9
2
1 LB ethanol 100000 0.010 0009 0009 0009 0009 0010 0009 0009  0.009
2 5+ % isopropyl alcohol NF NF NF NF NF NF NF NF NF NF
3 E T 1-butanol 500 0848 0778 0838 0830 0832 0874 0784 082 0792
4 2-Hi3E-1-T 2 2-methyl-1-butanol 500 2042 1978 2070 2078 2082 2174 1984 2144 2090
5 IE R 1-pentanol 4000 0014 0014 0015 0015 0015 0016 0014 0015 0015
6 IECF 1-hexanol 2500 0092 0100 0103 0105 0104 0105 0099 0110  0.104
7 6-H1E-5-Fitfs-2-lF 6-methyl-5-hepten-2-ol 2000 0643 0663 0717 0679 0690 0732 0673 0703  0.694
8 IER 1-octanol 120 0508 03583 0617 0617 0617 0600 0608 0675  0.608
9 5-CABEE DA AL-2- M HE S-ethenyltetrahydro-2-furanmethanol NF NF NF NF NF NF NF NF NF NF
10 JIi-5-3¢ M- 1B (Z)-5-octen-1-ol NF NF NF NF NF NF NF NF NF NF
1 354585 linalool 6 4667 5500 5833 5167 5333 5333 5500 6333 5.833
12 A B (WKW trans-linalool oxide, furanoid NF NF NF NF NF NF NF NF NF NF
13 3-8 25 1-HEE 3-cyclohexene-1-methanol NF NF NF NF NF NF NF NF NF NF
14 &3 citronellol 40 0675 0850 0800 0950 0850 1025 0925 1025 1350
15 1,3-3 ~ i 1,3-octanediol NF NF NF NF NF NF NF NF NF NF
22
16 LR LT ethyl acetate 3000 0197 081 080 091 0191 0205 0180  0.197  0.198
17 i 2.1 ethyl propionate 10 30000 28500 29.100 30000 29700 31700 28300 31700  31.300
18 2-FE R £ B ethyl isobutyrate 0.1 200000 200.000 200.000 210.000 200.000 220.000 190.000 230.000 210.000
19 2-FUE TR FIES methyl 2-methylbutyrate 025 100000 100.000 104000 104000 104000 112000 96.000 116000 112.000
20 TH T butyric acid ethyl ester 1 1600.00 152400 155500 161600 1610.00 171600 151600 1523.00 1694.00
21 PR B propyl propanoate 57 0632 0579 0561 0667 0614 0632 0579 0614 0667
b)) LR T n-butyl acetate 66 10530 7485 7727 8212 7955 10955 10758 8455  8.879
23 2-HIHETFRLE ethyl-2-methylbutyrate 02 7770.000 7695.000 7785.000 7700.000 7935000 8 550.000 7935.000 7975.000 8 540.000
24 2-HIHET 3 Z BB 2-methylbutyl acetate 11 118182 112001 115273 118364 117.545 127.545 112636 125364 127273
25 THRPEE n-propyl butyrate 25 2400 1920 1960 2360 2040 2480 1960 2280 2400
26 T B ethyl n-valerate 3 7667 7667 7667 7.667 8000 8333 7.667 8667  8.667
27 /3% T B butyl propionate 100 0010 0110 0120 0110 0120 0120 0120 0130  0.130
28 W5 amyl acetate NF NF NF NF NF NF NF NF NF NF
29 U 'l methyl caproate 75 0213 0187 0200 087 0187 0240 087 0227 0240
30 2-HFE T HR A propyl 2-methylbutanoate NF NF NF NF NF NF NF NF NF NF
31 53458 2B ethyl tiglate NF NF NF NF NF NF NF NF NF NF
ky) TH T n-butyl butyrate 100 0270 0320 0320 0210 0320 0300 0320 0360 0420
33 LR T hexyl acetate 2 334500 336500 344.000 341000 349.500 378.500 351.000 381.000  400.500
34 2-HUEETER T T butyl 2-methylbutyrate 17 1941 2059 2118  1.882 2118 2353 2176 2353 2471
35 3-52 5T MR 2B ethyl 3-hydroxybutyrate NF NF NF NF NF NF NF NF NF NF
36 11134/ 2.8 ethyl sorbate NF NF NF NF NF NF NF NF NF NF
37 ik 2. CUBE carbonic acid, ethyl hexyl ester NF NF NF NF - NF NF NF NF NF
38 2-HU T2 S hexyl-2-methylbutyrate 22 0.318 0.636 0.682 — — 0.727 - 0.409 0.636
39 224-ZHUE-1 3-8 H 57 T BME 2,2,4-trimethyl-1,3-pentanediol diisobytyrate  NF NF NF NF NF NF NF NF NF NF
i
40 L acetaldhyde 20 1300 1250 1950 1350 2150 2050 1250 1600  1.300
41 R-2-CU RS trans-2-hexenal 17 118 0882 2412 — 3941 4059 1000 1471 1059
) F A B 6-methyl-S-hepten-2-one 50 1520 1680 1620 1640 1640 1540 1600 1660 1580
43 4-$3-2-FI3E %K 2] 4-hydroxy-2-methylacetophenone NF - - - NF NF NF NF NF NF
44 KR 2-buten-1-one, 1-(2,6,6-trimethyl-1,3 -cyclohexadien-1-yl)-, (2E)- NF NF NF NF NF NF NF NF NF NF
45 A S geranyl acetone 60 0.283 — — 0.267 — — — — —
46 LABIH acetoin 800 - - — 0029 0018 0016 0016 — —
47 2,6- L T H-4-F KR butylated hydroxytoluene 1850 0004 0010 0008 0005 0009 0007 0007 0005 0005
48 2,4- AU T HHE 2,4-di-tert-butylphenol NF NF NF NF NF NF NF NF NF NF

s NEJCIE A B2 B & R AR AE 24
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75 ORI FH LR B R T S AT IS AR B X 2 R
i, HEREMRA S S EHEUE, 170 RRESE Rt 5
BT HAHRMEREMRE. ARAEH, SRk
A, 2l R A PRIV AR, I U R
A AR AR RS R LR LRI & BT
(0.539£0.01) ~ (0.615+£0.03) mg/LZ A1z, &
AEBE, WNEAFEIEAEAAREN. BT EREER
B R A ST, SER ISR T -y &
BARMNL AR 46 &R LBRAI3-F2 5 T R LR 55 3¢
BEEE S . WRE A 0 SRR R R 0 A R
R, TR G E A BRI R, 2R 5
J S B, T B S B BRI G - Co A, fi Jig i A+ O il
(AL T T S BERE R T o Ll AL R C G 2 22
AW RE SR, BAMEESR, TENE
B BB EA . & REEA A S EYRAK, 1E
(0.039+0.00) ~ (0.055+0.01) mg/LZ[i]. 5%
LR EA RIS, E&KBAT &R LA
1R CERARIT, H 2w R IX2 MY S B
FHE R, 2-FE T ROl 2T LNERERS
2, PR AR A R, (BRI TR R
ik, HAS4, MSSRIMTSHEE G R H . SR
SR T A EAEEA, EESME R, REAE
B R RS USRS, WRR OlE . 2-FIL IR 2
B, 2-FOL TR HER AR 2.0, H2 W R B iX4 Fak
GrISF 3 BRCP I B A S E T R R . (R
MESYAF S ERRAE AR TH, 758 KB4 1
SEIE (0.01240.00) mg/L FREH).
234 SERIRIHARKEFESYRA

BT EER. BERFREMEIWI, ERITKEE
TEFR I 2577 A H A R I — B R S, W
F AR, AN 8 RAREL, HEXER
B S TTRR, R ST H A RHIE AU ) EE 224
FRUA . AR T AR A W A S A 3R R, g
282 Bl WAZES Bh. W22 Bh, AN OB, Jk-2-CU
. FILPUAER . 4R 2-HIE M. KDE. B
EHE . LB, 2,6- HUT H-4- R SKE A12,4- 4L
THRF®y, o, Z B BG5S R AP
FAABKRTL, RERTFHIERE SRS . X9 Fi)
BB 9N (0.257+£0.06) .« (0.254£0.05) .
(0.271£0.08) . (0.382+0.08) . (0.434+0.06) .
(0.43240.06) . (0.369+0.06) . (0.368+0.08) .
(0.377£0.03) mg/L, HBESGEMKIKAN2.005%.
2.096%. 2.173%. 3.024%. 3.382%. 3.16%. 3.003%.
2.838%F12.832% . HHULTIAI, FRS4SFES AL, 20K
T HAR S S ) e T A3 2

LM J2 FLIR W AT BEARUR (R e (] P24, A5 % R B

SRREER I ESINERES 3y (S PP S O S I R 1
VL B AN G BVEE R B R O IR SRR S 1S SR B &
MZELA50 15, XS5HTAEKE XY kR-2-CmfERE
A N A PRI S 3 A A e I B K R B R, B K
B R R B R 22 R ROR, oA SARE S B R
Z I, HERS25RIS4 T4, T A KR ERA D )
SMEHIKRT1, RHEFHEES . W2k BE IR 2 5 R
IR A, BAEERERNES, E5HPME
BALE (0.0804+0.02) mg/L b Fyks). 4-Fp5-2-FHHE
L& T 07 FWRAEY, & E RS PR 2R R
A . FRB R B AE SASFE R Rz R, T A 2
B R B R A 2 ARG . R S s A S B AR LI
SREIRIE, ZY AT SR AR . Bk Ab,
SERE R ILAT I A BT, (H9 AN KB A AE
S15MS452 NRE KHEAKE, H&EWRIK,
SR (0.0174£0.00) mg/LF1 (0.016+£0.00) mg/L.
T BH 2R T S SR R S R RE A Z A,
W) 5 G A SR R R A R, 2 — M A R
MR TR AR AR A R RS P AR A
HANGRAGIES, TZNHT 'R, 75358 %
FLIR R Wi 75 b FLR B AT K AT AR IR 0 e I B R, AR
e R PRI B AR AR A Rk A 2 R
HFHIMS. M65 FIM75 LRSI 2 Z AR WH, 5 58 R B A
S4grEMAR Y, SERK, EFESERE, EAE
ROTHRE D
235 FAG S EAEAUE R T

Rt — 305 B 5 BT B TR R TR AN 22 TR R I S SR
ESBAE R, BIEESRS & & SEET
K% . FIFISPSSHAFERIPE . WEIFN, K
M52 WK FHF R &R &8 R ESENPEY
/NT0.05, GEBA2 Fhok BE 77 TS ISR 05 A o 22
B3, WHZEER TR, BEMEMEEFIN LY
HHE A THREKE, 20K T30 a1
N

R3 FRESERRBSERBLER

Table3 ¢ Test results of aroma contents and aroma value

K364 5 HE Fig Pl
R —2.703 1.831 0.030
B —2.382 35.631 0.049

24 SERITHVERE N

HIZRATI AL, BT, & ORISR Bt 32 2
ST G, PGS T, B7E6.00 UL E; B
FETTID,  H1 T R AR B 4 BRAH P& P (3 Rt T DA R
B A A B B, TE 2 RS 1
TR, KPR R EMI S A5,
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ZWARBNG Y& T RERRE, M5k, &
DRI, BoA MR REE A, DRIE DT, AR B AR
ME, ZEARKBHLG NEFREE, BA & RS
MR, e W&, #okErEMSS,
1573 B R RO S0 R v oA B B B TR AR DT
Rt By, MIRITTH, %2 EARESR T ZRAK,
PR T R REE, RS RS S E A Nk, %
PRS2 MR SE SR I SR EN AN R 2 AR, AR
Z KBRS T R R, E AN,
W13 5y e = F 2 M6 -5 FIM 75 9141 . M6-5 fir £3 1) 3 21
i, Bt (7.73£0.90) 7y, BREE (6.91£0.94) 7,
AR (7.351£1.04) 7p, WRIE (7.25£1.19) 7,
(6.184+0.82) 45, KMk (6.84+1.08) 4, #ikpeszik
(7.184£0.98) 7, A ERITH AR HIRIK, H
RAEMS S o SRR, 2T R BE IS R BB — B
BERSE R . MR AN S, 2 WKL
—EREE B EE TR R R B, (R R
B, ER ARG,
#4 ARREERHHEEENHER

Table4 Sensory evaluation results of different fermented apple juices

Hi i [isiifa A i i VS 45

S 791104 564081 545£1.04 4731119 6641095 5911070 6.36+0.92
$2 6641092 327£100 400£077 3274090 4.09£0.67 418+0.75 5.00+1.00
S3 TA8L108 464081 600118 464£L12 636+070 6.091094 5914083
$4 6091122 5274079 S591t114 527+£1001 3641084 655082 5.64+1.12
M5 7824098 636+1.12 691+138 645£121 5914067 6911094 6.36+0.67
M6 7731090 691£094 735£1.04 725£119 6.18+0.82 6.84+1.08 7.18+0.98
M7 7361081 591+1.04 691£138 6362092 6.64£1.07 673£101 TI8+L17
M8 736+112 7.00+063 682117 682125 7914067 6641092 691122
MY 7274090 7.09£1.04 6361092 645£1.04 645£0.70 645£1.04 6.18+0.87

3 & #

TEFLIR W R S Ryt ik fe v, 3R ODAE 2 51 41
S, H 2 R IR R B R T S T FE R AR
TRV ODIE..

R FH [ AR AR A Bl Ik SR % - otk o AT R I
SR E SRS, R 48 B SR, % KA
HERRENBINTROE, LM KBRS, BBk
A A ST 035 & B35 TR K . J8E X
FEERNEVRESESMET, SRR RHE
FRWS EEG2-FRTRAME. TROEM LR
&, BEHKBN S, WA RESA SR
THEBIINRE. EMEE.

K9 AR EER BE V09 S SR BT B A, £
R TR A 7 i T R, P MO S FE AL, BT
R TBE AT B BRI . PERVEERR T . W IR FLAT
BIGE B 1, REME LRI .

BARE, BREAFETRD G E FRNEIE
AAULSCE R R E R A — e E R . i de
R, R RN 2 T R B SE R R R SRR
¥ ZEREE (P<0.05) , ZRHKEAERE LSGE
TRV E S o ASHT T A SR U LR T A R
BT HE R A T SR AR, X Rk
AR T RN AL LB AT 53— D 5
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