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Analysis of aroma substances in apple wines brewed with different varieties of apple by
electronic nose combined with GC-MS

CAO Youfang, LIU Dan, XU Junnan, ZHAO Ning, WEI Xinyuan, FAN Mingtao*
(College of Food Science and Engineering, Northwest A & F University, Yangling 712100, China)

Abstract: The apple wine was brewed using 4 kinds of apples including Gala, Starking, Ruixue and Ruiyang from Baishui, Shaanxi. The aroma sub-
stances in the 4 kinds of apple wines were analyzed by electronic nose (E-nose) and HS-SPME-GC-MS. The results showed that the aroma characteristics
of 4 kinds of apple wines were greatly different by E-nose analysis, which could be distinguished by principal component analysis (PCA) and linear dis-
criminant analysis (LDA). A total of 76 aroma substances were detected in 4 kinds of apple wines by HS-SPME-GC-MS, including alcohols (11), esters
(43), aldehydes (7), ketones (3), acids (7), terpenes and others substances (5). There were 66, 43, 45 and 47 kinds of aroma substances in the Gala,
Starking, Ruixue and Ruiyang apple wines, respectively, and the total contents were 7.17 mg/L, 7.08 mg/L, 6.64 mg/L and 7.56 mg/L, respectively. The
ethyl butyrate, ethyl 2-methyl butyrate, isoamyl acetate, ethyl hexanoate, ethyl caprylate, ethyl caprate were the common characteristic aroma substances
in 4 kinds of apple wines. In conclusion, E-nose combined with HS-SPME-GC-MS analysis could successfully distinguish the volatile components of
apple wines brewed with different varieties of apple.
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2010 Ultra™AR i BRI A H A B8 =] 5 30 [ A
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Fig. 1 Principal component analysis of different apple wines
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Fig. 2 Linear discriminant analysis of different apple wines
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Table 2 Detenmunation results of volatile aroma components in different apple wines

0 S ——— J R (gL
" %‘ﬂ'{ " o BENS B WL i i Hirs it
B QTR
6.867 ST 75 000 B N RE 125.53+2.11 n.d. n.d. 110.3626.61
7.673 IETRE 150 000 IS 5.99+0.23" 4.19+0.36° 7.19+0.16 7.73+0.40a
9.992 I 7000 EAAIE, I F 1324.05+£17.19° 134013212400 1173.03+9.86"  1307.15+50.77
11.023 ETEmE 64 000 B, R 3.23+0.28 n.d. nd. 4.37+0.11
11.447 23-T 120 000 B, FLER 13.79+0.07* 8.040.10" 3.1240.09° 3.310.13
15.282 IECEE 52 000 B, I ] 121.05+5.73° 114.55£7.04° 110.17+1.18° 113.30+5.64"
16.681 2-FifE P n.d. n.d. 5.84+0.12 n.d.
19.789 IEREEE 1000 5 34.80+2.27° n.d. 23.60+1.69" 15.80+0.63¢
22,482 -2 5000 - n.d. 3.03+0.25¢ 6.84+0.12" 8.61+0.53"
24.217 IEFRE 120 BCBLAE, AR AR 46.90+1.05° 23.05+0.44" 25.60+1.31" 45.25+1,72*
25.621 HEE 1000  ECHRAER, SAKTE, MREPE  440.96£6.75° 470.84+6.13" 487.63+2.19° 450.83+10.65°
B2k (4350
5.384 L B LA n.d. 15.37+1.17 n.d. n.d.
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PRI T/ et SR AL = . % e e i
6.543 LR T 7 500 LiIESUS 237.64+3.90° 260.61+4.95" 193.05+3.86° 134.18+7.64°
8.973 LA 10 WEEH 9.90+1.04" 6.43+0.47° 8.84+0.20" 5.61+0.23°
9.042 LR - FRUKRAE 4.85+0.49 7.98+0.38 nd. nd.
10.738 7 TR L 15 RE, BRE 10.25+0.98° 3.22+0.35¢ 7.52+0.61° 7.78+0.30°
11.222 LR T I 1 600 R EHE 14.53+3.03" 12.63+1.44° 21.95+1.77° 15.22+1.39
12.271 TR 20 TR, A, RAE 42.51+2.37 20.82+1.46 21.61=1.10° 23.85+3.83"
12.786 LR Tl 66 KR 14.10£2.25 11.31£1.13* 2.57+0.33" 14.62+1.56"
14.471 2-HEET IR 41 0.2 HR A, FRER, R 22.84+1.89 26.65+1.70° 28.36+1.12° 17.34+0.89°
14.573 IR LB 3 HRER, MRE 2.88+0.25 n.d. n.d. n.d.
15.555 BRI g 200 FRER, KR 219.32+0.65 293.55+4.54° 247.22+7.63 314.58+11.20°
15.665 2-HIRET AL TR 1.57 WRE, BEE 59.59+1.14 n.d. 55.86+1.34 n.d.
16.103 R R - KRG I n.d. n.d. 3.27+0.23 6.110.18
16.588 JRIR LT 26 SR KR 1.67+0.13 1.75+0.14 n.d. n.d.
17.159 LBRIX g 43 R n.d. n.d. n.d. 3.45+0.48
17.646 LR R 75 LTI E S 14.48+1.56° 7.62+0.73 0.85+0.08° n.d.
18.777 2-HIE T BRI - - n.d. 11.44+1.52 n.d. n.d.
21.128 CER 2T 14 HORR, HA 430.52+0.92" 397.15+5.07¢ 416.16+3.70° 458.37+6.07°
21.641 R 150 RE,BE 39.43+1.73¢ 162.68+3.27° 132.89+1.52° 140.48+7.58"
21.779 ST RS I - - 6.05+0.20 n.d. n.d. n.d.
22785 2- O £ 1 - A, EE& 9.59+0.71° 10.33+1.01° 10.56+0.57" 13.49+0.55°
23.575 TR R - TR, B 9.21+0.38 n.d. 7.67+0.33 n.d.
25.132 CRR TR - - 10.63£0.91 n.d. n.d. nd.
25.266 PR 2.1 22 KRAE 16.28+1.04 n.d. n.d. n.d.
26.297 IR 220 ER/GIE R AUS 67.38+4.18° 53.03+2.91° 18.88+1.24¢ 23.40+1.72¢
27352 CUR s Tl - R 12.31£0.90° 10.49+1.08¢ 10.23£0.40° 15.01£0.33
29.153 ¥R 1 250 Rt LA 1811.58+13.11¢  2414.13+5.51*  2076.13+19.57°  2494.50+1.10*
30.173 KL LBE 406 e 3 JINEIlS 24.72+1.25 26.85+1.11 n.d. n.d.
30.573 LR L 250 BURACAT , W o A7 22.87+0.94¢ 87.09+1.89 n.d. 139.02+2.86°
30.734 CURR 5 X - R, A 55.18+1.57 n.d. 147.70+1.64 n.d.
32.007 F RN - SRS 15.19+0.74¢ 24.82+2.64° 22.56+1.01° 71.94+1.55
32.117 BRI 1300 B, RE 11.41+0.37 n.d. n.d. n.d.
32,942 4R H 1200 WA 60.58+0.59 38.43+1.72 n.d. n.d.
34.623 9-ZE IR LI 100 A IR 110.81x4.72 60.80+2.66 n.d. n.d.
34.987 B8 LT 200 ESYFIILS 733.71+4.96° 718.74+0.11° 717.32+2.26° 713.43+7.24°
36.291 FIR-3-FAE T M 125 VY HUS 88.25+1.26° 75.68+2.50° 123.62+5.84° 162.43+1.03"
38.108 R R - (LS 17.53+0.33 n.d. n.d. n.d.
38.659 25 Tl - - 11.85+0.44° n.d. 9.49+0.27¢ 15.44+0.62
39.715 AR B 1 500 REE 161.24+5.31° 115.05+1.73 104.84=+1.55° 167.14+2.99*
42.445 A 5 R Y T - A ALE 6.99+0.26 n.d. n.d. n.d.
43.821 W SRR L1 2000 1, WHA 41.49+1.98 n.d. n.d. 38.23+3.73
46.617 KRR R e - KR 12.28+0.74° 9.46+0.35¢ n.d. 35.14+2.05
48.171 FRHERR £ 1 1 500 U, Wik 34.711.77 n.d. n.d. 18.51+0.83

it 25 (7F)

4.546 g 20 RAFIER 3.26x0.16° 1.33+0.11° 1.27+0.05¢ 1.86+0.08"
7.297 I 700 R 1.07+0.21° 0.56+0.03 1.13x0.07° 0.64+0.04°
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N 23 oLt
PRI IEY fem SR g o élziwg/(”g L};@ i
11.961 IECREE 5 SEIEE, A 15.95+1.27* 14.97+1.25 2.84+0.27° 1.31=0.12°
18.709 R 350 AT A AR 17.410.73 n.d. 4.17+0.12 n.d.
22.321 K 4 FIT 5 Ak 3.40+0.24 n.d. n.d. nd.
25.399 Tl 1 164, FHAGIR 18.18+1.12 n.d. n.d. n.d.
35.333 H R 2 &, RE nd. nd. nd. 48.05+3.50
2 (3F)
15.933 2-BEfi 9 A N PR 8.07+0.31° n.d. 10.38+0.53" 7.89+0.12°
20.518 2- 250 A&, 1A n.d. 46.23+1.34 30.44+0.69 28.10+1.17¢
24.903 2-F-fiil 41 Ak 11.04£1.12° n.d. 22.59+1.79° 24.72+0.62°
FiR2 (7D
7.035 LI 480 PR TR R 47.21+1.46 21.52+1.68 n.d. n.d.
14.835 2-FHE TR 30 17.511.05" n.d. 12.25+0.75" 18.96+1.29"
20.712 (W 420 WK, JRAB IR 54.00+2.08" 22.25+1.08° 30.43+0.70° n.d.
28.596 R 500 W, 7K Rk 161.48+2.29 n.d. n.d. nd.
34.158 1R 1000 LIPS 153.43+2.83° 107.75+2.94¢ 272.98+4.92° 231.49+3.36°
38.831 AR 1500 SRR 8.64+0.61 n.d. n.d. 50.18+0.99
43.067 W SRR 9000 RAF n.d. n.d. n.d. 19.55+0.58
i, HeAh 3 (5D
16.219 1,3,5,7-#F U 45 - - n.d. n.d. 4.97+0.22 n.d.
22911 d-Fr 34 Frig & 11.64+1.42 n.d. n.d. n.d.
29.999 A 100 TR, TR, SAEE 13.23+1.32 14.83+0.38" 13.42+0.62* 12.08+1.03"
36.132 T 60 TEAK 10.08+1.18 n.d. n.d. n.d.
37.764 2,4-TRUT IR 200 AR 19.52+0.61 n.d. n.d. nd.
T AU R B E RN A SR IR 52 SR, R R “n.d. RN AR o - TROR AR R B B AR B E SR s R AT AR R SRR R 2
3% (P<0.05) .
#3 FEERBELZMERNEKDEMLERESE
Table 3 Types and contents of volatile flavor substances in different apple wines
WL a5 i & Fi B
% Ko Fr/ (ugeL) Kk Fri/ (ugeL) Kk A/ (ugeL) B i/ (ugeLD
8N 9 2116.29+15.62 7 1 963.82+5.78¢ 9 1 843.01+7.54¢ 10 2 066.71+54.96°
[FEN 39 4476.35+15.02° 28 4 884.09+1.76" 24 4389.14+34.25 25 5049.30+22.02°
(2 6 59.27+3.63 3 16.86+1.31¢ 4 9.41x0.21¢ 4 51.87+3.52"
LTES 2 19.12+1.41¢ 1 46.23+1.34" 3 63.41x1.86" 3 60.70+1.49"
(&S 6 442.27+8.87° 3 151.52+3.19° 3 315.65+5.06° 4 320.17+4.46°
it I A A 4 54.48+3.49° 1 14.83+0.38% 2 18.39+0.75 1 12.08+1.03¢
S 66 7167.77£12.91° 43 7 077.34+9.49° 45 6 639.02+24.30° 47 7 560.83+50.58"

W Rl — AT AR RO 2 7 535 (P<0.05) .

2.2.1 RNEPEREFEERFSEER

et 212 T SR TR IR 1) 1 B2 I 22 M S B R
R TE B~ 29, AR S 56 5 TP RE Fp 2 B A X 8 v i 2
FEWFA TR R O OE R IE B . AN R SRS
S ISR 5 i AN [ L Y I SR A A o
WP e (2.12 mg/L) , 212 W A% (1.96 mg/L) « 47537 3t

RO VTR EE SR, e BB 6F, 73 il 1E T B %
B¥.2,3-T IR OB IR FREFOR O/ 5] BRI IR
473 50 3R A R Y AR G syt 158 B 3K 1 o B R A
i LG A AP S S B A v I B SR O, R 2 R
B 32 B 43 s T S RV 1 25 B A SR 3 BRR T, 2R L
SRR AT, B — MR WAE SN B A
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RIS, T LR IE 2 B 43 1) SR I H 7 SR R B B A A i
LR,
2.2.2 ANARESEHEERE SIS
BRI S SR B A SR, EERIET

SRR KB, B S RAE AN AN, W 22 K
5 i BH 40 3 ST o TG I HH 43R R, 40 ARSI H 398
28Kl 24Fh 25Fk, A B> 18FH, Hoh R B8 2R 4
fig R O G LR 5 G A HERR O LR s & =
BT TR R KR E R E S RE EER. A
A, St BE B R 2R 5 & & (5.05 mg/L) B A T4 2
1 (4.88 mg/L) W& ki i (4.48 mg/L) Al 5 i (4.40 mg/L)
) (P<0.05), BEG BB I FR OB ES 2R EE ST
HoAth =FPEG 1) (P<0.05) , H A 5 RAR I R A FTEHR
2.2.3 ANARESSEAEE B FBREE SR

PR 250 0 2 BRI T R B 2 1 25 28Rl ik 47
R I AN R 0 R AR 45, B8 3 o SRR F K SRR
AFPSE SO ILH RER YR LR S AN IE OO, TR
T TR R ERE GEE MR . K LA TR
WG R Y5 ST ) HS , 2 P WG P 5L A B RS P i 5 A vk L TE
AR R o A, RS0 HH 3 ARSI, 20 ) 9 1 - B 2-F
Pl A0 2- T ], — ol 5 i 5 7 AN S P A0 A T
RGN T 2- R R R 2- T i, £ 2 9 A AR I T 22

TR, RS F BRIE TR KB, K B2 K
W 2% A B IR e AN e BESS RY RE R, BRI TR FE A
RIS 52 I A, 5 v B D) 2 7 A TS Sk, L AT 5 RE R )
SN AE TG 5 B v T A B R R 4 S L
HEAS I 7 AR R, L LA R DR SR (1) 2SR TE 4R
T R A R M 5 B TP P SRR B R A e, N272.98 pg/L, 4L
R RZEIR G BRI, N107.75 pe/L.
2.2.4 ANESESSE G M AT bE:

WA W TR IR AR P, 2 S R i5&
A K, HASRE AR, RIS 7R R B BRI SR AR <X
RS AR R TTHRE o AR S50 HEAT I 1 1,3,5,7- 343 DU M  d-#T
TG I RN A o 3P A K o, e 1,3,5,7- 30 3 DU M AR AE
B 55 PG Y, S B N4.97 we/L, d-F R I AN AE IR b 3 o
S BN 11.64 we/Lo 4R A I A P S, & A
12~15 wg/LZ 18], FFBE R AR 5K T HEEM
A . AR A YRE MG B>, BE —E W
DUBRAE L, AR S B0 ZE MR oAU HE T 5 T A Y L 2,4- L
TR, RERS IR TR T AR R A
2.3 AASEFIERHES SR 54T

I FH AR TE 10 J25% o 1 AR B A SR A O SR S
SR A SAE R, H8 R R S AR IE R SR .
S A# (odor activity value, OAV) & &S ik 5 H&H X
BIE 2 b B SE = 1 E S0 T3 A 8 N RRE A Sk

9% B ARERRK, SRR S A TRk R (H S E <1
(TR AN 2% 008, L R R 8% 38 DB A 1 75 < B i 12k o
WIFAFTR, ARSI AT B I3FPREAE B ST, L 41 2
it 55 Eif B 40 A 11 b S 7R TR . AR SE R I 1)
FHER SRR M, B4 TR OB 2-H TR L. LR
TR CR 2R ¥R LG 248 LG . 250 ST 9T R
W, TR OB 253 IR CFR 2 FG . R O LR 2
P 2 S SR X ) A P (R AR A R B 45 5 AR S 9T
SER 3 BRIR TR 9- 22 R 16 T AN E PR Y7 v 11
OAVAE > 1, i B 3X =4y 53 2 W W17 X 1] - JH A = iy
PIFHER S 418 OB INAELL R FOAVIE > 1, Ui #]
CL R AN FA = PP A b B BRI SR A S R-3-
TG AN AE i BB o OA VAR > 1, 5 WA B BH 8 A1 oAt = Ff i
B A IRMIIAAE .

x4 FEERBHFIBSRIONESE
Table 4 Odor activity value of characteristic aroma of different

apple wines

I e ™
5L IR a2 5t & %iti [H
TR 20 2.13 1.04 1.08 1.19
2-HEE TR 4.1 0.2 11422 13324 14178 86.71
YN & A 200 1.10 1.47 1.24 1.57

2-HEE T Jk TR 1.57 37.96 . 35.58
CR T 14 30.75 2837 2973 3274
LR 150 0.26 1.08 0.89 0.94
BERE .1 22 7.40
KR LB 250 7.25 9.66 8.30 9.98
9-ZEJ IR LI 100 1.11 0.61

B LT 200 3.67 3.59 3.59 3.57
FR-3-H AT g 125 0.71 0.61 0.99 1.30
ECE 5 319 299 057 026

T 1 18.18 -
FHERE 2 - - - 24.02

TR R .

3 &g

RS E FE AR, A &R Rl A
AP ZE R ROR . T SRS G PCAFILDATT 4, fig
TR 1 [X 43 B VG 1 7K M 2T < i 5 AR i T 47 it el 1) 3
i . K SPME-GC-MS X453 5L o (4% & &S
JF AT A ARSI, LRSI R 76N AR K S R S AT
VPR B 2E43Fp | BT H R 3 FP  BRIS 7R | i I A L
i SFh, FF S o e B A R BIERAR YK D Bt [ T L R | 21
BN R T EAE AR TR R 2- TR
LB BRSNS OB O HG . E TR 215 3R L B8 4R SE
FOEILH WRER SR - B I F T RSO G-
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