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Abstract: In order to research the effect of different Lactobacillus species on the aroma components of water extract of
Eucommia ulmoides leaf, electronic nose (E-nose) and simultaneous distillation extraction (SDE) combined with gas
chromatography-mass spectrometry (GC-MS) was used to analyze the volatile flavor composition of water extract of
Eucommia ulmoides leaf fermented by Lactobacillus plantarum, Lactobacillus bulgaricus, Lactobacillius acidophilus and
Streptococcus thermophilus. The results of SDE-GC-MS showed that 31 aroma components were identified in unfermented
samples, with aldehyde being the most abundant constituents (14.3591%). The volatile components identified by
Lactobacillus plantarum, Lactobacillus bulgaricus, Lactobacillius acidophilus and Streptococcus thermophilus after
fermentation were 45, 38, 51 and 43, with ketones (18.8255%), heterocycles (25.7828%), alcohols (18.3376%) and alcohols
(14.1481%) as the highest relative contents, respectively. In principal component analysis (PCA) and Loading Analysis
(LoA) the cumulative contribution of the first 2 principal components accounted for greater than 95%, suggesting that the
E-nose sensors had good recognition performance and discrimination between samples on the basis of their flavor
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characteristics was excellent with clear distinctions. The relative odor activity value (ROAV) indicated that Lactobacillus

fermentation increased the content of key aroma components in Eucommia ulmoides leaf extract, and reduced its green leaf

flavor. After Lactobacillus fermentation, the extract of Eucommia ulmoides leaf not only had more volatile components, but

also significantly increased the content of key aroma components, which was more conducive to the improvement of aroma

in the extract of Eucommia ulmoides. The results of this study provide a reference for the later research and development of

Eucommia ulmoides leaf.

Key words: Eucommia ulmoides leaf; fermentation; aroma components; electronic nose; simultaneous distillation extraction

(SDE); gas chromatography-mass spectrometry (GC-MS)
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Table |  Electronic nose sensors and their response
to odorant compounds
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Fig.1 Linear discriminant analysis of volatile components of
water extract of Eucommia ulmoides leaf fermented
by different Lactobacillus species
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Table 2 Discriminant index of e-nose flavor of water extract of Eucommia ulmoides leaf fermented by different Lactobacillus species
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Fig.2 Loading analysis of volatile components of water
extract of Eucommia ulmoides leaf fermented

by different Lactobacillus species
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Fig.3 Loading analysis of volatile components of water
extract of Eucommia ulmoides leaf fermented
by different Lactobacillus species
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Table 3  Species and relative contents of volatile components in Eucommia ulmoides leaf fermented by different Lactobacillus
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310 Iy T 5E A e 2 d
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2 310 T 7.8516 nd 3.3078£0.0002¢  4.1968£0.0003°  3.2744+0.0004°  2.292420.0006°  3.0663£0.0003"
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5 3-10-1-PH 19.5041 nd 0.2769-0.0004°
6 2-R B 20,5511 nd - 0.4260+0.0010b 0.7978£0.0002¢  0.2895+0.0004a
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14 2465 = Hs- 158 454614 nd 0.3641+0.0005 - = 0.08210.0003 -
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12 3-HR I 47.8143 nd - 0.7848:0.0003" - - -
13 o- 5 FU LS 22 i 48.3261 nd - 0.762320.0003¢  0.3956+0.0003d  0.2011+0.0004a  0.3065+0.0004h
STy 9.0589 18.8255 22.1742 7.7674 14.6273
1 5.2y BL AR 32,1975 nd 0.9775:0.0004°  1.1252£0.0003°  1.0326+0.0003°  0.532040.001°  0.5731£0.0002"
2 W LM A A 35.5444 501 - - - - 0.3775+0.0003"
E}}% 2-(1-F B2 T R ) - b d 3 5 ¢
waw 3 PRI s 37.0972 nd - 1.9431£0.0003°  2.7614+0.0004°  1.363320.0003"  2.2679+0.0003
4 2,4- U T A 48.1024 2001 1.6264+0.0003°  0.8229+0.0003"  0.8153£0.0004"  3.5945:0.0003°  2.0743£0.0003

B 2.6039 3.8912 4.6093 5.4898 5.2928




4245 5 9o 1 KBS S5 ANEFLRRE AR R R 0 & S o i - 41 -
ESIE K]
T AL Wk A, B _ ——
{min) (ngkg) A VLT FEAFLTE M AR WAL
1 5- S e 45165 nd 0.4296£0.0004°  0.1712+0.0005°  0.3027+0.0004°  0.4859+0.0004°  0.1561-+0.0004"
2 R HI R 7 7.7223 nd 0.9873+0.0003¢ - - 0.6568+0.0005"  0.3735+0.0005
3 N-(3-HUBET5E) 2. ki 26.4037 nd = = = - 0.6315+0.0003"
4 iE T A-1- T 29.9387 nd 0.8275+0.0003" - - - -
5 ESIRUR 191511 nd = = 5.1563+0.0003" - 2.2091:+0.0004"
6 |- O HE-2- 2 34 HUEREE: 408618 nd - 0.9039=0.0004°  0,6363+0.0004" - 0.6962+0.0005"
7 2GR BE 45.8321 nd = 0.09110.0007* - ~ =
8 I ST 46.2496 nd 0.6447+0.0005" 0.15840.0004"
WK 1,23 4-IM 5-1,1,6- = EE3E 28.5800 nd 1.2561£0.0005°  2.222810.0003°  0.2532£0.0004°  1.1424+0.0003"
et . e )
10 1,2,3,4-P9%(-1,6,8- = 325 33.7798 nd ~ 2.03120.0003°  3.2066:0.0003°  0.4617:0.0005°  1.8360£0.0006°
11 1,2,3.4-10%-1,5,8- =1 E2% 37.9443 nd - 1.99550.0003°  2.8065+0.0004"  0.1299=0.0003"  1.8071£0.0005"
3.4.4a, 5,6,8a-/55-2,5,5.8a-
12 PUH B (2.0, da.0t, Baia)- 34.0797 nd 1.6761+0.0004° - - 0.5120£0.001"  0.420420,0008"
2H-1-F FFiE I
13 2-(3- T B S E I -2 H- e 382618 nd 0.4504:0.0005" - - - -
14 2-Z MR T H R 42,0911 nd 1.5197+0.0003"  9.4002+0.00087  10.5789+0.0007°  2.6739+0.0004"  6.2555+0.0004°
15 2-(2- T Ak )-1,3,5- = B 50.9142 nd - 1.2127+0.0004"  0.8727+0.0005°  0.1171=0.0004*  0.6192+0.0003"
£t 6.5335 17.0619 25,7828 5.4489 16.1470
1 Bt 8,7105 730 - 0.0805+0.0001° - 2.2924+0.0004"  0.0755+0.0003"
2 IR 2k 19.2041 nd - 2.6296:0.0003" - - -
3 (3-50 ) o H - B It 14.6748 nd 1.1248£0,0004" - - 0.8992+0.0002"  0.8992+0.0003"
e 4 1, 4- T FEEET A 21.7569 nd = 0.6162:0.0006° ~ = =
HEY 5 LW HAMRFRSIER 487731 nd 0.3656:0.0004°
6 1,9- “HAE T 49373 nd 0.295040.0006°  0.4793£0.0004°  0.625340.0003°  0.2495:0.0003°  0.4239:40.0002¢
7 1-= T AR SUBE-3- 4L T b 553727 nd 0.2266+0.0003"
it 0.6253
1 i 14275 3000% - 0.5020=0.0006° = = =
sk 2 o 244744 nd - 10.5118£0.0005" = 12.7924£0.0004°  1.1409+0.0004°
a5 32 P EUE-SIEIERIAS 31,3093 nd = 1.3733:0.0003  2.0700:0.001Y  0.1623:0.0004  1.3811+0.0003¢
£t — 123871 2,0700 12.9547 2.5220

i AR RN B 875 A T AR R 25 5 R (P<0.05 )

Mg PP AT 0 FLFF o R e S5 AR T O R, A
4.1968%; FLAT FiT A 75 (149 2% HH B A B R 750 (3 &
Wi, WS R FLAT B A B W h A X & BEEE w20 R
5.4991%. 2.3751%; HAGARFE e = /<5 1Y
YRR . alpha-FA i, 76 R CRLAT BE 4 Ik AE X
P, A 1.9920%, 0.6162% -

2.3.2 [EEMIE  WEEYIRE RNIEE SR, Fh
5 2= A 3 A ORI TR BTk . 4 PPELER R &
BERE SR S PE R v RE SIS BT I AT 3BT | Jij‘:t‘ 2-
CUMRIE . B, B-2,4- B i M. B W ar. ik
AT 1YL, T2 -2, 4- B A T AE A A TR P A
HERE N 5.7457%; HAT 5 &0 19 RC AN 3-4
15 (F A P FLAT B %2 8 )5 A OO & St w5
4.5180%. 5.0227%; HLAT &R0 A0 Ay =0-2-2 0
P v LT B A i e ARG 5 e e, o 3.4281%;
HATAA R S AETTRD pUAE IS | 2 LR MBI EEER

PRI PEPRZFLAT PR A BEIS AN Hh , e E 3 dHrpRil
e ELPEFREERREE A e PR S | R WA XS

RS, AT 2.2924%  1.1134%.

2.3.3 FEAZEPR BRSSP HTMEBRSSE, OF HA U
A, —TEEATAEE R, 4 PR BEFE P ok SR %
PR o3 3L BYFRZE Y A K5 ER . Alpha- K5

—dor Ak

nd" FR A,

Wi, S-S5 2L -5 HH LS S A (BT
AP EAT IS UEBR Y05 T, J5 Wi HAT R 2 F/ ),

{22 . KR HERA S -a- 5 2 LS
FFUAT B 22 1 9 v AR X S B A v 4 R 6.9427%
1 3.4499%; Alpha-JC i 7E A % e v AT 5 i
1 1.4008%; 7 BT AT Y BL 55 W 22 i v 35 A= e {120
1 o570 BL SR S0 > e AR A LA 14 22 e e AT O B
e 0.7623%

2.3.4 HAbZALAEY) HABZALEW IR R
TE SRS AR PEEIBOGR AT 35 R &y, nT B
F SDE EAE ARG T T it i SR s v i A= il —
VeV S EIRFME S, Unwens | IIeig | RIS AT AR
LT WS Mrds. MRS RIS A K RERT S AV AL
AP EBCR T (& L] B RIS, (U B M AS W], Xt
FEApig A2 B B AR [RIPE R B TR AR . RS R
ZhAE, B PEICFLAT i 2 B b R S B AT X
TR, B TERL AT 2.4596% ., HAT R
AP Y 2.4- TR0 T IS 1 S RS BR PR A I b
FHXT S B R T A I 2 0T B e (3.5945% ) . HAT W4
B L PRI Y L R A PR LT B R TR A ot
(FHAT & BE 0.5020%) o PEHEERR B 22 1900k Hhokss i) 521
A 2 s ke 2y o vp ARG B B i Al 2.2924%
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2.4 ARFLEEMMLZEMFHKEROXBRESKS
ST

FHH ROAV 4347 %2 e At o ok it e op 35 2
ST BRI i) oA AR . AR 3
T3 2 TR AU SO (1) 5 A B (B RRE O] 3, DA
FLAT i A B b A K S -1l S ROAV, =100, 3T
FRESH P I E XY R ROAV, TSI ILE 4.

A K EEMPEHBORAT 6 Fl BT Lo, X H KL
R BT MR R/ IR R 2 . RS -l | SRR
JZ,52-2,4- R A | 3-HEE | B aX-2- U R L
FFE A e AT 7 P O A 4, X XU T ik 52
KA g KA L 3-HRE . D5 ARNE . a5 %
2L RS | 0 -2.4-P8 AR | 2 a-2- O TR
TECFLAF A ZBER A 7 PhoCH A S, X H XUk
TR AR R K S | D5, —S-a-55%
SN L B a-2- UM L 3-REE | R -2.,4-BE TR |
HE R I WEIREEER B R TR 8 FhOCHER Ul sy, Xt
HRUSR BT R 3R/ MRUCH KBS | 4 LR AR
W, -a-55 0 AR 3-HEE | IR, -2,4-BE U
Jz 3G-2- CUITEE | 2.4- R0 T HEHEy s WE R LT B A 1
WAT 9 P SRl A S AY, GE L IXU T ik 48 /M i
SRRyl SFREEE, 3-HREE RO oY
LR X ZABFREAIE A | S, -2,4- 8 I | RERE
M . F2a-2- VI, JLrhxd Z 065 RE B K R vE R FL
PR 22 BRI REAT 1 D ST

KO-, 2, JR-2,4-B8 I HE . S5 ARES 30
M, JZ-2-CUGTIEEN 5 ke Al A SRR Ul sr, 12
PET EARAER . RAEMT . BHALR 95 &m
JZJZ-2,4- B T IIE | R aK-2- U IRE A A R PR U
VTR s AR RIS PORESL TP I R R RR. S3AE,
Viral - el o 1 e e W e W ey | I D
B FRAS AT LA N A4, 1 v ] LAREAIR R AS FL A

AT IR, P2 TR AL .
3 Fig5itie

i1l SDE-GC-MS HX FHHY A G FLIEE B % B ft A
P 2R BRI A S M R A HEF T4 AT, R FE 2 S, ok
KPP SO A9 A M E R 43S %5 ) 31 F, LA
IEEE AR G B e i (14.3591%) 5 A 2T B & eI
e W T B A 45 i, AT AR S b e
(18.8255% ) ; T ACFLAT PR A7 S % Hh i) 45 4 M
43k 38 Bl DL AR BRZEAR T 5 i 5 (25.7828% ) 1
ARG BR PR RIS TR ZLAT B8 A 19 I S 00 Hh A4 2 A o
TR 43 A1 51 R, ILABSISHIRT 5 R (14.1481%
1 18.3376%) . FA KL BEkE - HREGRAH b, mEiRFL
FFEd . AP ZURTEE . TR CSLAT | rEIEEER B A S
YRR 5 N 20, 14, 7. 12 Fiv 4 26 85K
PES AR AT SR T 2,2, 2.4, 1.2 4%, A
e, ZeFLNR TR A 182 e 9 R E A BRI, A% A
ot e, H SRS S R i 2, B A
B o Ol 1 7 O i S O 3 A 31 ) M R = 5
PCA Fll LoA 4 BTRRFRIIT 95%, FH U322
55 SDE-GC-MS ¥l g $iA—34 .

FH ROAV 7387 0] 1, A< A2 AR -4 BGa ¢
HEFAUNIT A 6 Fh. R FLAT RS TE=CFLAT B L rEER
BERR P ANNE R FLAT P A2 A AT AR EGR SC RS
JATAHIR A 7. 7, 8 Il 9 Fh, o R S | R L -
2.4-PF TR | YRR, 3-8 e a-2- VAR E
A M FHF ST B e, -2,4- B8
I, 2 -2~ LA I A A R A A HE o o 5 i
ey, R SRR A, BREG AR
R E-a- 50 2500, AL AT ARG AT, i n]
DLFEFAR ARt g b, P A e R AE & . BT
FEAE AR DG S AU R HR L T S35 .

H 4 AFFURRER AR AR KRR Ul

Table 4  Analysis of key odor compounds in water extract of Eucommia ulmoides leaf fermented by different Lactobacillus

B L& ¥ AR B L FLIT s R WEEAGE ER e R FLAT R TR
1 KA 42.50 70.85 100.00 4633 72.72 B ALE
2 JZL B2 -2,4-HE 10.13 2.02 2.75 5.58 3.83 GEd
3 #Z 44.02 - - 24.06 13.59 e
4 7 11.30 21.54 28.69 14.47 24.18 . BE
5 3-MjEEE 10.03 30.78 15.92 11.23 21.08 B, 6T EF
6 Jz a2 6.91 1.58 17.43 4.30 1.86 CLES
7 T 2 - 19.38 27.10 13.57 9.47 T
8 i He 0.23 2.44 2.22 0.15 2.17 FEHOEEBE
9 24- TR T RAR 0.70 0.36 0.35 1.55 0.90 P
10 Fz-3- A 0.29 0.17 0.30 0.43 023 LIRS
i AU 0.16 - - 0.57 0.08 WEOEFR
12 alpha-fA 7l EE - 0.14 0.16 0.07 0.12 {EF
13 - 2- 2 -1 - - - 0.46 0.38 0.26 O
14 WA - 0.01 - 0.27 0.01 R
15 4B - 0.08 0.06 0.03 0.19 1T
16 4 F it 0.01 0.02 0.01 0.01 0.05 Pl
17 CLfiE - 0.01 - - - s
18 X A AT AT — — — — 9.32 ik
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