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W OE. PR L Tad, & dydedk 210 R Rk B A Rk 7 /@ A P R B, KB 5T 3 vf oo vdb R
kSR ERR A2 —, AR ERE B AR R B A T A Bk 8 R R A A HGE R
R HEE SR R R FR B, AT K Boedk S AT AL B AR T B E RN IR K B
spoieie e A Foh . ERRH R A AR ER AR AR R ARk 5 R e b 3
Ao ARIL , R Ao lE 4 R £ (P >0.05), TEEROEZTEERSH (P <0.05), kW o)A
st Lok 8 45 LR BEG EMARREEG YA, AN ENE, RAAME TS
&3 (gas chromatography-ion mobility spectrometry, GC-IMS) % &% B bk 4 & 3% &M & 4 34T 2547,
22 36 A ALA4p 9 FPES 6 AR 8 APES 6 FFBF S APHEEE 1 Aok 1 FRER K A b R BE
B B KR LARR MRS 60% A L, A ZTIIFNERAEE WA KB KRS gk L 8T IK T
whedk R R A A AR ok R AR, P AR Bk Sk AR BB AS AR AR,
HEREFATOARREFE LRETHHHERA TR, AR A —FEES @R

SR, RS Rk 3R A — T B R E Ao HOE 3 4

KRR el BB KB R0k AMEETEASE#

HESES: TS273 N EARER: A

MIME 5 ( coffee bean ) 7276 ¥} ( Rubiaceae ) MIME
J& ( Coffea) HIPIRI T Ay —Flly % (1 AKX
wn, B 22 B Ry, HEARR S R N B 0
A R E A A R 2
H T ] S5 A o = s, 3= A/ NREIE ( Cof-
Jea arabica Linn. ) Wik, FiAE X 73 A5 75 2 9 P4 R &1
b4 15° ALl A 4L MH], #4429 800 ~2 000 m X
B AR RANIR I F IR BRI T =
T WP SR RIS YR I AN A DR B | Wy SRR
RS B 5B B ( Geisha ) 25K &b 0 HEAH e A48 SR

Wk HIH . 2019 - 11 - 11

SR RURAN AL o WPl KUBR AN B2 it b AR A PR 5E 1Y
SN SRR I T A e I A 1 3 B O B
PR .

I A b T 23R A T il XU B B b A Xof
JRUR AR SE BT S, A1 Xof W Az P2 DRI 1) B 5 AH S AN
2o AR TR M e ot i e JXUR T G 1) 52
W RFF 526 T 8 R P A AT R R e 1 1Bk A
P AL BRI 25 g /DR O SRR A R AT L )
AT, B o At P £ 1B A P o e i 2R ] AR 3 5K
SR IEE ARl JXUBR A 1] O B E 52, Wang 45 38 i

HEH Al K [ RPEF AR RS H (2016ZR04 ) ; = 94 W KA &I T 5 26 4 45 F 5 5280 = 0T i 3£ 4 W H (YIK
(201416 KF06) ; == B & - AR BH AR S5 A 3 BUAR AL 2 AR IR 55 1 23R 00 H (2014NG004-08 )
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AR A o BT TR B 22 W TR 5 A TS W 2 XU i S 14 52 159

AN 2 0 b ) FLIER LK B WA ( Lactococcus lactis
subsp. cremoris) K AR WINME 52, & B0 7L R FLBR 14 IF
i g 2 4R v o A XU e e B R T
% W ¥ W ( Enterobacter mori 14-3, CCTCC
M2012020) % % B M %6 53 9 36
TR I R TR O i RO v e A I A A [ )
A AR U SR AR A 7, M L) | e
TR/ K BRI S I R A W A M E A XUk
FETAY LA b AT B SGE IS, 8T MR AR R
WK Jo ) G A ) e I Ao R A P XU o J5it ) AF
FEARIERD

TR P B SR T fd I B B 2R e RE OGS EAE
KIRBE N 25 ~ 30 C, 70K IR 55 70 T AR 0 kG A& %
1 S S 71N A 8 S Y AN TR a3 N N N R 2
TR F W AR o AT RIAE = B e
firf SR s ] RE SRR R (A A BE) KR
AR R R AR AR VB R UR () R
Wy, ) TR0 1 B i TR 5 00, T 5 T T 1) o 2
LT AR BT A o o B, LR HE RS T Y
W EXUR BT = P . R R B & B ik 4
SRR KUBR 1 203, O i — 20 0% = iR AR 2R
AR, 42 T o ol JXUR 2 43k — 5 98 44K 4 1 4K
I

1 #RE5HE

1.1 #RRiEE

WNHESE S ( Coffea arabica Linn. ,2018 4F =54
T BURS FE BE 77 ) 5 BB % B ( Saccharomyces cere-
visiae ,2018 A ZE L) e 40y A7 BR A F) 7™ ) 5 FI D B,
Ktk (R ED AR A E B AR % =l K
SPORDT T SR RIS A EE BT
B A S B0 24 R A B4t

EU-K1-20T BUB 2K HL, 7 5 BREE R R A
FRZA 7] s TGC20M #Y B0 AL, i e i 7 Bl 2= A A FR
/3] KDN-04B UL IG A A, W7 VL HE 3 A 45 A7 B
23] ;S0X406 AR G 1Y, T jE ) R FOAX 2% A FR
NE]METTLER TOLEDO HS153 #7K 431 i 4%, |
TEBLHT AR 5 A BR 2> B 5 Brewista 74 200 mL %l
A P A S0 A A, A AT = 51 B B R A H
R500F #A4mmEALKE B, Jb o = SR BHCA R A
SW-CJ-2D B TAE &, IR A B s A PR 7
FlavourSpec® B S AH B TR (i3, 5 ra v BE AL A%

I A R ]
1.2 XEHE
1.2.1  vwhedb 88 Ry R B

i SR FH AR 20K PRI MY 3 min J5 48 121 C
KB 15 min, HEPHE e SR GRS R R,
Fr G JURE 22 S8 AN IR B KT 30 min, IR S B4 e
TRRREY A GBS TAEG P&, R IE R
A~F 36 A3 AT, AR SR m (o e
) m (EREELE ) m (KURIEY)) =60 ¢:3 ¢:37 ¢
B, XU e A ot o o 0 L, A 8 ) R
HANKIT% ; FHRE B HAEER 1.5% &5
1.5% K 34% ;33040 ¢ 3R 18% M 2. 4% K
16.6% ; B 1 41 D 4 &t 8 18% | ¥H 2.4% . K
16.6% ; /4 E N HF K 18% . B 2.4% . K
16. 6% ; We 54 F WU 6% /K 31% , el ke
R A KR JE 2R B AS IR s 3 T 20 ClHIR
KM 24 h G FRASF TR EmE G 5 3 8 e, 7
AkLE 20 °CH IR K& B 24 h, B/ Bk o T A 45 5
FE& 40 C B 1 & TR K 43 TR A BCR
10% ~12% .,
1.2.2  ohele A 3 0G0 )E

R A5 v B b et 2 A A AR R AR R
SR RERERE L MERRFREL 100 g MIME T, B Tl
MEL RS HL AP RERE | A SR EE 150 °C, FFLL 5 °C/min T
IR, 12 min J5IREEINF] 210 C 5 EIRALRE | G o
PERE I 77 2R 58— OB IS 10 s T Ve A At
S WM 53R H BH ( Agtron number) A 58 + 1, Bff
JEMS A BB h 63 + 1, 25 A BT 375 A< I 1 48
TE 24 h,
1.2.3 )&k 2 Kok 89 VLR

WP JRURR 1) 2 R ALY , LR A AR, 2R
2 A & U ME P 2 ( Specialty Coffee Association of
America, SCAA) T 7 BARHE, Al N R B i
WRVEO MIHE ) S BT, AR S % SCAA W43
WER EEARERL S KA, K HURT S e B R
1R 20 H MGG, BG5S R mIEERS 11 £0. 25 ¢
A 200 mL 93 °C 47K # & 3 min J5 IR IFAE,
VR PRMELHE TR AR R R T AR
—BhE P T R AR LR AT TE 10 T,
B ZATBRIBUIE R A0, 15 B B &5 50, ARIR M 6
SR FFURRRTE , — 3553 R 4 ANFON L6 43 BT 5T oy
RAEFLE 8 A ARTET 9 s LT, BA
LNy 4 DB B AT 0.25 43,4 4
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BRI 5E $2 GB 5009. 4—2016 ¢ £ 5 %4>
FE AR £ O o BN A2 ) T % 5 7K 43 B i i
FE R METTLER TOLEDO HS153 BIHJess /K 43 5
A R SO 2 B I A2 4% GB 5009. 7—2016( £ 5%
SR FARE 5 I JEORE B R ) B R 2
B 000 52 R T — B R L (3 S B
1 GB 5009. 6—2016( & it &4 EF b &5
JR I 1 0 7 )y 2R A 4 v 5 2R R o A 4
GB 5009. 5—2016{ & ME&aEFnE P EA
FEIE YL Wk AR AR R
e W G250 kN 2 WM A B S H
GB/T 31740. 2—2015¢ A5l & 565 2 343 . 25 L) 1Y
T,
1.2.5 FRZMEmH N E

MGG L1 g B0 T 20 mL T %S JEFE R
11,40 CF- 5 20 min, B2 AR HEFE 200 wL H
GC-IMS FEATIR, 23 N, (4L =99.999% ) , FEkE

AT T 80 71, R Ak

B R E 45 C, 4 % H FS-SE-54-CB-1 (15 m x
0.53 mm,1 pm) , FERAHIRE 60 C, M EFE)T
A0 ~2 min,2 mL/min;2 ~ 10 min,2 ~ 15 mL/min;
10 ~ 20 min, 20 ~ 80 ml/min; 20 ~ 40 min, 100 ~
130 mL/min , & FE 15 551 IR E K 98 mm;
BINLPERTE 500 V/em; IR IR IE 45 °C B
N, (4R =99.999% ) ; T Ui 150 mL/min; &5
TR B-HL ) s B AR 1
1.3 HESH
KM Excel 2017 #4748 2 >k H] IBM SPSS

2 EATEE 22 S 43 BT, R ] Laboratory Analytical
Viewer 1 GC x IMS Library Search Software 43 M4 i
R YA ML R 22 Sk L, OF 456 NIST il 5 Fn
IMS B8k e X 9 w26 e e

2 FHRE5HMH

2.1 BEXEBMHEESBAL RS
B K BESE S BOMIHE AR AR A A ~ F 4T 3
b ERILR 1,

F 1 EAKEEEFMEA: TR AL B 5
Tab.1 Basic chemical components of green coffee after mixed fermentation ¢/100 g
B
Eitn
A B C D E F
EZ i 9.72 £0.53* 9.24 +0.47" 9.69 +0. 50" 11.6 +0.43° 9.61 +0.28" 9.76 0. 52
W JE 8.14 £0.19° 8.28 =0.39* 7.17 0. 11° 7.61£0.11" 8.23 0.30° 7.91 £0. 18"
Jig 107 9.23 0. 34° 8.57 0. 60° 8.87 =1.01° 9.06 +0.11° 9.07 £0.11° 9.33 0.18°
SN 5.89 +0.31° 6.34 +0.32° 5.45 £0.30" 4.80 +0. 62" 5.24 +0.62" 5.46 £0.31*
AR 1.49 +0.01" 1.87 £0.01* 1.87 £0.08* 1.82 £0. 04* 1. 82 +0.02° 1. 80 +0. 02"
Z T 2.91+0.08" 3.10 0. 10 2.88 +0.03" 3.06 £0. 05 2.95 +0. 04" 3.16 0. 09°
BR o/kg 7.13 £0. 49 7.42 £0.99 7.99 £0.49° 6.85 +0. 86" 6.28 +0. 49" 7.42 £0.99*
Zox 3.84 +0. 83° 3.91 =0. 48° 3.96 0. 42° 3.67 0. 69° 3.52 0. 69° 3.99 0. 69°

AT E AR A 5 125 2 5 P <0, 05,

XF 6 A1 Kk T 5 HE R i ME A AT 34 B R
B B IS TR XUBR S 0 i e A 7 B ~ F 4 g 1
MKMW RSTHEA A B TEEER
(P >0.05) {EmimmE A GOa] 5 1 25 1 7 o b o BB 4
A BB FEIEIN(P <0.05) , BN Ay AT 8 1 AT BE
SRR T IR I XU JEC 47 , R Ay TR T 1% < 1) e 7K Ak
GYHATAERACH, & RTIEE R A RE 185
TR B BYIE el B AT R S E T
HHET AR, /0l 8.28 £0.39.6.34 +0.32 Fi

1.87 £0.01 g/100 g, H ik JFWE7E 521 A C it
HDHEREE(P<0.05), BEATEMBA D F
EHEPEREE(P<0.05), AR, KB%
J5 B T B JFURE T 3K 14.58% T EA S R A
11.70% " X v] B2 FEUR R B iR JRbE B R
PR HZ — SERH CHBINT 2.4% ik, &
Tt R OME S AL N TR 2, R SESR A B 5 K
FRZW I, IR I 3E SR A ¢ R & e B 4L b s
H7.99 £0.49 gkg 5FHEY E £ R EF
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(P<0.05) fHEHAA 2= 5 AU R, w7 R
SR C L D B AEA E, B T8 1 22101
LG RRAL A ML S 22855, HERR —E BB 4
THR2E AT R H P A R 0 8 T2 X6 w2340 S
P g S, R C AL D X
4 A PR RS i 2 NI (P <0.05) , FIH
HICER RIS W 5 B2 R AIG, R BE 1, Sk RN

TEME AR TR WAL F BRI 2N SRR
g'ﬂu‘ﬂﬁéﬁ A H LA AR AR, B AR AL O B &
(P>0.05), 2 &5 fim M (3.16 £0.09) g/100 g
XA A ERA C HBHAD E2REE
(P <0.05) K HAHERS 5 BEAT KUSR 320087 22 30 H:

MHRAE AT 45 SRR, BN IR [R5 il %
PR XS P 2 i 43 R AR D5 5 FE JCRE W (P > 0.05)
A e A TR & (P <0.05) , T X
WA JEE A () WA 0 %) S5 2 e v 2 0 R O | SR
H 2 W B AT 152 e, 26 30 0 A 00 3 A 19 95
D A E A SN 3 AL T W] AL T AR
SZ BN BRI AS B (5200
2.2 REAXEBNMHIEEESSH

FIIH GC-IMS Xt & B J (%) i A 7 7 2R A 7 )
ﬁt,fﬁﬁﬁﬁ‘un%ﬁ&@%iﬁ%ﬂﬁiﬁfﬁﬂE’J 53 Fil
WEW, 454 GC-IMS H a1 2 Ko NIST 3% 2 3 1
036 AL, 01 9 PR 6 ARS8 i
25 .6 FhEESS |5 Fhasms 1 Fpokisg 1 FRERS LIRS H
17 AMESHARR A (B 1) o J8 sk TR
(B 2) B g o2 e e mRRt A
YT 60% LA L iX 4 R & mAEEER
B, WIS R IR AT A B2 S BomE A= &b
P S RS (BRIGELL F AN SRR, B2 M
il PRI (BRARI B M) Ea T,

TE A ~F 20 & 5 o A O A S, O R
W N 12.6% ~18. 5% ,FE R IARIEY) & B 5
PR (2F 0, GORH, D A A, Al R AR MR DY ) O R
S THR (A AR W) 2-T S 2 A
AN[FIRR BN B AR 2R A5 A HE A

AR b DL R IR BOR ) |
U R R BT, SR B RS Pk ) 2-FH R T
(FIRT, WnE, SRORE ) S 45 4.25% ~4.75% |
3.55% ~5.96% 1.51% ~5.72% . £ 70 RBRJE
YikWefa CmE 2- W LT /e T (R, IR, K%
PR ) 3-FH ST (SR R D, A ) Y

BRI gkl FEREAEY
A B C D F

EEsk| 0.09 009 008 010 058 0.09 STEAES
o Bl s 43 o 832 Wy
107 095 095 076 077 084 ZMRTHs
EEERN Nl 152 SSG0l 7.1 s
065 123 078 064 078 074 JRERZFEE
0.79 0.72 066 067 0.75 0.76 CFRZEE
0.49 057 058 060 067 072 [PRRZHEE
Los NSNS . 2.1
0.53 057 051 061 082 059 FTHZHE
BiJs| 041 043 036 029 032 034 IR tﬂvﬁl']

1.09 091 098 079 0.86 0.83 $%ETL{‘H
0.70 073 074 058 1.14 063 3 %H

BN EE S 2T
0.12 0.14 0.18 0.13 1.10 0.14 2-J% 0

=S B

0.79 0.79 0.82 0.74 0.69 0.75
0.62 0.37 035 044 032 034 T
Moo hel ilewl et enl e il

IS o s (3
248 226 127 204 044 139 3-HETEE
RN 2.11 210 179 1.33 1.77 JLEE

0.42 044 041 035 045 049 HEfE

0.52 070 072 075 066 070 3-HE-3-TH-1-fix
EEGE O 27 273 [ 5T
032 027 028 026 025 032 FRE
0.52 0.46 047 048 048 046 |FOfE
JETE| 077 0.86 0.8 121 0.90 0.90 FEEGE
ity ER 12 116 130 ¥
0.54 2126 0.52 042 0.51 0.52 R
065 076 072 084 067 079 Bk
1.02 140 1.38 132 1.65 150 o-J8iF
DK 0.87 0.82 1.05 088 1.00 0.91 2-7 KL

Fe2 | NSNS E S - 1'% 1

AL | JoNEN 2137 2123 238 1.66 220 59

0.98 0.29 045 028 0.19 032 57 —*%Hﬁkﬁ'

PR 1.26 B165 1.27 0.38 1.07 51
BRI 1.41 F280N 1.19 0.98 131 50

155 328 13930 330 [EENIEE 40

0.83 065 0.65 0.53 0.40 0.53 48

B IR K A S A P U R A A

Fig. 1 Heat map of volatile aroma content of

mixture fermented coffee beans

AAFFREE T B, AR A A B A

A G IR b DL ST (DT AR A ) | S TN
(AREL, AR BERR ) b 4% i 6.02% ~7.13% |
2.73% ~3.18% AEUSINRBRIEY) KW fe LT Eﬂz
Pt IE OB A AS (6] B8 B T R, 3-H -3 - -1 -
(7 K NI N i £ S I < I N [ 9 w3 =
R AL B WA AT DA

ATPEREY RN T E, LR R (K&
R E AR, W) FIRR TR CRIR, R,
AR, R FLIR ) SR N R (B4 A1 R, Dl Y
A N FEH L 2.81% ~10.79% . 1.05% ~ 6. 59%\
1.52% ~2.22% . TE I KRR Y & B TR
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Fig.2  Aroma components of mixture fermented coffee beans

fie | 572 < B KR BT, TR SR AS IR AR JE
Tk, ZIR T WG CRUR, %)  ZRNER . C R MR (R
Bk, 6B AL MR TR, HABER RS YA A
W, TEBRAL AW B AN T A B K B
Fie s S TR e ol B 23X 5 A AR AR B BT A 1 g
RESYTAERERKER, KEWINK R CERH
SR TR E A W ME A 3G kR i 2R A 5 k)
B E MRS pa R | S b O PR R AN
PG IIR) TS 2-F 3L T 3-F 3L T T B fc ]
i, DAL WM E G XU 32 P P A DAL

Sl HoAA AR R, AR (RO A g, BO
FrSEEAE I A AT KR ) A (It
ARSI ) 43 A 2L R R FAT I T IR I 75 <, 2B
SRS AR AL B AN T PR A RN A ) i
W IFHRNE RN 318. 52% |, FIAS L D U hn T s
(R HERT B0 KR8 A 501. 72% . kL4 B RS
20 D FER MRS 5 IR WA i g R B
FHRIEE R Ao B,

Fokh KRS e A e o] DA okl KSR B
FIri A A A ST O 35 -l A SR A R T, e

EFmAE & BRSO TR R I 5 R A, AN Rl
BE KX R SR AR B A AN R BT PR A R
TE BRI Fh AR SR A ok o T AT i — 20 A T LR AN
5%
2.3 RAXEERLEmNEEZ XU ERIEMR
XPVR G R W I 0 L 3% ohn e 2 XA 2 4 32 0 9
B, A8 W 2, AR B MIEHIE L Dk 2KS &
MEFRIE , 15 40 3 80 43, KUBR i & I AT B & ¥R
CRORG S e b BT A R R A R B A R S
oy AR, B ~E V5034 T X BRZH A SRR
TN Kook SRAE A U DR S A5 4 1) R IR 109 e B
TR M i SR T Fic ¢ 1 0 5 b Ml S UK A — a4
o R F IR FE o, KUK 3 WA A AR T
XFREZH A | 3228 55 PR TG T B F1) P e 2 oW 28 e T
FRAT O Rt b XA T2 WL A9 25 SR vh i A R
it A R Rl e AU B — 7 R 5 i LB R
fRATR) BT, 3 5 PRI % B 2 TR S 7 IR A O,
WA = R U5 T i e b D R A BR ) AR Ak, FE
I R TG e R A e i I 348 A 1 ) s ] 40 6 of
MR w7 R () 38 e 2 — 20 T

2 IR AT A o S XU A3

Tab.2  Subjective score of roasted coffee beans after mixed fermentation

AR 20 5
i H A B C D E F
VA58 78.5 82.5 79 82 79 70
MUk CIEINTTEN TR AFH CIEINTEEN A R WA R R MR
e A AR iyt Ay S TR S S B T
A JEY- S umME A B | 5 TR W % RR A AR B & 1SS A
3 &

TR FH TR P B AR IR AR R R R R XU

A 2 PO o IR W 5 B JGRE A (P > 0..05) , AT
PEE & R R (P <0.05) , T A #8
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XA MIHES 20 L R B E A 2B AEA A
(IR L A2, JC A S M 6 A TR I ) o e A
PEAT GC-IMS F o, SEE ki 36 F k34,9 Fi
P (6 TR 8 BhE 6 FfE 5 MGG 1 Flkig 1 Ff
MR BT A RFME S oy b B R
d R AR 60% LA I X & TR S 4 A nim
SBRAEAT EPPH, R KRS e A i mT
(o A T e, ST o AE 2R A R i, e AR
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BN B A A7 AR A 5 R AL TR
BER R A o S I A U FURUR S0
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Effect of Multi-Composition Fermentation of Saccharomyces cerevisiae on
Flavor Quality of Coffee Beans

ZHAO Linfen, HONG Zishan, YANG Kai, GONG Jiashun, TAN Chao”
(College of Food Science and Technology, Yunnan Agricultural University , Kunming 650201 , China)

Abstract; Chinese coffee is mainly produced in Yunnan, which is lacking in flower and fruit flavor.
Fermentation is one of the important factors affecting the quality of coffee flavor. The physicochemical
analysis, aroma composition analysis, and subjective evaluation were used to analyze the coffee beans in
coffee fruits after fermentation under low temperature and anaerobic conditions using Saccharomyces
cerevisiae adding vanilla, cinnamon, tropical fruits, honey and other raw materials. And the effect of
fermentation on coffee quality was explored. The results showed that the ash and fat content had no
significant difference (P >0.05) and soluble protein content was significantly increased (P <0.05) in
coffee after fermentation with vanilla, cinnamon, apple, sweet orange, banana and honey compared with
that in the control group. The addition of the substrates had various effects on the polysaccharide,
reducing sugar, total protein and polyphenol in the final coffee bean without obvious regularity. A total of
36 compounds including 9 esters, 6 ketones, 8 aldehydes, 6 alcohols, 5 olefins, 1 furan and 1 acid were
preliminarily identified by gas chromatography-ion migration analysis in fermented coffee green bean. The
ketones, aldehydes, alcohols and esters accounted for more than 60% of the volatile components in coffee
green beans. Combined with the results of subjective evaluation, vanilla, cinnamon, tropical fruit
fermentation with coffee could increase fruit aroma of coffee and promote the flower and fruit aroma
characteristics of coffee. Among them, the spice group and sweet orange group met the standard of
specialty coffee, the banana group had a more prominent aroma. However, there was no obvious change
of aroma in the honey group accompanied with high acidity and no enough sweetness. This study provided
a theoretical basis and data support for further improving the sweet and fragrant characteristics of Yunnan

coffee and improving the fruit flavor of coffee.

Keywords: coffee; Saccharomyces cerevisiae; fermentation; flavor; gas chromatography-ion mobility

spectrometry
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