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Abstract: Semi-dry dehulled coffee beans were treated with different Saccharomyces cerevisiae CMCC1793, CMCC1425, CMCC1557,
CMCC32762 strains to ascertain differences in the volatile compounds under exposure. Beans were dried, shelled, and medium-roasted to obtain
six samples: GK, HK, JK, ZK, MK, and CK, which were then subjected to headspace solid-phase microextraction/gas chromatography-mass
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spectrometry (HS-SPME/GC-MS), odor activity value (OAV), and sensory evaluation, after which the physical and chemical characteristics were
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used to evaluate the samples. The results showed different volatile compounds for roasted beans inoculated with different S. cerevisiae strains, and
of the 81 volatile compounds identified, 49, 52, 50, 52, 58, and 46 volatile compounds were identified in CK, GK, HK, JK, MK, and ZK with
contents of 301.03, 286.31, 223.15, 333.05, 262.22, and 372.51 pg/g, respectively. Pyrazine compound content was highest in JK at 122.99 pg/g,
with ketone compounds the second highest at 53.02 pg/g. OAV analysis indicated the presence of 12 compounds with OAV values not less than
one, of which 3-ethyl-2,5-dimethylpyrazine, 2,6-dimethylpyrazine, 2-acetylpyrrole and 2,5-dimethyl pyrazine showed the highest values in JK.
These compounds contribute greatly to the coffee aroma system. Sensory evaluation showed that coffee samples inoculated with S. cerevisiae
generally had higher scores than the uninoculated samples, and the scores for aftertaste and balance were higher in JK than the other coffee

samples. In conclusion, CMCC 1557 is the most suitable microbial starter for the semi-dry processing of coffee. This study provides a theoretical

basis and technical support for upgrading and improving the primary processing and flavor quality of coffee.
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Fig.2 Coffee bean samples with different treatments
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Table 1 Analysis of color parameters of roasted beans with different treatment

ikl L* a* b* c* ho AE*
CK  2953#096° 2364023%  20840.03°  2094003°  24407+.08  0.384).36%
GK  27.8740.02° 37740.06° 1364004  3.6640.09°  237.6840.34% 156003
HK 31224014  3662027° 1.9840.01° 2144001°  246.90H.11°  0.1420.16°
JK  28094028°  4.494031°  1.3740.14°  15340.14%  243494.97°  1.8140.36°
ZK  27.9530.02°  2.6240.12°  1.6440.11° 28140.13°  246.66H.40°  1.0420.12°
MK  28464057°  46240.04° 1604003  1.6840.06°  249.16#.45°  1.8140.29°
E: R AERRRG N EFERTAFLEZHR (P<0.05).
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Table 2 Qualitative and quantitative analysis of volatile compoundsof roasted coffee beans with different treatment

5 ARG EHE/min W i % AR X CAS %% 4 E/uglp)
= " M ’ cK GK HK K ZK MK
Aok kAL Adh
1 13.75 2-% fophok CsHsN,0,  98-97-5 ND ND ND 2.3440.37 ND ND
2 13.78 Aok CHiN,  290-37-9 ND ND 3.234.01 ND ND ND
3 17.11 2-9 Hopok CsHgN,  109-08-0  21.964047°  19.1240.39°  230540.77°  16434.19°  17.7940.14°  18.9140.24°
4 21.48 25- = fhollok CeHgN,  123-32-0 06341.81°  8.030.84% 14740.32°  14.324268°  17.8440.16°  6.1940.13"
5 21.52 2,6-=F fholok CeHgN,  108-50-9  15.6340.83°  184542.62°  8.3020.30°  22.2742.18° ND 24.6441.87°
6 22.04 2-THetoA CeHgN,  13925-00-3  6.8441.27° 5.6540.50° 1.1440.24° 0.744203%  12.03#056°  4.4740.05°
7 22.88 23- =9 fhollok CeHgN,  5910-89-4  1.8740.36" 1.6440.18° 0.3140.06° 2.8540.50° 3.3510.07° 1.2440.01°
8 26.30 2- T -5-H Hotkoh CuHxoN, 13360-64-0  529#1.07°  4.1940.26*  0.730.21° 7.861.65° 9.060.14° 3.2510.09°
9 26.31 2-T3k-6-F K oribk CHyN,  13925-03-6  6.44#1.31°  53740.37°  0.9340.24° 9.3641.87°  10.9240.17°  4.1240.12°
10 27.31 2,3,5-= % fottok CHoN,  14667-55-1 ND 6.2240.41° 1.2040.24° ND ND 4.7840.05°
11 29.60 2,6-= T HottoA CeHpN,  13067-27-1  1.8440.25®  1.2340.05° ND 2.0240.39% 2.5540.01° ND
12 30.47 3-T3h-25- = F Jh shok CgHpN, 13360-65-1  6.35#.18"  5204035°  0.9740.22° 9.63H.74°  11.3240.15°  4.0740.15°
13 3351 2-% 3 6- L AottA CHgN,  13925-09-2  1.3740.24%  0.9240.05° ND 1.6140.42% 2134018  1.244063®
14 34.29 3,5- = CHh-2- T Hoekek CoHuN, 18138-05-1  2.7840.48°  22940.10°  0.500.06° 4.6040.11° 5.000.02° 1.830.01°
15 4158 2-(1-F 5 L AR)-witok CHgN, 38713-41-6  1.0020.74* 1554015  0442031°  1954047° 291418  0.9620.10%
16 4356 2- B ArtA CeHeN.O  22047-25-2  1.3940.19° 1554031  0.2940.08° 2.3240.46° 3.4140.64°  0.9820.05%
17 48.25 2- LBLA-3-F ook C/HgN,O  23787-80-6  6.9940.46°  6.230.36™ 1.3740.07°  12.144054°  14.0621.40°  4.7040.05°
18 49.65 2-F H 5othk CgHigN,  18217-82-8 ND ND ND 3.5540.12 ND 0.9540.03
19 49.65 2-F % -5-[(E)-1-A KM L ]oitE  CgHpN,O  18217-82-8 ND ND ND ND ND 0.950.03
20 70.32 2-FAA-3-FAMLAMAE  CHLN,O 25773-40-4 ND ND 0.3420.08 ND ND ND
ok vl KA
21 34.35 2-TE Ak CeHsO,  1192-62-7  8.940.08 ND 9.5940.64° 5.8740.36° 6.8440.13° 6.5940.18°
22 59.32 3-F A rkvg CiHgO  13679-41-9  1.7540.30° ND ND ND ND 0.540.11°
23 60.38 5-% K 2- LBE vk CHgO,  1193-79-9  4.8531.05° 3.9140.34% 0.7540.12° 3.5040.98% 6.31:1.50% ND
24 69.89 2-TH H-ok v CeHO  1487-18-9 ND 0.5740.12 ND ND ND ND
Bs KA
25 6.89 1 i B A CH,0,  107-31-3 2.8641.74° ND 3.5641.46° ND ND 5.640.90°
26 31.82 LoBEC LEARS CeHigO;  111-55-7 ND 13.9140.18 15.7140.99 ND ND ND
27 37.70 2-vk v 2 W BE L BR BY C7HgO5 623-17-6 9.6941.30°  10.0340.67°  1.4340.41° 15.0242.29° 14464008  7.0020.20°
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F%  REHA/min W 57 WX CAS % E e
= & Al ’ cK GK HK K 7K MK
28 42.16 7T A B C4Hg0, 96-48-0 3.7740.21% 4.6140.25° 4.424012° 3.9740.20% 3.2740.10° 4.0140.73®
29 42.20 4-$2 1 T BR LBLES C,HgOs  591-81-1 3.3440.41 ND ND 3.0440.60 ND ND
30 69.65 LB KBS CeHgO,  122-79-2 ND ND ND ND 1.6240.02 ND
31 72.44 2,4-= F B8 R ES CoHgN,0,  584-84-9 1.1440.16 ND ND ND ND ND
32 77.13 AZHBL T B CyH3,0,  112-39-0 ND ND ND ND ND 2.1240.48
RS
33 31.13 i3 CsH,0, 98-01-1 311241258 19.1140.71°  30282117%°  16.1642.49°  23.3440.33°  22.0940.74°
34 38.89 59k -2-vk vy T B CeHsO, 620-02-0  25.0140.14®  21.9240.30%  27.7620.70° 18.94-1.90° 20.9140.16°  23.60-4.53%
35 44.34 N- 5 3 -2-riboks O CeH,NO  1192-58-1 3.8440.09% 4.0740.60° 4154013 3.62:41.06° 3.2040.09% 4.2140.41°
36 44.71 AR B CgHsO 104-87-0 1.6640.32° 1.1240.34° ND 1.3840.47° ND 2.3540.35
37 68.38 KA B CuHi O  4411-89-6 ND ND ND 7.5141.83 ND ND
38 69.20 2-rh& T Bk CsH:NO  1003-29-8 2.5340.03° 3.5140.07° 2.8140.03" 2.50+40.59° 3.0840.11% 3.9640.14%
B F A o4h
39 50.84 4-F R AREy CHsOS  696-63-9 5.3940.18° 1.9440.32° 1.0749.05° 3.0741.99° 5.7340.14° 2.7540.54
40 50.92 5- % S 1] R = C/HgOs  2174-64-3 ND 1.7840.11° 0.7240.23° ND 4.0240.36° ND
41 69.68 KEy CeHsO 108-95-2 ND 0.554).05° 0.6940.05° 1.5940.19% 1.6340.13° 0.5640.18°
42 7167 4-TH-2-F 8 A KAy CoHi,0,  2785-89-9 2.3240.36° 2.55:40.28° ND 0.4146.03¢ 1.4240.04° 3.8040.40°
43 7741 4TI -2-FEL KB CgHi O,  7786-61-0  1.2540.01% 1.4040.04° 1.8140.15° 1.4740.28° 0.7640.04° 0.9840.09%
LR sV
44 35.74 3-FH-1-KM-4-4£-3-B2  CgHgO  3230-69-1 1.6140.04 ND ND ND ND ND
45 55.02 HBE CsHgO, 98-00-0 9.7640.12¢ 14.2540.70° 9.690.06° 11.9140.35°  17.6140.77°  18.9840.31°
46 67.88 1,8-3Hvz-4-F CsHgN,O  54569-29-8 ND ND 0.2040.01° ND 2.3540.21° 0.800.08°
B A4
47 18.53 3-BHE-2-TH C/HsO,  513-86-0 ND 1.4540.15° ND 2.1240.29° 2.7340.27° 0.940.02°
48 19.54 # 3 AR CaHgO, 116-09-6 5.0540.29° 4.1040.12° 0.8540.02° 6.6240.56° 11.7740.72% 3.1840.05°
49 31.82 LELE I -2- 7 R CsHgO;  592-20-1  33.6541.45°  23.8442.19° 6.8640.47° 38.8946.97°  50.9641.13*  20.1740.20°
50 35.10 2-F Jh-4- T 4-3-FA CHyO  52066-33-8 ND 0.7440.18 ND ND ND 0.830.05
51 36.84 2-% 3-3- R A CeHpO  565-69-5 1.730.07% 1.7940.21% 1.9840.07% ND 1.54490.0.08" ND
52 36.87 33- =W -2-TH CeH1,0 75-97-8 ND ND 2.1640.08° 1.5340.27° ND 1.8240.04%
53 37.26 3-2. CeHp,O  589-38-8  25140.39" 2.3240.15 0.5740.18" 3.8640.10° 4.2740.05° 1.6940,02°
54 49.94 1-(he-1(4H)-£) 28 C,HNO  67402-83-9 ND 1.7340.17 ND ND ND ND




99¢

k2
. o . . 2F/(1g/g)
2 R 8 )/min 9 Ak T CAS %% i
5 RG] el R =¥ = CK GK aK K 7K MK
55 70.77 4-F Sk iopk-2-F C9H8N20  110216-87-0 ND 0.5840.12 ND ND ND 0.8740.06
56 74.50 3-1H-73|%-2, 3-—FH CuHuN,O  17310-26-8 ND ND ND ND ND 0.1740.03
wites A A
57 4557 2- LBEI-1-F Hoetkek C7HgNO 932-16-1  0.6320.05°  0.7040.11° ND 0.9640.11 ND 0.4440.02°
58 53.13 3- 9 shoetkek CsH;N 616-43-3 0.9940.06 5.3140.06
59 57.68 - Hotbek CgHgNO 1438-94-4  89740.13%  4.874034° 9344070 5634053° 53440.14°  6.8240.67°
60 66.76 2-TBE Ao CgH;NO 1072-83-9  7.1840.20°  7.1440.36°  15640.02¢ 10.9741.39° 12404035  5.8240.42°
BRRALE
61 51.37 KB CisHz0,Sis  3618-20-0 ND ND 0.2540.07° 3.464023°  3.83#1.65%  0.8540.17°
wtheE KA A4
62 12.75 ez CsHsN 110-86-1 3.3140.15°  6.4240.07°  4.4040.08° 53040.14° 3444007  50740.09°
63 27.25 2,6- = H AR otk C/H1oN, 3512-80-9 ND ND 45040.46° 156748.04° 13.2740.13° 10.0640.76%
64 50.12 1-TBE-1,4-— S0lrR. C;HNO  67402-83-9 ND ND 0.364.12 ND ND 1.7340.01
He e
65 21.74 4,6-=F Hogpny CeHsN, 1558-17-4  16.71+1.97° ND 25.3942.16° ND 24.2741.01° ND
66 21.77 4,5- = 3 ey CeHsN, 694-81-5 ND 23.89+40.46 ND ND ND ND
67 26.66 + =W IR AR CiHy06Sis ~ 540-97-6  1.0240.14% 0.9040.20b% 0.2140.04% 22540.68°  15440.11°  0.4940.10%
68 34.59 25-— WD 4T, —H CsHus 764-13-6 ND 5.9940.78 ND 3.7740.37 ND 3.9242.20
69 35.09 3 THEIREE C.Hy, 694-35-9 1.1540.01 ND ND ND ND ND
70 35.11 - H 14K CeHio 763-30-4 ND 0.0440.91 ND ND ND ND
71 50.45 ok B B CsHsN5O 98-96-4 2.7140.71°  2.1540.07° ND 3.8240.06° ND 1.9340.17°
72 54.28 4-F H-1-(1-F A TH)- IR T CioHis 500-00-5 1.4340.17 ND ND ND ND ND
73 62.76 11,157,776 ¥ £-33-ZW&AJ  Ci3H,OSis  38147-00-1 ND ND 0.724003®  0.7040.11*  05520.02°  0.930.10°
74 67.92 2,2- AR H Bk C1oH1003 4437-22-3  0.4320.08%  0.8040.11° 05740.01% 04940.16° 0.3520.01°  1.3340.06°
75 70.58 3-[1,2 Ak -4- 3K o CeHgN,  252928-92-0 ND ND ND 0.5940.43 ND ND
76 71.67 25-—FAAF R CoH1,0, 24599-58-4 ND ND ND ND ND 0.7140.05
77 76.84 1,4- = SRR C.Hyp 17065-18-8 ND 0.6540.02°  0.6040.11° ND ND 1.244027°
78 76.84 26-—9H-137-F =W CioHis 6876-07-9 ND ND ND 0.8040.13 ND 0.9740.07
79 81.65 w3 |k CgH5N 120-72-9 0431004  0.1740.02° 02940.04% 0.1640.02° 0184001  0.3440.06°
80 86.59 2-FE-1471013- A 8HARLE  CHuOs  68756-67-2  0.1840.02°  0.2140.05°  0.2640.03° 0.2440.03°  0.1340.02°  0.3040.00°
81 86.78 ool ] CgH1oN4O, 58-08-2 2.744024° 2964041  3.2840.13° 2.1840.18%  1.7140.49°  1.9840.27°

E: ND R TARENBZWHR, RFLERRRNINEFHERTFTLAEEE2R (P<0.05).
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fiE, OAVZ=1 (MG R M &S AR E 2T
ik, OAV {HER KR IATTRAMEE K. R 3 ATk, ANH
PRP R REACER (L5 & R OB SO A P A
A, KON CK (12 f) >HK (11 f) =MK (11 #»
>GK (10 ff) =JK (10 ff) >ZK (9 ). HA, 7~
IR & 10 FhILA MR, a5
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3 TREMMEFS RIS SR B SRS

Table 3 Analysis of key aroma compounds in roasted coffee beans with different treatment

W 5 ,EL[ZG] R OAV
7 R4 AR HAAbiE
(ng/g) CK GK HK IK ZK MK
1 bk 75000 Pk / / 0.04 / / /
2 2-F otk 27000 WA R 0.81 / 0.85 0.61 0.66 0.70
3 2,5- =% dhotkoh 800 IR ok 1204  10.04 1.84 17.90 22.30 7.74
4 2,6-= % Hoteh 157.60 '®E. ok, ek, FHA 9918 11707 5266 14131 / 156.35
5 2-T otk 555050  EEA. Fvk. T 1.23 1.02 0.21 175 217 0.81
6 2-T A -6-F itk none e £ Rk / / / / / /
7 3-TH-25=Fih-s 008 WA &S, 3545 80379.70 65822.78 12 278.48 121 898.73 143291.14 51 518.99
8 2- LB AR 60 HeAok 2317 2583 4.83 38.67 56.83 16.33
9 2- LBk 8000 & BRE 112 / 1.20 0.73 0.86 0.82
10 y-T W B 100 000 I, B 0.04 0.05 0.04 0.04 0.03 0.04
11 AZARER T B none IR / / / / / /
12 MBS 282 B, FLAERA 11035  67.77  107.38 ~ 57.30 82.77 78.33
13 5-Wi-2-vkh VES 6 / 416833 365333 462667 3156.67 348500 3933.33
14 2R A e g none A BHELE / / / / / /
15 Ry 5900 WA AR / 0.09 0.12 0.27 0.28 0.09
16 4-Z3-2-FEAILKE  none A~ PHIgA / / / / / /
17 A-THH-2-F 2L KE  none ok / / / / / /
18 M 2000 HHeY; Bk 4.88 7.13 4.85 5.96 8.81 9.49
20 2- LBk vtk 58.59 REA. @A 12255 12186 2663 18723 21164  99.33
21 R 2000 Hrokth Lok 1.66 3.21 2.20 2.65 172 2.54
22 S 300 Felek; BEAE 143 0.57 0.97 0.53 0.60 113
23 hoedE [E) none Fok / / / / / /
A VRT RS,
234 FRHREREHSHT N T HEA RIS M EAE ) SRR 2 5, #RAE

FIFH SPSS 23.0 AT EHEREFEIAT I AT, 1
i# 6 FIREMERIE A, PRI
b, AEFFUERAE CK. GK. HK. JK. ZK. MK
IR 12 PR S A HR S R A T A A
SrTRE, nE 5 R, R UCEE SR SRR (6
AMRER2 AN ED M NAREI R G R FiR
Feift e, ZK 5 0K rh 2,5- FEaEE i, 2,6-—
HEIIR S S BN CK 5 HK Hofis, 5-
FR -2 A S o N R o DRI I %, CKORT
HK R—2K, UHRER SRS RECONHIE, GK
AITMK J IK FRN—2K, (H5 CK. HK Hplo & 247
TEREZES 1 ZK SHEA R 2R E, WM
N, 7E CK. HK. ZK H, BRI & s s i

2.4 R RO B R AL B v e B RVE PR
il
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Fig.5 Heat map and hierarchical clustering analysis (HCA) of key aroma compounds in roasted beans with different treatments
R 4 FRIWIHEA AR ETRIRT O R
Table 4 Analysis of sensory indicators of coffee cupping in six coffee samples

B MR RAR CK GK HK JK ZK MK
A4.JAroma 7244024  76740.12%  75840.42°  7.0840.12° 7.424012°  7.334031°
Rk JFlavor 7.0040.00° 7424012  7.6740.12° 7504020  6.83042°  7.3340.31°
8% /Acidity 75840.24°  7.3340.12°  7.834047°  7424031°  7.0840.12°  7.1740.24

8% % /Body 7.3340.31°  76740.12%  7.3340.31°  7.0840.12°  7.1740.12°  7.5040.35°

48/ Afteraste 7254035  75040.20*  7.5040.00°  7.2540.20* = 7.1740.12° = 7.3340.31°
# 7R Balance 7334031  7.752020°  7.5840.42°  7584042*  7.5040.20° 7.5840).24"
—ZC 4 /Uniformity  10.0040.00°  10.0020.00°  10.00#0.00°  10.0040.00°  10.00#0.00°  10.0026.00°
%%/ /CleanCup  10.00#0.00°  10.0020.00°  10.0020.00°  10.0040.00°  10.00#0.00°  10.0026.00°
# /% [Sweetness 10.0040.00°  10.00#0.00°  10.0040.00°  10.00#0.00*  10.0040.00°  10.00+).00°
o /Overall 7.3340.31°  7.6740.31b°  7.4340.13° 7.6740.31° 7.3340.24° 7.2549.35

Ba 81.2540.94®  83.0040.20° 82.934).92° 8158+#1.23°  80.5041.08°  81.5040.89%
E: BRI ERRRGINEFERATEARE £54 (P<0.05).
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Fig.6 Aroma profile of roasted coffee beans with different treatment

259



ARIEE LAY ARARFIE P ) 2 B 5 B A
BRIG, RgAN R R e B Ak PRS00 B U >
N6AFRF. WK 6 s, MR E AR A
A AR, A EENRENE. AF
AL PR AR L R AR A I 2 R Ok,
UM B FIEH Ay, Z2 5 B/ NIRRT S B e A s
Hort GK B SRA MG T A EON R, 1M IK R
W EETHE. KLk, dTEWIREEE
AR, & RN OAV E A M K, OAV
BB R TN 3R B AZ 0 50 A AR 28 (0 s kA P ROK
PRIt 6 FAS RIS BEAC B P LSS G i & A<t
AR St

2.5 (7] BRI BB AL TR T 08 vl e 22 AL 2 AT

FHAE 0 5 BB i AR R 1 20 AT

i AR FEAN R BB B REAL 2 5 e i & %
FEPRIAIAR G, XTHFEAT T Pearson AHICHESM T,
NP 7 B A 7SN R BRI R A 3 b &7 P 5
H RS A SR Z MR R, E =X
IR R RIEAE, I EOMRRR P 27
K, WA R BRR R B A OGRS hRid
RABH TN N =AXNFRE TR RE. 1
RABNLRHERR, ARV, AHOC REGH IR
T 181, AHOREERRGR, MHXREBER T 0, AHG
R g, ASZIG A IR, WIHER AR S H a5
Z IR RIEFEDS, TR SRR S i) 52 5%
FARR (P<<0.01); MEMESRALEYIUN 2,5- FI AL
2-C FENMEE . 2-Z BRFEIE R . RS, 2- 2 FENH g A5 il oy
2 REEMI, WA -E, R 52 2 F
ML of B B A SR 20 2 ) AH ELAE FE bk 1 gk
EySior i

F4 kot ook o
k| @0 P @@ FRNONN DQONS
e |01 056 @ eeer QRY QNP EININ @ 080
R .67 Prerery QYW QVQWRS QP |
£ 10.740.76 051 0.69 mmn.#\\ \\‘ "\' 0.60
S RO e——— Tl L L T LR ST L Y
=3 0.40
HB ' '
it FE % ;
e 0.52 0.36 0.61 & & VLS 7 0.20
244y 10.630.82 0.58 0.59 0.98 0.66 053 \\ W \\‘ .'\'
2.5-F ks }0.47-067-064-0.58-083 076 skt @) @ @ N\ 34D 0.00
2-Z. 3k J0.48-0.690.66-0.55-0.83 0.771.00 it @) @ O 3450
2,6- HIZENLEE 039048 5 B 3 ) ' 4 -0.20
3-Z.3-2,5-— HikmtmE f0.51-065062-059-083 -0.751.00 1.00 Tl 1 Y Al ) .
2-Z kst [031-067-069-050-075 -0.700.98 0.98 -0290.97
2-Z. kg o030 0.56-045-021-0.77 0.62-024-0.28-0.29 034 -0.28-0.36 ,:){: ~0.40
s 0.63 072 059 042-042-043-043-0470.87 *°N
Wi 040-0.92 (20-028 0.32-04103 34 046 -048-0.55 -0.60
5 F 3t 0 I PR i 0.40 0.80 053 -0.36 047 -0.86-0.87 -0.87-0.08 0.70 0.80 -0.56 \.
3. Z. s J0.48-0.62-0.70-0.50-0.79 40.72 0.99 0.99 0.990.97-0.39-0.530.42 -0.92 ~0.80
i 067 | 054 063 0.92 0.68 0.670 023077073 )
15| 055 069 060058  -0.60-0.670.68 0.80 127077 -0.63-042
-1.00
s N RS & & W
R g N S o Sy
P R &% % & ¥ N2
O K7V RKT R & S &
g ¥ LN V.V
v P A" <2
A K
4}% o
o

& 7 TEXCIEENEE S IBLIERR. FHER 7 S E mBEX ST
Fig.7 Correlation analysis between characteristic compounds of physical and chemical indexes and sensory quality of coffee with

7E: *P<0.05, **P<0.01, ***P<0.001.
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