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FIl Mazzer 28 ] ;TS5 HLA i & X ME104E HLF K
- MR- 2 (1) ABRA 7] 5 A560 7Y
ROCH L ANAT WA YR AR (L) A
PR (45 X EC BT PAL-1, HAS Atago 2
Al ICA-3M & /K#HL, [ifF Kansa Referigration 2
F) ; Waters 2695 1= JCRAH (154X, 32 [E Waters 24
Al ; Waters XBridge C18 JAH I (250 mm x
4.6 mmi.d.,5 pm), FEE Waters A A ;7890B GC
System-5977B GC/MSD < HH (4,33 - 15 ¢ 1AL,
2% [ 4 HE 48 23 7] ;50/30 wm DVB/CAR/PDMS |
2 cm ZEHLEF4ES) , JEE Supelco A H]
1.3 Ak
1.3.1  WIMERE S MES M S AT LA ik S
AP LN HE AT, LA o 7 48 1A A2 (60% 1) AR 2o
8 HIfR , 35% Wikt 14 HIEM ), FE08 1:11 (1)
KoK B L, AN Rl E R (95,85,75,65,55 °C)
PRI 15 min, SRJE L ZIEH] 270 H i /9 53 2
AR RN TR , o R Ve B 2 10 °C
1.3.2 ZEBCENME LS FKREER, HE
W 2~3 TR , 2R R R
13T STAR SEFFAGIN AL, 7331 Brixeff, [i]—HF i
SIRE 3 Y, WAL Bris* R RAIASR (1) 3
&

i 1x° e o

e (o) = Bris BRI w100+ (1)
1.3.3  pH {E R AT 5 MR FE I 28 HE Bk & 40
mL WIMER T3 5 AL AR, DL 6095 2 it
£ 10s, RJE M A 30N 0.1 mol/L ) NaOH
PRV B FE S pH=8.00, T FWI 4 pH 1A .
NaOH PrfEARIE AR, [F—HEmER N & 3
.
134 ZEEEHEDWE B 1 mL WM H RS
IKFERE 5 A, (55050 60 BE T, I 2 420 nm
AR PGS
1.3.5 AORSEAEN  AYUR S EEE (&
i A E AR ME B A HLIR A E ) (GB 5009.
157—2016) J5 A0
1.3.6  WINMERR | 2R SRR AN P AR A (A
o4 Xbridge C18 (4.6 mmx250 mm), AEiEA 25
Co HEHMIN A A 5 87 ELAK 256 nm ; WIHE
276 nm; 2R 320 nm, A A 1%0WEfR K B

AH A P SEREPEIN .88% A, 12% B A 1.0
mL/min, FFHEHEE 10 pL,

1.3.7 ¥R MRS R

1.3.7.1  Tizs EARGCAE RO HEMFR A 5.00 ¢
B £ e | A 20 mL TRZS AP, A 10
L SRR B A 0.01 me/mL (948 — S 80E N INFE,
6 FRER RS FEMTE 45 CN R IR 45 min, [F]
—FEAE A M 3K,

1.3.7.2 GC-MS J5ik @i . DB-WAXUI {4
TR, LA 5 C/min B3R FHE 2 120 C, 25 L1 10
°C/min BHCRTHE E 230 °C, 4E4F 5 min, LIS 4l
R[N, A, WE 0.8 mL/min, 22 BCEL A
HERE ORI 5 min, #EFE TR 250 °C,

Faitk 55 EL RS ;B FURIR R 280 °CL 1%
AR 280 °C, LT &7 BEEL 70 eV, 244K
3, Briyu fl 33~350,

1.3.8  AN[AA B b 3 %6 4 K i o B 155 10 1)
R 7E 55 CREPSRME T, ke il R A1 =
10 °C, FHRR R A LR (SRR R SR i
iR FLIR . T 1R AR ) AT pH {H = 5.0£0.1,
SRIGTE 95 CIKVAE HARS 3 B M 15 min, JN#ALE
WE KRS TG R A 2 E R (25 C) HH I 1.3.7
I I R A
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iEbE . IFSTIRAR T VIR R R R LA
WHEHEYE (45 . JNU202212011RBO3) . 7E3E %)
101, PR A R A TR AR Al 5 RS A
P2 (SCAA) T & 1 “OmME XU AS "B 2 1, Bl
TERIAL 22 S B MERE S 5, /N B % EE B i
FE T AR, AN A A s Bl A iR A T A
FEOBHBR T 224000 M HE I BT R &
SEF AR, 38 S IPAG 5 AT PR — B e, B
Wt T E AR R, I R SR )I
E T SHEIRFE

FEFEZ 20 KRG , /N A BB AR 4 L X 43
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Table 1 Basic properties of coffee liquid extracted at different temperatures
- . e o 7 #47# NaOH
ik A g Brix ERE% B pH kAL
EL95 2.467¢ 27.133¢ 0.941¢ 4917 6.515¢
EL85 2.017¢ 22.183¢ 0.768¢ 5.006" 5.419¢
EL75 1.800¢ 19.800¢ 0.616" 5.061¢ 5.196°
EL65 1.667" 18.333 0.574* 5.095¢ 4.774>
EL55 1.483* 16.317* 0.509* 5.113¢ 4.120¢
EM95 2.400¢ 26.400° 0.963¢ 5.070¢ 5.989¢
EMS5 2.033¢ 22.367° 0.819¢ 5.163" 5.183¢
EM75 1.833¢ 20.167¢ 0.705¢ 5.259° 4.597°
EM65 1.700° 18.700 0.656" 5.281 4.181"
EMS55 1.533¢ 16.867* 0.562° 5.301¢ 3.749¢
ED95 2417 26.583¢ 1.082¢ 5.164° 5.648°
EDS85 2.233M 24.567™ 0.956° 5.270° 5.1681
ED75 2.183* 24.017* 0.908"™ 5.352¢ 4.932¢
EDG65 2.033* 22.367* 0.850* 5.420¢ 4.265"
ED55 1.983* 21.817* 0.793¢ 5.478° 3.983*

T :EL EM ED Z3 5L  rPRbR: TRHLRRE R 55,65,75,85,95 43l AU RAEHURLIE (°C) ; [F]—HERS BERR S 20 AR RR AR 7 BE
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K, ELARTRIBLGT BEAE S 0] B AR AL R A7 A o 22
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=ik 8 43, MiTE 55 CHIRE 2 3 43 ; MRS FE 5 19
PR R iR B DA i 11 4.9 3 B R i AIR A 1.5 795 TR

AR b 7E R AR I, R ASER S Ry 2.9 43, T AE 55
CHHUT N 0.8 43, LA AT,
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Fig.1 Sensory profile of coffee samples with different roast levels
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Table 2 Content of non—volatile substances in coffee extracted at different temperatures (mg/mlL)

sk AfsE T ZER % Lk BB R B3

AP HRER FRBE e AFCH kR

EL95 0.865°¢ 0.015° 0.799* 0.627¢
EL85 0.823¢ 0.014" 0.726° 0.556°
EL75 0.578* 0.014" 0.632" 0.493"
EL65 0.588" 0.014" 0.601* 0.471"
ELS55 0.514° 0.013* 0.555* 0.427*
EM95 0.828¢ 0.019¢ 1.070¢ 0.496°
EMS85 0.634" 0.019" 0.956° 0.422¢
EM75 0.589" 0.017" 0.768" 0.363°
EM65 0.486" 0.015* 0.738" 0.333"
EMS55 0.473° 0.015* 0.606* 0.294*
ED95 0.808° 0.027° 1.194¢ 0.281¢
ED85 0.679° 0.023" 1.080¢ 0.250¢
ED75 0.646° 0.022* 1.063" 0.238"
ED65 0.566 0.021* 1.029* 0.221*
EDS5 0.512° 0.021* 0.991* 0.210*

0.914° 1.391¢ 1.372¢ 0.878¢ 0.917¢
0.662" 1.223¢ 1.200 0.785° 0.835¢
0.559° 1.101* 1.129 0.684" 0.762"
0.520° 1.021° 1.015° 0.652* 0.739"
0.507¢ 0.974* 0.948* 0.608" 0.697¢
0.856¢ 1.539¢ 1.400° 0.820¢ 0.874¢
0.559¢ 1.362¢ 1.237" 0.723¢ 0.803¢
0.494" 1.206" 1.133 0.648° 0.741¢
0.441° 1.093" 0.982* 0.601" 0.703"
0.418° 0.969° 0.984* 0.559° 0.652°
0.836* 1.466° 1.169° 0.714¢ 0.831¢
0.717¢ 1.344" 1.128° 0.671" 0.795
0.637" 1.341* 1.098* 0.651" 0.783"
0.548* 1.294" 1.049* 0.613 0.756*
0.512° 1.167° 0.718" 0.579° 0.725°
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Fig.2 Content of non-volatile substances in coffee extracted at different temperatures
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F3 FEUBEMH 95 CHIKE 55 CHARMISEENIFHELEERYRENERVEEITLE (%)
Table 3 Comparison of the reduction in extraction of non—volatile substances extracted from coffee beans
of different roasting degrees when the extraction temperature is lowered from 95 C to 55 C (%)

WEE B Nty ¥R BN FPARER T8 FLE  HEem  odER SRR

RS 31.90 30.17 32.80 36.46 24.76 44.62 18.40 15.31 22.54
Wk 20.46 21.33 16.96 43.07 36.06 17.94 19.18 18.56 31.19
R 19.24 21.14 23.54 29.74 26.65 29.68 17.16 19.13 13.03

F 4 ZEEUEREH 95 CHIRE 55 CHAREIRELENIFHER 2R RS R B EXTLL (%)
Table 4 Comparison of the reduction degree of non—volatile flavor substances extraction amount

at different temperature gradients when the extraction temperature is decreased from 95 °C to 55 C (%)

AR B G BR ¥R B ATAEER T8 FLE  Hrem iR SRR

95°C—85C 401 6.92 4.20 11.12 6.82 9.49 5.00 5.24 9.69
85 °C—75°C 805 5.97 6.66 7.29 6.16 6.50 4.12 3.16 0.82
75°C—65C 500 5.53 7.61 8.50 9.94 8.24 430 4.64 5.96
65C—55C 680 5.80 5.97 9.51 6.24 6.52 4.73 4.63 7.43
2.4 AEREXER XK B #50m HAZm
2.4.1 ARG FE XS e AR R A RN S 041 B 2 SRR (] 3), EARMNME LAY AL BE T2 2%

Wi R S B AR R MR AL E Y, AR XML AR R S (B R A IBGR EE Y
WGP T RESR AR KR, TR — LB YTEAR LR TS YRGS &, BT
AT Wl RE R BRI E R, I, & TREUS AR P EERAL S e, O
WFFE X e il G W TE AR R M TP R A0 A e BRZRRIBEZRAL B s R ML i A3 R R o3
1, 5 FIRASEATIME R E RA R R A AT S HBURERE A AL, T BR2E AL S A 5 B
BRI TS A P R RS i, IRy TRBLRRRE A R N AR S R AL 5 o L TR
P BB o3 A L], PR BOR X IS By Rk Al S A TR 1% (8
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* [ s 1.76 182 1.55 1.68 1.84

Az 4.64 5.02 5.58 4.59 Sl
i) 8.37 8.09 8.54 8.94 9353
e 0 ]

7.18 6.92 7.43 6.96 6.85

EM75 EMS5

3 12.69 12.89 12.74 13.07 11.69 11552
2] Sl 5.63 583 6.57 8.43 555 5.80
7.5
3 3.83 3.39 3558 242 2511 2850, 2.01
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TR A ft e S22 3O S i U T v ST R A U
RS TR A A R AR A
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11.94

6.92 6.58 5T
42 8.34
1599, 2.01
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Fig.3 Heatmap of the distribution ratio of various volatile compounds in samples of different roasting degrees (%)
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Fig.4 Heat map of the content of various volatile compounds in different roast—level samples (mg/mL)

2.5 AEFEBGRE THEZ MR RN
M & 2=

2.5.1  ARFEAHUERALBEXHE KRR 18
AR 55 CAEHURE S pH (ELIS , & 30 ARl |
2 BEFERL IS FEM A 2R I 4 by A0
R AR, 528 AN, A HLER
W pH (A RIS AL X Y k) T
R, DR PR R M PR BT BEAR A 1 (2 HERE S A A A

FRZS Y AR DT A Jl0 B 13 e P R
TERERE S pH (B HAE =i (95 °C) T hn#k
JG R RN BUR AR T EE, 5 2.4.2
TSR -2, FARRAT ST SR
FIT = AR, A N, AR HLRR A Y
pH B/ IIREAH T, A 21 F kA T &2
(R 5), XY 730 3 2850 1 M
REN&REE AMAIMEEY), ENNEELE



2026 455 1

7 it

oz

208

TR, (SO0>d ) #6 F2 5 B2 g B ) * o T sk it — ] * () B2 Y46 S6° 661
§00°0 8000 6000 S000  OI00  LO00 0100 — — — — — — — WEFL h-TFH2-Y
0000 #9000 STO0  «0T00  «8000  «STO0 0000 — — — — — — — WA F h——€'¢
G000 100 €100 8000 L1000  TIO0  (TI00 — — — — — — - WYH h T
S10°0 w8200 6200 6100 SE00  9€00  «PTO0  — — — — — — — S F h—S T-F2-¢€
1000 w¥000 €000 ZO00 000 w000 «T000  — — — — — — — G F 2N
— - — - — — — 1000 2000 0000 0000  «T000 0000 2000 2 h—€
— — — — — — — w000 0000  «€000 €000  F000  F000  «S00°0 b€~ ¥a"Z 0 th—C
— — — — — — —  «b000 0000  «S000  «L000  «S000  «€000  4LOOO B
Jd100 w9100 w6100 €100 STOO  «8100  «0TO0  0I00  «€I100  «TIO0 9100  wSIO0 46100  wIT00 T ch g%
*C100 w9100 0200  «I100  -STO0  «6100 9000 6000 8000  «[100 «9100 «SI00 -LIOO  «I100 Wk
6000 «b100  «LI00 #1100 €200 «LIO0  «9I00 8000  «[100 0100 «€100 «€100 9100  «EI100 G FW2C
FaHa
8100 €00 «8€00  «€TO0  9P00  «w€E00  £PO0  STOO  «€€00  «9T00  «PED0  «0E00  BEO0  (LEO0 ~HI-(F h F e Ya—T)-1
0100 «8100  «1T00  «€100  :$T00  «0200  .TT00 €100 «9100  «PI00  «LIO0 #9100 40T00  «610°0 G F - FW2C
SLI0  w80T0  wL8TO  «6LI0  HPEO  «TOE0 w9970 OLI0  8ET0 w6810  «60T0 «SOTO  TLTO  wLSTO W
2900 TTI'0 WLITO 9900  OPI'0  OII0  (ZTI0  OYI'0 P10 HSI0 WSLI'0 w6910 9IT0 81T B 2
HE00  w€P00 9S00 ¢SE00 26900 «9S00  «8S00  #OPO0  SEO0  «OFO0 900 #FFOO  (SSO0 49500 Ya¥a W 2T
$S000  aL000  x6000  «S000 0100 w6000 8000 9000  S000 9000 9000  «LOOO 8000 8000 YW F h—€'C
€100 «6100  ¥T00  S100 6700  «STOO  «¥TO0  SI00 9100 wLLOO #6100 #6100 #€TO0  4ETO0 Yt F h——S'C
6000 ab100  AL100 1100 51200 «LI00 %8100 S100 9000  SL100 0100 SL00 6100 0200 GuXe(FAFEh)T
@6TI'0 9110 «I€1'0  $80°0  -TOTO  «¥CI'0  w«PLI'0 w6910  +TLO0  «CTOI'0 w6010  w«6E1'0  «CTIT0 8810 R
«010'0 k100 8100 6000 oLIOO  «SI00  «SIO0  LTO0 €100 8100 6100  «LIO0  «ITO0  +$TO0 SaHeF o1
BZ WHs  WNE WRkE WYE WoR W-oL BE WHdy WY W¥E Wyl woRm w-oL WY
-6 ~S6 -6 -6 -S6 -S6 -S6 -Ss - -Ss - -SS - -SS
Aw\miv S9OUBISNS O[IIR[OA JO JUSIUOD AUl UO SIUSWIBAI] PIOB JIUBSIO JUAIDJIP JO ddouanfjul ayjJ, ¢ 9[qe],

(6/6M) B LHE S W F B NEWHWE Y %



H26 1M

FE PR stk ik Kok 6 % v 209

PP PR AT S B L, XN
SRR SRR T ) AR AR e AR b R
B AE—E R AEE T WSS K A1 Strecker
i g 001 5 R VR P o B2 S S R e 1
H BRI EEL AP 5 2 K g
S R R 2~ FP i D S0k i -3 — i 13— FH i
e, EATE RIR TR R 22, I H T REE S A
S AR A A B T RS B LB AT
TERE A AU JLT R 45 3 -Mea W N-2
FEMENE 3-2,3E-2, S-HI LR BESL LA 3,
3-THRNIEIRA 4- LM -2 - A E KA
B, R I AT A BT B A, TR T BR BT
WRBSEIEAHICAY R M, AL S48 5 W,
BT LATEARIR AL A R (55 °C)ARMER I ) 24T,
2.5.2  FEWGR XA T IR R T B
M) JEF 2.0 THIGERGE D), TUERB R R
it AR HORLEE Z [ AFTE SRR AE DG . B 2 B
JEER T B WIEAE 5 9 2 TR 3R ik I e X
— FAATE A LT AR S P PR — 3, L, K
ARV ZEBUR EXT AR o F Il R BRI
M), A 53 A T U B 3 R P (55~95 °C) e B4t
RARESD, SRR B AR R R 1/ 4y
AEATHE— 250001

SER R (] 5), 285 K 5 i Bl A UL
TR TR, BN TR (> 50
ku < 10 ku) 0B A2 TR B RRIX —RLHE
SR, PR 1) 2 DA 3 e 2R R A fb it
PP BB A EZES . X FiE> 50 ku
MIZRIEZR ) L RERE A A B A B I r 2 i 2
WD T i< 10 ku BB R BUARHEAA |-
WS N, (HAEAC TR BN 95 CREIR % 75
CHI AR W22 5 YR o — DR IKAT
B AR 2 P

BEAh, ANl o T ik S B 2R R R B o LA
Bt 25 O & B ARk, 7E 95 °CHE,> 50 ku <
10 ku ZERE M & i LB 10 1;1f17E 55 CHY,
< 10 ku BE RN R N> 50 ku REBEKW 2 5,
X— PG A R 20 o XA B B R IR T
o F R BRI T RAR S ISR, K
WA T T K MR, S I a R
(RIS A B AR, AEAIRTRL AR RO A T s Hh A PR B

Ec De O <10ku
— O >50ku
Cc
0.800 —
Bb
57%|
0.600 59%)
o 62%
K2 63%
B o400 b L
0.200
43% 41%
38%) a0
33%
0.000 L : : :
95 85 75 65 55
HEH

Extraction temperature/C
2 ANFIR S TR 3 F i >50 ku (928 R 3K & s 7 ALl H] 2L AT
B ETEZESF (P<0.05) s RRVNE FREFR T i <10 ku BB R
BRI BA B (P<0.05)
B 5 ENEREMNTHREERPIARSFRELXERR
BRI
Fig.5 Effect of extraction temperature on the content
of melanoidins of different molecular weights

in medium roasted samples

EAPAREET R, o T B R R AR 1S
PARGSE , FE R R 98, T4 /N 1 PR 231
J S PR A AEMNMER i) 5 22

3 itie

FEAEIBOIR BE WO J, E A 5 e AR A B 2
TR AR S 2R T s ek R B, — )y T, 7R IR 2%
T, S 2 AR T AR IR 17 L TR
Pl 3% 2 — 820380 595 1T, Pl A AR 4 SR AT L
AL, AR S A LR 1 e T B R R
BEAIG , DTS 00 1 5 A SR R O 1) SR A (il HL 3R
A5 i AP 434

WRFEIE R B, WME R AL 3 S T AR R
PP T (AN HLERIS) AN AR . RIS o 7E It
REEERE R TP S L R E AUk AR R AR 7
PR, e RLRE BERR A 1 22 S K, AR R,
A R X i 2 el PR A s R R K R
T 28 U FR T AR B, TR o v il PR g 2
BN I AR A B T e B B R A I
Ab, 22 5k DR (3 1 8 200 B 70 SCRf A
ORI, XA MR T ok R f) 2R BUECR
TR, W B 65~75 °CIxX — TR VU N Y



210 HE g

fn 5 4

2026 455 1

e pH (EXHE R MR m 45 i ASE
SRR (IRE S AE B B AR CRAR T 48 R M 1
i B 5% A Z BT R E 2557 (P>0.05) , SR
T2 P 45 R TR T AR R T Ak 2 I R 1 5 il
BRI AR AR AR T SRR R &
A0 5 P R ) AN GNP A PR | o D R BT A R
SESRTR I BRI T AR R ROMIAR R 1) pH (E, A
e HHES 52 RO 8 R B R T

4 Eig

ARBFFE R GRS T AR A O X ok b
PR RN EYE A A 22 o 152, 455 o Bl
B AR BOFEAR , BrixOft | A HORFIPRE AR X2
B FE T, R ENABOREA B T 5]
Y BRI ERBGICR |, B TR, IR U
SR OXT PR R AL A B SN, T AR A DU AR
WS N RS AEHE R M SR 5 CanmmE A
S A HUIR ) 10 Bt Bl A U R R AL o ik 2>
XA IR SRR T T 3 FhIER AR
W, AN FEERAE T R E YRS &
2 R MRS RIS R T, F
Fit—L R, ARV R AR E LR A
LA TR ZR 19 pH {8, B FIR A1 T 2 THE
SFIN, DTS2 R P A v 7 Rl & |42
AP E it SR, i TR BRI 2R S5
T, BERHE L YEA G B A R

2 £ x M

[1] CAPORASO N, WHITWORTH M B, CUI C H, et
al. Variability of single bean coffee volatile com-
pounds of Arabica and robusta roasted coffees anal-
ysed by SPME-GC-MS[J]. Food Research Interna-
tional, 2018, 108. 628-640.

[2] WANG Y B, WANG X Y, QUAN C X, et al
Optimizing commercial Arabica coffee quality by in-
tegrating flavor precursors with anaerobic germination
strategy[J]. Food Chemistry: X, 2024, 23. 101684.

[3] LIU C J, YANG N, YANG Q, et al. Enhancing
Robusta coffee aroma by modifying flavour precursors
in the green coffee bean[J]. Food Chemistry, 2019,
281: 8-17.

[4] MOON J K, SHIBAMOTO T. Role of roasting con-
ditions in the profile of volatile flavor chemicals
formed from coffee beans[J]. Journal of Agricultural
and Food Chemistry, 2009, 57(13).: 5823-5831.

[5] FRANCA A S, OLIVEIRA L S, OLIVEIRA R C
S, et al. A preliminary evaluation of the effect of
processing temperature on coffee roasting degree as-
sessment[J]. Journal of Food Engineering, 2009, 92
(3): 345-352.

[6] CORDOBA N, FERNANDEZ -ALDUENDA M,
MORENO F L, et al. Coffee extraction; A review of
parameters and their influence on the physicochemi-
cal characteristics and flavour of coffee brews [J].
Trends in Food Science & Technology, 2020, 96.
45-60.

[7] RAO N Z, FULLER M, GRIM M D. Physiochemi-
cal characteristics of hot and cold brew coffee
chemistry: The effects of roast level and brewing
temperature on compound extraction[J]. Foods, 2020,
9(7): 902.

[8] BATALI M E, LIM L X, LIANG J, et al. Sensory
analysis of full immersion coffee: Cold brew is more
floral, and less bitter, sour, and rubbery than hot
brew[]J]. Foods, 2022, 11(16): 2440.

[9] DAS P R, KIM Y, HONG S J, et al. Profiling of
volatile and non-phenolic metabolites —Amino acids,
organic acids, and sugars of green tea extracts ob-
tained by different extraction techniques [J]. Food
Chemistry, 2019, 296. 69-77.

[10] FENG L H, CUI H P, CHEN P S, et al. Promot-
ed formation of pyrazines and sulfur —containing
volatile compounds through interaction of extra—added
glutathione or its constituent amino acids and sec-
ondary products of thermally degraded N-(1-deoxy-—
d-ribulos—1-yl)—glutathione[J]. Journal of Agricultural
and Food Chemistry, 2022, 70(29): 9095-9105.

[11] HEO J, ADHIKARI K, CHOI K S, et al. Analysis
of caffeine, chlorogenic acid, trigonelline, and
volatile compounds in cold brew coffee using high—
performance liquid chromatography and solid —phase
microextraction—gas chromatography—mass spectrome-
try[J]. Foods, 2020, 9(12). 1746.

[12] PORTELA C D S, ALMEIDA I F D, REIST A D
D, et al. Effects of brewing conditions and coffee
species on the physicochemical characteristics, pref-

erence and dynamics of sensory attributes perception



H26 1M

IR E A ok ik Kok 8 % vk

211

[14]

[15]

[17]

[19]

[20]

[21]

in cold brews[J]. Food Research International, 2022,
151 110860.

BATALI M E, COTTER A R, FROST S C, et al
Titratable acidity, perceived sourness, and liking of
acidity in drip brewed coffee[J]. ACS Food Science
& Technology, 2021, 1(4). 559-569.

FIGUEROA PAREDES D A, ASSOF M, SANCHEZ
R J, et al. Partial dealcoholization of a Malbec wine
through pervaporation with a PDMS membrane: Ef-
fect of operation lemperature on process economics,
volatile aroma composition and sensory properties|]].
Separation and Purification Technology, 2024, 335.
126076.

GIACALONE D, DEGN T K,

Common roasting defects in coffee; Aroma composi-

et al.

YANG N,

tion, sensory characterization and consumer percep-
tion[J]. 2019, 71:
463-474.

HU G L, PENG X R, GAO Y, et al. Effect of

Food Quality and Preference,

roasting degree of coffee beans on sensory evalua-
tion: Research from the perspective of major che-
mical ingredients[J]. Food Chemistry, 2020, 331.
127329.

YU M G, XIE Q G, SUN H, et al. Characteriza-
tion of odor properties of human milk: Effect of in-
ter—individual nutrient differences on key odor—active
compounds and odor attributes[J]. Food Chemistry,
2024, 431, 137091.

SCHENKER S, HEINEMANN C, HUBER M, et
al. Impact of roasting conditions on the formation of
aroma compounds in coffee beans[J]. Journal of Food
Science, 2002, 67(1): 60-66.

SENINDE D R, CHAMBERS E 1V, CHAMBERS
D. Determining the impact of roasting degree, coffee

to water ratio and brewing method on the sensory

characteristics of cold brew Ugandan coffee[]J]. Food
Research International, 2020, 137. 109667.
AKIYAMA M, MURAKAMI K, IKEDA M, et al

Characterization of flavor compounds released during
grinding of roasted robusta coffee beans [J]. Food
Science and Technology Research, 2005, 11 (3).
298-307.

BAGGENSTOSS J, POISSON L, KAEGI R. Coffee
roasting and aroma formation: Application of differ-
ent time—temperature conditions[J]. Journal of Agri-

cultural and Food Chemistry, 2008, 56. 5836 -

[22]

23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

5846.

ELWARDANY A, ES-SEBBAR E, KHALED F, et
al. A chemical kinetic study of the reaction of hy-
droxyl with furans[J]. Fuel, 2016, 166. 245-252.
WILSON C L. Reactions of furan compounds. Part
IV. High —temperature decomposition of the vapours
of tetrahydrofuronitrile and methyl tetrahydrofuroate
to give 2,3 -dihydrofuran and cyclopropanealdehyde
[J. Journal of the Chemical Society, 1945, 1(1):
58-61.

HEO J, ADHIKARI K, CHOI K S, et al. Analysis
of caffeine, chlorogenic acid, trigonelline, and
volatile compounds in cold brew coffee using high—
performance liquid chromatography and solid —phase
microextraction—gas chromatography—mass spectrome-
try[J]. Foods, 2020, 9(12). 1746.

XIA X, ZHOU T, ZHANG H, et al. Simultaneous-
ly enhanced formation of pyrazines and furans during
thermal degradation of the glycyl -1 —glutamine a-
madori compound by selected exogenous amino acids
and appropriate elevated temperatures[J]. Journal of
Agricultural and Food Chemistry, 2023, 71 (10):
4346-4357.

WU H J, VIEJO C G, FUENTES S, et al. The
impact of wet fermentation on coffee quality traits
and volatile compounds using digital technologies|[J].
Fermentation, 2023, 9(1): 68.

HOFMANN T, SCHIEBERLE P. Chemical interac-
tions between odor—active thiols and melanoidins in-
volved in the aroma staling of coffee beverages|[J].
Journal of Agricultural and Food Chemistry, 2002,
50(2): 319-326.

SUN Z C, LIN Y C, QU F, et al. Influence of
aroma binding factors of coffee matrix on character-
istic aroma in a model system[J]. LWT, 2024, 211.
116930.

GIGL M, FRANK O, GABLER A, Key
odorant melanoidin interactions in aroma staling of

2022, 392.

et al.

coffee beverages [J]. Food Chemistry,
133291.
YAYLAYAN V A, KAMINSKY E.

structural analysis of Maillard polymers:

Isolation and
Caramel
and melanoidin formation in glycine/glucose model
system[J]. Food Chemistry, 1998, 63(1). 25-31.

MAGA J A, SIZER C E, MYHRE D V. Pyrazines
in foods[J]. C R C Critical Reviews in Food Tech-



212 A I 2026 44 1 4
nology, 1973, 4(1). 39-115. in—vivo nosespace analysis[J]. Food Research Inter-
[32] BOEKEL M A J S V. Formation of flavour com- national, 2015, 69. 9-20.
pounds in the Maillard reaction [J]. Biotechnology [41] PARAVISINI L, MORETTON C, GOUTTE-
Advances, 2006, 24(2). 230-233. FANGEAS C, et al. Caramel flavour perception;
[33] FEHFEMA. Maillard 2 T B FSGT [J]. KK Impact of the non -volatile compounds on sensory
R, 1990(4) . 138-141. properties and in-vitro aroma release[J]. Food Re-
YUAN C W. Study of pyrazines formation in Mail- search International, 2017, 100; 209-215.
lard reaction [J]. Journal of Southeast University, [42] SPIRO M, HUNTER J E. The kinetics and mecha-
1990(4). 138-141. nism of caffeine infusion from coffee; The effect of
[34] YU H, ZHANG R Y, YANG F W, et al. Control roasting[J]. Journal of the Science of Food and Agri-
strategies of pyrazines generation from Maillard reac- culture, 1985, 36(9). 871-876.
tion[J]. Trends in Food Science & Technology, [43] CHINDAPAN N, PUANGNGOEN C, DEVAHASTIN
2021, 112. 795-807. S. Caffeine removal and compositions losses from
[35] ZHENG Y, BROWN S, LEDIG W O, et al. For- whole Robusta coffee beans during conventional and
mation of sulfur —containing flavor compounds from ultrasound —assisted aqueous decaffeination[J]. Journal
reactions of furaneol and cysteine, glutathione, hy- of Food Engineering, 2025, 387. 112349.
drogen sulfide, and alanine/hydrogen sulfide[]]. Jour- [44] CHEN Y W, JIANG J Q, LI Y K, et al. Enhanc-
nal of Agricultural and Food Chemistry, 1997, 45 ing physicochemical properties, organic acids, an-
(3): 894-897. tioxidant capacity, amino acids and volatile com-
[36] TRESSL R, KERSTEN E, NITTKA C, et al. For- pounds for “Summer Black” grape juice by lactic
mation of sulfur —containing flavor compounds from acid bacteria fermentation [J]. LWT, 2024, 209.
[13C]-labeled sugars, cysteine, and methionine[M]/ 116791.
Sulfur Compounds in Foods. Washington, DC: [45] SANTANATOGLIA A, CAPRIOLI G, RICCIUTELLI
American Chemical Society, 1994 224-235. M, et al. Quantification of two derivatives of malic
[37] DING X F, ZHANG Y B, LI J, et al. Structure, acid first —time discovered in coffee; Influence of
spectral  properties and antioxidant activity of postharvest processing method [J]. Food Chemistry,
melanoidins extracted from high temperature steril- 2024, 460. 140644.
ized lotus rhizome juice[J]. International Journal of [46] CHI Z, WANG Z P, WANG G Y, et al. Microbial
Biological Macromolecules, 2024, 270, 132171. biosynthesis and secretion of 1-malic acid and its
[38] ZHAI H N, DONG W J, TANG Y M, et al applications [J]. Critical Reviews in Biotechnology,
Characterization of the volatile flavour compounds in 2016, 36(1): 99-107.
Yunnan Arabica coffee prepared by different primary [47] MICHELINI S, TOMADA S, KADISON A E, et al
processing methods using HS -SPME/GC -MS and Modeling malic acid dynamics to ensure quality,
HS-GC-IMS[J]. LWT, 2024, 192. 115717. aroma and freshness of Pinot blanc wines in South
[39] FREITAS V V, BORGES L L R, CASTRO G A Tyrol (Ttaly)[J]. OENO One, 2021, 55(2). 159-
D, et al. Influence of roasting levels on chemical 179.
composition and sensory quality of Arabica and Ro- [48] CHIDI B S, BAUER F F, ROSSOUW D. Organic
busta coffee; A comparative study [J]. Food Bio- acid metabolism and the impact of fermentation
science, 2024, 59. 104171. practices on wine acidity —A review[J]. South African
[40] CHARLES M, ROMANO A, YENER S, et al. Un- Journal for Enology and Viticulture, 2018, 39(2).

derstanding flavour perception of espresso coffee by

the combination of a dynamic sensory method and

315-329.



5526 % 45 1 1] H U 3ol ik Rk i % vh 213

Effect of Extraction Temperature on Coffee Flavor
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Abstract This study aimed to investigate the effects of different extraction temperatures on the chemical composition and
flavor characteristics of coffee brews, in order to optimize atmospheric—pressure extraction and improve coffee flavor quali-
ty. Extraction temperatures (55-95 °C) were adjusted to analyze the volatile and non-volatile compounds and sensory
characteristics of coffees with different roast degrees (light, medium, and dark), and to examine how temperature influ-
ences their chemical composition and flavor formation. Gas chromatography—mass spectrometry (GC-MS) and high—perfor-
mance liquid chromatography (HPLC) were used to quantitatively analyze chemical components in coffee brews, and de-
scriptive sensory evaluation was conducted to systematically assess sensory attributes. The results showed that extraction
temperature significantly affected both the release of volatile compounds and the dissolution of non-volatile components
(P<0.05). High—temperature extraction (95 °C and 85 °C) increased extraction yield (>22%) and bitterness/astringency,
whereas acidity and caramel notes were more pronounced at lower temperatures. Combined sensory and quantitative analy-
ses indicated that high —temperature extraction improved extraction efficiency but led to the loss of some aroma com-
pounds, while low—temperature extraction preserved more key aroma components. Significant differences in chemical com-
position and sensory properties were observed among coffees of different roast degrees at different extraction temperatures;
higher temperatures were more suitable for comprehensive extraction of dark-roasted coffee, whereas lower temperatures
were advantageous for aroma retention in light and medium roasts. This study provides theoretical support for optimizing
coffee extraction processes, and future work will integrate other variables (e.g., pressure and extraction time) for multidi-
mensional research to further elucidate the mechanisms and control strategies of coffee flavor formation.

Keywords extraction temperature; coffee flavor; volatile compounds; descriptive analysis



