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Abstract: A comparative investigation of roasting methods by using catalytic infrared (CIR), electric infrared (EIR), and hot
air (HA) was conducted to evaluate their distinct impacts on coffee bean flavor profiles through integrated analytical techniques,
such as high-performance liquid chromatography, electronic nose, and headspace solid-phase microextraction gas chromatography-
mass spectrometry (HS-SPME-GC-MS). Significant inter-method variations (P<0.01) were identified in the contents of total sugars,

polyphenols, lipids, proteins, chlorogenic acid, and trigonelline, whereas total acidity and caffeine levels remained statistically
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comparable (P>0.01). Orthogonal partial least squares discriminant analysis (OPLS-DA) of electronic nose data showed a

prediction reliability of R’=0.858, whereas GC-MS characterization revealed 196 volatile compounds spanning 15 classes, with

104 shared volatiles establishing the most robust OPLS-DA model (R’=0.926). Six pivotal aroma discriminators-2,3-butanedione,

2,3-pentanedione, furfuryl acetate, 3,5-diethyl-2-methylpyrazine, methyl isovalerate, and hydroxyacetone-were quantitatively

prioritized via odor activity value assessment, all demonstrating elevated concentrations in CIR-processed beans. Energy efficiency

analysis further highlighted CIR’s superiority, exhibiting 73.87% and 23.68% cost reductions relative to HA and EIR, respectively.

These findings collectively validate CIR as a dual-advantage roasting modality, simultaneously enhancing flavor complexity through

targeted volatile compound preservation and optimizing energy utilization, thereby providing actionable insights for developing

precision roasting technologies in specialty coffee manufacturing.
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Fig.1 Key non-volatile flavor compounds in coffee beans
subjected to different roasting methods
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Table 1 Nutritional composition of coffee beans under different roasting methods

WX BAE/(mggh)  EBE/(mgg) JEH/(wt%)  EAR/(wt%) BB /(wt.%)
HA 2526+0.80° 35.76+0.57° 13.24+0.05° 15.14+021"  4.19+0.12°
EIR 28.86+0.59° 39.67+0.56" 14.86+0.04" 1572+027°  3.35+035°
CIR 39.09+0.59"  32.17+0.78 13.40+021°  1488+023"  547+0.18

E: RAARARRAN N EZFHRTEAESE 2% (P<0.01); CIR, 1#{b4rsl; EIR, wirsh; HA, #X,
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Fig.2 E-nose data of coffee beans with different roasting methods
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Table 2 E-nose sensor numbers and sensitive substances and

VIP values for each sensor

Py RS R VIP 14
S1 WIC SR A 0.90
S2 W5S REAAH 1.29
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Fig.3 E-nose PCA analysis of coffee beans with different
roasting methods
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Fig.4 Volatile compounds in coffee beans of different

CIR

roasting methods
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Fig.5 OPLS-DA analysis based on sample HS-SPME-GC-MS data

Z: (a) #4008 (b) B#AERH.
2.3.23 J:T OPLS-DA 43 #4551 OAV 4347

WG E A (Odor Activity Value, OAV) & 4% &
PERIRA S5 H A RE R LU, % R B A
PEXIRAL SV RIB S TTRRIE L, & — M RCRAE S5
AR B TB %I OAV KT 1.00
FERNE PR A W0 B i B R S Tk

N T A R BCRE 7 U5 R o SRR i GC-MS

B S A E R E SR, EREX 0 A m
PL 104 Fh 3L 45 A AL & 0 8 7 1) OPLS-DA 45 A 3
TESEERBET . LLP<0.05 H VIP>1 Mix
HEGRIE 43 PRI EH, S5 6 SCHRHRIE 14 K M
WEMEIHE, RALH 18 MIERMEMEY AT
OAV "% ZERANR 3 FioR, Wk 2emhes 5 kg iy
it OAV /T 1.00 IHFE R A EGH), A 16 FIHER
PERRIL &4 OAV (KT 1.00, Fodbr 6 Fhif A ik KUk
A1) OAV {H KT 100.00.

16 #i OAV A K T 1.00 [ K PE KR AL &P H
B 25 5 b, MESR 1M, WMEREE 1 Fp, mEuEE 1 Fh,
WEE 3 Fl, PRIHIE 1 Fh, BRI 2M, BE2Fh. Hh
OAV fH KT 100.00 FI4E R MRS, Bi2E 3 F,
R 1 A, BE2K 2 Bl L84 GC-MS Rl &5 o b R
i K 2 A A AN AE = S5 T7 FE 5 GC-MS
BHRA P EEE D 12.04%, BRI, BRAKHE
RGNS B =2 HE RGN,
HJ& GC-MS ¥ 7 #r vh 2 R & S o e 22 125501

TEHARIE R RRAL A ) OAV |, CIR 5 EIR
41 OAV 1H B & B4 2,3- T Wi, HA 41 OAV {H #
rRn ) A2 T R R IR FR S . 7E CIR FE 1, OAV H KT
100.00 75 6 Fii; 7E EIR 5 HA #£&h+, OAV fH AT
100.00 (175 5 Fh, 2= 5 BLAE S5 R R G 5 38 56 T
PIRRE PR XBRAL &4 b, BIR 415 R H S & 2K
THAFH, HA HRERER S EK T 540 FA. =
HzME[RERFRYCERA—EMNES, R
TEAEME . TR B SR Z K SRR R 2 1

PL 16 1 OAV 18 K T 1.00 45 & 1t KR AL & 4
ST K S E AR, FUR D2 77.78% 5 BL 6 A
OAV fH KT 100.00 145 A 1 KR AL & 4 3 57 K 3348
FIRIRER,  H BRI 100.00%. %5 EFTA, 2,3-T
M 2,3-50 FR . BEERRI G 3,5- £ k-2 FE AR
We, SRR S, FREEIEIIX 7S PP OAV fH KT 100.00
(O RV R AL B4, AN TR T 238 1R 55 025 1
WEG B A F Ay, Hd CIR AfE M EEHFS
RS EGE YR ERST RN
24 fREEMAEIR R AT E

REFE A AR 72 IR TH A1 3R 4 o, HA B Rg
5 REUR AN 2 B . CIR J2 REAE 5 S R R A B A%
4K 77 20, CIR ) 4 /2 HA AT EIR 1 26.13% Al
76.32%, R ERAS 43 53l BE AR 73.87% Fil 23.68%. X5
Zhu %5 PVE XS i A 18 P BB T 458 — 5, CIR W]
DA 2 FEARIINHE SRS (1 BEAE 5 e IR AR

261




MR @i

Modern Food Science and Technology

2026, Vol.42, No.4

3% 3 OPLS-DASTHIEZEZEL N SWOAVE
Table 3 Odor Activity Values (OAV) of key volatile compounds identified through OPLS-DA analysis

) ) 1 OAV 14
%5 AR B /(pgke™) Ak
CIR EIR HA

1 103 75 000 0.11 £0.01° 0.09 £ 0.00° 0.08 £ 0.00° ABRRA. FE
2 IS 30 000 0.21 £0.01° 0.14 £0.00° 0.12+0.00° &, Hh. #wE
3 2- LA 5000 1.34£0.10° 0.99 £0.07° 0.94 £0.03" BR. KRR A4
4 2-F 3ok vl 3500 2.63 £0.19° 1.38 £0.01° 1.7+0.10° WA 5 E %R
5 5- 9 ks 6 000 4.02+0.35% 4.9+0.62" 3.64+0.10° BAE A

6 2,3-=F ok 1 000 4.99 +0.40" 3.48 £0.34° 3.33+£0.07° JEHE, ik A

7 D-AFAR M 200 7.73 +1.88" 4.09 +0.23° 498 £0.02°  HHE. AL, ek
8 3-CEA 50 5.13 £0.96" 2.62%0.22° 3.28+0.21° KEA

9 AR 750 7.51 £0.68" 6.11 £0.46° 5.45+0.13° vk

10 R 2000 65.66+3.17°  5145+1.62°  52.86+1.08" BRvk. Mok

11 A A M 15 69.06£2.28°  29.89+1.56°  32.39+253" R4

12 1-A vk 100 87.26£9.61°  68.87 £10.36™  53.93£1.26" HBF . ok Aok
13 # IR 200 119.79 +11.06" 117.85+10.27° 82.36+2.89" BAEAA

14 SRR T B 5 163.43 £20.19" 84.45+127°  103.67£3.73" R ¥R
15 3,5-=CH-2-F itk 8.6 177.77 £10.72°  166.02 £ 12.59™ 143.60 £ 6.48"  B%. LA F%
16 B B2 vk v F B 66 41522 £33.27" 298.74+27.54° 309.30  8.33" HEAR

17 2,3- /%=1 5 371.65+49.08° 241.81 £28.09° 220.37+13.18° &b, BAEAvk
18 2,3-T = 5 630.96 £ 69.95° 354.05+3544° 29773 +8.74° EAEA. EHibEuk

7E: CIR, fEfbersb; EIR, @4rsh; HA, #AR; P <0.05. RF AR ARG NEFEHATERFEE 27 (P<0.01),

x4 AEMIEFXRIBEFEBEIRER A
Table 4 Energy consumption and energy cost of different

roasting methods

feFe/(kIke) AERRAAET  RBRAKN/( Tk
HA 7 989.00 2.22 kWh 222
EIR 2 745.60 0.76 kWh 0.76
CIR 2595.80 27.84L 0.58
2.5 Wi

Zhu PV Fe 45 R LW, CIR 55 EIR Al 343 5
e i JoE PR AR R Y, e CIR S DY A 07 =Urh
BEFE 5 A B R B T8 75 X5 Chen 2557 f iF 70 45
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. ZEARSES AW e g AR, IR BE e
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AN TRV T SRS 02 ol G S . S R
AR SRR, S EmSEAREE (P<0.0D)
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