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BEKEFE BEXT/NEIIMME 5—72 B B AR EE A B RY =200

RXE, MK A, £ W, EEHE, FRE, HER

XK F
(Fd AR LAFR RERESENERFLAN, L9 650205)

7N

HE ATRR-SHEAERSA GIRMEESIE LB P S-F2FTABEBRETETMNE Tk, KA 1%TR-TH
BRAEAFRBIEN ,3.0g AACH+1.0g TERAM A AT H 50 mg Cig #r+20 mg N-A & T = 1+200 mg KK BAE TR 4 # B
0 FE A, A Shiseido CAPCELL PAK MG Cig &34 (150 mmx4.6 mm i.d., 5.0 pm) % 24742, % 3 5-HMF ¢ 5 & ,
VAP BE A IR A A8 AT AR B BL . JEAEAC A AR T S—HMF £ 0.5~50.0 me/L %M 5 B A K R4 AR E B KA
0.9991, % i FE % 0.01 mefke, % % FE % 0.03 mgfkg, £ 3 A Ao ks Ak F F ,5S—HMF 4 4o 45 & 4 % % 85.50%~105.5% , 48 3t 4

Bl £ A 4.28%~7.59% (n=5), KM AZ EME T 8K kb F S-HMF 4%
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MR At B = ROk 22—, o A3 9 i
— ELAERG NN o e B A B AR AN T R % 97 A
k78 F PR A TP g g BB EE R (Coffea
arabica) . % i #i ¥ (Coffea robusta) #1 F| b B
(Coffea liberica) — R JFFF 76 v EFR R /NKE kL
FIRLAR O AES BT 47 L R HE (Coffea arabica) J&
A BRAE 7 BCR UL B I S A e e R Y
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LI B 2y o B [ ) 98% LA 1, mMEA
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WA S B MR R TR S R A T 2 R A A
5 T BE B 7E 180~250 C2Z ()11, i M v 2 2 ) Jot
(BRJEMR AP ERR SFERIR (O TR INEE 28 TR ) |
A= W2 (o R LR ) B2 B D R AR
JoT A e AN TR R B ) SE P AR Strecker R . FEME
(S rOANE AR = SNUS L B SN AL =S Bl
MEBE R AL &9, 8 A K& R IESE (B 2K 2K R
KBRS, X LA G Y I B ME i R AE X
RO LSk wi MR rp D A T Jie |58 WY LR (5
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EEWE: HEARPILEIX ARSI H (31660494)
EE B X245 (1985—), 3 i+, Bh 3 5% 5
BIEMEE. 4R  E-mail: shaojinliang@126.com

25 R BEE R JE B B A Ao R A2

HMF) 2 B 35 201 55 0 R oy Ja W i vl 2 1y
A — -2 85 A 5-HMF & i T4
SERRAKAL A P IS £ TR B Hamzalolu 4514
INE IR AR -WRIREGY HER AN
FIRE iR NS0 8 s 2246 SR i # e 72 rh . g e
/D5 1 S—HMF 6 7 B 0 A0 Ak iy ook g SR ]
IR #E 5-HMF B8 B, S-HMF J2 Wi il 4k 6% 2o 72
FROI PN A T B 1 E B (R A i R A
SIS B R A T e A0S AR 1 OB R A
25 W A0 R A6 T e B o7 A TR AR TR B, 0E — 25 A
Gy ff T AR S 5-HMF ;5 %5 4% n] B8 o Rk 5-
HMF, 2K 714 Bk e 113 2 0 2 T B TR O Tk i 2 5—
HMF B3 [F] AR s 09[Rl 5-HMF 5 K4 Tk
Jiie 52 I B A B PN A TR RS, S—HIMF 55 74 4 ok i
EFEPUEHIN, S—HMF J2: 35§ 48 52 1 A A Ak I
INF )56 B A A s, R R A /I B R LR A0
Tt B P AR WA A B AR T B AT AR TR K
R Ei35 = WA W N T N AN YA [ 3 SRR 97 o 2
PRI R4 2 B 09, S—HMF 1F otk v 58
PSR N f A 2 — TR E T A AR E,
JEE A UL P I 34 B A SRR A A D, B
PR B o

AT, XF 2 g Nk i A o7 248 TP AE A
Y ) 5 BT SEAL T BE B RS T X A
Kl R S-HMF JE BB 58 520> AR SC R/ A i
MES X2 , FF Jee Mt T BE 5% e [] RO R a5 7 =%k
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5—HMF JE B9 820, Ay O A /N r il it s T2 A
B R e 2%

1 MBERE
1.1 MRS

£7 0 S S 7 S YA Y| | S S A
5 X MR SE By ol o b el ok 5 S 2k 60
H i, i T oLy b A

R PR 25 (HPLC 2%) , 7[5 Merck /A
FEhh IR Ok AALEN L IREN  TEOK B IR BE L VK &
% (AR 9% ), [ 25 48 A Ak 24 3000 A BR 28 7] s N— 9 2k
LW (PSAYIY AR (Cog ¥, 10 22135 S0 R4 I 17y
HBRAF; L5 K PURELAB flex 4li7K#HL &
e 15, e E IR ELGALabWater 23 A

5-F% H MR (5-Hydroxymethylfurfural ) 7 1
i (=99%) , 3 [ Sigma-—aldrich 22 Al
1.2 UE5E&

Waters €2695-2489 = &40 AH €4 35 A%  FE 28 it
S PUTCHE | H SRR IR AR (2489 2SN
M#S Empower 3 (3584 T AER , 32 [ Waters 2
Al ;Gene Cafe 3D #XUoNME A= GOHERS B, 6 =
Genesis 23 A 3JJ200 HL T 43871 K-, TEH A 5 AT
AR AL AT 7= fh s KQS00-E RUH 7 35 Uk 7
YL B LT M AR A FR A | ™ i 5 QL-861 i
IR G ar, VLI TR 1] T AR DR A i s A PR
NI
1.3 RKEH*
13,1 BERR W E BERT R Y 180,200,220,
240,250,260 °C, MLKEEFE R 10 min, HEEG &
200 g, WFFE ML L BE X /N KL E S—HME J& 5 i
AL
1.3.2 gbgsmbi ks ef Ak 6.0,8.0,10.0,
12.0,14.0,16.0,20.0 min, ME&5 IR EE A 230 °C, 4t
Rit R 200 g, WFGE LR B RN R Ml 5S-HMEF
TE G 5
1.3.3 ka0 R 200 ¢, K 1 S
B AT IR RS, BRI AS [RLE RS T =%t /N b i
 5-HMF JE B ()52 0
1.4 FRAER R H
1.4.1 5-HMF prifEff &3 HER AR 5-HMF
10 mg CR§ %] 0.0001 ), T 10 mL Z5 5t b, F

x1 MHEHEHNSHEESH
Table 1 Parameters of eight roasting degree

in roasted coffee

. BERE RIE AT/

C min

X 4% (Light roast) 230 12

P #£ 8 % (Cinnamon roast) 235 12

H F Bk (Medium roast) 240 14

IR JE B (High roast) 250 15

R Bk (City roast) 250 17

IR T B (Full city roast) 250 19

% X B k% (French roast) 250 21

& XM (Ttalian roast) 250 23

VRSt V5 VL S i O 0 R R 0 B, A R AR v R
1 000 mg/L 1) 5-HMF FxfEfi& 5 %W, -18 CLL T
wEGIAE A RO 12 A
1.4.2  5-HMF brrh AW HERH UL 1.0 mL
5-HMF FrifE 5 i 25 % W T 10 mL 25 i,
Pt VR e 2 Z0 B, BT AR S—-HMF A5 o o (1] 3%
W, —18 CLLF RN A7, HRW 3 4~A
1.4.3 5-HMF #dE TAER W 500 W L 5-HMF
i ofE 8] 7 ) 0.10,0.20,0.50,1.00,2.50 mL, F
10 mL 28 s, 0 4 38 30 A 2 25 2 20 B E
B 5S-HMF A5 TAER W, BB,
1.5 HEHBLERE

FRIOR B2t 60 H i (g mmERE i 2 ¢ RSB 2
0.01 g) T 50 mL &0 e A 5 mL IEC %,
7 BB 15~20 min, MKWATA 10 mL 7K 10 mL
HEFN 0.1 mL £ 1R , i s $2 B 3~5 min, fieJ5 i A
M (3.0 g NaCl + 1.0 g NaAc), ZZBRIEC bE, B
CNEWWE 5 mL, AL (50 mg Cis B3 + 20
mg PSA + 200 mg MgSO,), JiEiR#ZHL 3~5 min, P4
4 500 r/min &> 5 min 5, W2 mL 5 R E
0.22 pm JEME, R,
1.6 BiEQNEE

Shiseido CAPCELL PAK MG Cs (a3 4%: (150
mmx4.6 mm i.d., 5.0 wm);FEE 30.0 °C; B A
S HEE WA B K B EE VR B FR T - 0~15 min,
10%A ,15~20.0 min, 10%~60%A ,20~25 min ,60%~
10%A ,25~30 min, 10%A ; i % 0.80 mL/min, #E#f
& 10.0 wL, Kz 284 nm,
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FIJH Excel 2010 Fc ) Bl dE 45 5801 R
SPSS 22.0 # ff Analyze #t Ht T 19 Compare
Means FEAT 5 22 50 M , 45 R 7R o <V Y H 2 b5 1fE
2", 317 Duncan’s 2 5 i & M1, P<0.05 &
INZES R E R Excel 2010 #E47 804 BRI R 194
il

2 HER5H5
2.1 MHiEmiMEfR 5-HMF &4
211 BREEUCAAER AL MR ol R 3 TR R A AR
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Fig.1
S—hydroxymethylfurfural standard

HPLC chromatogram of

212 MEEE ., R BREE =R A S A
il o & vk 4 0.5,1.0,2.0,5.0,10.0,20.0 mg/L Al
50.0 mg/L ) 5-HMF i TR . ERAE R
W 250 R A0 22, LA S-HME 9 i T B (y ) %
HBEWE (x) MCCAEMZ 5-HMF 7£ 0.5~50.0

MR
Ultraviolet absorption intensity/mU

WAk T VR A VRO 2 LA R [ AR AR L A
O SCHR R FH I C 908 W A B0k R A7 AR g
FBRER 3 B S Xk e 3R e R R R S A
Z T 1) 2 RO e 22 L ARG X BB | FhpT 7 A
AT IEAT T AL SR R SEEGRN 1% R -
CIEHR, EEHT7 0 3.0 g NaCl+1.0 g NaAc, %1k
74 50 mg Cis+20 mg PSA +200 mg MgSO, B,
HARIER T oA e T4, JfF H 2l T 54 g
(ULEE 2), ff s i A 2R 45 1R B A AL RIUR 85
4, H 5-HMF [ hs i85 90.6% L) I, GEf%
IR R,

=
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Fig.2 HPLC chromatogram of 5—hydroxymethylfurfural

PR

in medium roasting degree

mg/L {5 A BRAFIRME R MERE () H
0.9991, LA 5-HMF (A3 05 3 £% {5 W 1L (S/N) 15
¥ H BR (LOD) 4 0.01 mg/kg, L 5-HMF i1 10
545 W L (S/N) 155 22 15 FR (LOQ) 24 0.03 mg/kg
(WF2),

K2 KUEE.KMEFEMEXRY

Table 2 Linear ranges, linear regression equation and correlation coefficient

5 4h LM T A p/mg- L &y A2

X FH(r) #r B TR /mg - kg™ T & /g kg

5-HMF 0.50~50.0 y=37913x-3362.7

0.9991 0.01 0.03

213 WICRSKEEE PG ERE R R
cp G| S T o T R NN LN = I DT 0
(10,20,50 mg/kg) [ S—HMF Jinps i 5, 44~
WIIKFil 5 44708 . 5S-HMF (9 [ iR

85.50%~105.5% , F % 5 fE i 22 (RSD ) -y 4.28%~
7.59% (W3 3),
2.2 /AL ME K A B 18] AR i 2k

W A A B R AR, WME L2 B RS
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R3 HEMEOKEMBEEE (n=5)
Table 3 Recovery and precision of the method (n=5)
o A RAL/
. W7 F fmg- kg M 13 #/mg-kg™! B R/ % A8 A AR AR £ 1%

R mg- kg™

2 11.70 10 20 50 20.25 30.57 59.52 85.50 9435 95.64 4.66 532 435

F 5.94 10 20 50 15.05 2436 53.69 91.10 92.10 95.50 7.59 4.61 4.28
Fh 6.22 10 20 50 16.57 25.44  58.39 103.5 96.10 104.3 6.24 5.12 5.13

TR LIRS 2B I W AR R A
A AN AR SO | SRR B | A 2 1 2 W LA
AU RAEACAR AR 7 AR I N A SRR o
WAL a0 PR — A T e R A5 PRI A o 14 52 2k it
A ARG /R IE A R HEE AR T, A SR
FIEIA , DLORIIE 2 P34 2 K Ak T 2 3t A4 ok A= 2
AR R RS ILIR T P, TR N A TR 2 i
R R, TR R RRUR i PR i A

280y —m— 2k (Typicad

250 | —a— R4} (Catimor)

—»— Ffkfi (Caturra)
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Fig.3 Curve temperature—time of roasting coffee process

5-HMF J& 55 F7 8 s iy A A Ak s 1o 2o 7 o
JE R ] =gy, Ho= A sz B A s IR JE pH
1B KA1 B A [ i 52 ma s, 8 4 R RS
T E Xt /NI ME H S—HMEF #4942 B I 550K 1R B
“h 180~240 °C, BB &S 15 B2 19 FH &7, 56 i 48 s vy 7™
Y1 5-HMF (% A= B f 3 7 34 £ ,240 CR ik 3 1§
f, # KM (28.50+0.15)mg/kg ., KK
(25.34+0.22)mg/kg . R FEH7 K (16.65+0.19 ) mg/ke .,
HERS IR R T 240 °C, 5-HMF & B /9 7
M 5% R B, 260 CHERS 10 min J& , 5S-HMF /)N
T 0.05 mg/kg, B S-HMF w8 i 5 = i 1
HERE TR/, /I RL MR e e R IR EE X 5—
HMF ) 52 45 K, 240 °C LA L & i e A 8 L s op

WO K 578 K, BEMIRE 2% 18 K o3 10 78 & T
I, W SR TR R S R AR B R e T O
TE 4 min JGIKEN 2 115 °C, BEMERT I ] 19 ZE K, =
BERE IR T ST i B R R A R AL
(1) A% B 1] — 308 38 2 LA AH [R] (& 3)
2.3 HtKEEEX 5-HMF A 8 00

HERS IR BEXTBR B2 R L R A IR R AR 5-
HMF JE 1 09 5% a4 frs

%)
®

—o— Bk (Typica)

)
&
T

—a— 474 (Catimor)

(5]
o
T

—A— R4 (Caturra)

S TP R A £

Content of 5-HMF/mg-kg™
o

o
T

-~
T

o

180 200 220 240 250 260
LA 3 2
Roasting temperature/C
4 N[EVHEHE IR BTk o ME 5-HMF 7 A B 211
Fig.4 Effects of different roasting temperature on the

formation of 5—hydroxymethylfurfural in roasted coffee

TE B S—HMF e 38 i i
2.4 HKEEtE Xt 5-HMF 5L B 22 00

B S Wow  HERHIRBE Ry 230 °C, HLRT R 7E 12
min N, ZINVREIINER) S—-HME B ALk i ] 48 K H
iR N, B B R) R 12 min, 8RR R E iR
(27.03+0.27 )mg/kg . # 1} (25.10+0.13 )mg/kg .
FEFI (22.99+0.25 )mg/kg ; HE K% B [8] K F 12.0 min,
S5—-HMF & 2 fifl L5 i 1) (19 2 K T 35 T B 5 Bt e
I [6] 35 2] 20.0 min, % K 5-HMF % & (0.315+
0.12)mg/kg . + ¥ W} (0.363 +0.21)mg/kg . & £ $i7
(0.32120.12)mg/kg, % 45 R 5 Kocadagli P45 18
— 3, UL HERLGE R R P T (12 min) n#A AR
fR i 5-HMF B9 A= i, HE %5 B 18] K F 12 min, HE kT
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mo2E 4R 2022 445 1 1

—— Bk (Typica)

MJE —a— |4 (Catimor)
<H: 20/ v N

e —a— |4 (Caturra)
&

Content of 5-HMF/mg-kg™
>

6.0 8.0 10.0 120 14.0 160 200
b G5 I (18]
Roasting time/min
B 5 7[5 Mtk A 8] e Ak e ok 5-HMF 2 B¢ B 52 )
Fig.5 Effects of different roasting time on the
formation of S5—hydroxymethylfurfural in roasted coffee

WmME R S-HME B2 FEAR B 206 25,230 CHEEE 20
min 5 , H 5-HMF & &K T 0.06 mg/kg, 7] fE Y it
K J& 5-HMF [ fig A LR,
2.5 HtkEHFRI 5-HMF 7R 89 80
PERSRR BEXT R B . R AR AR 5-
HMF JE B 520 DL 3% 4
ZINASE IR L e A AR ) K 43 B TR EE T
28K o Wl 27K A3 R PR BRI BIK |, [ B 2R
W2 A Y PR AL o Bl L SR ) ZE G BR K 2325
R B B R B A LAY BT g R
F AR, FEHVE RN, 5-HMF & & &

PRH AR B A [R5 A BE i ME 52 5-HMF &%
22 5 3 (P<0.05) . TRHEES (230 °C, 12 min)
P EEHE A% (235 °C, 12 min) A KL RS o ME & | S-HMF
B0 9 R Bk 2 R (30.53+0.45 ) mg/kg il (36.76+
0.33)mg/kg, & # i (25.71+0.32 )mg/kg F1 (18.28+
0.41)mg/kg, K F:47 (17.99+0.48 )mg/kg Fi1 (15.25+
0.37)mg/kg; HERE R 2] 2 =UHLKE (250 °CL,23
min) ,5-HMF & & [ 2] fe (1%, 2 2 < (0.21+0.03)
meg/kg, + 34l (0.12+0.04 )mg/kg,, FA:HL(0.15+
0.03)mg/kg,5 —HMF F& fift 3 53 5 4 99.31% ,
99.53%F1 99.17% . A~ [F] ML A B2 i /R HE 5—
HMF 5 1 i K20 /N A 3B > PR A AL % > Bk o it
o5 >V AR > 3 T ML e > TR I Tl ML e > v L e >
UL

R A . LR A R AR LR B T R A
5, ML B AN B ] 2R A S-HMF 1) B i 2
SR, AR BE MR Tl E b SRR A Y 5-
HMF 5 42 s 7 =78 U B2 st (] | 335 248 5-
HMF [ 2Rk e E S-HMF & 8 B 5K, R
[ w4 07 2 S—HMF & = 0F 5T 45 1 5 1R
FRTHSF [1) 45 R — 350, PR, Ay 42 i 8 3 305 s e v iy
U5 e 5-HMF 199 &, 7EORIE UK B RTIA T
A3 o At e A T R R i) gk 20 A R i e ep
5-HMF ()&,

F 4 FEBIEEE ML EmME 5-HMF & &2 (mg/kg)
Table 4 Content of 5-hydroxymethylfurfural of roasted coffee in different roasting degree (mg/kg)

) 5-HMF 4%
B R A2
& F F A FAL

RS i 38.53 + 0.45° 25.71 +0.32° 17.99 + 0.48"
1 A E2 36.76 + 0.33* 20.28 + 0.41° 15.25 +0.37°
BP B R 11.72 £ 0.36" 5.91+0.27" 6.19 +0.26"
W O (BR) 4.18 +0.24 2.76 + 0.16° 3.66 + 0.21°
IR TR B (IR) 2,11 +0.12¢ 0.99 +0.14¢ 0.82 +0.14¢

TR B PR JE 0.48 + 0.09" 0.35+0.12¢ 0.47 +0.17°

KB W (EX) 0.32 +0.07" 0.29 + 0.09* 0.33 + 0.08*
T PR E (FEX) 0.21 +0.03¢ 0.17 + 0.04¢ 0.18 + 0.03"

T AR TR 2R MR 7 3] S-HMF B 8 35 1k 22 5 (P<0.05)

3 HFHig

¥ M QuEChERS @ik ik, LLOR- LG %
WA, SR AN RN R ER BT R, Cog B
PSA 1 JC /K B 12 6 Ry e A6 590, ] S S g v 5—

HMF (2 H i f1ig ik . QuEChERS ¥4k U7 ik
IR SR AR MUE TN 1% O 1R- LW, 56
M4 3.0 g NaCl+1.0 g NaAc, #FE#F18 50 mg
Cis+20 mg PSA+200 mg MgS0,,5-HMF iy [m] i %



B228 H1M

WOIEAZ L3 Ak 552 AR AR BE A R 49 R 329

= 85.5%, 5-HMF 7£ 0.5~50.0 mg/L {1 [l N A K
UYL 2R O R (r) R 0.9991, 46 i R
0.01 mg/kg, & & R4 0.03 mg/kg, 7F 10,20,50 mg/
kg WK1 B3R 85.509%~105.5% , AHXT 5
HEM 22N 4.28%~7.59% (n=5) .

HER IR EE 180~240 °C,  Fifi ML &% 18 B TH 5,5
HMF 7 5l 2R 83 , 21 240 CH ik 20448, Lk
LB R T 240 °C, 20T B HERE TR O 230 C
HERE B 18] 2 6~12 min, 5-HMF A= B 5 bl 4k 4 B )
FER TG0, B B 18] R 12.0 min, 5S-HMF £ Bl i
KB KAE, BERE T E KT 12 min, 5-HMF & &
8 PRAR s LG R B N, S-HMF & 2 B & FRC,
JINRLIITE ) S—HME BEAE G e B L% s 5] A %
FRBE (AR S — AN ™ AR s B (AN 2R
R 1) B 25 70 Ak g A 308 ek 9 A A R TR S i) ok B
el o S-HMF B9 B

2 % x #
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Effects of Roasting Degree on Formation of 5—Hydroxymethylfurfural Contents in Coffea arabica

Liu Xingyong, Chen Xinglian, Lin Tao, Wang Li, Wang Luxiang, Li Maoxuan, Shao Jinliang"
(Institute of Agriculture Quality Standards & Testing Technique, Yunnan Academy of
Agricultural Science, Kunming 650205)

Abstract A method was developed for the detection of 5—hydroxymethylfurfural in roasting Coffea arabica by high per-
formance liquid chromatography combined with liquid-liquid extraction and dispersive solid phase extraction (DSPE). Af-
ter extracted with 1.0% acetic acid acetonitrile solution with ultrasound assistance, the samples were pretreated with
QuEChERS method including extraction salting—out (3.0 g NaCl + 1.0 g NaAc), purification (50 mg Ci;3+20 mg PSA + 200
mg MgSO,). The 5—hydroxymethylfurfural was then purified on a Shiseido CAPCELL PAK MG Cy column (150 mmx4.6
mm, 5.0 pm), and gradient elution was conducted using methanol and water solution as the mobile phases. Under the
optimum conditions, the calibration curves of the 5-hydroxymethylfurfural showed good linearity (r=0.9991) within their
respective linear ranges. The limits of quantification (LOQs) and limits of detection (LODs) was 0.01 mg/kg (S/N=10)
and 0.03 mg/kg (S/N=3). The recoveries were in the range of 85.50%-105.5% at three spiked levels, with relative stan-
dard deviations of 4.28%-7.59% (n=15). The results showed that roasting temperature, time and degree play an impor-
tant role in the 5-HMF content of the final Coffea arabica product.

Keywords Coffea arabica; roasting degree; Maillard reaction systems; S5—hydroxymethylfurfural



