514 % 912 ) LERT e i T R 4 Vol. 14 No. 12
2023 4 6 J Journal of Food Safety and Quality Jun. , 2023

CO,

B ALLED RAES, HREC, RTHY

(1. T B RA R P2 S TRABE, 8 266109; 2. PRV FHABE ST, 8 2661011,
3. T MU B ATBR Y A, M AR A TR E KA SR, W 266100)

W E: BN RN ZE RN A SR A R 22 R SO R . SR CRATEIG AL CO, %
IR 4% 4 A4 (spinning cone column, SCC)4Jlliil & T AEFE I, I XU T2 2 ff 3R 4 X L5t
PRI AL SR I B A SCRFAE ;SR PRI 7004l B XU 28 K -SOAE 403 - ML) - B TR 465 5 3 SR B A 8 43 T 42
By RSB R, R IR CO, AMBUMIR B R . RERM, SCC IR HE . REVR.
JFREEE - R -3 U - -l PRI AL SR IO i 2 A DGR AL B . ARSAERE . FIRHINE . 2- T
JERIG A CO, ZEHUR T AR A S UL G, 2-HIE TR . FREM T/ SCC IR FHME R Wi, &
i 5 CO, ZBUH ARG 5, SCCXIEEIE . BRI . WimA RIS E ER K. i PIANnER
B SAE FIEA ZE K, WFFE 45 SR T e fE 40 B 1 I T 4 it 5%

SR WAL XU E SRR AT BRI CO, ZEIG e HEMA:; AR - MR - itk VAR Bl
WRZE K B IR i

Comparison of aroma characteristics of hop extracts based on supercritical
CO; extraction and spinning cone column method

OU Ze-Jie'?, KONG Fan-Yu?, ZHOU Yue-Nan®, YANG Zhao-Xia®, PANG Xue-Li*"

(1. College of Food Science and Engineering, Qingdao Agricultural University, Qingdao 266109, China;
2. Institute of Tobacco Research of Chinese Academy of Agricultural Sciences, Qingdao 266101, China; 3. State Key
Laboratory of Biological Fermentation Engineering of Beer, Tsingtao Brewery Co., Ltd., Qingdao 266100, China)

ABSTRACT: Objective To compare the differences in aroma characteristics of 2 kinds of cold-extracted hop aroma
extracts and their material basis. Methods The hop extracts were prepared by supercritical CO, extract and spinning cone
column (SCC) methods, respectively. The aroma characteristics of the 2 kinds of extracts were comparatively studied using
quantitative descriptive analysis; solvent-assisted flavor evaporation-gas chromatography-olfactometry-mass spectrometry
combined with aroma extract dilution analysis was also used to resolve and comparatively study the composition of key
aroma components in the 2 kinds of extracts. Results The supercritical CO, extract herbal and woody aroma is prominent.
SCC extract orange and fruity aromas were evident. Linalool, f-myrcene, and cis-3-hexen-1-ol were the common key

aroma compounds of 2 kinds of extracts. The o-cymene, methyl 2-octynoate, and 2-nonanone were the specialty key
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aroma compounds of the supercritical CO, extract, and 2-methylbutan-1-ol, nonanal, and benzyl alcohol were the

characteristic aroma compounds of the SCC extract. And supercritical CO, extract was good at extracting

monoterpenes, while SCC had high enrichment efficiency for alcohols, ketones, and monoterpene alcohols.

Conclusion The aroma style characteristics of the 2 kinds of hop extracts are quite different, and the research

results can provide references for the expanded application research of hop.

KEY WORDS: hop; quantitative descriptive analysis; supercritical CO, extraction; spinning cone column; gas

chromatography-olfactometry-mass spectrometry; solvent-assisted flavor evaporation; aroma extract dilution analysis
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Fig.l Radar chart of sensory evaluation scores of 2 kinds of hop extracts

— B

22 MEIEREMIh XBEESES O

nZ 1 fr4l, FIFH SAFE-GC-O-MS M FifiP s 2 Fh 48
MR A B R 25 FREEFEAEMNA Y, 1
17 PRI G . S FIERSME A . 4 PRI A
3 FERRAEY . 2 FhEEEEAL S . 2 FEREIL G, 1
FIEERAL G | ARSI e, XY T T
TEAESR I A LB T B AR T B 24 (1 S R
fE, 5 bR ST B 0 XU R R T — B

HITAESMAEY T, JFREEGRH FD=2178, SCC
PRI FD=729)F1 p-H 4558 FD=729, SCC UM
FD=9)7E P il LG AL 42 By i 3 R ML 3= i FD A7,
AL I AR AN G2 T SORFAAE 1Y E 2 oTmk L 43 . 78
BRGNS T, RS Y R AR B
TRAFEFWA S, BET N - AR R AR . KR

FIBE, (BT p-A R EGKER, BWiEAR, A
HEW . THAA MR SKENZER, EMEEER
EMEMEFSAEY, BEMHRY, EE—FMREE TR
W, B-F A R 3 3 Ak A D5 A IR A X A
T AT ST b S 2, S B HAT ST
TN AT AR AT R N I L S R RS
KA, WA WP FH RS RK, EHTFX
A3 A Ta] it Fofr ML A6 K L i Y B 2 R A HE AR D,
F5 B WEAT b X e A A O HLHA A [ 0 SRS, A
WAE S H A dh o e Rl A TR . AR AW
(BR)-T5REFEAL LI, 578 ARG SR 11 (3.S)- 05 i e 11 2 &
BB RPEZ AR R, (BR)-IF RERES AL L(3S)-0F
Rl HRT A BRE AR, R AR R A AR
R R LRI P &I R E AR RN Z
Jn, TSR AE LA S 2 18 DL R R AR AR A
ZIEMAHEAE R o LS5 R - BE R I AEAE I, Sl
Al FEAC T A & B T R B I EE A . BRib =z 4h,
7 A B R {0 R ) o R B B IS A HAE L, Wi sE &
TR 5 A X ML o ) S R AR R B R, LA A R AR
R, KU T A I RS RE S IR T IR, VR T i 95 R
) 2 11 555 o g S B

B2 Al A Wl R KRR, WP kB, H R
AR T B AT gl AT, SR AE R I &R AA B R
M TTRRE). FERG Y 5 FhERSRAL S b, SERR . 2-H
HTHELREE . PR, 2-F 2 THRERARRBLE T3
B ARE M, TRRR-2-F 3 T HR R T T8 .
TR RS R B . TR B g% T R R U B & SR B
TR, X5 2 A AR — 80

RS Y b, -3-C 8- 1-FE 18 75 Fh 3 By
WA TR SR FD B, MU BRI ok 7 4k
O, BENES . EHEEMIEEha . FEREF
PRI -3- O T FR AL, TP 78 HP %) I 91l P8 3 o 6 S o7 2% Bk
Hle TR R, B AR AR, 7
PR R TR 3 o T A Ak BRI -3- 0 - - PR b TR g
AR S e S I R . W RFE R mIN-3-C
-1-FER D

RGP E B SRR A G, MR mEARR
FKE ., MG, FrEEE, MRS S A IR
5. 4IRSk MR IR B A A A R
%, T TAEMUPE AL TR R P 2212 e PR AL L)
ARSI B —Fp oA B S IE AL B Y—— T, 4T 7E
TR AT AR KUK

RRSRUL, FYEREE . p- A R . -3-C 0 - 1 - R D
AR A S EFE MG, HNAET R T4
SN NI 7S L1 i 78 N U R S B & e 7
fi . 2-T- Wil 2RI B CO, ZEBUR B A R H LAY
-HRET W, FEEMEREA SCC 2B A EHIEH S .



F 14

I -0 TREF G T T R -SIN NE AL B e SEUYET 2 e L AR (TW/SW 061 HH L 20T b YA B RS R 2k L gR(Tw/Sw 0041
‘2T O VY M I BJAEE T v W) S Y O I 2 ) 0 [ g 2T Y F N R RS K TR W BRI G T U 2 G 6 i 3 B, * el Tl s G T A D) XV M-I i I 2 ) B, R

B dn 2 4 R R I A 4R

7501 0T'9% I I LY81 szl 8% 0 I'T ‘S 1-%2-901 g
60°LT 89°TL 67L L81T LYS1 6601 o R
8% 0 “dI'T ‘S 9-0L-8L A
100 see € 6 €9yl Is€1 W gV 0 I'T ‘S 8-71-669L1 Yk sk ga-y-(-)
S
100 €1l 6 18 6LET 22t LY 0 “dI'T ‘S 1-61-910€ Y9V T 9D
81°0 S9¥T - 13¢4 el Sz01 8% 8y 0 “dI'T ‘S v¥8-LTS ST ol
vIEL LOSSTIT 6 6TL 1911 166 Yl 0 I'T ‘S €-6¢-€T1 YH
€€°0 81°¢81 € 6 8201 L£6 S v 0 “dI'T ‘S 8-95-08 k-0
el
200 90 6 18 16€1 LIT1 S 0 “dI'T ‘S 9-61-¥C1 E
v RE
1€0 7069 I LT 9991 €98 Y-l 3l 0 “UI'T ‘S TvL-€0S AT
200 0v'9C I 6 6vP1 019 Y4 ¥l 0 “dI'T ‘S L61-%9 a7
=2
61°0 86'6¢€ 13%4 8¢l 9zI1 Sy 3k 0 “dI'T ‘S S-IT-111 HH oy e
100 L0°0 I 6 L9ET S+ ¥l O “dI'T ‘SN 6-£8-065SS B [ ¥ gyl
L1°0 69°TC - 6 STEl wil Sy g3k 0 IT ‘S 6-92-6£089 HEYI [ kT
901 or'y - I8 Y811 ST6 SH K 0 “dI'T ‘S L0L-901 W @D
0$°0 90T I 6 STII 088 S CE3¥ 0 IT ‘S 6°1-v79 Hi 2% [ ¥k ¢
v El
01°0 vI'l 6 0L81 9¢01 S 0 I ‘S 9-16-001 #L
100 81°0 - 6 1LS1 (i28! SHy K 0 “dI'T ‘S v-18-€086C B T-94-T- DY - 1-( A7) ]
YTl 811 I LT €Syl 0L6 Sy g3k 0 “dI'T ‘S 9-0L-111 AT
09°0 €1 1974 6TL T8¢l LS8 HH P 0 “dIT ‘S 1-96-826 Tl 7 v R o
09’1 vTe - 6 0zel SLL Sy ¥ 0 “dI'T ‘S 1-78-956 L ke
0€°61 ¥8°61 6 € 8021 6L 442 o fu 0 “UI'T ‘S 9-7¢-LEl 2 FET
L8°0 750 € 18 7601 S79 42 “[afun 0 “dI'T ‘S 1-€8-8L AR
v 3E
Sv'0 L9701 - 13¢4 06€1 7601 HE B 0 “dI'T ‘S 9-65-128 [HE-T
120 8€°0 € LT 0101 SEL Sl 83K 0 IT ‘S 1-01-801 MEX1-T-5¢ v
€00 S0°0 I 6 6L6 $6S SH 3K 0 “dI'T ‘S 8-€0-1¢¥ = [ -€C
v Sl
AR AR ____RE R " g BT &S e
/8, 35 A ad VT

50

sis[eue SIN-0-D9-AAVS U0 paseq s)oen)xd doy jo spupy g ut spunodwod ewo.ae Jo judjuod pue uonisodwo) | dqeL
ESYMAGS NS B hHH T M CH Y SW-0-DD-4AVS £F 1%



5512 4]

BRI, S50 FET i 5 CO, A BUMIGEFE HE AT 12 1 W 1E 48 HUP) & Rk L 4K 51

2.3 FMETEREUIP & SRR

HE 2 AT LLE H PR AR A B A 45 K 1 R4y 22
S, LSRR BT, BIGAR CO, EBURE
S g i AR S R R A (99.55%), B
#BIf A CO, 5I1E C e i AE J1 24, A BE Pk i AL HiCIE
WetE e &Y. MAREERAG I 2 M AR L AW, T EE
TR 1) et 37 an 2w s BEOST . SCC R By rh e HAT 3
B AL A 1 R T I 25 (52.03%) T I I 25 (29.30%) I i 28
(16.15%) kA4, X 540IE B AR T HABRE T2, scC
R HE AR RS IR — 5,

100 o RH
sol o SCCHEBUR
S = 7
%3
o i
Z 01
o[ B T B
Bi2e mHIm2E WE2E WIS EEK MK WHIAEY

s/ eS|
B2 PIRE LS R R A R A A A i

Fig.2 Relative percentage content of different volatile compounds in
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