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Identification of Major Bitter Compounds in Zanthoxylum bungeanum
Under Different Thermal Processing Techniques
WANG Yugian"?, LI Ting">*, GUO Jiayi'"?, WANG Jia"?, XUE Mingjun"?, ZOU Tingting">"

(1.College of Food and Health, Beijing Technology and Business University, Beijing 100048, China;
2.Beijing Food Additives Engineering and Technology Research Center, Beijing University Engineering Center for Food
Additives and Ingredients, Beijing 100048, China)

Abstract: Zanthoxylum bungeanum, as a vital spice, the presence of its bitter components has a notable impact on the
overall flavor of the food. To deeply explore the formation mechanism of the bitter components in Z. bungeanum and
correlated influencing factors, this study used bitterness intensity as an indicator and employed sensory evaluation to
optimize the processing conditions of Z. bungeanum during boiling and frying through single-factor optimization.
Furthermore, organic solvent extraction, solid-phase extraction, and preparative high-performance liquid chromatography
were used to isolate and concentrate the bitter fractions from Z. bungeanum water and oil. Subsequently, taste dilution
analysis was employed to evaluate the contribution of these bitter fractions to the sensory characteristics of food.
Additionally, high-performance liquid chromatography-mass spectrometry was adopted to identify the bitter components in

Z. bungeanum water and oil. The results indicated that during the boiling process, increasing the amount of Z. bungeanum
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and extending the boiling time intensified the bitterness, while the bitterness of Z. bungeanum during frying process

increased with raised temperature, extended frying time, and increased amount of Z. bungeanum. The recommended

conditions for consumption and processing of Z. bungeanum water and Z. bungeanum oil were as follows: Z. bungeanum

water was recommended to be boiled at 100 °C for 5 min, and the dosage of Z. bungeanum could be controlled at less than 2 g

to reduce the bitter flavor. Z. bungeanum oil was recommended to be fried at 105~120 °C for 10~30 min, and the amount of

Z. bungeanum could be added moderately to keep the bitter flavor low. The main bitter substances in Z. bungeanum water

might be quercetin-3-rhamnose gentiobioside, quercetin-3,7-di-O-4-D-glucopyranoside, quercetin-3-O-robinobioside, and

nuciferine, while the primary bitter compounds in Z. bungeanum oil were hydroxy-a-sanshool and hydroxy-fS-sanshool.

This study provides data reference and theoretical basis for the processing, quality control, and bitterness reduction of Z.

bungeanum.

Key words: Zanthoxylum bungeanum; thermal processing techniques; solvent extraction; solid-phase extraction; bitterness;

taste dilution analysis (TDA)
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FHELH, FATESE 3 IR,
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BRI ST, 7 110 °C F4r5ilimeE 10, 15, 20,
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&3,
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R 2 RV RIEA 1 A A 8] v AR SR 511 %FEEE
AR AL BT PR . PEM AN R TETEM AT RS 1
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1.2.2 JER PR BT 1 28 e
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IEIN#RE , P FEAB LKA SR R ROk . TR
SHIRATG, YA U8 LA L BRAEAER I, 159 2I4EAUK
P B, SR B CAILEE 8000 r/min il 4 °C
NEC 30 min, BRI RAE N SEIG T T B TR Y
AERK, ¥ AE—20 °C £ Ho

AEHH : KB AR B 20 g By R AEARUINE] 100 g B
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FHL A 3L U8 LA R BRACARER I, 159 BAEHTAEE, V17
—20 C & H.
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Fig.1 Separation and extraction of bitter substances
in Z. bungeanum water samples
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B, BEENIE AT, P4 1 mL HH s/
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1.2.2.3 AEMGH IR BT SEEL  AERIMAE R

SV RRF I TR R4 BT A ZE B IR T A,

ASTA] A5 1 B SR MR AIE A AR ASE s 26 BB

B¢ 30 mL FERRUH, 43 = A 30 mL F /7K (0:
100) ZEHL, IRV HE 1 h, BB RS, 1
S P W ARERAERIRE S . B ok, 435 FH H /oK

(30:70) . /7K (50:50) . FEE/7K(70:30) . FREE/ZK

(100: 0) X AEMTHRE RAR IR P TR . il LA 28

R ARYASF 1, 11, 11, IV Hpui~2H53,

1.22.4 BHRTHEE  FHEHZE R AN LH 57 i i 5y
A HLERIIEZS L 25, ARYEIE LA I/ b aligoKiezs

BRI B AN 55 B0 48, LA —80 C VKFH S R

8 ho HUHJG, JA 7K I T B B O FH AR e st 11 I

EF AL, JEIAR IR T L. ¥ BHEE-80 «C, &
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1.2.2.5 HISBIEAH S (Pre-HPLC) IR L 42
0.22 um JEME L UE B AFE M 8. i shAH: 4l F s
(A A FnB LK (B #H), iE4:: Zorbax Eclipse SB-
Cig i AE (21.2 mm=250 mm, 7 pm) , FHFEH K

2 mL; #3625 °C, #h 280 nm. HoE AR5
s BT

MUK T-A: 33 5 18 mL/min, % HiG B B .
5% # I A, 0~5 min; 58% ¥ 7F A, 10~22 min; 70%
B A, 23~30 min; 80% 5] A, 45 min; 95% ¥ 5
A, 46 min; 5% ¥%55%l A, 60 min,

FEMOK T-A: FH N 18 mL/min, BETEREE: 5%
#7F A, 0 min; 20% % 71 A, 10 min; 50% ¥ 7 A,
30 min; 55% & 7] A, 40 min; 70% %57 A, 60 min;
5% %5 A, 65 min.

FERIK TV-A: FEE N 18 mL/min, LEIESEE: 5%
% A, 0~5 min; 40% %55 A, 25 min; 60% 5 A,
45 min; 95% %55 A, 50 min; 5% %55 A, 55 min,

AEHM: WA 15 mL/min, BeBiAREE: 5% 5]
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TERUK TV-A-2: HEFREE R 10 L, YeliAsE: 5%
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FEER DTHRER R

VR T RS Y BRABE 53 FH 3% LB /KRR &L 5
A LI E %, [FIRTHEAS RS 3% L EE/K I ZES FURE B
REIAE S AN 2s FURE Y AR 2K L 2 mA5%m 2
M RE 8 A%, Al —Fa B B AR DU ASE 5y R PR 4> 25
PR R —2H ; BB TP A ST A FR BEAS ZN i B
22, AR T SRR A TR Z2E R IORE AL . AR
PEHT ABC A IR IEA, W) AR B A B A 122 A0
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IREAEHATIZIASH
1.2.2.9 FRYEEME 5, ik HPLC 53hrh
SR UGS RN A 8 S MRS GRS I, 0 TR BT
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PR B AT b TR e e . B, SR 5T
A 5T 5 AR ) R DR TR], BB AR T
1.3 BIEALE

PR SEE I E R 3 IR A HlVE FEHE 53T
il i Microsoft Office Excel 2019 #4-5¢ il . K
SPSS 24.0 #EAT M4, P<0.05 fUR2EF B35
BT 43 A B 5 F Agilent Mass Hunter qualitative
analysis B.07.00 {4, T8 | il £ B AH (s E
LA S HPLC-MS B 3% &1 i Origin 2021 K AF2x i
T %o
2 HERERHR
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2.1.1 #RE FEREE B AAERUT AR 3.57 g Al
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THFE AT RIBCE PP . UNER 1 PR, ZEVHAETR
JE 105~120 °C PN, FEHEH A5 R B Bt 7 A0 T
TGS 76 120~125 °C B}, FEAGIRE AT R R BE AR &
ARk

e W N i i a3 Gl S SR A SR A R L S
Table 1 Sensory evaluation results of Z. bungeanum oil
bitterness under different oil temperatures

B R (C) TR CFY45) Uil
105 0.14* A
110 0.43° A
ZIAEARGIN 115 0.57° A
120 0.71°¢ A
125 0.71¢ A

T HOT-3993350 R DL 152 g RE Sy, 3940 13 e DL L 350D F 5
WRERHAE, 1ML B AR AR . P<0.0SAFR 25 3, SE R
R/NE FEARIE T BAHE, 22~F70.

2.1.2 BffE]  FELAEMUHAR 3.57 ¢ FUKZEIEE 100 °C
FTEOL T, ANEIZK R TR] AT A AEABUK AR S A T R
B, B3R 2 iR, FEKZE R A 5~60 min N, 1E
PO A 5 A A 3 el sk ] 17 B T G 5 . /K G A ]
5 min B}, fEARUK A9 PFRERR BT O nT B8 S PR A 51 B
R . TEAEMUH = 3.57 g FIVHKETREE 110 °C 1Y
TEOLT, AS RV KERT [R]Ir A3 AE ARG 7 R P 25 S an
22 2 N, FEWXERTE] 2 10~30 min PN, ZERBGH AT
AR R A AR i o A 1] A B g A B SR H AN B 2

2 AR E] R LUK R AR v IR AN 4G
Table 2 Sensory evaluation results of Z. bungeanum water
and Z. bungeanum oil bitterness at different times

EaT 18] (min) RS CF143) TR IR

5 3.14° e
15 4.00° W

ek 30 4.17° W
45 4.85° iy
60 5.14° iy
10 0.14° N
15 0 N

AEABUH 20 0.14° A
25 0.28° AN
30 0.42¢ AN

2.1.3 HiE  7E 100 °C 7K 60 min T, A [FILERUH
TS AEAUKAR S TR E T . S5 SR 3
JT7R, TEAERU B 0.5~4 g PN, AEABUK 0% 8 AR 2 Fi
2SRRI, FEEMUTHE Y 2 g LA_LAT, 78
UK BB, BB 28 fbBAE . 7£ 110 °C
YHKE 30 min R, ANEIEARUH B TS AEARIMAE 3t T
TREVE I . 5 RUNEER 3 R, EEMUH = 0.5~
4 g PN, FEASGH 000 IR B b P S s i s A B, (H
BRESANE R

LR LR, HAEACAORK FIAEMGR I & L I T.4%
HUNTF : AEAUKIESEAE 100 °C & 5 min, 1EA8UH
EHITE 2 g LR, DABU/DTERE . W AEHM IR

3 RFEEAUTTE T EBUKEERIAERUMAE Tk
EPFI SR
Table 3 Sensory evaluation results of Z. bungeanum water and
Z. bungeanum oil bitterness under different dosages
of Z. bungeanum

FE i (g) WRAR 5> CE343) R
0.5 0.83° NS
1 1.67° Ty
TEABK 2 3.17° i
3 4174 i
4 5.33° W
0.5 0.17° AN
1 0.17 ANy
AERTI 2 0.67° ANy
3 0.67° N
4 1.33° [Cei

105~120 °C PYIHKEIRE T KEM] 10~30 min, FEARUH &
FEEEIN, MRERFRAR S R . Btk 18 Y4 hilvm e
TR . B EIANAEARUH &, LA B K &R TR A EAUH &,
AT LA FREAEHIMRIAEARUK A9 BT T

2.2 FEPAMIIZ THMPERIRAHAR

2.2.1 BHHEREO IR L

2.2.1.1 FEMUKEFNIREBOT L HUE R E A E]
=1 TP X AEABOK A T S2H R 2R B, HURE TN 4
RANER 4 i, A H Bl 8 ZBR 2 BUAY 4 531
B, =R AEBUS I AEAUK SR R TS B i, G
BRASSTATGRE 3.71 43 IEIRBEREBUBCRAME, HF
BRAS 4N 0.86 43, i 55 FF BE 1 £ 1R . TR v HE U
TR, I S P AL S I B GE
AT, S H eI 2 TR £l PT R — e iE S A i
WS | A B RSY, UG KR T RE S A
SILMR . WIS | OHLER KIS B A . LI,
AEAOK F 8T IRY) 5T A B2 FH i L fh2E a4 2H ko

4 AERBUKRE HELEA R AT AR 0 o RS B TP 4 2
Table 4 Results of bitter taste sensory evaluation of the liquid
obtained from continuous solvent extraction of Z. bungeanum
water samples

4oy TR CE54)) A
TCE SBE A 0 0.86° N
(A P BEAEBOR) 2.86 e
(2% 2 BEFEBUR) 229 e
IV (FEHUS A EAHIK) 3.71° W

2.2.1.2 FERUM IR RS SRS L) B ok
FREWAEMGMEE &, 509 HPLC 455 an1E 2 s, i
25 PR U R B ) AR I, W A28 A T i AR
1k, fH 6~14 min WY BRCRASS F 4T, H s Hg
AL B i A B i . PRI, 100% 1) FH iS4
BAEAIIARE SR et

2.2.2  IREFKM NG R BT 53 AT

2.2.2.1 AEMOK T BRY) BT S B R H AERUKAE
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Fig.2 HPLC results after extraction of Z. bungeanum oil with aqueous methanol solutions of different proportions

I RSN FE I, A 2RO A LIRS T
AR R TRPL, ¥ VR T B4 10 TOIE e 25 U
(AP EEAEBOR) TN LR CBRHEHUR) « TV (FEHL
JEHIAEABUKO) PO H 53 59 AR AR AAEAUK ST LE 4]
wT AUk, EE TP AN TR . 25 R oK,
I ZH 43 1 IO 20 53 B0, TV 20 43 09 3 R 4 Sk B b
(R 4). Bk, i 1 iR, it—B e alife 4520
S R AR, X I T, IV = AN B e i 20 55
K5 AEHURFER — S P B HORZ SPE P A i v R
[ERIE AR
Table 5 Results of the bitter taste sensory evaluation of the

liquid obtained by SPE from dichloromethane extract
of Z. bungeanum water

4T SPE 4bFH,

AN RUCR W /7K (0:100) | B /7K
(30:70) . HE/7K(70:30) F0HI /7K (100:0) %f SPE
B EORR S IEAT O B, AR Ve R TR IS LIAERR
IKIEA LU 3, I TIRVE V. sk 5. 3K 6 I
227 PR, =AM /7K (01 100) ZEHUHZH 53
R R S s 2N, Hoh PR SR AU P A 2051
IRV, UL SR AR FAEROK Fh i sk
6 AEHUKRER LR REHEIEZE SPE BRI 10k RS

I EER
Table 6 Results of the bitter taste sensory evaluation of the

liquid obtained by SPE from ethyl acetate extract
of Z. bungeanum water

Moy RIS CFE43) WA oy kA CRY45) RIS R0
I-A 557 gy M-A 6.43° W
I-B 0.57° N -B 1.29° (B§
n-c 0.14° N m-c 1.57° (B§
I-D 2.14° Ty mM-D 0.57° NS
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Table 7 Results of bitter taste sensory evaluation of the liquid
obtained by SPE of Z. bungeanum water after continuous solvent

extraction
il WIRAR > CEH47) WRAR
IV-A 3.14° W
IV-B 0.28° A
[\ e 1.71° Tt
IV-D 1.57° Tt

SR A 4 0 i RE D A Bk . LI, SR Pre-
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Fig.3 Pre-HPLC isolation and purification results of the bitter
substances in II-A
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Fig.4 Pre-HPLC isolation and purification results of the bitter
substances in I1I-A
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Fig.5 Pre-HPLC isolation and purification results of the bitter
substances in IV-A
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Fig.6 HPLC plot of bitter substances in Z. bungeanum
water [V-A-2
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Fig.7 Pre-HPLC isolation and purification results of bitter
substances in Z. bungeanum oil samples

£ 8 AEMUKEE IV-A-2 FriE bRy 5 Y T A b

Table 8 Mass spectral analysis of the bitter substances in Z. bungeanum water [IV-A-2

U - B3 15t ] (min) P (nm) IEE TR FE TR B A G

1 20.760 280,350 773(100),303 771(100),625 Witz 2 -3- A e I0 — W

2 21.145 280,350 649(100),303,465 625(100) Wit B 2-3,7--0-4-D- ML A A B 17
3 22.120 280,350 649(100),303 625(100) Wi Z-3-O- B

4 23.473 280 296(100),318 294(100) TE B
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Table 9 Mass spectrum analysis of bitter substances in Z. bungeanum oil samples

e LREA ] (min) Pk (nm) B TR IEE PR Y MR A5 R

1 20.480 270 262 286(100),264,143,186 BIk-e- IR

2 21.667 270 262 286(100),264 BI-o-IIER

3 22.613 270 262 286(100),246,110 FREL-p- IR
20232 FEMGH TR R A Rl it HPLC-  THKERCEIAH LY, AEABE K R A B 8 5 o ik, 46

MS X} B 7 BT R BT AT 4387, anE 8 o,
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Fig.8 HPLC plot of bitter substances in Z. bungeanum
oil samples
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