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Study on the influence of different processing techniques on the quality of
Zanthoxylum bungeanum tea

YAO Hua-Kai, WANG Li, LUO Ying-Jian, LUO Xiao-Lin, GUO Qun-Yan, WANG Yi,
CHEN Yong-Qi, LI Li-Qian”

(Zunyi Academy of Agricultural Sciences, Zunyi 563000, China)

ABSTRACT: Objective To optimize the processing techniques for Zanthoxylum bungeanum tea, elucidate the
mechanisms through which different methods influence its quality and bioactive components. Methods Through
a comparative analysis of 3 kinds of typical processing techniques for black tea, green tea, and white tea, this study
systematically evaluated their distinct impacts on the quality characteristics of Zanthoxylum bungeanum tea.

Results Among the 3 kinds of processing techniques evaluated, the green tea method exhibited the most favorable
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overall performance for producing Zanthoxylum bungeanum tea. Regarding sensory quality, this method effectively
preserved the characteristic aroma and flavor profiles of Zanthoxylum bungeanum leaves, yielding a unique sensory
profile characterized by a mild numbing sensation and a fresh, spicy aroma. In terms of nutritional and bioactive
components, the content of water-soluble extracts (36.00%), vitamin B, (0.46 mg/100 g), vitamin C (154.00 mg/100 g)
and f-carotene (1.31x10% ug/100 g) were significantly increased (P<0.05). Functionally, the green tea method achieved
a total flavonoid content of 9254.24 pg/g, which was significantly higher than that of Zanthoxylum bungeanum tea (Red)
and Zanthoxylum bungeanum tea (White) by 206.30% and 93.90%, respectively. Moreover, the retention of numbing
compounds, including hydroxy-a-sanshool and hydroxy-S-sanshool was optimal; their concentrations fell within the
desirable threshold range for both flavor and bioactivity, without inducing any negative sensory effects. These
advantages were attributable to the high-temperature fixation step inherent to green tea processing, which rapidly
inactivated key enzymes such as polyphenol oxidase and amide hydrolase, thereby suppressing oxidative degradation. In
contrast, during black tea processing and white tea processing, enzyme activity was not sufficiently inhibited, resulting
in varying degrees of constituent transformation and degradation. Conclusion Through the modulation of enzyme
activity during processing, the green tea method achieves the simultaneous preservation of sensory qualities, bioactive
components, and characteristic flavor compounds in Zanthoxylum bungeanum tea. The resulting product thus exhibits
both desirable flavor attributes and potential health benefits, establishing this method as the optimal approach for

high-quality production. These findings provide a crucial technological foundation for the high-value utilization of

Zanthoxylum bungeanum leaves.

KEY WORDS: Zanthoxylum bungeanum tea; processing techniques; nutritional composition
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AR C. B-E MR, EEESRR. B . EIis
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1.0~9.0 min, 80% A; 9.0~12.5 min, 30% A; 12.5~13.5 min, 5%
A; 13.5~13.6 min, 5% A; 13.6~16.0 min, 90% A; 16.0 min,
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Fig.l Effects of different processing techniques on sensory
scores of Zanthoxylum bungeanum tea
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Table 2 Effects of different processing techniques on the physicochemical quality and nutrient bioactive components of Zanthoxylum
bungeanum tea

mTTZ KA 1% Kig /% i By/(mg/100 g)  4EAZ C/(mg/100 g) B N F/(ng/100 g)
A (L1) 1.53+0.08° 26.30+0.14° 0.36+0.05° 69.10+0.25° 3.19x10°+0.55"
WA () 4.62+0.13° 36.00+0.21° 0.46+0.06° 154.00+0.33° 1.31x10%£0.43°
WA () 6.47+0.14* 35.40+0.17 0.28+0.03° 58.30+£0.22" 3.58x10°+0.62"

e N F) AR R WA A 4 B) A7 70 I 3 () 22 5:(P<0.05), F3£3~5. 7.
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Table 3 Effects of different processing techniques on the composition and content of free amino acids in Zanthoxylum bungeanum tea

T /(2/100 g)

jEAUS EY
AR (4T) BUEZS(2) WA (F)
PNRES 17 2.03+0.05° 2.25+0.05" 2.66+0.04°
fitf IR B AR 2.34+0.07° 2.57+0.08° 2.2540.07°
s8-8 4.37+0.14° 4.82+0.16° 4.91+0.22°
N2 R 1.18+0.03* 1.19£0.11* 1.08+0.05°
25 R 1.17+0.04° 1.3840.10° 1.24+0.11°
- TR 1.19+0.11° 1.18+0.06° 1.08+0.07°
i 2 2 1.29£0.07° 1.1440.07¢ 1.93£0.12°
IR 1.04+0.10° 1.0620.04° 1.0140.03*
B 5.87+0.16° 5.95+0.21° 6.34+0.25°
I AR 1.2640.05 1.25+0.12° 1.30+0.05°
AR 0.5240.03° 0.56+0.07* 0.51+0.02°
KINAR 1.060.06" 1.10+£0.11% 1.18+0.12°
ik SR 0.69+0.05* 0.7240.03* 0.68+0.06°
- SRR 1.76+0.12% 1.80+0.07* 1.610.14°
l‘h‘ 2 2
A 1.08+0.11° 1.1040.08° 1.02+0.09*
HAMR 0.2940.02° 0.25+0.03° 0.20+0.01¢
TR 1.17+0.07° 1.20+0.05° 1.19+0.06*
ot R 1.1740.05¢ 1.62+0.12° 1.39+0.11°
=84 9.00+0.24° 9.60+0.26" 9.08+0.27°
SR R 19.24+0.32° 20.37+0.35° 20.33+0.29*

R4 FRMITIZWWEREHBREARRE S S

Table 4 Effects of different processing techniques on the fatty acid composition and content of Zanthoxylum bungeanum tea

FH/(g/100 g)

a3 st
UAAS (L) PR 2% (5%) MR (1)
PR R (L E R) 0.0042+0.00° 0.0052+0.00° 0.00430.00°
TISHRIR (FRHH TR ) 0.3230+0.04° 0.4620+0.03* 0.3390+0.08"
LG V5 R T\ B IR (BE N5 12 0.0327+0.01° 0.0346+0.01° 0.0276+0.01°
TR (LHTR) A H 0.0069+0.00° A
B 0.3599+0.04° 0.50870.04° 0.3709+0.05"
MFE-9- 75 ke — I iR 0.0036+0.00° 0.0055+0.00° A
N R -9~ )\ ke — 5 R (T R 0.0253+0.00° 0.03370.00° 0.0242+0.00°
P58 is 0.0289+0.01° 0.0392+0.02° 0.0242+0.01°
JBR, -9, 12— /\BR I R . s .
() 0.1970+0.03 0.3850+0.06 0.1780+0.04
T, 5, -9, 12, 15--/\ Bk =I5 HR (a- TLIFRFR) 0.4460+0.05° 1.2000+0.06° 0.3400+0.03¢
ZA AR M, J-11, 14-— A8 R A 0.0036+0.00° A
M-11, 14, 17- A5k =R A 0.0079+0.00° N oA

=N
Sy

0.6430+0.03°

1.5965+0.03"

0.5180+0.04°

I I P 8

felm

1.0318+0.05"

2.1444+0.09*

0.9131+0.08°
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AT 2% (%) PR AR R S T RIS D R 75 b 3K 0.4620 /100 g,
R R ORI AR R & B 2 e T A I A, R
A LA AT T e TR AR, R AR
2, B (BT a-TERRIR(1.2000 /100 ) FIVE i iz
(0.3850 g/100 g)SFZ AEFNG IR &g, o lgliig
TERILF] 2.1444 g/100 g, WE S T LA 2R (P<0.05),
X TR T LA R F AR R R R RetE, A
W53t K BRI KB Z ARG TR, A a- SRR R F1IE
RN ERD, KT, S5 T T2 B350k THE
FHRWIRZA AL ST AR a- M RRER ALV R % 2
AHFIRG Wi R, W% T2 R R (R B A S o
BGr, AR R DR A S . RRIDTRR DR 25
Bt S8 A ARG MG SRR POk s A,
TR . o-WIRRIR S AU A oA, RIS AR AR T, skt
GNBNITRK i A5 R BEP IR A A THIEL Z AR ANBIR A
R, RN RS A, S ER
R i R, ONZR I RE N 1266 A Ay 3 FR LA 220,
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Ao L3 AL MU ZS (S0 I B 28 AL 51 i 3
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Table 5 Effects of different processing techniques on the content of classified flavonoids in Zanthoxylum bungeanum tea

. e A (uglg)

s i PR WD WE R WEF)
1 =N i T 21.75+4.25° 31.96+5.23" 16.64+3.72°
2 Wit Kz 2% -3-0-3 A1 BURHH: P 1.05+0.23° 8.07+2.12° 2.69+0.34°
3 INZEAT A i P 14.81+£2.81* 13.62+2.61° 11.82+3.11¢
4 R Py 0.53+0.03" 3.81+0.34° 0.23+0.02¢
5 Wit Bz 25 -3-O- 8 265 W I R Py 159.67+17.26° 949.41+67.26" 482.63+47.27°
6 SERAEE-3,7-0- A A B i T 1.20+0.12° 2.3240.65° 1.56+0.43°
7 Wit K2 K -7-O-p-D- % i P 5.95+0.52¢ 35.40+5.33" 16.11+1.22°
8 Et24 520 i P 50.93+8.35° 109.71+16.87° 83.98+11.72°
9 it Py 19.50+3.64° 60.29+8.35" 47.48+6.76"
10 iR i 106.31£12.65" 74.30+9.22° 33.54+5.23°
11 iz 17 B i 1508.92+187.27° 2142.16+216.24° 1636.38+168.87°
12 RRER B il 2.67+0.36% 1.36+0.27° 2.42+0.27°
13 TS -3-O- M E AT i P 4.97+0.87° 45.05+5.32° 17.98+2.18°
14 SRR 3-0-F A T i 3.17+0.21° 1.63+0.30° 1.50+0.21°
15 FERS 2R i T 1.49+0.21° ND 3.15+0.45°
16 =MEF P 103.41+12.76 ND ND

=85 2006.34+162.27¢ 3479.10+226.27° 2358.11x176.28"
17 FHARE il 1.36+0.34 0.16+0.02° 0.68+0.03°
18 PR 6,8--C A M il 233.28+25.87 183.71£20.18" 222.89+18.38"
19 ARBEZ | 16.85+3.87° 4.42+0.64° 28.30+5.42°
20 AN B 15.48+3.71° 9.70+1.28° 11.64+2.11°
21 i B8 =] B o il 32.86+£5.27" 8.17+2.18° 19.42+4.86"
22 M AR ZE-7-H BT o il 0.85:0.04° 0.37+0.01° 0.77+0.02°
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o , AR (ngle)

G o PR WEFRCD) W) WA
23 i3 H 1.7940.42° 0.61+0.05¢ 1.21+0.38°
24 BRI JE 17 HE 4.15+0.28° ND 5.00+0.34°
25 1 B2 K -5-O-Hij AT H il 7.53+0.76" ND 5.59+0.38"

o8-+ 314.16+£28.26" 207.14420.19° 295.50+26.81°
26 MRt =y 1.33+0.21° 6.03+0.37* 0.98+0.05°
27 i A 4.38+0.31° 0.23£0.01° 1.47+0.08"
28 BT AR 0.78+0.04° 5.74+0.28" 7.33+£0.33%
29 SRR B =y 5.68+0.76° 10.03+1.38* 7.90+0.87"
30 B He 1 ey ] 132.20+15.82° 65.83+9.18° 86.94+12.17°
31 s e K -7-O- M BT A HE 3.2840.47 1.94+0.48° 1.13£0.64°
B 147.65+15.87° 89.79+9.37¢ 105.76+11.87°
32 2,4- IR KPR R HATAY 14.56+3.81° 5.88+0.76" 3.81+0.52¢
33 WETR R R S AT ) 9.44+0.81° 24.59+5.92° 133.23+12.98°
34 JRILZ R R HR AT A ) 73.25+12.81° 17.45+4.39° 239.16+21.87°
35 KGR R IR S KA A 43.32+7.23° 5.28+0.87° 9.74+1.27°
36 FHHR R R S KA A 78.0149.12° 13.97+3.18° 49.99+6.28"
37 2,5- I H R KPR AT AW 1.800.26" 0.460.08° 2.85+0.37
38 R FER R KRR HATAY 28.56+5.23% ND 27.71£5.12°
39 THm® R H R AT A ) 8.54+0.87* ND 4.53+0.67"
B 257.48+26.28° 67.63+11.82° 471.03+40.82°
40 R KN 7.1540.87° 19.34+3.23° 7.3740.69"
41 PO KN 27.10+3.81° 17.00+2.11° 7.15+0.76°
42 SRR RNIR 146.68+22.87¢ 1915.93+220.86° 630.25+61.28°
43 SN RN 4.3240.21° ND ND
B 185.24428.13¢ 1952.26+422.87° 644.77+137.82°
44 ZAULAE R 1.25+0.21° 0.14+0.01¢ 0.62+0.02°
45 TEIERN R 0.16+0.01° 1.78+0.26° 0.33+0.02°
46 HERATT R 4.01£0.38¢ 15.92+3.18" 6.32+0.76°
e 5.42+0.47° 17.84+2.81° 7.27+0.87°
47 WETILRRRE TRER Pt B 20.20+3.82° 738.08+47.34° 2.89+0.72°
48 ()-RILFEE o B 5.98+0.87° 532.94+32.98" 183.49+20.88"
49 ILE R BB TR o 1.46+0.43° 14.120.98° 0.05+0.00°
50 BETFILERE B LT 0.11£0.01° 7.80+0.47° 0.68+0.02°
e 27.75+3.81° 1292.934+217.27° 187.11+16.27°
51 HER T 2.474+0.32° ND 1.32+0.18°
52 KRB EK-37,7--O-H i1 SR 5.17+0.72° 10.71+0.87* 5.84+0.67"
53 JRAEH % By JRAEH &R 28.60+4.18° 2072.14+187.28" 628.42+37.28
54 KT BEAF 1.50+0.37 ND 1.32+0.08"
55 YEIEIR 745y 1.63+0.22° 5.12+0.76" ND
56 7RI G HE HTER 20.93+4.38° 40.97+4.92° 43.2445.38°
57 Tl 2 2 A% IR i 75 IR il 1.210.26° 1.73£0.46° 1.39+0.37°
58 SRR o R AT 11.70+1.82° 11.46+2.12° 19.41£3.92°
59 ZEEAT i TR B ND 5.4240.27° ND
60 FAREE 13 R 4.09+0.65° ND 2.28+0.37°
FoAb 2 77.29+18.28° 2147.55+176.28" 703.22+76.18°
WAL AP St 3021.33+172.68° 9254.244258.23" 4772.77+231.28°
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Fig.2 Scatter plot of the proportion of each flavonoid subclass in
Zanthoxylum bungeanum tea
according to different processing techniques
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Fig.3 Distribution of flavonoid compounds in Zanthoxylum
bungeanum tea by different processing techniques
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Table 6 Standard curve linear regression equations of 4 kinds of
hemp flavor compounds

HFR EaeatlRyys AR B
Fth-a-IIBR Y=64.376X-6.3503 0.9999
F-p- LR ¥=23.293X-5.9219 0.9999
PRS- LB ¥=30.628X-6.2458 0.9999
Fedboe- I Y=142.73X-7.5334 0.9999

MR 7 Fi7R, 3 FAUE SRR & AR B 25 5
(P<0.05) WA ZS (S B2 I -o- IR 5 1EIX 16,7572 pg/g,
I3 BRI ZE (L1 47.8 R RS2 (1) 5.0 £, Hdk
AR St 3w TS, X — 225 FEETA
() 20 T e A e T O e (4 . ZESR SN L,
AT eI P B AL TR K A, DA T ARG i) Y2 5 -0 -
LU PR AR it o 2155 R L R b, TR G /K e I PR R
T, (R (R 0T R S K A BTC R = 4 . A AS TN
TR MZER L, G K A A5 RR R W) 5 Ko A 31 T
ZLAS o MU S AEART B s i R S | A SIS RUBR ) o
4 n AR B R AH — 3

B GE P HBUR 2% () BRI A0 B 174 o R P a1 2 ok
ZMRAT, TRAZ S AL TR 45 UK 5 T BE 4 SR B 9
[, EARX ™R fmsg e, SRR AT ()7 e b,
B ASVE R AEART R 28 1R, TR L DX 1) 353 2% - 11
O URBR IR, AR LU AR 25 (41) 125 5 BUBUR AR
BR . ZRIHERCOTIR, R E PR (2) R L,
IR A ) 0T (8 - o/ B- LUV B3R ) 5 A 7 B f B4, o (o
S AEABR TR o, SR S0 pg/g) SRR . HEEAS
DI T, AL LR 1R 3 -a- IR
16.7572 pg/g(BRRRY) B2 24.57 pglg), % 10 2%\
PR DS, SRR ANEL . SE BB M RHE, 2k
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Table 7 Mass fraction of 3 kinds of Zanthoxylum bungeanum tea hemp flavor compounds

- Frit/(ng/g)
Ikl E Bt-a- IR FRIE-p-1LARE -y IR
AR (4T) 0.6730+0.05° 0.3503+0.04° 0.7885+0.06° 0.2905+0.02°
PR (4%) 1.9736+0.26° 16.7572+1.72* 4.0409+0.87° 1.7987+0.32°
BUEZR () 2.0318+0.29° 3.3310+0.43° 0.4269+0.04° 1.3010+0.31°

—8 G)WBEME b, RIE-a/- IR HE ELRRAE KUK 5 42
Yok, SRS EE . SR R I RERIE A IR
FSE, AR s P B o 7E ORAIE U B R, oAb
BT A IhRE, SEBLRUR S T RE AR UUE S

3 4 i

AT ARG AL T L0 B B A A% 3 Fom T 02 xt
WA SR . LR BB TR S5 U T B, 4%
CAELR ERTEARURRAE KUK 5 16 P oy T R e e
KGR By, HiEE C K Y PRGBS
BAT R T LA A S T2 5 B MU 25 (P<0.05);
HAAL A Y Mk 9254.24 pglg, AR A (LT FIMLE
ZR(FDAY 3.06 f5H0 1.94 %, ELAE T | Mtz 2 -3-0-F A0 AUk
. W TSR ERmR A S BB ERES, BRI
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