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Abstract: To investigate the characteristic aroma composition in the leaves of different Zanthoxylum species, headspace
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solid-phase microextraction gas chromatography-mass spectrometry (HS-SPME-GC-MS) was used to analyze the volatile
components in leaves of Zanthoxylum acanthopodium (thorny variety), Zanthoxylum armatum (bamboo-leaf variety), and
Zanthoxylum armatum ‘Kuntai2’ (spineless variety). A total of 85 volatile compounds were identified, among which
terpenes (55.29%)), esters (17.65%), and alcohols (16.47%) were the predominant constituents. 47 volatile compounds were
detected in thorny variety leaves, 32 in bamboo-leaf variety, and 62 in non-thorny variety. Multivariate statistical analyses
(PCA and PLS-DA) showed that the composition and abundance of volatile compounds in three varieties had significant
difference, with the spineless variety exhibited the greatest diversity. Through variable importance in projection (VIP) and
odor activity value (OAV) analyses, 30 key aroma compounds were identified, among which terpenes such as 3-carene and
p-phellandrene contributed the most to aroma differences. OAV analysis demonstrated that f-phellandrene was the
dominant aroma-active compound that imparted peppery characteristics to the thorny variety. Similarly, linalool emerged as
the major contributor to the citrus notes in the bamboo-leaf variety, while (E)-f-ocimene was identified as the primary
odorant responsible for the herbal aroma of the spineless variety. All three varieties showed high OAV readings of linalyl
acetate, a major contributor to fruity aroma. Based on aroma type classification and profile radar charts, the characteristics
of three varieties has been identified: The thorny variety was dominated by peppery notes, the bamboo-leaf variety by
camphor and citrus aromas, and the spineless variety by herbal, citrus and woody notes. In conclusion, this research
systematically studied the volatile components and aroma profiles of three Zanthoxylum varieties' leaf. The findings
establish a theoretical foundation for further use of this ingredient in food processing and spice manufacturing.
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chromatography mass spectrometry (HS-SPME-GC-MS)
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Table 1

Volatile components and concentrations in different Zanthoxylum leaf

FIXF i (ng/kg)

5 HRMALEY CAS% ¥ RT(min)
CHJ ZYHJ WCHJ
[l ES 3686.54 524.24 334351

1 o- MRS 2867-05-2  CjoHyg 11.0508 58.92+3.64° 6.39+4.12° 8.50+3.85"

2 b2 7785-70-8  CjoHyg 11.3144 - - 245.34+25.66°
3 B 79-92-5 CoHg 12.0142 26.72+12.73* - 12.10+1.54°
4 BRI 555-10-2 CoHyg 13.4162 638.05+54.44° - -

5 ki 3387-41-5  CjHyq 13.5009 135.48£10.94°  60.61+11.28°  182.81+19.81°
6 FeNiE-B-IR MG 18172-67-3  CyoHyg 14.3203 334.45+80.96"  125.90+8.48°  1295.47+200.93*
7 FA TG 99-86-5 CoHy4 15.4694 64.71+6.18* 20.40+7.86° 28.1244.51%
8 o-TK o 99-83-2 CioHyg 16.1436 281.72423.61° 35.63+7.2° 31.01+3.16°
9 (E)-p-% ik 3779-61-1 CioHyg 16.6359 - 4.56+0.51° 45.68+3.02°
10 (2)-B-% 8l 3338-55-4  CjHq 17.1556 - - 46.25+5.21°
11 3-EE MR 13466-78-9  CyoHyg 17.3333 704.21:28.02° - 360.38+34.98"
12 y- AR 99-85-4 CioHyg 17.6943 118.58+23.5 10.57+1.23¢ 64.14+6.82°
13 s 586-62-9 CoHyg 19.1129 43.08+4.18 - -

14 -2 HE-1,2- T IR 27831-13-6  C,Hy, 19.1814 - 6.90+3.78" 1.860.10°
15 4,8- " H13-1,3(E),7-T =4 19945-61-0  Cy;Hyg 20.6306 - - 1.3740.37*
16 % 7216-56-0  C,Hyg 21.1767 39.49+23.83" - -
17 (3E,5E)-2,6-— 1 k-1,3,5,7-F DU 460-01-5 CoHyy 21.1983 - 5.810.74° 63.65+26.78"
18 1,5,8- Hifaf i 21195-59-5  C,H, 21.4274 - 5.37+1.54* 1.20+0.10°
19 1,3,5,5- DU 3E-1,3- 0 0 4 4724-89-4  CHyq 21.7913 - - 1.48+0.13°




304 - B Tl R 2026 4 5 J
k1
K FERPEIL A CASZ  HFA RT(min) FIATE (ehe)
CHJ ZYHJ WCHJ
20 SHIE N 20307-84-0  C,sHyy, 31.0052 - 1.86+0.52° 36.53+3.17°
21 S-IE2H 20479-06-5  C,sHy, 32.7404 - - 9.54+3 .03
22 o- TR 3856-25-5  C;sHy, 32.9873 6.96+2.73 - 33.73£11.53
23 (+)-FR-XUE K 54324-03-7  CsHy, 33.8194 5.8442.74° - 16.22+4.47*
24 PRI 515-13-9 CsH,, 33.9237 22.30+9.95 - 192.514+2.69°
25 2-WEHIJE-4,8,8-=H BE-4-ZIRIEXUIA[5.2.01 4t 242794-76-9  C5Hay, 35.6231 524.93+35.16°  110.91+14.21° -
26 ERE 25246-27-9  CysHy, 36.5545 - - 12.67+4.10°
27 BER-5,11- "0 52026-55-8  CsHyy, 36.8162 - - 4.49+1.11°
28 Rik-3,5- 0 267665-20-3  CjsHy, 36.9957 7.90+4.77° - 12.21+2.46"
29 1,5,9,9-PUHH 3E-1,4,7, PR —fik =4 1000062-61-9  C,5H,, 37.4043 117.82+27.57° 11.31£3.43° 118.97+10.11°
30 (E)-B-4: G hi 18794-84-8  C,sH,, 37.6709 - - 6.86+0.82°
3 (R ﬁ%""qa%'ggﬁ Bl 234405670 spgamae Oty 379141 - 2.24+0.31° -
32 -2 Ri-4(14),5- 0 157477-72-0  CysH,, 37.9302 - - 37.17+5.24°
33 M-l LA 18252-44-3  CyH,, 38.9979 133.03£23.66°  33.76£7.23" 19.77+1.57
34 B 17066-67-0  CsH,, 39.2979 - - 37.18+7.28"
35 y- B I 20873-99-2  C,sHy, 39.8408 - - 34.55+4.41°
36 () WU SAR -4 24703-35-3  CsHy, 39.8904 - - 161.11+34.50°
37 oA 22T 10208-80-7  CjsHy, 40.0626 18.58+9.62% 2.47+1.47° 27.69+6.50°
38 oW 502-61-4 CsHyy 40.6869 263.724£21.15°  42.79+2.79" 48.54+£3.29"
39 y- A 39029-41-9  C,sHy, 40.8518 33.3549.11% 4.95+0.68" 60.04+3.78°
40 7-Fe-a- MR 123123-37-5  Cy5H,, 41.0233 - - 7.97+£2.63"
41 SN 483-76-1 CysHyy 41.4106 56.60+25.93" - 31.61+5.67°
42 RHBTIR-1,4- 46 29837-12-5  CsHy, 41.8534 2.65+1.55 - 12.06+3.27"
43 o-REAR 24406-05-1  CsHy, 42.1573 16.36+0.53° 29.60+3.92° -
44 A-ZREE T 21391-99-1  C,5Hy, 42.4487 - - 4.75+3 .54°
45 1,2,3,4-PU%-6-FI BE-1-30 F Bk-4- S N L2 50277-34-4  CisHy, 42.4532 3.37+0.42° - -
46 KARFEFI 4B 15423-57-1  CysHy, 43.1972 21.01£7.91° 2.21+0.41° 27.97+£2.77°
47 VaLUEA 1139-30-6  C;sH,, O 44.6406 6.72+3.38" - -
S 59.14 - 420.70
1 (Z)-2-H HENIR-3-C Wi 41519-23-7 C;HO,  21.9362 1.25+0.25° - -
2 K A% H g 119-36-8  CgHgO4 243385 - - 0.21+0.10°
3 -3 L e 2- Y T R i 53398-85-9 C;H,0,  26.1862 3.34+0.45° - 6.29+3.86"
4 IR C TR 10032-15-2  C;H,0,  26.3967 4.48+2.82° - 8.554+0.78"
5 R -2- O i S R TR 68698-59-9 C;;H,,0,  26.4801 - - 3.44+0.95°
6 LRI 115-95-7  CppHy 0,  27.3798 - - 376.17+49.93"
7 3,7-Z P k-6 IR P iR 2270-60-2 C;Hy,0O,  27.5278 - - 1.96+0.65"
8 IKWHIR LT 118-61-6  CoH;(0;  27.9448 - - 0.92:+0.35°
9 EE L R VK Fr iR 5655-61-8 C;,H,0,  28.6385 4.55+0.21° - -
10 o- LR g 93836-50-1 Cj;,H,0,  30.0553 3.18+0.58" - -
11 (E)-3,7-Z M 5£-2,6-F &R W g 1189-09-9 C,H O,  30.3731 - - 3.92+0.09°
12 M -3- LA e 2- R -2~ T R i 67883-79-8 C;H; 0,  30.3926 1.35£0.47° - -
13 o~ TRAN IR 80-26-2  Cp,H,0,  31.5958 40.99+20.60" - -
14 LTRASALRR 141-12-8  Cp,H,g0, 323935 - - 14.86+5.14
15 FAHER g 628-97-7  C;gH;0,  65.6327 - - 4.39+0.92°
fs s 468.36 327.27 95.53
1 PPt 67-56-1 CH,0 1.955 - 0.20+0.09" 0.39+0.06°
2 ECEE 111-27-3  CH,,0 83714 - - 14.26+1.67"
3 GRS 470-82-6  C,oH,;40 16.2834 324.90435.88°  273.45+15.29° -
4 ML - s st 17699-16-0 C,oHi 0 18.0727 - - 2.60+1.05%
5 (2)-S T R 5989-33-3  C,H O, 183578 - - 6.64+3.48"
6 JrkRm 78-70-6  CoH O 19.7124 - 1.56+0.31° -
7 MU e AT -2~ 1 -5 29803-82-5 CjHi O 20.7356 - 19.00+2.57° -
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AT (pg/ke)
¥ HERMEALEY) CAS% 4 RT(min)
CHJ ZYHJ WCHJ
8 (-)-4- T (il Tt 20126-76-5 C;H;s0  23.5094 71.17+11.11° 11.69+0.93° 42.35+5.48"
9 oA 98-55-5  C,,H O  24.1423 17.42411.05° - 16.51+2.76"
10 (E)-Z IR MR 16721-39-4  C,jH; ;O 243609 - 9.38+4.28" -
11 2-F— 1653-30-1  C,;H,,0 29.334 39.23+23.68" 8.99+2.65" 12.77+3.13®
12 2-+ =g 1653-31-2  C;;H,O 402375 4.19+2.62* - -
13 (E)-1& LA 40716-66-3  C;sHpO  43.6504 - 3.01+0.44° -
14 A-FEAS i 481-34-5  C;sH,O 485731 11.45£2.19° - -
S 126.25 79.83 139.20
1 AR 89-81-6 CioH O  27.1428 14.93+6.95" 6.36+2.42° 13.30+1.71°
2 (8) -5 A ML A7 ) 16750-82-6  C;0H,,0  28.0128 - - 5.6142.55"
3 F LT LR 112-12-9  C;;H,O  29.0395 111.32440.29° 73.48+7.55 103.69+27.52
4 2-F = 593-08-8  C;3H,O  39.8594 - - 16.59+8.78"
[ivES 7.04 0.10 2.66
1 B TR 64-19-7 C,H,0, 2.7954 0.46+0.12° 0.10+£0.01¢ 2.66+0.86°
2 ITHEBETR 4704-31-8  C;,H,0, 383576 6.58+0.52° - -
HoAh 2k 7.26 5.18 20.85
1 Ik 115-10-6 C,HO 2.0265 3.60+0.74° 5.18+3.65% 18.61£1.03*
2 2-FAEZE 91-57-6 C,Hyg 28.856 3.66+0.41°
3 E-MLIg PR S Ak S5 L 39028-58-5 C;oH;s0,  23.3954 - - 2.24+0.69°

s =" FORARKE G R T RN RN RO 25 5 3, P<0.05,

BRE (2 Flt, 2.35% ) MILEZMEY) (3 T, 5.88%) h
LEARXT AR, isa2s . BRSNS e A AR &
PEAL G R T EEAEM . AR S R
AL AP IS S R R B I 2 S AR
A1 b AR B T0 B A6 AR Sy S A T &) 47, 32 Fi
62 FhE & EAb-&4, Foh JTRITEAT b & 21
M

IS B A A T AEARUBE A, SRR
FEA B ANE U UIAHSC . Wik TR AR
A R TRk, AR G R R AR IR AEAR
W IR (MV A) A LR BEVRIEER (MEP)
AR, Hoh, 22 -B- IR M S T A S R AR AR 1 e
2H43(125.90~1295.47 pg/kg); f-7K ks A H FEHL
FFAH53(638.05 pg/ke); KA (+) - BER RAR T4
HITCHIIEMIH A 4053 (245.34 . 161.11 pg/kg). 3 F
A BSOS 2 i 2 T &8 S A
B ek HA A =24, 2N 22— (- )-4- ik i,
TR HEEA A TTRIAEARI AR S PR, nTRE S1205
Py REEI IR 22 A 50 . BRI G X T TAEA XL
WRATE AT SR EESE NN, LIRS 1RER (376.17 png/kg) L
AT ICRIAEA v, TR AEARU A DU AR S P AR
2 a- RPN IR (40.99 pg/kg) o (BEASTE RIS, T
HAEA AR S TR R L RS R ML &) . AT he S
ik SEF L AL Tl B R Fe ik R R PR IS, SO [RIFEAS,
FIAERH R A A TR A SN s 7™ A i £
B, PN s 1) B SRR ST G . B2tk &4
CANEHAIR ) 5 AEAR P (77 BB E 2, JCHILEAR AL A
RS B R A = (139.20 pg/kg) o X5 HAFAT MmE2E
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partial least squares-discriminant analysis (OPLS-DA)
of volatile compounds in leaves from different
Zanthoxylum varieties
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Table 2 OAV analysis in different Zanthoxylum leaf

OAVs
75 YER AL A B (ugrkg) 0" o ZYH] WeH
1 SR C R 0.1 4477 0.00 85.48
2 oA 22 TR 0.182 102.07 13.55 152.16
3 I wA L 0.38 0.00 0.00 37.53
4 FP 5 356 Y ] 0.182 611.63 403.72 569.75
5 ZHIEE 100 0.04 0.05 0.19
6 LRI TR 6 0.00 0.00 62.69
7 KR Tk 0.005 0.00 0.00 183.29
8 (E)-3,7-Z 1 Jk-2,6-3 ZJai% W e 0.01 0.00 0.00 392.39
9 TR AR ik 0.016 0.00 0.00 13.11
10 (2S,4aR,8aR )-1,2,3,4,4a,5,6,8a-/\ & -4a,8- —H F-2-(1-FH I 253 -5 4 0.00 0.00 1.99
11 5-3- Bl 9.3 75.72 0.00 38.75
12 (2)-3,7-—H 32,62 —Ifs-1-BE L BR TR 20 0.00 0.00 0.74
13 KARFE B 0.01 2100.66 221.28 2797.44
14 2-f— i 0.1 392.34 89.86 127.69
15 (2R,5R)-2-F -5 TR o -2-FE AR 3.1.0] L doe-2- 1 10 0.00 0.00 0.26
16 e Tié-B-IR AR 2 167.22 62.95 647.74
17 (=) -A-ilfi iy Pt 3 23.72 3.90 14.12
18 1,58 i far s 0.05 0.00 107.37 23.98
19 A-ZIFH-1,2- SR 1 0.00 6.90 1.86
20 oA 0.5 117.84 12.79 16.99
21 (Z)-p-% s 0.5 0.00 0.00 92.51
22 S 3 45.16 20.20 60.94
23 (B)-p-% i) 0.0187 0.00 243.62 2442.65
24 a-JRIF 0.1 69.61 0.00 337.28
25 (E)-18 LA 0.1 0.00 30.10 0.00
26 (3E,5E)-2,6-— M k-1,3,5,7-F DU 0.4 0.00 9.68 159.13
27 [ wliifia 0.15 2166.00 1822.99 0.00
28 S-FERME 0.1 566.04 0.00 316.10
29 (1S,4R 4a,5,6,7-/\ &-4- 1 Je-7- W - 1- R k) - 2% 0.05 0.00 29.90 0.00
30 BOKIT M 0.1 6380.49 0.00 0.00
31 2~ =i 0.5 0.00 0.00 33.18
32 (2)-F 7 RimE 0.6 0.00 0.00 11.07
33 FERER £ e 0.01 0.00 0.00 439.01
34 P& TR 0.25 1.83 0.39 10.64
35 PP 69 0.00 0.00 0.01
36 Tk 2.1 0.00 0.00 116.83
37 Iy R 0.0024 0.00 649.27 0.00
38 B 0.1 267.23 0.00 121.05
39 2-HIBLZE 0.25 16.65 0.00 0.00
40 o~ 0.23 75.76 0.00 71.78
41 o-IK I 3.9 72.24 9.14 7.95
'y} - AN 2.5 47.43 4.23 25.65
43 oA 2.45 26.41 8.33 11.48
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Fig.4 Radar map of aroma profile in different varieties
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