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Abstract: To study the difference in the contents of phenolics and the antioxidant activities between two kinds of Hawk

tea of different maturity levels, and to evaluate their qualities, the contents of 15 phenolic compounds were determined
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using LC-MS/MS method. Then, the antioxidant activities of two types of tea were evaluated using DPPH radical
scavenging rate, ABTS" radical scavenging rate, and Fe’ ferric reducing antioxidant power (FRAP). And then, the
contents of 15 phenolic compounds and the antioxidant activities between two kinds of Hawk tea of different maturity
levels were analyzed by analysis of variance (ANOVA). Based on the contents of 15 phenolic compounds, hierarchical
cluster analysis (HCA) , principal component analysis (PCA) , and orthogonal partial least square-discriminant analysis
(OPLS-DA) were used to classify two kinds of Hawk tea. Finally, the contribution of different phenolic compounds in
Hawk tea to antioxidation was discussed by partial least square regression analysis ( PLSR). The results were as follows
(1) The contents of catechin, p-coumaric acid, isoquercitrin, hyperoside, nicotiflorin, astragalin, kaempferol,
quercetin, and afzelin in tender leaf tea were significantly higher than those in old leaf tea, among which the average
contents of catechin, isoquercitrin, and astragalin were higher than those in old leaf tea by 1 039.43, 169.12 and 257.35
mg - 100 g, respectively. The results of HCA, PCA, and OPLS-DA could distinguish two kinds of Hawk tea. (2) The
ANOVA showed significant differences in DPPH radical scavenging rate, ABTS" radical scavenging rate, and FRAP
between two kinds of tea, with the tender leaf tea superior to the old leaf tea. (3) The PLSR suggested that
isoquercitrin, catechin, astragalin, chlorogenic acid, hyperoside, p-coumaric acid, and kaempferol were the main

phenolic compounds those contributed to the antioxidant activity of Hawk tea. This study can provide a reference for

Hawk tea’s quality control and application promotion.
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Table 1  Information of Hawk tea samples

G 7 el EAYai)) S
Number  Place of origin Sort Longitude and latitude
! Xuanz(il{i(l‘géz%%nhui Ten%f?f\f tea 1187367 £,30°48" N
> Nunchont. i Tendor o tea 1187367 E30°487 N
3 Wuy%gé:%;fqing Ten%flljff tea 1097367 E,31°24" N
 Dums, Conthou Tontln e tea 1077367 E28°547 N
> Zufi{l\lﬁfz(hou Ten%rulljff tea 107°36" £,28°54" N
O it St Tender e tea 1047367 E25°487 N
T b, S Tondlr e tea 1047367 E28°487 N
5 s G Tendor e tea 1037187 E30°067 N
O Wushun, Chomging O o ea 1097487 E-31°067
10 tong, Chomgting O e toa 1077367 £.29°367 N
1 Zufjid,‘l‘lflijzéhou 01%11?161 107°36" £,28°54" N
D s Cuon Ol Tt 107736 B28°54 N
13 Chenpgf]djllll,h%iﬁhuan Old%litﬁea 104°18" £,30°36" N
14 Chenfdjllll,ﬁisﬁﬁluan oflilﬁea 1047367 £,30°36" N
15 Xuanﬁfiiyfnhui O]d%liZ?\.iea 1187367 £,30%48" N
16 uunchorg, Anhi O o toa 1187367 £.30°48 N
T i St Ol Tt 1047367 B287487 N
18 P ENt R 104°36' E .28°48' N

Yibin, Sichuan Old leaf tea

1.2 R 75 &
1.2.1 s B &BERH & MEERPO &R LA
2 BER FILAE N HFGR ST Sk,
SR T IR AGTT 5 T R R B
Wiz 25 Az 2Ll 2 6T B A B R A A 2
mg - mL ' ARVERE A RCE T -20 CUKFE T &, 1
FH RKs b e i 75 8 80% HIBE (V/V) B B 208 &
W A TR A 6T R A TR A
1.2.2 i #) & Fr iR E g 50 T
40 CHEF MrHE i 60 H i 5, K % AR BOH R R
0.75 g, N A 25 mL 80% H B (V/V) ,# 7 60 min,
HE S, #h L, B0 (10 000 1 -
JE B E W2 0.22 wm 38 B 8, H 80% HY R
(V/V) Wik 4 f5J5 HERE
1.3 S &EH
1.3.1 &5 1-Class-TQ-S i & BB AH (3 — =
PO B AT B 3% A ( 3€ B Waters 2 A ) ; Waters
Acquity UPLC BEH C,i (100 mm x 2.1 mm, 1.7
wm) 3% A WA N B (A) —0. 1% H g K
(B) ,BEEEBEML (0~ 15 min, 5% —30% A; 15~20
min, 30%—90% A) ; #: 45 C, i # 0.4 mL -
min”  HEAEAFL 1 pl,
1.3.2 J## &m0 e 7RI B WSS B R
(electrospray ionization, ESI™) ; ¥4 77 28 & 4%
2 e N W I 4 2 ( multiple reaction monitoring
MRM) ; BN L E R 3.5 kV; 28 K IRE A 450 C
KPR AN TS0 L+ h'y 15 B s 09 5% 18 1L 2 50
W2,
1.4 AN FEENE
1.4.1 DPPH A WA FrkZnl g S ESCHk (B
[l % ,2021; Mary & Merina, 2021) B§/EME A, B 1
mL ) DPPH TAE& (80% F EEEC #1,100 mg - L)
JA 0.5 mL i B 5 AR SR TR A1), = kD
SR 30 min, 519 nm b E W SEEE(E A, LL 0.5 mL
80% S (V/ V) AR FE S O BE (Bl Ao THER
vy (I

DPPH H HEEERRFE (%)= (4,-A,)/A,x100,

A A ZELL 0.5 mL 80% HEE (V/V) IRERKE
s D P W2 ' JBE AT 5 A 2 45 IR o S 7 s I A 1Y)
W REAA
1.4.2 ABTS" A w A Ak F a2 2 B CHk
( Wolosiak et al., 2021; 1§ B %5 2022) W& 1E
3% ABTS JKIE WA SRR KIS R G, £l

min”, 10 min)
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Table 2 MS parameters of 15 target compounds

sl T Far  Am HH

lias27] Retention Parent Daughter He I L

< . . . Collision ~ Cone

Compound time ion ion e
(min)  (m/z) (m/z) Coey  vVolase

(V) (V)
BRI R 2.08 3533  191.2 18 30
Neochlorogenic acid
JLE#E 2.98  289.1  245.1 14 10
Catechin
Lk A R 3.25 353.1  191.0 15 12
Chlorogenic acid
FTILEKE 4.64 2892  203.4 18 30
Epicatechin
POEIENA 6.14 163.0  119.0 15 12
p-coumaric acid
T 7.21 609.3  300.1 35 30
Rutin
o247 S 7.26  463.2  301.1 20 40
Hyperoside
SEH 7.51  463.2  300.1 30 45
Isoquercitrin
JHAE T 8.29  593.5 285.1 25 55
Nicotiflorin
g PSRt 8.74 4473  284.0 20 20
Astragalin
i3 At 9.74  609.3  301.3 30 10
Hesperidin
Bl A =LA 10.28  431.1  284.8 14 10
Afzelin
Hit iz % 12.72 301.1  229.3 15 10
Quercetin
T iz % 13.63 271.2  151.1 15 20
Naringenin
P 14.32 2852  187.1 25 25
Kaempferol

WG 12 ~ 16 h, LLKH B 8 48 2 78 i K 734
nm AW EHE R 0.8+0.05, il & 15 2 ABTS TAE
1 mL [ ABTS TAEHBINA 0.5 mL Fike 5 BORE 5%
W IRAE , E IREDE N 30 min, 7E 734 nm AL
EWECREA A, DL 80% F I (V/V) AR A i I g
JERE R Ay ABTS™ A HIETERRRITR R “1.4.17

1.4.3 Fe* i JR 48 /1 (FRAP) Ml & & % [ 5% 4%
(2020) By J5 ¥ 7€ & JE 2% FRAP {5, # 100 pL
IR AE S5 300 wL FRAP T/E# (300 mmol -
L' pH 3.6 BEFREMZZ M, 10 mmol - L' TPTZ %
WA 20 mmol - L GEAL BRI W L) 10 = 1 = 1 4K
IR E) IR A7 37 CHEH 10 min J5 1
593 nm bW 5 WO BEfH . DA [6) v BE A B2
Trolox i #fE ¥ W& 2 il A5 ffE 1 2. y = 0.014 1x+
0.151, r=0.996, L) Trolox 4 & ¥¥ #r & JiE 5% 1)
FRAP (mg TE - ¢ DW)

2 HER 5

21 ZEZXPEIEMRULEMETE

FIFH 1.3 [ il 45 1, 78 08 AT 3R AT
SHEI R EE R B TR E (B#ER mz A
100~ 800 amu) , 4N 1 frzx, L5 MRM A=
TEFHAEGRESmMESTREE T 15 Miks
W, ol ek R R LA R SRR RILEKE
WA G T A BT S AT AT &
AT B AT B AR G M R O F L
Wy, XEEfb A WA B T T 5 G 1 AR A
AR R GRS B S LG

4.5%x10°
4.0x10°
3.5x10°+
3.0x10°+
2.5x10°F
2.0x10°F

+ & Abundance

1.5x10°F

9
1.0x10"F 11 4, 13,15

\ |

0 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14

i} i) Time (min)

5.0x10°

1LOWERTIR; 2. JLAEE; 3. &AL 4. RILHEEK; 5. W F
TR 6. FTT ;7. A2 MR 8. SEMECH; 9. MAET
10. SR %HF; 10 fE A 12, B S8 130 Mt %
14, Al %5 15, 145Ky, TR,

1. Neochlorogenic acid; 2. Catechin; 3. Chlorogenic acid; 4.
Epicatechin; 5. p-coumaric acid; 6. Rutin; 7. Hyperoside;
8. Isoquercitrin; 9. Nicotiflorin; 10. Astragalin; 11. Hesperidin;
12. Afzelin; 13. Quercetin; 14. Naringenin; 15. Kaempferol. The

same below.

B1 2R TEEFRE

Fig. 1 Total ion chromatogram of the full scan mode

22 HEEZE

LR RFEGM I “1.2. 17 bRUERG & TR A T
] BSCAS ] 9 B2 AR il TR B VR, LA 1.3 B O ¥ i
FEAS 3] F e T By ) FIRH 28 J5 198 Joi 9 8 (v )
FEATEME RN 15 AL B W LR I FE A
KRB NG, KR 5 X R P W 2R R FE 6
ﬁ\,lT%:@ﬁg‘mﬁﬁiﬂ B9 A3 XT bR HE I 22 ( relative
standard deviation, RSD) PFH J5 1 1 FE 2 . B IR
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AR BRI B B T SRR A R 1.
2.27 TR AR S AT AL B 1.3 v
HIAL A 223 BT, 4T 6 W, B 4% LY 1Y SF 1
ISR AT RSD DAV AN J5 i i R 1, 45 2R W3R
3,7E4 HAVETE RN, 15 R ik St X R R,

rEBKRT 0.99, K R (S/N=3)40.10~1.30
pg - L KN 0.70% ~2.38% , & BH1Z )7 B 1Y
IR B R, 15 Pl o 11 S I [l 4
T 93.2% ~109.7% Z [8] ,RSD ¥J/N T 6.6% , 45
T WL T M HERR PR AT

R3I AEREERER

Table 3 Results of method validation

] i %

fetr 105 72 ol e Lmivor iy MU
Compound Regression equation inear range - fficient  detection | recision  Average RSD
(mg - 1) (N (pgeL () ey g
rate (%)
4R R Neochlorogenic acid — y=104 399x+516 4 0.005~5 0.998 8 1.00 1.01 109.7 5.2
JLA & Catechin y=35235.7x+114 361.8 0.15~150 0.996 4 0.33 1.75 100.4 4.7
42JFMR Chlorogenic acid y=58 471x+33 456 0.2~40 0.997 7 1.10 0.92 101.5 4.7
#F LA F Epicatechin y=8 934.8x+10 0.2~40 0.999 4 0.27 0.72 94.7 4.2
X 75 G2 p-coumaric acid y=386 927x+5 276 0.002~2 0.999 9 1.30 1.48 103.5 5.5
2T Rutin y=116 398.2x+7 320.5 0.1~20 0.998 2 0.60 2.17 95.7 6.6
4 22 Bk Hyperoside y=5363.9x+5 879.8 0.2~40 0.998 9 0.10 0.80 97.1 4.3
S FF Tsoquercitrin y=181 483.8x+13 044.6 0.2~40 0.997 7 1.20 2.36 96.9 1.8
MHAEH Nicotiflorin y=70 804x—1 015.6 0.1~20 0.999 5 1.28 2.38 106.8 6.1
L ZYEHF Astragalin y=134 573x+33 565 0.2~40 0.995 4 1.30 1.06 109.4 1.0
¥ S 4 Hesperidin y=158 532x+14 403.6 0.01~2 0.997 6 0.10 2.13 99.5 5.0
Bl 4 5.1 Afzelin y=148 294x+83 405 0.02~4 0.998 4 0.30 1.53 96.9 0.3
Wit E2 % Quercetin y=12 245x+11 074 0.2~40 0.999 7 1.10 0.73 109.4 5.9
iz % Naringenin y=22 938.1x+287.3 0.02~2 0.999 6 0.31 0.81 104.4 3.3
11 %@ Kaempferol y=49 707x-18 761.3 0.002~2 0.994 3 0.40 0.70 93.2 2.8

2I3IHEMEBENE

K S ) LC-MS/MS J7 ¥ 78 MRM A5 2
T 5E 8 LI A 10 HE& M RE A 1S AR 1L S
Wy, % R AR 5 S 5 3 — e AR BRE  6635 1K L
K2, HAEss R4,
24 ZRMESW

W A g5 SR A SPSS 23.0 4, R H
ANOVA 722 25 b 15 B 28 o & 5 1Y
25t BRI S iR, BB P ILKR R K
TR A BT ST AT 5 B T
Bl A MR R LA 22 5 B (P<0.05) , i
AL L9 Mk SR A e B S T AL,
Hr & Em i LR R [(1 258.46+
280.64) mg - 100 g ] % = HEAF [ (309.65 =+
52.54) mg - 100 g ] M [ (246.75£42.18)

mg + 100 ¢ ] 4228k 1F [ (134.08+70.73) mg -
100 g ] Mt HZE [ (89.50+45.42) mg - 100 ¢ ],
H 2w S I LZE R M S P
PR M 25 0 E 1 039.43 169,12 ,257.35
mg - 100 g, PIEZEM P atR R | s R %L
KR T BET MRS ELYFEEZER (P>
0.05) .
2.5 HCA

HCA Z 1T [5) 26 4% i th 24627 o | 2B Wi
Pk TIRERETEY BT A AT, DL AN [R) A i 22 ) %) Bk
Z (Wang et al., 2022), DL 18 it &K 15 Fh
M A5 ) 5 i 5 R S B 5 A Origin 3K
TS BN R AIEL, SR HI 20 A] i 22 2% DLRR G P 7 BB B
AT IR, 5 W E 3, R 3 Al AL T
KR HmEAEGY HENZES, 52t
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2.4x10°f r
A 16007 B
s X
2.1x10° [ ~1400
15 o 15
8
1.8x10° 14 512001 N
9 “\ =il = ,L 13
g 1.5x10°F i Ui 21000F g =ip
= i 78 ﬂ 11 < 11
5 1.2x10°f 10 2 800f 84&‘]0
Z s g N
0 9.0x107 | (| =™ > 600f —
i |\ -6 A o6
# 6.0x10" s s 400F s
‘ — # =
"+ r 3
3.0x10 3 4;,(—; 200 ﬁ
—N—y o \ 2
0 1 * o of 1
I I I | | I I I I I I 1 1 I
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
5t ] Time (min) 5} 8] Time (min)
=] it o= it
B2 xEMEEER(A)MERBIER(B)
Fig. 2 Chromatograms of reference substances (A) and samples (B)
iy O = e
x4 BHEEFHESKPISHMUAGYSENELER
Table 4  Contents of 15 chemical compounds in 18 batches of Hawk tea
-1
mg - 100 g
Bk R SRR . . X R . . . S— —_
, KHR . GLBETT MBI % : - ' FS
F bl Neochlo-  JLZZ  Chloro- &JL%;? p- T SLBT RMEH lﬂﬂi H FnNH EEH BIFEATT MR MR ER Pl
. . . Epica- . . Hypero-  Isoquer- Nicoti- Astra- Hespe- . . . . Kaemp-
Sample rogenic  Catechin genic . coumaric Rutin . L . . - Afzelin ~ Quercetin Naringenin
. . techin . side citrin florin galin ridin ferol
acid acid acid
1 21.15 1266.68 184.42 124.71 0.32 5.62 200.82  253.88 19.07 323.55 0.22 4.99 119.35 11.42 0.19
2 9.19 1402.96 229.23 68.66 0.54 7.43 269.81 329.38 24.24 375.08 0.67 8.81 132.17 18.83 0.28
3 0.45 862.47 87.99 33.87 0.54 6.95 79.59 220.52 23.03 355.32 2.63 3.12 148.97 8.35 0.27
4 1.27 1.420.00 164.12 127.19 0.61 6.70 74.08 232.68 17.07 291.36 0.20 8.91 34.28 10.44 0.73
5 0.42 921.05 75.06 38.99 0.34 7.80 60.54 190.24 20.07 250.71 0.23 3.12 99.83 8.94 0.36
6 0.09 1498.13  49.58 74.78 0.51 5.61 137.23 238.95 21.23 333.46 0.26 6.49 53.17 7.59 0.41
7 0.76  1631.11 208.56  124.50 0.50 8.95 12491 279.93 23.96 327.83 0.24 8.02 98.95 13.59 0.80
8 0.63 1065.27 102.30 81.17 0.29 4.48 125.65 228.44 10.58 219.89 0.30 4.74 29.26 9.78 0.32
9 0.29 471.75 18.54 316.73 0.18 2.64 18.12 71.38 7.05 90.98 0.22 2.89 62.90 3.09 0.42
10 0.76 168.87 40.40 44.52 0.14 2.67 5.61 27.83 2.27 18.30 0.19 0.46 21.51 1.08 0.06
11 — 798.81 6.98 445.64 0.18 1.59 19.46 93.68 6.66 162.45 0.23 2.64 39.04 0.67 0.13
12 0.16 577.45 24.87 441.57 0.20 3.05 30.22 91.08 10.82 159.42 0.17 3.64 40.09 1.07 0.18
13 4.41 94.97 382.38 99.02 0.29 13.05 86.61 87.94 8.88 19.15 0.24 1.30 25.55 22.38 0.14
14 1.30 11.85 290.06 15.28 0.14 19.60 79.85 82.30 16.53 14.09 0.58 0.59 33.35 11.72 0.18
15 0.94 44.71 367.58 20.31 0.16 13.44 107.04 104.78 8.30 22.02 0.18 0.74 42.80 13.35 0.15
16 2.92 13.34 375.94 61.59 0.16 13.67 97.34 102.97 7.97 14.39 6.20 1.18 15.43 7.44 0.11
17 0.37 5.97 279.62 11.46 0.14 3.51 72.25 73.41 4.09 16.77 0.59 1.10 28.18 6.02 0.09
18 — 2.59 230.51 36.19 0.03 10.74 42.99 40.95 4.40 5.46 0.27 1.30 14.68 0.40 0.05

RAEIR I 4325, HCA /b 45 R /R, AT 3T 15
Fhigy 2 AL A W & B 10 I 5 X il 2% B A kAT

LAY, H Bt 5Tk R ik 80.210% , 13 W T 15 & % 43
BERCIT M MR R AR . 5 1 A BRI (S 4

B (BG5S W S B ARURE I S o 2
2T B 22 S R T i
2.6 PCA

P15 R A& B a5 & o B R AT PCA
THE A R AR R ST R D46 T e
W e Zi 5130, R 6 I EBURFIEE R T 1 1Y

7.418, Bt 5Tk % 49.450% , LIS E WEFETR .
Sk S AR B a0 BT
RS S NP R WS - X )
3R T 0.5, Fm58 1 R EERBLLE 10
FPR o A5 85 56 2 £ 195 3.299, 7 2 H 4%
el 21.996% , RILZEE MR SEIR T 1E
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Table 5 One-way ANOVA of 15 phenolic compounds in two kinds of Hawk tea
FEME bR xxs
sty FAH PE
Compound B2 Tender leaf tea EI2 Old leaf tea Fr value P value
(mg - 100 g") (mg - 100 g")

B4R JF R Neochlorogenic acid 4.25+7.47 1.12£1.45 1.70 0.21
JLZE % Catechin 1 258.46+280.64 219.03+289.49 58.85 <0.01
25 R Chlorogenic acid 137.66+67.29 201.69+161.24 1.10 0.31
F LA K Epicatechin 84.23+37.85 149.23+179.15 1.01 0.33
X} KR p-coumaric acid 0.46+0.12 0.16+0.06 44.12 <0.01
77T Rutin 6.69%1.42 8.4+6.42 0.54 0.48
4 228k Hyperoside 134.08+70.73 55.95+36.86 9.19 0.01
S4Bz 1 Tsoquercitrin 246.75+42.18 77.63+25.45 111.25 <0.01
JHAEH Nicotiflorin 19.91+4.51 7.7+4.01 36.95 <0.01
AP Astragalin 309.65+52.54 52.3£62.03 87.29 <0.01
¥ K 4 Hesperidin 0.59+0.84 0.89+1.87 0.17 0.69
B 48 AT Afzelin 6.03+2.39 1.58+1.08 27.80 <0.01
it K¢ % Quercetin 89.5+45.42 32.35+14.64 14.19 <0.01
Hli 2 % Naringenin 11.12+3.64 6.72+7.22 2.45 0.14
11125 Kaempferol 0.42+0.22 0.15+0.10 11.49 <0.01

= O WU 100

= D i O\ <UD (U 00 \O bt bt b bt o e e ok ek
A 5485 Sample number

| I
1 51411156 13 9 7124 8 103 2
A4 Compound

B3 ET HCASHHERRBERE
Fig. 3 Heat map of samples based on HCA analysis

52 WU EEm AR E KT 0.5, 3R 5 2 E s
FEAL X 4 PR M5 B 3 B 1)
1.315, 22 T4 ol 8.764% , 38 i W 4 R
MEZENEE, SbEWREFE8MaF LR T, i
— R RVEE R T 0.5 19 5 A E sy, KB 5T
ik Hik 90.942% , BEAR 4 M J2 W B ik, DL 4% K
43 P F A543 5 R AE A o7 k3 1 T BT 53 W 25 2 8

LB (F) ,F=0.494 51F,+0.219 96F, +
0.087 64F,+0.065 56F,+0.041 17F, 4553 W 3%
8., HZEAEIFATHER WA, KF o WO A58 S 25 &
150 T AR S VT o e 1o S2, R Ch
ST, W/ i 1ok B 22 808 Il B 28 S16 813 45
B T 45 S8, UE A o i R A B
Ui B

A PC1 AT PC2 2 il — 2 Wi A5 0 I, an ]
4 JroR WO 2% 5 2 28 43 A AR X 4R v HOAR B
S, GRIITEE R B
2.7 OPLS-DA

OPLS-DA J2& 45 & 1E 38455 1 Fl i Je /) — 3¢
30 L 25 R AN A DG Y 22 A5 R OR U 1B 78 &, AT
B E A 553 2/ H (Kang et al., 2022) , FEF 15
Ty 25 Ak & 90 & B A9 OPLS-DA H 51 20 A H: R°X
(cum) \R*Y (cum) .Q,( cum) 4354 0.759 .0.948
0.837, Ui BH BT 4 7 Y A A0 £ TR (T RE B A
2021) o HAH I FREIE A X H 5 43 B Y IE
FHOC R A O, AR i 4R HE 2 Pk (variable
importance in projection, VIP) {H X 3% H A &, DU
VIP KT 1 8 W50 (4R 55 ,2021) . 45
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Table 6 Eigenvalue and variance contribution rate

FRIEAH PRI J
Eigenvalue Extract the sum of squared loads
% — TS — NI
C T FitpimkR TSI it kR
omponent N . 84 .
Bat Percentage Accumulation Bat Percentage Accumulation
Total variance contribution Total variance contribution
(%) rate (%) (%) rate (%)
1 7.418 49.450 49.450 7.418 49.450 49.450
2 3.299 21.996 71.446 3.299 21.996 71.446
3 1.315 8.764 80.210 1.315 8.764 80.210
4 0.983 6.556 86.765 — — —
5 0.627 4.177 90.942 — — —
6 0.495 3.300 94.243 — — —
x7 BEFHEERE R8 MEAZEZEINNGEETER
Table 7 Lend matrix of factors Table 8 Principal component comprehensive scoring
results of two kinds of Hawk tea
FE 4> Principal component
&Y i r F F F e
Compound Sample ! 2 ? ¢ ° F Rank
1 2 3
2 0.921 0.185 0.099 -0.006 -0.003 1.197 1
Hr 4t R 2 Neochlorogenic acid 0.427 0.320 0.760
HRERPRIL Neochlorogenic aci I 0584 0.093 0255 -0.018 0.012 0926 2
JLEF Catechin 0.903  -0.346  -0.047 7 0.682 -0.022 -0.130 -0.026 0.032 0.536 3
23 JE G ‘e aci _ _
ZRJUR Chlorogenic acid 0.150  0.931  -0.068 3 0.480 -0.031 -0.031 0.138 -0.064 0.493 4
FILZEFR Epicatechin -0.114 -0.705  0.204 6 0461 -0.129 -0.058 0.004 -0.020 0.258 5
Xt LR p-coumaric acid 0.910  -0.067 -0.267 4 0.438 -0.107 -0.142 -0.036 0.043 0.196 6
7T Rutin -0.110 0.840 -0.312 5 0.277 -0.069 -0.047 0.008 -0.060 0.109 7
4 22 BKHF Hyperoside 0.731  0.483  0.327 16 -0.470 0.333 -0.015 0.188 0.068 0.106 8
S B2 AF Tsoquercitrin 0.975 0.048 ~0.005 13 -0.223 0.315 -0.008 -0.098 0.041 0.028 9
WIS Nicotiflorin 0920 0102  —0.142 §  0.120 -0.071 -0.012 -0.027 -0.004 0.005 10
5 AT Astragalin 0.944 ~0.274 0.035 15 -0.299 0.271 -0.018 -0.062 -0.011 -0.118 11
14 -0.320 0.297 -0.065 -0.035 -0.013 -0.136 12
¥ K24 Hesperidin -0.121  0.388  -0.062
o 17 -0.490 0.052 0.027 -0.017 -0.035 -0.463 13
[y 8 ST Afzelin 0.800 -0.023 0.244
12 -0.312 -0.331 0.043 0.006 0.050 -0.544 14
il K Quercetin 0.531 0.687 -0.074
9 -0.271 -0.295 0.001 -0.008 0.022 -0.551 15
T & Naringenin 0.661 -0.245 -0.568
11 -0.307 -0.373 0.061 0.007 0.045 -0.567 16
1175 W Kaempferol 0.974 0.018 0.015

18 -0.666 0.047 0.004 -0.014 -0.040 -0.669 17

10 -0.606 -0.166 0.033 -0.005 -0.062 -0.806 18

RANE 5 Fros, W2 % 0 45 W) 58 4 43 28, ) it

A EMRFUN R IEEAE M EAE R T 1M 9w, 0F BS ERA R A 2 R4
SEILZRR XA LR e 2Bt R A mEE A WX A R M Rt A —
T EZEH FRET, SRS ZHZREAN FEiiE e,
FEMNMERSDAERGEES, PHIMHEE 28 HEXFUENERESSHT

A% T 38 2o 3 A3 1 25 SR N T ) 5 o b ANTEHE U 8 25 DPPH [l 350 R R
SEHRMEEME VIP E/NT 1 SRR SR, ABTS' [ i IETHER R FRAP (HIES R WFEK 9, M
RILER T MRS 20 b TR 22 ZEEMAHE DPPH [ M 31 bR %  ABTS" H M 263
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Fig. 4 PCA scatter plot of 18 batches of Hawk tea

FRoR FRAP [HZ 22 A Giit2¢ 5 L (P<0.05) ,
E— 21T ANOVA 438, &5 SR sk 10 frs, ot
ARAEDCA S0 b e 3 o TR A M LY
(B bR 22 T AT, 2 W 22 10 25 R B AT 4t Ak
HEJT
2.9 PLSR f fTiRiTEBE RS W R EM

PLSR 43412 F B AH D& 43 A1 7 ik, vl DB
AR AL & P %t F 36 M 0 s mk, L, 3 — 25
it PLSR # % & J8 A5 h Hu S8 A0 16 M AL &
S3AT A AR B %) BR 1 ] A A 5 2R 8 S H AR
AHOC R BN IE TR 5 PR AR o 5 TE M B B PR DG
F,H VIP E R /NG R AL 8K H: 5T ik %
= (Burnett et al., 2021), 250 WE 6 Frx, 5
W LR R CEm W SRR A 22 B X
FrE R L2 W A5G R B IE(E H VIP (KT
1, URIAIX 7 Fh A& o & 45 28 T8 25 B AR 0 1 1)
RHERSY . Horh W s i A g R R B i e W
W2, B AR R T 4 R 8 (201,69
161.24) mg - 100 g, Al — 25 B A0 0R B A
— EPUETEE

3 W54

AR 2 45 5 | o TSR AL BB AL 0 AS [R) , B T
FALE W) B i RS AR T A T
254 ANOVA PCA (OPLS-DA %5 o] LK £ &
FER WA 22t BT K = i
LA 1y BAT A 5L MR R LA Y S AR P

0.4+

0.2+

-0.2F
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Fig. 5 Correlation coefficient (A), VIP value (B),
and score plot (C) based on OPLS-DA analysis
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Table 9  Results of antioxidant activity of
two kinds of Hawk tea

#UK ( Cuevas-Valenzuela et al., 2014) H.7E it 45
SR A Y ', O 7 545 g8 45 i ik K
L RO ATARAS R s, WA 2 R B A

DPPH é‘gl‘% ILZR R S B, Py 1 5 22 4 3J BOH: x5
g DACRERE i FRAP {i TR B2 A A, AATHE £ IR0 2 3 %
sampleemenging R oy HORIHCRH IR AR BT UK B, K e
rate ., 2 . DL VI Y
(%) (%) JERE LA /N T = 43 i g B ) (A A
1 63.5 44.5 3.02 2022) , BB RIS Y & RARMEY h £
2 83.6 73.1 3.06 BEY0 A AT YE ) (Pérez-Torres et al., 2021;
3 67.7 52.9 2.87 Arzola-Rodriguez et al.,2022) , VL TRIE L E N
4 70.1 60.3 3.18 y S N N o N
Looom 0 s S 1 948 o 9 LS AL A 4, T
6 75.5 0.6 2.93 TR R H AT A5 ) 3 o Dl TR R ¢ I R 5% i A B
7 78.8 72.8 3.19 W2R R 22 S ORI 25 5 T 38 8 T 2R P AR TR
8 48.7 42.0 2.59 PE2E 5, AT UL B A Al 5 ) 2 5 T 2 U S T M 22
9 51.6 40.4 2.21 N S
10 22.2 15.1 0.81 E‘E@I%}Jyﬁ}:} e . . . N
1" 69.3 56.6 2.62 PLSR /18 2 8 25 b 5 Bt S A0 106 kDI AT G
12 514 42.9 2.23 MR Z I St B 1 LR R m s g
noe 2ol i B X L ST, SRR 1
g v e - WK A LR EL T 2 5, 2 4
16 55.6 44.4 2.67 JE (OPLS-DA J PLSR, &% J5i iR 55 TG 2% 5% (1 1L 43 7]
17 61.2 462 247 e S LA — s O TR A B 2
18 650 el 276 o YA B ARGE 5 BT AT PR VTR G, 20 Morais
F10 FWEZEZRMENL ANOVA 5317
Table 10 ANOVA analysis of antioxidation of two kinds of Hawk tea
ﬂﬁlﬂf% %;FH“/%
b Tender leaf tea Old leaf tea Pl P i
Index T e T (i e F value P value
Average  Standard deviation Average  Standard deviation
DPPH H 2T R 66.88 13.65 51.70 13.66 5.49 0.032
DPPH radical scavenging rate (% )
ABTS™ H &5 R R 56.88 14.45 40.73 12.60 6.43 0.022
ABTS" radical scavenging rate (%)
FRAP {H 2.91 0.25 2.29 0.59 7.74 0.013

FRAP value (mg TE - ¢g" DW)

S5 (2022) ZBE R HUEALTE S e 22 Bk
Wi R 1 % B R OE b 6 T LA R BT A A E T 1)
WFFR 55 T8 2 30 4F R WF 28 1) #4405, ( Thammarat et al. |
2021 ; Liang et al., 2021; Xia et al., 2022) ; Du 4§
(2022) &IN5 2 B R ] 240 Jfo JB 5 3 AR B S
AUV ; Kluska 45 (2022) & B 1L 2% B 0T 38006 Bt &
AL IEF R [ 55 Taha 55 (2020) 3iF 55 7 5% 7l @
T 3 i 5 A A | 00 T 4 AR T R DR A AR AL

BILTR AR S 45 43 55 5 & S R 2R A & 0 B AT BT 4R
b B U IR IR PUA TR PO BESE 2 RS
IR 4% 5% % 1 ( Rojas-Gonzalez et al., 2022), H
L, RTPIRBIE R Z BB GV ERZ
] TR A IR A g BRI BT s b, PRI, X
S ELAT = 5 I M %) B0 R R SIS 3 T 2 i B TRUR A
7 R iR A A S ) B AT R S

£ L ik AR E5E R LC-MS/MS i 5E T %
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