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Fig.1 Process flow of PCP leaf tea
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Table 1 Factors and levels of PCP leaf tea
o+ K-
-1 0 1
F K% 55 60 65
113 EIC 105 125 145
4 45 B 18] /min 10 15 20

725 CEHR I 1:100) FAME (&8 60 ﬂﬂ“
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x2 MHERBEEDRAE
Table 2 Sensory scoring criteria of PCP leaf tea
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— Ak B E A5 PR AR TR B AR X, 4t
T 40 £ i P 5Y B R PR 15X (2) THRAR B A
FE A () BRI OC RS R, AR OC R ITHr 4 Y,
(Yi=X-R;) ,@E)ﬁ*ﬁfﬁ %[Q]O R=(Ri sw ,R; .,
R; s, Rivne , Riwie )40, Y=X R, I15EH3 Y,

r r

11 12 13

Y=X-R=(w1,%0,%3,04,05)X | T3 Ty Ty (2)

T'sp Tsy Ts3

;H;‘ EFI inn,:(-xl /\rln) \/ (x2 /\r2n) \/ (x2 /\r3n) \/

(x3/\7‘4,1) \/ (x4/\r5n) ,Yin ﬁ*ﬂi% X Ijj*ﬁ*ﬁ%ﬁ% Ri

55 n B, N BUR/IME, V BURKIE 15 V=Y.,
Yo, Ya)  JH—AL I B Y, (1 08 E Sy ni 107 16 o 4 A4 KR
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25 0.4 mg/mL 7 T FRIFEW , >R FH S IR 45 (8
P2l AR Rl £ . B 0.1 g %R 70% 1% Z
VS WCER 2 25 mL, ¥4 5 TP 510 nm T i
7,
1.6 HPLCUEME R . ZREFHRMFTMEIE

A3 45 0.4 mg/mL (MR E R FRR AT
WA ZARHETS W, 2w An e 26, F 100 mL 50%
H B2 100 mg T4 M 75 5 A 30 min, 250 )5 i
0.22 pum PEME B ETH W, (354 : InertSustain C18
(5 pmx4.6 mmx250 mm) ; A 0.1% R (A) |
Z NG (B) ; % 1.0 mL/min;; ¥ B8 A6 B :0~30 min,
5% A~25% B;30~55 min,25% A~45% B;55~58
min,45% A~5% B;#EE 35 °C; AR 20 pl,
1.7 HEEEBRNE

4 A & B S B4 ] 10 mL B 47K 0.1
g WM A, 3T 0.22 wm JE MRS A BE S
Hil 855 12 h g i, 35 : Column Kit
Lithium ¥ ; 3 3# :0.18 mL/min; # #i& .40 °C, &
# : DAD B AT - 570 nm+440 nm,,
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1) HS-SPME #4120 mL T Zs i in A
1 g %TH .5 mL Z8M8 KA 10 L /Y 3—F BEIR T,
T B BB B T 75 CC/KIA 15 min, 26 B
15 min Ji7 , 7€ 250 °C Ff##7 10 min!™,

2) GC &M ikkE . HP-5 MS 13 B 4IkE
(30 mx0.25 mmx0.25 wm) ; < QT (LLE =
99.999% ) ; H: Vi . 1 mL/min (PH FiAR L) . THE R
FRn# 3 Fis .,

%3 AREF
Table 3 Heating program

i F/ B/ P A B 1)/
C+min™ C min
1 %5 15 40 5
1 5 30
2 2 140
3 5 210 5
4 10 250 5

3) MS &M EI; & 18230 °C; 2 11 .80
eV T HT - 150 °C 5 4 #5 X 5 9 4 5 [l : 30~400
mlz ;B2 17250 °C, i .40 °C, #FF£ 17,250 °C.,

4) EHEAER K GC-MS /e g RS
NISTO8.LIB 3% #1745 & L Xt DADCRCH8 B0K T
90% W ot % bRl , AR & AL (3)1F
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OAV)#E AR (4)1H5 .
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Fig.2 Single factor experimental results of PCP leaf tea
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FL ORI P=0.034<0.05 £ 5 W E Wi E R
R*=0.8950, %M £ 4L R%,;=0.8006 % Wiz 4
RIGE A A B W (A2 Ak, — kI A2 B2 .C* Hy
W @ 3 I (P<0.01), — KW A B.C,5%C HIi AB,
BC AC NABFET(P>0.05), 3t FEWEH, =
PRI 2% 6] T B R i 2 SR B0 B 255 VR S R Y
KNEFE 1 90 Tk & (B) > HET K 43 (A) > B4 i
i (C),

HETF K3 . LI B R R I ) X AR 2
BB LA s manan® 3 pis . HPImsg H

VB I BRI B0 F R 25 B P e R 3, w AL
T B X RSB B B LR A VA TS i o
F S AR, RAETZ&MN M
H K> 59.53% , HFABETE 11.94 min, #)4E R
123.78 °C, BRI A 27 I8 25 5 0F 23 U oy 054,
Y TSR O M, K B T AR S
KAy 60% , B & WTH] 12 min, #) KL FE Ky 124 °C,
B R i ORI RO IROE 255 P40 0.4720.02,
FEAT TNAE &% SR e UH | 2 W A5 Y m] T v
AP,

s

x4 BEEMFRESZAEIHNHARBRRZITER

Table 4 Experimental design results of sensory comprehensive score of PCP leaf tea

N ) Y B S F . . Y B F
P Al% B/°C C/min Lo K5 Al% B/C C/min Lo
22 A9 5 22 A 3F 5
1 55.00 105.00 10.00 0.47 11 60.00 91.36 15.00 0.39
2 65.00 105.00 10.00 0.41 12 60.00 158.64 15.00 0.39
3 55.00 145.00 10.00 0.39 13 60.00 125.00 6.59 0.54
4 65.00 145.00 10.00 0.41 14 60.00 125.00 23.41 0.37
5 55.00 105.00 20.00 0.37 15 60.00 125.00 15.00 0.54
6 65.00 105.00 20.00 0.39 16 60.00 125.00 15.00 0.54
7 55.00 145.00 20.00 0.44 17 60.00 125.00 15.00 0.54
8 65.00 145.00 20.00 0.41 18 60.00 125.00 15.00 0.54
9 51.59 125.00 15.00 0.39 19 60.00 125.00 15.00 0.54
10 68.41 125.00 15.00 0.39 20 60.00 125.00 15.00 0.50
*5 BEEMFEELSSTESHMWEESH
Table 5 Response surface analysis of sensory comprehensive score of PCP leaf tea
KRR T 75 fm DF B F1a P1a
BEA 0.081 9 0.00902 9.47 0.0008
A-BF Ko 0.00018 1 0.00018 0.19 0.6704
B—#n %8 0.00001 1 0.00001 0.01 0.9319
C—#: 35 B 1) 0.00928 1 0.00928 9.74 0.0809
AB 0.00011 1 0.00011 0.12 0.7382
AC 0.00011 1 0.00011 0.12 0.7382
BC 0.00361 1 0.00361 3.79 0.0801
A? 0.03500 1 0.03500 36.64 0.0001
B? 0.03500 1 0.03500 36.64 0.0001
c? 0.00991 1 0.00991 10.41 0.0091
&£ 0.00952 10 0.00095
% LA 0.00819 5 0.00164 6.14 0.0340
Yok £ 0.00133 5 0.00027
& Fa 0.09100 19

R*=0.8950, R?,;=0.8006
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Fig.3 Response surface diagram of the sensory comprehensive score of the PCP leaf tea
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BIU/NF 1,70 TVA BUE Dk 2.53, 3 B s — 2 S 4
PR TTERA PR, i 25 S R T 49.01%, 3



B286 H2M

AFH v A& T E B LRk R SR %A 247

ol Ay i o S R A5 KA SR R AC Tk I A 2
iz, Horp R AR AT S R AE T 23S i TAV
(B> 1, ¥ 0 BELE TTRR LAY, A% rh R A S B AR
T 33.4% 8 HE IR G EEIT 71.5% ., 2 Fhoh itk

BIEIR N AR AN ; NEARTEM F 19 TAV
fE>1, A AR BTk B3, A5 T I &R & R
T 62.5%,TAV fti<l.

x6 HEEMREFHHESEERSE

Table 6 Content of free amino acids in PCP leaf and tea

fetth 2ok 8 4 /mg - mL" Wﬁﬁ/mg'gfl TAV ! %{mg'g‘ TAV
0 *h
5t 56 &R (Tle) Bk 1.441 0.96 0.67 0.05 0.03
7 &R (Leu) F R 1.572 0.83 0.53 0.67 0.43
A& Z R (Tyr) F ok 0.905 0.20 0.22 0.50 0.55
R 7 & (Phe) Fok 9.570 1.01 0.11 0.28 0.03
20 R, 82 (His) Bk 6.975 0.77 0.11 0.95 0.14
& 2R (Trp) Bk 89.760 1.84 0.02 0.57 0.01
i ZER (Lys) FR 1.168 0.96 0.82 0.09 0.08
A BB (Arg) B 13.050 0.59 0.05 0.29 0.02
7 8% (Thr) Hek 4.760 1.92 0.40 1.33 0.28
A & B2 (Ala) Hrek 0.712 1.25 1.76 0.47 0.66
R A 2B (Asp) EE ek 0.532 4.10 7.71 2.73 5.13
2.8 (Glu) s ek 0.441 37.4 84.81 10.64 24.13
R A& BEME (Asn) sEok 6.650 3.30 0.50 2.20 0.33
RAREALT - - 55.13 0.67 20.77 0.03
24 MEHEIEHEFHEATH SMEH " i
ER MmN
W T W (R {E>0.14 mg/g T T ) BAT bk H s0r
ISR 1 SR ) o 7R L B R ORI T = "
W25 i 13.99 mg/g T, AN 4 FiR, H TAV « £
E>1, AR b 8k Y B, I K E ié 10}
TR A BT 4.32 mg/g T (P<0.001), 5 #tF :
T2 17 0 R 1 A O 1 R R 2% A e i ni: i
T FEA T LR D B R R R AL A S o Pe0.0s.
E S H B Y IR G & RN K0 IR R B4 SEEMEMETEER MES.
R I, AT RE ) i aok A AT v e R e R B FRERRETHEE

B H R

E TR T /N ) s NN S AT
LA, AT B S R I B R AL E
WA e R -3-0—a— LML BT R AFTR T A -3
O-B-D— MW w1 P T 45 B TR™, i
BT B 28 R B | W BRI R
Er A 4 PR HHECRES T RO A

Fig4 The total flavonoids, quercetin, pinocembrin

and gallic acid in PCP leaf and tea

TeAs 2 & 1k 38.147,0.427,0.142 mg/g + 5 ; I
KA, LIk 3 R & B 36.654,
0.461,0.184 mg/g T, S JFURHHE LG W 25 2
S, U0 S AR R R A Tk
F B v H TC W S
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Fiow . RS A SR B A5 4 27 B, BT
MRS IS WS BRSO 1R R
B, HE 25 B 50 KAR G i o8 — 8, TR
A T ARG I R M LAy 35 B, R B R
PERS A A RS RIS,

MR 45 ¥5 e oy i B A& A UE v, T
H OAV 1H,0AV {H>1 BP A sk 1944 & 4 %)
OAV {E>10 g 47 5 B2 57 ik (14 4% & 1k il 4308221 1
ZERNFE 8 Pion, EEEEN RS T, 0AV>10
B4 R 2-C B/  (E,E)-2,4-BF —f&
W -2— -6 — M SEIE W L B TR | T
WA AR R, OAV AT 1~10 Z [ i N
R P R -2- i-6-T iS5 5.91
wg/g, OAV {H A 7 385.50, gl B #175 FEnk Al 3=

UMK ALy s H R % 5 oh 2.85 pe/g, OAV A

K5 247.01, 2R, SRR E PE oA ] 2 A8

MER, WReRH RS, ROES &R 2.19
we/g, OAV {4 33.76, H#FE; TR 035
pelg, OAV {H R 23.35, 25 . £ 1, s st 5
BEE ULE R & AT N FERFHE,

BB R 25 257 OAV (H>10 B 3% & MLk
IAUEE . (EE)-2,4-PF —Mals 22—, ii-6-F —
Ml SSE AL PRI R O R O T 8-
WArBEmE e -2-F W A AR OAV HA T 1~
10 Z [8] () G456 - B8 AL B R . 22—, Ili—6—
T AN R a8 -2— T BV 4301 3.10 /g il
2.32 pgfe, BT HK, L OAV HZ AN 5 02901,
=2 -6 T 4 i hy iE 2 95 ROk ) 22 0T
Bk sy s ARERE & 2N 1.24 pne/g, OAV H N
3 586.48, 5 BT MK, S I B PEAN Hh oK T 34
B, ATREROE ROR R S BT AR B i O 4.31
nelg, Ho OAV {H N 862.53, i & KL AK L
il 5 5530 0.87 /e il 1.99 pefe, FIREF,
HOAVHZ 1 127.27, il WFss 4l R
FIMTERIZ G, HRRARIR, WA MRS
piie

#7 GC-MS/MS &SRB HFHE
Table 7 GC-MS/MS analysis of aroma components

HwE

ot/ ot/

A5 ) R g X >k Aok
B /min peg! pgrg!

1 8.253 2-T@Ek CeH,0 B 0.41 - FHE ok
2 12.441 X FES C.HO i3 1.03 0.57 A&
3 13.401 ¥ A& &% R CsH,,0 | 0.52 0.83 F ok
4 14386 ¥ CsH,60 B - 291 A&
5 14.454 (E,E)-2,4-F =¥ 5 C-H,0 B 0.89 1.35 FHE ok
6 15241 2-2 A T8 CsH 50 i 2.10 1.19 A
7 157791 X @ CsH0 i3 - 0.87 bioks
8 16223 2-F A -6-3 F k2N CyoHyg %% 0.87 1.94 P S
9 16.761 % @ CsHs0 ) 2.19 1.99 bis
10 18811 =& CoH,50 B 0.35 0.17 HA
11 19.418 PB-IRA7ALa: CioH,0 S - 431 H A
12 21279  B-2-,—6-F =Kk C,H,0 i 591 3.10 F¥E ek
13 21.705 R X-2-F@ CoH,60 B - 2.32 F ok
14 22319 +x@ C,H30 B - 1.80 -
15 22.841 4-7 4 B3 CyoH;s0 B - 0.34 HHEk
16 2383 liriams CioH 0 i3 0.40 0.51 A
17 24398 &m C1oHy0O S 0.27 0.16 F ek
18 25989 MER[2.2.11E-2-H,2,7,7-=F 4 CioHy6 P 0.032 0.015 -
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(8EFR7)
F5 i fe 44 o5 X, % i T Ak
& /min pgg’ pgg’
19 26343 % /A CpH1,0 ) 0.16 0.25 &
20 34.808 kIR CHi0 ) - 1.77 XS
21 39231 77-6,10-=W A+ —%-5,9-=4-2-8  CuHx0 A 0.17 0.30 A
22 40829 4-2,6,6-=F AR -1,3-= 0k -3- CuHs0 ) 1.40 1.89 A&
-2~ A
23 42551 2,6-=& T At B CisH0 B % 1.12 1.26 A
24 42887 2,4-—&TAEBH Cy,H0 e 0.02 0.10 -
25 43614 S BRIEAL MBS CiH,60, B 0.18 0.24 & A
26 45751 AEfeREE CsHy0 i - 1.50 A ERE
27 46.649 (E)-y—%F LA CiHy0 ) 0.87 1.85 & ¥k
28 46918 2,2,4-= WA -1,3-R = = F T BAS CigHi0,4 B 1.11 1.52 -
29 51106 E+k CioHa RS 1.24 2.08 -
30 51495 AkmE CpH,0 3 2.85 1.24 i ok
31 53975 +AR CisHzg ¥ % 0.80 1.11 -
32 54725 AhbAgkkTE CHx0 B 6.02 2.75 F A
33 55362 AREZVWER—F T8 CigHp0, By 1.86 0.75 b
34 58419 ARAME: O BY CisHi0, B - 2.36 R Ak
35 58581 E=twi CyHs, S - 1.41 -
36 59.968 Az A AR CiH3,0 B} 0.70 1.62 &
*x8 EEMMS OAV HFESH IR
Table 8 OAV value and aroma description of volatile components
ot N TR ’}j/ OAV 14 TE oava i Bk
pgg pg-g mg-kg
A Ak a 3 2.85 5247.01 1.24 3 586.48 0.00107 # i ok
P 3 1.03 3.44 0.57 1.90 0.30000 RE
EN: 3 B - - 0.87 96.67 0.00900 b
ENaY ) 2.19 33.76 1.99 30.60 0.06500 A
A B A% - - 1.50 4.99 0.30000 b
2-T Bk S 0.41 91.31 / / 0.00450 HEk
(E,E)-2,4—F =4 Bt S 0.89 15.83 1.35 24.18 0.05600 HHok
B—2— -6 = K Bk B 5.91 7 385.50 3.10 3 870.40 0.00080 H ¥k
R K -2-L @t S - - 232 1158.61 0.00200 ¥k
KB 3 0.27 54.33 0.16 31.90 0.00500 FHok
k& K R ) 0.52 10.33 0.83 16.67 0.05000 HHEok
2-T kT 8% 2.10 0.31 1.19 0.18 6.70000 A
N3 B 0.35 2335 0.17 11.16 0.01500 A
B A B 3 - - 431 862.53 0.00500 A
= SRR AR B A B B 0.18 0.36 0.24 0.48 0.50000 & A
Bt 16.70 12 865.55 19.84 9 696.76
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Penthorum chinense Pursh Leaf Tea Preparation Technology and Its Influence on Flavor
and Functional Ingredients Dissolution

Wang Xingyue', Yang Xiaoran', Zhang Zihan', Jia Lirong'?, Gao Hong'?, Duan Feixia"*
(‘College of Biomass Science and Engineering, Sichuan University, Chengdu 610056
*The Key Laboratory of Food Science and Technology of Ministry of Education of Sichuan Province,
Sichuan University, Chengdu 610056)

Abstract Penthorum chinense Pursh (PCP) is a functional new food material traditionally used as herbal substitutional
tea, with strong bitterness and unpleasant smell. In the present work, the influence of PCP leaf tea processing on its
sensory qualities were studied using response surface methodology (RSM) combined with Fuzzy Math Evaluation, and the
optimized processing conditions were obtained as follows: baking moisture 60% , primary dry temperature 124 °C and
rolling time 18 min. The results of amino acid composition analysis, UV-VIS and HPLC showed that the optimized pro-
cessing decreased the contents of bitter amino acids in PCP leaf tea liquid and gallic acid, and gallic acid could be the
main bitter taste ingredients in PCP leaf. HS-SPME and GC-MS investigation showed that PCP leaf showed the odor
similar to green grass, orange oil, flowers and fresh scent, and the preparation of PCP leaf tea increased the fresh scent
and flower fragrance of PCP leaf. Besides, the preparation of PCP leaf tea had no significant influence on the dissolution
of the total flavonoids, quercetin and pinocembrin.

Keywords Penthorum chinense Pursh; substitutional tea; flavor; sensory; gallic acid; functional ingredients



