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Abstract: To optimize the instantaneous high-temperature sterilization process parameters of [lex kudingcha based on
multiple indicators. The process parameters of instantaneous high-temperature sterilization of llex kudingcha were
optimized by using the orthogonal design multi-index comprehensive weighted scoring method. Sterilization temperature,
sterilization time, and particle size of herbs were used as the investigating factors, the sterilization rate, 1Cy, value of

antioxidant activity of 1,1-diphenyl-2-picrylhydrazyl (DPPH-), and polyphenolic content were used as indicators, visual and
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ANOVA results were used to evaluate the effect of sterilization on the three examined indicators. Fingerprint technology

was used to evaluate the samples before and after sterilization. The results showed that sterilization temperature was a factor

that had a significant impact (P<0.05), and the optimal sterilization process conditions were as follows: Sterilization

temperature 160 °C, sterilization time 10 s, grinding size 24 mesh. No significant effect of instantaneous high-temperature

sterilization on ICy, values of DPPH- antioxidant activity and content of polyphenolic compounds (P>0.05). The

microbiological limits of the three batches of samples sterilized by the optimized process were all in accordance with the

provisions of pharmacopoeia. The ICy, values of DPPH- antioxidant activity of the three batches of samples after

sterilization decreased by 0.19 and the polyphenolic content increased by about 0.14% compared to that before sterilization.

The results of DPPH- antioxidant activity ICy, values and polyphenolic compounds content of the three batches of samples

before and after sterilization were not significantly different by #-test (P>0.05). The similarity of sample fingerprint before

and after sterilization was >0.9. In conclusion, instantaneous high temperature sterilization had no effect on the quality of

llex kudingcha, which would provide experimental basis for the application of instantaneous high temperature sterilization

technology in llex kudingcha sterilization.

Key words: Ilex kudingcha; instantaneous high temperature sterilization; orthogonal design; sterilization rate; antioxidant

activity; polyphenols

T T A5 (Ulex kudingcha C.J. Tseng) N4 B4
BIBIAAEY), 22 . kIHZ AR, FEY
B =l M AT mnHEREZE TS | IS E M
OSSP, AT ARAH TN MR TR S L
M2 21, FEELAIHEREZSS TR G, H 2
Wy SR 95%, H O st &) . AR BRIT
FERW], W T RAAF HAPUEELL. BEInbE ., RIS
D T AT N B, HA Bk
FOP B pE R 22 4 . A ARG SRAf .
T iz ki M G AR A A E TR E R BB TS e, 25
7 FH AR S ™ B . B T A K BT A Zs &
HARUN T P dm AL G R B BB K e a0, Jt
HIEXT EL P (R . BB A O K R 5 I,
[FIEsy X H 2 Wy 2B 4 & B S pe s B in e 52
MR AG OCTE . A G T A4 K 1. 27 AT
F%, JUHRER KT 5 o i A FE i R AR o

HATSEBRAE 7R FH 00 K 7 A T . 1
PR . PR OB . 4l 60 FRIECKE . LEEZ5E7R
K AR, G e Ty SO AEAEAS [R] R BE 1Y B s RN [R]85,
TR TR 25 AT R8T, SEMRYT R RO B
JE 25pRas e, SEmd I MR A LIS IR R
4 60 HE BRI TEER B s ZEEZETRAEFE . BT, 52
M) 28 Pk 4k P R A = iR K BT (High Temperature
Short Time, HTST) J&F| ] H 4% 75 7R sl A Sc He g, fiF
T 25 ETE 150~180 C RE F AL & L
LB, BRI K AR A] 6, AEAS TR R MR EE i CR ks
A RORST, TCIREET5 Y, 70 2477 S B K v
A RAFA N HBT . M eS8 fEoE R W, R &
TR KB AEIR B K BSR4 [RI s X 225 o i To s i, {H
H R DI S B B S ARV PP, IR AR A
A REHA TR VT, A ORISR B T 2Ty
H SR AR DRI .

AT LIS T 25475 T okl Sk P B
FEHR KR, DUEAS T 2AahR e G PPt fe o
T AL R SR KB T2 S8, S BUK B 3R

DPPH -HUEAIEE IC, (HAZ Wb G5 e R
ZEHRPE, 24P BT S TR R T 2% T A4
BB AYRZIR, LA AR iR K R AR AR i M 2
AR AT Y A N R AR
1 MRIEREE
1.1 MRS5S

WTARATH T W AR EIETT BT
4547, L5 RAR T B 2GR e m IR O o D1 25 08 S 4
ERNEERHTT BT AT Frad iR . SR
SEREIE AL SRR B, SRR C. FRsk AR .
WTHERR . S 2 . X IEPIAERR HPLC>98%, i
Hha o B AEEHEARAE; 2T HPLC>91.9%,
S 2 AR E BT AR B . O tigal, 38
[ TEDIA 2\ A]; #5R  Gigal, HMRE 42Xk T)
DPPH-i5  4i)¥ = 98.5%, FigE va kb plA
B2y w]; HoAthiksm  50brati.

WS-FMD15 B R BT KR R G KA
B 254 BRI F]; LC-20A ERRAR RN AARS
AN HE]; BT25S B+ J7 452 —HL PR [EESEE
F B2 2 A BRA T UV-1801 24N 001

JE S ES RIS 75 KQ-500E #8745 75 1%

BN A A R 7] FW 177 B 558 7 GER e
Bl AEEETTAS GBI PR .
1.2 XWFHEE
1.2.1 KEEFESR A B T ASAT, Bk 24,
50. 80 H ki f FH, R FH PE H 484336k 9 48,
F4% 200 g, FIBIEAT N R AKO-R 5T 9 48k E 1T HE
By e K TR, FH IS RERA RS S KA 5 B
1.2.2 BEEHEERKE T2 SRAIEZSAEEL, R
s W s v T K AT PR S B 20 6 R A 5 B il 91 T B iy
WITRSL s 2560, PEBUR PR (A) . KB BHE (B) ALy
WERLEE (C) REEIN R, BARREE 3 DK,
FAKFIZ 1. Ui | DPPH-PLAALTE TE
1Cs, (H M 2 PG W& e B EAEHR, LRGPPk
TE T T AT B iR K T 2280
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Table 1 Factor level design of orthogonal experiment
%' AKEIEE(C) B ] (s) CHIFFRLEZ(H)
1 150 5 24
2 160 7 50
3 170 10 80

1.2.3 fAAEWRERA  BOKBERTE RS 10 g, i
A pH7.0 TCPH S ILEN-85 FIRZZ vhi 100 mL V1RSI RP
S 1010 R, AR EEFT 10, 100, 1000 1% R S Hf
B TEREE. R AL | KR AT
TR S i EL R o 22 S B BB ARG T 22 I 2020 4T il
Cr E 24 S )y PUFERIE ] 1105 AR JC R S i AE B R
R : AP EORRY, IR KB R,

FE ST S E = FF S 2N TR B+ BT R RE TR A B

K ZE = CRK B FE i BB E - KBRS R 40/

A K B FE il B S 3 x 100

1.2.4 DPPH-HLEALTE MM E = HESCHE [26-29]
P I LASSCEE, il B2 M T i vk B Sl 3.6 3.0,
2.4, 1.8 g/L(Z5BF) MIHEE RN T A54FH 70%
LW, FEERA-T WA T 517 nm PR 43
TN E 25 FIRE SRR« XF HEAE Sl 8 T R Mk T T
WeGRE, THA IRV R . DA SRR B A AR B,
H R 3ETE BRI AL bR, 5 HIARMERTLR, ST RIA s
2, A2 1C5,(mg/mL){H.

DPPH - H HHIEE R (%) =

[1— (AFE Al — ARE SR /AN ] x 100
1.2.5 ERORAH S (HPLC) Il K RIS 10 Ff
WA GRS B
1.2.5.1 XTRESRMRITIES  ASEFRE 10 TPt
M4 5 mg, BT 10 mL B9, JH 70% 2
fife, MR 20, IR S o
1.2.5.2 LAy iles 4 IR BCK RS 8
TEEAT 1 g A48T 50 mL &30, il 70% Z
25, 40 KHz #5320 65 min, $527, FJ 0.45 um #%FL
VERREYE L, AR,
1.2.53 (Ai%4&M  AiEHh Agilent (43851 (HC-
C g, 4.6 mmx250 mm); G sIAHA 0.2% BER LN (A)
—0.2% BER /K (B) 3 —J0Bf B YERE 4514 : 0~6 min,
87%B; 6~16 min, 85% B; 16~30 min, 70%B. i
> 1.0 mL/min; AR 40 °C, &1 3% K 320 nm, #EFE
5 ull,
1.2.5.4 Wb G &g 43 kg & WO
BRI S AR RS AT 5 uL, T RO e
A, e RS Fe AR AL
Ay CyXxV;i
A_: * TV@& :

W, x 1000

e Az IR C g X AR BE (mg/mL )5 Ve

X Vi

LR EYEE (%) = x 100

P S R ARBL(UL) 5 Vg XF BE SRR AR R (pL)
Ve BHRSE SR (mL ) ; W g HHA PR (g) -
1.2.6 EACIREG ST FEIE Ly(3Y) IEAg TR
SR I, 43 50 T S K A% . DPPH-
B LTE N 1C,, (HL R Z P G & E . >R
LEAIAG PN KB T 2R3, AU AR RS T
TR, RETRRR A CRE ) ALE N 35%, 18
Fr B,(DPPH-PLAEALIGE 1C,, 18 AIALEE N 35%, $5
i Cy( TG Y& &) AN 30%, PAZEGTE
FRFEAT I 255387 o

T 2R B VE 47 = AJ/ALL><0.35+B/B ..
Ci/C 10 0.30, LAZEE TP EIES T EDWSTHIT
1.2.7 HPLC ¥s&rEER T FraETE KX fd s
L S A R AR, FR AL K PR T 225 ARE] 10 AR
(R AR S, 422 1.2.57 300 F Xk B« Al S v il A5
T7 12 BT S A R E ST, SR b 25 i he sCE AR
U P 5250(2012 RROANER, £5 HPLC FRECEE
1.3 HEAIE

SIS HHE R Latin 3R 4F 847 1E 385307, 2R
SPSSAU #{4:#:47 CRITIC #(EEE, RJH SPSS22.0
FRAF AT I7 2253 W1 B ¢ K56, P<0.05 FRos HoAT W3
PE2ESE
2 FER57h
2.1 EXREZEIAENEVESNE

9 ZHIE AT I 6 BRI i 5 K B 87 T 3575 2y
b EY e Ea R 2,

x0.35+

F 2 EZAEY T AT 10 MEBELEY EE (%)
Table 2 Content of ten polyphenolic compounds of /lex
kudingcha by orthogonal test (%)

Eiztan 15 2% 3% 45 55 65 75 85 95
BEERR 023 022 018 022 026 026 023 023 025
LRIFR 132 116 1.13 122 133 133 130 132 129
FRaRERR - 036 025 022 025 034 034 033 035 031
WL 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
MFERERR 017 014 000 023 021 021 021 021 021
BT 0.01 0.00 0.08 0.01 0.00 0.00 0.00 0.00 0.00
SR 003 005 002 004 004 0.04 004 0.04 0.04
FLERB 012 0.11 0.14 0.12 0.13 0.16 0.12 0.13 0.13
FLETRA 040 035 035 042 041 040 040 038 0.40
FEJFRC 027 022 027 002 025 029 025 027 027

=X

JoN=REs 292 252 240 254 298 3.04 290 295 292

22 EXREERRIH

TEASTRIS 7 2550 HT S S TEE R 0L 3. 36 4,
LRGP B A AT 2 B, 45 DR R A 2 T Sy
A>C>B, Jr 2250 W2 I K PR i 3 2 i 52 a1 A 3R
k. ks BO(H—FF, BOK PRI EESE 160, 170 °C 1
T, 454 IEAS e KPR R A5 IR M EF BT o e 3L, #fie
FAERE T 28 A,B,C,, HIK IR R 160 °C, K
BT 10 s, BriEpi ol 24 H. K%, DPPH-
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Table 3  Orthogonal test design and results of instantaneous high temperature sterilization process Lo(3%)
S A B C D(ZEH) KHi#H(%) DPPHHUSAMIEIEIC,(mg/mL)  HEZB&EE%) ZE1EN
1 1 1 1 1 66.31 8.02 2.92 0.876
2 1 2 2 2 69.96 7.45 2.52 0.824
3 1 3 3 3 77.45 7.24 2.40 0.830
4 2 1 2 3 87.74 7.17 2.54 0.878
5 2 2 3 1 90.17 6.54 2.98 0.902
6 2 3 1 2 91.91 7.35 3.04 0.950
7 3 1 3 2 88.37 6.88 2.90 0.903
8 3 2 1 3 97.72 6.47 2.92 0.921
9 3 3 2 1 91.27 6.62 2.95 0.907
k; 69.467  78.900  80.930 81.567
e k 81.933 82907  83.067 79.073
REH (%) ?
ky 93.153  82.747  80.557 83.913
R 23.686 4.007 2.510 4.840
k, 7.570 7.357 7.280 7.060
k 7.020 6.820 7.080 7.227
DPPH-IC,,fH :
ks 6.657 7.070 6.887 6.960
R 0913 0.537 0.393 0.267
k, 2.613 2.787 2.960 2.950
R k 2.853 2.807 2.670 2.820
BEBER%)
ks 2.923 2.797 2.760 2.620
R 0.310 0.020 0.290 0.330
k; 0.843 0.886 0.916 0.895
N k 0.910 0.882 0.870 0.892
LT :
ky 0.910 0.896 0.878 0.876
R 0.067 0.014 0.046 0.019

R4 R R KA T Ay 25 40 HT
Table 4 Variance analysis of orthogonal test of instantaneous
high temperature sterilization process

F%E YT AmE ¥y FE REE

A 842.364 2 421.182 137.691 P<0.05

) B 37.408 2 18.704 6.115 P>0.05

c 40.036 2 20018 6.544 P>0.05
RZE 6.118 2 3.059

A 1.269 2 0.063 7372 P>0.05

B 0.508 2 0254 2950 P>0.05

DPPH- 1Cs,fft C 0.169 2 0.084 0981 P>0.05
2 0.172 2 0.086

A 0.159 2 0.079 3366 P>0.05

. o B 0.105 2 0.052 2226 P>0.05

BEW (%) c 0.251 2 0.125 5324 P>0.05
RZE 0.047 2 0.024

A 0.009 2 0.004 20.751 P<0.05

o pii B 0.003 2 0.001  6.443 P>0.05

Gy C 0.004 2 0.002 8713 P>0.05
2 0.000 2 0.000

H: Fy o5 (2,2)=19.00, Fy o, (2,2)=99.00,

PUEALIETE IC, (HLL S W2l &) 1 3 i L
WLIIHIT LA K T3 2253 AT S5 R W, KRR K A H
A 2R, HA PRI 2R X KB 38T il 2552 ), KB Ui
BE KR [E] KBy ek BE XS DPPH-HTEARTETE 1C,
AR Z PG & o 2 s . LUagFp
WY& RAE NS G, ST 220007, 45 RRI K
X 10 P22 a9 & 470 25200 (P>0.05),
SRS B NSRS 2

23 BRETZSHEIE

UL e T2,

VL e A3 K 12 S5 AR Ak 2

3 HEF T ASACTEFESL, PEA TR P R A s
. DPPH-PLASLIGE M 1Cs, [H A Z Wi 5 W& =,
ZER LR 5. 3R 6. KEEHTGREMEE IREE « Kigedt o
o EEMEZEF(P>0.05), 85103 7, PR PLAILIETE
HZmIe &Y R LA I RARE, YRR
PIRLFEAE K, FF G 25 Az, FREFIZ T 22 -G HnT

17, B AT ErE.
£S5 KEETEMEYIRESL
Table 5 Microbial limits before and after sterilization
LA P A T AR R >
75 (“gFU o) BERFE RRAE BN BT
& (CFU/g) (CFU/g)
1 1.0x10° 8.0x10' EN oA <10 AKith
2 1.4x10° 7.0x10! EN oA <10 AKith
3 1.1x10° 8.0x10! Ak <10 AKith
AKH 2.0x10° 8.0x10° E N oAl <10 Akt
#6 mAET Zuurss
Table 6 Optimal process verification results
KWATDPPH-  K#JGDPPH- KNI L2 KRG Lmk
P PUELRIEE Bk =R AC T fkaeE  EYER
ICs,ff 1Cs, {8 (%) (%)
1 6.63 6.42 471 4.83
2 7.15 7.07 453 4.64
3 7.21 6.93 425 443
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Table 7 Analysis of IC, value of DPPH- antioxidant activity and content of polyphenolic compounds before and after sterilization

KRG A SD F P t A
DPPH-IC,fH KT 6.9967 0.31896 B 55 75 2 0.018 0.899 0.704 4
K e 6.8067 0.34210
10 2 i KR 4.4967 0.23180 S5 2 0.098 0.770 -0.77 4
K 4.6333 0.20008
1050
1000 2
950
900
850
800 5 g
750 3 7 9
700 ! cA P 8 1011 12
650 A e A R(12)
S 600 N SN T S_— A A : S11(12)
E 550 A A e N A ; S10(12)
i 500 | S A A ; S9(12)
= 430 N 1 A 3 S8(12)
350 : : A A- ? 57(12)
250 A andl A : 55(12)
200 A Li. A A j S4(12)
150 i W N N
1(5)8 A - N A_ 3 S2(12)
0 A W ~ N A S1(12)

012345678 91011121314151617 181920212223 242526272829 3031
At 1] (min)

Bl 1 3 TA5475 10 HPLC S5 20 HI 1 Ko B S el ik

Fig.1

HPLC fingerprint and control fingerprint of llex kudingcha

TE: LBTER IR 2 20 5TR; 3. FE R IR 4. MIHERR; 5 X IR AR 6.7 T 5 7.5 M B2 25 105240 5TR B; 11504 IR A; 12. 53 4% )5

% C; R: % IR [EI1%; S1~S10: K GAES; S11: AR KBEAES

24 BT RESFRNERIGRYEIL

SR 25 835 458 a0 183 A DL E PE M R S
2012 WRYEEST A LG fefE T2 KA (S1~S10) . K
BEAT(STDHEFESFESENE . LR KBRS (ST
SRR, R PO EGR I T 2 R E . [ BhPLRE
(FFME) 8 BE 80 0.10), hhraE T 12 A I, 1ER
W T AT IR SRS R AR, A2 pl) BRI R, B
HA A, DLE 1. KRB RTS RE SR IR S A S5
o ARIEIE A T LUAR, A3 i K B i e AR i P e SRS
FOAEARLEE , 45 SR BIHCT 0.9, WK B ET G2 T 284
T Y AR AAAE S AR [F], fhai gl nl—350hk: RAT, o
3 F5itie

B v Vi K TR B A SR RATR T 28445 A
IR, B T 2550 WT 45 2, KB TR X AR & b
A W KT HL AT S 35 s, R PR R R, AR AR Ak
A KT RRALG, 11 2K B IR 1A 4% DPPH-HL5 L
WP RN ZZ W A A S ISR KB R 5 K e
B Lb4%2, DPPH-HLAAGEE R 1C, (EH -0/ 0.19, =
AL A S RN 0.14%, AT BES5 KR /K53
Wl 0.2%, A OB S AEXT S A 26,
T A BRI SR WA IR e ViR K B X 6] s T 2 s
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