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Processing technology design and quality evaluation of Ligustrum robustum
based on traditional Chinese medicine science

WU De-Tao, LI Qing-Qing, YANG Xiu-Wei, TANG Jian-Hua,
YANG Xuan-Hui, DENG Kuan-Ping"

(Zunyi Academy of Agricultural Sciences, Zunyi 563100, China)

ABSTRACT: Objective To explore the influence of a combined processing method of salt water steaming and
sugar water debittering, based on the principles of traditional Chinese medicine, on the quality of Ligustrum
robustum. Methods Taking Ligustrum robustum in Yuqing county as the research object, 3 kinds of different

processing processes were designed, and the traditional process K1 was used as the control. The physical and
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chemical tests and mass spectrometry experiments were carried out to analyze the influence of different processing
methods on the quality of Ligustrum robustum. Results The sensory and color analysis results showed that K3
process could optimize the taste and appearance of Ligustrum robustum. Compared with K1, K2 and K3 presented
more uniform and bright green visually. However, physical and chemical tests revealed that this process led to a
reduction of 12.19% and 19.60% in the total extract of K2 and K3 Ligustrum robustum, respectively. Using liquid
chromatography-mass spectrometry, a total of 1282 metabolites were identified by differential metabolite analysis,
among which the proportion of lipids and lipid molecules was the highest (26.21%). Further targeted high
performance liquid chromatography detection of the active components of Ligustrum robustum showed that the K3
process reduced the content of tea polyphenols to (8.51£0.07) g/100 g, while compared with K1, K3 process
increased the content of actoside and caffeine, respectively. Conclusion The water blanching and sugar water
debittering process can effectively optimize the color and quality of Ligustrum robustum. While controlling the loss
of tea polyphenols, it also retains and enhances key active components such as ligustrine glycosides and aktoside,
providing key technical support for the research and development of high-quality processing techniques for
Ligustrum robustum.

KEY WORDS: Ligustrum robustum; salt water blanching; sugar-water debittering; liquid chromatography-mass
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B RM, SRR 35 - B %7 (high performance
liquid chromatography-mass spectrometry, HPLC-MS)A] X
AR ELR T b W2 I SBORIRRAE I8 53 19 22 5, 3241 i
W TR RS i T2 7. HPLC-MS. I s A AR
BSOS P A2 RS AT 0 B, T R 30 i
FEE MG AR E B AT, FEAE R AR S LA 4B
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AR 05 2Ok T 2R AR A2 B 9520, @ik HPLC-MS
R 225, D T 2R T3 AU B, 2T T
R SR A 5a 4 1, B T 200"k i kR

1 HR57®

1.1 ik 5

2-F-L- 2R N R (N bR AR TE ) ) (i ali, b g Tz
THARHIRM A RAR), HER(EE, FifE TCI Ak
T EREARAR), 2E. 2RSS, FE Thermo
Fisher Scientific /A wl); BUveif . Lol i (s, iR
AR BRAS W), sETR (i A, o)1 4 v A AR YR
HARAH), LB B8 NaCl(orHral, HE P 2555
AR
12 UBE5EF

EX125DZH f§ & H + K °F (120 g/0.1 mg, 3£
OHAUS X #$47 BR N1 ); H1850-R ¥R 85O HLGHI Hg i A3 52
W Z AT & A BR 2N w1); BE-2600 Y8 A1 {3 (5 T Hobk Il R
I ER A B H); MB-96 44U IS f (U VT S5 BEAL 284
FRZSF]); Vanquish #E R AR SE(BLA Thermo Orbitrap
Exploris 120 SRR %S, 35 E Thermo Fisher Scientific 2
#]); ACQUITY UPLC® HSS T3 @i41:(2.1 mmx100 mm,
1.8 pum)(ZEE Waters 231]); LC-20AT 25350 AR € 34Y |
ZORBAX StableBond Cg (8i%#1:(250 mmx4.6 mm, 5 pm)
([ Agilent 22 H]); 5424R RIRE.OHL(EE Eppendorf 4:
frARk2E 2 ), NR10QC Lab 825 (L (BRYI = S8 0 % 45 A PR
f); S AQ-Cg (AifAE (150 mmx4.6 mm, 5 pm)[HE i
(i) SR 2T A |
13 ZWITR
1.3.1 iz

AHFFEF 2025 45 4 F O 50 M A8 A e B BURE /N i
THRT, Fk—ZEWrE A T ER . KL, K2, K3
FOR 3P TN T T K5

KI1: B 100 °C, 757 60~90 s; YK =T, 5%
JK=1:6 (g:mL); W[E 10~25 min, #4675 °CHET, 7EHET
SRR TR, BRI R o T

K2: ik 100 °C, 0.01 g/mL NaCl /K 257 60~90 s;
HARERAER K1,

K3: ik 100 °C, 0.01 g/mL NaCl /K 257 60~90 s;
0.05 g/mL FERKE R Z7, 2500 KE B=1:6
(g:mL); HBF[A] 10~25 min, JLAHEAER] K1,
132 K4, Ko, KEdy

RO E 32 GB 5009.4—2016 (friie e EZRE &
SR IRAIE ) 5 KA IESZE GB 5009.3—2016  Binic s
FEIZARE B IIE ) Thiss—i; AR IBINES %

GB/T 8305—2013 {5 7K HPIIE )o
133 RELEFkN

(DA, (57587 ] Lab &0, XF453%(45H:90 °C
7K=1:10 (g:mL), 21 4 min 3 J8)FIZSH S H-HFEE, 1 80
H i) CL PR T 44T

QUEEVEM . 3% GB/T 23776—2018 { S E P
HWH D), SFGIRNTEH TP 3% T2 57K 1:50
(zmL), (90+£5) °CHUK il 4 min, FHITEPE, SHELAH
FIFHE 5 & 0 BN P RNEMSNE . B, k. &
ST 3. BE1TP0 REUS B R &35 .

1.3.4 HPLC-MS # ]|

FEAETALIN: 2-S-L-oR N EBRAE N Ane, {0 i
wfR, Bl 4 me/L A 2-5-L-A N R TR A B B R R
FREIE EFEAT 2 mL #0488, A 600 uL 2-4-L-4
AR WP BRI Y, WHEIRY 30 s; IIABIER, HAA
AUt ER S, 55 Hz WP 60 s; FIEA 15 min; &
12000 r/min 4 °CES.C> 10 min, (bt 0.22 pm filad U,
FF HPLC-MS #l #25mj0s)

e ff ] ACQUITY UPLC® HSS T3 (2.1 mmx
100 mm, 1.8 pm){E3EFE, 0.3 mL/min I, 40 °CHIFE,
HHEED 2 plo IEEFEE, WaltER 0.1%H R ZIEB2)M
0.1%MH FRIK (A2), #BEEVEIRARIY Jy: 0~1.0 min, 10% B2;
1.0~5.0 min, 10%~98% B2; 5.0~6.5 min, 98% B2;
6.5~6.6 min, 98%~10% B2; 6.6~8.0 min, 10% B2, &
B, WEhH o 2B B3)M 5 mmol/L W ERER K (A3), #
BEVEBLAR T 4 0~1.0 min, 10% B3; 1.0~5.0 min, 10%~98%
B3; 5.0~6.5 min, 98% B3; 6.5~6.6 min, 98%~10% B3;
6.6~8.0 min, 10% B3,

R SRR R SE B U, IE U TR R R
B, EBTRERIE 3.50 kV, 7185 E-2.50 kV,
#7340 arb, HBIR 10 arb. BANEIRE 325 °C, LAnHi%E
60000 AT —H 2T, —HEFHMEH m/z 100~1000,
IR 5 RE L T A T SR, RERERE RN 30%, —
KA HEFEN 15000, SRAEGSH 4 8 T2, FESRH
BASHEBR B BRI R RIEE B
135 % B

%7 GB/T 8313—2018 { XM AR Z B ALAT KK
AR , RS, HLOREE FRIER EAR
HEERAZW
13.6 4 i#FaFMNE

FEAPEEL: L 0.1000 g #EA4, A 1.5 mL 80%HH
ek v, A 30 min, 12000 r/min 2.0 10 min, B L
W, VR Sk 200 U 28 08 T A N AR AR,
SRIK il

WA TGS Byt AQ-Cis B354 (150 mm=4.6 mm,
5 um); FshtH 90% K, 90%HEE:/K=60:40 (V-V), SR
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Ve, HEREEE 10 pL, 5% 1 mL/min, 4138 35 °C, K 224 nm,
1.3.7 HEF4EnE

FEAYEEL: HL0.1000 g #E4%, A 1.5 mL 50% ik
W, A 20 min, 12000 r/min &5.0 10 min, B EF®, A
EF KT B AR E T AT R ORE SN, LA .

S PHE = P A TR WO G 2

B AQ-Cg B354 (150 mm*4.6 mm, 5 um); WA A: &
JiE, B: BEIRIK 0.1%, A:B H 30:70 (V:V), SEREPEG; e a
10 pL, & 1 mL/min, #:3 35 °C, K 334 nm.
1.3.8 ks A2 a2

Z:7% GB/T 8312—2013. FEAR$REG FRINZ 0.0500 g
FEAS, JIA 025 g S4kEE, A 10 mL 47K, FEFHRE 30 min,
FHE YRR, BCRIER, Ak o B i 5 AR

st TSR A REAE(250 mm*4.6 mm,
5 pm); “ARETESIRINES, R 280 nm, FEE: | mL/min;
FEiR: 40 °C; H B AE, #EMEHE: 10 uL; WAMH: W
15:0.1% 2. TR K I H=60:40 (V:V), 2R VERG
14 HiELE

K R XCMS V3.12.0 AL EA TIN5 38
W FE AR B, S e AR SR, e g R
H— AR L S BBEEE, TR RS2 . P % i
& {#f f§ Human Metabolome Database . Massbank .
LipidMaps . mzclound. PAJ B @ Pbm v i 50 e 454
PRI 2 A 7RG 2R O (B 28, A5 A e 4 S 3
K F SIMCA-P 14.1 # {4 1#£4T PCA 1 OPLS-DA 434, #4 F
A AR AL F BT, R A O (84 B VR RIALA A
AN AR AR . TR G AR R B (variable
importance in projection, VIP)E., K-> ] SIMCA-P 14.1 N &
i) Descriptive statistics F{4FHEA T3 1) 22 A58
(fold change, FC)MAF MY P fH. ¥|log,FC|=2,
P<0.01, VIP {H = 1.0 /E R ik SR AE B M EH B S
A3 M7 R i Excel 2016 il IBM SPSS Statistics 26 #4745k
P Ah P PR [R) 26y 25 S AT, Origin 2021 /R, s
S5 RI R I S R « PR 22 (n=3) IR, AIRF
FARRAEAE 22 5 B35 (P<0.05),

2 HRE5HR

21 3FMIITZ/NET RHIBLIERR

KA. RGBS M e S A 2 LA A
PR, 522 5 M 48 Hu )5 bR i DB 52/T448—2023 ( #tH
INMEETZR ) RRERE, T RESKS . KA. B
WIRFE /N T RAAE i W3R 1 RE, KT m %
Z5(P=0.267), H2E/K7EH K2.K3 /K5 FE B
BENTHKRHFR K1 (P<0.05), Afigh THKkER
B A SRR T YRR, HEdRiR S8k

22U R K A HE R, TN AR, R W
b, U HOE KR R T 1 K3 B R TR 5
1 K2, # K1, K2 fl K3 By TR B A s o i 1
12.19%. 19.60%.

£1 3 MMITENHETEMBUIERT

Table 1 Physicochemical indexes of Ligustrum robustum powder
with 3 kinds of processing technologies

Ea K53 1% K% B2l/%
K1 3.05+0.05° 5.97+0.03° 55.77+0.49°
K2 2.86+0.09° 4.66+0.05" 48.97+0.88°
K3 2.9240.14° 4.60+0.02° 44.34+0.48°

T ] — 30 Al R R B R A7 7 24k (P<0.05), TR,

22 3FMIIZIMETREESRESH

3FPIN T LA/ TS E M. Ly a. b BIESHTAT
DI 6 FN 5k i ULt oA, 3kt S AT RE I, L R
HH5 R, a Fom MBI IE I NGRRNLL, b FoRmMENIE R
S ROT E 1FIER 2 KR, K2 5 K3 A B H K1
2 4 (P<0.05), TTRESE T EKZEH XAt 29 6
VERP, R HIE oA Wek. tEsh b A K1, K2 %] K3 i%
i 8.5 W B (P<0.05), 1 B SR AKCR 3 AR K 95, XAt
HIE W A KL 5 K2 K3 AR, AE KT 1, &
BART AN RIR B 25 Z M B 6.2 5 . AR 3 K, K1
B LMo SHAHAFAEZS, HWEHBHE b ZRE5KK
25— BRI AR E AR L5 A W, Ui
KR T AR 5 1 7 2 F AR B s N

K1 K2 K3

P13 RN T T 20N T 25258
Fig.1 Ligustrum robustum powder with 3 kinds of processing technologies

R2 3IMMITZNMETHREBBL av b
Table 2 L, a, b of Ligustrum robustum powder with
3 kinds of processing technologies

FE L a b AE
K1 27.91£035°  0.83+0.06°  18.99x0.42°  X{fEH 0
K2 2891077 -0.93x0.07°  17.29£0.74"  2.59+0.01
K3  26.89£0.08° —0.9420.05°  14.55+0.42°  5.32+0.04

R3 3HMITZIHETERZANL, av b
Table 3 L, a, b of Ligustrum robustum soup with
3 kinds of processing technologies

b L a b BT
K1 26.29+0.06°  0.40£0.03°  —0.43+0.05"  82.59+6.86"
K2  26.49+0.01°  0.33+0.03" —0.95+0.01° 89.44+3.61"
K3  26.52+0.09°  0.41£0.04" —0.82+0.04°  90.31+2.15
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INHEE T Z5 HPLC-MS 734
BRI M

BARBA A S e 1282 MR ALY, HohIEE
F 776 F, BT 506 Fh JEIRIL A WZAIRT 47 1125, g
TR B RE AT 336 1M(26.21%), AHLARHLEY 182 4
(14.20%), AHLEALEY 163 1~(12.71%), AHLIR K HATAE
Y 144 41~(11.23%), AHILAEAED 17 1~(1.33%), BHEAE
Y2 4~(0.16%), H:Wis K HATA 9 26 1~(2.03%), KRIEEK .
BRIER MAKALEY) 21 4~(1.64%), #FF . A
U 25 1S(1.95%), FATHEY) 141 1~(10.99%), KRR EHE
FIREIZEAEY) 225 1(17.55%). BLI/NHE T 2% & A
HIRE T K 5B 4r 12, Ao R T 28 i #E & il HA
st . M R T, K 2 ATIE H, B
TR, SHEE. B3 BRESLAWMImN . T
FAEIE B BT i ma R B R, A2 F 0~5 min, 1 671 B8
FITE 5~10 min, EAETIE 2T, BLRHIE 27T e i
HIAL S0 . ) AE X 5 o o e
232 FREmITZEASEE S TGRS

YA RIN T8 PCA 85571 M1, 8l 3A RFE, PCA 45
RFEM, KL, K2, K3 08T, sl L xR 22

2.3
23.1

SHRAEIGEW, FAEBENBENES . N T BFHXHZ
ERIPEAT LMY, (P2 ML) OPLS-DA 43#7. MIE 3B mf LA
A
!
=< gof
70+
= 60}
£ sof K3: 3.14e+09
£ ‘3‘8i K2: 4.16e+09
0 K1: 5.26e+09
0

0 1 2 3 4 5 6 7 8
{4 B3 Bsf 1] /min

FEih, RIS PCA [FFEMEEIE, X438 5. OPLS-DA
R O R T RS R TN AE 1120, RN 07 R 0.960,
FHRRITOM AR S 4007 o BRI, FhK R FIRK 8
() L2 T 2R AR = A B R
233 EFRMMHIERE 5

L XA N T T2 T A T AR ) £ A 2
(AT, O e 22 SR, ST o Tl A A
AR . L1 DR eSS T A S R EA T AT, B
T 15 PO A, RPN I TS A A . R
FEAS A Z R (125 AR, AHIFGE X 4 1) 2R 47 1 X6 L O i,
Ph|log,FC|=2, P<0.01, VIP = 1.0 1E Jy4H ] 22 S AL (1 6
VeacME. M 4 nTLIE H, o KI/K2 dB47 Heeiiive, SL0m
e 153 SR 22 FACH Y, K1/K3 Fiiik il 96 1~22
SEAREY, K2/K3 ik 96 N2 5y, H KI/K3 5
K2/K3, ik ok i i — i —FE . 3500 K1 F1 K2 765 K3
oA, w2 U A R e A — 3 XA K3
M T T2 mT Refil & T — 45 22 Ak i n AT % A2 Ak,
X —A b K1 M K2 200 A i & (sl 1) ik 2 ) i), 5
K3 SHTEE TR T M AR AL A K e, B BTRK
BWREFLHSFET RN TR ME R 44 PCA M
OPLS-DA ISR, K3 5 K1 Al K2 A9 22 FRE i [a]—tt
R, (B K15 K2 & 2Z R fefr e 225 .

K3: 6.24e+09
K2:6.41et+09

K1:6.57et+09

0 1 2 3 4 5 6 7 8
A B4 1} 8] /min

B2 3R C 2/ T 2RI & T (AR 7 (B B 8 T @35 K

Fig.2 Total ion chromatogram of positive ions (A) and negative ions (B) in 3 kinds of processing technologies of Ligustrum robustum

A
60 [ T
a7
V. K3-3
20p / K3-1 .'1‘3'2
S) K+-3-QCKkt=t
= K1-2 0
20 F \ K2-1 «2-2
\ K2-3
—40
60 F T~
80 . . . . . . .
80 60 40 20 0 -20 40 -60

(1]

B
60 | [
40} '
T 20 K2-2 @K2t1
= | K2-3
§ 0 K1-100HH=3 w
S ‘ K1-2 /
= 20 K3-3@K3H1 /
a0l K3-2
60 | — |
~80 . . . . . L
80 60 —40 —20 0 20 40 60

1.00027 ¢ [1]

%3 PCA (A)# OPLS-DA (B)f3/+&
Fig.3 Score plot of PCA (A) and OPLS-DA (B)
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Fig.4 Number of differential metabolites between groups

24 SEMRSTEESH

X T2 A BOUSAr EAT S e B AT, A
KW, Lottt B ek, sk 4 FoR, HARdE
HZER 7 KT 0.999, FWIHIARRLF. W SA FR, 3
RO T2/ T 28 125 2 B % &2 95 [ 7E (8.5140.07)~
(9.11£0.12) g/100 g Z[A], RS ZWm T RN —F, HA

A 15,
or H b b
.M-
I
R
S5t a
b
0 1 1 1
K1 K2 K3
AN TR R

ZWE /DRI TRAE S T RBE.K2 HKkAE L2
LM T 288 2 My 45 515 15 1ok S 8019 5 i R
& (P<0.05), 1 K3 WiKEE L2 TFETRNZH &2
W 2% SR K. BIEF K3 T L% L2 W& &t R 3
(8.51£0.07) g/100 g, AHR KRR BEMNEZEH G EA BE
Bl R T AR TR, AR TRE, HEam
U R — R RS, e LU s A IR
WY 22— N SA AT LLE H, FhKoR & X ol 1
A BEIIMEH(P<0.05), MK T I0E %225 W T
JE AT LA IFrp oy AR B RN T 2L AW, TR A
G ) RACHT LA VEFE, B s H7 R B 5 4 v [ BRI
A, ARRIEK X BT s 1 A — o R BRI, R 5B
KA, T AMNMERL S R, NS 1%, HE
FAR. Sk RAR—8 AR T T 2R
MERK & B A W B0 T MR R R AR A T AR
FANBEEE 2,
F4 FEMEROHREZSIE

Table 4 Standard curve equation of active ingredient

RS AR ARAEAE I ’
/(ug/mL)

BEFER  7=0.0143X+0.0123 10~80 0.9988
p-qigEs Y=11349X-822.10 20~100 0.9991
fi 5o Y=3750.6X-1677.2 200~1000 0.9990
(2159 Y=33134X-2904.2 10~100 0.9998

B 240
180 | a

L

4o 1201
60 |
b a a
0 1 1
Kl K2 K3
SN TR

e AR AR 2 57 B3 (P<0.05), ZXZ MW &m0l g/100 g, 2o o1 & AN me/g, IS0 & RN me/g, MMEDH & 2o
1R pg/gs
B 5 /N TR S AN R )

Fig.5 Content of different substances in the Ligustrum robustum sample

3 & i

AW R AT R E R KR E SR ERET
FINTRETAS, NS X RRIN T T2 it &
GEiTA . SEIREEM, K3 T4 B s T A E R
S5@3, M TN ES, HASSHRBY EE

/b, HPLC-MS Z SR a#r s, K3 T EGEKRE-
Wik £S5 K1 Al K2 ZESFREEE M2 —5; i
— G R I R B, e T AR C RIS b, L
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