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Abstract: [Objective] China has abundant pine bark resources, yet their high-value utilization remains
underdeveloped, primarily due to unclear characteristic bioactive components and the lack of quantitative

quality control standards. This study selected the commercially produced New Zealand pine bark extract
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(Enzogenol®) to systematically analyze its polyphenol composition and correlate it with bioactivities,
aiming to elucidate the relationship between chemical constituents and biological effects. The findings are
expected to provide a scientific basis for developing standardized domestic pine bark products.
[Method] The chemical fingerprint of Enzogenol® was established using ultra-performance liquid
chromatography-quadrupole time-of-flight mass spectrometry (UPLC-QTOF-MS), and its main components
were quantified. In vitro antioxidant activity was evaluated through DPPH and ABTS radical scavenging
assays, as well as Fe?’/Cu”" chelation tests. Antibacterial activity against Staphylococcus aureus and
Escherichia coli was determined using the microdilution method. Pearson correlation analysis was further
employed to investigate the statistical relationships between chemical components and bioactivities.
[Result] Eight characteristic polyphenols were identified and quantified in Enzogenol®. Procyanidin B1
(2.55 mg/g) and catechin (1.17 mg/g) were identified as the core quality markers, demonstrating strong free
radical scavenging ability and Fe*" chelating activity in vitro. Moreover, their antibacterial effect against S.
aureus was significantly stronger than that against E. coli. Correlation analysis revealed that the contents of
procyanidin B1, procyanidin B2, catechin, and epicatechin were significantly positively correlated (p < 0.05)
with the measured bioactivities. Structure-activity relationship analysis indicated that the bioactivity of the
core components (procyanidin B1 and catechin) is closely related to their structural features: the dense
distribution of phenolic hydroxyl groups contributes to their strong free radical scavenging and metal ion
chelation abilities, while their moderate molecular weight and hydrophobicity mediate the selective
antibacterial action. [Conclusion] This study confirms that procyanidin B1 and catechin are the core active
substances responsible for the antioxidant and antibacterial effects of Enzogenol®, with their contents
showing a significant positive correlation with these bioactivities. The results provide important theoretical
foundations and data support for the high-value development of China’s pine bark resources and the
establishment of corresponding quality control standards.

Key words: pine bark extract; polyphenols; quality marker; procyanidin B1; catechin; UPLC-QTOF-MS;

antioxidant activity; antibacterial activity; component-activity relationship
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Mass spectra of eight core polyphenolic components in Enzogenol®
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Hrp 5 AT &R B AL 208 & B fi i R AE P 2L
91 o KON JE BEAE TE E R OR R Hr iR A TR AR

Al . VAR PE R AR AL U T2, W OR AT
LWy E IR,
2.2 Enzogenol®HIi Sk iE M

Enzogenol®%} DPPH H1 ABTS [ H1 3% 77 & %
YIRS T R R ST T, R A PR
AT R A R AR, 5 ug/mL B DPPH ¥ [ %
9 39.10%, 10 pg/mL I PE 34 %2 77.44%, 25 pg/mL
Ja T 2%(93.80%); ABTS i/ B 5 38 K AH X 1 2%,
5 ug/mL A 20.00%, 50 pg/mL ik 99.39%(F 3),
I AE S5 7K 5% A R AR B T R B R A 1 P
7E 25 pug/mL i, Enzogenol®f] DPPH & k% 5 Ve
TG 3 72 e, UE S 2 R g3 Tl i A R A K
H H 3L, AW 5T Enzogenol®f¥] DPPH il ABTS H H
FE ) 1C5o(5.1 A1 28.5 pg/mL) 5 48 1 FA B B A (P.
thunbergii) 5 WY 75 ¥ (P. sylvestris " 1% 00 2 Ty
HH53 1) 1Csq 12— 35, IX P ol Ja8 1) 3 1k — SR R
THRARE e b R ST A AE 1R B e -3- I I HL SR BRAR IR 45 )

% 2 Enzogenol® H 8 #iiZi SE ST EE S AR

Tab. 2 Quantitative analysis results of eight core polyphenolic components in Enzogenol®

LY/ WETR FHTFEBl  FHTEB2 JLEER IR EGCG ECG AW EE

“/(mgg™)  0.060+0.005 2.550+0.530 0.200£0.070 1.170£0.020 0.010£0.001 0.240+0.060 0.080+0.003 0.830 % 0.030

% 3 Enzogenol®FN Vc Xt DPPH K ABTS H HEREMKREE xTLL
Tab.3 Comparation of DPPH and ABTS radical scavenging capacities between Enzogenol® and Vc

izt FEh BRI/ (ug-mL ™) TR 2/% ICsy/Cpug-mL™) R

0.05 35.62+£0.21
0.10 50.26 +0.03

Ve 0.20 68.35+0.47 0.85 + 0.03 0.998
0.50 7123+ 0.64
1.00 89.66 + 0.36

DPPH [ H 3% 4 e

1 11.84 +0.59
5 39.10+ 1.95

Enzogenol® 10 77.44 +£3.87 5.1+0.20 0.996
25 93.80 + 4.69
50 93.80 + 4.69
0.2 78.52 +£0.53
0.5 9236 +0.31

Ve 1.0 96.89+0.35 0.15+0.01 0.999
5.0 98.45 +0.27
10.0 100.00 + 0.00

ABTSH G RRAE )

1 1.22 +0.06
5 20.00 + 1.00

Enzogenol® 10 47.55+2.38 28.5+1.30 0.997
25 92.04 + 4.60
50 99.39 +4.97
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FERHCY S R, AR R VR b A% R B B P A A T 1
1) 22 S 2 YR T35 1 B R 2 2 s, T AR AE AL
AR AR 232
Enzogenol®X Fe Fll Cu® 143 THL H 4% & 4k 3 4
GG PE, 25 EDTA [0 M i S A7 78 A5 22 57
(% 4). EDTA 1E /N 7 AR, il &5 = O
RS &EE TR ER 111 %EaY), a6 %M
Jog B AR FEE T v B 1 22 & 1P T Enzogenol®
NEWIREY, RS EMEHRMIRELT &R Bl JLE
R I R RN AL R Iy S, IR
T THEREGHEMS G N, FEE AR LN
A AR5, %) Fe*'1ifi 7 » Enzogenol®7E 10 pg/mL
A 2 3R I E (53.05%), B JE % LR 2 &
J B IR R 22 Wyl ad 4y 1 (R A AN - HERJE il 5
AR, FERE 15 Fe AL (AR 2K AL £, [RIIN 2 M)
Fe’ 45 SR E LSS, SRS R T ED> Hoxt
Cu™ W GG PR HLS, 1 ~ 25 pg/mL Y6 Fl N 2218
TR 18.26% (25 pg/mL), Cu® F i [i] 5% 1
P 3 45 2 R FR S5 T i 2 V5 2% 64, T Enzogenol®
Tk 2R G & TR EGCG %54 B A% (0.06 ~
0.24 mg/g), A MR ARE AL A J R BRI R G )G
Pk, FEUEGE SR R R, thAh, SR

e AL NN A RN [E AN TR A TR DY 2
A EAEN, BTN 2R, TREEH T
(IR, AT 5, Enzogenol®%} Fe® [ &
e N B FRT Cu®', HAE 5~ 10 pg/mL KSR &k
JE 9 B N 2 L R E 0 1k (Fe™ B & 3 50.97% ~
53.05%). mREKE FEAER TRFEET ZH
(1) R G RL, $E7R M2 R AR =W 1E B I A7 A B
AR R .
2.3 Enzogenol®{JHIE %
Enzogenol® % 4> 2 {4 4] %) BR 14 CF 22 [RFHYE D
K i A 1 =2 PG 9 P 8 ) 289 2 AR 88 A it 12k 00 )
(K] 3D, 50 pg/mL B A] 58 4 080 5 B B R AR 1
1E 25 pg/mL I, JHG 45 v €07 269 BK A (10 0 6) F FH B
SR T R AT B, 3R 2 I 1 O i AR B
DB o X R A B O 1 S A B A ) 2 e
YIAH I o 5 2% [BH 4 B 48 P B Oy J5 I R B )= (20 ~
80 nm), F| T JEAEFH R = T (577 DadFI L& &
(290 D)% 4+ R id s B KPR B I R &
Ve ad s T 2= IR B A IR i 22 0 B e U FH RS
Z 5%, Enzogenol ® 1 B AL 1] 22 ¥E 5 03 [F]
YER: —J71H, JEA46E = ACRE S ) LR & s ik
B FH i N4 MRS i T XU, AR i e Bk, 23U A
BT A AR FL A B AR AR S — T T, JRAEE
F Bl MULA R ] 2B 40 MM, T8 Wy 52 2 5 0 1

% 4 Enzogenol® 1 EDTA X} Fe*' & Cu BIEE &8 HXTLL
Tab. 4 Comparation of Fe*" and Cu®* chelating capacities between Enzogenol® and EDTA

Fe’ B E %1% Cu* B G %%
R/ (ug-mL ™)

EDTA Enzogenol® EDTA Enzogenol®

1 96.35+0.36 50.06 +1.23 92.67 +0.03 2.50+0.21

5 97.65+0.01 50.97 +0.58 93.78 £ 0.45 7.32+£0.04

10 99.45 £ 0.08 53.05+3.46 95.01+0.16 13.44 +0.39

25 99.51+0.12 4319+ 1.11 95.21+0.07 18.26 +1.28

50 99.65 +0.04 35.15+0.48 96.33 +0.05 3.30 £ 0.06

25 pg/mL 25 pg/mL
50 pg/mL

0 pg/mL
a KIGHFF# Escherichia coli

b G EAHAERE Staphylococcus aureus

3 AFBTEAKE Enzogenol® X KM 1 Fl 1 €0 A1 467 TR T (0910 B 375 12k 00 e 45 2R

Fig. 3 Results of antibacterial activity assays for Enzogenol® at different concentrations against Escherichia coli and Staphylococcus aureus
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R B TR C T SRS W VA D 1) 2 2 TR e R T R AL B
FbI BTS2, PEIBT ATP 2B RR, THERe AR, 2%
I, Enzogenol®} 5 == [X BH 14 B B A7 5 5 i1y 41 i
F, HAZ O R A6 T R Bl A LA &R A& )4
T RF(290 ~ 577 Da) Mg K M, ATA R 5 & 424 1K
FE 14 A A IR SR = i o 22 B8 s AL R B A
FH s T8 22 EQBH M B AR 22 B A0 8 00 TR i oA 328
S B 03X — R I A HE A D ) o 22 EBH 1 B 1) R AR
PUR PR THCHE, 2 88 AUE AL A B T PR
TR i 24 1 AU
2.4 WARIBIEIRENY) ( Enzogenol® ) iEMER 4 K in
SN ES T

AHRE S #r 25 SRR B, Cu™ B & BE /1 5 Bl iy
KPR Z B AR R B E MK (p > 0.05). HAR3
LA GE )1 5 W R R I AFAE B A O (p <
0.05). M1 5 fIAHSC R BOE FEFT 40, JRAETE R Bl
JATEH &R B2, LR L3R )LA R 5 DPPH. ABTS H
B2 TS B e /1 I Fe B G fe ) AR 25 TE AR OG, &
A 1% 6 iy SR o A BUE AL AR R R AE R - A
K, BT BGCG. ECG Ml &AM &5 ik 3
PR RE 77 B 235 1O O, Ul BHIX 8 R il
AL ) 52 e 0 S T 1, BRAERE 8 254 T AR It 4t
AT SRR 25 BRI, AR 2R 5T 5 A
U RE ST Z A ) R RAFAE 22 57, R W HL BT AL A
A GO, (A — BRI
2.5 HRXKE
251 REMFEGMIE F

AW AR, FIEH FR Bl B2, JLEREAERIL
K& /& Enzogenol ®FT A 15 M A% 0 DTk,

Rk R EBERILTBy R SR B 52 A,
H B 5SS bR Ae iE T S T R A B B EA G . R AE
HEBICE 8~ 10 By RRIEOKEER T ILKR KRGS
AN FREL), B IR AT ARIKE R (31, 4- 5 3E),
X A AN B HE S T I Re 5, T HL IS0 AR
B 2= B X 3 A ] TR 8 R8T AR, AT
B XA K DPPH 5 ABTS H P, Fe® N E & &
FE AR T 402K Ty S FR A2 A7 £, JRAE T & B1/B2
WO R, WS TEME R . MR, Cut i
HEBFBE(CRIDERZ K ED, BT
Enzogenol®H % & 1 IR I 28 7> & &K, FEH
Cu™ BB RE VAR . MR RIKIE T, 28Tl
i m-n HERR AN BR R A BR A, MR T s L AL
Mt — PR TRA4PERERE TESE
TR K2, BB TR EGCG %5 4 5384
PUAAIBAR I SR DG, TT AR IR 3 2 [R5 B 250 (3%
PR IEAR R KO SRS AF IR S8 A A0 17 (AT 2K =y &%
FATE 42 8 25 T A7 7R I AT B A TG R O, HAE
F A 2 R IR B SR R T B AR B
252 WEHEEGMRE R

TE S0V ER ¥35 1 9 T, Ak 2 B2y 1 B (R4 S A
o1 o &5 4 22 S L Rl e T AR A%CR « Enzogenol®
Xof 4 € 7 28] BR B B AR A A 5T KA B, B
OIEMER A JRIEE E Bl JLE B MR E T 40
EE RS ZRAHH . E5E, REWER TSR
71 S FRAF R BT 5 8K (577 Da) K T ILAE &
(290 Da))FlHi K PG I % 4 R AL R R Ak
JLFRZD, W 5 o 37 24 PRBH M 1 110 5 IOk SR i 4 e
74 22 IR IR 1 1 I 2 B AN FHAS T 2 iz iE ™.

5 Enzogenol® 1% SRR 5 SHLE M &R Pearson #H3K 1 R EUIERE

Tab.5 Pearson correlation coefficient matrix of core polyphenolic components in Enzogenol® and antioxidant activity

JEAEE AN

DPPHHE 1 ABTSHH  Fe* Cu*

T H BETER =B B2 ILRE RIAE EGCG  ECG &AMtk ®H HERE  EERE EAE BA%
WETR 1
JFIEHFEBL  —1 1
JFIEFHEB2 -1 1 1
VKRR 1 -1 -1 1
RIVEKR -1 1 1 -1 1
EGCG 1 -1 -1 1 -1 1
ECG 1 -1 -1 1 -1 1 1
e 1 -1 -1 1 -1 1 1 1
%%;%E R —-0.9998 09998 09998 —0.9998 09998 —0.9998 —0.9998 —0.999 8 1
%BB;S}:E i —-0.9989  0.9989 0.9989 —0.9989 0.9989 —0.9989 —0.9989 —0.9989 0.997 9 1
F A3 09993 09993 09993 —0.9993  0.9993 —0.9993 —0.9993  —0.999 3 0.998 5 1.0000 1
Cu™' BB H 0.9827 —0.9827 —0.9827 09827 —09827 09827 09827 09827  —09793 —0.9903 -0.9890 1
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3£ @
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HAY RS S DR R8O R, NI RARHEL
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QTOF-MS 7 #1#f & Enzogenol ® )< D) % 4H 7 JF AL
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