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Enhanced therapeutic effect of Pinus massoniana pollen-based formula
against alcoholic liver injury through fermentation with different strains

LI Zhong-Guo', DENG Peng', QIAO Qiang?®, JU Dong”, YIN Li-Duan’,
HE Zhi-Yong', CHEN Jie', ZENG Mao-Mao'"

(1. School of Food Science and Technology, Jiangnan University, Wuxi 214122, China,
2. Yantai New Era Health Industry Co., Ltd., Yantai 264006, China)

ABSTRACT: Objective To investigate the intervention effect of different fermentation groups on the model of
alcoholic fatty liver disease (AFLD) by optimising the proportion of turpentine Pinus massoniana pollen compound and
The

mouse AFLD model was constructed by alcohol liquid feed, and a blank control group, model group, Pinus massoniana

fermentation strains (morel mushroom and yeast), and to screen the optimal liver protection formula. Methods

pollentpeach kernel unfermented group, Pinus massoniana pollen+peach kernel morel fermented group, Pinus
massoniana pollentpeach kernel morel fermented group, Pinus massoniana pollentpeach kernel morel fermented
group, Pinus massoniana pollen+peach kernel morel fermented group, Pinus massoniana pollen+peach kernel morel
fermented group, Pinus massoniana pollen+peach kernel morel fermented group, yeast fermented group of kudzu
root were set up. At the end of the intervention, serum samples were collected to test the levels of triglyceride (TG),
total cholesterol (TC), alanine aminotransferase (ALT), aspartate aminotransferase (AST), low-density lipoprotein
cholesterol (LDL-C) and high-density lipoprotein cholesterol (HDL-C); liver tissues were collected to determine the
levels of hepatic TG, TC, malondialdehyde (MDA) and glutathione (GSH) levels, and liver pathology was analyzed
by hematoxylin staining. Results After the intervention of different fermentation groups, all of them showed a
certain degree of hepatoprotective effect, and the effect was better than that of the unfermented group. Among them,
the Pinus massoniana pollen+peach kernel+kudzu root Saccharomyces fermentation group had the most significant
effect, followed by the Pinus massoniana pollen+peach kernel morel mushroom fermentation group. The serum TG,
TC, ALT, AST and LDL-C levels in the yeast-fermented Pinus massoniana pollen+peach kernel+Pueraria lobata
group were (0.62+0.04) mmol/L, (3.13£0.28) mmol/L, (0.68+0.15) U/mL, (2.66+0.31) U/mL and 0.75+0.08 mmol/L,
respectively, which were reduced compared with those in the model group, respectively by 32.61%, 31.51%, 71.43%,
20.60% and 54.27%, respectively; and the serum HDL-C content was (2.17+0.32) mmol/L, which was increased by
33.13% compared with the model group. Its liver TG, TC and MDA contents were (0.09+0.02), (0.020+0.002) and
(0.34+0.03) mmol/gprot, respectively, which were 55.00%, 45.95% and 37.04% lower compared with that of the
model group; its liver GSH content was (9.52+3.25) pmol/gprot, which was 2.15 times higher than that of the model
group. Conclusion Microbial fermentation can significantly enhance the hepatoprotective efficacy of Pinus
massoniana pollen compound combination. Among them, yeast-fermented Pinus massoniana pollent+peach
kernel+Pueraria lobata is the optimal solution, followed by yeast-fermented Pinus massoniana pollen+peach kernel,

and this study provides experimental basis for the development of functional liver protection products.

KEY WORDS: Pinus massoniana pollen; compound fermentation; alcoholic fatty liver; antioxidant; liver injury
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SEr T R R AR . CA PSR WA R AT DL o
G e Kupffer 4 H 38 28 25 BRAE ST, BHLWT S0 Sk
BT, Sy N 5 R ST A9 A S PR 2 AN T vk A AE A
BT 005, B SGRAM A . SRR T K
SPUSI BRI, AL R0 0 L BE (1) FELHY 3R 28 H v FE T TR A T
e il e I, BRI 4 A PR TR i 1A W
e, FEE 2 AR R0, R R R R i £
F AW AR AR AR T AR AL 0 A ] R I S S RETS
P, AR 23 ) ML/ S 1) 5 AR A FEDRS P FELR 3R BT
PGSR, (A REE AR T, RIS G B2 . H
SEIE R BT PO R A PRS- TR
il AR 53 ik A R A TR B i 2 SRR Y, TR AS B T i
XM, SRR BT A AL, 7 R T SR O )
W SC 3 AT, NI R TR AP 224

ABIETE B IR R L U W R B AR A K A
TP IS A Z TS REA L, 0k P R B 5
X RAE Ry R H 5 A 25 B[R] IR Uk Y 287 164 T A T Ak P
/N BRGPOR A U7 T SR, 3k — 2 0 AT Blp I $
A5 I PR P P e O A e i b 52 7 JSURMBC L DT 58, 0T
R HETRAAER I i P T I RE ™ bt A Ml AL L S il A
KEHASH

1 HR57®

1.1 #REIRF

WERERNAERY . IATER -+ R G . IATER 22
TR R BT . BB+ B+ B IR E A . IatER B
R R BT A TER Rk B A BT R
P (iR 5 i A A B ™ M A B2 W) ) WK VA TR (VL
BWHFEENAY LERARITAAELA) W =6
(triglyceride, TG) M ik & . & W ¥ % [ (alanine
aminotransferase, ALT)i®k 7l & . 4 5 % & [ (aspartate
aminotransferase, AST)IA & (L RKEERHHA RAF);
BCA & H R & . i % fb E W (catalase, CAT)ix
FMEBEREYEARGRAA), & JH E EE (total
cholesterol, TC)il | & . K% £ g 4 11 IH [ B (low density
lipoprotein cholesterol, LDL-C) . 7= % [ g & /1 /10 [&] i
(high density lipoprotein cholesterol, HDL-C), M —. [
(malondialdehyde, MDA)is{ 7 & (i 5% # AL W) TR B 52
BrAT BRZS wl); 3 JEPEAS BE H K (glutathione, GSH)IR £
CERMIBR A BR AT, FHA IR B34 2 A g, 1
A B2 E 2R A R A W
12 BESRE

3K15 AR OHL(EEE Sigma A ) BAKEE BX51
R WA (H A AR HOE =R R & HRAF);
SCIENTZ-50F/A V2 VR T #EHL(CT A 2 LEMRHBCA IR A F);

G154 ZERE T KR (UL AR A FR A F]); Spectra Max
190 FEFR1Y (35 E Molecular Devices /22 7)); AX205 I 743
Hr RKF-(F5 ) 0.0001 g, Fiit: MettlerToledo {X#5 A PR F]) o
1.3 /5 &%

1.3.1 ABEREH &

EAREA: B2 g DERENMER I 2 g JLMh2h &
BRI E5AR) 2 250 mL BRI, WS 2.6 g %20 g/L)
A1 120 mL £ B F/KIRA)E B RKHE (LR 85 °C, il
30 min)fEN EEEIL R, KRR ESIRE, LIRS 5
10% 3R 4, TEdE i & BS54 30 °C. 200 r/min. 5 d;
LR RS 26 °C. 120 t/min, 5d. B RIGEIK
K, SRJELL 8000 rt/min B5.0x 5 min, 13E, H—o B
W, 20 CORAF T ARA, oAb T8 H .

KEMEH: AT IR
1.3.2 4 E ikt

ENTIEAIE SN NG s ek L NN (el e g R s iif
HESHEE, BHEE 8 IN.NO20250113C070033[005], Jir A 5l
YIS BT G LR R A= s W) 8 5 128 01 25 R -
SPF Zfilt et C57BL/6Y /INE(8 SRS, 1K 22 g+2 g), M
W UL 4 R AR 5256 B W R AR 4 R 4R A [ AT E
SCXK(#1)2019-0001], 43%F 5 R8s (ELE 20~26 °C,
TEE 55%~70%), 3 1 f] MR TP AE Y A f ) 2 37 /s BRI vy
AL, sz 1 s,

F1 ;PIREHA

Table 1 Animal experimental grouping

P 415 BaEiE

1 75 [ X AR HEH A4 B ER K

2 PRI YL T R K

3 R R HE B IER R R EE)

(400 mg/kg*BW)
ATER+RA R & W B AATE R B 2 I T R e ™
N 2] (400 mg/kg-BW)
s ATER R B AR O ARAE R R+ B ARR e 1
KWL 7241 (400 mg/kgsBW)

p IAER+HR R BEE LR R SR
JHE T e 2H K= 1)(400 mg/kgBW)

; ATER R BRI O ANAE R R+ B AR B BRI
BETE R WAL K BEFE (400 mg/kgeBW)

ANEIE SRS, BB B, NREEAT 7 d
Lieber-DeCarli Y IASEA RN R 2@ ISR 28 BB, BR
23 L2 S50 BRURIPR R (RS mb AR A1, LA A WA A el P
WEL 1% M EREMEE 5% £ =W, i /A
Lieber-DeCarli AL, FHAIRIZL | PHMG IR AL T
/NG AL Lieber-DeCarli SRR (5% ilkl, 23
HZH/NRAFRAME Lieber-DeCarli o BRI CAS SRS ) fabkt

WA A6 R A T 2 T 4 4 e BRI R 347 el A B K
i, RHREE A2 200 pl, 25 P12 A RLZH /N )
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FH1TE

B SRR FIER K 200 pL, RN ER—K, H
WEEZh R IR SR 1 92T, 3k 14 do SliE /N A Bk
Ko BRI —UARE ., SIRLEdE, st Fmberk
e, AR SO RN SOME B 1, SO MV . TP S A SR AR 2
THEE 0T . HBUS RIS 4 °C, 4000 r/min #5.0> 15 min,
W& PR A7 F 20 °C, AbBE/IN B i 5 BUE I A A B3R 7K
HUIFRE, —H0 8 T 4% 2 R P BRI, —Bam
BAAFE TR AP .
=2 PMREARREEKR%)

Table 2 Calorie composition of liquid feed for mice (%)

A 2 B TR A BE L R TR AA A
it 0 28
Bl 35 35
T 18 18
WKL & 47 19

1.4 HFERESEHNE

SO, BRI N R, SIS SRR, R
Ve H R IR AU e i T SR MK A AR 3, 3155 TP
BHEUFRESIKE ).
1.5 IEIEFRNE

R R AR R0 B, LA T T i HE U B A
AT, K B o/ NRIE TG, TC. LDL-C. HDL-C.
ALT., AST W&,
1.6 BFAESELIE RN E & H R fRIB sl

BRE TR ST BT 4% ZRP g+ E,
B FREEEIRE K, AU, MR, ARG EE,
T A R TSR I I, B2 A

BURIARTF4ELR 2 0.1 g, 4% 1:9 (gmL)AI LA, A 9 1%
TR A B K HEFT 573, T 4 °C, 2500 r/min #.0> 10 min,
B IR BB LA T, 15 10% AR . R4

AR S U B A5 E /N BRUFFE TG TC. GSH. MDA [ &4t .
1.7 #HIEAIE

R A S ebr e i 22 R, IrA b ER 3 K.
KA Excel 2016 #E7 7544 434, 3£ GraphPad Prism 10 f
. f# 5 Statistics 4% B AT 825 B, P<0.05 4
HAEBEMES,

2 ER5HH

2.1 AREREEERNRAEERFRHEN

3 3 55—k Sh i S 06 O 2 15 3 2 B R WA A A
WA I RO A, B B AR S HER S R R
GO 52 TE E 091 T 4 5 2 T e TP AR R S R A 0 1
PR, T A D T R B A2 R 40 ) K A AR R B
BoBk . AR T4, BRGNS BBk A AR
S RESRAL VR A G0 s/ RSB W I R AR Ak, 45 0R
W LA BT, Bl TR VA I (1 s ASE ek ey 389, A7
H/ANBRAH L E R /N B TIRE TR, X —MHE 58
SRS BIHLAREELA 6, AR T AT
e, BEAEANRIREE B AERS S R IRE T %, & 1B &
IR T B/ RUFIEFG B AR I 0 . 55 1% AR L, BERIZH
7N U RS B8 2 FH 35 (P<0.0001), 48R I Z 41 8.
Z R TP A PR, FFIETS H0 B E E T RE
(P<0.05), FEHAT WG — e FRRE bl TR .
2.2 FEEZE~X/NRILEEXIERREN

IR AUARE RS AR . IR iR A i ST A
R AF 2 Fh A B AR G SRR Al . R TT R, 1k
W2 FHEOF AR, b ig B 2 a0 RS T R
HERHARIE 2 — ) RS A TSR R TC A TG
FR 3k BE A B, S BN TR AT B P S ME AR S i g ok
PRI E A 5140, 3t — 208 U RS 1 g i P
o 1] S8 i L B LT AL B Be ke 7

0.06
A B
3or *% k%
- EH ek Ty g
) = pn = 0047 T LB
= ~ IBRRRE %
o ~ B =
b ~ R RRE &
= o HBEEEE 0.02}
E = FAB
0
PR &
%ﬁ?ﬁ%ﬁ@%ﬁy
SR
W VI
WV
25 51

e SERAIM L, * R 255 03 (P<0.05), ** /R 22 5 i 25 (P<0.01), ***+*3 /R 22 5 5 BE oAl i # (P<0.001), T H .
B AN e B 2 e = 4 1005 /D BR A E (A R IR 5 (B) A8 1k

Fig.1 Changes in body weight (A) and liver index (B) of mice after intervention with different ratios of preferred fermentation products
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WE/ NS TC. TG A 2A~B FiR, WHET
e, BRAAE 2 VA 3 H(P<0.01), 4393l 1 (0.55+
0.10) mmol/L (3.17+0.67) mmol/L _I=F+2£(0.920.28) mmol/L .
(4.57+0.82) mmol/L, ZAE" T8 M E, HkRE
JE TP RORAE TR K ey, Horb S R AR
T B TR 2 TERA B 55 A B 4] ¥ BB B35 R R TG, TC &
(P<0.05), £ TG & & 4 il 4 (0.55£0.08) mmol/L .
(0.62+0.04) mmol/L, #H HAL R 43 FIBEML T 39.93% .
32.61%, TC & HE4331149(3.57+0.58) mmol/L . (3.13+0.28) mmol/L,
AH HAERIZH A3 HIREAIR T 21.91% . 31.51%.

JH I R U RR A 5 5 B 0 215 S IR T e 04, Il
AW ALT A1 AST MK 21T IFIESh Ret A B fy F e
FRaGHEARES 0, M/ NS ALT. AST #it, 45 RanEl
2C~D 7R, BEEIAR ELIE# 4 ALT . AST B335 (P<0.05),
4y 5 1 (0.85+£0.53) U/mL . (2.56+0.51) U/mL I J} &
(2.38+2.11) U/mL, (3.61£1.07) U/mL, %I+ ALT &&, tHH
KRB, 3 HE B Y¥IRe & T W HIK P (P<0.01),
R RE TR A A B ZH AR i f£(0.68+0.15) U/mL, A AR A

IR T 71.43%. 5T AST &, Fif B8R YL
FoREBEA, (A F A BB & B & 4 1A B
(2.66+0.31) U/mL, AHHAERIHFEKLT 20.60%. FIIIAE
MR B B~ T LIRSS X/ N U A a3 403, PRt it
o ALT Fl AST 17, Bmisis SN SURIES A PER .

M E/NRUMH LDL-C, HDL-C &, 455 4nK 2E~F
fiR . BAEIE/NRAR L IE# 40 LDL-C & & B E#HR S
(P<0.0001), H1(0.98+0.35) mmol/L #2755 %(1.64+0.29) mmol/L,
BT RLHAE LR R BRSO A, LA B D R WA R &
AR, BEFEIRE(0.75£0.08) mmol/L (P<0.0001), #H
HEAR UL FRAIR T 54.27% 0 X1F HDL-C Fri, AR IE
W, H1(2.44£0.51) mmol/L FFHFEMLZE(1.63£0.35) mmol/L
(P<0.001), RNRIH TG, 17 & A BEH AR R &
Tz b Wk 5 2H R @ 25 4% 5 HDL-C & & (P<0.05), 4> %K
(2.2240.61) mmol/L ., (2.17+0.32) mmol/L, HH FLAETIZH 45 5
T 36.35%. 33.13%. FWINAIER S C K BE W RERS A RN
/N I AS I ERTL, SR RS AR T I S 308 TC
TG. HDL-C Hl LDL-C /K55 .

1.5 6 3~
A B C I
g 1.0 o * rx _’_g L Kok
g g T 5 koK
\\% g E/ EET T I
2os S o} 2 1k |l| |.T.|****
o 0 0 L
% S . o 3 & . B
S ¢ SOy E S
R St AT
O LNl ANl
45 45 A
D 5~ E 4— F 25~
4R Y g 2.0
= ° * * =]
* * £
§ 3 § , % 1.5
= 2 T 1.0
Z 2 2
1 0.5
0 0 0
D % N N
SOt ¢ Wﬁ%ﬂ%@%&%@ eSSl
<X RN, B XN W B
IR A SN SN
W
205 4157 2053

e SR EL, 3008 25 S5l R 3 (P<0.001), A,
B 2 ORIE LI BE K = 155 /D BT AH 8 5 AR 1L

Fig.2 Changes of serum related indexes in mice after intervention with different ratios of preferred fermentation products
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2.3 AREEEEX N FRATIEE LRI
WKl 3 BER, A~G 433 AN [ 2N BRUTF I s R 00 7 1%

o IEE AN IZS ek, HE0a)7, ks,

S B T TORR . SR ZE T 240 A N R R W 2 T HE R,

ZEMEL, MBI R AR E . 2T Un, A 4A Pk
%, Forp R BEANAE R ALBCR AL, LRI A IR T2 30,
HALEM, LT REBH R ECR

TE: A IEWA; B BB C. MABRARREE D. MABEEIL: E. A8k
BRI F. MEE £ G BB BERE,
3 ASIR] A O 3 I 7 T TR /)N BURT U 2 4 R A
A8 46,(200x)
Fig.3 Histopathological structural changes in mouse liver after intervention

with different ratios of preferred fermentation
products (200x)

2.4 AEELBIIE & EE =405t )R ATAEAE <5 ¥R
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GSH/(umol/gprot)
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"3( X
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QEJJ'J

4A~B 7R, BRIADNR TG, TC FrmAf L IEH /MR B &
¥ m (P<0.0001), 4+ H) B (0.09+0.04) mmol/gprot .
(0.024:£0.008) mmol/gprot &1 ZE(0.20+0.03) mmol/gprot ,
(0.037£0.006) mmol/gprot, Z AR F=¥+Wij5, K=
B T TG, TC & & (P<0.05), aﬁz%ﬁﬁﬂ%ﬂiwﬂ, H
TR RE TR R EE AR B A ACR B A, TG, TC &40k
(0.09+0.02) mmol/gprot, (0.020+0.002) mmol/gprot, AH L%
TR T 55.00% ., 45.95%.

S AT RG T R R B R R T BRE
BEA . B R, KA |08 fT 2 ROS iyt i
AL, IS BWUVRBU AR R G325, I 51 & 4
AL FIE T i AR RO GSH Y Pk BE S Kz WA LIATE B
T PR RE 77 R4 X S A0 B B HCHL AR B2, MDA fE

BT A A R AT, BB LR B SRR
sy F A iR . LA s Rt L A P PA 2181
FULRLHOKT I B A Wb 3 0 o 7T IS R 9 v, MDA
B 0] 5 A A B g o oo e Ak A R R B

MENEATIEH S GSH &8, 455 4C Fx,
BRI GSH % & (4.43£2.55) umol/gprot #H Lt IF % 4
(10.97+3.99) umol/gprot .3 T [ (P<0.05), LR KT
Til5, GSH F it 38 BT i, JHrb bl R AR 55 ZH AR
B (P<0.05), H: GSH R3E4m % (9.52+3.25) pmol/gprot,
R B 2.15 %,

T/ NFRIFIFZHE A MDA i, MESS R aE 4D B,

B 005
0.04
0.03
0.02

TC/(mmol/gprot)

0.01

0
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MDA/(nmol/mgprot) o
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Fig.4 Changes of liver-related indexes in mice after intervention of different fermentation groups
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FERIZH/NFUFE MDA Zr i HEIE F 7 INEUB 25 TR (P<0.0001),
F1(0.39£0.06) mmol/gprot =5 ZE(0.54+0.09) mmol/gprot, BEHABE
KL, HAh TZIRE R TR MDA 5 f(P<0.05), bz
FER R4 MDA S84k, “4(0.3440.03) mmol/gprot,
BRI ARG T 37.04%. FBINAENS & 0 R T 1] LA
B EFRAE MDA & i, RIS —@ R F3E R GSH TS 11, ¢
HE A P EER TR |« DR AL R B, M O R
JIg Wi 5 1) SR A DY 38

3 4 i

TEORS YR U B 2 B FRARIE AL 5 g B 356 L 4
A L 3R TR A 0 o A ST o e B A P A
A IR AR IR A Ak, B KAFH L h TG, TC
KFEFm, f:BE LDL-C 34 finFn HDL-C F&AIR, M g
JEUUR RN LG 55 o AR A A b = 2B (3 ROS 7T 5|
KRS EAC N, 15T 2541475, ROS S8R
T A R AT AR S S S B0E NF-«B @i, (i R
- QiR SR B0 I F-o BRETAIAEA 2R -18 MORRIL, M
PR AE 5 S iR 2

AP, A0 5 L & 9 7 0 38 2o 1 5 Bt b
Biif, FEAIE MDA ZKF-I:4 55 GSH & i, AR TR 7
SHEILRNIL, I IE Nrf2/Keapl-ARE {5 538 i,
PR E R et S AL 2L KA GHE 1. Ak
fiff. GSH MRk, 1IAVUATTEALBTEE S . R, KEE
TIRERTRERE N T 2B . FEER S TR AT M B S A
FHRE, Wik — Rk T [ f s BRI 4,

B G — A AU [ 52 T L 9] B B b 2 T o A 46
P IFRCR B . 45 EoR, KA TER Sk e 5
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