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Isolation, purification, structural characterization and immunomodulatory
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ABSTRACT: Objective To explore the immunomodulatory activity and primary structure of Cordyceps militaris
protein. Methods Cordyceps militaris protein was extracted by alkali-soluble acid precipitation method, and
separated and purified by anion exchange chromatography and glucan gel chromatography. The activity of each

component was evaluated and the best immunoactive component was obtained by establishing mouse macrophage
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immune regulation model. Its molecular weight was measured by matrix-assisted laser desorption time-of-flight mass
spectrometry and its primary protein structure was determined by protein spectroscopy. With the lipopolysaccharide
(LPS) as a positive control, the proliferative activity, phagocytosis rate, nitrogen monoxide (NO) secretion and the
release of immune factor interleukin-14 (IL-1p), interleukin-6 (IL-6), interferon-y (IFN-y) and tumor necrosis factor-o
(TNF-a) of RAW264.7 cells in mouse macrophages were studied. Results  The isolated and purified
immunomodulatory protein CMP 2b was composed of 196 amino acids and its molecular weight was 22.460 kDa.
The CMP 2b could significantly improve the proliferation ability and phagocytosis ability of macrophages, the cell
proliferation rate reached the highest (152.91£5.55)% of blank control group, phagocytosis ability increased by
23.34%. In addition, CMP 2b could promote the secretion of NO, reactive oxygen species (ROS), IL-1, IL-6, IFN-y
and TNF-o by macrophages, in which the secretion of NO was 2.31 times of that of blank control group, and the
secretion of ROS was 82.33% of LPS of positive control group. The secretion levels of TNF-a, IL-18, IFN-y and IL-6
were 5.51, 17.42, 4.18 and 26.75 times of the blank control group, respectively, which significantly enhanced the
immune regulation ability of macrophages. Conclusion As a high-quality rare edible fungus emerging in recent
years, the protein of Cordyceps militaris has strong immune enhancing effect in vitro, and the results of the study may
provide new ideas for the development of Cordyceps militaris as an immunomodulator.

KEY WORDS: Cordyceps militaris; protein; purification; structural characterization; macrophages; immunomodulatory

activity
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SR, B TR AR E e, R TF B e
—E SR PR, TR I B B S IR AR AR VT 2 R AR
PR e, T, R R S R T RE I
B IENTERE, AT i B R SR R &
HOA S A e 1 R R A B O £ F R 4R B sl A TR AR 4,

AL D RED
o3 B AL B 7 05 D SR R PR Al AL R AT — RS S B 4L,
FR H— R AS AT RAE, [R5 A F e i ek, |
TE 0 8 R e (AT A AR S %

1 MR5ERE

1.1 #R5RF

BB 0 B SR B S B AR R T Raw
264.7 W H 1 1BS 4HHLPE .
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“RAT B} A 5T % ¥ (matrix-assisted laser desorption/ionization
time of flight mass spectrometry, MALDI-TOF/TOF-MS)#5;
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REREFRIEAL ), FAABE 3 NE L. BiFE 24 h R, /NOFF
£ FWEWUE, FLIMA 100 pL, 10 pmol/L ) DCFH-DA
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EBA P s 1404 - 18 (interleukin- 158, IL-18) . [
AifIf2-6 (interleukin-6, IL-6), T4~y (interferon-y, IFN-y)
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Separation and purification of CCMP and screening of immunomodulatory activities of its components
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Fig.2 Separation and purification of CMP 2 and screening of immunomodulatory activities of its components
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BT, 2Rk, EHER . BEE O S Y AR X S SR E
DU RE T, 1 0 2 IS v ) A o, B o
e L5, #0 CMP 2b M4 Ffi ik, £330
K. dE 3 AT, CMP 2b B BERAXT 4> T &N
22.460 kDa. [ElH F IR I AEAE 5 FE 06 43 AH I A AR
AR BRF0E, 33 R T R AR AR AR SR A 4 R AR TN
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Fig.3 MALDI-TOF/TOF-MS chromatogram of CMP 2b
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K2 508, https:/jgi.doe.gov/)iEAT 5 b, 38 1< J) 5 J 0|
(T 70), VEECAR R EHARNE 1 PR, R

Hit A58 (4> 5 CMP 2b & 2r B v 4y F i &
Iy 45 BT L AT H, CMP 2b Bk 96 S0 R RS 5
G3JQN1|G3JQN1_CORMM VLEL % 187.89, T G3JQNI|
G3JQN1_CORMM HAHXT 43 Jii i 2 21.724 kDa, 5 CMP
2b WIS, M A AR G3JQN1|G3JQN1_CORMM Hy45H
5 R E CMP 2b [ 15— U751 (18] 4), I H AT %1 CMP
2b B 196 P IERRLN

24 SEHEREEATERX RAW264.7 HEIEEE R
20

£ L 154 0 23 0 3 R P T B A L 4 155 1O A 4
FERASALTR B, 8 F T RAF A0 K 41 X 41 Hfa 76 1k A 52
Wi, AR E & F 2547 40 A S 56 9 AR ) K 4y F R i . CCK-8
FIFAA [ BTS2 MWk B CMP 2b 1R T/ BLUE W 20 i f
Wit CCK-8 4 i 775 P 48 CMP 2b X/ FRUE Wi 4t
JIf0 38 B A ) S M (JE S0 A SL2S F AL A5 17 200 1 5 Ry
100%, 25, 50, 100, 200 pg/mL fi§ CMP 2b # 5 AL ¥ G
4 200 JE 38 5 40 30 09 (106.47+3.69)% . (109.64+2.93)% .
(125.5243.81)%. (152.91+5.55)%, HH @355 T 25 4,
XU ZUSIBF 5T B, Y6 FH 4R 11 % 200 pg/mL 22 P
TREPER, KT 200 pg/mL A0 A6 AE, Aed4
WRE, KUY CMP 2b /Bt ik BEAIRF 200 pg/mL A,
CMP 2b X /)N BRUEL W 240 B (9 EL A S G VE T, PR T3k 47 4

25 WHHABEREZATERI RAW264.7 FIEEE IR
A1)

T PR TR — I A A I R AR AR R, MR
ML 5 T DA A A A e RO, T A 2T €5 1 )
o RIS MRS AR, BA PP YRR A,
AT JS2 200 B A e 5 R /N2 IR 6 T A H, 28t
AW E CMP 2b (25~200 pg/mL)1E 5% 24 h J& (944,
AP L RE I B R S . REA L, R S

WS % 50 ng/mL B, A MER A (T IR A =
61.00%, [AIBIWkE] T LPS PHEXHEZHAY 82.14%, FRHH

®1 WREERILEESS CMP2b AR EBRYEIZHELENEAR
Table 1 Proteins matched with peptide mass fingerprint of CMP 2b in C. militaris protein library

b HEA AR W

1 tr|G3JQN1|G3JQN1_CORMM Mannose-binding lectin OS=C. militaris (strain CM01) OX=983644 187.89
GN=CCM_07787 PE=4 SV=1 ’

5 tr|G3JPGIY|G3JPGY9_CORMM Fatty acid oxygenase, putative OS=C. militaris (strain CM01) OX=983644 167.75
GN=CCM_08032 PE=4 SV=1 '

3 tr|G3JTH4|G3JTH4_CORMM tyrosinase OS=C. militaris (strain CM01) OX=983644 GN=CCM_09114 PE=3 162.83
Sv=1 '

4 tr|G3JNX7|G3JNX7_CORMM Heat shock protein 90 OS=C. militaris (strain CM01) OX=983644 159.96
GN=CCM_07839 PE=3 SV=I ’

5 tr|G3JEN3|G3JEN3_CORMM Heat shock 70 kDa protein OS=C. militaris (strain CM01) OX=983644 116.99
GN=CCM_04804 PE=3 SV=1 :

6 tr|G3JPP8|G3JPP8_CORMM Cytoplasmic ribosomal protein subunit S3 OS=C. militaris (strain CMO01) 102.38

0X=983644 GN=CCM_07401 PE=3 SV=1
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Fig.4 Primary structure of C. militaris immunomodulating protein

200 -
180 |-
160

MG 2R /%
N OA o ® o B B
(=) o (=) (=) (=} o (=)
T T T T T T

(=]

)
=3
S [\

0 25 50 100
CMP 2bJi ¢/ (ug/mL)

e RS 2 AT R 25, P<0.01, T,
K5 OR[E R E CMP 2b X /I B W4T 1 51t 23R 1) 5 1
Fig.5 Effects of different mass concentrations of CMP 2b fraction
on the proliferation rates of murine macrophage

220 *ok
200
180 sk
160
140
120 rx

AFEAR/%

100 |
80

.
60 /

22— % /

0 25 50 100 200 LPS

CMP 2bJfi it ¥k /(ug/mL)
2151

6 AFFHEEKE CMP 2b X RAW 264.7 75 Wik 4 (4 501
Fig.6  Effects of different mass concentrations of CMP 2b on
phagocytosis rates of RAW 264.7
CMP 2b W] i 1058 B A A me P2 e g1, Mok #
MU S B . 256 BH, CMP 2b BE {2 38 (e it F g4 i
TG LT, )BT RAW264.7 EWERE ), WaRE

I 2 S i R T BE T

2.6 tEHRESEGATERX RAW264.7 537 NO BIEZA
W20 e AR S M b i R G5 G — A T B4 A

O3 o MNMAGPE RGEZ RSN, EGEA AR AT DA A v
FPLE | IR AP F-2 5 G SN RS T 1A, Tyl
PR B R AR — Y B AT S, SRR
LA RS | R PP &, IR A — A R G i
HFRIFA R NO, WhHHUAXTHINSEIURAZA, SEEGE
YER . B 7 A1, DMEM SE4sBi R A gl (25 (I xHig) B
LML NO 47K F-4(9.33+1.25) pmol/L, THTE 200 pg/mL
CMP 2b HEfBZHH, NO 43K 4535 4(21.63+0.52) wmol/L,
BT A IR B4R F(P<0.01), H.CMP 2b k¥ 5FTiES:
) NO ZKF-Z B EARIAIIE R, CMP 2b VL3I, NO
R HET. R CMP 2b REAS 51450 5 v AChTH R
AF2, Y E A L ) S R R T -

Hk

40 r T i
T
= 30 i %
S
3
g
=4 ==
E 20 -
&R
o) \
“ |
0F = = ==
0 1 1 1 1 1 1
SEXTE 25 50 100 200 LPS
CMP 2bJ5i i ik i /(pg/mL)
2151

7 AR FHEE CMP 2b % RAW 264.7 51 NO 951
Fig.7 Effects of different mass concentrations of CMP 2b on the
NO production of RAW 264.7

27 EHRERGATEAX RAW264.7 SiEMHS
A

1% M (reactive oxygen species, ROSYYENIF 21551
RS ARGE, LA R e AR ARG SE . A
FIBET % F A AT PP B T e g 1 g
BF, ML PN P W DA AN, O A R % i R
G, SEWURPEIAE FHBmaE, 38R ERE, A
ROS, 1fi ROS BEZ& 5 & Bi— FR 4| B S E B F i 2 48 = 40 i
Ve B 77 AT R B AN B 5 S MR ) o

e 8 R, &5 X BREH (9 240 J P 25 B B (ROS
FEAE ) 342.09+3.62, T LPS A4 T at ik K - 19
CMP 2b 120 V- 258 't o B 4 i 25 v 77 I 0 B



106 1% A T R A %145

HA, 100 pg/mL CMP 2b ZbBHJG, 4} ROS 43H/KFH
1049.18+43.10, 75 FIXTREZER S T 306.72%, BH] PN
RAZH LPS (1274.31£69.53)1 82.33%, M CMP 2b A i 51
5 [ I 20 L 5335 ROS fiEJ7. 2 CMP 2b REIE IS E W2
Ji, YERRILAEIRVER, eI A ROS, HHS5—
FRBNJAE R 14 £ Bl o 200 6 1 4 s e 1270

1400 *ok

W
N\

1200 |

Hok

1000

X
800
R

= 600 |
400

200

0
0 25 50 100 200 LPS

CMP 2bfF ) B/ (ug/mL)
205
& 8 [Al TR EE CMP 2b XF RAW 264.7 43 ROS (5%

Fig.8 Effects of different mass concentrations of CMP 2b on the
ROS production of RAW 264.7

>

gZSO %
i %
sor 2 B | %
’ CMISDOZbFﬁ%l?(;?fE/(H;I):L) -

c 0 - 25 ok
< 40f .
= %

CMP ZbE%ﬁ‘%;F/(ug/mL)

2.8 IEAEREZEATTEAX RAW264.7 577 IL-18,
IL-6. IFN-y X% TNF-a BIEM

AN HA T R G MR . Al KA
SRR LTI IL-6 AV AT LI SIS A B a2 A
ARG, AT AS 5 N RE G2 B A . TFN-y il i
B DU G IR T D REAETE F B b R HOCEERT. 1
JURPAERZERL D,y THER TS A 714, IF BRI
AR IS, AT FOBSTE VAN, 455 B Aiites
BREE IR L. FERIE A . b, B AN 5 mT
TSI AN A R A R R S S B, I T AN A R A
TNF-a,, M BhE bR AN ST R S S8 A, 2 ¥ S e I
TR WAL M E VAN, TR M1 B g4,
TR 4 AR PR 72 5 1 i) G ge 1o 24200, g 2
e e e O e =N 1 O Lo i e 21 )
PELF 144300 7K S RV SR A R SR 40P G At R e
JETRE S — AR

LI LPS AbFRAE R PHMEXT R, ik ELISA U A [R5
B E CMP 2b (0. 50, 100 i1 200 pg/mL)H) 5 4= 55 37 HeAb
BRI BRI A0 5 50 P 5 A DR (4 R KT B 2
TANE 9 FR, Wi CMP 2b Ji ik BE R TH i, B 20 i 3

B 2500 -
~ 2000
£
=
& 1500
)
’{% 1000 |-
=
500 |
0 Pu— 77/ 777 A
0 50 100 200 LPS
CMP 2bJii ¥ i /(ug/mL)
25
D 2000 -

1500 %

1000 . . 7‘ %
g 79 | /

TNF-a3f BE/(pg/mL)

CMP 2bJii ¥ /(ug/mL)
ZH 5

B9 RIAIMKEE CMP 2b X RAW 264.7 435 IL-18. IL-6, IFN-y & TNF-a HYJ5%
Fig.9 Effects of different mass concentrations of CMP 2b on the IL-18, IL-6, IFN-y & TNF-a production of RAW 264.7



5512 4]

TR AR, 2 W HURE e IR A 2 e el

L 5 S I T P9 107

FEWH IL-18. IL-6, IFN-y Fl TNF-a ()55 o 52 30 5 1M
PR o, £ R Y CMP 2b 40 BRJS f9 IL-18 . TNF-a
IFN-y 2 81 200 pg/mL CMP 2b AbHS A IL-6 S 5559
ST RBAETE N B3 25 5 (P<0.01). B T RIR 408 F7E LPS
FORE T A3 i i A RS | TR S I s, BT LA SE
B A W] — AU AN AR T #AE, SRR B AN A 43 W AN [ 20
Jif R ) 2 R P Y L
FLIERA, CMP 2b mlEE S E VAR 1L-18.

IL-6. IFN-y FI TNF-a 20 K510 7= Az I 431 K S g
PR, WRTSCRTIAR, IL-18. IL-6, IFN-y Fl TNF-a 24
RV M1 B AN A R4, R T
Helkr, CMP 2b fEFIR, BV 52 &4 M1 B fL, M
(T 7 i e il O PSRN P e/

3 g5 ER

AT 9 3 1 B B 22 48t €0 33 R AR SR R R €355 40
afifl i — i R B AR T A CMP 2b, B AR TS
e 196 NMEIERHM, 57T 7K 22.460 kDa; 1L #
7 AR M Sy TR, Z B CMP 2b AT i R R B
MAEAITERE ST . BVERE ST, AN ARG I A = T ik A (X
MEAL Y (152.91£5.55)%, HWERE IR E T 23.34%, L ip
CMP 2b ] & 3 HE 5 B AN A wE AR AR B BE 1, A
3G T B WL A e e W RE J1 . 5 4h, CMP 2b F] {2 ik
EL 20 i 43 NO . ROS ., IL-18. IL-6, IFN-y &% TNF-a, F
HNO S K43 A B T 45 AT EREE 9 2.31 £%, ROS 43
WKk ) RS FRZE LPS AY 82.33%, TNF-a. IL-18.
TFN-y 1 IL-6 43 #b i 43 50 28 I B Y 5.51.17.42.,4.18
A126.75 1%, tILIERH CMP 2b nJ i B A0 64k, 3+ HAR
A M1 BIE RS, 2 51E M apan %, 15 uEan
G REPH T RE T o 25 b, W H G0 R AR L AT B
PEVATTWE 1, AT 456 AT Ay i s A Ry G I 3R A
AL IS

ARHBFFEARFT/ )N BB W 20 S 2 A RS U CMP 2b 119
TR AT TIRAMEIE, J5SEn] X2 [t TR e fh Ak
Ji, PO B G B AR Y, 3 1 4R RS [ 5 ) CMIP 20,
PRICHARNE AR N TSR R, DRl Qg 2 . g2y .
Wi RS H AW P S AR, 1 CMP 2b XE/NER AN
HIARIE ARG . 2R 1K LA i 3 B R A5

BN

[1] JBUPRPE, GEEE, TKkaT5, & PIRN vk & i s B R R RS
AW TE NS LT [/OL). & dh TolkBH: 1-12. [2023-05-10]. DOI:
10.13386/j.issn1002-0306.2022110183
GU DD, HOU 1JY, ZHANG JX, et al. Comparative analysis of

polysaccharide properties and in vitro bioactivity of Chrysalis nobilis

[10]

(1]

[12]

[13]

[14]

[15]

prepared by two methods [J/OL]. Sci Technol Food Ind: 1-12.
[2023-05-10]. DOTI: 10.13386/j.issn1002-0306.2022110183

WE, EFZ, FHIF, F. Wi d /NGRS RE AT T 1]
TTIREEZY, 2021, 47(7): 661-663.

XU XZ, WANG YZ, LI SF, et al. Modulatory effects of Cordyceps
militaris on immune function in mice [J]. Jiangsu Med J, 2021, 47(7):
661-663.

HOU R, LI L, XIANG K, et al. Production of antioxidative
exopolysaccharides of Cordyceps militaris with Vernonia amygdalina
leaves in substrate [J]. Chin J Agric Biotechnol, 2019, 35(4): 667-676.
YUE GGL, LAU CBS, FUNG KP, et al. Effects of cordyceps sinensis,
cordyceps militaris and their isolated compounds on ion transport in calu-3
human airway epithelial cells [J]. J. Ethnopharmacol, 2008, 117(1):
92-101.

KIM CS, LEE SY, CHO SH, et al. Cordyceps militaris induces the IL-18
expression via its promoter activation for IFN-gamma production [J]. J
Ethnopharmacol, 2008, 120(3): 366-371.

LEE HH, LEE S, LEE K, et al. Anti-cancer effect of Cordyceps militaris
in human colorectal carcinoma RKO cells via cell cycle arrest and
mitochondrial apoptosis [J]. DARU J Pharm Sci, 2015, 23(5): 154-159.
LUO L, RAN R, YAO J, et al. Se-enriched Cordyceps militaris inhibits
cell proliferation, induces cell apoptosis, and causes G2/M phase arrest in
human non-small cell lung cancer cells [J]. Onco Targets Ther, 2019, 12:
8751-8763.

BORCHERS AT, STERN JS, HACKMAN RM, et al. Mushrooms, tumors,
and immunity [J]. Proc Soc Exp Biol Med, 1999, 221(4): 281-293.
BOSCA L, ZEINI M, TRAVES PG, et al. Nitric oxide and cell viability in
inflammatory cells: A role for NO in macrophage function and fate [J].
Toxicol, 2005, 208(2): 249-258.

PUSHPARAJAH V, FATIMA A, CHONG CH, ef al. Characterisation of a
new fungal immunomodulatory protein from tiger milk mushroom,
Lignosus rhinocerotis [J]. Sci Rep, 2016, 6(15): 89-95.

WU DT, XIE J, WANG LY, et al. Characterization of bioactive
polysaccharides from Cordyceps militaris produced in China using
saccharide mapping [J]. J Funct Foods, 2014, 9: 315-323.

YUE GGL, LAU CBS, FUNG KP, et al. Effects of Cordyceps sinensis,
Cordyceps militaris and their isolated compounds on ion transport in
Calu-3 human airway epithelial cells [J]. J Ethnopharmacol, 2008, 117(1):
92-101.

LIN JW, GUAN SY, DUAN ZW, et al. Gene cloning of a novel fungal
immunomodulatory protein from Chroogomphis rutilus and its expression
in Pichia pastoris [J]. ] Appl Chem Biotechnol, 2016, 91(11): 2761-2768.
CHU PY, SUN HL, KO JL, et al. Oral fungal immunomodulatory
protein-Flammulina velutipes has influence on pulmonary inflammatory
process and potential treatment for allergic airway disease: A mouse model
[J]. J Microbiol Immunol Infect, 2015, 85(14): 254-259.

CHENG X, JIANG M, LONG L, et al. Potential roles of mesenchymal
stem cells and their exosomes in the treatment of COVID-19 [J]. Front

Biosci-Landmark, 2021, 26(10): 948-961.



108

LR

G A A

F 14

[1e]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

CHENG XD, WU QX, ZHAO J, et al. Immunomodulatory effect of a
polysaccharide fraction on RAW 264.7 macrophages extracted from the
wild Lactarius deliciosus [J]. Int J Biol Macromol, 2019, 128: 732-739.
CHEN D, WANG R, LONG M, et al. Identification of in vitro and in vivo
oncolytic effect in colorectal cancer cells by Orf virus strain NA1/11 [J].
Oncol Rep, 2021, 45(2): 535-546.

XU J, XU D Z, HU QH, ef al. Immune regulatory functions of biologically
active proteins from edible fungi [J]. Front Immunol, 2023, 13(9):
478-485.

SUCKAU D, HAHNER S, RESEMANN A, ef al. Fast analysis of
complex protein mixtures by LC-MALDI-TOF/TOF-MS [J]. Mol Cell
Proteomics, 2003, 2(9): 727-732.
BERTOLLA M, CENCI L, ANESI A,

et al. Solvent-responsive

molecularly imprinted nanogels for targeted protein analysis in
MALDI-TOF mass spectrometry [J]. ACS Appl Mater Interfaces, 2017,
9(8): 6908-6912.

CEGLIE CD, CALVANO CD, ZAMBONIN CG. MALDI-TOF MS for
quality control of high protein content sport supplements [J]. Food Chem,
2015, 176(5): 396-402.

AMIN ML, MAWAD D, DOKOS S, et al. Inmunomodulatory properties
of photopolymerizable fucoidan and carrageenans [J]. Carbohydr Polym,
2020, 230(7): 325-330.

AL-QADHI G, AL-RAI S, HAFED L. The therapeutic potential of
inflamed gingiva-derived mesenchymal stem cells in preclinical studies: A
scoping review of a unique biomedical waste [J]. Stem Cells Int, 2021,
185(3): 125-130.

CHANG HH, YEH CH, SHEU F. A novel immunomodulatory protein
from Poria cocos induces toll-like receptor 4-dependent activation within
mouse peritoneal macrophages [J]. J Agric Food Chem, 2009, 57(14):
6129-6139.

CHANG HH, HSIEH KY, YEH CH, et al. Oral administration of an Enoki
mushroom protein FVE activates innate and adaptive immunity and
induces anti-tumor activity against murine hepatocellular carcinoma [J].
Int Immunopharmacol, 2010, 10(2): 239-246.

CHANG JPC, SU KP. Nutrition and immunology in mental health:
Precision medicine and integrative approaches to address unmet clinical
needs in psychiatric treatments [J]. Brain Behav Immun, 2020, 85(18):
1-3.

CHANG Y, LU W, CHU Y, et al. Extraction of polysaccharides from maca:

Characterization and immunoregulatory effects on CD4(+) T cells [J]. Int J

Biol Macromol, 2020, 154(15): 477-485.

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

CHANG YC, CHOW YH, SUN HL, et al. Alleviation of respiratory
syncytial virus replication and inflammation by fungal immunomodulatory
protein FIP-fve from Flammulina velutipes [J]. Antiviral Res, 2014,
110(11): 124-131.

CHEIKH-ALI S, FARMAN M, LACAILLE-DUBOIS MA, et al.
Structural organization of saponins in caryophyllaceae [J]. Phytochem Rev,
2019, 18(2): 405-441.

MA GX, KIMATU BM, YANG W]/, et al. Preparation of newly identified
polysaccharide from Pleurotus eryngii and its anti-inflammation activities
potential [J]. J Food Sci, 2020, 85(9): 2822-2831.

SAINI RK, BEKHIT AA, ROOHINEJAD S, et al. Chemical stability of
lycopene in processed products: A review of the effects of processing
methods and modern preservation strategies [J]. J Agric Food Chem, 2020,
68(3): 712-726.

MUHOZA B, XIA SQ, CAI JB, et al. Time effect on coenzyme Q10
loading and stability of micelles based on glycosylated casein via Maillard
reaction [J]. Food Hydrocolloid, 2017, 72(4): 271-280.

CANOVAS JA, GEA-BOTELLA S, BORRAS F, ef al. Vitamin C loss
kinetics and shelf life study in fruit-based baby foods during post
packaging storage [J]. Food Packag Shelf Life, 2020, 23(10): 102-109.
WARREN D, SHOWMAN C, ROSE A, et al. Storage stability and
consumer acceptance of soluble protein powders derived from silver carp
(Hypophthalmichthys molitrix) [J]. Future Food, 2022, 5(4): 89-94.

CHOI JS, PARK JW, PARK JS. Design of coenzyme Q10 solid dispersion
for improved solubilization and stability [J]. Int J Pharm, 2019, 572(7):
57-62.

(WAE% A #

(=M

BRX, METHRE, TEMRED
RAEMEFSRE.
E-mail: 3477864877@qq.com

-

"’.

HRGE, HL, R, TEMRFEA
RREFSE.

E-mail: qiuhuihu@nufe.edu.cn



