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Application of Fruits of Lycium barharum L. in Health Food in China

DUAN Hao, LIU Gaigai, SONG Wei, YAN Wenjie’

(Beijing Key Laboratory of Bioactive Substances and Functional Food, College of Biochemical Engineering, Beijing Union
University, Beijing 100023, China)

Abstract: Lycium barharum L. is a food and drug homologous substance, rich in polysaccharides, betaine, anthocyanins,
carotenoids and other active ingredients, and has good application value in health care functions such as improving
immunity, relieving visual fatigue, and antioxidant, so it has been favored by researchers and consumers at home and
abroad. At present, the application frequency of Lycium barharum L. in health food in China is relatively high, but there is a
lack of systematic sorting and analysis. Based on this, this paper analyzes the application status, compliance and use basis,
and influencing factors of the main functional components of Lycium barharum L. in China's health food, and discusses the
main health functions and mechanisms of Lycium barharum L. in detail, in order to provide a certain reference and basis for

the research, development and application of Lycium barharum L. in China's health food.
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Fig.1 Main physiological function of Lycium barharum L.
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Fig.2 Comparison of import and export quantities of Lycium
barbarum L. from 2015 to 2022

Hg il a5 8 WoR, B4R FE 2017~2019 47 F1 2020~
2022 SFEHHMIA —E R . (AR, I E A9
ATt AR AT T BhAS R i a A, IX N
[ NS ME B e B SR B AE R E A AT

FtiE AT AR R &, T 2 B X R 5
A SRS T, el ki 2 5 P e— sk o i
Hz e i R A H S D E S . B
B E TR E AU R4 i A AL 2 B RO e S E
FEIF R WHE A A H AT AT A AL -7 TR £
e S AR FRARYE . R FHERIR . R E e
FERE R I A T RGELEAR, FERAC e LM
s PR M ER BB TR 53R . BRI, AR SOOI T
AL F7E TR B R 2 i P L BRI
KPR . EEDORArEIFE R 2R, FRERAlSIR T Al
T BRI EERE YL, LI ATk =
PR i H B 5T 2 R BRI — R B =2 A
R
1 MRRFEFRERRPNBHEZENNRST
RERTHIREUA

21 G TR FEREREE S N N
BTN ZHESS . ZHPE . v @ FE AN,
oty AC 2R TR d e, LAt LRI 3808L 3 g
FHMIBA i o T ioas, AR F AT R ohisk
BT ARPIE R B 22 AR, XA R, 41
MIAC T Y& HEN 6.77%~15.7%12, B 4.18%~
12.29%"> 81, JEE W BN, Ef*’]*L‘EF' = ;ﬁﬁﬂ

11.76~26.33 mg/g, A~ HﬁﬁnnZIﬁJ EI’J&UFJIJ{EEJQE%
22 F 0 A, Mfc T T AR RS A RS BT
FHSAHFFE K B0, FEAAC o 0% 5 29 5T S v T AT M
A, MLTHATH S B N 235 T2 M,
HAir, B 3RALE A AT B9 A 5 R LA
AW Ry S IS PR R ST, B8 oKLY, $
BTk 22 KRR A B EGE| i
PR ERFRIGA P, Horpr, #UK (60~110 °CHIRHEE
FRAE R SR H A AR, FEBCRLE 4.28%~14.12%, {H
PEHURH A (2 1.5~4 )20 R, 28-S
P TG e B A v MDA Z2 B R SR U, T
B OR HA O B R R H L
4, ITE BRI T 2058 h o8 0. eah, i
e JFF Tt 2 T 32 R v R il B O A iR TR A TR A 2
W B B, (HL 32 B A 25 v, A S B Tk i FH Hh s

F 1 MAC AR R Bt L 9 SRR

Table 1 Main efficacy components of Lycium barharum L. in health food application
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Fig.3 Functional applications of Lycium barharum L. in health foods
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Table 2 Main health functions of Lycium barharum L. and their mechanisms of action

o Zit . FH o 5%
Yif ZiRY) it HLGR 0 P HLH i
. B I B 40N RECDS” TR IRICDA"/ CDS LA s, B IS sk 11 o
MRTEMW g Omeke 114 ke BRSBTS e ) 431
HoR , BALB/ PR RPERR B TR AL, VR e B I, R SRR S A IL-2., IL-6., IL-18,
gy PRI D Someke 19 TNF-RIEN-p 74k, B 1 FR BRI 6 5 N B 2 [45]
HIET g RS S 6T/ B S 2 F ORI Tk T, (B T R B e
etz CRMR FIA200mgke 1w S VA 1 LS O TR T 24 [52]
A B TR T e T LIS LR . LRt LT B
WRZM  SDAR  120mgke  28d  KBUILAAIBCRALAR S, 365 12 205 KRS LIS AT ATHE . ATPRVBNIE S BEAO R IS:  [59]
. K BUFFIE S R 5
’ﬁggﬁ R RO/ 75mgkg 28d  FRKILIEBUN, CREA, LDEHEANFHA TMDAKIE; T LDH, SODIF k. [64]
R BB B UZH 2 h i A L EESOD HMIGSH-PxIE M, FEARMDAZK - FIE-8% L4 216 i
MR B lomgke 4w SRR T B A P AR 5 B PR o, [65]
ST LB OO 35877
] . B AP TOR T /N B T GSH-Px B FIEAL S1F GSH A it S W/
R ICRARL 833 mikg 454 UFHE U0 B B MDA B [72)
yiste MR TR AL B L 8-SR 2 F 20 MU KSR R S 85 N 2T
WRF  BBIEA  15gd  low EFHE. R FRE AR ARG T B, (73]
DA P T 5 1 K B B
A CSTBL/  yoviomy oo WG L3754 S S . PR . (2 T - B FF AR 500 S B s
M+ /ML R IN%  14d TR [80]
sy C57BL/ SR T = ER RO R, I AAE, $E R GSH-PxI T, [BARMDAZK -, M
MRFHRM g M4omgke 8w 3% 5P 5 £ £ 75 S INAFLDI % T [81]
WIF MEFeZ.  Ccs7RL/ FIAL T3 . VAT 2T LA AR M 3 RUTEAE P TGAK -5 AR L ASLAALT/K

T PN 125gkg  15d °F; #EGSH-PxHISOD, [ MDA RAEANMLA F (TNF-a. IL-18. IL-6), f&47JFAE  [85]

G
MR T . . U
. . HPRRLIE P K ARG 43 B 2, s b TR0 RS P 52 £ 5 S TS B
%ﬂfﬁjéf SDREL  10mgkg 4w N [86]
MRTRIN (o SRR, I OO L, TR RO, R
- I . meg/ke w SRR B B 5 D RE B 5 Z T (941
LI J— R B/ EUS LB 5L FME 5 SEHEHLREAR: B4R CAT, SODRI
fkest VP somghe 6w GSH-PUTEPE, MU B ENE 1IN RIFIOECE, SRR [o5)
L T AR, A S0 A /N LA 8 BT B % L
MRS TR B HID TR0 . Ko S 5 IR S IR . TCR
TGHHE, 7 5.3 7 S HDL-c/k -, B BT GLAOWERE, MEISIER. Hoh, ke 7%
Tk KA B0 A P LR TR SRR A T 5 3, (L P PR DL 55—
BB, BHIRT o 025ghke S | S HSBLABFIOHURICE ), (KRR SRR A et
Bl LR, & LR SRR ELALTE . HE IR AR 2 B4 B B A b, e 2 | [96]
Wk H: 10 meke 2 BHE PORNR . B AR, MR T MR A AT R L 7R
SRR, MR T VR IS B MR M B RUAL T SRR A 22 i U A1)
BT R AIAL T W IS AT 04
. VRSN B R L MU TAE T 2 S50 0 B O R T, ARSI T R R
WRTATR / / ks 5 e B A TR B S P T [106]
v CSTBL/G MR T T [ 15 9 08 2 A I, A0 F TS LB A MR, 945 25
Ch ffeZh 7 g 7s0mgkg  15d FPARIAGE E , Jf-48 5 e MR P [109]
riB 00 R, REMSIEA TR BT T ACARCE L1, S 1 R T
e CSTBG LSWSWBA LU GRIESIRIRIAL . LRI R AR AR, SRR
C N Tk W A | it SCFAsTHE, 5 R TREAE I it pH, {2 e it B em e g, wesgatipe [110)

REIRE, (L HEM I (e .

4 HFHLERE

FUAC T g — P25 £ R U5 R, A LA 25 7%
FEMERNIZ HIETHAE, 1 BT XU B LR 52
EA O A, 2 E R ol A 0 R
JEokeh —, T AT LMD T 32 10 e (R Ry
R, S T R R AT (EUA B RTIISEH

Hethi s, AL TR FE AR A B i P B D IS AR T
IrPEHE, Z280IRE E AR R e ) | AT
PSR ARSE T T A, At S AL 7 S
PRI O B B i 22 LK Z2WIE D 7 i B D80 s
=7 T el 1 9] 1 Vi R oVt =W 1 o AN S St PR 5
MRS T 2 B R, I HL H AT AL A




5458 ol B R4 Ml T e R ER RS PR -~ 19 -

PRAEDIREAIBITIE L 2R TP AT 1 228, S e
WSRO S TR ST IIRE . TSR, Al T rb
HOMF IR | BRSO RIRTR . AE75 3% . IS5
AEZ R 5T LA R HA R U R R B By £
DA, RAFOMEIZVE I B0 THAS 20,
WAEA e BTS2 AZ S AL T T AR 20
Py rre R BB HAIVE AL, o rii i it
HZAH HA R i .

FOAS TS AP A H 2 oA T A E A, AT
P A N AR BT S T AL T A AR U Y
PRAEDZEAN 2 By LA, FERTS T R b b i At Ae ¥
JEAS TR e, HAATT DAAE BISCER 3T AR, 4.
ESORAFR TS ASUBTHRBIL BT M AT A4 | AU
O5%-B TIERE . T S A E N e ST AL T
DO R A ST o RIS, X FAHAL 7RO
BT WP M4 SR E B RME DI RE, HEA TR E 5 1
JLST B $2 B, WTTRS vHE HL e Ak A 4577 i 19 P At
Yifig.

ARE T HAWIR R, Mol 7 BA B o)z g A B
YERIFE FR 0y, FR EE Dy i SRS 7O, SR
FPRAL T R AU ST BRI RE R, I 44T T A
= E IR E HATAS SR R A & . 2023 4F 8 J]
31 H, iz SRR ESK DA R B
2yl E T (VR R R R D RE H 5% JE
EFRRFN T (2023 RO Y M KPR B I REARG S 5
PEN AT E T 0] (2023 40 YO B Sl DR S0
S TI714(2023 AERO YA Bl AR IR e
HEHT A TAEFSE T 500 (2023 4R R0 Y KRR
FRRBICREE DI RE H 5 JEEFRFFI T (2023 42/ )
R CAEE SO Y35 S, 2 ZR ) ST IR R ATAR R b,
PEFE T PR B nO A e . T DATHUAL, B I XAl 722
APk FREICT | SMEDIC S BRI FE ST, BEA
€SI (I YW R A B2 B S B eb oy | E R S S ST RS IVA
WSk

S 3k
[1] TIAN X J, LIANG T, LIU Y L, et al. Extraction, structural
characterization, and biological functions of Lycium barbarum
polysaccharides: A review [J]. Biomolecules, 2019, 9(9): 1-17.
[2] MELINA A P C, CHARLES W I H, ALESSANDRA C P, et
al. Biological effects of goji berry and the association with new in-
dustrial applications: A review[J]. Food Reviews International,
2021: 1-18.
[3] DONNO D, MELLANO G, RAIMONDO E, et al. Influence of
applied drying methods on phytochemical composition in fresh and
dried goji fruits by HPLC fingerprint[J]. European Food Research
and Technology, 2016, 242(11): 1961-1974.
(4] KAE=, BAB, ARE Ml T AEFED] LATESX
5, 2014,38(2): 124-126. [ ZHANG X Y, CUI L R, ZHOU F
Q. Examination of the materia medica of Lycium barbarum L.[J].
Journal of Shandong University of Traditional Chinese Medicine,
2014,38(2): 124-126. ]
[5] F#, HhE, T3t A BMLEHF TR EE NI

Je (7], 4 B ¥ 25 % &, 2008(18): 2020-2027. [ DONG J J, YANG
JJ, WANG Y. Species resources of Lycium barbarum L. in China
and research progress at home and abroad[J]. Chinese Journal of
Traditional Chinese Medicine, 2008(18): 2020—-2027. ]
(6] Rtn, RE, INEE. AL B KA T2 [ClIT
BRRFEs FuhtETHRRFRARLAEFTHLTFHHS
HE L A &R A% L& (Al H K, 2015:259-263.
[ ZHOU Y, MIAO Y L, SUN Z R. Study on the variation of origin
and variety of wolfberry [C]//Chinese Commodity Society. Proceed-
ings of the Fourth Chinese Academic Conference on Traditional
Chinese Medicine Commodity and Symposium on Teaching Re-
form and Teaching Material Construction in the Discipline of Tradi-
tional Chinese Medicine Appraisal [A]. Gansu, 2015: 259-263. |
[7] QIY C, DUAN G Z, FAN G H, et al. Effect of Lycium bar-
barum polysaccharides on cell signal transduction pathways[J].
Biomedicine & Pharmacotherapy, 2022, 147: 112620.
[8] LIUF, LIU X B, ZHOU Y M, et al. Wolfberry-derived zeax-
anthin dipalmitate delays retinal degeneration in a mouse model of
retinitis pigmentosa through modulating STAT3, CCL2 and MAPK
pathways[J]. Journal of Neurochemistry, 2021, 158(5): 1131-1150.
[9] ISLAMT, YU X M, BADWAL T S, et al. Comparative stud-
ies on phenolic profiles, antioxidant capacities and carotenoid con-
tents of red goji berry (Lycium barbarum) and black goji berry (Ly-
cium ruthenicum) [J]. Chemistry Central Journal, 2017, 11(1): 1-8.
[10] OLECH, M, KASPRZAK K, WOJTOWICZ A, et al.
Polyphenol composition and antioxidant potential of instant gruels
enriched with Lycium barbarum L. fruit[J]. Molecules, 2020, 25
(19):4538.
[11] LUY Y, GUO S, ZHANG F, et al. Comparison of functional
components and antioxidant activity of Lycium barbarum L. fruits
from different regions in China[J]. Molecules, 2019, 24(12): 2228.
[12] Rig4s, Tk, R, 5. R AP £ 4500 5 B LA
HRA R ARE I £ &R, 2021,38(4): 72-78.
[ ZHANG Q Y, JI T, ZHANG L Y, et al. Separation and purifica-
tion of polysaccharides from different varieties of Lycium barbarum
L. and investigation of antioxidant and antiproliferative capacity [J].
Gourmet Research, 2021, 38(4): 72—78. |
[13] AMAGASE H, FARNSWORTH R N. A review of botanical
characteristics, phytochemistry, clinical relevance in efficacy and
safety of Lycium barbarum fruit (Goji) [J]. Food Research Interna-
tional, 2011, 44(7): 1702-1717.
[ 14 ] TIJANA I, MARGARITA D, MIRJANA M, et al. Chemical
characterization, antioxidant and antimicrobial properties of goji
berries cultivated in serbia[J]. Foods, 2020, 9(11): 1614.
[ 15] MOCAN A, CAIRONE F, LOCATELLI M, et al. Polyphe-
nols from Lycium barbarum (Goji) fruit european cultivars at differ-
ent maturation steps: Extraction, HPLC-DAD analyses, and biologi-
cal evaluation[J]. Antioxidants, 2019, 8(11). 8110562.
[16] X, R, 7h 230 M A1 AT Wil B A&
AAsk A2 ) RE e BT & [JOL]. #rix K3 R (R Ak 55 4 4
# #R ): 1-10[2023-10-26]. http://kns.cnki.net/kcms/detail/33.1247.
S.20230731.1640.004.html. [ BIR R, ZHAO Y, SUN Y J. Re-
search progress on the regulation of intestinal flora and related phys-
iological functions by phytochemical components of Lycium bar-
barum L.[J/OL]. Journal of Zhejiang University (Agriculture and
Life Sciences Edition): 1-10[2023-10-26] . http://kns.cnki.net/kcms/
detail/33.1247.5.20230731.1640.004.html. ]


https://doi.org/10.1007/s00217-016-2695-z
https://doi.org/10.1007/s00217-016-2695-z
https://doi.org/10.1111/jnc.15472
https://doi.org/10.1186/s13065-016-0232-6
https://doi.org/10.1016/j.foodres.2011.03.027
https://doi.org/10.1016/j.foodres.2011.03.027
https://doi.org/10.1016/j.foodres.2011.03.027

- 20 - £ Tl B4

2024 4 3 A

[17] ZA8, R4E, AR £, ¥ RR T EMREENE RS
oA 0], & T kA3, 2017, 38(21):286-288,329. [LIY K,
MI J, YAN Y M, et al. Analysis of main chemical components of
Ningxia wolfberry from different origins[J]. Food Industry Science
and Technology, 2017, 38(21): 286—288,329. ]
[18] FMrz. 11 AT g ife LM 54 1], 5 F Y
F Ak ,2022,20(18):6177-6186. [ SUN H L. Analysis of total
flavonoids and total selenium content in 11 species of Lycium
barbarum L.[J]. Molecular Plant Breeding, 2022, 20(18): 6177—
6186. ]
[19] R4k, #Ae % 4869 32 LA B3 3+ N2a/APP695 40 feL
AB_(1-42) = A #4%-a [D]. Z M. 2 X%, 2020. [ WUIJ X. Ex-
traction and purification of Lycium barbarum L. polysaccharide
and its effect on AB_ (1-42) production in N2a/APP695 cells[D].
Lanzhou: Lanzhou University, 2020. ]
[20] 3kt 48, RERBG R % HIRIE R RAMNE
M Hee [J]. i AR A 2019, 47(3): 169-173. [ ZHANG Q,
LI S Q. Effects of different extraction methods on the extraction rate
and antioxidant activity of polysaccharides from Lycium barbarum
L.[J]. Jiangsu Agricultural Science, 2019, 47(3): 169-173. ]
[21] Z2E, Pl K2 M S BRERTEMITI]. BB
H3,2017(4):36-41. [ WANG Y X, YIN X M, ZHANG C. Re-
search on the hot extraction process of polysaccharides of Lycium
barbarum L.[J]. Brewing Science and Technology, 2017(4): 36—
41. ]
[22] Bk ke %44 5 R4k % 5 R AL FERAR[D]. X
#. REAI K S, 2020. [ FENG Y X. Research on the concentra-
tion and antioxidant activity of polysaccharides of Lycium bar-
barum L. by ultrasonic extraction[D]. Tianjin: Tianjin University of
Science and Technology, 2020. ]
(23] &-t&, L5 E RER, F. # 5 2Me S O RREREA
A A7 [T]. & & T A3, 2019,40(14): 196-202. [CAOY
X, WANG Z H, HE J F, et al. Extraction and antioxidant analysis of
polysaccharides from Jingle black wolfberry[J]. Food Industry Sci-
ence and Technology, 2019, 40(14): 196-202. |
[24] B, RRE, ZRE, S HAMDRBMLSBILL
AL T]. s TR 5 I A, 2016,37(11): 50-53. [ PANG Y R,
ZHU F T, WU M Y, et al. Optimization of process conditions for
microwave-assisted extraction of Lycium barbarum L. polysaccha-
rides [J]. Food Research and Development, 2016, 37(11): 50-53. ]
[25] Zm&, HRE, & FH. Ok B FBRM AT S 46 T L8
T[] BERAR L5 IF4A,2014,35(17):29-32. [LIHY, HAOF
X, YU X M. Microwave-assisted extraction of polysaccharides from
Lycium barbarum L.[J]. Food Research and Development, 2014, 35
(17):29-32.]
[26] W4, L3 A S HEGIRIR LhAL, 25 M SR R 22815 A
R it R 0], & Sk 5 & BE A 30,2022, 58(1): 131-135,146.
[ WANG M J, LONG L. Progress on the extraction, purification,
structural identification and pharmacological effects of polysaccha-
rides from Lycium barbarum[J]. Food and Fermentation Science
and Technology, 2022, 58(1): 131-135,146. |
[27] #4%, TR, TR, 5. BB ECBY AL R 25
Farm A R [J]. i AR L A5, 2022, 50(6): 8—15. [ CHENG
J, WANG F Q, LI X S, et al. Progress of research on the types, ex-
traction, isolation and detection of phenolic acid sensory substances
[J]. Jiangsu Agricultural Science, 2022, 50(6): 8—15. ]
[28 ] Embok, MR, K==, . AT KIS I ke AL AR

FRAESAT 5MAekEsa L mar g [J]. &5 T kAH, 2022,
43(6):236-242. [ WANG P B, XIE X R, DAI Y Y, et al. Opti-
mization of extraction methods and correlation between different
ecological factors and flavonoids of Lycium barbarum L.[J]. Food
Industry Science and Technology, 2022, 43(6): 236—242. ]

[29] simes, RE BEN, F. LSRR ZRMLT PHRHEL
FhEWRG IR MU THIFERFFZRERAFIR),
2015, 43(4):79-83. [ LIU X H, ZHAO Y, LIAO Z G, et al. Princi-
pal component analysis of trace elements and flavonoids in Lycium
barbarum from 11 different origins[J]. Journal of Henan Normal
University (Natural Science Edition), 2015, 43(4): 79-83. ]

[30] s, kT, Bla, . F R = wMRT R FMAR ]
B % B E B 25, 2020,31(7): 1707-1709. [ YIN T, XU NI, LU H,
et al. Quality evaluation of wolfberry from different origins[J].
Shizhen Guomian Guomian, 2020, 31(7): 1707—1709. |

[31] 3k, Ramk, A3, & RF = )M T 5 iRe-Z el
2 [, F B+ E 2 A H0,2004(2):102-103. [ ZHANG Y,
ZHANG L M, ZHOU H Y, et al. Determination of flavonoid con-
tent in Lycium barbarum L. from different origins[J]. China Tradi-
tional Chinese Medicine Science and Technology, 2004(2): 102~
103. ]

[32] #ka, REK, 23K, F ARtk T PEEECEE
M 1), F B E A ¥ & E,2004(8): 54-55. [ ZHANG Y,
ZHANG L M, WANG L Q, et al. Determination of vitamin C con-
tent in Lycium barbarum L. from different origins[J]. Chinese Jour-
nal of Hospital Pharmacy, 2004(8): 54-55. ]

[33] FAN X J, ZHANG B, YAN H, et al. Effect of lotus leaf ex-
tract incorporated composite coating on the postharvest quality of
fresh goji (Lycium barbarum L.) fruit[J]. Postharvest Biology and
Technology, 2019, 148: 132—-140.

[34] DANIAL F, LUISA M A, GIANCARLO C. Quality of goji
berry fruit (Lycium barbarum L.) stored at different temperatures
[7]. Foods, 2022, 11(22).

[35] LU Y Y, KONG XF, ZHANG J H, et al. Composition
changes in Lycium ruthenicum fruit dried by different methods[J].
Frontiers in Nutrition, 2021: 737521.

[36] MA R H, ZHANG X X, THAKUR K, et al. Research
progress of Lycium barbarum L. as functional food: phytochemical
composition and health benefits[J]. Current Opinion in Food Sci-
ence, 2022, 47: 531-535.

[37] MEHMET P, KEREM M, ILKNUR E, et al. Effects of the
fruiting period and growing seasons on market quality in goji berry
(Lycium barbarum L.)[J]. Folia Horticulturae, 2020, 32(2): 229—
239.

[38] skaksk, MAET, iiF, . BREBRA T REM RN T Y
5L (). BB A+, 2017(1): 48-51,54. [ ZHANG J B, CHEN Z
Y, JIANG D, et al. Research on the extraction process of alcohol-
soluble Lycium barbarum extract[J]. Brewing Science and Technol-
ogy,2017(1): 48-51,54. |

[39] BXLA BR, SR F LARAERBRERSR T LA
B33 & [T]. & oe A 5,2020,41(21):296-302. [ YAN W J,
DUAN H, LU Y N, et al. Research progress on the application of ed-
ible mushrooms in health food in Chinal[J]. Food Science, 2020, 41
(21):296-302. ]

[40] B2, 3 &P, ALA 2+ HERBRERS P68 A
Fe (1], & dn T A3, 2022, 43(3):384-394. [DUANH, LU Y
N, YAN W J. Progress in the application of probiotics in health food


https://doi.org/10.1016/j.postharvbio.2018.10.020
https://doi.org/10.1016/j.postharvbio.2018.10.020
https://doi.org/10.2478/fhort-2020-0021

5458 ol B R4 Ml T e R ER RS PR <21 -

in China[J]. Food Industry Science and Technology, 2022, 43(3):
384-394. ]

[41] LIU X F, SHAO J H, LIAO Y T, et al. Regulation of short-
chain fatty acids in the immune system[J]. Frontiers in Immunolo-
gy, 2023, 14: 1186892.

[42] LI X, JIAO L L, ZHANG X, et al. Anti-tumor and im-
munomodulating activities of proteoglycans from mycelium of
Phellinus nigricans and culture medium[J]. International Immuno-
pharmacology, 2008, 8(6): 909-915.

[43] FENGL, XIAO X, LIU J, et al. Immunomodulatory effects
of Lycium barbarum polysaccharide extract and its uptake behaviors
at the cellular level [J]. Molecules, 2020, 25(6): 1351.

[ 44 ] EKREM D, REHA E, CENGIZ D, et al. Effect of hormone
replacement therapy on CD4'and CD8" numbers, CD4'/CD8" ratio,
and immunoglobulin levels in hemodialysis patients[J]. Renal Fail-
ure, 2005, 27(4): 421-424.

[45] WANGY,SUNMY,JINHY, et al. Effects of Lycium bar-
barum polysaccharides on immunity and the gut microbiota in cy-
clophosphamide-induced immunosuppressed mice[J]. Frontiers in
Microbiology, 2021, 12.

[46] CHEN J, ZHU X Q, YANG L, et al. Effect of Glycyrrhiza
uralensis Fisch polysaccharide on growth performance and immuno-
logic function in mice in Ural City, Xinjiang[J]. Asian Pac J Trop
Med, 2016, 9(11): 1078—1083.

[47 ] DING Y, YAN Y M, CHEN D, et al. Modulating effects of
polysaccharides from the fruits of Lycium barbarum on the immune
response and gut microbiota in cyclophosphamide-treated mice[J].
Food & Function, 2019, 10(6): 3671-3683.

[48 ] YE C, BRAND D, ZHENG G S. Targeting IL-2: An unex-
pected effect in treating immunological diseases[J]. Signal Trans-
duction and Targeted Therapy, 2018, 3(1): 1-10.

[49] LIU C, XI T, LIN Q, et al. Immunomodulatory activity of
polysaccharides isolated from Strongylocentrotus nudus eggs[J]. In-
ternational Immunopharmacology, 2008, 8(13): 1835—1841.

[ 50 ] TOSHIO T, MASASHI N, TADAMITSU K. Interleukin (IL-
6) Immunotherapy[J]. Cold Spring Harbor perspectives in Biology,
2018, 10(8): a028456.

[51] MEZOUAR S, MEGE J J. Changing the paradigm of IFN-y
at the interface between innate and adaptive immunity: Macrophage-
derived IFN-y[J]. Journal of Leukocyte Biology, 2020, 108(1): 419—
426.

[52] DENG X L, LUO S, LUO X, et al. Polysaccharides from chi-
nese herbal Lycium barbarum induced systemic and local immune
responses in H22 tumor-bearing mice[J]. Journal of Immunology
Research, 2018, 2018: 3431782.

[53] GAN L, ZHANG S H, YANG X L, et al. Inmunomodula-
tion and antitumor activity by a polysaccharide-protein complex
from Lycium barbarum[J]. International Immunopharmacology,
2004, 4(4): 563-569.

[54] ZHUPF, ZHAO Y L, DAI ZHI, et al. Correction to pheno-
lic amides with immunomodulatory activity from the nonpolysac-
charide fraction of Lycium barbarum fruits[J]. Journal of Agricul-
tural and Fod Chemistry, 2020, 68(13): 4072.

[55] LUO C H, XU X R, WEI X C, et al. Natural medicines for
the treatment of fatigue: Bioactive components, pharmacology,
and mechanisms[J]. Pharmacological Research, 2019, 148(2019):
104409.

[56] ZHAO HP, ZHANG Y, LIU Z, et al. Acute toxicity and anti-
fatigue activity of polysaccharide-rich extract from corn silk[J].
Biomedicine & Pharmacotherapy, 2017, 90: 686—693.

[57] ISHII A, TANAKA M, YAMANO E, et al. The neural sub-
strates of physical fatigue sensation to evaluate ourselves: A magne-
toencephalography study [J]. Neuroscience, 2014, 261: 60—67.

[58] LUGY,LIUZT, WANG X, et al. Recent advances in panax
ginseng C.A. meyer as a herb for anti-fatigue: An effects and mecha-
nisms review[J]. Foods, 2021, 10(5).

[59 ] SIMEON P C. Lactic acid and exercise performance: Culprit
or friend?[J]. Sports Medicine, 2006, 36(4): 279-291.

[ 60 ] KUWAHARA H, HORIE T, ISHIKAWA S, et al. Oxidative
stress in skeletal muscle causes severe disturbance of exercise activi-
ty without muscle atrophy [J]. Free Radical Biology and Medicine,
2010, 48(9): 1252-1262.

[61] PENGY F, ZHAO L L, HU K, et al. Anti-fatigue effects of
Lycium barbarum polysaccharide and effervescent tablets by regu-
lating oxidative stress and energy metabolism in rats[J]. Internation-
al Journal of Molecular Sciences, 2022, 23(18).

[62] BALLARD J] W O, TOWARNICKI S G. Mitochondria, the
gut microbiome and ROS [J]. Cellular Signalling, 2020, 75.

[63] ZHUHK, WANG R Y, HUA HY, et al. The macamide re-
lieves fatigue by acting as inhibitor of inflammatory response in ex-
ercising mice: From central to peripheral[J]. European Journal of
Pharmacology, 2022, 917: 174758.

[64] VALENTINA D, ADAM H, RAGHAVENDRA S, et al.
Dysregulation of mitochondrial Ca*" uptake and sarcolemma repair
underlie muscle weakness and wasting in patients and mice lacking
MICU1 [J]. Cell Reports, 2019, 29(5): 1274-1286.

[65] HAKAN W, TAKASHI Y, JOSEPH D. Skeletal muscle
fibers of cold-acclimated mice display increases in basal calcium,
mitochondrial content and fatigue resistance[J]. Biophysical Jour-
nal, 2010, 98(3): 712a.

[66] #%3F, £ X4, Rk Mie 5B REARFTHR
(J]. =B 55 I 4, 2020, 41(6): 48-52. [ WEIF F, WANG W
J, ZHANG B. Study on the alleviation of physical fatigue in mice by
polysaccharides of Lycium barbarum L.[J]. Food Research and De-
velopment, 2020, 41(6): 48—52. ]

[67] ZHAOR, CAIY P, SHAO X Y, et al. Improving the activity
of Lycium barbarum polysaccharide on sub-health mice[J]. Food &
Function, 2015, 6(6): 2033—-2040.

[ 68 ] JULIANA N, LAURA Z, ANNADURAI A, et al. Antioxi-
dant gene therapy against neuronal cell death[J]. Pharmacology &
Therapeutics, 2014, 142(2): 206—230.

[69 ] PABLO H, ANTONIO ] E. Generation of reactive oxygen
species by mitochondria[J]. Antioxidants, 2021, 10(3): 415.

[ 70 ] RAJENDRAN P, NANDAKUMAR N, RENGARAJAN T, et
al. Antioxidants and human diseases[J]. Clinica Chimica Acta, 2014,
436:332-347.

[71] GABRIELE P, NATASHA I, MARIAPAOLA C, et al. Ox-
idative stress: Harms and benefits for human health[J]. Oxidative
Medicine and Cellular Longevity, 2017, 2017: 8416763.

[ 72 ] DEPONTE M. Glutathione catalysis and the reaction mecha-
nisms of glutathione-dependent enzymes[J]. BBA-General Sub-
jects, 2013, 1830(5): 3217-3266.

[ 73] IGNACIO G, SARA L, PATRICIA M, et al. Terpenoids and

polyphenols as natural antioxidant agents in food preservation[J].


https://doi.org/10.1016/j.intimp.2008.02.008
https://doi.org/10.1016/j.intimp.2008.02.008
https://doi.org/10.1016/j.intimp.2008.02.008
https://doi.org/10.1016/j.apjtm.2016.08.004
https://doi.org/10.1016/j.apjtm.2016.08.004
https://doi.org/10.1002/JLB.4MIR0420-619RR
https://doi.org/10.1016/j.intimp.2004.01.023
https://doi.org/10.1021/acs.jafc.0c01608
https://doi.org/10.1021/acs.jafc.0c01608
https://doi.org/10.1021/acs.jafc.0c01608
https://doi.org/10.1016/j.neuroscience.2013.12.049
https://doi.org/10.1016/j.freeradbiomed.2010.02.011
https://doi.org/10.3390/antiox10030415
https://doi.org/10.1016/j.cca.2014.06.004
https://doi.org/10.1016/j.bbagen.2012.09.018
https://doi.org/10.1016/j.bbagen.2012.09.018
https://doi.org/10.1016/j.bbagen.2012.09.018
https://doi.org/10.1016/j.bbagen.2012.09.018
https://doi.org/10.1016/j.bbagen.2012.09.018

=22 - £ Tl B4

2024 4 3 A

Antioxidants, 2021, 10(8): 1264.

[74] W&, R, ZHM, 5. AR EIEALIGIR 0k FIAT
7 [J]. &8 5 AU, 2022, 38(9): 18-21,28. [ YANG L, ZHAO R,
WU Z H, et al. Study on antioxidant and immunity-enhancing activi-
ties of Lycium barbarum L. stock[J]. Food and Machinery, 2022, 38
(9):18-21,28. ]

[75] DAREL W, WAN Y, HANZHANG Z, et al. Wolfberry (Ly-
cium barbarum) consumption with a healthy dietary pattern lowers
oxidative stress in middle-aged and older adults: A randomized con-
trolled trial [J]. Antioxidants 2021, 10(4): 567.

[76] SUN Y J, RUKEYA J, TAO W Y, et al. Bioactive com-
pounds and antioxidant activity of wolfberry infusion[J]. Scientific
Reports, 2017, 7(1): 40605.

[77] VANESSA M, RITA A S, BRUNA S, et al. Comparative
studies on the anti-neuroinflammatory and antioxidant activities of
black and red goji berries[J]. Journal of Functional Foods, 2022, 92.
[ 78 ] XIN G, ZHU F, DU B, et al. Antioxidants distribution in pulp
and seeds of black and red goji berries as affected by boiling pro-
cessing[J]. Journal of Food Quality, 2017, 2017: 1-9.

[79] JESSICA I, SANJOY R, PATRICIA M, et al. Exogenous
thioredoxin prevents ethanol-induced oxidative damage and apopto-
sis in mouse liver[J]. Hepatology, 2009, 49(5): 1709-1717.

[ 80 ] MANDREKAR P, SZABO G. Signalling pathways in alco-
hol-induced liver inflammation[J]. Journal of Hepatology, 2009, 50
(6): 1258-1266.

[81] JENNY H, MARLEEN H, et al. The genetic architecture of
liver enzyme levels: GGT, ALT and AST.[J]. Behavior Genetics,
2013, 43(4):329-339.

[82] GUO L, GUAN Q J, DUAN W H, et al. Dietary goji shapes
the gut microbiota to prevent the liver injury induced by acute alco-
hol intake [J]. Frontiers in Nutrition, 2022, 9: 929776.

[83] LUKK, WANGJ, YU Y'Y, et al. Lycium ruthenicum Murr.
alleviates nonalcoholic fatty liver in mice[J]. Food Science & Nutri-
tion, 2020, 8(6): 2588-2597.

[ 84 ] TAGUCHI K, KENSLER T W. Nrf2 in liver toxicology [J].
Archives of pharmacal research, 2019, 43(Suppl 1).

[85] XUSF,JILL, WUQ, et al. Ontogeny and aging of Nrf2
pathway genes in livers of rats [J]. Life Sciences, 2018, 203: 99—104.
[86] WANG H, LIY S, LIU J F, et al. Hepatoprotective effect of
crude polysaccharide isolated from Lycium barbarum L. against al-
cohol-induced oxidative damage involves Nrf2 signaling[J]. Food
Science & Nutrition, 2020, 8(12): 6528—6538.

[87] LID,SUNLJ, YANG Y L, et al. Preventive and therapeutic
effects of pigment and polysaccharides in Lycium barbarum on alco-
hol-induced fatty liver disease in mice[J]. CyTA-Journal of Food,
2018, 16(1): 938-949.

[88] GAOH,LUY, LIU Y X, et al. Wolfberry-derived zeaxan-
thin dipalmitate attenuates ethanol-induced hepatic damagel[J].
Molecular Nutrition & Food Research, 2019, 63(11): e1801339.

(89 ] TUWAH, B ¥, KA, . ERT 30~79 ¥ BR&HRE,
B fis. FHahaEtEFAAEXPaR D] PRRRERTRE S
4241,2023,31(1):31-34. [DING X B, TANG W G, CHEN L L,
et al. Co-occurrence of hypertension, hyperlipidemia and hyper-
glycemia in Chongqing residents aged 30-79 years and related influ-
encing factors[J]. China Chronic Disease Prevention and Control,
2023,31(1):31-34. ]

[90 ] KUZUYA T, NAKAGAWA S, SATOH J, et al. Report of the

Committee on the classification and diagnostic criteria of diabetes
mellitus[J]. Diabetes Research and Clinical Practice, 2002, 55(1):
65-85.
[91] ZHU J, LIU W, YU J P, et al. Characterization and hypo-
glycemic effect of a polysaccharide extracted from the fruit of Lyci-
um barbarum L.[J]. Carbohydrate Polymers, 2013, 98(1): 8—16.
[92] TANG HL, CHEN C, WANG S K, et al. Biochemical analy-
sis and hypoglycemic activity of a polysaccharide isolated from the
fruit of Lycium barbarum L.[J]. International Journal of Biological
Macromolecules, 2015, 77: 235-242.
[93] WOJDYLO A, NOWICKA P, BABELEWSKI P. Phenolic
and carotenoid profile of new goji cultivars and their anti-hyper-
glycemic, anti-aging and antioxidant properties[J]. Journal of Func-
tional Foods, 2018, 48: 632—642.
[94 ] JAISHREE V, NARSIMHA S. Swertiamarin and quercetin
combination ameliorates hyperglycemia, hyperlipidemia and oxida-
tive stress in streptozotocin-induced type 2 diabetes mellitus in wis-
tar rats [J]. Biomed Pharmacother, 2020, 130: 110561.
[95] OKOKON JE, ETUK I C, THOMAS P S, et al. In vivo anti-
hyperglycaemic and antihyperlipidemic activities and chemical con-
stituents of Solanum anomalum|[J]. Biomed Pharmacother, 2022,
151: 113153.
[96] EA%, thtk, BB %5 M SR BRI st 2 BH R K
R b o fig g% 0 [J]. ¥ B ER 24 &, 2017, 37(1): 17-20.
[ WANG W, SHANG J, LIAO G L, et al. Effects of total flavonoid
extract of Lycium barbarum L. on blood glucose and blood lipids in
type 2 diabetic rats[J]. Chinese Journal of Hospital Pharmacy, 2017,
37(1): 17-20. ]
[97] MA QY, ZHAIR H, XIE X Q, et al. Hypoglycemic effects
of lycium barbarum polysaccharide in type 2 diabetes mellitus mice
via modulating gut microbiota[J]. Frontiers in Nutrition, 2022, 9;
916271.
[98 ] LUOQ, CAIY, YAN ] Z, et al. Hypoglycemic and hypolipi-
demic effects and antioxidant activity of fruit extracts from Lycium
barbarum[J]. Life Sciences, 2004, 76(2): 137—149.
[99 ] DUAN H, SONG W, GUO J H, et al. Taurine: A source and
application for the relief of visual fatigue[J]. Nutrients, 2023, 15(8):
1583.
[ 100 ] DUAN H, SONG W, ZHAO J, et al. Polyunsaturated Fatty
Acids (PUFAs): Sources, digestion, absorption, application and
their potential adjunctive effects on visual fatigue[J]. Nutrients,
2023, 15(11).
[101 ] MI X S, FENG Q, et al. Lycium barbarum polysaccharides
related RAGE and Ap levels in the retina of mice with acute ocular
hypertension and promote maintenance of blood retinal barrier[J].
Neural Regeneration Research, 2020, 15(12): 2344-2352.
[102] SONG M, SALAM N, ROUFOGALIS D B, et al. Lycium
barbarum (Goji Berry) extracts and its taurine component inhibit
PPAR-y-dependent gene transcription in human retinal pigment ep-
ithelial cells: Possible implications for diabetic retinopathy treat-
ment[J]. Biochemical Pharmacology, 2011, 82(9): 1209-1218.
[103] LIH Y, HUANG M, LUO Q Y, et al. Lycium barbarum
(Wolfberry) increases retinal ganglion cell survival and affects both
microglia/macrophage polarization and autophagy after rat partial
optic nerve transection[J]. Cell Transplantation, 2019, 28(5): 607—
618.
[104] JING Y Y, YING W, YING D, et al. Lycium barbarum


https://doi.org/10.1038/s41598-016-0028-x
https://doi.org/10.1038/s41598-016-0028-x
https://doi.org/10.1016/j.jhep.2009.03.007
https://doi.org/10.1007/s10519-013-9593-y
https://doi.org/10.1016/j.lfs.2018.04.018
https://doi.org/10.1080/19476337.2018.1512530
https://doi.org/10.1080/19476337.2018.1512530
https://doi.org/10.1080/19476337.2018.1512530
https://doi.org/10.1016/S0168-8227(01)00365-5
https://doi.org/10.1016/j.carbpol.2013.04.057
https://doi.org/10.1016/j.ijbiomac.2015.03.026
https://doi.org/10.1016/j.ijbiomac.2015.03.026
https://doi.org/10.1016/j.jff.2018.07.061
https://doi.org/10.1016/j.jff.2018.07.061
https://doi.org/10.1016/j.jff.2018.07.061
https://doi.org/10.1016/j.lfs.2004.04.056
https://doi.org/10.4103/1673-5374.284998
https://doi.org/10.1016/j.bcp.2011.07.089
https://doi.org/10.1177/0963689719835181

5458 ol B R4 Ml T e R ER RS PR ©23 -

polysaccharides regulating mir-181/bcl-2 decreased autophagy of
retinal pigment epithelium with oxidative stress[J]. Oxidative
Medicine and Cellular Longevity, 2023, 2023: 1-18.

[105] TANGL J, BAO S, DU Y Y, et al. Antioxidant effects of
Lycium barbarum polysaccharides on photoreceptor degeneration in
the light-exposed mouse retina[J]. Biomedicine & Pharmacothera-
py, 2018, 103: 829—837.

[106 ] LI X, HOLT R R, KEEN C L, et al. Goji berry intake in-
creases macular pigment optical density in healthy adults: A ran-
domized pilot trial[J]. Nutrients, 2021, 13(12): 4099.

[ 107 ] XU X R, HANG L, HUANG B L, et al. Efficacy of ethanol
extract of fructus lycii and its constituents lutein/zeaxanthin in pro-
tecting retinal pigment epithelium cells against oxidative stress: /n
vivo and in vitro models of age-related macular degeneration[J].
Journal of Ophthalmology, 2013, 2013: 862806.

[108] YAN Y M, PENG Y J, TANG J L, et al. Effects of antho-
cyanins from the fruit of Lycium ruthenicum Murray on intestinal
microbiota[J]. Journal of Functional Foods, 2018, 48: 533—541.
[109] PENG Y J, YANY M, WAN P, et al. Gut microbiota modu-
lation and anti-inflammatory properties of anthocyanins from the
fruits of Lycium ruthenicum Murray in dextran sodium sulfate-in-
duced colitis in mice[J]. Free Radical Biology & Medicine, 2019,
136: 96—108.

[110 ] LID T, WANG P, WANG P P, et al. The gut microbiota: A
treasure for human health[J]. Biotechnology Advances, 2016,
34(7): 1210-1224.

[111 ] XIA W R, LIX A, KHAN I, et al. Lycium berry polysaccha-
rides strengthen gut microenvironment and modulate gut microbiota
of the mice[J]. Evidence-Based Complementary and Alternative
Medicine, 2020, 2020: 1-10.


https://doi.org/10.1016/j.jff.2018.07.053

	1 枸杞子在保健食品中应用的主要功效成分及各成分的提取方式
	2 影响枸杞子中功效成分差异的主要因素
	2.1 生长环境
	2.2 加工方式

	3 枸杞子在我国保健食品中的应用现状及其作用机制分析
	3.1 增强免疫力功能
	3.2 缓解体力疲劳功能
	3.3 抗氧化及抗衰老功能
	3.4 保肝护肝功能
	3.5 调节血糖、血脂功能
	3.6 缓解视觉疲劳功能
	3.7 调节肠道菌群

	4 结论与展望
	参考文献

