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Anticancer Activity Evaluation of Selenium-enriched Pleurotus ostreatus
Fungus Powder and Development of Selenium-enriched Sugar Substitute

Bread

YU Jialian, DING Jinghua, LUO Xiaoqji, L1 Guokun, DONG Jiahua, HUANG Yongying, CHEN Xiaoyi"
(School of Public Health, Guangzhou Medical University, Guangzhou 511436, China)

Abstract: Selenium (Se)-enriched Pleurotus ostreatus fungus powder with different total Se concentrations was used in combination with
5-FU to treat HepG2 hepatocellular carcinoma cells. The CCK-8 and flow cytometry double staining methods were applied to investigate the
tumor suppressive effect of Se-enriched P. ostreatus fungus powder combined with 5-FU. The Se-enriched P. ostreatus fungus powder was then
used as the raw material to develop a Se-enriched sugar substitute bread, providing scientific evidence for the development of Se-enriched
functional foods. The results demonstrate that the Se-enriched P. ostreatus fungus powder had an inhibitory effect on the proliferation of HepG2
hepatocellular carcinoma cells, with the inhibition rate ranging from 13.89% to 27.39%. The number of apoptotic cells in HepG2 hepatocellular
carcinoma increased in a concentration-dependent manner after treatment with different total Se concentrations of Se-rich P. ostreatus fungus
powder combined with 5-FU for 36 h (p<0.05). The total apoptosis rates were 26.36%~49.72%, respectively, and the apoptosis rates were higher
than those in the 5-FU group (p<0.05). The optimal processing formula of Se-enriched sugar-substitute bread was as follows: 0.06 g Se-enriched
P. ostreatus fungus powder was added to 200 g flour with 25 g compound sugar substitute and baked at 175 <C for 20 min; the total Se content
was 0.17420.011 mg/kg. In conclusion, when HepG2 hepatoma cells were treated with Se-enriched P. ostreatus fungus powder at different total
Se concentrations combined with 5-FU, HepG2 hepatoma cell growth was inhibited, increasing the efficiency of detoxification. The optimal
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processing formula of Se-enriched sugar substitute bread, which has various research and application values, was also developed.

Key words: selenium-enriched Pleurotus ostreatus fungus; 5-FU; liver cancer; compound sugar substitute; bread
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Table 2 Single factor design
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& TR Elg 004, 0.06. 0.08. 0.10. 0.12
RAERIElY 20. 25. 30. 35. 40
IR B/°C 160. 165. 170. 175. 180
AR 1) /min 20. 25. 30. 35. 40
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Table 3 Factor levels of orthogonal test

B%
K HmPah  ARKaE BkE ek
FomE(A)g FeeB)g RE(C)°C  AFiE(D)/min
0.04 20 165 20
0.06 25 170 25
3 0.08 30 175 30
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121 SPSS 17.0 Grit B Xt B RhEAT GLit 70T
THEFRMES M EdE ISESREZE (X48) #HT5
THIE, 2 AR IR LLRCR F SR =07 20

(One-way ANOVA), #-2H i) % & LK H Bonferroni
K56 AL KAE o RN 5224 0.05,
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FpHIAE R
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Table 4 Inhibition rate of proliferation of HepG2 cells by
selenium-enriched Pleurotus ostreatus powder (%, X4s, n=3)

Se #E/(ug/L) 36h 48h

0.0 0.0040.00  0.000.00

0.1 5.23#1.02¢  13.89:+.36*
0.2 8.8541.65%  16.02:4.25*
04 10.6541.24*  19.65:41.32*
0.8 14.9141.32%  21.8:4.42*
16 18.8341.26%  25.71+.30*
32 23.3541.18*%  27.39:+1.26*

Z: HEautak, *p<0.05.

I A () S il R FEE 1 A~ 20 o Ak BEE P98 400 i
HepG2, it CCK-8 yAriiAif A KIFm, 4R
R A PR, ST AR HepG2 Sy 5EA |
YER, MR VE R 13.89%~27.39%, il LA
WREERISE N, XTAHM b E RS [FRE, BX AR
SV AR TR, R P T B R 2 T T AT
FEAHA HepG2 A HON IR FHIER, HIHHI/EH
A AR P A 3 B 3
212 ‘FAEFEEMESE 5-FU T30 HI I % e
HepG2 #93& 74

28 CCK-8 {AAIEh iR, TEAN RS I &
i~ Faikr A 5-FU /EF T HepG2 4iiffl 24 h J5, 4l
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TG A 16.76%~23.70%; 1EAEFH 36 h J5 41
HIRJEEI AN 39.67%~49.46%; {EAEH 48 h Ja 4 fnd]
RGN 70.67%~73.56%. 5-FU J 5-FU Bea ARk
AT ZERCEAE P T HepG2 4 24 hy 36 h, 48 h
&, SEAAMIISE BEMRIER, BEgyE
5t (p<0.05), HBESARAEEIGIN, X2m i r A K
HiVE BRI EE 204 0.84 1.64 3.2 pg/L (1)
&R B 5-FU /R T HepG2 4Mfiii 24 h A1 36 h
i, RS B T 5-FU T4l (p<<0.05), 48h
IFIJERR 2 7 (p>0.05).

H&563R 4 FR 5 SRR, RRE N
3.2 g/l BIE PR BES 5-FU YEF T HepG2 4y
AR E N 3.2 /L (1) & G~ 2 A0 SR A FH T
HepG2 4L A1 5FU Sl T HepG2 4t A i) 4] 2
HRES, AIHEDE AT A SFU ] Re s
HITRUR . S-RRMENE (5-FU) 28 WIRETT FHE R

iz DA BE R S BIRRIE R, AT RN, BA
BYUsiE R KRR TE =Y E ) &[RRI 50T 245
VI TR e, PR RS AUR S IER, Wikl
A 5-FU ARz LoVo 4uues, (edt4niy
JHT:, HEUpph 2GR I E AR N B3, BAR
TFHIPNRIR R E I, X — 4518 S AT e 45 B
213 FHFIEHTHEM 5-FU A EF 48
L02 #9451%

FHR 6 AL, AR N 0.4 ng/L L ERTE
~Faky BE 5-FU /EFHT L02 1E% 4 36 h Al
48 h Ja, iz REILT 5-FU T4l (p<<0.05),
KB o vl E— e FE B L Z5ff 5-FU X LO2 4f
JHIRIVE R, X AT Ae S & AT o IR 2 pE
3. HIFRN, A2 ERES SRR T, 0
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Table 5 Inhibition of HepG2 at different concentrations of selenium-enriched Pleurotus ostreatus powder combined and 5-FU treatment

(%2s, n=3)
24 h 36h 48 h
8%
OD 1& EGEIESILT) OD1& Fp4H] %1% OD 14 4 &%
TEHE 1.7340.04 0.00 1.8440.01 0.00 2.0840.06 0.00

5-FU (80 pug/mL)
Se(0.1 pg/L)+5-FU
Se(0.2 pg/L)+5-FU
Se(0.4 pg/L)+5-FU
Se(0.8 pg/L)+5-FU

1.4630.01* 15.60
1.44390.01* 16.76
1.3940.03* 19.65
1.3620.02* 21.39
1.3440.01% 2254
Se(1.6 pg/L)+5-FU  1.3340.04* 2312

Se(3.2 ug/L)y+5-FU ~ 1.3240.03%  23.70

E: 5G4k p<0.05; 5 5-FU 4 Hk4i#p<0.05.

& 6 TENEKE SFEEMEKS 5-FU T L02 4ARE 36 h. 48 h [GRUHIHIIE SR
Table 6 Inhibition of L02 at different concentrations of selenium-enriched Pleurotus osteatus powder combined and 5-FU treatment

1.1640.02*  36.96
1.1140.02*  39.67
1.1020.01*  40.22
1.0740.03*  41.85
1.0320.03%  44.02
0.9840.05%  46.74
0.9330.01*  49.46

0.6420.01* 69.23
0.6140.01* 70.67
0.6140.03* 70.89
0.60=0.01* 71.15
0.5940.01* 71.63
0.5840.01* 7212
0.5540.01* 73.56

(x5, n=3)
B! 36h 48h
OD 14 I 41 F% OD & Fr 41 %
w4 1.54:40.02 0 2.3040.10 0
5-FU (80 pg/mL) 0.890.01* 42.56 0.7340.04* 68.26
Se (0.1 ug/Ly+5-FU 1.0440.03* 32.82 0.7740.02* 66.52
Se (0.2 ug/Ly+5-FU 1.0640.02* 31.20 0.8520.02* 63.04
Se (0.4 pg/L)+5-FU 1.1020.01+ 28.87 0.8920.01* 61.30
Se (0.8 pg/L)+5-FU 1.1520.02*% 25.56 0.9126.03* 60.43
Se (1.6 pg/L)y+5-FU 1.1620.01*% 24.98 0.930.02* 59.57
Se (3.2 pg/L)+5-FU 1.1640.02% 2459 1.0240.02%* 55.65

A 5RO P<0.05; & 5-FU 41 14#p<0.05.
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B 2% 4 5-FU+Se (0.8 pg/L) . 5-FU+Se (1.6 pg/L)-+
5-FU+Se (3.2 pg/L) AR T2 5152 1.21%-
22.1%- 30.2%F!1 43.2%, SR AP i (p<<0.05)
BTSRRI A 9.96%. 26.36%. 35.53%. 49.72%,

5 BRI I = (p<<0.05). HATCHEWIF
TG B & R L MR K R R, A 2ih)
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5-FU 4H, #iPA 5-FU Bets (et s s .
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Table 7 Apoptosis rate of HepG2 at different concentrations of selenium-enriched Pleurotus ostreatus powder combined with 5-FU
treatment after 36 h (xs, n=3)

283 2B T % WA T %1% BT E%
Ta 1.2140.11 8.7540.80 9.960.82

5-FU 21.340.53*% 5.030.46* 26.0140.35*

Se (0.8 pg/L)+5-FU 22.140.87* 4.3620.31* 26.4630.55*

Se (1.6 pg/L)y+5-FU 30.240.82* 5.3340.25* 35.5340.90%*

Se (3.2ug/L)+5-FU 43.240.85% 6.5240.20% 49.7240.91%

i 5% GLEP<0.05; 5 5-FU ZLHAL#p<0.05,
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Fig.1 Effect of selenium-enrichedPleurotus ostreatus powder on

Sensory score

WE 1 R, AER LR INE Dy 0.06 g 1
THVEL Bz i, HE AR, BEAM
RE IR P25 PR 2 AU o NI BRI 2 Sl T At
X2 O 2 A . RN B, R
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Fig.2 Effect of compound sugar substitute on sensory score
WK 2 Fros, EECACE IS INETE 30 g I 704 s
LIS INE AN 30 g I, e S A ACHRAN D= 19 b,
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Fig.3 Effect of baking temperature on sensory score
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Fig.4 Effect of baking temperature on sensory score
225 FHRERDCHF LT ELREERSE
AT
1Bk S5 R LK 8.

* 8 BMKEEEMELIZENRRE
Table 8 Factor levels of orthogonal test

T S TEDIEA)Y ARAERrEB)g BHEREQC)C R (D)ming 4EAEs

o)
1 0.04 20.00 165.00 20.00 87.20
2 0.04 25.00 170.00 25.00 86.70
3 0.04 30.00 175.00 30.00 83.60
4 0.06 20.00 170.00 30.00 81.50
5 0.06 25.00 175.00 20.00 91.40
6 0.06 30.00 165.00 25.00 86.70
7 0.08 20.00 175.00 25.00 84.80
8 0.08 25.00 165.00 30.00 84.30
9 0.08 30.00 170.00 20.00 85.50

K1 257.50 253.50 258.20 264.10

K2 259.60 262.40 253.70 258.20

K3 254.60 255.80 259.80 249.40

k1 85.83 84.50 86.07 88.03

k2 86.53 87.47 84.57 86.07

k3 84.87 85.27 86.60 83.13
R 1.67 297 2.03 4.90
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AR 8 AN, IR RZE A & R B IR B TR
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* 9 PR,

®9 EMREEESEEAELME SRS

Table 9 Test results of total selenium content in selenium

enriched sugar substitute bread and ordinary bread

(%4sd, n=3)
o AT £ FHEAERG HEEREDO
#E4-%/(mgkg)  0.1730.01* 0.0240.00

E: 5@ EAET a4k, p<0.05.

& 9 vl &, & AN E A
0.174 mg/kg, ¥ /& GB 14880-2012 { £r /i 5 sk 7
FAARHEY Aot & il £ St Sl S R, izt T R
J7AE AN IN & AT 2 A 52 C AN %) 325 7 R 1

(p<<0.05).

H A7 b e i 3 2RI A N = R ER

& TR A B AN I SO =i, R %
HIVERITH ARG 1S S ZEATT, U E M EAAER
MEHPA G R il k1IN PR P S AR A 1
— O AR S S e A, ARSI 2 i T
RS & 0.478 6 mg/kg, T (AT b e ISRk
FREY ORI A A B R R Y 0.14 mglkg~
0.28 mg/kg, K IHIEL R 7 B HE AR R B K
B 2 fr%. R, 757D PR R )
W & e A TR R W A A & N
0.492 1 mg/kg. 0.518 7 mg/kg, LA 1 & TRk
B AR TR P N\ P B Al A 1
ANFIRREE T2 PR KO R S e i, 2558

o H I AR AR R RS, AR
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3 ZHig

B PR AT 299 BFU AT AT HepG2
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JRTH LA B A 2K R JEORMTE ) 1 — 2R B )
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0.06 g, ERCACHERIIE N 25 g, BUEIRE N LT K
175 °C, HEEBIE g 20 min, %0 451008 & miF Ch
HETEE IR 5 T R S A T 34

B T K

[1] P-Rayman Margaret. Selenium and human health [J]. The
Lancet, 2012, 379(9822)

[2]  RIFE, L, S SCH A S R (10 R TRt e [0). A e 5
feHE4+ £,2013,30(9):844-848

[3] L Zhao, Zhao G, Zhao Z, et al. Selenium distribution in a
Se-enriched mushroom species of the genus Ganoderma [J].
J Agric Food Chem, 2004, 52(12): 3954-3959

[4]  EA ST R 7 [D]. A IR 22Ut kK %, 2010

[5] AR, 00 T 55, A5 A B s IR R B I SRR
[J9]. A [ £ A 14,1997, 2:36-38

[6] GB/T20981-2007,[m{1[S]

[7]  BA G DR 0 AR a5 S B o 0 IR AR % A I
ZHAE HepG2 M FI[I].) JH rh B2 25 K 5274, 2014,
31(1): 75-78,166-167

[8] T Miyazaki, Sohda M, Tanaka N, et al. Phase I/l study of
docetaxel, cisplatin, and 5-fluorouracil combination
chemoradiotherapy in patients with advanced esophageal
cancer [J]. Cancer Chemother Pharmacol, 2015, 75(3):
449-455

[9] AR RIS 5-FU KRR ANH T 2 KL
HiIBHF 5E [D] B T AR 2B, 2020

[10] Kaleta B, Gorski A, Zagoédéon R, et al. Selenium-containing
polysaccharides from Lentinula edodes-Biological activity [J].

183



MR BRI

Modern Food Science and Technology

2023, Vol.39, No.1

[11]

[12]

[13]

[14]

[15]

[16]

[17]

184

Carbohydrate Polymers, 2019, 223: 115078

FLBH, BN, IR, S B R A A 1 (Se-GL-P) AR AL M
FIMIE 7 A3 AE A 5 A Wy g, 2007,3:299-305
M Zhong, Wang L-H, Ma H, et al. Effect of selenium-protein
polysaccharide extracted from Se-richCordyceps militaris on
tumor-bearing mice [J]. Zhongguo Zhong Yao Za Zhi, 2008,
33(18): 2120-2123

Berts AR B D R AN B DR AE & PR [0 AR
2018,1:42-45

MR VR 2 5 57w SRR 7 (0] AR i 42271,1999,8:

1-4,8
SN T g P PR BRI £ R T [D]. B
FH: BT MK 27,2016

AR S Sl S RIS R o THT 2% it TRE I P B
W [J]. £ F 4,2018,37(6):64-67

R FEWIEN, T80 06 G T E PP 3] AR = o im T (%%

(18]

[19]

[20]

[21]

[22]

(23]

[24]

1),2013,16:38-40

TGRS IR T S R RSN X THI A1 R A AR 27 A T
A0 A0 B R [I]. & A R}#,2018,39(6):26-31

TR, S ST L AT [9] R SRR, 2017,25(3):
33-36

XA I 2 AR T B 1 T 20 A 0] IR & 44,2018, 19:
162-163,176

KIZINBHL VA e N FECR (g e A7 T 6 RO AT A [0 e ] 272 e
2£1R%,2016,6:37-40

VE S5, SR AR 78 7 A R B A R [ AR £ 5 v IR,
2015,8:25-27

JAS 5 Bk G TR P 9F A [0 R vk B T 5 £ SR L, 2003,
7:57-58,60

G, eI, R TR S AN R TR T2k K R e i T
R SR [J]. AR 77 i 0 12, 2020,6:29-33,38



