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Abstract: In order to explore the feasibility of applying nano-scale food additives in functional foods, this research studied the anti-caking
effect of silica (Si0,) and nano-silica (nSiO,) in stomach-protecting solid drink, and analyzed their effects on the efficacy of the resultant
beverages. Added different proportions of SiO, or nSiO, to the stomach-protecting solid beverage prepared with raw materials including the
extracts of astragalus, poria and puerarialobata as well as the polysaccharides of Hericium erinaceus. Through accelerated storage experiments,
the stability of the solid beverages was evaluated using angle of repose and bulk density as the indices. The gastric protection efficacy was
evaluated using normal human gastric mucosal epithelial cells (GES-1) and ethanol injury model. The results showed that in the addition range
of 0~1.50%, the anti-caking effects of SiO, and nSiO, gradually increased with the increase of addition proportion: the angles of repose of SiO,
and nSiO, at 1.50% werel52 ° and 153 °, respectively, and the bulk densities were 2.17 mg/mL and 2.33 mg/mL, respectively (which were
significantly different from those of the blank control group (p<0.05)), although there was no significant difference in the anti-caking effect
between SiO, and nSiO,. A 2-h induction with 1.00 mol/L of ethanol led to the construction of an ethanol-damaged GES-1 cell model. The
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results showed that the addition of SiO, and nSiO, has no adverse effect on the efficacy of stomach-protecting solid beverages. At the

concentration of 31.25 pg/mL, nSiO, also helped to enhance its promoting effect on the proliferation of GES-1 cells and preventive effects on

the ethanol-damaged GES-1 cells, with the cell survival rates as 166% and 110%, respectively (which were significantly higher than those of the

blank control group (100%; p<0.05)). Therefore, nano-silica has great application prospects in food production and the development of

functional foods.

Key words: nano-silica; stomach-protecting solid drink; stability; stomach protection effect

AR R R B R, A AP
FERTRLF) & A ey AR 500, o] DL b e STk
TeEhtE LA SR e v, B LR ok IR A
REYL REFHAEEE hiRsh, fEEERR A
RN, BEEGOR AR T 2R E,
BRI R DR R TR, Tk
URERE R I BRAC R, RGBS IR £ IR
B MOE. B SRAUSE TR AR B s, ol
YKL AN TR AT DAIE L 1 55 £ S A R VA
PR AL R SRR 2 gk g A s 0
Ty e A il 0 D 0 M R R R T e AR R
R

R, GOKGE SA IO AT OB 8 ik
S IR RS TSR A ik AR P MR ) B A £ i A% 32,
D RS A Y . Canham BIFE] 1 AT T DhRg
B mIAKgE, HonT DS SN CAME R R ke
BRI, FHH T s (R i A R A
PR o Jir A R PR TSR 2 i AT LA o8 372 470 o 1 0
Bl gl I3 BT B RE RS 77 R 7E 1A A VR g ek
AL FE. Lee SFAWFURINL, 9K SArEn RIS
HEERB NG, PEER R IEEAE E B ik
s,

ENS IR N R R = (SR = by b VA
F|DhEe e D, AR AT A R
HeT R, A EX HA AR TIR AT FL
IR, A LS AR RE (Si0,) FIghK — b hE (nSi0,)
NPTEER, NAHT AR, R B, ks b
R (4 B ThRe AR, A5 Hax PRt
SEFIRT AR S T A B DAL REma, PRI AK B
ININFRIAE D RE It £t L B el AT 1

1 MRERE
L1 A

1.1.1  #mja
N BB F R4 (GES-1), HEHERIKFEK
TR,

112 EZFEEH

168

TR £h 22 0vA W (PBS, pH 7.4). DMEM 15373,
JA4EIME (FBS). 0.25% EDTA-fifRE. 755 R AR
FXUPUABIIN FH 3£ E Gibeo AT]; 3-(4,5- - FJLME
M -2)2,5- AR AL PUR MELEE (MTT) 1l [ 3
Sigma-Aldrich A]; SiO, F1 nSiO,, AW H MIHTan
RAEMBHAIR AR Hik sy E = ahrat.

RE L B BRI SL s B 22 R 2 B 5 22
k2 AR A
113 EZFIBBE

TERTEIR AR RS BRI RA R AR 4
D REr LR R I B AR B 26 BRI A A PR A D5
AR AR FEREE B Thermo Scientifics #8145 T AT
GBI LR SHAFRAA

1.2 o7k

12.1 7§ BRRAH 69 4] &

W, PRERERIEI 111 M pIRRD,
IRIRE 2 IR o 35— IRFEHL BRE L 1:10(WMWD, 100 °C,
2 ho WIS IPEE AT S SR EL, R 1:8
(WM, 100 C, 1.50 he BHPIIRHGH, 4.
ARG, S0k B 2k 2 W L SOV A1,
NEATEMIE SRR (CE) . FF,
DONE SR 2R B AR A S gt nl, VAT, 1331
B AR
122 3§ ERGATIZ M R
1221 BEHESENE

1.0}
y=7.7464x+0.0292
0.8F R?=0.9966
0.6
72}
<
0.4
0.2

0‘ 1 1 1 1 1 1
8‘00 0.02 0.04 0.06 0.08 0.10 0.12

Concentration of dextrose / (mg/mL)
1 AL
Fig.1 Standard curve of dextrose
RARE-TRERE A TR G 2 e, A



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.6

AP IR FREX 105 °C 152 18 5 (1 JE /K H & bt
i 20 mg, FHZETR/KIEMHE AT 100 mL A ER
P R R AR AR, FLRE N 0.20 mg/mL.
3 HIEL 0 1.004 2.00. 3.00. 4.00. 5.00. 6.00 mL [{]
HIBPEFRER T 10 mL &+, FZERKESR, B
B— R A EEA 04 0.024 0.04. 0.06. 0.08+ 0.10. 0.12
mg/mL FIARAEAE T . BN [FIR FE AbRHEAE FH R
2mL TE S, 0 5%2K5 2 mL #5257, ZEHIA S
mL IRERIRFES], WK B 15 min, BHIEEIR)S,
FEPBHEN 490 nm AIEWOCEEAE, RFANREETFATI
E=IR, IS AERE, BRI AR AT
WEE, YRR RRIEAR, AT 2 A 2 B br i i 22 .
H &M BN y=7.7464x1+0.0292 , HH *x &R ¥
R>=0.9966, FHH 1R 22 5T

& Teb rely oo i w1 = o i = P RS A
HE, HE RRERE, AR RBOLEARNE SRR
T 2R BV T 15 2R i 1) 22 B
1222 RBZhHEEile

KRR AT RE S 2 Ty A B P, Bk
W SRR TR, EFFRE 0.10 g
BETR, ZMKERT 100 mL FEfd, FER
1.0 mg/mL FIARHERS . 2 HIWEL 0« 0.104 0.20.
0.30. 0.40. 0.50 mL [IFRERESBUEZ T 100 mL [
HEIA, BHIEIRE A 04 0.01. 0.02. 0.03. 0.04.
0.05 mg/mL FIFRUE . 433 EL 0.50 mL _EiR#%
WP AARHESE FH, N 2.50 mL &MV, = iR
N8 3~5 min J&, A 2 mL 7.50% Na,CO3 77
FE TN 1 h JE, FEPKA 760 nm Kbl 6 FEE,
FANKREEATIE =k, DA HERE, HFURET
PRI IR BEAREARNR, WO AAALRR, 2 ibr
HERhZL, HEMETE N y=13.735x+0.0187, HAM*XH
U R>=0.9981, FKBHIbRME 2R 2R 14T -

1.6

L4r y=13.735x+0.0187
12} R?=0.9981

Lot
08}
0.6}
04t
02t

0.0 1 1 1 1 1
0.00 0.02 0.04 0.06 0.08 0.10

Abs

Concentration of gallic acid / (mg/mL)
B 2 RReTFEIR L
Fig.2 Standard curve of gallic acid
PRI E TR L, R IR St BB A
Hom, EE EBRRIE, RSOGO R £

BT 43 24 S 1) 2 TR S
123 g Azt B BURRAHARE 875 h

M E S bR GB 2760-2014 FIFLE, —SdbhE
TEREAYOR R ) K F 24 15.00 g/kg, IR H
AR Si0, 8% nSiO, MIRINEBIE AN 0.30%-
0.90%F1 1.50% =% H s 3 /M= .

P LA e 4 AR DORE I AAS R LB SiO,
B nSiO,, K. 703, HNIREE 37 C. 1BFE 75%[1)
fE i VAL o e — A AU IR, Ak
1E A FNHERREE B, 43 M3 bR Si0, AT nSiO, 345 1E
12.3.1 ARIEARINE

AR RN RV R R BB, PAVEAY
IR INETIRA e ST Uy A cab AN (St I NI = NEE S
I, I IR R SRR E R kL i 52 =8 5
UKL [ R4 118 B L RS N IR I B KA . R
FEROURSHE (B 1 em) SEEmiaeel, i s m
FEN S emo FESME FEi—IKiEF AL, 1 g o
I, DUE P2 ok R LE 4R TR e 1R
T S s f U, BRI A .
1232 HERUE I 2

HERA 2 B AR Aok R A S HOT R, HERR S
FERUIN, R GEOT, RN, 5T
FRAEZKH o FRE— B BRI Sk K ek TR M
(mg). MIRPEFES) 5 mL B, WE R hEE
AP mEE H (mL) P e,

HERHEE/ (mg / mL) :%

124 g hixtar § BURAHP B 39 %0m
12.4.1 XJIEH GES-1 208 HI50

O $A KA GES-1 i it Bus, #efhT
96 FLABMEE TR, AEAL 1x10° 4>, B GES-1 ZHfiufi
Loy s F R e =N SEEG 4 (CE CE+SiO,-
CE+nSi0,), F:H1, SiO, A1 nSiO, HIEINELI N 1.50%.
FHWE S ANEFL. AT ENEEE S, iRk,
2 AR DMEM £57%2% 100 pL/FL, 23640
SRR FEREE (3125, 62.50. 125 pg/mL) [HIkE
ARV 100 pL/fL, 37 C. 5% CO, %5 24 h JailtfT
MTT % .
1242 %S GES-1 4l ifntsiaiify g

HI 2. B533E4T GES-1 4UHa st R kgt Bov
HAKIAR) GES-1 4HME T UE, R T 96 FL4H
MRE IR R, LGRSO 1x10* A, JERE TR
FAhREFE 24 h BAMRIEANGEE, FEFRFAM . 37 C.
5% CO,. HI DMEM 3537306k ZBEMRERL 2.00
1.60. 1.40. 1.20. 1.00. 0.80. 0.60. 0.40. 0.20. 0.10

169



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.6

mol/L, Z3AlInA&FLH, 4L 100 pL. &—HkaK
FEWE 5 ANEAL, RIS AR .37 *C 5% CO,
SMEE 2. 4. 6 h JEEEHT MTT 4.
1243 X5 GES-1 40 R fri5

BOWHA KA GES-1 i i 8UE, #RhT
96 FLABMEE TR, AEAL 1x10° 4. ¥ GES-1 ZHfif
MU N 5 4, FAXHIRA. BRI DL = A SE6 4
(CE. CE+SiO,. CE+nSi0,), 1, SiO, Al nSiO,
IR IN 1.50%. SHRE 5 MEL. R
AWGEESS, BRI, A O R R AL A
DMEM K775 100 pL/AL, SEEGA N B
JE (3125, 62.5. 125 pg/mL) #5100 uL/fL,
BEMFE 24 ho BRESAXTHRAS, HARZHIMA 1.0
mol/L I 100 nL/ALHHTIERL, 37 'C. 5% CO,
158 2 h J5i4T MTT 5.
1.2.5 HIERE

B A SER AT 3 UCPATSRIRAT Y, Bl g
BRI P EMEEPREZ  (meantSEM) KUK
SERGEE R SPSS 22.0 HAFIEAT S br, SR
[F) 75 25381 (ANOVAD, 8T Tukey 153 #7 ELELT A
P2 FMEEZESR, p<0.05 MAGHH4E X FEA R
EMEZER . LI HHE KR Prism 6.0 #1 Origin 8.5
BEAT 2

2 ZR51Me

2.1 7§ ERYOR AL R

ZHEA Z NN B R RS 10 2 AT
PR CAWE TR 2PN AT LoOE I e i
S JOREAZRNAR 0] BRGS0 S (it B L F fR
PEFAU1N, i AR = b 224 SR 3 B
YRR N RS o, BRI ) 3 2
YRR 2N, AR SR 2 2 M. BTRLL
P EHATORHR BT BT 2R S 2R 2 S
HEIE o

x 1 PEEFIREEEU M FRNELSR
Table 1 Measurement results of physical and chemical
properties of solid beverages
E5AB%  E5®/%
CE+SiO, 60.60+£0.01 3.86+0.15
CE+nSiO, 61.07+£0.09 4.06+0.09

W 1 Jrw, B B FEAROR 3= 2R 2 20,
EEAN 60%, RN SHL 4%KZH. HPMEE,
ML Z RS 2l & B RE TR .

VFEWTFRRY], SRl n] LS 2 I BT AN ]

170

IR A, JF R RER M 2 AT S S i R B AL
D ZAEE . RS ST RES 2 08 B PRI
RN Pirva 2 NUSPIRFSURIE, eH 2 RERIZ
PRLH ISR BB S, A R | S ) EE AT
JZ BRSO B A BRI, BT RE T
T2 BA ELF I3 B R

22 HERT I E BERYOR E iy ® v

Wi 3 Fow, BEE sk s, S2HRE
PRIE MBI, e, Sio, ZHAN nSio, AL A, ¥
Ebzs st HEZH . H Si0, AT nSiO, FinE#k, Rk
FAE/N. Y SiO, F1 nSiO, USINEIRE] 1.50%K, 728
28 d i, SiO, ZHF1 nSiO, LALLM BN 152 °F1
153 °, BHEARTZ= AR (162 ©) (p<0.005) . 7E
FISERIRIIELE TS, Si0, AR I AR T nSiO, 41,
HIEE#EZR . Silverberg 2548 HAEW A7t FE k)i
PRI HLA KT EC R RIORL [RGB i) 3 2L
HEPOL, i Si0, DT LAE R 7] R SR e 4
BHIRENTE . Tonglairoum 25 A\ Si0, R INE R IE
b, s E R ARV HpiaitERe, 4R K
L SiO, A LASGER-EMIIishtE, BA R igiE
H.

164 - -#-5i0,-1.5%

-&-5i0,-0.9%
—&-8i0,-0.3%

1 - 2

60 -¥-nSi0,-1.5%

—41S8i0,-09%

156 --nSi0,-0.3%

152

Rikf /0

148

0 7 14 21 28
(A /d
& 3 NEHEmIZES: 4 BRYAIER
Fig.3 Angle of repose of different samples for 4 weeks
E: 5 G T EIAAN L (**¥p<0.005). B 4 F.

34F  -e-si01.5%
-m-Si0,-0.9%

I 32r &5I0.0.3%
E 30r  wusioq15%
2 28 —nSi0-09%
g -8-nSi0,-0.3%
=~ 26r —%— control
o4t
{f 22}
He
# 20

1.8L

16 1 1 1 |

0 7 14 21 28
i/ d

B 4 TEIFFmRIESL 4 BIREREE
Fig.4 Bulk density of different samples for 4 consecutive weeks.



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.6

WP 4 Fros, B fERR R] ARG I, &2 S )
HERSS I N . 525 X HRAHAREE, Sio, AN
nSiO, ZH IR HER A FE KB E5S 28 d I,
1.50% SiO, f1 1.50% nSiO, ZHAIHERIEE 43 51K 2.17
mg/mL #12.33 mg/mL, ¥JHIE/N T2 ERIEA (3.33
mg/mL) (p<0.005) . fEFERIMEREN T, Sio, 4
HERUE AR T nSiO, 4, HERHAHE., X5
Nortuy % NPURGHF 7045 B —80, A 1A D@19 hn
SiO, [ B EUE SRR AT AR [ AR SR AR

BRI, ZRE IR IE S FIHERR S5 FE PN bR KR, Si0,
H nSi0, B —E MIgsEH, Hr Sio, g Ak
& =T nSi0,, (H - FH IR

2.3 LR E RGO B 3 200 R

2.3.1 4%t GES-1 fmfesgsa
300 mm31.25 pg/mL

B62.5 pg/mL

125 pg/mL

200 -

MIAFIE / %

control CE CE+SiO, CE+nSiO,
B 5 B EIRRIRTIE S GES-1 MRRREISI
Fig.5 Effect of solid drinks on GES-1 cell

E: P SR AT A T HMELESEM, (n=5); #asfF
CE+nSiO, (31.25 ug/mL ), **p<0.005.

Wk 5 fizx, CE. CE+SiO, 1 CE+nSiO, HHEME
HE GES-1 4 rI36sE, 2B E ARV KR,
1E 31.25 pg/mL WKL AT T, CE+nSiO, 44 f A
N 166%, BIEET CE (116%) A1 CE+Si0; (132%)
4 (p<0.005) . TMTE 62.5 pg/mL F1 125 pg/mL (RIHKSE
M, 5 CE 4k, HRMAFEMAI TR EZE
Fto AIIL, SiO, 1 nSiO, MIEIN, X CE fi&it GES-1
21 Hf 184 G 1) D RO TR AR e, R SRR BE 1)
nSiO, A BT 3458 CE (3. Aot A3 7 24l
RIZ5 5%, Anja Wittig™125 NBIFFE T ASFPRIAR Si0, XA
ERA AR R, R Si0, ReRCLT R A M Y
BA, AR L o 2 38 i e 20 B RN 4 i 7, R
FEREEWRE NN, WA MM, FHHAR R
1211 Si0, X4 EE A AN F [P 5200 . Oberddrster 55 A
WFFERIN, nSiO, Aoxitpl B R EZHM GES-1 4 ffis
Bl HAMA. MIRMTET S5, Yixin Yang
2 NPUBEFE 10~50 nm 8 FE P DURPASFRTREAZ K nSiO,

X GES-1 4HHTEAS  AEA7 IR S BE VR 52 ], I
TERT 100 pg/mL FIRE NS R FRA AR
1, BEZATLMEIELn G TE; HAE 4S8N nSio, #
PEFNGERRT ], 23S 0 2 5 25 A

232 GES-1 AR

& 6 GES-1 HHRIETREIKE CEHER 4 h FIERSEREER
Fig.6 Images of GES-1 cells treated with ethanol at different

concentrations for 4 h using microscope

LAY B R AR A —Fh Sk B R A
B, IR EAER T BRI, SEUE R0 H LB
i, LSRG, ZBEAES I B AL B )
RS, CEREE B AL AR FEATE T, A e
2. BEXT GES-1 4HMU3EATIERE, TEARIMEALL 2 B8 A,
1) 18 ZH AR o

Bl 6 NANERRFER) ZBEAER 4 h J5 GES-1 4T
A4, GES-1 202 G )L S R b B 4n i 4y
SV-40 JRFE AR AR, ATLERSMEE
FEAR, (ERRE T IR I4nM B 484k, IE% GES-1 41
WUCARRTY, AL RIS RGEE, TWEEIES, EFRIAET:
YipEi b . 52 XTI L, ZRE Rk EERAZE (1,20,
1.60. 2.00 mol/L) HILHELIIHARAEARAE /N,  BRIETE,
LA R >, IS 4RI 2, AHEIBR Y
K, BURAAMA . ARONEER] T RFERIIIR, K
MBE2E1EE GES-1 4HM I AH A B AEH T K
T /IMAR, Z R alAEAE 18] 5 S GES-1 4HifET,
HZ AT, MEVEHN RN, ZBERERY
n, AT g R,

ANFREE R CBEFE 3 GES-1 UM 45 A7
REAABEEER (p<0.05). FE OERERTHE,
YHH A IE IR T AR, 23— BRI RN
Wi 7a~7c s, 4 CEEERBHE 98 24 44 6 hy
CFEWRE N 1.00 mol/L I, GES-1 4735545
50%~60%, A FEARSIG K, AT Z A SLREAIK,
MR 1.20 mol/L B, ZHMfEys R5/N T
40%, [Hith, ZEEERIRREA 1.00 mol/L. Wil 7d fir
N, M TEREEA 1.00 mol/L i, BEAE1E I a] 4
I, RS ZRIZE AR, APRIE SIS 25 R n] Sk,

171



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.6

LR IATIE A 60%, AR ZIEAE FHI TR A 2
ho I, #EFELL 1.00 mol/L ZEFES 2 h, #E GES-1
UMM RSP Fe sl R, AHARITE
TERE QB RSB 2P 5S, HFHLEL 0.80
mol/L ZEE/ER 4 h 15 4 B Ay b fs e

a 120

ksk
< 90
S E Ol B B0 B
=
L e
Ocontrol().l 02 04 06 08 10 12 14 16 20
IR FE / (mol/L)
b 120 sk
X
et
e
=
g
Ocontrol().l 02 04 06 08 10 12 14 16 20
IR EE / (mol/L)
C 1201 sk
X
et
e
=
g
Ocontrol().l 02 04 06 08 10 12 14 16 20
IR EE / (mol/L)
d sor

70

HMIAFEZ | %
3

50+

40 ' -
2 4 6

YEFARSTE] / h
B 7 NEZERERAEME RSB X 4hAaF a0
Fig.7 Effect of different ethanol concentrations and different

action times on cell survival
JE:a: 2h; b: 4h; ¢ 6h. FTH #AEI R T AT H¥H1ELSEM

172

(n=5); 5 control 48k, **%p<0.005.

233 TR LEEH
DARE A GES-1 4t — BN 1) 5 DA B,

AT LEAMAF TS R IGO0, AR ST 2B B
B TRB R, DA B Tha™. e 8
FivR, 525 FO IR, A 20 A7 6 B 2
TEEZE 55%, Vi8] 1.00 mol/L ZEHEM 2 h %F GES-1
MR EAA R TER, SR8 GES-1 4 ffii iy
BRI . LLCE. CE+SiO, Bt CE+nSiO, 1 GES-1
YHM 24 h, TIEHEAR S 2 GES-1 4B fFiE %

(p<0.005) , HHEI—EMFE-RVKR, Ui
R AR B R TR AR 1 GES-1 A
o 7 31.25 pg/mL WKL R, CE+nSiO, H A S
HN 110%, IR CE (90%) Al CE+SiO, (88%)
HEE (p<0.005). TMTE 62.5 ug/mL Al 125 pug/mL
FEAAT, =AM RS . AT, SiO,
F1 nSiO, X CE Tl ZBE4i7 15 R 40 I Dh 8 T
AFIFIR, TEMRIRE R nSiO, EEE A IE5: CE X}
LA B RS T EH . 1X 5 Zhao Zh S5 A
PO e a1 — 85, R WA LUBITRE S oxt Z B S
GES-1 4t 27 AR S PR PN s 4 B hAk.
Zhang Y 5 NAFFUR I, nSiO, A LIA e = 2P is
B, X RE R CE X 275 A an i (R4 E
FHSESR AL 2 —

250 - mm31.25 pg/mL sk

62.5 pg/mL |
| 125 pg/mL s

200

150 -

100 -

MPAFEE | %

50 F

control model CE CE+SiO, CE+nSiO,

& 8 B EMA ARl S15 GES-1 LR EZRMZN
Fig.8 Effect of solid drinks on the cell viability of injured GES-1
cells

TR HAA AT AT HMELSEM (n=5); 5ALA 4848
b, **4#p<0.005; &5 CE+nSiO,(31.25 ug/mL ) A8k, ###p<0.005,

3 g

Zi FATIR, SiO, Fll nSi0, ¥ — & HIHgsEH,
Horh SiO, 4 S R B = T nSi0,, H - FIFTLHIE.
ZE5 . Si0, Al nSiO, AN, S REAYCRHE#E GES-1
SHAIE T I RO AR, R A R0 L T
Bi WA 405 B BN TR, R HAEIREE N 31.25



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.6

ng/mL I, nSiO, i R4 B T35 [ A TCRHI B 2
o AZBFTAT LN nSiO, HIHE— B0 IE S AL D) RENE
BN RIS

(1]

Juere E, Del Favero G Masse F, et al. Gastro-protective

protein-silica nanoparticles formulation for oral drug delivery:

in vitro release, cytotoxicity and mitochondrial activity [J].
Eur J Pharm Biopharm, 2020, 151: 171-80

Yu J, Kim Y H, Kim H M, et al. Determination of the fate and
biological responses of food additive silica particles in
commercial foods [J]. Food Chem, 2020, 331: 127304

Hilty F M, Amold M, Hilbe M, et al. Iron from
nanocompounds containing iron and zinc is highly
bioavailable in rats without tissue accumulation [J]. Nat
Nanotechnol, 2010, 5(5): 374-80

Magnuson B A, Jonaitis T S, Card J W. A brief review of the
occurrence, use, and safety of food-related nanomaterials [J].
J Food Sci, 2011, 76(6): 126-33

Canham L T. Nanoscale semiconducting silicon as a
nutritional food additive [J]. Nanotechnology, 2007, 18(18):
185704

Lee J A, Kim M K, Song J H, et al. Biokinetics of food
additive silica nanoparticles and their interactions with food
components [J]. Colloids Surf B Biointerfaces, 2017, 150:
384-92

Wang Y, Huang M, Sun R, et al. Extraction, characterization
of a ginseng fruits polysaccharide and its immune modulating
activities in rats with Lewis lung carcinoma [J]. Carbohydr
Polym, 2015, 127: 215-21

W B AN, 2 T 2 R 20, S5 R IR RVE TN 5 2 2 Bl 5
WEFE[I]. 1 24,2005,27(6):706-708

YANG Yong-jie, JIANG Rui-zhi, CHEN Ying-hong, et al.
Determination of sugars in heteropolysaccharide by
phenol-sulfuric acid method [J]. Chinese Traditional Patent
Medicine, 2005, 27(6): 706-8

N EEAE, A IR, AR, 55 AR EHAE AN A
R 5 A 2 Ty B B 1) HUAEEHIE A 0] L AR 2R, 2012, 1:
212-217

BU Yan-hua, ZHOU Na-na, WANG Chun-yue, et al
Comparative study on determination of total phenolics
content of jujube fruit with FC and UV-spectrophotometric
method [J]. Chinese Agricultural Science Bulletin, 2012, 1:

212-217

[10] il 3. — K G e 5 A ORA VORI R S FL D BE A PP

[11]

[12]

[14]

[17]

(18]

[20]

[D]BUN TR E,2015

YU Zhuo-ping. Development and functional evaluation of an
immune-enhanced health drink [D]. Hangzhou: Zhejiang
University, 2015

Tonglairoum P, Ngawhirunpat T, Rojanarata T, et al. The
utilization of surface free energy for predicting flowability of
filler-lubricant or filler-glidant mixtures [J]. Indian Journal of
Pharmaceutical Sciences, 2017, 78(6): 834-839

B> AR S R BT R L T Wi [D]. o

BRPEITE K %2,2016
XUE Shao. Food development and plant design of

pomegranate sea buckthorn compound fruit powder [D].
Xi’an: Shanxi Normal University, 2016

B TR L LR SRRy [ R ORI T 2T FE D] R KE Tk,
K22,2018

MO Zheng-zun. Study on the technology of hawthorn fruit
powder solid beverage [D]. Dalian: Dalian University of
Technology, 2018

pUESE DI SR A 37 YN = W2 0k R R
WA 2459725 5 IR PR 24 3H,2014,25(1): 101-106

LIU Cui-ling, HUANG Ke-er, CHEN Bai-shu. Study on
ethanol-induced apoptosis of human gastric epithelial cell
lines [J]. Traditional Chinese Drug Research and Clinical
Pharmacology, 2014, 25(1): 101-106

Pirvu L, Bubueanu C, Panteli M, et al. Centaurea cyanus L.
polysaccharides and polyphenols cooperation in achieving
strong rat gastric ulcer protection [J]. Open Chemistry, 2015,
13(1): 910-921

Zhang C, Gao F, Gan S, et al. Chemical characterization and
gastroprotective effect of an isolated polysaccharide fraction
from Bletilla striata against ethanol-induced acute gastric
ulcer [J]. Food and Chemical Toxicology, 2019, 131: 110539
Fu J, Wang Z, Huang L, et al. Review of the botanical
characteristics, phytochemistry, and pharmacology of
Astragalus membranaceus (Huangqi) [J]. Phytother Res,
2014, 28(9): 1275-1283

Kolodziejczyk-czepas J, Bijak M, Saluk J, et al. Radical
scavenging and antioxidant effects of Matricaria chamomilla
polyphenolic-polysaccharide conjugates [J]. International
Journal of Biological Macromolecules, 2015, 72: 1152-1158
Ni W H, Zhang X, Wang B, et al. Antitumor activities and
immunomodulatory ~ effects of  ginseng  neutral
polysaccharides in combination with 5-fluorouracil [J]. J Med
Food, 2010, 13(2): 270-277

Silverberg J, Lehr J R, Hoffmeister G Fertilizer

173



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.6

(21]

[22]

(23]

[26]

caking,microscope study of the mechanism of caking and its
prevention in some granular fertilizers [J]. Journal of
Agricultural and Food Chemistry, 1958, 6(6): 442-448

Nortuy N, Suthapakti K, Utama-ang N. Effects of
maltodextrin and silicon dioxide added as anticaking agents
on the properties of instant date palm (Phoenix dactylifera L.)
powder using spray drying [J]. Journal of Advanced
Agricultural Technologies, 2018, 5(2): 86-92

Wittig A, Gehrke H, Del Favero G, et al. Amorphous silica
particles relevant in food industry influence cellular growth
and associated signaling pathways in human gastric
carcinoma cells [J]. Nanomaterials (Basel), 2017, 7(1): 18
52K BURL ¥ 40 i 35 44 SEIS BT 9 [D]. KA MR
£,2009.

WANG Wen, Study on cytotoxicity of nanoparticles [D].
Changchun: Jilin University, 2009

Yang Y X, Song Z M, Cheng B, et al. Evaluation of the
toxicity of food additive silica nanoparticles on
gastrointestinal cells [J]. Journal of Applied Toxicology, 2014,
34(4): 424-435

FRAS i A 2k 2 S 1 A R M O AP 4 0 S8R ST D).
TN AP EE 2K 5,2014

SHAO Meng-ru. Experimental study on protective effect of
Hericium erinaceus polysaccharide on gastrointestinal
mucosa [D]. Guangzhou: Guangzhou University of Chinese
Medicine, 2014

Garewal H, Payne S M C, Bemstein C, et al. Bile acids as

carcinogens in human gastrointestinal cancers [J]. Mutation

[27]

[31]

Research/Reviews in Genetic Toxicology, 2005, 589(1):
47-65

PIAILL R MNNG %55 GES-1 4G IR AL AR
IR SL[D] ST R A2k ,2013,28(2):115-116,120

SUN Xiang-hong, QI Xin. Creation of nitrosamine
compounds MNNG induced GES-1 cell model of malignant
transformation [J]. Qilu Medical Journal, 2013, 28(2):
115-116, 120

P B PN S K SR B R A P fR A 1
FBAUEIHEFC[DL M M B2 K 27,2017

QIN Shu-min. Study on the Protective effect and mechanism
of astragaloside IV on gastric mucosal injury induced by
alcohol in rats [D]. Guangzhou: Guangzhou University of
Chinese Medicine, 2017

XIZEFS SRR IO LBEF S GES-1 MRS KRS 22
HUHIBFFL[D] M M BE 2R 2,2014

LIU Cui-ling. Astragaloside’s protection and mechanism of
enthanol-induced GES-1 cell line damage [D]. Guangzhou:
Guangzhou University of Chinese Medicine, 2014

Zhao Z, Gong S, Wang S, et al. Effect and mechanism of
evodiamine against ethanol-induced gastric ulcer in mice by
suppressing Rho/NF-small ka, CyrillicB pathway [J]. Int
Immunopharmacol, 2015, 28(1): 588-595

Zhang Y, Wang J, Bai X, et al. Mesoporous silica
nanoparticles for increasing the oral bioavailability and
permeation of poorly water soluble drugs [J]. Mol Pharm,
2012, 9(3): 505-513

(#5128 7O

[16]

[17]

174

GE Ge, HAN Yu-rui, ZHENG Jia-bao, et al. Physicochemical
characteristics and gel-forming properties of myofibrillar
protein in an oxidative system affected by partial substitution
of NaCl with KCl, MgCl, or CaCl, [J]. Food Chemistry, 2020,
309: 125614

Hayakawa S, Nakai S. Relationships of hydrophobicity and
net change to the solubility of milk and soy protein [J].

(18]

Journal of Food Science, 1985, 50(2): 486-491

IR T = R e RN NI e S S Eret b SRS
IKPERIR AR )] A BRI F4%,2015,30(8):32-41

XU lJing, QI Bao-kun, ZHAO Qing-shan, et al. Relationship
between structural properties and surface hydrophobicity of
soybean protein isolate [J]. Journal of the Chinese Cereals

and Oils Association, 2015, 30(8): 32-41



