2% 12 O R e R Vol. 24 No. 12
2024 4 12 A Journal of Chinese Institute of Food Science and Technology Dec. 2 02 4

4 T LS BRI B MR IR R B EF R R MR e E A

#wooW, X W, BWE, KA, FWE, HEE"
(THRLXFREHAFELALFE &S 330045)

WE A RER R EKRE (95 °C,30 min) &) &89 B F RIS R, 5 A K TR AR SR k-FEE PR 4454
A ERIEAR G SRR AT AR, AT M RS oH BMNEME AR FR LT AR SRR ER R EREAN,
5 g st RALAR L iR e 4 b E R AR IR BRGE SR A A R AR A M EAR G M AR, RFE
KGR ST AR RAMBERRERRE £ 2E BB X E G, R TR TAR S 9.8% 5 F et ANk k—F
Fo ik Ao IG5 3 T AR F 94.6%,159.0% ,65.2% 09 "o e o oSl 4 FF ORI AR KGR T B K 6g 45 Atk A | ) B OAL Y BR MK
R 4 25 8 AR IR X AP AR T AR R B T I A i B4R AR R A 3R B AR 09 R A5 45 A SR AY L 4 R AR
7 KCM L A48 EMBE, FETHAEE AR R FRRMARET ZibAF

EEE RFAHREE, FAMKRK;, LO5BK; RBEKEXH

XEHE  1009-7848(2024)12-0246-10  DOI: 10.16429/j.1009-7848.2024.12.022

JE I —Fh AR RO, 7EFRE £ B RICR R A 28 B A i A R B,
A1 7E 2R T PG T b DX S i B 4 28 T 12wl i AR TR AR R R A T 2
TR BB A by, H B o B = H R A3 5 JSC 11 0 265 235 4, 5 BB 1) AL IR 1 K B T
(Konjac glucomannan, KGM), HAT R4 13K [ I
PE AR B BEMEAE T BRIE S A AR Y O X SRR A Y 5 TE o — b P A A0S B i o
il % KGM BERE, & —Fl B4 i 05 A= £ b i Tk 77 2 HAR 2 i o3 32 B0t RAR 20k e HA AW
JEP AT HAE B AR A B DA R ARAERS . R TE] SRK A S C 2 ad i 4y 1 1R B 1 A
SR, BRI S B9 KGM BE A7 1248 W W 1 ot i ik PR 7 A2 0T 1 J5, DA 81 957 ) 10U LA
B, A2 AR R | B i i B AN (AR BEARSE 0 o0 H O AU A T ARAR S

RN GRS OB REE IS FRACPESE  BUIRWE S RPIRBEAT SN, A R T B i 1
Ti R ARG I R AR FISE R, S OBE SRR KBV 58 iE M . Farhah U0 SR80 5 R L
TEERAL B, 55 BLORTS 5 (0 E - B B A 1 3 1Y JBE S TE ] T 2B P MR e DR LM, TR BZ e A 7
Py o Y 2 0 AR DR i I G BE SR AR PRIGHTHE T 4 7 H MR E M, pFse R, T
FE B AE PR AR AT A7 B S TR R A R 2R 998 (Curdlan, Cud)., Z5¥% K (Gellan gum,
T W 7 G R VA W (pH=3) 5 185 5 44 &1 £k 1) JBE Gel) ., R$I % (k—Carrageenan, Car) JfE (Agar)iX
FREGERIRG AR5 A®W (95 °C,30 min) &L 4 FhEKBRBA 40075 i et aE, Xl 7e
PEITVE, RIERR P9R 1 A4% TR 7 1k Ak R 75 - T 46 NI NN 1A N =K RV N G PO A G -
1 KGM &5 BEIKE , i 4 e W 0 5 R i JBE T 8 v 5 M i ) B R
FEILEEIE AR TRRE X IR A TR LR R R L L AWFTEEE T HHLI LR, 705l EHF 1.0 g/100
W AT A5 T7 R B M AUR R EORAR, B 4™ mL Y Cud Gel ,Car Agar 5 KGM & e , i i) iR ¥
IAAR S 5, P45 B TR PR PR B T LUK R 42 = % IR A TR AL PR S A B S A BRI, TR
AR AR ASC A AR AR o3 A 4 R T I

S A T A . _— TACBE A B AR e 2T A S 2R AT S SOk AR

i BRI AR | B fE SRR, WL 7
G I LU e REWMAGR
BEMEE. H8H E-mail: xiaojh666666@126.com

Wim B E . 2023-12-01



24 4% 4 12

4 AP 2R FE KIS RS B KR R E R A AR A 247

1 MRERFE
1.1 #H5iH

JBE RS Ay (JBE = 8 T SR o 1 53 B =75% , &
J =25 000 mPa-s), W4t —BUEF AW RHEA IR
N ) EETR B (Sodium  alginate, SA), 7 512
MRAE D RHETT KA PR B TR AR, 35 R AR
YIRLH A B R AREE R S50 1, YL A A PR
HA R A s k- RPLIE, WL B AR IR A TR
Al BE  RIIR 2 A YR A R A B e
R BRI T PG B R R A PR A F) 5 il AR
Hh BT A 7K 2 SR Al K
12 FENRSESE

FA224 5% 7 K7, Bk - B AL
AR F S FE28 pH i, LI BEHT A 15 5 A7 FR
22 ) ;DHR=2 Wi 22X, K [E TA 22 ] ;TEE32 7
TA-XT Plus Fi#94%, %< [E Stable Micro Systems
73 ) s MicroMR =25 #% i 2L 8 o A, il
P FBHY A R ) Zeiss evo 18 4 HL F B ik
Bi, 78RR A 4L W FTIR7000 {6 L A8 e 21
SIMETEAX, 2 [ TL HL % 22 /] XRD-7000 X G2 AT
SHL, HA B E F S TF-FD-1 JE 55 B9 VR 4
ML, b ARSI A PR ) 5 Mili-Q 2K AL, 56
EEE /AR
1.3 KA *
13,1 FEMBHI & 20 BR U %E (19 KGM (2.5
¢/100 mL) .SA (1.0 g/100 mL) .Na,CO; (0.25 /100
ml) 5 A R f 25 K B2 (1.0 ¢/100 mL) #EATIR A .
Horpras (e IR TR I K A, Hoar 4 4193 51
I Cud \Gel ,Car Agar, #IRA# R 5K FER
SR CE T E RS, B KEHIK 4 b, Br s ik
AR Sy 5 B e A, PSS IR A A g TS 8
mm [ B AL (RORL o ORI 4L (95 °C,30
min) J5 53 A PR, —E AR HL B (1 1) 5 i 2k
RE, B ARRIEMRIEAHEET (Before acidic low—
temperature sterilization, BALTS) W& G#E, 7
— BB LU (12 1) SRR R K 7 i (pH=3) 1 &
J& HEAT AT (95 °C,30 min) , Bk 2 AR IR A T
(After low —temperature  sterilization,
AALTS) S A BRI . TFHEE S E T 4 CF 8% R
TSR,
132 WARRHEMIE 28] Zhou MY T AT

acidic

VEAB B, A FH 30 A8 4SO A s 20 4 2 AR 1 0 3
DT 5 B 1.3.1 74 vl il 8 1 e TG e 4 Jin 28 22 0
AN 40 mm PAFES G L, FEEEBRZE
AR I rk I DL DK o3 78 R R R
f#i (Oscillation Frequency ) A5 =X AE & 0 6 56 14
R A R R AR AT 1 R IR P S48
[ BE 1 000.0 wm, K96 FE 25 °C, WA 5% , 334
JEH 0.1~100 rad/s, LA _F 8 7 A i 206 1 28 o 1
DX 35l 91 R

1.3.3 BRI E 28] Chen S50 J7 Ik
T VA8 A, ot D g ASCXSF AR 5t A T A T3 3
Jrik of 130 e AR R AT R 2 A
HE SRR i BT PISO S IE T Y & L, v
TPA M RE S (R RE B | PR SR bR, K2
B D ETEE B 2 mm/s, EGE BE S mm/s, T 5 2R
5 mm/s, JEAE & 80%, fih & 11 7 ¢,

1.3.4 IR EINE 28 Liu 00 75 1k 7
VEME L, (0 P A% M S 4IR AR 53 A ASORE A i R A7 5t
B i BT oA e MO 1.3
rh il 5 Y R PR AR R R TS 2 A B i T
2 20 mm [ BEIEAE AR B 2 em DL L
Je AT IR, R it B )3 A CPMG ik e 371
D, 0 2 40 SRR AT % 21 MHz, 4 1R R 7 32
°C, B & KK 6] B& i ] (TW)3 000 ms, i} 4E 2 %¢
(TE)0.2 ms, FITHIFERE (NS)4 ¥k, Il %L
(NECH)10 000, 4 Ji5 , % SR A¥ B4 i2E 47 5240 43
FEAF - s BT ] Ty, #7240 40 R4S 5t R
IF ] Ty Ty T AN P2 0] {1 28 570 A O I
F 3K Ty 2 <l 2k 2 7 A e IRl (MSE) J3 51 3t
FE A B R RE LR %R (MRD) )5, 6 ] MALAB %%
AT PR AL B

1.3.5 (OWZS % S MR Jiang 552 J5 14 H
VEAE B, i F 3 48 H 1 2 0 8% (SEM) X B i 47
THOREE R A I, I 7 ¥ 8 1.3.10 5 il & i
P P AV T 2 TR T 52 S s o T R o P 5 F UL
JE s AR A A L OB AR SR L RS R
TR B W S A S A WL T IS 4y, 7E 13.0 kV 1Y
IR T, ARAFHCRAEECH 20xH1 100 A FE 5l
ol A R A IR AR

1.3.6 MEAEMMNE 28 Li S50 75 kR e
ek, i Bk AR 20 AR5 (FTIR Spec-



248

hOE B

o R 2024 4755 12 ]

trometer ) F 5 AE i IO L AR GRS L HIFE L Of 1.3
e B R PRI R TR SR 2 AR R T
A I TR A (3 200 B i), 5 IR AL B (KBr) #% B8 57
1100 WA B E A IS8 iE A
Y [l 400~4 000 cm™, 73 HFH 4 em™, 54 B INK AL
32K,
1.3.7 EAERMAZSHAMNE S Qiao F
f 7 vk RS VR B, 1 F X S £ AT 554 (XRD ) X6
B A Y HEA OR300 e
] 28 00 7R R ot By R 1l TR RE A A B O R R AR
IR SR A R 40 KV, B HL 30 mA 260 £
i, R 4~40°, FH5 K 0.020, F #5340/
min,
1.4 HiEIE

BRI ELEEME 3K, BIRSRLAS
S BCHE 1) 7 B £ 45 1 25 3R, SPSS 20.0 # AR H
TR St 43 #7 , Origin Pro 2021 A4 H T4
P b 355 ] 2zl

10000

|

A i
Loss modulus/Pa

<
=i
&
E
08 5
K 1000 —=—KGM
99 = —8— Cud/KGM
j@ . —A— Gel/KGM
= @ —¥— Car/KGM
§ —&— Agar/KGM
197}
il L . .
0.1 1 10 100
o4 ¢
Angular frequency/(rad/s)
(a)
100000

—=—KGM

—8— Cud/KGM
—A— Gel/KGM
—¥— Car/KGM
—&— Agar/KGM

:

HERE
Complex viscosity/Pa+s
:  §

10 1 1
0.1 1 10 100

RIS
Angular frequency/(rad/s)
(¢)
1
Fig.1

2 ZBR55H
2.1 AN[EFEIK B 3 i B B 4 7 3 4 M RO B T

PAAE IE VIE (tand) Ry R FERL 5 (G7) B LA it g
B (G') tand /N R R IR R 5 s th 1B 1a
S5E b nfLLVE 1 HE A AR, G R G
5P S0 1 0 R e, G R B i R A L G
R, B 1d o] PUE B BFE AR tand 21/hT 1,
R FIEA I R T G >GT, BRI LT A A
BEIC R AL BERC IR R, o i sg Bk £ Ry or
BEYIRAEZER R Lo LU BT I KR A 1)
S B A A A B 0 AR AR M, RIS R
o v 0 B R AIG 3 AT BB Y AR T2 45 I 4% 5l A8 Ik
REWHE A= B VISR B B0 98 45 R g b
PR 9 0 G 25 DR UL 2% 3 2 T R, S AR
B AL AR S 24

M 18T LIE H KGM 5 AN [a] 2 /K i AR 21
G EG BT G .G" tand B A R E Y 2B
—E S, Hh BN tand £ % Z F] KGM

10000

1000 3
—&—KGM
—&— Cud/KGM

—A— Gel/KGM
—¥— Car/KGM
—&— Agar/KGM

o1 " 0 00
Angular frequency/(rad/s)

(b)

0.8 —8—KGM
—&— Cud/KGM
0.7 —&— Gel/KGM
—¥— Car/KGM
06 —&— Agar/KGM

PFE IE VI
Loss tangent

0.1 1 llo ll;ﬂ
fogi
Angular frequency/ (rad/s)
(d)

REFEKEES KGM 7 BB 4 57 % 43 3 i 2%
Frequency scan curves of different hydrocolloids with KGM swelling gels



248 12

4 Fb e 25 A 3 K I AR 3 B AR R

FHEF RIS TG EAEA 249

KAV IR 20, Gel 4 A1 Agar 4111 tand 5
2 HHAL; Car 4H tand B = T 25 H 4 ;1M Cud 4H
tand W H A HA, XEHN Cud ZEER TSR
BIo) o3 B & PR, T KGM 7K & 1 K 2L
Fo X TIEIRBAR I A R TH , Car A Gel
HAEMMTWESGRHEMRTEEH, s TR
BREAE T A4, UL Car Ml Gel 5 KCM Z
(] 22 o8 %) AH 5 A P i BT s A0 5 D AH AR 5 i
Agar A1 Cud AWM E G EER B EML TS A4,
Al SR R Agar Al Cud 5 KGM 2 [8] 4 26 45 %) 2%
BRI AR T H A 45 B A
AR T BRZH 1 361 JE 40 5t £ 3 HRORH X6 25 1 2 B
ESAIHT £ A R B AMR T2 (4, T WAE

700
[__JkeMm a
600 U2 cud/KGM .
[ |
Y Gel/KGM §
B Car/KGM R
8o
500 [ [ JAgarKGM S
505
o0 e
= XA
@ = 00205
& 400 53
= o
KRN
s o5
= 300 i S5
= = b d K
b d S
XX <335
L c XA KX
SIEEIRAN: 5
oS98 S
5 5
- 5 S5
100 30X X%
sy oo
o003 X3
QXK SR
0 JE R R B A
B RIR A E R BRMREAER
BALTS AALTS
(a)
400 -
KGM a
7
350 | EZZ Cud/KGM I
R Gel/KGM ]
200 | B CarkGM 5
[ JAgarkGM b RS
g 55
H g 250 5955
g X
= £ 200 55
™ <X
=3 AN
a 5]
L) ] ¢ 553
Koo X
Ko X
K54 503028,
100 | B o
RS X
Ko o
RRXA Sosese!
e%e8?] SRXI
PRRXY 86203
50 - PR o0
P‘Q’Q" .0’0‘
5335 %020t
9eess 000008
KXRA oSoe
0 ) 292 o202
vE X =4 3} M=
BRI A AT BMREAEE

AALTS
(¢)

TR [T FEC 90 Jo A 5T, o 3 7K e s T L ik —
A WAV 075 3 T I PRI B L
2.2 AREFKREE SRR

ntE 2 pros, RIS G B TET, EHRCT
TPA S5 R B 5P IR AN R 4 A
ZHOATHITE . BBERE , 2R R TEE,
AL BE E AR v SRR T R R, R
B Car 41FEARSL , o AT . X AT REJE A N
A5 LR b i 52 B FAE T AT BEAIRTH 1 IR L BRI
KPR 0 X A R JBA) B AN T, ok B I 114
RSB T E— 20 i 58

R IR AS TR AT, Cud ZH A LI | A SR 1R 4
e Tk R AR ) IR B M 2

[__]xaem
U] cudkam
R Gel/KGM
B CarrkGM
oL [ JAgarkGM
a a
09 = b a a
3 7 ? be
B%Y —=
0.8 |- b RS
X
X%
0.7 - R d
X
® 06 05
@ UOr 202
£ S
#H.E o5} 3%
- s
TUE 04t o
o 2o
2 X
03 X
X
L 259
0.2 o
o
o]
01 XX
2554
0.0 2t
ERTEARIR A B BEREAEE
BALTS AALTS
(bh)
KGM
P77 cudkam
Y Gel/KGM
iioll B carkGM
) [_JAgarkKGM
09 | a_ a
0.8} :g:i § b .
: b b B I NN
X9 1 QKK
0.7r ¢ Z 359 d KK
p 1 botode! Se2ed
@ 03028 030503
T 06 S L%
H s pEo%e 092029
s 5 s
23 2 05F :o:o: RS
i 25 XX
z ¢ 04 K
= 04t 50058 S0
[ 03¢ o%0%s
&} X 05
950% XRXS
03 %4 R
A 30X
o S
0.2 5 5
S X8
o1} X o
L XA 24008
R Sosose]
NN\ 2ot RN
BB A B GRAEE
BALTS AALTS

(d)

T B TR] /NG SRR B (] A e 35 1 22 5 (P<0.05)
2 AEFAEES KGM E48KRBREREBEREMNENRAFESH
Fig.2 Textural parameters of different hydrocolloids with KGM composite gels before

and after acidic low—temperature sterilization



hOE B

250

T

2024 R 124

Gel ZH B B MELOE P4 | PN 3R PR 35 v 0 LA 3k
I T X BB ; Car AL A fE B2 PHEYE N R PR & T
XTHELE s RO B2 L — 20 Agar 4 A9 RS BE
MEL RGP 57 5y 0 LA, s AR o) P 2 G Bl 2 e 2
5, NRMERALT XA, MRMEIGE RS, Cud
YL RE B AL P9 R A AR T S TR
EAH X BT R RR BE /DN s Gel 2H RS B2 WH IR |
PSR 24 R T, ek s B T R 3Kt X Y
Gel V1l 19 058 J0e 4 st e B 205 O 19 M A 058 S ™ Caar
A RERE | PHIMEA BT, BLPER TN R
41, RPERSA T % X X R Car T A AY 5
SR B4 AT s Agar 2RO RE B LR PN SR MY
B, RN R R, BN 2, N SR KA
(R VAS T 5 o 5 JSE 1 O AA) A P = A s i), B BRI
(1) 1 JRAE b BB 5 T I 11 25 K e A AR B T 1 1
R 7 17— 25, Ui KGM A7 e 4R T A TH
SRR A R AR i A7, 33K S 5 5 5 M IO )
S Cud (% AT LA S5 b A4 ok | i B A
TF Ak U A= B A ) 7 ) 5 Agar 5 Gel BN AR, #B
AT DAHR LI R RELOR M | DN R R AR AR M
Rl s () BEE G, AFL Geel 7 44 v 6 5 T 35 S o SR
AT SN 5, A8 L T & s AR A R LI v 77
Car W7 42 55 52 4 V68 s MELWGG 7 J 1 e A 205 SR ol L
BT TF R 5 SRl R A s
2.3 AEFEKREIEEBRKKD SN

FRYE LE-NMR (1 J5 B | 5 1 T b (1 127 3 455
AN TR T BT F 1 5t B B ) T KA TR, K 4 A
R N ), T 8 AR 3R K 4 5 i T 25 5
B, MARS WS, RZWREF T A
L, Sl EE R P T, K ERT LT A
BB T K ARSI 3 AT LA 23S 14l
i P AR R A% i A st 5 s R AR /N 1 R R P AR T
A& BT EEIE T 1K 4> T RS S A s, AR
VG R 3 A N Re s S - ) K o s B N [ £
2 KRS A T AR IR 7S B ) I R R ), R
IR A AT Cud 41 T, W& G TH, Gel 41 T, W& 13
T W, Car 2 Agar 21 T, .35 F FE, B PR K
J2 A T LA S 2 ) e 7K 5 M ) 46 7 A R T K
(2854 DRSS K A i sh b

Bl 4 i IS [R) 25 7K IR /) KGM 52 & B i
2 1 A1 TR 2% TR R o T4 N I 60 20 A, Toy (0.01~1

100

[ 1KGM
a Cud/KGM
80 - g Gel/KGM
g oo B car’KGM
] s [ JAgar/KGM
o5
o . 5 2 p

7z

C 40 F

iR A T,

Relaxation times 7»/ms
w(,

PR AR A BT AR B 5
BALTS AALTS

T HE BT A/ SR AR ] A 2 35 1 22 5 (P<0.05)
B3 AEFEKEES KGM E5RKREBEERERE
AR E T,
Fig.3 Relaxation times T, before and after acidic
low—temperature sterilization of different hydrocolloids

with KGM composite gels

ms ) L5 Ko T2 VAR SC K BIS5 A K, T (1~
100 ms ) Sz B BE e 485 ¥4 P9 189 7K RIDVHE AR 7K, T (100~
10 000 ms ) 2 B&E e 4548 1 i K Bl K27, e (5]
da 1] LG H R PE AR 2R TR 1 BT A A R A P
KA FE LK B BKIRES TR, DI
S EE ARSI R AE B M 45 Hop  Cud 40P
ALK I EL B B R, WLER AL 4, 45 4 il 42 35 4 Xt
HRZH A A2, RIAN () 2 7K B A4 359 R AN [) 2 1)
8 T AU IR RS TR S O R S PN T 2 (] IR 2% 25 4
BiK BIRE 7, Hirh | Agar 4H fit B3 OB N T2 A Bk
Ji i ALK BB ST, Cud 23 5 35 4 2 TR
IR A TR I 52 A S I R K T 4 i ok KRR 1Y
IRINAHXT T 25 A0 T DU e BR MR IR R i e B
BB R, Horp | Agar 4 R RR JE Bk,
A LF-NMR 1 J5i 38, O % & b DL €651 i
B 2T (0 R & T ORI TS 2l WK A Bh
bk s fE S AT RURE R A, E 20 X
WY BB, Fom HEA BRI RK
PR SRS 48 5K A 125 4 1159, a4
MK TR WA, MR ARE, BT
KGM ¥ 45 38 i 189 7K 4 & A2 T 3 04 1 5 o0 8 45
B BRI AN E BB A S ST F (A,), X —
R N 45 45 A T I B B K Gy, LB IR AN TR
2 7K JE A 1) 21 590 TR AV R A% TR TS 43 A, Cud



24 % 55 12 4 Fh i 25 B S R IR X BROPEAK R A B BE O B Jh R 6 B EAE A 251
o —s—KGM sl —=—KGM
—o— Cud/KGM —e&— Cud/KGM
—4+— Gel/KGM —+— Gel/KGM
40/ —v— Car/KGM Wi —v— Car/KGM
—— Agar/KGM —— Agar/KGM

30

=
H

PRl
Amplitude/a.u.

1 1 1
0.1 1 10 100 1000 10000

ity ¥4 k]
Relaxation time/ms

(a)

Ei
Amplitude/a.u.

0.1 1 10 100 1000 10000
it ¥4 i ]
Relaxation time/ms

(b)

B4 AREFARES KGM E6RKBEREBERER (a)f5 (b)WREEHIE
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Effect of Four Kinds of Agglutinating Hydrocolloids on the Quality of Konjac Glucomannan
Gels by Acidic Low—temperature Sterilization

Hu Shuai, Liu Sha,
(College of Food Science and Engineering, Jiangxi Agricultural University, Nanchang 330045)

Feng Yaping, Zhang Mianling, Niu Liya, Xiao Jianhui®

Abstract To improve the quality of konjac glucomannan gel prepared by acidic low—temperature sterilization (95 °C, 30
min), four kinds of coagulating hydrocolloids, namely, curdlan, gellan gum, k—carrageenan, and agar, were compound-
ed with the gel. Rheological properties, textural properties, water distribution, and microstructure were evaluated as indi-
cators to assess the effect of different hydrocolloids. The results demonstrated that compared with the blank control group,
the addition of all four hydrocolloids reduced the complex viscosity and increased the loss tangent value of the composite
gel before alkali induction, which means the flow properties were enhanced. Different hydrocolloids had different effects
on the modification of the textural properties of the composite gels after acidic low—temperature sterilization, with the ad-
dition of curdlan improving springiness by 9.8% , and the addition of gellan gum, k-carrageenan, and agar improving
chewiness by 94.6%, 159.0% , and 65.2% , respectively. In addition, the composite gels with the addition of the four
hydrocolloids were all enhanced in their ability to bind to water, and the disruption of the network structure by the ther-
mal acid treatment was all reduced. This effect probably achieved by the strengthening of the network structure of the
composite gels by hydrogen bonding interactions among the molecules. Overall, the structural strength and texture type of
KGM composite gels are effectively improved by hydrocolloids. This study provides a theoretical reference for the develop-
ment or optimization of related products.

Keywords konjac glucomannan; hydrocolloids; composite gels; acidic low—temperature sterilization



