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Effects of Modification Process and Drying Method of Meal Substitute Powder
on Its Nutritional / Functional Components
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(1. Jiangsu New Herunshijia Food Co., Zhenjiang 212000, China; 2. School of Food Science and Technology, Jiangnan
University, Wuxi 214122, China)

Abstract: The meal substitute powder was modified by different modification methods, and the
modified meal substitute powder was dried to study the effects of different modification methods and
drying methods on the nutritional/functional components of meal substitute powder, and the best
modification and drying methods are determined. The results showed that the enzymatic hydrolysis
combined with fermentation modification technology was beneficial to improve the content of
bioactive substances and the antioxidant activity of meal substitute powder. Compared with
microwave freeze-drying, infrared freeze-drying is conducive to the retention of active substances,
and its drying time is short. Therefore, enzymatic hydrolysis combined with fermentation
modification technology and infrared freeze-drying are conducive to the retention of bioactive
substances in meal substitute powder.

Keywords: meal substitute powder, modification, drying

Bt ANATTAE 35 9 25 0 DR LB AE 36 KCF- B 4 REE B IR ICER Y, IERZ B T MOk Z
e, R A = e A SOt H ] T, D7 1 F I B AT, BRI A R R R SRV Y

Wi B HE: 2023-09-15 f&E BHE: 2023-11-21
HEEWMB . BE+ =1 H AR5 H (2017YFD0400901 )
*EEEE: ik #(1962—) Bt AR W AR AR O S AR P S RO T 5Y . Email: min@jiangnan.edu.cn

LRSS LR A SIL 2024 FE 43 EE 2



RESEARCH ARTICLE

LIN Jiacong,et al: Effects of Modification Process and Drying Method of

Meal Substitute Powder on lts Nutritional / Functional
Components

SRR L, AR 27 i AT 3 g A 11 R A LA S AR
AR R B, AR — 2K th 2R E—Fh50R
285 RR E B A B 7 2 O HoAR R L] 9
[ DA RS T~y A1 S T = O S A 2% = A 19
TR NG TR s B B 2T 4k B 1 IR S50 i, LIV A2
B S KRR A EOR, B AR K
FE 1% 38 o 45 1 B W) 0 18 A B R 3Rk A ik B Y g B AR
A DTS2 B ERAAR 1 H B . AR EE AR, & 3
HE AR B T I A T WA R T T R X
ABWAER, Bl R 28 eI G AE =B B,
P 3 H W A0 BAT [ R D RE RO A R
o £ 2 Ao AR K R ST

ARy Z R 27 0, & £ 5 A 4E R A
RBEEY T, 2350 R AR 36 PR ) o ) R
it fift S — PR TG G | BN o PR IR RN | RE AR A 1 Ak B
R, AT LURE SR A8 ) %) 240 B BE 1 53, 8 4o R ik o A
Vb iy A= WG B 4 v OB FRAN(ET

T W) FLFT B (Lactobacillus plantarum ) J2& — Ff 4
IRPHMEAN A TA A0 pH o 4.5~9.5, Y
KPR (Lactobacillus plantarum) J&—Fh etk 5 &
i, BB W8 LLAS [ A ik 5 (A0 2 B L R (A2 2R B 5L
Bl L— 1L AURE ABESE ) 7 IR, 56 R B 2 A B
Jey R RR N B i 22 4 HLAE DR A ) FLAT 1R 2 — Fh A7
ETANKBBIE WL 2w, ANEA 2T
T A4 PRAZAE H , AN By i W B s G AR P-4 i i 2k
A POMEIRIA IR IR AR AL ] gl

UTAER , N AR B RE B b A9 AT 5 R e i R
R &H FE NGRS woksw v,
Ye RN R 5 Z R A W) TE R B, 2 — R ARG Y
FURR R BERLTT . 55 Ah M FH 4 AE 28 0 AF ) B o k47
JREWE AT DL e A WAL B R B SR PR ) RE
PESE 5 Y BT, A S ak XA A R AT Al AT
DL 5509 ] £ ot o — SR U R ) A R BB O
HEAT 25 A A A, PRI 7 e — PP R T R Y
FA B il e 1 D) RE 1 £ 2

283 PAL BR A ARAR By K & AR, D AR AR A
W i P o, i SR A 3 B K 7 i 6 AT T
Ak 38 LU AR A5 5 b 5T 0 B K AR M e i 205k
FVRLIE T4 & T B A , BB 440 Rt 5 7K Isf 1) B B A1
THRAEAE, T EAF T i B . MR L
AN TR A O v AR oy iR AT kP 3t 4 B 1 ) el
J5 AT WK, LAARAT & it S5 B A 7 i

1 wRERE

M
1.1 SEE#

LT O N BEANIER = 1 A RS, B L ]
By VLT3 HT AR A PR 7] 5 B Ry - L0 AR AR B
BOA R AR SRAAER . UL B M A R
CIRVN N NN G R B R DN
AEHR T A 2R L B A BT 2l BV R AR R L
AHIRAT
1.2 REMEIE

Fie DL B AT S, WIAE 3 R

BT RNEN ML 45 ¢, Bk
1 g, 208 1 g, 2B 0.5 g, 2088 0.5 g, L2545}
1o, BORAEN 1.5 ¢, KHEBE 2.5 ¢, BER M 0.2 ¢, i
NRWH 2 o, NS 0.1 ¢,

DT ERE  MEH 4.5 ¢, BoKkH
1 g, ZLEM 1 g, ZhM 0.5 ¢, 2078/ 0.5 ¢, ILZ5H
1 g, BAEHY 2 g, RBHEE 2 o BER N 0.2 g, IR WIS
2 ¢, BN 0.1 g0

VKA TBE RO ML 4.5 ¢, FK
¥l g LLE M 1 g, ZHEKY 0.5 g, £L8 8 0.5 g, 1l
250 1 g, KAER 1.5 g, KEERE 2 ¢, TEZEH 0.2 ¢,
AR TRy 2 o, B ARG 0.1 ¢,

W Bk 3 AR I HE H
TR T E
1.3 REMNEERZESRMTE

BB R BRI IR SRR S WK 1, 1k
BLAY TAF 2 R . o 38 i v R e i i B o
18R A TR R AR AR TR 5 R G o R T
TR EE (0~25 °C) 5 40 4 6 U B2 38 31 350 (1 3l
1L HEARL SR P ) i B R P, BRI TR
W5 BoR R, 0] TR REE B AORS HETERE . AR
AN T ARk 3 o 7 P T TR A 4 A AT O 4 Y
R AR AR FR R S BRTT A, Y T R B E
B JERE L B B sh e TR A 2 0GR 7E
e Ak 0408 46 22 [ 1) A 30 B T TRE T T T Bk 1) 4
Bk 2 BHE G T ML R TR SR .
PO A IR AL, YRR TR TR
B 6V HLKE I 0 AR 0k 2 v dE R AU By
(4 AU 55 5 Y908 R ) 2k B R AR Ak
HL G IR TR TR I, AR M R S T T R
o KRB A R 3 R AR R R i R R TR

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol. 43 Issue 2 2024



(a) ik

(b) il

20

21

(¢) RS

LRSS BoR B et 2. m R IR 3. R L4 Dk 5. KA 6.0 KA 7. BORHE ;8. E Rk ;9. BORME 4= 6 5 BoR &
G8510. IESCOEFR AL 11 G5 0 5 12, A ShBERHIR T 13, FREDRE 5 14, U RTT 15, 8 2 AR s 16, BEHE4cde 17 ok 18,

FLREIE ] 519, BosbE;20. FEHIAS ;21 EN 4%,

Bl HgeRERAERBMRS

Fig. 1 Intelligent temperature control mixed batching system

PR A i R
1.4 REBHKM

L) B A BT 55 8O 19 0% Tl 590 R e
it 55 £F 2 R0 5 it o 2:3), I P AL AR B
S R A, A 2 AF AR A K A
FTREWN pH A 8.0, Bf# 5 h 54 pH [FIHZET7.0,

2)RME AR 53 BR 1% 0 FL R 1 T
37 CK W 24 h,

3) Mg+ & T
RS
1.5 KEHWTIE

X A Ak B AR AR M R T AT V8 R TR (=40
°C.8 h) LLANA R T (~40 °C.7 h) BRI 7T 1%
(-40 °C .6 h) KX H:
1.6 EEREHHNE

AR 1 5 T T 43 50000 S AR i L 4 1 7 1)
IR tsE s, B R R R RS O 150 H it
i, BEJEFR 1.00 g By ARFE S 5 20 mL BB 50h
50% & BEK SRR A3 ¥ 5], 2 475 $2 (45 kHz,300
W) 30 min J& , B $E R T 3 500 r/min Z5 04T B0
10 min , 15 2 775 5 B A K 250 WS 20 mL 14
T EL 50% 1 B3 W A, R DLTE Witk AT — ik 2
W, W SR DR, B e AR B 43 85 50% & B BT 45 W
MOEZRE 50 mL RBUK T 4 CRIRATE 24 h WK
RSN T = 1 E I 2R A7 (=L 1

SR AR AR = 32 00 58 T AS TR 4 b B 28
R R, 08,8 1 mL R R A AL EUY) A
5 mL AR50 10% 0t AR iR 5 34 5, ket

K Tt gk S O RE it BEAT A I8

8 10 min J5 KK S 4 mL BT E5r 4L 7.5%10)
R ENE IR G35 iR IR A FEIRAE 25 CF
F 5 Ak # E 60 min, W IR A WA WO BE (765
nm), VA EFIRIENS YR, L Hl a2k, 2
1 Jo o BN B 100 g ARV R T P R B TR
F i (elg) , BRI 3 R,

1.7 BEBTERESBNE

FH v 25 83 B B 43 0 S TR) 1 8 A A A ok
150 H i , BAREH 2 g, I AR50 1.5% 11 e ik
LR (RhRmR ML), YR A WUk AT A
(45 kHz,300 W)20 min, 2GS R ER 3 &, K5,
FHIRBOR T 5 000 rv/min B0 10 min, 7 H 28 % #e
AT B R AL R,

PL pH 48 78 32 00 AR By v A €5 18 1 R
£ 10 mL A B4 TP A 4 mL 46 61 A BUR, 4>
S5 6 mL R /R 2% vh i (pH 1.0) Al £ R 2% i (pH
4.5)IR G ¥A), 4 B BE S ZE 535 nm A1 700 nm
A (R WG RE DA ZE IR K Rt B WL (1)

Fy=(A/e)xMxDxVIW, (1)
A Fy AR 1 BT 5008, pg/gsA OB,
A =(A 535,pH 1.0_A700,pH Lo) _(A535‘pH 4.5—A700,pH 4.5) ) j"j %
45 F 340 G BE I O R 40,29 600; L oAt
FE L1 emy M, R R 545 37 %5 W5 A9 A0 X543 R
i ,449.2;D MR BEAEEGV N B mL; W,
[N
1.8 MEAFHENE
1.8.1 DPPH & wkFmFan g RFEAEBFE
dir DPPH [ H 875 B R 09 WA 7 15 AR 45 Guan 4507

LRSS LR A SIL 2024 FE 43 EE 2




RESEARCH ARTICLE

LIN Jiacong,et al: Effects of Modification Process and Drying Method of

Meal Substitute Powder on lts Nutritional / Functional
Components

PO MEE & BRI B 0.5 mmol/L 1Y
DPPH TAEW . W&, ¥ 4 mL DPPH Z BV WS
0.5 mL AFE SR IBORTER & J5 I REIRAE R SE 50 2,4 mLL
DPPH ZBEE WS 0.5 mL C/K CBEHIR SR AN
XTRE L FE R T T RS RV 30 min, A 517 nm 24
W SC e s L S B 3R AT 3 R SE 5, DPPH A HH
BB BRBCR LA (2)
Soreri=(1-A /A 1) x100% (2)
3 Sppen 7 DPPH H HH 578 BRBE 1, %34, W25 E
X BRLH (I A, SRR S O R
1.82 ABTS awAFAmkien g ZM Xu FH
Tk REAR ABTS 193 bR Z09, K 384 mg ABTS
Ky #E 100 mL 7818 /K v s i il 45 ABTS TAE W, H
66 mg i HER RN TE 100 mL #5228 vh i b i
il A5 A B R VA W B 2 AR A BCE 24 h il
# ABTS H M3, fEMHERZ AT, 350 S0 2208 K
B, fEHAE 734 nm 3R B9 OE IR F] 0.700+
0.020, 7ESZ5 ] 6.0 mL ABTS TAEW 780 IR &
0.5 mL FEHOR (R 50 41 ) s &K (X)) 30 CF ##
B 15 min, £ 734 nm ZbFFFT W I A B4 S
S 3K, ABTS HHEMIERFE WA (3),
Sams=(1-A4 /A 4)x100% (3)

P Saps A ABTS [ T BR 2, % 54, 8 %5 FIX
HREHOGRE s A REARROGRE
1.9 BREITE

HPH X 2 T S B EE R
MR R A GUIRES | bk A A B o I
FR 52 ) R O AR M 77 it R AT M A B T B
AHoEERE T, 10 420 3R VI &5
Ll N DA S T /N R A R
AP it I 5 2 GUIRAS AR R e v 5 5
AT TR A PR AR v L 108
110 ZitoHr

BRI Z )7 250 (ANOVA) A1 Duncan’s 2 .
BAH T SPSS 25.0 B AF kAT, KR 2 ] Origin
2022 AT, G5 R LT S AR E 22 R0 .

LRI

21 FRERMFERARE Y BB EESH
w0

0 ) 72X AR 3 3 G 53 0 5
UL 2, A H T L A 5 2T S T 5

F1 EBRERENBEBETESIHE
Table 1 Sensory scoring standard of flower flavor enzyme

meal substitute powder

i

e PRI RIS, JCA5HE, AR 15-20 53
k% ToakHe, {5 WARA 2% 5, W AHLRS 10~15 4%
Qd§)¢ﬁ%ﬂﬁﬁﬁmﬁﬁ%@ 5~10 4%
(S Yz I ER i A 0~5 43
PEELE R N R W Ve 15~20 4%
S AEERAER RS TOR 10~15 4
(20 43) JCECERAM kel ik, oSk 5~10 4%
B RS AL SR 0~5 4
L, g IR, EERRIRIE H 15~20 4%
(LIRE S CERE o5 Fon I R CER 2 1 7 W R 10~15 4%
(20 43) EFEECHINS], kekidik 5~10 4%
EEARE], BEIR , Jo5E 0~5 4%

oy T S B B e R, A L T B Y IS N A 1 A
B Tl AR TR e o P O S A A AR PR
M JoAE RO T X AT RE R M R T AR A
A T A W R AR, SN T i A TR S L
A YRR 3w T AR b R B,

250
[ somitiet

AR .
200 | HHTER TR

+
f

SR 08U (ngle)
[
(=}

w
(=3
T

X TitEfit al Flfige+ A

B2 AREEAXXNKEREBRENS BB ZIT
Fig. 2 Effects of different modification methods on total

phenol content of meal substitute powder

22 ARMMEFENAERENETERESTHH
)

A T e O SO A AR T R R o E)
S DLIEL 3 AH E TR BREH W 5 O AL B AT 42
B P AEE R BT 708, AL T 5 F) il it
AL SR BRI A R oty g R AR
Ky AE T R BT A T KT BRI AR T
20 S 45 R AT R T AR 0 R S BRI B T 4 A

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol. 43 Issue 2 2024



HERF AR I LA TR EAREDERS DA G H R

PR K8 s W R AT, Bt TARVE B P AE T R
Jo A o3 K

[ somresn
O R -

o | ERERER

MU (ng/g)
f
f
f

=

v
R

E Y5t

200 -

Piass

100

Ol Higfit i P+ Sz 1

B3 AREEEARXMNKEMBAESTRERENIBEHF N
Fig. 3 Effects of different modification methods on the

content of total anthocyanins in meal substitute

powder
23 AEAMEFENAEBREH DPPH EHEF
B BE 11 B9 %2 i

I 4 0] LLE H 50 B A H | iR S R T
AR AT SRR R DPPH A H LT BREE S . AHELT
AP P T A R A R Ak B AR IO R IR et Oy S
I R TS DPPH A T BREE A 3G 58 X AT
FRE 2 A B IR 1 A M2 4, A R T A= 4 1 M ) Jo 1)
T, 8N T 25 A8 T N X e 25 W R R L 2
TREMMEEZME B RS0, =5 7 H
DPPH [ Hh 3L B R 2,

O sonia
100 [ E:quftasiy e
O seriten 3
80 | [ H = =]
S = ]
% 60 . I
busd
=
o 40
jan)
&
P
X iR it it K i+ A T

4 FAEHEFXKEH DPPH EAEFRENZ N
Fig. 4 Effects of different modification methods on DPPH

radical scavenging rate of meal substitute powder

24 ARBEFENABEREH ABTS EHEE

R BE 77 B9 =2 i
MIELS A RLE HY A LT X B2 | i i 15 4 I

AbFE VTR S U NS ABTS [ LW PRAE S . ML T
LI PR R AP R A AL B G S IO A 2 T b 2
A FIFARER ABTS FH i LT BR R A58 . X T
A T M7 M IR T AN B 25 R A R T AR T 5
FRTHC, B8N T 25 A B X B A 25 W R A R
TREBLT ZM B RES5, e T ]
ABTS H i 5E38 B %2

100
L Bomfaem

L | thaeftahy L
%0 E AL B 5

60 - —E —E

40 |

ABTS [ 1 FE05 5 %/%

20 -

X B Pl fit S i+ A I

B S5 AEHEAXNKER ABTS BEAEFREN I
Fig. 5 Effects of different modification methods on ABTS

radical scavenging rate of meal substitute powder

25 AETFRAENEBHBLABRKASIERERE
B8 5 BRI

AR Moy 14 W ot sz B 0 T SR R TR
DL 6, ¥ U1 A M T AR R B o i o Y
TRAE LD AN VR T 1 BRIV VR TR 2 BOXT
Wi A AT S B YA DR B X AT RER T E UKL
R A P AR R A e LT AR N R AR
26 AETFRAENEBHBLABRKSIERERE
HEERESHH RN

A T) T 98 07 2 AR AR Ky B AE AT R B A B
LI T, WU TR AR TAVE R B AEE R
BRI R B, LD AN VR TR R R VR TR IR
Z AT B AR T BAE T R . XA g
TEP B B v, P R IR RE B, HL e I [ 5
KFHH,
27 AEATFHEFEVEBRABRKSUAEREY
DPPH B & FREHF T

M 8 AT LLE v R TR R A H] T AU

LRSS LR A SIL 2024 FE 43 EE 2




RESEARCH ARTICLE

LIN Jiacong,et al: Effects of Modification Process and Drying Method of

Meal Substitute Powder on lts Nutritional / Functional
Components

= 144 IJ\
180 + - E FHAEAEND
160 b .
~ 140} =
2120 ]
#
%100
= 80
it
F 60
pie
40
20 +
0
BT BRTHE 2N T MR g T4

B6 ARTHRAXMKENLEBRES B
Fig. 6 Effects of different drying methods on total phenol

content of meal substitute powder

450 -
] Bt m
L] gkfasm

r= 0 RAHers

—=—

400 b ——

KR8 (ng/g)
[y) (3] (98] W
S g 28 g

R 150 L

1EH
>
(=}

w
(=}
T

PR BRTE NS T BB T 1R

B7 AEFEAXNKEREESERESBNHMN
Fig. 7 Effects of different drying methods on total
anthocyaninsl content of meal substitute powder
¥ DPPH FI i 2 1096 BR 3, 2000V VR 4 B v
TR Z BT i AT DPPH A i 2E 8976
BRAR 0042 3 m] RE 2 e FA KU R R v, T MR R
JE A e HL T AR I 1A B S B

C ] Bofaem

100 O Eefeftash
B [ STty
. 80 ™ |
§ -
‘Bﬂ: —E—
£ 60l =] L
b
H
am 40 +
jan)
&
A 20 F
PUFEE AT AN WO T

8 AETFHEAAMNKEN DPPH BEHEFR RN
Fig. 8 Effects of different drying methods on DPPH
radical scavenging rate of meal substitute powder

28 AETHERAENBBRABKEUEREH
ABTS EHEBRENF N

AN T 7 i AR b AR 3R T 2 B
UL 9, nTLAFE v R T 1 e A R T3 e AU
¥ ABTS [ IR, LLAMS R T8 i v
TR Z, BT EE AT T ABTS [ 213
BRAR A HE . X AT REE TR PO R A rp
ik JBE 5 e L T A I ] A

100
] st
— C Hedkftim
w0l = B eieitaen
§ = —E N
% - =
& 60 n
'HE =
af
HE 40}
P
2
m
< 20t *‘
0
PR BGETH NS SRR

9 AAFHEFXNIKEHN ABTS EREFRENZMN
Fig. 9 Effects of different drying methods on ABTSH

radical scavenging rate of meal substitute powder
29 AETFHRAENEBELERKS IERERR
BFSENRN

AN [ 07 1 A AR By W R R LR 2,

LA W U TR B A ) T e AR R R A
G5 ELANE VR T RO Ve VR TR R 22, AR T H
HAHTAVE R BCE R A o 31X AT e 7E FUA
TSR, TR E R H TR ERERK S
e fry ol

®2 TRAZNKEHBRESINZIN

Table 2 Effect of drying method on sensory score of meal

substitute powder

Ilﬁﬁ“’é%\ AL | AT
BERSy | BRERS | BIERETES

HRT S5 3.93+0.11 4.32+0.12 4.09+0.22
BT 9.76+0.12  9.54+0.22 9.32+0.10
AT 8.76+0.01 8.43+0.11 8.12+0.31
MIEA T 7.65£0.21 7.65+0.34 8.01+0.63

210 ARFEAENBERRABRSIERENT
158 B (8] B 2 i)
AN T 8 5 3k XA o SR AT 20 14 5 i L

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol. 43 Issue 2 2024



AR E. AR R TFRTESTRED GRS DLy FHh

o T

Ve VRT 1R LLANE VR T DR VR0, Itk vl LA

P LT AN VR T AR TR0y 2% AR Ji] B P 7 i e PR A A7 21, OF FLI
" B 5 AR M AT T, R ) B O s T
N ke Iy o A 5 9 B T LA B B, 4

B A e EE A e B TR T v . B SE SR WA K
10 B 4R 7 AR T AR PR A 2
= =T . BARALTEE , L0 VR T4 OB T TR B A
£l T T A PR R 0 0R  , HLCTHR BEAESAG . A
- S, T A PR B R 2 5 VT )
Ml A WISV B DR
2k

PRTHE BHETER ZINETIR AR TS
B 10 AETFRAXTRER TR ENRE
Fig. 10 Effects of different drying methods on drying time
of meal substitute powder

S 23k

[1]1ZHOU L J,YU C,CHENG BX, et al. Volatile compound analysis and aroma evaluation of tea-scented roses in China[J].
Industrial Crops and Products,2020,155.112735.

[2 ] BARANI Y H,ZHANG M, WANGB, et al. Influences of four pretreatments on anthocyanins content,color and flavor
characteristics of hot-air dried rose flower[J]. Drying Technology,2020,38(15):1988-1995.

[ 3B, X FF, BRA S, A5 il 22 3 55 0 21 4 2 MR AR A 0 I IR [J]. ML 00N 12,2020, 45(5) :44-48.
ZHAOJJ,LIU D,CHEN R Y, et al. Development of naked oats Tartary buckwheat high fiber grain hypoglycated meal substitute
powder[J]. Grain Processing,2020,45(5) .44-48. (in Chinese)

[4] %05, 5, BT, A5, ALl 461020 i e I8 0F 53 R it A 28 38 BOTH 1], 4 7= & T,2020(18) - 15-19.
ZHONG X T,WU M,KANG J P,et al. Research of tonicity and glycemic index vivo test of Eucommia male flower meal
replacement powder[J]. Farm Products Processing,2020(18):15-19. (in Chinese)

[5] HISCH, P areg  phoae S5 fCA Ry i i 58 a2F SR (0], & el BH,2020,45(9) :95-101.
TIAN W J,LUO H X,LIN S H, et al. Research progress of meal replacement powder[J]. Food Science and Technology ,2020,
45(9):95-101. (in Chinese)

[6 1R, RAER  BTHA, 5. BB YT /B G [J]. B 5 &5 Tk ,2020,27(4) :39-45.
YI'Y T,ZHANG J X,JIA M J,et al. Development of hypoglycemic meal replacement biscuits[J]. Cereal & Food Industry,
2020,27(4):39-45. (in Chinese)

(71508, @EL R, AN, 5. & BEIL U AL SR 2 W B IR L2 []. & it 5 AR BOR %411, 2017,36(9) :996-1001.
YUAN L,LENG K L,ZHOU Y H, et al. Optimization of multi-enzymatic extraction process of polysaccharide from ploygonatum
sibiricum[J]. Journal of Food Science and Biotechnology,2017,36(9):996-1001. (in Chinese)

[ 81 skArE. AL FLAT 04 S JH AR [9]. & 5 5 B 4 R 2% 41, 2013,32(3) : 336.
ZHANG Q. Study on Lactobacillus plantarum and its application[J]. Journal of Food Science and Biotechnology,2013,32
(3):336. (in Chinese)

[ 9] k&, 7 6HE, Tm BH. MY FLAT R oo b)), & 5 W HE R 2% ,2006,25(5) : 121-126.
SHEN L Q,SU G Y,WANG X Y. Progress on plantaricin by L. plantarum[J]. Journal of Food Science and Biotechnology,
2006,25(5):121-126. (in Chinese)

[10] sk fic 52, 10 & B AR BRG] AR JE T ,2020(15) ;44-45.

LRSS LR A SIL 2024 FE 43 EE 2




LIN Jiacong,et al: Effects of Modification Process and Drying Method of
RESEARCH ARTICLE Meal Substitute Powder on lts Nutritional / Functional
Components

ZHANG P H. fU4 FL B IE 1S [J]. People’s Weekly,2020(15) :44-45. (in Chinese)

[11] B0, 28 5, T A0, DO A &h 38 0 4 (A9 2 BTG PEAF ST 0k R [T]. 2 5 S5 AE W R 2441 ,2017,36(12) : 1233-1240.

HAO S,QIN Y,WANG C T. Research progress of the physiological activity of functional food phycocyanin[J]. Journal of Food
Science and Biotechnology,2017,36(12):1233-1240. (in Chinese)

[12] HHl PR o 80 R 500 85 2 AR M B O WS [0, P E S 5 E 57 ,2020,26(5) - 48-51.

GAN D. A formula of fast dispersing meal replacement powder based on soy protein isolate[J]. Food and Nutrition in China,
2020,26(5):48-51. (in Chinese)

[13] LI H,YAO X L,YING ZW,et al. Rheological and tribological characteristics of mung bean-rice porridge and its impact on
sensory evaluation[J]. International Journal of Food Properties,2020,23(1):1490-1505.

[14] SU Y,ZHANG M,BHANDARI B, etal. Enhancement of water removing and the quality of fried purple-fleshed sweet potato in
the vacuum frying by combined power ultrasound and microwave technology[J]. Ultrasonics Sonochemistry,2018,44:368-379.

[15] GUAN Q,DING X W ,JIANGR,etal. Effects of hydrogen-rich water on the nutrient composition and antioxidative characteristics
of sprouted black barley[J]. Food Chemistry,2019,299:125095.

[16] XU Z Y ,MEENU M, XU B J. Effects of UV-C treatment and ultrafine-grinding on the biotransformation of ergosterol to vitamin
D2, physiochemical properties,,and antioxidant properties of shiitake and Jew’s ear[J]. Food Chemistry,2020,309.125738.

[17] ARAEER B AR AR 45, A0 W30 07 X AN T AL 6% 5 i il J i B P S D). B 5 AR W R A 41,2023 ,42(7) 1 53-61.
SONG J H,XIA Y X,XU F F,et al. Effect of milk fat on sensory quality of coffee with different degrees of roast[J]. Journal of
Food Science and Biotechnology,2023,42(7).53-61. (in Chinese)

[18] SU Y,GAO J Y,CHENY etal. Evaluation of the infrared frying on the physicochemical properties of fried apple slices and the
deterioration of oil[J]. Food Chemistry,2022,379.132110.

[19] ZHOU J,LIXG,DUJZ,etal. Conversion of phenolic mixture to refractory resins:a resourcezation strategy for phenolic distillation
residues[J]. Journal of Hazardous Materials,2021,414.125357.

[20] LI W,YU J H,ZHANG J, etal. Formation of A-type anthocyanin-epicatechin dimers by model reactions of anthocyanin extracts
and epicatechin[J]. LWT-Food Science and Technology,2021,146:111475.

[21] SONG N,ZHONG M X,XUJQ,etal. Single-atom iron confined within polypyrrole-derived carbon nanotubes with exceptional
peroxidase-like activity for total antioxidant capacity[J]. Sensors and Actuators B : Chemical ,2022,351:130969.

[22] YOU Y ,KANG T,JUN S. Control of ice nucleation for subzero food preservation[J]. Food Engineering Reviews,2021,13(1):
15-35.

[23] FALLEHH,BEN JEMAA M,SAADAM,etal. Essential oils:a promising eco-friendly food preservative[J]. Food Chemistry,
2020,330:127268.

[24] NIDA S,MOSES J A, ANANDHARAMAKRISHNAN C. Isochoric freezing and its emerging applications in food preservation
[J]. Food Engineering Reviews,2021,13(4):812-821.

[25] LIU D,GU W M, WANG L, etal. Photodynamic inactivation and its application in food preservation[J]. Critical Reviews in
Food Science and Nutrition,2023,63(14):2042-2056.

[26] 246 Tl 31 38 283 K P B9 WE I [D]. 1< V0 - W Aol o, 2015,

BERE JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol. 43 Issue 2 2024



