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Effect of Plasma Activated Water on Bread Quality
of Germinated Wheat
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(1.College of Food Science and Engineering, Henan University of Technology, Zhengzhou 450001, China;
2 National Engineering Research Center for Wheat & Corn Further Processing, Zhengzhou 450001, China)

Abstract: Germination endows wheat with enhanced nutritional value and functional properties, but its physicochemical
properties also change as a result, which is not conducive to processing operations. This study investigated the effects of
plasma-activated water (PAW) prepared under different treatment durations on the fermentation properties, rheological
properties, and amylase activity of germinated wheat dough, as well as the quality of germinated wheat bread. The results
showed that compared with kneading dough with deionized water, the gas retention capacity of the germinated wheat dough
made by PAW with a production time of 30 minutes increased by 3.5%; The rheological properties of G' and G" both
returned to levels close to those before germination; The output of reducing sugar was reduced during the dough-making
process; The appearance of the bread was significantly improved, with the specific volume of the bread increasing by
0.24 mL/g and the sensory score increasing by 11.71; The hardness and chewiness of the bread was reduced; The staling
rate of germinated wheat bread was reduced from 122.02 gf/d to 105.79 gf/d. In conclusion, PAW can effectively improve
the quality of bread, providing a theoretical basis for the rational utilization of PAW as water for kneading dough and for

germinating wheat.
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)i P [E Stable Micro Systems 2\ 7] ; MLU-202
HIATENE AP LTS AT BR 75 455 FARTE oK
AR E )R, AN IRIA A B H] o
1.2 SEAE
1.2.1 REZF/NEREIE KIS HEERRZAYE /N wE R
121 6 h, ¥Ry, A B2 1035 SHEDY,
OV, R E7E 35 UL, A TEIRE R R SRR, 1%
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B, DIZEIR/K T4 B RIS AL, 55 s AR SR
AV IH 3 mm &b, % E T)%E 800 W, 41l HaL i 5 Ak
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LAZEARRK T, A5 A & 25 /22 1 A R0 & 287N
WA, X RN AL B, LIACEASE] A 10, 20, 30
40 min (1) PAW FITf, 4504 % 25 /N 221, 43 5ilic
4 C.D.E.F,
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1.2.4 /NERY RBERAS R E SR F3 A BE
WS TINAE . FREX 200 g /NAZ8 T4+ AL
H, Fi BRI 7K R A 90% TzK, Tl 1% 04 i i P e EE,
FITAT 2 min, FRECFNGE A4 TH A 300 g LA F3 &L
HrI R, IR 35 °C, JE T 2 kg, BHA] 3 he
1.2.5 /N RARERRERMIE  FREX 50 g TR T
AL, #2 R K A 90% JinsK, FITH 2 min,
FACR LRI EE, 25 °C FWE 20 min. FWES 17 AT H
IURE, Pl T I AR E Y 5, #EHH PP35 [BIJE#R k.
PEATRE F 144, B s LG s X, BE PG IE N T,
HIYEFE 0.0001%~10%, WA 25 °C, 4% 1 Hz, %
BEEFE 1 mm, IREESE 25 °C, ST 0.1%, PR
0.1~10 Hz, #EATHFT4, 45 R DLAMRIIR (FAA0
=D i)
1.2.6 /NEBIBREIEIRLE:  FREL 50 g TR T4
A LA, #7 BE K K SR 90% filzK, A 2 min, $&
JERREL 1.6 g H AT, T 50 mL B.L% 1, 50 °C {712
20 min JF/IIA 1 mol/L AYELFE 2 mL 4 7HEAE K 4k
F (W] LA ZE AR /K FE A E 19 T AT A R B AR X
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ELHR 2 mL FHATHEIE K AL, FT 50 °C £R¥E 20 min),
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T A 7845 %5 f#, 3000 r/min B5.0> 10 min, B F 75 W
F 50 mL FEEIR P IIKES, B 1 mL _EyEW,
1 mL ZE1 /K . 1.5 mL DNS ik #, 185 )5 Wb K%
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10 min Ji5 7€ 540 nm W 2 W O 5, 38 o fr o i £k
TR A P AR EORE B i o IR JEUBE AR UE il 2R 7 R
y=0.4891x+0.0071, R*>=0.9953 .
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L(%) = (1 —@)x 100

m
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A4, AR)EH AL YA 10 mm JEAY . AR E P
432 B8 GB/T 14611-2008 CHETHAG TG /S22 #9517 40 Ak
J i BT B R BRI ) TP bR T Yo
1.2.9 HEAEBAMNE A 1.2.8 TN EE A,
W TR S A TR R . A S EE 8 : P/36R £
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B IEIEIRR 5 so
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1.3 #iENIE

A BARIAT 3 YA TR, LASFI{EEARfE2E
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{EREAN 1] S W/ INAZ T o-TE R B A TE P, 5 22 S ke
S REIEBUE 2R TR 167 s, RIA/NE | a-3E
A G R R T

H=

T NER PR N R HEA B R

Table 1 Basic physical and chemical indexes of wheat flour and germinated wheat flour
Rt KAy (%) B HE M (%) TR (%) IR £ (%) K7 BB () NN (%)
WF 0.55+0.03* 76.35+0.07° 11.56+0.11* 32.10+0.14* 86.30+3.90° 458.50+10.6 0.86+0.11°
GF 0.45+0.02° 79.98+0.01° 11.39+0.02° 32.20+0.57* 64.92+1.58° 167.00+7.0° 0.72+0.01°

TE: WRRIRAR R /N, GFFRIR K 2E /N ANRl/ING TR R R R RE S AT 35 1 22 57 (P<0.05); 3R2~3K5 1]
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Bl IR SR JFOE T 25 5 vl e R R L S

AR =T o XFEARTESAT 2510, XTI

SReibh, ok i 1= SR SR 2 2/ N T (45055 T A

DA 45 285 AR 121, el T A AR & PR R O, IR AR A K5 4

At gt B 2R, o TGS S K S B G o Ry B e, 3

PR RSS2 P LR, NE R,
& IR 52 ME ((Hm-H) /Hm (%) ) 220 ) A, {5 b

FRIFE] A 10 1 20 min B9 PAW Ay F T FH 2K Xt %
ZE/INGZ T A 09 B B VAT — e IR . Bl

PRI 7 X 25 2540, g 55 1 T P RRCRE T, T

MR BE 1A, & 28X /N2 T I AR B8 AR

(Vo5 —@Eszmm, 1w B <R R(R) T

7.9%. fHH PAW FE A FTTaFH 7K 23 SRR & 2571
1 A RIS B, el T PAW AT m E Akl i
17 (Oxidation-Reduction Potential, ORP ) X X £ iY

pH2OL, P - I R X Ay il LA S B Bl AT — e IR,

TS T AR, (B TH AR & 2R/ N A A
= 14.2%~23.4%, HANEERRSS F AL H BB B AL,
JLEE PAW BRAIK T & 28 /N2 1 H 14 7= AR ER, (EAE
i C. DL E B ARBURIH S TRET A B9 6% L,
M PAW HUCA AR T & 28 /N 22 10 B =<, R ik
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23 EESRT

Wi 1 piR, &2 S0 iR e (GH AN
PIFEALEL (G") B W FEAIK, 2= 81 ) ] i 2850 epk [ A
JRARZEE, WHTASIE A RE 1 I8E5 , ARA5 S AR 4R ARG ZE,
X A 2R/ N AR T P B BE R T T A 2R
P, $405 T T A A T 5 DX 2% 35 4, Aot T AT B AR e TR AR
2507 RENL C~F /9 GAT G T e R IEH /N
M H K, 28] PAW 8 BI TR 2/ N2 T A 4544
FaEPERIRAE . 2 d T I IR EE R T tand(G"/G")
AR, A A A B, e A= i T A S B
REEBLSR, AR T A P2 T 3#4E, FEAY C~F /Y tand
BEE PAW AbFEE Al I s )s, o EDR A IF
B, LL PAW AYERFNTH FZKAT 7 35 0 B 4 B AAf
AT R .
24 EMEEMRGIE

WIE 2 fias, K& ZF/NZ2 T E X IRZH A'FE
ZE/INGZE T A B X HEZH B TR RS S R JC A W 22 531,
FEH SR & ZFE/INGE I FI1 & 25 /N2 D A il B i [ =2
BT, HR O S e, ek RIvE E T B v, v
A3 K G Ak, TR SRR TE R T 2R TT, BRI oR
KEH/INERIF A FUEZE/NZ T B 48 S5 5D
2 (P<0.05) 347, 537G 63.37% F11 232.96%,
M HTFREZZE/INEWH A, ZZE/NETHB B BUIE 5
BEES RIS HIR 22 169.59%, X W & 25/ N85
ELA S = RO GE R B RG TE, DR A E R i A AR T B
T K ARTER AR R . AHEETERIK, L PAW
VB R R0 FHZK 9 e 25 /N8 T AR 3 o S B

K2 PAW XK /N R BT E R

Table 2 Effect of PAW on the rheological properties of germinated wheat during fermentation
=T Hm(mm) H(mm) (Hm-H)/Hm(%) Vt(mL) Vr(min) R(%)
A 50.8+1.8° 49.4£0.1° 1.741.8° 1713.0£16.8¢ 1242.5+12.0° 72.5+0.0°
B 63.2+1.3 49.2+0.2° 20.5+3.8" 1976.5+16.3" 1276.0+4.2° 64.6+0.8¢
C 62.7+0.4° 53.1+0.1° 16.140.9° 1819.5£19.1¢ 1246.0+4.2° 68.5+0.5"
D 61.4+0.6° 50.5+0.1° 18.3+0.2% 1849.5+13.4% 1243.5+4.9° 67.3£0.2°
E 61.0+1.2° 49.2+0.4° 19.442.2% 1869.5+7.8° 1272.5+6.4° 68.1+0.6"
F 58.0+0.6" 43.9+0.6° 23.441.3 1727.5+33.2¢ 1234.0+12.7° 71.5+0.6°

AL B BIFIR R K 2N TN K 25/ INFE R T2 /K AR A T, € D B FAR IRl AL EE10, 20, 30, 40 minfYPAWHIFEY & 25 /N3 1 1415 ]

1~[F3, #3~3%50],

- 5.0E+6 o A 0.60
LOE+T7F ¢ 45E+6F —— B 055l
- D 4.0E+6F :
8.0E+6 - E —-D
- <« F = 35EH6| — E 0.50 |
£ 6.0E+6 | & 30B+6 g 04s]
o D 2.5E+6} =
4.0E+6 | 2.0E+6 | 0.40 | —~— A =D
1.5E+6 | - B —E
2.0E+6 | \ . . . 1.OE+6 | . . . . . . . 035} . . + C —<— F
0 20 40 60 0 10 20 30 40 50 60 70 0 20 40 60
IR (rad/s) PR (rad/s) IR (rad/s)

1
Fig.1

TA1E) G, G"Fl tand Bl AR AYAS 1L
Variation of G', G" and tand of dough with angular frequency
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Fig.2 Changes of reducing sugar content during dough making
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H A NS BEAT ISR, Ry by T AT A A
HIA SO
2.5 EEHINLKERESEE

e 3 Froas, K& ZE/NE AR DGR, ol
B RIS, ARSI R, T 2 /N2 AL TR
A PO, FEIE TR A AR B0 TSR, UL PAW
A R FH 2K A T B HAM AL SR 2, TR AT 224
Hduiz i/ NIRRT KR, RA /N AL
FY AL OV A LA 5, IS AR, SR BEEAIR, &
ZE/NZE AL LB LA &), AR R <AL,
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NSRS Rt & 50y SB[ M NS Ve 1 W -4 & = 41 E T 2T A

K3 T R SN N B A BEES

Fig.3 Appearance and internal texture structure of bread

2.6 EEMLER. BUERAERMREITS

HH 2R 3 AT, 28 X T EL A HERT 5 R R T I T
FEWR, PAW X 2 25 /N2 i LA 451 < A< s o W] i 52
M T PO A S R AT R0 R ) — B R AR, A2
2 PR LAY, X —45 1S5 TR L2 R
AR AR B AR AR T, T RBP4 %

AR TIPS I T RS, i T A A e A
TG AR DR A5 3, 3K LRl s, R
Jin e 1.5% I3 i) A5 Bl 1 757 9 2% v S
PTG, FR AR PR/ INAZ 1 75 A A T B L
BEEIRE 7 X288 S R0, 58 58 YT 7577 R 285 ) s P20, i o

EWIRAS B 54 R R ST, RERG I A K, 14
SR T AT A, X T A DX 28 AT — e BB s A s R4S
KRG T TETAT (4 TR AT PN £ 235 K , T AT Py A B 5
G ITREAR, (R FE— B R Y, & 2F /N2 g n iy =
AP0 AR B N, AR TH R DA S PR
PR, PR, =2 B RV s s T T 2R A
{85 ZE/INAZ TR B FLBRES F 2R AG AN YAy 57, L & 77
AL, X2 Tt 5 7 S L R A5 7 S 1) T £ R 285
ToiEAE BRI AR P BOM R 4L, 76w A I =
==, PR B E—2L K A . ZEfEFH PAW A AN
K Z 5, AL EE 28 5 i35 3] 4.14 mL/g, 3X
J& PAW fE8E T 88 U P e 28 S 38 il gt 2,
P T AR TS SRR, 6l 7 PR 45 25 A AR S 34
57, BETTAENE T 4 L B AU [RIEE, PAW Xf/ N2z
PR AT AR FH , U RE DS D T A i e R v 2 e i
XTI AR (P52 . foim, AR T B ¢imifd, C~F 41
AL HR B VA 35 (P<0.05) 3, Horb i e 22 A9
B[P EA e R A Sl e o at N N 2 s A = B S a5 S = =
TTRRAE D~F 41 & 25 /N3 A 1 8 B PRSI O 28 4
I A AR R 2/ N KT

# 3 PAW XTI HU A AR 1512 3R A 52
Table 3 Effect of PAW on specific volume and baking
loss of bread

b BRI (%) A (mL/g) E I
A 10.13+0.75 3.7840.04° 65.13+1.94°
B 9.470.90° 3.90+0.08" 55.00+0.82°
C 10.490.19° 3.9120.06™ 60.09+1.29"
D 9.9120.66° 4.02+0.16" 63.75+1.06"
E 10.110.40" 4.1440.05° 66.71+0.53"
F 10.9440.25" 4.08+0.01" 64.96+2.42°

2.7 EEHERE

JECREY AT L ST S5z R AT 4 A T, RT LLER A A
HREZANRIE TR RE ST, HoAp R | P AR
T AL Al o SR DOAH SR, SR N SRPEAN IS 1 S Tl
JoT AR TEAH G, S e Jo gy ehe A ] LA T A £ R
A3 A CACAE A R, TR S A m T A 0 5 1 PR 2,
TER R A TRTAT Y S22 S, S PRIR B 2R A IR FE A
JoT, P S I AL Y S AT TEAR R 2N,
TERTIURLLL SE I AT, oK ik, BUIE ST ke
JES W28 SR TR L4 A4, v B St Ak, PRIF T AL
LERIRERE , A ZF JE T o TE R UK A R /N1 1)
Wi, BERT I SEREEBIR, AR iR RE B EEI [ 2455
37 M, RAZF/ N i A AT OB
JI5E B B THT A PR 285 2544 , S TR ) 2] 43 HICH R, £
SR RS R 7 AR 1 — A ARk, T2 I ST B LI, it
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# 4 PAW XL AR IR
Table 4 Effect of PAW on bread texture

Fedh T (gf) et (mm) PSR IR MELIRE-PE: (gf) 8152 ¥ (mm)
A 451.93+42.58" 0.98+0.01" 0.81+0.01° 360.73+37.54* 352.83+£30.91° 0.47+0.01°
B 243.02+8.61° 0.95+0.01° 0.77+0.01° 169.36£12.19° 176.56+5.35° 0.33+0.01°
C 235.97+£22.37° 0.94+0.01° 0.79+0.01° 153.31+8.42° 178.76+16.66" 0.31£0.02"
D 238.54+38.29° 0.93+0.00° 0.76+0.02° 170.16+3.30° 167.86+26.03" 0.32+0.01%
E 193.88+14.90° 0.92+0.01° 0.77+0.02" 156.62+6.30° 141.34+12.34¢ 0.33+0.02"
F 208.35+9.46™ 0.94+0.02" 0.77+0.01% 171.23+6.43° 151.08+6.00% 0.35+0.02°

I i T 757 DX 245 [T AR Rk TR L B S5 ) S 3, T & 2 /N2
A3 T T AR IR, X ASSHRIE B a7 N 2% . &
ZF/INZE GEAY 5 T A A 1 P [ A, [ T A AR AZ A5
FEJIRIRE I UES, L, ARESTHESL A, BEAL B it
Fpp AU /N (32 4) 0 24D PAW AE R FTH FH K,
FHELTFAES B, K2/ AR (243.02 gf) FIH
B (176.56 gf) 7 b FLfll | 3E — A F&AIK, Nieves
SEBS R PAW SIRAY pH AN i it S8 AL I R AV,
AERSAE I GE AU 2 T (1 E AL AN, I HLSE M T iy
YRR G R EE A, DR I T G %) s B8 RO LS 14 T B
ASFRAEE] 2 40 min B9 PAWASE & 25/ N3 T4 A9 0] 52
e —E R, W& PAW 3SR et T
TSR, Tai A Y25 AR AR, SR T AR SZ AN
FEFE R e .
2.8 MEEMEEIERNELE

Tt 20 [0 T o ) A 2 AT AR 2t S5 e T g,
AR, T2 S G A oK S i A A
VEM RS A P 3 s v, R EZE R AL
7 d B ZAL ZRFEALE] 122.02 gf/d, FEAK T 15.9%, 1M
PAW fHIEIUES 7 d BUEALFRAEILILAR L E—2E BRI,
Bt 25 Ak B BSF ] 1 S K, T AL Y B L R IR R =
93.42 gf/d. K ZFFEOHALERAIREIL T RERZ T N
TE R Tl HE AR U T R K A SR 4 J R At RN/ IN Gy R b
B8 el SRS AT T 2 PR SR SL A, BEAS S KIE B
SR, TR B AR AR /K 43P, W] A 4 il e A5 11 2
25 it PAW R E AR E— 25 BRI I R T e L
HEAIR I RE T Heve i EE S, 10, g hn il e
Bk, PR LS 24K

5 PAW X A#HG TR P B AR A 2
Table 5 Effect of PAW on the aging rate of bread
during storage

R 0 d-fifi i (gf) 7 d-fifi i (gf) It (gf/d)
A 451.93+42.58° 1467.71494.01° 145.11
B 243.02+8.61° 1097.16+75.57° 122.02
c 235.97+22.37° 963.05+34.21°¢ 103.87
D 238.54:£38.29" 977.84+85.43¢ 105.61
E 193.88+14.90° 934.41+32.48% 105.79
F 208.35+9.46™ 861.29+45.37" 93.42

3 &g
JNAZ S 2 24 h, FLHDBY RSB AS AR . Y
Yo A L B T AT AR S 1y 7 A T AR TRV R B T

2575, B T S A T R . ARIFIR LIASE] A
HEEFRIY PAW FE AN K, 2035 T & 28/ N2 1 A
M) R BEFaEPE, AFE 40 min 1Y PAW T ] ] <,
IR RPEE R 71.5%, SR K 2/ N2 mAAE|[RE—
IRV T AT 1) PR ASE B FTURG P A B K O 8 T R KO-
BT, AH LT 20 /KORTTaL, LA PAW B S Al 7K 9
tand A JT [, BE— 2 B BE L RRAK T A1 261, Hoep,
REPHEFAE] A 40 min 19 PAW X T8 R e 3544 5
T g DT P OA JEOBE Y 3G A ITREAIR, R PAW X
TERY B —EMHEIVEA . LIALFR 30 min /Y PAW il
SR TS L2 (4.14 mL/g) 5K, BT 1755 (66.71) i
53 PAW il T (i 28 O EL R BAAE, (8142 P T, R
KT LA, SR PAW (UL S
TH AR SRR, b & 25/ N2 IR s e A ) a2k
PE, BT, ARSCIEARR PAW ZETE H /e FIA LI 3
ATHRIT, PAW X 17 A (14 22 RO 5 it A8 A5 3F— 2

© The Author(s) 2026. This is an Open Access article dis-
tributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

S 3Lk
(1] Kb, R5A, W& F LF ABSEHhERkEk
A0 # e B A AT Rt ], R sk Tk A3, 2023, 44(7):
411-418. [ WU W C, SANG R J, LIU L, et al. Effect of germina-
tion and fermentation on nutritional and functional active compo-
nents of cereals and its application research progress[J]. Food
Industry Science and Technology, 2023, 44(7): 411-418. ]
(2] RER B4, §FCF LAFDEOBREMNRAET &
R R [T). A 5 & BTk, 2025, 51(17): 395-402. [ ZHANG
Y R, CHEN Y, CAO Y F, et al. Research progress on quality
changes and improvement methods of germinated wheat[J]. Food
and Fermentation Industries, 2025, 51(17): 395-402. ]
(3] FEE 5% BT LF DA RAMBRE]. %L
W, 2022,43(5): 241-245. [ QI X X, GUO J, WEN ] P. Research
and utilization progress of germinated wheat[J]. The Food Indu-
stry, 2022, 43(5): 241-245. ]
(4] kom, BaF, 2EL, F.F MR KRFRL A%
A4 WA R R (T F B AR W 3R, 2025,40(7):30-38.
[ ZHANG C Y, WEN J P, LIU F F, et al. Research progress on
quality and edible safety characteristics of germinated wheat[J].
Journal of the Chinese Cereals and Oils Association, 2025, 40(7):
30-38. ]


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.13386/j.issn1002-0306.2022030307
https://doi.org/10.13386/j.issn1002-0306.2022030307
https://doi.org/10.13386/j.issn1002-0306.2022030307
https://doi.org/10.13995/j.cnki.11-1802/ts.040914
https://doi.org/10.13995/j.cnki.11-1802/ts.040914
https://doi.org/10.13995/j.cnki.11-1802/ts.040914
https://doi.org/10.20048/j.cnki.issn.1003-0174.001112
https://doi.org/10.20048/j.cnki.issn.1003-0174.001112

- 182 - £ Tl B4

2026 4F 9 A

[5] RIW, BIA, X F DELFHERRES ML
& 56 6 %o (). B R kA 2024, 57(7): 1267-1280.
[ LIANG W Z, TANG Y N, LIU J H, et al. Effects of wheat germi-
nation on flour quality and processed product quality[J]. Scientia
Agricultura Sinica, 2024, 57(7): 1267—1280. ]
[6] ZHL, HEE, HFD, F AT Lo AHREE LA
o e R e ] & A8 Tk, 2025, 51(15): 293-302.
[ WANG Y H, XUAN H H, ZHENG X L, et al. Effects of germina-
tion on wheat quality characteristics, steamed bread and bread quality
[J]. Food and Fermentation Industries, 2025, 51(15): 293-302. |
(7] Z¥ 7, 0dn, 245, 5 LRAESLF M ENARE
su A om [J]. RS, 2025, 50(4): 208—-215. [ WANG X N,
LIU Y X, WANG J L, et al. Effects of ozone treatment on the
quality of germinated wheat flour and noodles[J]. Food Science and
Technology, 2025, 50(4): 208-215. ]
(8] FEE 5 BEF, F UAPBFLE M EHFROY
vi [J]. B AR, 2022, 47(3): 162-167. [ QI X X, GUO J, WEN J
P, et al. Effect of airflow classification on the quality of germinated
wheat flour[J]. Food Science and Technology, 2022,47(3): 162—
167. ]
[9] OLAERTS H, BONDT D Y, COURTIN M C. Density separa-
tion as a strategy to reduce the enzyme load of preharvest sprouted
wheat and enhance its bread making quality[J]. Food Chemistry,
2018, 241: 434—442.
[ 10 ] MARES D, MRVA K. Late-maturity a-amylase: Low falling
number in wheat in the absence of preharvest sprouting[J]. Journal
of Cereal Science, 2007, 47(1): 6-17.
[11] AR5, &5 b o 5Pk & R g % [D]. K. iz L
X %, 2019. [XU Y. Effect of germinated wheat flour on the
quality of steamed bread[D]. Wuhan: Wuhan Polytechnic Univer-
sity, 2019. ]
[12] MR, BT, B, F AFBThLEELR PO
AR #ED]. R RS A, 2024,45(12): 181-188. [LIU
F F, WEN J P, ZHAN X B, et al. Research progress on the applica-
tion of cold plasma treatment in food [J]. Food Research and Develo-
poment, 2024, 45(12): 181-188. |
[ 13 ] BOURKE P, ZIUZINA D, BOEHM D, et al. The potential of
cold plasma for safe and sustainable food production[J]. Trends in
Biotechnology, 2018, 36(6): 615-626.
[14] Zkie, sl ZOA, F. 5B THRERDFIA PLEA
vk B 8 3 A AR B R SR R e Hoem [T]. S kA3, 2026,
47(12):412-419. [LIXY,JIN S S, WANG M Y, et al. Effects of
plasma activated water combined with organic acids on the antibac-
terial effect and storage quality of chilled chicken[J]. Food Industry
Science and Technology, 2026, 47(12): 412-419. ]
BERISUE OSEE LRSI RIE & i EX K E SIS LR
[D]. #: 90 #Tdg Tk X 57, 2025. [ LIU F F. Effect of water on the
quality of wheat surface microorganisms and their products[D].
Zhengzhou: Henan University of Technology, 2025. ]
[16] MYKOLENKO S, PIVOVAROV O, YEFIMOV V, et al.
Food safety of plasma-chemically activated water and bread made
with its use[J]. Eastern-European Journal of Enterprise Technolo-
gies, 2021, 6(11): 74-83.
(17 ] Mg, i dh 7R IA AL 32 2 R & Ji 09 3 vl 2 A PR A 0 60,
B ATR [D]. #om T d T K5, 2024. [ ZHAN X B. The

effect of superheated steam treatment on the quality of wheat germ
and the application of wheat germ in bread[D]. Zhengzhou: Henan
University of Technology, 2024 |

(18] 2R Heh. A2 /5 0k 4 B = BAL R ZF N A D B S A
W AT 7 [D]. #M: 7T Tk X %, 2023. [ NIU K K. Effect of
ultrasound-assisted chlorine dioxide on microorganisms and quality
characteristics of germinated wheat[D]. Zhengzhou: Henan Univer-
sity of Technology, 2023. ]

[19] AR FHFD AN RRAH AaFFE[D]. i KX
# T K 3,2015. [ ZHANG J L. Study on the effect of germination
on the quality of wheat flour[D]. Wuhan: Wuhan University of
Light Industry, 2015. ]

[20] KAUE H, GILL S B. Changes in physicochemical, nutri-
tional characteristics and ATR-FTIR molecular interactions of cereal
grains during germination[J]. Journal of Food Science and Tech-
nology, 2020, 58(6): 1-12.

[21] Z9mm, S®, 88, F D EAAFRES LS EEGRARR
w3 m (1], oA, 2024,45(14): 172-178. [LIM P, GAO K,
WEI M, et al. Effect of wheat germination on the edible quality of
whole wheat noodles[J]. Food Science, 2024, 45(14): 172—178. ]
[22] Myem. L F » LA AH R [D]. #0017y Tk X %,
2013. [ ZHAO Y L. Study on the utilization of germinated wheat
flour[D]. Zhengzhou: Henan University of Technology, 2013. ]
(23] B##, IKiEMS, D&, 5. FIRBES GAN D En LA
B S R Hea (1], F B IR, 2024, 39(7): 52-61. [ ZHAI
JJ, ZHANG D P, MA Q X, et al. Effect of drying temperature on
processing and application quality of high moisture wheat[J].
Journal of the Chinese Cereals and Oils Association, 2024, 39(7):
52-61. ]

[24] MARTI A, CARDONE G, NICOLODI A, et al. Sprouted
wheat as an alternative to conventional flour improvers in bread-
making [J]. LWT-Food Science and Technology, 2017, 80: 230-236.
[25] VERHEYEN C, ALBRECHT A, ELGETI D, et al. Impact of
gas formation kinetics on dough development and bread quality [J].
Food Research International, 2015, 76(3): 860—866.

[26 ] CHOIJE, PARK W H, KIM B S, et al. Sequential applica-
tion of plasma-activated water and mild heating improves microbio-
logical quality of ready-to-use shredded salted Chinese cabbage
(Brassica pekinensis L) [J]. Food Control, 2018, 98: 501-509.

[27] A2 BORIBE R A0 AL F Ao = F S R0 H 0
[D]. X Jk: BRIN—REKXF,2021. [DUS C. Effects of rain-
fall during harvest on pre-harvest sprouting, yield and quality of
spring wheat[D]. Daging: Heilongjiang Bayi Agricultural Univer-
sity, 2021. ]

(28] BB 58 FTHREMAMCKIL R § RIL LM FolE
A8 o A 70 (D). #6 #6800 42 Tk X 3, 2022. [ PENG B X.
Study on the effect of plasma activated water toughening treatment
on the multi-scale structure and properties of starch[D].
Zhengzhou: Zhengzhou University of Light Industry, 2022. ]

[29] LIANGY, CAO Z, JIEY, et al. Effect of NaCl on heat-dena-
tured wheat gluten in freeze-thaw cycles: Physicochemical proper-
ties and molecular structure [J]. LWT, 2024, 207: 116669.

[30] MARTI A, CARDONE G, PAGANI A M, et al. Flour from
sprouted wheat as a new ingredient in bread-making [J]. LWT-Food
Science and Technology, 2018, 89: 237-243.


https://doi.org/10.13995/j.cnki.11-1802/ts.041102
https://doi.org/10.13995/j.cnki.11-1802/ts.041102
https://doi.org/10.13684/j.cnki.spkj.2025.04.023
https://doi.org/10.13684/j.cnki.spkj.2025.04.023
https://doi.org/10.13684/j.cnki.spkj.2025.04.023
https://doi.org/10.13684/j.cnki.spkj.2022.03.042
https://doi.org/10.13684/j.cnki.spkj.2022.03.042
https://doi.org/10.1016/j.foodchem.2017.09.027
https://doi.org/10.1016/j.tibtech.2017.11.001
https://doi.org/10.1016/j.tibtech.2017.11.001
https://doi.org/10.13386/j.issn1002-0306.2025060087
https://doi.org/10.13386/j.issn1002-0306.2025060087
https://doi.org/10.13386/j.issn1002-0306.2025060087
https://doi.org/10.15587/1729-4061.2021.246546
https://doi.org/10.15587/1729-4061.2021.246546
https://doi.org/10.15587/1729-4061.2021.246546
https://doi.org/10.15587/1729-4061.2021.246546
https://doi.org/10.15587/1729-4061.2021.246546
https://doi.org/10.1007/s13197-020-04742-6
https://doi.org/10.1007/s13197-020-04742-6
https://doi.org/10.1007/s13197-020-04742-6
https://doi.org/10.7506/spkx1002-6630-20231127-213
https://doi.org/10.7506/spkx1002-6630-20231127-213
https://doi.org/10.20048/j.cnki.issn.1003-0174.000816
https://doi.org/10.20048/j.cnki.issn.1003-0174.000816
https://doi.org/10.1016/j.lwt.2017.02.028
https://doi.org/10.1016/j.lwt.2017.02.028
https://doi.org/10.1016/j.lwt.2017.02.028
https://doi.org/10.1016/j.foodres.2015.08.013
https://doi.org/10.1016/j.foodcont.2018.12.007
https://doi.org/10.1016/j.lwt.2024.116669
https://doi.org/10.1016/j.lwt.2017.10.052
https://doi.org/10.1016/j.lwt.2017.10.052
https://doi.org/10.1016/j.lwt.2017.10.052
https://doi.org/10.1016/j.lwt.2017.10.052

478 17

FRAIFH | 4 TR AN 2 N T S 5 - 183 -

[31] RMEAK. % BT HRENABME R RT3 6 & 4 4k
a9 % (7). A & A3, 2024, 49(6): 180-186. [ MIN Z Y. Effect
of plasma activated water and microwave synergistic treatment on
the characteristics of fresh wet noodles[J]. Food Science and Tech-
nology, 2024, 49(6): 180—186.

[32] SEGAT A, MISRA N, CULLEN P, et al. Atmospheric pres-
sure cold plasma (ACP) treatment of whey protein isolate model
solution[J]. Innovative Food Science and Emerging Technologies,
2015, 29: 247-254.

[33] CHENG J, ZHENG L, ZHAO J, et al. Study on the effect of
microwaved brewer's spent grains on the quality and flavor charac-
teristics of bread[J]. Foods (Basel, Switzerland), 2024, 13(3): 461.
[34] HU X H, LI C, YAN H, et al. An extensive review: How
starch and gluten impact dough machinability and resultant bread
qualities[J]. Critical Reviews in Food Science and Nutrition, 2021,
63(13): 11-12.

[ 35] NIEVES ST, SOLER A, SILVA F C P. Effect of plasma-acti-
vated water on the supramolecular structure and techno-functional
properties of starch: A review[J]. Food Chemistry, 2024, 456:
139997.

[36] MR, AR @ &ML D]. L4 i d X F, 2023,
[ CHEN H. Study on preservation of raw wet noodles[D]. Wuxi:

Jiangnan University, 2023. ]

[ 37 ] BIANCHI A, VENTURI F, PALERMO C, et al. Primary and

secondary shelf-life of bread as a function of formulation and MAP

conditions: Focus on physical-chemical and sensory markers[J].

Food Packaging and Shelf Life, 2024, 41: 101241.

[38] CHANG Y, CHEN H, JIAO Y. Improvement in textural,

structural and digestive characteristics of maize gruel using malt

amylase obtained by germination and ultrasonic extraction[J].

LWT, 2025, 220(15): 117576.

[39] ARTIL, kE, 74, . % A AR Y R bk r =Pk

&4 ey BEAE R ], ILARR AR, 2020, 36(1): 91-97,135.
[ QI X E, YAO H, QI H, et al. Improvement of recrystallization of

water in frozen shrimp by polyhydroxy sugars[J]. Modern Food

Science and Technology, 2020, 36(1): 91-97,135. ]

[40] wiat. smre AR L3581 (D). B4 it X 4, 2011,
[ TIAN Y Q. Study on starch retrogradation and its control[D].

Wauxi: Jiangnan University, 2011. ]


https://doi.org/10.13684/j.cnki.spkj.2024.06.023
https://doi.org/10.13684/j.cnki.spkj.2024.06.023
https://doi.org/10.13684/j.cnki.spkj.2024.06.023
https://doi.org/10.13684/j.cnki.spkj.2024.06.023
https://doi.org/10.1016/j.ifset.2015.03.014
https://doi.org/10.3390/foods13030461
https://doi.org/10.3390/foods13030461
https://doi.org/10.3390/foods13030461
https://doi.org/10.3390/foods13030461
https://doi.org/10.3390/foods13030461
https://doi.org/10.1080/10408398.2021.1969535
https://doi.org/10.1016/j.foodchem.2024.139997
https://doi.org/10.1016/j.fpsl.2024.101241
https://doi.org/10.1016/j.lwt.2025.117576
https://doi.org/10.13982/j.mfst.1673-9078.2020.1.013
https://doi.org/10.13982/j.mfst.1673-9078.2020.1.013
https://doi.org/10.13982/j.mfst.1673-9078.2020.1.013

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 发芽小麦粉制备
	1.2.2 PAW及面团的制备
	1.2.3 小麦粉理化特性的测定
	1.2.4 小麦粉发酵流变特性的测定
	1.2.5 小麦粉流变学特性的测定
	1.2.6 小麦粉酶活性的检验
	1.2.7 面包的制作、比容和烘焙损失率的测定
	1.2.8 面包的外观、面包芯纹理及感官评分
	1.2.9 面包质构的测定
	1.2.10 面包储藏过程中老化率的测定

	1.3 数据处理

	2 结果与分析
	2.1 小麦粉及发芽小麦粉的基本理化指标
	2.2 发酵流变
	2.3 动态流变
	2.4 淀粉酶活性的检验
	2.5 面包的外观及内部纹理
	2.6 面包的比容、烘焙损失率和感官评分
	2.7 面包的质构
	2.8 面包储藏过程中的老化率

	3 结论
	参考文献

