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Effect of Atmospheric Pressure Cold Plasma on the Physiological
Biochemistry of Stale Wheat and Its Dough Pasting Properties
XU Yong-ning'? , WANG Ruo-lan' LI Xing—jun”* ,LIU Jun-ming’ , YAN En-feng’

(1.College of Grain,Oil and Food , Henan University of Technology,Zhengzhou 450001 , China;
2.Changping Pilot, Academy of the National Food and Strategic Reserves Administration, Beijing 102209, China;
3.Shandong Luliang Group, Jinan 250012, China)

Abstract ; The stale wheat was treated 0, 14,18,22, and 26 min with 30 W atmospheric pressure cold plasma ( APCP) ,
respectively. After 14~26 min APCP treatment,the water drop contact angle of a wheat kernel significantly ( P <0.05) reduced,
and its germination rate and stale index significantly ( P <0.05 ) decreased while its kernel broken percent and water— absorption
rate were significantly increased. The contents of soluble protein and sulfuryl group increased with treatment time. Further
analyzed the pasting properties of whole wheat flour showed , compared with the sample treated with O min,with the increasing
in APCP treatment time, dough development time tended to increase while the dough stability time tended to decrease. The
maximum consistency torque(C1) ,a torque at end of mixing( Cs) ,the minimum torque( C2) ,and final torque( C5) all tended
to decrease ,but the pasting peak torque( C3)and the torque ( C4) at end of heating tended to unchanged.The amplitude of C1
torque peak significantly reduced.The weakness of protein network ( C1-Cs) tended to decrease, the amylase activity (C3/C4)
and the extent of starch retrogradation tended to decrease.These changes were related to a slight increase in heating rate (o) and
pasting rate(8) , with a decreasing tendency in enzymatic rate () .Cold plasma treatment significantly decreased damaged
starch in the whole wheat flour.The study suggested that the atmospheric pressure cold plasma could modify the strength of
protein network and the pasting properties of whole flour in stale wheat possibly by increasing peroxidase and amylase activities
in a wheat kernel.
Key words : atmospheric pressure cold plasma( APCP) ;water drop contact angle ;stale wheat ; pasting property
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SEES T J& TonksLewi 1 Langmuir Irving 1 YK AE
1928 4 T 5E XY B 45 TR ZS, G i 7 V88 1
(SRS B o N ) R R A e el e = | = S e A SRS RE
Sy RR T L R B AR R T IR E N T
50 C, Frdu & 1955 B TR IR EEAR —4F, R U2
AP o Vo 55 B T AN 52 i 5 22 42 i 1 B FB0R B
Rh RSB T B SE YR R B, A SRR, T
XEERF SIS AE R T (CP) BORME B S ATk i JE A
TN HA, FE e T+ 47, X = HAF 58 A R A HE .
AR BFRETE T8 i AR RAE AR BTt
R IR A CP BOR AT TR B 2 B2
KAy b2 th w A A Y s R R T &
R B ) RN BT, O S4B A8 A

KT )RR B A B A A B UE R Ak R M S R GE
o 35t T AR B S i 7K 43 BEIE IR ( <23 °C) fIRi
(RH <70% ) W) BRABM B AR, B b 2P0 i) fig R B
FNER T A, (R RERPRL TG PR, 2E 287 5 5 45 A, BEE N
THERE" . MR EUN B AR AR LE R ( > 30 °C) F3K
TR [ B Ty DX R i A 1140 B A i R B L B S
ARSI, AR SCAHT T 8 R A SR SR B T (APCP) X [
/INZE B4 A B AR AR AR B R B S R, DA SR s B
ARTEA B A7k N 0 AT 47 M R 22 4 P g 1L 3L
B -
1 MRS
1.1 Rl 5 UEE

/NZERER FRE R R UL X — R EAEAT 3 AT
FHAFABET /NG (2015 429 7 A6,2019 42 J#]
HA) s PG FCF Gy i3] Sigma 2N F); HBE R
SeEAFANAL TWF9T T 5 S 5% 2% G-250  Scientific
Research Special 2\ &) ; — 3k PR 48 B w5 i . @ 61 K
¥y MacklinZ A ®; H,O, (PEgsl) A 1imiE&EE H
iR A R A R F] 5 Tris ERER (BEFR B2 | B
iR L— S 2R LSRR K 5B = A S A
FALEN . L REN B AR ERER AN L IF O %6 \95% R FITG
IKOBE . FPEE ESIRET bRt A 7 5 At
L8R PHBEAL T REOY A BRA ] o

PZ2-1 FHpE BB EE T K44 FEE Piezo
brush 22 &) ; DHGOO70A HEFE  HuHiE RALIGALES ) 5
3-30K BB IHE.LHL Sigma Al AN AT ULAG
SRRV RIRMTRIE R A R A E s B R (O
43 2Z—) Metter Toledo 326 H, ML HMgdei)
Z M2 IMWTL2 KK AMLEL ARG I Jb sl 4R %
il A 4 J ARy s HD— U805 — 1 7K 3 £ B I 52 %
ik R A 28 45 BR 4\ &) ; Mixolab VR 4 328 46 I 72 1 .
SDmatic #5EM M EIL  FFEEP (AL RE5H
PR F] s FW 135 BRUrh B2 e Al R e A A%
AR
1.2 XLWH*E
12,1 FESAEER NZERESL 1400 g FH T TRES S5
BIFAEE, 538 5 A0 ARFREHTR S-SR O (XFHR) (14
18 22 F¢ 26 min, B4 5 280 g /N, BR/INEFFRL
280 g SrPUR LA AE K T8 21.5 em x 14 em 2K [ €7
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&t LA JE ( Melami — neware ) #77, 45 T H R &
PZ2-1 [R5 B T R AEAF ( TAEHR R 220 V, T3
30 W) ,7EFE B 220024 5 mm (1735 B AL U AL & B
BEJT ) N A2 S8 JT A6 10 A5 R B, AR L AL B BE BE 2
10 mm, HEIFE S T M. BRSO —m 5,
FERE a5 3h 180 K, AR AL B —i . A #RE 5 Ak Bl
[ A TE] 43 3 02 0 .14 18 22 J% 26 min,
1.2.2  WEHk
1221 FrRK)E . wWERKEEMNE RH
IMWT12 R AN BT A . A 8 SCE U/
A IME, AR S A, TR ST L. IR
i /INZE 400 Wi LE A
1.2.2.2  Z2pi/KyE Bl A SR A /K FA S 2
A 2.5 WL F BT KON 2 e FR T, SR FH [ 25
PRI RE o — T 2% B8 oK 7 22 07 3% Tl UURUS 57 BP 45
BT, /NI TR ) h & 28 46 R I CCD BB AHHLA: 10 s
PSR —I
1223 FPRIBERE RN 3% B TR Or ik, K
W5 g /NZHPRL, BF 50 mL ¥RLELLAE, INA 0.1%
FCF ¥ 10 mL, 7E#% R ¥R 20 min, F LB F K
A TCAS , A 10 mmol/L NaOH V& i #k 20 mL
Ve 30 min, X BEBE I E BOGIE Dy o PELESEREKF
ki, FH I R YT , 558 8RR A& 0.10% .20%
40% 60% 80% 1) b A5, FE K7 hor i 5% 28 A 14 il £
SR Deyo (y) SHERFER (x) 2Z (8] i £ 07 BRI TR 22 R0
1.2.24  F/KERME A 105 CHEHE % (GB 5497
—1985) "l
1.2.25 FERIEZEZRME  #M GB/T 5520-20111
Jre FE20 CHMFW K, 3 M5 doailgitk
1.2.2.6 HSFME  Peik 50 ki R/, Toidn .
TR ADFFRE, FREEE A 50 mL B0, INA 25 mL 2%
BF/KIRSIE AR FCE 24 h, AR BLIK,
ME F WS 2R, 43 AT B0 S s
M5 S
1.2.2.7  FFRIEOK M E  FREC 1 g /NEFFRIE T
50 mL BS.0AE, IIA 15 mL 585 F oK, 1291 24 h J5
PEACIN TS AR ER , TR K 3
1.22.8 YA ENE SR =gt
B ORRECL g NERIINA 1S mL IEC 5%, B4R TiE
S5, W FYRG IS 3 hy 7£4 °CF 6000 r/min 55.05
10 min , 38 XUWE il B I HE R IE T bE . SR )5 3] H
SRS BRSNS mL fE W I 4l v oK 58 40 WF 8,
FEHIA 10 mL B4 08 25K PR NS08, 54 C
K 6000 r/min 50> 10 min, L FiER 2, FiE
YR RP SR i S A LR PE B . B 0.5 mL b5 M, MK IR
JIA 0.5 mL ZErE I 44K (1.17 mol/L pH5.4 F5HR %
I 0.5 mL 3% Bfi =M 0.5 mL % 0.1% HLIK ML
W& 7% # 0.05 mL, ¥E 85 C/KIE R 12 min, & HIF N
A 95% 2T 5 mL, JRIZLR e S 5 g4 2 10 mL,
E Do DA 35 & MR AE #5 UE Bl 28 ( Dy, = 0.9939C +
0.0037 ,R> =0.9998) .,
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1229 wEHEHSENE RAH%Z S G-250
gega gk BREL 1 g /NS BIAEER , A SO mmol/L
pH7.2 Tris—HCI £% th#k 5 mL JEATHF)E , 5% #4350 mL
B0, I 10 mL S i PRI ER . 4 CTF
4000 r/min 5.0 10 min, BB L& W SR, 15 W
B al MR R B . B 0.1 mL Il A 4 mL % 5
/ﬂ;[:f’i:{’ﬁ G-250 &Jf‘[z@i,‘{ﬁlséj,jﬁg%ﬁ 2 min,?ﬂlﬂﬁ D5950
LAA= I 25 1 A0bs i it 2k (Dsys = 0.8169C + 0.078,
R’ =0.999) .

1.2.2.10  #HiFLH G RAMHZER S Irk. &
W2 g k#y, A 50% 2.8 15 mL J5 855 IR
10 minJfVR 27, 4 3000 r/min | 2.0 20 min, B 4 mL
W T REZERE I 2 mL AR TR - B IR VAW ,
FHEE FARERZE 10 mL,90 °C /K 10 min, 7F
571 nm A S

12211 B ASHiBRE M 2 # M8 GB/T 5510—
2011 73!,

1.2.2.12  RfbEFEEONE  F BSCHk[18 ] 1 7.
FREL 2 g /NZZRFHE, IDA 1% @A AKE; 4.6 mL,1% 45
IETET A 3.4 mL, 1% i 446 A 100 pL, 7 26 C /K
T LRFE 12 min, FHRS AR TR BB FE 385 nm Ab i1
FERE WS Dy S T ki S AL P Bl ( POD) 3 4=
TN INEHRFRLBRACEEFE B 1/ Dy R o

1.2.2.13 [ Al Mixolab #ifL 45PN =% GB/T
37511-2019" 953 /NERE S B %% ] FW 135 7
Hh 2 AL, 058 223 £E Choppinwheat ™, >R F{E
Nk e, KA FEE 14% WL, B AR A R 2 R
(1.1 £0.05) Nm,#%3# 80 v/min, [H ¥ Hl E 5 75 ¢, M
MR IR 30 °C, KFRIEE 30 °C, /K& 1EH 60%
H—BrBt 30 C B 8 min; 55 B 30 °C FHig 5
90 °C 3t 15 min,90 °C {45 7 min; 25 =¥ B 90 °C [%
B % 50 °C 3 10 min, {44F 50 °C ,5 min,

1.2.2.14  @EH3ER &= SR SDmatic #5151 3E
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B AL . SEFRE 3.0 g BIIFR AN 3.0 g MLALEF A
MAH AT 120 mL ZEM 7K, &0 1 3% 0.1 mol/L 4%
RBRIR 4. P METRBR 5k 4 22 By R 5 1.000 = 0.005 ¢
Tr/INRE W 22 B2 £ v R, o o W03 4 £, S AR 5T
&, $E T
1.3 AR

SR FH BB X 20 356 12 11, B0 LA BME = pR v
22F IR LSD K56 vh [B]— 2 A A [R] /NG SR R m R
iz 225 B (P <0.05),

2 H#HRE5EHW
2.1 EEZFSAEEFNNEZIFRYIEIEFREIZZ

T FHH, FEE & RS S 55 T 4 # AT a]
T, ZINZZ R 1 BE 0 9 B YA ARk (R B b &R
JUPARFEARAR . 55 %0 IR e, 1 45 B AL B
IINZERFRLIK I FE Ak A ik 2 (P < 0.05) Yali 2>, i FRL e
A0 i 2 (P < 0.05) 541 6
22 EEZFSRAEEFINNEIFREEENIBRN
A1)

M2 FH i, B G B R A S 58 AL R AT A
YIRS S STA A =R b A B S S & AT = e
BE) Fnghm (K ) 2 Bk D AR T N . 5 XT i E
5,22 1126 min ¥ 558 F AL HE R 2F (P <0.05) k2>
INZERTRL A 2R, 14 (18 (22 26 WA R T AR R 3E
(P <0.05) /b /INZZ R A 25 38 T ANFR S IRAS T F7
SPIRAS A FE SR H B B AR Ak

ME3 HH, 5XEEKR, HEESRBEE T
T [A)HE 14 ~22 min [ /NZE KPR K R 2 (P <
0.05) g, H AT 75 4 B 1 Fn & 2k & S 1 2 I B n
£ NI o Sl S B T Sl i o = N I D B o | B
24.8% 1 5.7% , Uif 25 BB Bt AR KA AS
23 EEZFS|AEEF/NEREEIEIRFZN

M4 FHH, 53 E, ¥R R H s T4

R WA RSB TN RPRLR 8 L BRI fl £ (452 0

Table 1  Effect of APCP on the length/width ratio and water drop contact angle of the wheat kernels
AR E] K AES Kt KAk A Tl g
(min) (mm) (mm) (8°) (%)
0(CK) 6.19 £0.02" 2.84 £0.01° 2.18 £0.01° 123.99 +4.48° 0.48 +0.18°
14 6.62 +0.08" 2.73 £0.02" 2.43 +0.02° 78.40 £7.07° 441 +0.55"
18 5.99 +0.17° 2.68 +0.03" 2.24 +0.05" 81.33 £7.37"™ 2.86 +1.19"
22 6.01 £0.09° 2.88 +0.18" 2.09 £0.10" 86.47 +18.56™ 8.82 £5.37"
26 6.27 £0.06" 273 0.17" 230 +0.11" 87.81 +1.98" 6.11 £0.99°
& Al —FIRRVNG PR R 22 R 8 B K (P <0.05) ;38 2~3R 7 A,
2 WESRBHFBE TN FRLR 3R T30 50
Table 2 Effect of APCP on the germination rate and conductivity of wheat kernels
b B A FKR R R HLR(AEES) B3R (FR5)
(min) (%) (%) (%) (usrem™ g7") (usrem™ g7")
0(CK) 11.31 £0.12° 18.67 £5.03" 20.00 +4.00° 68.2 +11.5* 220.5 +14.8"
14 11.15 +0.00" 10.67 +4.16™ 13.33 +2.31" 50.0 +3.1" 2119 £13.0"
18 11.15 +0.11" 11.33 +3.06™ 12.67 +3.06" 51.6 +5.6" 20221 167"
22 11.05 £0.07° 8.00 +2.00" 9.33 £3.06" 512 +2.8" 243.0 £19.9°
26 10.99 +0.01° 10.00 +3.46" 13.33 +2.31" 61.9 £7.6° 201.9 +14.0"
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Table 3  Effect of APCP on the water absorption rate and soluble protein content of wheat kernels
Ab 3R [E] L &S e B A AR ARER AR ik
(min) (%) (mg GIEH/DW) (mg/g) (mg/g)
0 64.94 +£1.21° 53.95 +2.68" 12.86 +1.80" 9.35 £0.64*
14 71.74 +1.66* 53.79 +2.68* 14.95 £1.73* 9.48 +0.48*
18 69.31 = 1.17* 52.99 =0.98" 14.84 +1.66" 9.63 £0.57"
22 68.08 +1.30" 53.02 +2.36" 1544 £1.76* 9.88 +£0.24°
26 67.90 +0.77" 52.03 £2.22° 16.05 £0.58* 9.87 £0.56*

BN AFRL 18 22 K 26 min, 5 U5 FR{E AN B H5 %01

W2 (P <0.05) Bk, PAUFFRL POD Jifg 3% 4 1 {581 5 5=

TN B RAC R BER /)N | 7INF2 PR AR 15 08T 65F | 18 I 8 45

BTG N R AR

RKa W REE TN DR TR (H S MR AL T B 52 )
Table 4 Effect of APCP on the FFA contents

and staling index of wheat kernels

oBEingE| ISl AIED R
('min) (mg/100 g KOH) (1/Dsgs)

0 26.14 +2.64" 6.07 +1.13"

14 30.30 +1.26" 291 +0.89"

18 15.57 +0.73" 3.82£0.77"

22 13.86 +1.25" 337 +0.66"

26 18.07 £0.73° 4.09 +0.45"

24 BEEZSXREETFNERRAMLHENRIE

B LA 5S~3R 7 45 H T A2 by iar A1 2 PR
B GRS S T R AR OB N R S )
R, B 1T A2 3 (PERY VER I MOK) B9AT o T A
P Az if ] DDT J&AE 30 “CikF i KHHAE C1 75 2RI
&, TAT ATAS RE Bf 8] DST -y 421 358 B 8], 10 P PR A 41
F 1.1 Nm( +=11% ) BOIfTa]; C1 IR R 2 (C1 ZbHh 2k

0500 1000 1500 2000 2500 3000
IR (s)
BT s SR A B 1AL BN A RPRL
26 min 42 H Mixolab 2k

Fig.1

wheat kernels treated 26 min by APCP
PS8 ) , F o T B Y 345 Cs (Nm) 2R & 45 R
(8 min) B AYFHRE ; C2 (Nm ) 55 oy T AL BT D1 Ty
FN B A (30~60 °C) 5| 2 A THT A1 A 3 9 20 s 19 2R
FIBTHR AL, 3R T A BT A B i . C3 (Nm) P 3E
BIRIAL , GER ORI K, 25 iR DN 60 °C 455 21 18 i )
90 °C , JE by WKl &2 19 15 C4 ((Nmo) I 5 7 185 5 i B2
90 C 5 3 M5 Mg AH 5 19 FABE i A9 A5 7€ P 5 €5 (Nm)
WE VS HIT B (90~50 C) vERI AT A4 . a( —=Nm/min)

Mixolab curves in whole flour of

RS AS AR BTN THT DA A I 17 B R A e (L B4 5201
Table 5 Effect of APCP on the dough development time and pasting peak in whole wheat flour

ﬁiﬁ.ﬁ TH R EﬂEﬂ bpT %‘%Ed’@ DSt C1(Nm) Cs(Nm) C2(Nm) C3(Nm)
(min) (min) (min)
0 4.477 +0.846° 6.430 £0.415° 1.830 +0.105° 1.594 £0.183" 0.747 £0.117° 2.107 +0.065"
14 5.707 +0.150° 5.643 +£0.145" 1.550 +0.060" 1.344 £0.045" 0.620 +0.030" 2.130 £0.010*
18 5.830 +0.087" 6.450 +0.434" 1.667 +0.064" 1.471 £0.055° 0.703 £0.035* 2.127 £0.012*
22 6.023 £0.136" 5.907 £0.127" 1.473 +0.055" 1.321 +0.038" 0.607 +0.025" 2.143 +0.031°
26 6.537 +0.738" 5.267 +0.165° 1.243 +0.281" 1.134 £0.206" 0.510 +0.132" 1.993 +0.246"

E: CL e KA BE ; Cs R A S5 AR 5 C2 : Fie/ ML 5 C3 W {H A

FO WS A B O THT P A P 8 PR [ A R T ) R

Table 6 Effect of APCP on the weakness of dough protein network and starch retrogradation in whole wheat flour

SEL C1 (i g Cl1-Cs C5-C4
L(Ii:)' il C4(Nm) C5(Nm) (*N%TE‘E (Neoy C3/C4 (New)
0 1740 £0.066°  3.137 +0.179°  0.140 £0.070* 0236 +0.077° 12110011  1.397 £0.119°
14 1743 £+0.031°  3.057 £0.040°  0.063 £0.006" 0206 £0.017° 12220016 1313 £0.015"
18 1763 +0.038"  3.143£0.042°  0.053 £0.006"  0.195£0.021" 1206 £0.024"  1.380 £0.026"
2 1707 £+0.047°  3.100 £0.079°  0.053 £0.006"  0.152£0.018° 1256 +0.021°  1.393 +0.032"
26 1.590 £+0.280°  2.840 £0.509°  0.047 £0.006°  0.109 +0.078" 1262 £0.075"  1.250 £0.229°

T - G4, IFASE LA 5 CS |, R ZHIA ; C1-Cs , 35 1 R 25 55 (AR BE 5 C3/C4 , T MG 1 5 G5 - G4, JEBs [ AR R
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Table 7 Effect of APCP on the dough pasting rate and damaged starch content in whole wheat flour

AbFRE[E] ( min) a(=Nm/min) B(Nm/min) v(=Nm/min) WERTER (Al% )
0 0.099 +0.017° 0.512 +0.025" 0.058 +0.012" 91.34 +0.33"
14 0.075 £0.012° 0.622 +0.035° 0.093 +0.008" 87.78 +1.07°
18 0.098 +0.033° 0.556 +0.029" 0.067 =0.015" 89.56 +0.10"
22 0.094 +0.009* 0.643 £0.074" 0.093 +0.037* 85.05 +0.66"
26 0.077 +0.017° 0.647 +0.038" 0.069 +0.017* 83.58 +0.56°

TE o, IG5 B, WAL IELR 5y, B

J£30 CARWYS C2 Z W pih ka8 R, 5 R E A ML
54k i 3R BRI #GH 3R B(Nm/min) J& C2 5
C3 Za il &b, 78 R AL % sy (- Nm/min) J&
C3 5 C4 Z [l LR ALK, FE R 28 B R R, R
hy TS S R

MK S5~FT FHH, SXTB LS, BEHE B T A0 H
Ak RN, T A R S st ) s 1 B, i RS s fal ks
YD B R AR (C1) IRASSHRBHIME (Cs) B/
HE(C2) A AE (C5) Hyia F o /b, wil Ak g (5 F1
HE(C3) A REETRAT HLME (C4) A TR FEARZE, 5
ot HBZHAH HE , C1 DG {EL iR I3 b =5 A AR 22 IR 325 vl iy o ke
FEAR s ¥ 255 85 AL FH 26 min fL3E (P <0.05) (k442
BrEg C1 F1 Cs {8,

S5t R AR, B 4 S AN FRET RN, R E R
P45 5540 BE (C1-Cs) BT BEAIK, TEM B 1 (C3/C4)
BT, JE M AL FR B (C5-C4) 8 T REAfIK, X se
A 5 P N 2% 5940 A9 B SR (o) DRI fL 3R 2R (B) #4
TR FEEFE R () TG, 55X BERE
oh RS WE S R S TAN B R S N R R
B E A WAL ST R AR E B I AR B Ak, i3E—25 43
PR GERy &, ME 3 F R 2 R S8 Tt ik,
TERITER & | 3 (P <0.05) /b, FREAV 258 T4k
BRAE T T E R ORI S AR
3 itig

RERR K 2R VR R I A R B[R] 2 582 o) JHC I )5 45
AR R DY 7E E A 80 AR AR I Y TR [ vy
A IR B i N SR 4 AR R SRR R
60% ', ARWEFE R, L1 /N A SR YR T AR T U I L IX —
B IO 56, BT A2 H 2R v iR AU 19 5 ) R ZE SR AE
34 AT H RN S5 A A TR 5 TR B R AR B 20% o SR T 4
A i S 45 A8 B R, i B LA S R T HET R R
fit e 25, RIS 2 i MR il SO A0 I et i PR R
AWFFE T, R 25 9 45 B T Ab B /N 22 R e R
FI1 POD EETS P ( Digs ) , LA A 4 T 42 w8 R AL o fi
HH A TE R T I PR (C3/C4 ), U BH V8 45 25 7 Ab B ok 35
T W RSB R 3.4 A B /N 22Kl B 1

VEZ 9P 07 32 AN A i K B 28 7R MU RS L4 Ak
P e BL AR B TR B0 v B A RR e /N 22 1R 0 T e
e R |/~ K= s Sl WG BB U = o d =
PR R E SR . A H BH P S e A R R
BRIz —" B AR R P B 25 R G HL
ZRDHCE— A A AR I R H I, A ER B
ARYOTCH T A S TS A YR R N B R B T
WiPEE T PR R STROE T RS RRSR AR
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