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Effects of adding different proteins on retrogradation of proso millet starch

XIAO Yu, YANG Xinbiao, LIN Nan, ZHENG Mingzhu*, LIU Jingsheng
(College of Food Science and Engineering, National Engineering Laboratory for Wheat and Corn Deep Processing,

Changchun, 130118, China)

Abstarct: Effects of adding zein, soy protein isolate (SPI), and whey protein isolate (WPI) on the retrogradation of
proso millet starch were investigated by Textural profile analysis (TPA), Differential scanning calorimetry (DSC),
Fourier-transform infrared spectroscopy (FTIR), and X-ray diffraction (XRD). The results showed that adding
three protein decreased the hardness of proso millet starch, and the mixtures gel were softer, especially WPI. The
hardness decreased from 407.32 g to 196.12 g at 7 day. FTIR showed that no new functional group appeared,
indicating that the starch-protein system is closely linked by hydrogen bonding forces and constitutes a tightly
wound three-dimensional gel network structure. And the XRD analyzed that after retrogradation, the sample show
a strong diffraction peak at around 17°, which is a typical B-type structure. The results found that adding protein
significantly reduced the thermal enthalpy during the retrogradation, indicated that protein can retard the proso
millet starch recrystallization, and then retarded the samples retrogradation. Fitting aging kinetics with Avrami
equation, suggested that the rate of recrystallization reduced, and the nucleation type of system recrystallisation

close to rod-like growth of sporadicnuclei (1< n <2). Overall, Zein, SPI, and WPI affect proso millet starch in
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varying degree, especially WPI. This study shows that protein is not only provide nutrition, but also as an starchy
food anti-aging agent. It provides a theoretical basis for delaying aging and has a certain guide significance for
actual production.
Keywords: proso millet starch; zein; soy protein isolate; whey protein isolate; retrogradation; Avrami equation
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1.3 SER Tk
1.3.1 KBEOKUER F2HL

KEK— Ry — L5 (100 H) —iRiZE (0.075 mol/L NaOH) R0— g0 — i 25 | 2 # 4Bt ik
JZ = VENRELI — 07K B R P A FL— AT pH=7— 250 OREBRIERDTE 3 O —TERFE R — T (40
°C) — KF KUEHK (Proso millet starch, PMS) (100 g KF KW AT HEHL 60 g ek, H PR iE Tk
ERPRRINEI, A BOEE A

1.3.2 KECOKJER AL AR 2

HERSENE: GB 50095-2016; K4 &=ME: GB 50093-2016; Rl & &EillE: GB/T
5009.6-2016; = VEH & A ELEEM O EIE . FSTE R BN S A B R SCRE TR AR (FET)
GEREEE A D RUNEER SR K ME: GB 5009.4-2016 £k A bR

1.3.3 FE il o5 5 b 22

TKREEHEE (zein, 15%, wiv) FenilT 60%M LR, BEEMAKFORERRY; KE
4B (soy protein isolate, SPI, 15%, w/v) Se4rHUT 1/15M, pH 7.8 MR MER+F, HEIE
TN KFCRIER, AJE 2 28 E (whey protein isolate, WPI, 10%, w/v) S 8UT 218K, Hih
BiFE 30 min, BT 4 °C Z&M NAWMEESE R, 7T pH=7, Z@IMAKFOKIEHRY; ¥ RIEAY
BHT 90 °C /KiiH: 30 min J5, HUHAERAETE, BRAREKIEM-TRERES . KEOKIER-
Ko BB AR KIER -G S E RS, WHER 80 H, i F&H.

HERAPRBUR K LR A% 20 g, I 80 mL Z&IH/KHE PRI & 5 B T 2880 n# 20
min, KL ORESR BT 4 °C 5 FHEAE 1 dy 7d. 15de — 8800 TRAEREIE, 5850
GBI (100 H) &H. SRSV 204 N: PMS. PMS-zein. PMS-SPI. PMS-WPI.

1.3.4 1 i ok JSZ J A AR A2 e 00 5

e RN 2 em RFEAR R B A ME U TA-XT PRI A0 2 . S5 914 TPA Ml
R, RABEBEEESER L (PSR, FE). MK MErE= 1.0 mm/s; MEEK 2.0
mm/s; P 2.0 mm/s; JEAEREEEN 40%;: PRIUEAERIRG N 2 s, REMRER =475, 193]
B S 2k . it Texture Expert Excede Version 1.0 (Stable Micro Systems Software)k {473 #t 4b 1
Helf, 19 BIRERE . ORGPRE L RORS 14 R IE g

1.3.5 ST ILT AN 1 414

LA (FT-IRD) WEFE RIS . 2% Cai SRk, ALTSsh: I 1 mg
P 5 100 mg BAGH TR IR G AFES, 76 1SMPa FHIEZEHR 1 min. HIBRRALAHEA SR, T
4000~400 cm™ FIH 64 K, AN 4em, I origin 8.5 HEATHIE AL, 15 AHEIEE.
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X RBOKTE R MRS PIRE S AT XS AT 700 RAAHE Cu K, T K 40kV, B 30
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Hoo AR (BRAMIE 50 mL/min), FHEHEE 10 °C/min, H 30 °C F+ & 130 °C, H3I4HEE
(To), WEHIRSE (Tp). MRS (Te) MBAIEGME (AH). FFMREHIE =T
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Tablel. The composition of proso millet starch

SRR AR HEEH &R (%) EARE (%) REEE 0 KaERE (% KaeRE (%W
(%)

PMS 89.85+0.49 10.84 £ 0.24 0.43 +0.03 0.27 +0.05 4.73+0.30 0.15+0.04

R 1 AT AR ECKIER P I EAR S S 28K, RIBEFEN S E, KRFCKA 0 N F2EAL
i (RESER S E) MEEmE (SEFEmSE) 6L
2.2 ARV A B R FRTER & L2 R SR e v
R 2 KEKEN-BARRAWEM 1d. 7d F0 15d KR AERE

Table 2. The texture profile of proso millet starch-protein mixtures under retrogradation 1d, 7 d and 15 d.

FEfh ERITN /g RpHE/g.s ekl /g NEL I /g mm
PMS Dayl 97.49+1.114 -82.02+1.554 75.38+0.23¢ 133.924+10.74¢
PMS-Zein Dayl 89.79+3.55¢ -88.93+1.57¢ 66.06+1.66° 84.431+16.08°
PMS-SPI Dayl 58.73£3.16° -97.37+2.60° 54.1442.45b 67.95+0.56"
PMS-WPI Dayl 17.21£0.192 -129.09£3.282 12.234+0.212 10.81£0.76°
PMS Day7 407.32+£2.924 -49.72+0.524 267.111+2.04¢ 266.23+1.61¢
PMS-Zein Day7 395.4749.48° -59.12+0.28¢ 198.83+18.30° 166.57+20.87°
PMS-SPI Day7 320.2349.00° -67.01£0.50° 194.20+8.24> 188.08+0.420
PMS-WPI Day7 196.12+0.732 -80.40+1.732 89.68+0.18* 97.621+0.312
PMS Dayl5 727.50+5.234 -30.47£0.07¢ 391.86+11.86¢ 398.30+7.06°
PMS-Zein Dayl5 688.6712.14¢ -32.92+0.40% 324.8249.76° 285.17426.90°
PMS-SPI Dayl5 630.93+1.220 -37.61£0.28b 294.95+8.28> 266.62111.06P
PMS-WPI Dayl5 397.5241.80* -59.61+0.322 123.2940.512 170.17+4.542

Vs ARI/NG TR A — R 2 A B2 R, MRS 7R F S TR EEES, P<0.05. PMS: Kk
VERY: PMS-Zein: KECKUEM-FAKREEEH: PMS-SPI: RECKIEM-KE 0B HEM: PMS-WPL: KECKUER-FLIE /S BIE A
SKH TPA W8 AN [F) 2 6 K BEOKTERD IR B A R, 85 SR AR 2 oo BB BT 23 Hir 45 ok
B, AE4°C KA M EAT 15 d I FOKEEVE S E IR RN RERIE A 727.50 g 2.2 (P < 0.05)F%
% 688.67 g, KRE/EEAMAG T EEAMBINEZEP < 0.05)F% T RKFORIEM A&, HAE
I3 IPE R 630.93 g 1 397.52 go K AlREIE FRIE FE 5 i A7 R G N 84 n, 3X 5 Singh £800—3(,
TR A& A7 R AL IG N, A S R B B BT I K, X R B R e K s n, Zv)i,
HEEMEESEMER N, AT RURAT — e WV I e R B I 4 45 R0, 437 [ (K S SRR e,
FLTV RS IED I0X 28 &8 ) 5 JB8 DU vy, 17 S A 110 B 485 o DUV — 2D R N 48 S5 R RO NI o R SEORTE B &
BRI SRRy, SCREVERAME K IIEM B G 24k, IR, TEk-8 FR &R 108 B PR R
TESGE B A A7 A 2 A 8 5 ] PR ARV A (R o I AT g R D B 1 o 22 S B0 B fir X R B2 1 B
THIER 73 F AT EHE, I EZZTE R Z A2 . RGP VTR Ve B RORS B 2 FAR A IR, Rk
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— 2 I IR RR KX S U BRI R T80 3 (K450 o SR B PO ST R AR 2 2 R £ i A
FRHPERERE I E AR AE . SR LTSN, ARINFLIE O B ER T, BEAE RO (] 3G 0, R R O RE R K
M NN, FESNFORIER Z AL RCR R b
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Fig.1FTIR spectra of proso millet starch-protein mixtures system.(a) retrogradation 1 d;(b) retrogradation 7 d;(c)
retrogradation 15 d
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Wl (BRI B3 ASCHEFURIL, VNIN=Fh 8 505 AR LR I RRAE I, X 6 2 1 o ARy
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Fig.2 X-ray diffraction patterns of proso millet starch-protein mixtures system.(a) retrogradation 1 d;(b) retrogradation 7

d;(c) retrogradation 15 d
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1E 4 °C Miife 1. 7RIS dJa, XZAGIFER T XRD 2087, ATIVERFE S 240 R TEk
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(I EAAT ST, 1700 18°4bFT e H I XUAT S 6 . R B 1 AHE A XRD B 1 2 & 2. XRD
28R, E 1 RIGRESAAE 170/ A LB AT, X2 SR B T SE gk . 2R 23 B
T L (i 5 R P BB bl T 7B DDA R s A3 Bk &5 PV %, X PR BEAE R A AE TR (KU
Z TR IR R 2 B B 0 . 2 AURE S BT 17°, WA TR R S M T R 1 X (A Rt 5 (0 45 2R,
F AR RSO REVE R TR (B A, X R VERY A BIGE S5 15O MRRIE IR 22 1 WAk 5 B sk
wen, E2 Son, IAARFESE ARG XRD PR ERES, —M, XRD FERERE 7RIS
KA RREDS, U m Ay, B RR R . ASCHF SR, IO B 5 al 0 KK Ry
&1k, X5 TPA Ml DSC 45 H—5.
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Fig.3 DSC of proso millet starch-protein mixtures system.(a) retrogradation 1 d;(b) retrogradation 7 d;(c) retrogradation 15
d
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Table 3. The thermal analysis of proso millet starch-protein mixtures under retrogradation 7 d and 15 d..

T BHRE Y (°C) WA i JE(°C) RAWFE(CC) ZHE/2)

PMS Day7 47.98%0.16* 55.71£0.00¢ 68.0620.56¢ 2.48%0.16°
PMS-Zein Day7 50.14£0.11¢ 52.80£0.02° 58.4840.11° 1.5840.13°
PMS-SPI Day7 48.5610.16° 54.78£0.00° 62.4510.23 1.7340.10°
PMS-WPI Day7 47.86%0.07° 51.91£0.00° 58.3240.14 1.6140.07°

PMS Dayl5s 46.60%0.02° 53.23£0.00° 59.16£0.19 3.51£0.10°
PMS-Zein Dayl5s 46.8910.09° 51.39£0.00° 58.7940.14* 2.69%0.08¢
PMS-SPI Dayl5s 46.9410.05° 51.42£0.00° 60.510.21¢ 3.13£0.11°
PMS-WPI Dayl5s 47.41£0.08¢ 52.06£0.00° 59.47£0.19° 1.7140.09¢

TE: RR/NG FRFORF — P12 MAEAE BB %5, ARG 7 REOR 82 R S5, P<0.05. PMS: k#k
VERY: PMS-Zein: KEOKUEM-FKEEEE M PMS-SPI: KECKIEM-KE 0B EM: PMS-WPL: KECKUEM-FLIE /S B E A .

K3 RAREEFAEN T dF 15 d FIRFCKIER R REmT, W€ 85 R WR TR, A3
6], EAUKE S AR AR R, AR IR P A R 2R AN K, T2 AL i I A IR B RO T, SOUHOE (B2
ZEg (P> 0.05), UR{HIREEFEALE 50 °C fith, J& T SCBEUE R SN i B U0, B BEUE R 1K 2 AL M S
>100 °CUO, ek, FEFZAL—RAE 30-130 °C FIFHRISFE IR N AL LM E BIZ0HE, THAE
ATEREAE 7 d AT 1S d RN I R P AR AR, R IRE AR O AR TP R AR A . TER AL I
T2 B b A S B by 2 TR I ST R — AN SRR R IS5 o Bl A7 R3S 0, B R B
WK, X ERE A S B SRRV 4 AL TR 2 AR R M. fBAF 15 d 25 KECKTER 1S
EHARNEE 7 d 1 2.48 Vg FH5 3.51 Vg, & & E IR EKIER Z A8 LR BORTEMIC, X ATRE
SN B R AR T3k i & i, DA A5 T DARRRTE R I 21k . i — T, RECKIER
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R SCEEER S BRI SCHEE M L B E M B 5 4, SR E mZE . DSC 4R IR,
FLIH 73 35 R 1 b TROR VA B VR K 540 B8 2 DO K BEOKVE A AL IR s M BE K. &5 SRR B TE R oKE
R S AR AT DA RIE R 1Ak, G IR T DA ) SR R I A

26 i)

I AR AR FE, TT DASEAR B A0 5| RVE R B 5T 0 AR A AR, SR il B T
DA B S o VERD B A RO S S () Ah A e A T R A, B G AR A AT s PR W A i S
BEVE R KB A S PSR, AR E R ER B JER eSS Ml fE AR s R T R & 1
Avrami 5 FERER T i AE R 10281k, D IR ) Avrami iSRRI e H) (0] AR R, 2B AT 3Rk
% A% 7 AN A KR

AL ANE T AR T = O KB VER 2 AL PR R, R DSCI &4 °C R REA
[E I TR] R RE R 2k e, HLas R4 FrR

1 —— PMS
.07 --0-- PMS-Zein
5 g S B OP]
=2 o PMS-WPI
3.0
2.59
-
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= 2.0
o
< 1.54
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0.5 T T T T
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B4 DSCRIRFKIEH-HE R AR REL
Fig.4 Retrogradation of proos millet starch-protein monitored by DSC
B4 S REAR DDA 2 R BKTER i A2 A FER B #1224, BEE MG TR e, T
BREMPZNIEE R, RS RTELZ, FEEZNREML. BEUAFRRBIEHBARNLK
(D o, JFRFEMSIIZITRELESH (RS
x5 KEREN-BERIBEHRRENS I FER (400

Table 5 Avrami retrogradation kinetic models of proso millet starch-protien mixtures (4°C)

FE Avrami J7 £ k Ink n R2

PMS y=1.554x-0.0443 0.044314+0.01861 -3.11654+0.35065 1.55406+0.20178 0.9857
PMS-Zein y=1.882x-0.0158 0.01583+0.00361 -4.14585+0.20543 1.8815+0.10464 0.9964
PMS-SPI y=1.693x-0.0256 0.025624+0.00451 -3.66438+0.16215 1.69349+0.08145 0.9974
PMS-WPI y=1.984x-0.0093 0.00934+0.0024 -4.67345+0.2287 1.98427+0.11308 0.9953

H: PMS: KEORUEK: PMS-Zein: KEOKIER-FORBEEE A PMS-SPL:  KECKIEN - KE /B E M PMS-WPL: K3
KIER-FIETEEA,

I F AvramiJ7 B 58 AN [F) 2R 1 O RBOKTER E IR L], 25 R R B, 243 15 HdR A
HAvrami /7 fE (R?=0.9857~0.9974) . Avramif&#{ (n) SN BUZE R SATERS, nf@/), it
MR, HRTATA, KECKIER-EERREGARRFEZUERBZAE (1<n<2) , HEEEAN
IR T HORMERZ IR A K7 027921, X FIXRD 45 A — 8. IINEE B0 B R BORVER PInfE ) &
TAEEEFREAKTEN, R AL AR S5 S TT A T BN A% FE AR . ek 4 fid R 4 (o AR
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RELERNEEE, B2 B SCREVER LB, RIZ, pH, JERYBURLR /N 23 AR GER 4157 (K5
U1, WARAOR, SR AR, IR KA i OB 22 LU R BORE R AR, RIS AR 1
AW E L G R PG, Bk, RABNAAER 7 SCBEBER A1 2E . =i i B R BOKGER i%
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