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Abstract: Buckwheat protein isolate (BPI) was extracted from buckwheat (Fagopyrum esculentum Moench.) by alkali
solubilization and acidic precipitation, following by spray-drying or vacuum freeze-drying to prepare protein powder. The
effects of transglutaminase (TGase) and drying methods on physicochemical and gelling properties of buckwheat protein
isolate were investigated. The results showed that the protein components of freeze-dried buckwheat protein isolate (FBPI)
were similar to BPI, whereas the degradation of 13S globulin was observed in spray-dried buckwheat protein isolate (SBPI).
The a-helix contents of FBPI and SBPI were 22.10% and 20.00%, with corresponding f-sheet contents of 19.40% and
19.80% respectively, indicating the transformation of disordered structure in BPI after spray-drying or vacuum freeze-
drying. As compared with BPI, SBPI possessed the higher surface hydrophobicity and more uniform particle with a small
size, but lower solubility and water holding capacity, while FBPI exhibited similar physicochemical properties to BPI. The
average particle sizes of FBPI and SBPI increased from 213.01 and 192.55 nm to 2289.01 and 1439.67 nm after TGase
addition respectively, which due to the intermolecular crosslinking reaction. The potentials of BPI, FBPI and SBPI were
—15.93, —29.43 and —29.35 mV, respectively, suggesting that drying treatment could further improve the stability of protein
solution. Compared with SBPI, G' of BPI and FBPI decreased continuously during the heating process, implied that the gel
structures of BPI and FBPI could be destroyed by heating. After pretreatment by heating and then cooling down, FBPI
showed a significantly (P<0.05) higher storage module than that of SBPI and BPI, indicating the better gelation. The
addition of TGase could significantly (P<0.05) improve the storage modulus and thermal stability of FBPI, but had no
significant effect on SBPI. Based on the results of chemical force analysis, it was speculated that the formation of gelation
for buckwheat protein isolate was mainly attributed to hydrophobic interaction and disulfide bond. The addition of TGase
could promote the formations of hydrophobic interaction and disulfide bond, but led to the breakage of intermolecular
hydrogen bond. In conclusion, buckwheat protein isolate dried by vacuum freeze drying could form the gel with good
gelling properties and stability, incorporating with TGase. The results of this study could provide the theorical reference for
the researches on gelation of buckwheat protein isolate, as well as the development and application of relevant gelling food.
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9T TGase X 5537 88 B RR M S5 BE RS R E 10 52
W, 5 M SR S BRI AL, DA 3R dE A
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1 #REREE
1.1 MRIEEE

FeEAZE AR T TR SE XA i T ; 8-
O i JiE -1-Z8 1 1R % i ( 8-anilino-1-naphthalenesul-
ZEIE Sigma 2\ H];
- T R A PR N - 2R T M IR i 458 RS FRL UK (sodium
dodecyl sulfate-polyacrylamide gel electrophoresis,
SDS-PAGE) fHbr#EEEH 3% Thermo Fisher Scien-
tific 24 Fl; F sl R-250  Ha g X4REIA A F 47
AL =N TP EARERE AR IR -
AL OWE A SR AR A R Wl SR
PRZZ . WEIR A N iR — SN Yk o alig .

HG-200 ¥J5Hl  SIEERAF; pHIF fEE
Sartorius 2\ F]; SW23 JRiGEIR/KERE LSl
FARB R F]; Avanti 1-26S XP &2 B A B O HL
2 [E] Beckman 2\ 7l ; Alpha 1-4 LDplus ¥ % T8 4L

fE[E Christ 2 &]; Mini-PROTEAN £ [ Ji AL 7k 2%

‘H 22 Bio-Rad A BER ARG Z<[E Syngen
4N F] FP-8200 28 64306001 H A Jasco 2 H];
DHR-2 78 EFE TA {UERAF .
1.2 EWHE
1.2.1 TR0 FRA2 S B A B R E R 520
1.2.1.1 FEESFEE AR LT RIHBRENLE
FeZ A Ay, R AF R s TE LR il o Bk
Mo FREC—E BT EFEEH, INA 15 AR 2818 7K
J&, FEEmE ) pH S22 87T £ 8.0, 1EZEIR T JHWE T
PEPERR LI 3 h, (5522 Th Y SR I BT e 5w . ek
M T 50 °C fE K8 I 30 min, 8000xg &
0> 20 min WAE FIEW . FH 1.0 mol/L SRl gE 5|
A VW pH PR 2 4.5, {d ST SR 42 00 2 85 1 Y 45
H o $PE 10 min (8RBTS0 HT il . SO IR DL
TE, Rl FE2 4 B R A (BPD o D 28R DT
AR, K pH PP, B F 4 °C IR IV AFes .

FEAL ST B ST IRV VR T K55 T
T T IS SEAL B, 43544 S FBPL F11 SBPIL, W gE
B TR h AT T WIS TR T 2SO $EXL
HREE 160 °C, HIXUEJE 95 °C, ik 8 r/min; FLASE R
THET 2500 IRJE 45 °C, H55)F 0.63 MPa.
1.2.1.2 SDS-PAGE J3# AR R S s i T
BFK P HEERALUESN 1| mg/mL. FARERZ
SDS fbJ5 B 10 pL EAET 15% 114 5 PN s Ik Jrie 5 Jie
4T SDS-PAGE. fi#HLIKESHS, 7% iz R-

fonic acid ammonium salt, ANS)

250 W S v AT G Ao, A FF R -0K O TRV TR
it

1.2.1.3 gty 3 /KA R BPL R
FBERY 0.1 mg/mL, A Chirascan [ — (&7
ER#HSPT. SIS FEATTERFES 200~280 nm,
BEEEN 10 nm/min, FEENDEFREN 1 mm,

1.2.1.4 miZktE MR 9E 50 5k, A ANS
NP CIREL, (P OGRS T ZR R B K I R
LA 0.01 mol/L BRRELZE ik (pH7.5) NEEH, 43 5 H
BPI K T4 f5 0% 8 B B di s ik B2 A7 0.025., 0.005,
0.1 mg/mL FYHER . B 2 mL £E5 T 3 A
20 puL. ANS %#(8 mmol/L), IR HEDGHEHE 20 min,
MRE DS GAE . M AR A 390 nm, & 5%
KN 470 nm, PRE£5E 0 10 nm. 25 % IR iR £
LR PN ANS IR AW . LANAS [ 28658 A
SEAR I, B AR A AR, 2wl R, 43 aa
£k wIia B ate, RISk Hy R AWEH
Bradford U3 AT RE o

1.2.1.5 NIFEMZOGC ARSI T 0.01 mol/L BEM2
FR PR (pH7.5) TIFFE e JR#E A 0.1 mg/mL. F
FAZECAT GG RETHN B RE R 1Y FL 1545 SR 361 71
WACFREA . AT R PR 295 nm, &G
K 300~500 nm, TREEDE 2.5 nm.

1.2.1.6 #MEE  WBMBEIRE =2 Latorres 5504 1Y
I HoE e, MEH] pH 4352 2.0, 4.0, 7.0 5
10.0 9 0.1 mg/mL B8 MR, TEARIRFAIE T bk
30 min fifi H: 58 59 %5 fift, 248 7500xg 0> 15 min J5,
it Lowry iEIIAE FySmAMEEA SR, SEAY
2 JH T4k # (20 mmol/L PBS, 2% SDS, 8 mol/L
Urea, pH8.0) FE43F i J5 RS S T & R 3 o
TR WEIRETTENAXUTT.

e s J:\'EE\‘ = PN
VR (%)= ’Zﬁ;;;g = %100

1.2.1.7 kI3 ARTE T8 & H K )
P RE 225 2R BRSNS i R E— e sk, #R
HY 0.5 g B4 B s TR, N m.
A 5 mL BIZEEK, IRCE E IR E 30 min, FES
FUAE S ZS 3000xg BS.0> 10 min, EF/KZE, B0 R
FHICh my. FER IR

%7J<73(g/g)=m20_5m1

1.2.2 TGase X553 47 B HEBAFIE 2
1.2.2.1 EHEERHIFE B R TR Fms o5 T4 il
TSR B i T RS K T Be e B 20%
FYEW, i2R F-G F1 S-G. TG HiIFESL A 1:100
(5 185 FifE, w/w) TGase 1Y 20% Fe 25 FIE R, ic
Sk F+TG-G Hl S+TG-G, =& F FH#E S FE#8 7557
PFE 2 ho PAAS ARG T BC— &8 5376 90 °C im#k
25 min, $RJ5 7. RIFE VKK IR &4 e I FH .
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1.2.2.2 kit 5H v, iEiL Zetasizer Nano ZS90 il
e BPT FIAINFAEE SIS R AR A LA o AR (8
10 mmol/L BERRERSE vk (pH7.5)#iREA 0.5 mol/L,
LAk Gp e P s Bt vp A A 2 RS . #E 25 °C R XY
BRI T 22 R B S R P
1.2.2.3 FFBEEH  BUSEEHE AR TR
AR b, BT e Hol 40 mm SPAR, KRGS e BRI AL
60— 2 6E v, B 1k i ARl B P oRE K S R
25 °C V15 180 s, i BV FE S 25~90 °C, i 2
SR 2 °C/min, SZR 1 Hz, WASYRIF A 1%, 7EEEM BIZR
PERE PR XSV N o 0 S AR S A A BEASE A
(G") FIFEREFRE R (G™)
1.2.2.4 PFERFAR BGEEEOER T RSO
b, ke de HoA 40 mm SPAR, AR5 S I BLAEBRANR N
— )2 aETh, B 1k D #ad B2 AR S OK R . SeHE
90 °C i3k 25 min, BfJE PRI IR 25 C. HHR
JEEICA 0.01~10 Hz, N AEPRIF A 1%, FEFRE gLt
ZhsepE X ISFE B Y o 0 SRR R I EREAR 2 (GY)
HIFERBREE(G™) o
1.2.2.5 fh2ffl FRAZ BRI A F I =250 2 1
ZEUL {1y 7 1, SR LR AN R 04 B2 57 35 W BRI 84 7
ALFHE. SA, 0.05 mol/L NaCl; SB, 0.6 mol/L NaCl; SC,
0.6 mol/L NaCl+1.5 mol/L JRZ; SD, 0.6 mol/L NaCl+
8 mol/L JR 2 ; SE, 0.6 mol/L NaCl+8 mol/L R & +
0.5 mol/L B-3iFk L WE ., B 2 g BEARS I A DL _L
10 mL FIFAESIRMLI R 30 s. HI5) B HTR S WIHE
IR B LL 220 /min ZE =R TR 2 h, R J5 76
10000xg B5.0> 10 min, HX 20 mL & 485 B AOARE S
A 50 mL Bradford i) 7EZE= I T = A 5 min, %2
412 nm AL OGREE . SB 15 SA WY 25 N B T
SC 5 SB fyZ(H M EHE; SD 5 SC Z[RIAYZE{EH M
JKAHBEAER; SE Al SD Z[a] U 2E(H ik,
1.3 HUEAIE

T B S R IBCEIME, I LA E bR 2
P15, SR SPSS19.0 #Af-(SPSS, Chicago, IL, USA)
FATEETH43 M7, SR A Duncan £ 8 ML 4% 25 57 B 35
(P<0.05),
2 RSN
2.1 FEARMFESEEBELFHERIRI
2.1.1 SDS-PAGE 478t & 1 NFEFE S EEHNE
FABRZH R, 2 T8N 60 kDa ZEA47 1Y 13S BREE
FIMVSEFN 17 kDa 19 2S I8 4, 352 13S £k
EHST A 6 MWL, rfLAFEH 13S BREH
RN FEZE 53 B AR P LA G oy o FEIR R AR
PEF, 3B E AT 138 BRE P LS54k
43 FH 2N 32~36 kDa WERM: 22 AKA 22 kDa My 584
Z2 K, iF B H e 5 ek A R A B A R R R A
T AHEE TR VR TR 1, W55 TR SR TR e
JEIR AT 13S BRI W 3L 4%y A 2 A, [RIA

PR AR YN 35 kDa MBS, X AT fE
S TS TR A A R AR BRAS—RS) 13S BREE
FOE LA GBI, [RIN S22 1S5 A ik ng E
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13SERHR H
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Fig.1 Protein of buckwheat protein isolates
T M OARIER 5 1. 3. 5 B RIS SUIRZS T 9 BPILL SBPI Al
FBPI; 2, 4, 6 JyikJ5UIRZS T BPL, SBPI #l FBPL,

2.1.2 ZEREs B OoGE nT DI SR &R T
A PURAS R A R i 2 B I BT g ahf, U2
RHFER A BT, [ e rErEim 54 X
(185~245 nm) YUMo >k H TR, wT LS ik 3=
HEMIMIZR, RAEE BT —RES0S . Tt R
— LB PSR A, ANEZE T At B T 19 55 AL FTIBR A vy
12, AR R TR AR T iR G AT, B/ T B fi
AR AR AR, BOAR AR S Al
U, anE 2 froR, AT HTE 195~220 nm P
KAbYIA s, 76 206 nm A0 HFLIEE, S35 0K T
FEATN o-120iE 5 - SR, a- MR IELSHFRIA
A RS TE A A ek, T ZS AN p-Fefa . G
FA A5 D0 S e T 8 PB4 A AA R, ASELIN) PR
gEEFR 1 Al JL, BPL B o-B200E . p-55 /0 . oG &
H5IEA 25.80% . 18.50% . 36.80%., AHEL T BPI,FBPI
F11 SBPI 14 o-12JiE S i ifi /N 22.10% F1 20.00%, -
ISR 2 19.40% 1 19.80%, JCRLE i & &
2 40.50% Fll 43.80%, 43 4514 B A P HEREAR o
FBPI 7E¥R R T I B o B TR S i A 454 o2
SYUERE, R FR P B U BN, S AT BR AR 15
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Fig.2 Circular dichroism spectrum of buckwheat protein
isolates
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Table 1 Secondary structure content of buckwheat protein
isolates (%)
B o-BRTE s B TR
BPI 25.80 18.90 18.50 36.80
FBPI 22.10 18.10 19.40 40.50
SBPI 20.00 16.40 19.80 43.80

Sy TR AR, gk R A AR, AHLEZ R,
SBPI TEME S5 15 5 (A R A T VR & (i 3522 2R FH H A
TPURER, A R A AR AL 1 ER Y o8RBT S
SRR A T OOAR, JE R T 8 B-5L faahitt, SR MNE
FUIN A ZEAL 1] TCRRINEE A5G A . IS5 AERFFR R
SEARAIL T IS, il LN ST 5
TR R TR G R ) a4, BB FP T4
IR T S-PrE FIICHLG: B L A B-55 46
D RIE FA, AR TR TR RS AR )
LEA IR IR /)N, B A BAT RAF A EERERE 1, s
S5 T R G AR P B AR DA R BERE e T -
2.1.3 BKMESNIEZEM: HKMERRER ANS GEW
i AR BAE S & R R BRI kgs &,
S5 IX B CER BE W N, PGB AT LA S e,
FBTA-F 2RI E KR, anE 3 B, BPI YR B
IKPEFREC Y 242.94, T4 S FBPI A1 SBPI i
K PEFE Sy B 2 269.02 F1 309.05, ¥R TR
A ERESS R TS AT TR B AR T 4 SR T TR Tt
BRI IR TR 23 R AR AR M, B HEAE NFR Y
FEACPE X A 77, RS/ EERG I, SBPI YR
BRAKPEES AR, 13X 1T BB T Eme S5 TRl e b, Bea
PR TR B B T R T ANVl 25 IR, (i
T Z AR IR AR B AR AR I BT R A, BB KRS
1510 R HRAERO L It s TR TR~ 1 3R TH
BK MR IR T, SARTI IS SR —3.

a
300 f b
C
o 200 |
100 t
0
BPI FBPI SBPI

K3 IR R ARG KT
Fig.3 Surface hydrophobicity of buckwheat protein isolates

e AR PARRR 225 B3 (P<0.05); K 6. & 8., & 11 [,

400

WKl 4 fr7~, FBPI 1 SBPI 14 PN I 1k 3¢ 608 B
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Fig.4 Endogenous fluorescence of buckwheat protein isolates

2.1.4 #MYESREKIT WE 5 s, FBPI A1 SBPI
PR EEYITE pHA AN F/IME, SH 54.01% Fl1 46.90%,
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Fig.8 Zeta potential of buckwheat protein isolates
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isolate gel
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