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Abstract: In this study, intact pinto bean cells were isolated as a research model of whole pinto bean flour, and subjected to dry-heat
treatments. The effects of dry-heat temperature (80~160 ‘C) on the crystalline structure and oil-binding ability of the starch were investigated.
The results showed that pinto bean cells still remained intact with surface becoming wrinkled after the dry heat treatment. At lower dry heat
temperatures (80~120 C), the relative crystallinity of the starch in the cells decreased slightly (ca. 3%) with increasing temperature. The
thermodynamic analysis revealed the occurrence of two endothermic peaks: The first peak belonged to starch gelatinization, and the second one
was the denaturation peak of pinto bean protein. The enthalpy values for both peaks decreased with increasing dry heat temperature. At higher
dry heat temperatures (140~160 “C), no change in the relative crystallinity of the starch in the cells was observed along with the disappearance of
the protein denaturation peak, as compared with the cells treated at lower temperatures (80~120 ‘C). It was found that as the dry-heat
temperature rose, the oil-binding ability of the starch and the three-phase contact angle of pinto bean cells (122.0°~145.4°) increased gradually,
but the volume of free oleic acid decreased (0.60~0.05 mL). The oil-binding stability was poor at higher dry heat temperatures (140~160 C).
The results obtained in this research provided a theoretical basis for the utilization of the oil-binding properties of whole pinto bean flour in food
formulations.
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Fig. 1 Scanning electron microscope and polarized light images
of different dry heat treatment temperature of pinto bean cells
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scanning microscopy (CLSM) images of different dry heat

treatment temperature of pinto bean cells

E: B a~f: AfwEE, B o

(Ha. g) ATEamip,

WAEREH; PB+O
PB-80+0 (& b. h). PB-100+0 (

c. i) PB-120+0 (& d. j). PB-140+O (& e. k). PB-160+O

(A f. 1) 2%%TF 80.

£ 2 mie.,

100. 120. 140. 160 C-F# 425

AN AR RE AL B 2 S AR i s A4 P T

BT ASMBOL IR R

W SIE 5 Pros. A

39



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.8

PSR LUE H, R KB DL AR T4
T (80~120 'C) Wi G HIZ S AA, 2 nT i &
WS B 55 IR AU, AU /B2 T 4R I
PR AL IPIRAS, TER i T fE K (140~160 C),
PREF VG N AT LB R S E A,  BAEmRR A
FETFERHA

BOCIERE BB AR mER, MR,
FERMRTHIRE T (80~120 C), £I(a[X ik 3 B
FEAN B, TR O 2t 40 R R N 25 5 40
I, Bl R P TR i, LT DA 5 T R >
Wi BRI BE 728N, 52 AT s as R 18
i B R PR /K R A R B L R N, kb B AT
R ABUKIER R, RedEimsk!. £T
PRI, ETANEARA TN, EAR
RGO B, S 12 G 4n i
Wik FERETRIERE T (140~160 'C), KEZEEYH
Ml s B IR, 5Bl 3a MZHBILE —3,
Wi BRI 7 O K M BR R CE AR F T, R I
PEREZE, TR — B (AL VR o

2.6 ZAHERA
a 122.0£1.0° b 124.0+0.8°
¢ 1333+0.7°  d 134.141.2°
S 138.7+0.9° 145.4+0.4°

Q0O

&5 FARIRE TR =S MmN =B mERAE
Fig.5 Image of three-phase contact angle of different dry-heated

treatment temperature of pinto bean cells
7E: PB(a) R ~F & m@ie, PB-80(b). PB-100(c). PB-120
(d). PB-140 (e). PB-160 (f) £%&7 80. 100. 120. 140,
160 CF #4354 2 mf.
HE— I IEA RN T b B 5 2 G A R
B PERARAL, X R A BTN E, S5 R A 6.
I R A S VA ] A RDARE 2 T 5% 7K BB 7K P e B

40

J7 . W ORI, 0<90°, N[ 225K
PERT: #7 6>90°, NIRRT ZHKER . HEEH,
AN )T FAGHR B AR R 5 11 25 S 40 B = AR B A KT
90°, PB-160 [ —AH#%fl M 5 K(145.4°), PB [ =A%
fis A 55 /IN(122.0°), K IAZE S AR I R A R R 5K
P, HBEE TRCEREE RGN, =G =i
il fy FF B OR, FLARTIBR /K VI o, DT Ao P 39 52

3 g

SERE 2 G T RS AR IR T EE )
TRFESERIIEAS, HERMEAS4E, T C B4
SER o TERME T HRE F(80~120 C), B IRE T,
H NSRRI AR SRS NRE, FREZ) 3%. #)
S IR S B AN R, S — A N ZE TR
TR, 55 ASHZEE R ARENE, JEAI GG A (E
FIVER (AR P08 1 AP R P T s Tk o R0 T4
TE T (140~160 °C), 2 & 4HM P S Sk HRIAH X 25
FEFAAAR, R BHIEH R THUELR S
S R T = AR, R T e R e A B
W B R AR R B(0.60~0.05 mL), FERUKT-HURE T
(80~120 C), Meyhyike, TR m T HAEE T (140~
160 C), WymKAERE. LEEmT 100 CH, =
SR AR 2, T R T G 4T B i
FEVERAN i R A SRR S8 . S TR R
JEF& . 5 4N M = A B Ak AR AR D (122.0°~
145.4°), WG/ BEE TR0 IR T vy T 258 o

A LK

[1] Nosworthy M G, Franczyk A, Zimoch-Korzycka A, et al.
Impact of processing on the protein quality of pinto bean
(Phaseolus vulgaris) and buckwheat (Fagopyrum esculentum
Moench) flours and blends, as determined by in vitro and in
vivo methodologies [J]. Journal of Agricultural and Food
Chemistry, 2017, 65(19): 3919-3925

[2] Rehman Z-U, Shah W H. Thermal heat processing effects on
antinutrients, protein and starch digestibility of food legumes
[J]. Food Chemistry, 2005, 91(2): 327-331

[3] Chau CF, Cheung P C K, Wong Y S. Functional properties of
protein concentrates from three Chinese indigenous legume
seeds [J]. Journal of Agricultural and Food Chemistry, 1997,
45(7): 2500-2503

[4] Sathe S K, Salunkhe D K. Functional properties of the great
northern bean (Phaseolus vulgaris ) proteins: Emulsion,
foaming, viscosity, and gelation properties [J]. Journal of

Food Science, 1981, 46(1): 71-81



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.8

(5]

[11]

[12]

Kaur M, Singh N. Characterization of protein isolates from
different Indian chickpea (Cicer arietinum L.) cultivars [J].
Food Chemistry, 2007, 102(1): 366-374

Chiu C W, Schiermeyer E, Thomas D J, et al
Thermally-inhibited non-pregelatinized granular starches and
flours and process for their preparation: U.S. Patent 5932017
[P]. 1999-8-3

EH m R AT 5 AR OR T Ak wt e ] &
AR, 2011,32(7):75-78

WANG Kai, GAO Qun-yu. Study on dry heating treatment of
starch and xanthan blend [J]. Science and Technology of
Food Industry, 2011, 32(7): 75-78

Sun Q, Gong M, Li Y, et al. Effect of dry heat treatment on
the physicochemical properties and structure of proso millet
flour and starch [J]. Carbohydrate Polymers, 2014, 110(4):
128-134

Berg T, Singh J, Hardacre A, et al. The role of cotyledon cell
structure during in vitro digestion of starch in navy beans [J].
Carbohydrate Polymers, 2012, 87(2): 1678-1688
Lopez-Rubio A, Flanagan B M, Gilbert E P, et al. A novel
approach for calculating starch crystallinity and its correlation
with double helix content: A combined XRD and NMR study
[J]. Biopolymers, 2008, 89(9): 761-768

Tabara A, Nakagawa M, Ushijima Y, et al. Effects of heat
treatment on oil-binding ability of rice flour [J]. Bioscience
Biotechnology and Biochemistry, 2015, 79(10): 1629-1634
Li W, Zhang F, Liu P, et al. Effect of high hydrostatic pressure

on physicochemical, thermal and morphological properties of

[13]

[15]

[17]

mung bean (Vigna radiata L.) starch [J]. Journal of Food
Engineering, 2011, 103(4): 388-393

Ambigaipalan P, Hoover R, Donner E, et al. Starch chain
interactions within the amorphous and crystalline domains of
pulse starches during heat-moisture treatment at different
temperatures and their impact on physicochemical properties
[7]. Food Chemistry, 2014, 143(5): 175-184

Sun Q, Gong M, Li Y, et al. Effect of dry heat treatment on
the physicochemical properties and structure of proso millet
flour and starch [J]. Carbohydrate Polymers, 2014, 110:
128-134

Tan E S, Ying-Yuan N, Gan C Y. A comparative study of
physicochemical characteristics and functionalities of pinto
bean protein isolate (PBPI) against the soybean protein
isolate (SPI) after the extraction optimisation [J]. Food
Chemistry, 2014, 152(2): 447-455

Obatolu V A, Fasoyiro S B, Ogunsunmi L. Processing and
functional properties of yam beans (Sphenostylis stenocarpa)
[J]. Journal of Food Processing and Preservation, 2007, 31(2):
240-249

Wang Z, Li Y, Jiang L, et al. Relationship between secondary
structure and surface hydrophobicity of soybean protein
isolate subjected to heat treatment [J]. Journal of Chemistry,
2014,2014: 1-10

Voutsinas L P, Nakai S, Harwalkar V R. Relationships
between protein hydrophobicity and thermal functional
properties of food proteins [J]. Canadian Institute of Food
Science and Technology Journal, 1983, 16(3): 185-190

(E3EE 570

[14]

[15]

[16]

Chanhee Kang, Qikai Xu, Timothy D Martin, et al. The DNA
damage response induces inflammation and senescence by
inhibiting autophagy of GATA4 [J]. 2015,
349(6255): 5612

Park A, Nagase H, Liu L,

Science,
et al. Mechanism of
anthracycline-mediated down-regulation of GATA4 in the
heart [J]. Cardiovascular Research. 2011, 90(1): 97-104

Mazzucco A E, Smogorzewska A, Kang C , et al. Genetic

[17]

interrogation of replicative senescence uncovers a dual role
for USP28 in coordinating the p53 and GATA4 branches of
the senescence program [J]. Genes & Development, 2017,
31(19):1933-1938

LeeJY, YuKR, Lee B C, et al. GATA4-dependent regulation
of the secretory phenotype via MCP-1 underlies lamin
A-mediated human mesenchymal stem cell aging [J]. 2018,
50(5): 63

(32 61 50

[39]

[40]

Tang C H, Liu F. Cold, gel-like soy protein emulsions by
microfluidization: Emulsion characteristics, rheological and
microstructural properties, and gelling mechanism [J]. Food
Hydrocolloids, 2013, 30(1): 61-72

Binks B P, Horozov T S. Colloidal Particles At Liquid

[41]

Interfaces [M]. Britain: Cambridge University Press, 2006
Dickinson E, Yamamoto Y. Rheology of milk protein gels
and protein-stabilized emulsion gels cross-linked with

transglutaminase [J]. Food Colloids, 2004, 44(6): 326-334

41



R EmiB Modern Food Science and Technology 2016, Vol.32, No.8

)



