Food Eng. Prog.

Vol. 28, No. 3. pp. 234~242 (2024.8)

DOI https://doi.org/10.13050/foodengprog.2024.28.3.234
ISSN 1226-4768 (print), ISSN 2288-1247 (online)

TR

Food Engineering Progress

A = = == = AL H = x —
d7LRo| EL|stety SM0| Cist 7= sSASEHElnt
Holz| 27152 HE
mrg] - obAls] - 7l Ay
A7 sk Auke sl A EAREskst, 247 g Sk vho] @ §E R A EA BT T

Effect of Protease-Hydrolyzed Faba Bean Protein and Chickpea Flour
on the Physicochemical Properties of Rice Flour

Su-Won Park', Seon Hye Yang', and Hyun-Seok Kim'"**

'Department of Food Science and Biotechnology, Graduate School, Kyonggi University
*Major of Food Science and Biotechnology, Division of Bio-convergence, Kyonggi University

Abstract

This study investigated the impact of hydrolyzed plant proteins on the physical, thermal, and rheological properties of rice flour
(RF) for protein fortification for the elderly and general food systems. Faba bean protein concentrate and chickpea flour were
first treated with polysaccharide hydrolyzed enzymes (control; CTFP and CTCF, respectively) and subsequentially with protease
hydrolyzed enzymes (hydrolyzed protein material; HZFP and HZCEF, respectively). The addition of CTFP and HZFP enhanced
the swelling power of RF, whereas the CTCF and HZCF exhibited the opposite trends. Adding all controls and hydrolyzed
protein materials to RF increased the solubility and gelatinization temperature and decreased the gelatinization enthalpy. The
HZFP addition successfully developed the pasting viscosity of RF, whereas the others did not. The RF-HZFP mixture had
a higher peak viscosity than RF but lower trough, breakdown, final, and setback viscosities. These findings suggest that the
controls and hydrolyzed protein materials studied here could be used as sources for protein fortification of foods, particularly
for the elderly, with minimal changes in textural and rheological characteristics, thereby contributing to the development of

nutritious and palatable food products.
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Table 1. Recovery, chemical composition, and soluble protein of control (CT) and protease-hydrolyzed (HZ) faba bean protein

concentrate (FP) and chickpea flour (CF)

Chemical composition

Source Recovery' . . Soluble protein®
(%, d.b) Crude protein Total starch Reducing end (%, d.b)
(%, d.b) (%, d.b) (%, d.b)
CTFP 100.1+1.4° 58.4+0.2" 15.940.2° 9.5+0.6" 0.2+0.0°
HZFP 105.4+0.9° 57.7£0.3" 16.0+0.2° 14.7+0.0° 0.5+£0.0°
CTCF 99.0+1.6" 21.8+0.4° 48.7+0.4° 40.120.7° 0.1£0.1°
HZCF 104.9+0.5° 20.1+0.0° 46.6+0.3° 53.1£1.5° 1.3+0.2"

Mean value of three replicate measurements; values sharing the lowercase letters within columns are not significantly different at p<0.05.
'Defined as the percentage ratio of the dry weight of the protease-hydrolyzed to the control source
*Cold water-soluble protein of the control and protease-hydrolyzed sources at 25°C
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Table 2. Swelling power (SP) and solubility of rice flour (RF), protein sources (PR), and RF-PR mixtures

Source op Solubility (%, d.b)

Ingredient ( dr/; (Iii(;ul;);sis) (&2 Soluble fraction Total carbohydrate
RF 11.541.2° 10.440.9 9.2+1.0°
PR

CTFP! 6.2+0.0% 41.840.4¢ 19.7+0.3¢
HZFP' 4.7+0.3° 54.8+3.41 14.6+1.5%
CTCF' 5.340.0% 67.3£1.2° 53.543.0°
HZCF' 3.940.0° 72.7+0.0% 58.1+0.6>
RF-PR mixture

CTFP' 10% 12.2+0.3® 68.2+0.3% 67.7+2.4"
20% 12.140.8% 70.6£1.2% 67.7£1.5%

HZFP' 10% 13.0£0.1° 14.140.3' 8.3+0.6°
20% 14.240.5° 17.240.5" 13.0£0.6*

CICF! 10% 5.4+1.5% 79.2+0.4" 68.7+6.8"
20% 6.9+0.2° 75.6+0.2% 67.242.5%

, 10% 6.3+0.1° 79.8+0.1% 76.7+1.4°
HZCE 20% 3.940.2% 81.0+1.5° 77.543.6°

Mean value of three replicate measurements; values sharing the lowercase letters within columns are not significantly different at p<0.05.
'CTFP and HZFP indicate the control and protease-hydrolyzed faba bean protein concentrates, respectively; CTCF and HZCF indicate the
control and protease-hydrolyzed chickpea flours, respectively.
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Table 3. Gelatinization property of rice flour (RF) and RF-protein source (PR) mixtures

Source Gelatinization temperature (°C)

— Gelatinization

Ingredient ( drl;f‘ (Iiflitlt?;is) Onset Peak End enthalpy (J/g)
RF 54.7+0.7° 65.9+0.6° 74.1+0.5 10.5+0.4"

RF-PR mixture

CTFP' 10% 58.6£0.2" 68.9£0.4" 77.240.9" 7.240.7°
20% 59.1+0.5% 69.3+0.1% 77.0£0.0° 7.240.6°
HZEP' 10% 57.8+1.8° 68.8+1.2%" 76.2+1.4° 8.6+0.7°
20% 57.8+1.0° 68.9£0.4" 76.3+0.3°" 8.8+0.3°
CTCF 10% 58.9£0.4" 68.7+0.7" 76.6+0.5" 7.140.6°
20% 59.9+1.4° 69.7+0.9° 77.3+0.9° 6.9+0.6°
HZCF' 10% 59.4+0.3 69.1+0.3® 76.8+0.2° 7.140.5°
20% 62.9+0.4° 71.6+0.2° 78.6+0.0" 5.2+0.1°¢

Mean value of three replicate measurements; values sharing the lowercase letters within columns are not significantly different at p<0.05.
'CTFP and HZFP indicate the control and protease-hydrolyzed faba bean protein concentrates, respectively; CTCF and HZCF indicate the

control and protease-hydrolyzed chickpea flours, respectively.
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Fig. 1. Changes in storage modulus of control and protease-hydrolyzed plant protein sources. CTFP and HZFP indicate the
control and protease-hydrolyzed faba bean protein concentrates, respectively; CTCF and HZCF indicate the control and

protease-hydrolyzed chickpea flours, respectively.
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Fig. 2. Rapid viscosity profile of rice flour (RF) and RF-protein source (PR) mixtures. CTFP and HZFP indicate the control
and protease-hydrolyzed faba bean protein concentrates, respectively; CTCF and HZCF indicate the control and protease-
hydrolyzed chickpea flours, respectively.
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Table 4. Pasting viscosity parameters of rice flour (RF) and RF-protein source (PR) mixtures

Source Pasting viscosity (mPa.s)
. Addition .

Ingredient (dry RF basis) Peak Trough Breakdown Final Setback
RF 812.0+1.4° 537.5+2.1° 247.543.5° 1,424.0+14.1° 886.5+16.3"
RF-PR mixture

10% 54.0+£7.1°% - - - -
1
CTEP 20% 42.5+3.5% - - - -
HZFP' 10% 838.5£29.0° 469.5+12.0° 369.0+£17.0° 1,224.0+£9.9° 754.5£2.1°
20% 946.0+2.8" 420.0£1.4° 526.0+1.4° 1,064.5+5.0° 644.5+3.5°
10% 56.5+0.7¢ - - - -
1
CTCE 20% 39.041.4% - - - -
10% 35.0£4.2% - - - -
HZCF' .
¢ 20% 15.5+6.4° - - - -

Mean value of three replicate measurements; values sharing the lowercase letters within columns are not significantly different at p<0.05.
'CTFP and HZFP indicate the control and protease-hydrolyzed faba bean protein concentrates, respectively; CTCF and HZCF indicate the

control and protease-hydrolyzed chickpea flours, respectively.

W&y} 38t mE Fo|2EskE AJAIThE AL 7
AUtk Il HZFPS RFSE 13 sfol.g Y 223l

o wgl, HZFP A7ha) me} o2y Aw s2e 3
°]7P AR OH HVHEE AQF e SAIA RF
Hop fojFog Ysith o]xd CTFP9} HZFP7} the <
S 2ol AL CTFP7) 71l up2 Ae] A Al(Fig. 1A)
RF #9& =8 RFE] Flo|2EstE oA6I7] Wit
= A)ZAITHPak et al, 2024). Sk RFs} WolalZrle &
7 274 3= Bs|(Fig 2C & D), CTCFs>Jr HZCF= v
T 22 HIHEE JAT o]Fo 2 ZRIYUA 7
ol2d Mg weAy)A itk ArPeE Wolels)
F 2 A "kl S Stk old A
ofvh= CTCFS} HZCFe] thg o el ge] 7l5is) 3
3 olv] Y4 WY A wEe] RFY| so| A=l &
< AH3] o]&T F 7] W= FPEKBae et al
2020). Alch7t 7hpaal] ohd 2 el F8jo] RF 2Hy
woll F2EHA RFe) slo|2Eap} oA=2lS S 3
Z1o 2 HlthKim & Kim, 2021).

mlo 23]

2 o

ST JolelBlRE HEUY YR
of (AR 2 HAEA v 7eEel @ A(thermostable
o-amylase, cellulase cocktail) *]2]d}e] - FE=FFeh
3 ol F7RH(Z CTFP 3l CTCH)E Al xstaL Al&s)
Al T A RS F Aexo- 2 endo-type protease) 2|t 7}
TR Wl Ax(ZHzE HZFP 2 HZCF)E A Z38lic) Az
otz B bRl T A E ATl HTbske]
7F5e] R, &9, $3EA W FHolAyE HATE A}

ST Aol Agde sEPTE 2 A W7t

Al Skt o ol 7R frEll Al H7E Alelle
—1——5—}/\1\‘:}* 131‘/} OOH—J—‘C 2= EHZ;-"]' 7]“!“""°H o
A FH7F Al AV REG foA 0 R stk tlRTE
7] @ Al Hrke ATHRET EWL% 25
A3, Sslgys FaAZT A7HRe] o]

© HZFP 37} Al HAIHES &% SAZH oY Z*xﬂﬁ_
2 9 Ho]2y AxE Yepdtk 2y CTFP, CTCF
9 HZCF H7h= *&7HA o) 2~8 Hx wehS #3351
ok ARbEQl Avks 2 AgelM A2 e T

_>'4:_‘_1::ﬂw

LN

J2=
[}

3|
=

T:_
0
o

s ©h 2AlSe WrhRe] B Jue mAA GG
AsletE S vols Aos WUt ol Sde
B o) 2SS IBUANES VB BNYY
dahe BA0E Aes BAE 240l HAL Y
2 A2 F 9 A0 YZE B 35T B
3 gL BAE oY W 2% P} BEA L= o]
89 5 A Aoz 4ZEr)
LAl 2

2 RS FURANEN Ao $HNENE71Y

A VAR = 7]g7HHH\}°4(JerﬂH4§ RS-2021-
IP321032)0] A Qg wol AFHUFUT: BT & AT
2049 7713k Tl ake) AFLASA FEF Ao <
ato] g5

References

AACC. 2000. Approved Method of the AACC. 10™ ed. Method 32-
40.01. American Association of Cereal Chemists, St. Paul, MN,
USA.



242 up2=9] .

AOAC. 1990. Official Method of Analysis. Association of Official
Analytical Chemists (No. 934.06), Arlington, VA, USA.

Bae JE, Hong JS, Baik MY, Choi HD, Choi HW, Kim HS. 2020.
Impact of starch granule-associated surface and channel proteins
on physicochemical properties of corn and rice starch. Carbohyd.
Polym. 250: 116908.

Berrazaga I, Mession JL, Laleg K, Salles J, Guillet C, Patrac
V, Giraudet C, Le Bacquer O, Boirie Y, Micard V, Husson F,
Saurel R, Walrand S. 2019. Formulation, process conditions, and
biological evaluation of dairy mixed gels containing fava bean and
milk proteins: effect on protein retention in growing young rats. J.
Dairy Sci. 102: 1066-1082.

Boo KW, Kim BG, Lee SJ. 2020. Physicochemical and sensory
characteristics of enzymatically treated and texture modified
elderly foods. Korean J. Food Sci. Technol. 52: 495-502.

Grasso N, Lynch NL, Arendt EK, O’Mahony JA. 2022. Chickpea
protein ingredients: A review of composition, functionality, and
applications. Compr. Rev. Food Sci. Food Saf. 21: 435-452.

Jang MS, Oh JY, Kim PH, Park SY, Kim YY, Kang SI, Kim JS.
2021. General and nutritional characterizations of domestic
commercial senior-friendly foods. Korean J. Fish Aquat. Sci. 54:
532-542.

Kalman DS. 2014. Amino acid composition of an organic brown
rice protein concentrate and isolate compared to soy and whey
concentrates and isolates. Foods. 3: 394-402.

Kim YA. 2018. Soy protein: a high-quality, plant-based protein. Food
Sci. Ind. 51: 270-277.

Kim R, Kim HS. 2021. Development and characterization of potato
amylopectin-substituted starch materials. Food Sci. Biotechnol. 30:
833-842.

Kim YJ, Lee IY, Chun YG, Lee MH, Kim BK. 2022. A survey on
the hardness and viscosity of senior-friendly foods available in the
Japanese market. J. Korean Soc. Food Sci. Nutr. 51: 367-374.

Kim R, Oh J, Kim HS. 2019. Isolation and physicochemical
properties of rice starch from rice flour using protease. Food Eng.
Prog. 23: 193-199.

Kim R, Oh J, Kim HS. 2021a. Production and characterization of
rice starch from broken rice using alkaline steeping and enzymatic
digestion methods. Korean J. Food Sci. Technol. 53: 731-738.

Kim R, Oh J, Kim HS. 2021b. Production and characterization of
rice starch from stale rice using improved enzymatic digestion
method. Korean J. Food Sci. Technol. 53: 749-755.

Korean Standards & Certification. 2022. Seniors friendly foods
(KS H 4897). Available from: https://standard.go.kr/KSCI/
standardIntro/getStandardSearchView.do?menuld=919&topMenul
d=502&upperMenuld=503&ksNo=KSH4897&tmprKsNo=KS H
NEW 2017 1067&reformNo=02. Accessed Sept. 27, 2023.

Lee SJ. 2015. Recent sensory and consumer studies for the
development of texture modified foods for elderly. Food Sci. Ind.

FAE - HBA

48: 13-19.

Lee EJ, Lee JY, Hong GP. 2021. Current status and development
strategies of domestic plat-based meat alternative food market.
Animal Food Science and Industry. 10: 61-70.

Lee SY, Lee JG, Lee YJ, Choi MJ. 2017. Application of injection
and nanocoating technologies for developing tenderized silver
foods. Food Ind. Nutr. 22: 15-23.

Lee HS, Nam YJ, Kim YE, Kim JC, Shin Y, Lee Y, Heo W. 2020.
Policies and industrial technology trends for senior-friendly foods.
Food Sci. Ind. 53: 435-443.

MFDS (Ministry of Food and Drug Safety). 2020. 3. Standards and
specifications of foods labeled and sold as the infand, elderly, or
alternative food-2. Foods labled and sold for the elderly. Available
from: https://various.foodsafetykorea.go.kr/fsd/#/ext/Document/FC
?searchNm=%EA%B3%A0%EB%A0%B9&itemCode=FC0A002
001002A012. Accessed Sept. 27, 2023.

Nivala O, Nordlund E, Kruus K, Ercili-Cura D. 2021. The effect of
heat and transglutaminase treatment on emulsifying and gelling
properties of faba bean protein isolate. LWT-Food Sci. Technol.
139: 110517.

Park DY. 2022. Development of gluten-free and senior-friendly
processed meat products using whole grain flour. MS thesis,
Kyonggi University, Suwon, Korea.

Papalamprou EM, Doxastakis GI, Biliaderis CG, Kiosseoglou V.
2009. Influence of preparation methods on physicochemical and
gelation properties of chickpea protein isolates. Food Hydrocolloid.
23:337-343.

Park SW, Lee J, Kim HS. 2024. Physicochemical property of
protein-fortified rice flour using Bacillus subtilis-fermented faba
bean protein concentrate and chickpea flour. Food Eng. Prog. 28:
41-52.

Park SY, Lee SM, Park SH, Kang SI, Jang MS, Kim JS. 2022.
Preparation and quality characteristics of Japaness Spanish
mackerel (Scombermorus niphonius) processed products with
different physical properties as senior-friendly seafoods. Korean J.
Fish Aquat. Sci. 55: 111-120.

Park HJ, Um KH, Lee S. 2019. A hardness survey on crushed meat
products in the Korean market for the development of meat foods
for seniors. Food Eng. Prog. 23: 139-145.

Statistics Korea. 2022. 2022 Statistics of the Elderly. Available from:
https://kostat.go.kr/board.es?mid=a10301010000&bid=10820&tag
=&act=view&list n0=420896&ref bid. Accessed Sept. 25, 2023.

Author Information

Ul A7t Ak st A FA ST skt AAt
Al A7k dntdjskel A FA8 e st AAR
AEA: s vlel e gk ST, e



