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Abstract

This study investigated the physicochemical properties of protein-fortified rice flour by mixing rice flour (RF) with un-
treated and fermented plant proteins. Fermented faba bean protein concentrate (FMFP) and chickpea flour (FMCF) were
prepared by solid-state fermentation of faba bean protein concentrate (UTFP) and chickpea flour (UTCF) using Bacillus
subtilis. FMFP and FMCF exhibited higher crude protein, reducing sugar and starch contents more than their counterparts.
The increased rate of essential and branched-chain amino acids in FMFP and FMCF exceeded that of crude protein. Adding
plant proteins to RF decreased swelling power (SP) and increased solubility in RF-UTFP and RF-FMFP mixtures, while SP
and solubility increased in RF-UTCF and RF-FMCF mixtures. All RF-plant protein mixtures showed higher gelatinization
temperature and lower gelatinization enthalpy than RF. Thermal gelation was found in all RF-plant protein mixtures, but
the RF-FMCF mixture may form weak and unstable gel structures. The increase in pasting viscosity was minimal for the
RF-UTFP and RF-FMFP mixtures but more pronounced for the RF-UTCF and RF-FMCF mixtures. Overall, FMFP may be
a potential protein source to supplement the protein deficiency in RF with minimal changes in RF-based foods’ rheological

and textural properties.
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Table 1. Proximate composition of rice flour (RF), faba bean protein concentrate (UTFP), and chickpea flour (UTCF)

Source Crude protein Crude fat Crude ash Total carbohydrate Total starch Non-starch polysaccharide
(%, d.b) (%, d.b) (%, d.b) (%, d.b) (%, d.b) (%, d.b)

RF 7.7+0.6° 1.0+0.0° 0.7+0.0° 90.6+0.5" 89.6+1.6" 1.1£0.5°

UTFP 57.3£0.1° 3.240.1° 5.9+0.0" 33.6+0.1° 13.44+0.0° 20.2+0.1°

UTCF 21.7+0.7° 6.6+0.0° 2.6£0.0° 69.120.6" 52.4+0.8° 16.840.1°

Mean value of three replicate measurements; values sharing the lowercase letters within columns are not significantly different at p<0.05.

Table 2. Yield, soluble protein, and chemical composition of fermented faba bean protein concentrate (FMFP) and chickpea

flour (FMCF)
Source Yield' CWSP* Reducing sugar’ Total starch Crude protein
(%, d.b) (%, d.b) (%, d.b) (%, d.b) (%, d.b)
FMFP 89.4+1.9" 4.34+0.0° 7.740.1° 12.0£0.2° 69.3+0.0°
FMCF 92.0+3.9° 1.4+0.0° 10.5+0.3" 21.4+0.4° 68.9+0.0°

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 fermented to the untreated plant proteins.

*Cold water-soluble protein; the CWSP content of UTFP and UTCF was 7.6% (£0.0) and 0.5% (+0.0), respectively.

*The reducing sugar content of UTFP and UTCF was 5.3% (+0.1) and 5.1% (£0.1), respectively.
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Table 3. Compositional and free amino acid profiles of untreated and fermented faba bean protein concentrate (UTFP and

FMFP)
Compositional Free

Amino acid (mg/kg dry material) (mg/kg dry material)
UTFP FMFP UTFP FMFP
Aspartic acid 36,231 47,200 240 98
Glutamic acid 63,323 85,718 307 629
Serine 16,781 22,074 16 54
Glycine 12,582 17,494 35 213
Common Arginine 33,930 35,043 5,384 68
ommo Alanine 13,565 18,062 100 1,286
Tyrosine 9,980 12,545 51 255
Proline 14,191 16,654 27 174
Asparagine - - 249 41
Glutamine - - 13 25
Histidine 8,786 10,952 53 197
Threonine 12,292 15,593 19 252
Non Methionine 2,013 2,757 2 92
Phenylalanine 14,368 18,482 94 381
Essential Lysine 18,808 23,274 66 409

Tryptophan - - 29 -
Valine 15,579 19,507 39 538
Branched-chain Isoleucine 14,177 17,819 17 301
Leucine 24,517 31,294 30 736
Citrulline 6 43 5 67
Others Ornithine - 3,723 - 2,579
GABA - - 11 11
Total 311,129 398,235 6,783 8,408
Total (essential) 110,540 139,678 347 2,907
Total (branched-chain) 54,273 68,619 85 1,576
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Table 4. Compositional and free amino acid profiles of untreated and fermented chickpea flour (UTCF and FMCF)

Compositional Free

Amino acid (mg/kg dry material) (mg/kg dry material)
UTCF FMCF UTCF FMCF
Aspartic acid 15,200 48,084 19 213
Glutamic acid 28,527 90,521 154 1,480
Serine 6,943 22,137 5 48
Glycine 5,224 17,120 16 137
Common Arginine 10,756 32,168 424 79
Alanine 5,571 18,580 10 1,158
Tyrosine 4216 13,677 60 329
Proline 4,846 14,526 9 81
Asparagine - - 22 203
Glutamine - - 4 77
Histidine 3,307 10,655 16 139
Threonine 5,034 16,260 10 236
Non Methionine 1,703 4,984 3 185
Phenylalanine 7,116 23,011 6 848
Essential Lysine 6,792 21,897 15 825
Tryptophan n.a. 982 39 207
Valine 6,266 20,950 5 634
Branched-chain Isoleucine 6,174 20,129 3 557
Leucine 10,184 33,420 3 1,466
Citrulline - - 2 125
Others Ornithine - 689 - 576
GABA - 585 4 579
Total 127,861 410,375 829 10,179
Total (essential) 46,576 152,289 99 5,096
Total (branched-chain) 22,624 74,498 11 2,656
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ShI(UTCF 2 UTCF) R0} 2H 4] S Eh)(FMFP 2 FMCF)9)
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ol 2lal(Table 1 & Table 2), of2igh M- @ide &
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85°ColA] Asht 2= 9 Ashthermogelling) Tha) 2 2
22 ) tHPapalamprou et al., 2009; Nivala et al., 2021). =
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Table 5. Swelling power (SP) and solubility of rice flour (RF), protein sources (PR), and RF-PR mixtures
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Source Sp Solubility (%, d.b)

Ingredient Addition (dry RF basis) (¢/2) Soluble fraction Total carbohydrate
RF 11.741.3% 10.7+1.1° 10.3+1.0%
PR

UTEP' 6.2+0.2" 48.4+1.0° 11.040.0%%

FMFP' 7.140.1¢ 39.6+0.0° 6.2+0.2"

UTCF' 7.340.7¢ 30.8+3.7° 14.1+1.1°

FMCF' 7.740.1¢ 27.4+0.6° 13.8+1.0"
RF-PR mixture

0 540.1% 140.6 0+0.8"

UTFP' 10% 8.54+0 1de 10.1 06de 7.0+0 8de

20% 12.9+0.4 17.0+0.3 13.0+0.8

0 oy fgh o f v f

EMEP' 10% 8.4 o.1d‘f 9.8 0'3“ 6.5 0.1d
20% 10.7+0.2% 14.140.0%* 10.7+0.7°%

10% 14.1£0.3® 18.6£0.4° 18.0£1.0°

TCF'

U 20% 16.6+1.1° 17.540.1% 17.2+0.2°
0 .i.bc .i.dcf .i,bc
EMCE' 10% 13.7 122‘h 14.1 o9ef 13.5 Ogm

20% 14.5+0.2 12.9+0.7 12.2+41.1

Mean value of three replicate measurements; values sharing the lowercase letters within columns are not significantly different at p<0.05.
'UTFP and FMFP indicate the untreated and fermented faba bean protein concentrates, respectively; UTCF and FMCF indicate the untreated

and fermented chickpea flours, respectively.

WAz v ARA gl v Ry Fug 2 kg A8
wof] F-atod(Table 1 & Table 2) o] 8}o} 3Fof| o
23 5 A3EA S Ao g A7ErtiBae et al, 2020). &
B Aol AeE S42 98l A8d didEe =4
oA A71Ee} AECTh(Furg B uhg) so]AES] HA
=3 4TS Bes] BeHdvk 2eu ArEReAE F
He AEAE Ag F AN, FuE gl g 2By
M mAPAEe] EAkE AN Hole BRHE 45
oS ATk wEbA oleigh o] HHow Ag-ato]
g g owE AETe] fgeo] ArRRRTE v A
o2 JTHATE 39 RF-2 20 E3tEo) saed Ast
o], FSEFE(UTFP 2 ) A7t EHES FEUT
chal H7ero] kst H&¥ o] FrketithTable 5). 1
2l RFol] F53ra o] Jrte Aad S48 A8 o
Erello] T uFR Tkl Tt RE-w53Fd
1]

ST FHE Qo] BFYo] FE

) Vs ETRA e Sl RFRTE Jrjd o olg &
SrEo] HEo] WHof o83 £ U= Eo] AHfFoE F

o]x7] W&oz AMztEitiBae et al, 2020). ¥FHo| RF-H
o}aiﬂff-(UTCF 9 FMCF) &322 RFHU} & 3§
HS Yepliglon, el grhE A7kl S7tehH A&
o] F7lsldith ol 2 A= WerbeA wd 9
o] wl-¢- Hoj(Table 2) RF 2] s & Aol 7] & =%
A Wole|F7hE frefl Aol Sl W&ol ouA
g 7oz Azhgt) Aty UTCFETE FMCFE #71sk &

ol A7k ola W
UTCE 1} FMCFe] 413 ghago] #7] w805 Azt

=

27 HHRE),

Chl(FMFP 2! FMCF)3} RF-2]
Table 50 AA]&EFTE Salme =
FHNo| F PR F F

FEE 9 Eu 7)E

&8s YepSi=d, ol

HI—E NUD}BH(U'IFP =i UTCF) tﬂ— }_\_l%

%T;]—Hﬂ 3:_6‘1—%_/] Q_ HL:_ =
g 24 A 35a
© 2 Yepick RFY) &

S =E= 7k} 10.7%9F 10.3%0]9)

|

=

B 02

kol

5

ol RFe] ol F2 axliel fasglss 7}F4
Ay PUE 9 9E Bl 3 v3E /)E Sew

RFET} oF 30481 =97, UTFPS} UTCF:= 7}z} FMFP
oF FIMCFET & 55 Yl o859 9 7%
FHEE F AR /|FEH ke FFoIlEw, olze
qEdve] gelnt F2 7h84 B 2 AsE
4w Wl A AR e BaE B
Aol B vAdATE ke A e EREE AS
oo AEu o BMAS groz AEch £ B
& AEuuel galwst Beme] Znch we
Ae A& ANY Lzo] MEH AR T o
s @) PRy 7R 3 obulatEo) 9%
2 w29 232 o $8 RF-4ET 238 3
o}, UTFPe} UTCFE 10% H718F £3-52] £9 7|5 &3
L= RFEG SL=d), o= o859 2 A9 il A
2ok 2gA o]5e] F AFE 7IE &ll== RFY] 74

3 BAHCR fA15H9
84 vud froz 47

o], o]Z& UTFP$} UTCF &2 7}
=l 28y UTFPeF UTCF=



48 B9l - o]
20% A7NE EREL RFUT £& 5 1Y2 2 5T 7
8ol UESIEs, ol UTFPS} UTCF 7kl
S 7184 Tl e N AR SRR ol
dHom FAAY] dolth ATkt 10% A7hzelA
29 59 717 SEs F PR J1E An e |
3} 229}tk ukelo] UTCFs} FMCFe] BE 37he REnTH
<

DR 2 39 1FE SRt B 3 23R AE

—_—

b
ox t ox S A

o

=N O
FAEst 59 /1% $IEE SARIIT: o5 Sl
F2 A% Fels 828 A% BAHs} UTCFe} FMCFe]
AR SrslE TR B fde] AAthe AL
Frel7e, ool ABE AAY ol B
o galEA 9 B84 AL FAT Aoz Az =
spei 3 g2o] Z7halsd

o= F 1R # FT 7IE el &% Aastle

o
a
o,
i
5
eS|
1o
et
N
)
ot
s
o|\
N
N

=
o] WEE AR AR BApe] 22 PEAO
1

2 A7) |2l A 3k

S3EY

A7}(RF)9} RE-2 8 9189 581548 Table 6
o] AABFATE RF9] SsPiAleEE 522°C, 31HIe%
L 65.6°Ce} TEEALE 733°CE o]tk RE-21Ethl &
Eo] FIPJASEE 555-57.9°C, TEH T LT 67.3-
683°Co} T3lEALEE 745-769°C2] W9 2th RF-
ekl E3HE0] T3y AlETho] FF, whg o
9 H7bF mE SAA fFoldS EAHA AN A
Aoz RFETE =dt) 3hd Eslelgy)= RE7} 113 Jig
0|23, RF-2] vkl 3152 73-83 J/ge] 9ol ATk
RE-21E0h) &3ME9] S3lildy)= RFEL §-9]%S Wk
O}, AEhe] F, UE o g Hube| e FAA

#9149 §ITh o 47 RFNC RE- 20 5320 %
o} ke F5Yv] RFY) AEehig

=20 ME AStHEe| RHSIY 54

e E(UTFP 3! UTCF) 3 28 (FMFP 3! FMCF) A=t
Ho] 25 wsle] mE ©/dA|e] WstE Fig 1o A8t
Aok FEAFE S AEstod(Fig 1A), UTFP] e A4
(storage modulus)= 69°C ZA]ol|A A535}7] AZFsle] 95°C
(F 252 7)olA 13} peakS HAFF F 95°C 59 A
SRR (OF 2927]) 4 7HAaEtal, 95°CollA] 60°C7EA] ThA
F78] 2719 ThS 25C7R ASA kel Zoleke
FFE JERATE ol g edAIGe] WSt UTFP
o] Ao AWz e & Ast iR dAdE, &
3] 95°C FAIFAolM AT A e UTFP o
Bad A7 AHe] SA=E Q13 Aoz AzEriNivala et
al, 2021). UTFP2}= Y] FMFPe] e AF= 77-79°C &
AolA gsst7] Alzkste] 95°C7EA] Ad<sste] 95°CollA]
AgE 5 25°Col ek wi7kx] A&eiA Fssilal, 25°C
o] = eXAIS(2,9544 Pa)«= UTFP (14358 Pa)H T} €%
3 Be 22 UEhIQIT: ot UTFPY mxw Wi%
&3l FMFPO] whe Hd bt =2 whiid b wjEo]
wH(Table 2), s&3FEo] & Ashe= Awro; o
o]3l ko] L & 7o =7 AZMEIrKNivala et al, 2021).
g Wole|F 7ol Hdstoi(Fig. 1B), UTCFo| A
© 61°CH-E 95°C (¢F 25)7HA] w4 3] dsste] 95°C
AQoN A% AT F 250 oA W 7
3 gsaieinh oleld e WoleThre] 4R
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Table 6. Gelatinization property of rice flour (RF) and RF-protein source (PR) mixtures

Source Gelatinization temperature (°C)
Addit Gelatinization
. ition enthalpy (J/g)
Ingredient (dry RF basis) Onset Peak End
RF 52.240.6° 65.6+0.8° 73.3+1.0° 11.3+0.1°
RF-PR mixture
UTFP' 10% 57.0+0.5% 67.4+0.0" 75.44+0.3" 7.740.7°
20% 7.120.3* 68.2+0.3" 76.2+0.2% 7.9+1.0°
FMEP' 10% 56.5£0.3" 67.2£0.2" 75.0£0.2° 7.840.7°
20% 57.4+0.5° 68.3+0.2° 76.2+0.5% 8.0+0.2°
UTCF' 10% 55.5+0.3° 66.6£0.3™ 74.5+0.3® 7.340.5°
20% 57.9+1.5° 67.3+0.0" 76.9+2.3° 7.440.1°
FMCF' 10% 57.8£0.2° 67.9£0.5" 75.9£0.7" 7.9+1.1°
20% 56.9£0.2" 68.0+0.3" 75.6£0.0™ 8.3+0.4°

Mean value of three replicate measurements; values sharing the lowercase letters within columns are not significantly different at p<0.05.
'UTFP and FMFP indicate the untreated and fermented faba bean protein concentrates, respectively; UTCF and FMCF indicate the untreated

and fermented chickpea flours, respectively.
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Fig. 1. Changes in storage modulus of untreated and fermented plant protein sources over the temperature profile. UTFP
and FMFP indicate the untreated and fermented faba bean protein concentrates, respectively; UTCF and FMCEF indicate the

untreated and fermented chickpea flours, respectively.

o] WEF d Ash dhdoe] iE AR Age] 5HE
FHA43}el5 7] wjEo 2 AYZFE tiPapalamprou et al., 2009).
HH FMCFe] A G= 63°CollA] 91°C7EX] 43| F7}
g 95°C A9 GE #A 8C7HA| Wztem X438 7+
28FAAL, o] F S6°CTEA] WztEw oAl 4% S o
ERQITE 56°C o]3o= FMCFe| B A7) 47°CrHA] 7
gl thy 25°C7HA] & WSt glo] s S FX1E
t}. FMCFe] edA7t wehet @42 J4=Jd ol
A 59 A 27 AEH Q1 oscillatione]] ©]3l 53}
A7] WiEoltk oA Iz LE Al &5 = amylase9}
protease®]] ©]&l] Wole]F7FFo] Mt vl o] 27} &
AESS 77, olelgh A2 UTCFET FMCF]
w2 i Fei(Table 2)3} 7443k 838 =(Table S)of] ]3]
A ek 23802 FMCF= et 4 x5 34314

El= Zow

E

Hol~g HE S4
HIVRRE)S} RE-A S0 B3] solag HE =
233w 545 717} Fig 29} Table 7 epfiSick
RF9] do]2y HE Zeade 3 Bad A
A}EFSATHBae et al, 2020). UTFP9} FMFPES RF9] Ax
S o] 10% H71ekls o, dloja’ He Z2ade
RF] i3} 7208 P42 HgloLHFig 24), 218w (peak
viscosity), A7 E(trough viscosity)@} &3] 7 & (breakdown
viscosity)rx= RFE.T} Ab5al9 A9k, H =2 T (final viscosity)
o} X)HHd =(setback viscosity)«= 7FA 5 tHTable 7). At}
UTFP$} FMFPE RF| 7xFaF the] 20% H7hek 7459
Sols® WE TEuAe 10% A7k Aok Bk 5l

Table 7. Pasting viscosity parameters of rice flour (RF) and RF-protein source (PR) mixtures

Source Pasting viscosity (mPa.s)

Ingredient ( dr? (lik(i;tlt());sis) Peak Trough Breakdown Final Setback
RF 812.0+1.4° 537.5+2.1¢ 247.5+43.5° 1424.0£14.1¢ 886.5+16.3%
RF-PR mixture

UTFP' 10% 871.5+19.1% 536.0+1.4° 335.5417.7% 1373.0+14.1¢ 837.0i12.7°r

20% 917.0£7.1¢ 544.0+8.5 373.0+1.4% 1328.0+11.3¢ 784.0+2.8'
EMEP' 10% 893.5+12.0° 572.5+17.7¢ 321.0+5.7¢ 1414.5+17.7° 842.0+£0.0°
20% 979.0+25.5™ 594.5+13.4¢ 384.5+12.0° 1402.0+17.0° 807.5+3.5"
UTCF 10% 986.09.9° 613.0+0.0™ 373.0£9.9" 1550.0+22.6° 937.0+22.6*
20% 1182.542.1° 696.5+174.7° 486.0+15.6" 1658.5+13.4° 962.0+4.2¢
FMCF' 10% 984.5+4.9% 617.0+11.3™ 367.5+6.4™ 1691.5+29.0° 1074.5+40.3°
20% 1130.0+36.8" 655.0+£33.9® 475.0+2.8 1814.0+£59.4° 1159.0+25.5°

Mean value of three replicate measurements; values sharing the lowercase letters within columns are not significantly different at p<0.05.
'UTFP and FMFP indicate the untreated and fermented faba bean protein concentrates, respectively; UTCF and FMCF indicate the untreated

and fermented chickpea flours, respectively.
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Fig. 2. Rapid viscosity profile of rice flour (RF) and RF-protein source (PR) mixtures. UTFP and FMFP indicate the untreated
and fermented faba bean protein concentrates, respectively; UTCF and FMCEF indicate the untreated and fermented chickpea

flours, respectively.
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