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Abstract

The physicochemical properties of spray-dried rice flour with Lactobacillus plantarum CGKW3 were investigated.
Amylose and damaged starch contents of spray-dried rice flour (S10, S20, S30, and S50) with L. plantarum CGKW3
were 14.18~17.75% and 24.65~34.08%, respectively. The particle size of spray-dried rice flour was 82.28~131.17
um. The rice flour with L. plantarum CGKW3 showed a good powder flowability. The water absorption and water
solubility of spray-dried rice flour were 1.96~2.13 and 9.91~21.95%, respectively. Thermal properties measured
by differential scanning calorimeter revealed that the enthalpy (A H) for starch gelatinization were highest in the
rice flour (S50) with L. plantarum CGKW3. When compared, the viable cell number of spray-dried rice flour
were found to be in the following order: S10 (5.78 log CFU/g) < S20 (6.38 log CFU/g) < S30 (6.69 log CFU/g)
< S50 (7.11 log CFU/g). The survaival rate of L. plantarum CGKW3 was 60.02-73.85%, which reflected the
improvement in the quality of rice flour with an increase in treatment concentration. Based on our results, spray-dried
rice flour with L. plantarum CGKWS3 could be used in various types of rice foods.

Key words : rice flour, Lactobacillus plantarum CGKW3, spray drying, encapsulation, physicochemical properties

MoOE Tl Eoth(). AAAA ez o] 85T e Fo Fakt
%2 Jactobacillus 2.2 ol A4 A& 3], W
-2t (lactic acid bacteria, LAB)-S &< Wasi|A thaF 74 A8 9 olEy H8Yd X8 85 59 7]‘—01 By
o] Zike Aitete AldeR ”% B, A2 13 A4, 1 o)), ARelAl FelElo] o sk 13 S aet
g 2 Alg T AEAQ EaAEe Az o] &= & 7HE F e s —Liﬁ}ﬂg@.é(probmncs)r’/}
AEe] HEAS Bole AAF R o ouE Ad Ran, gutdoz o) ggu}o] QEI 10 §=o A7ix|
=Yg dolgle vl gl drhe. e el
*Corresponding author. E-mail : jhhong@cu.ac.kr Z2ulo| QHAE 7R U] AEZ Tt 427
Phone : 82-53-850-3218, Fax: 82-53-850-3218 ] & W7hete] A%, 5 D AAUA A Wtk ol g}
Received 24 March 2015; Revised 8 May 2015; Accepted 23 A, w3}, ~Ef e} Ao] Zo& olg AEL] 2
May 2015. Lo e
] 3k 1k 34 s 3 A X
Copyright (©) The Korean Society of Food Preservation. All f?{’ = 27 Hol el Fasted@-6), el el
rights reserved. st Alsdth



Physicochemical properties of spray-dried rice flour with ZLactobacillus plantarum CGKW3 393

A3 TokllM Bol &85 1 9= 7 &3Hencapsulation)

t A EaAe] A 2 B2 B, W] 418
HELAL P, BBLF WA A, A HES 3
Yo, 4F2A] PEEE 24, AZTP AN D B4
Y 5o PHE AT Uekag). Aol Qo] A8

(core materials)®] 543} AHE-E HA ol whel thgt T
A7} 3 &5 (wall materials)® ©] %1 JE6(9,10),
maltodextrin, cyclodextrin, modified lipophilic starch & gum
T 58 2L grdlao] 2 ARSI UTh11,12). HE
o AEHES AeATe dElEe BEAHRY A
(formation of capillary), &<*(sorption) 2 ¥3]&}3+&E2] g
A (inclusion complexes) 522 H 1% 1 ITH13).

2] vk JFd S &Y FF, AR Tl wheh
Tha Aol = glovt W] -4 o] 75~80%, T o]
6~8%, A'8, A2 B 2ol 47 1~3% P = st
UTH14). 2] F2 Al A 727 A2 o& ofd
2o zstoldmAE 07 FAJ o] glonf om0 = o}
o] ztolof whet Aol 3t Bl 13t 54 5 FAH B
xfo] & Kolal(15), A7FEES 48 A7 d=a7]
2R, AEE, 5354 5o sl 9 wet
(16-18). A7 7, 2|7t 7155 B ek o] WSt T
2 Qlslo] 191 AzF & AH RS 2005 80.7 kgoll Al
2014\ 65.1 kg 2 2 10847 A EAH 02 FHashe 4
£ Hola rh19). olo &9l 2nlE F7HA7I7] $sh
FA| R0l opd & ZpAlFE A B st E 919 =
o] o] Feix 3 Urh20). ] A7kl ek AFRE 712
I F2], A, A2 9 AEERY 52 gt AhT
AZ@21,22)7F 5 o] FU o Zefoll= B 7(23), &2
@4, 53, FRE6) L TS AET B8 A
L@l digh A Fol HauE glrh

2 AFolAE ) el an)E F7HA7 3 3 A
F A 7156 B 7 A o] e mES AlEstaat
Rz o8l ikt T3 v Es AZsR e
o, AlZE AR nEe] Eested 54 9 ikt
RAEES ARSI & 7HAIE JIEA] 7HA A8 3 AN
A 9% 712 AR Z8staxt 33

Mz o

HEIE

B A ARE RS SliAke R 2014 119 T
A2 FQIARA BYZFNA AT A2 60 mesh
=440(0.250 mm, Chunggye, Seoul, Korea)ol] 53471
, 1217C, 127140l 4] 1535t Al gt vh ikt 23
gk 9 B2 2 ARSI Akt a7 e
a7/ AE AT el AR 2 e B2l Lacrobacillus

o 41t b

U
)

L

plantarum CGKW3(KACC92075P) A}-8-319] 2™, MRS
v o] A ZT 3%S HESIL 37ColA] 24417 &
v kg o ARE-SESITh 2441 3F v ke frabat vl kY
FabtEE 9.63 log CFUMLE Yo, pH 9 A%
247} 3.87, 1.56%°] ]t}

Tz g k2R vEe] Alxe vES At
& div] 247} 10%, 20%, 30% 2 50%whE H71e

gt T oFEvho] A (atomizer) 7t 2 A2
Seogang engineering Co., Ltd., Cheonan, Korea)&

FY 22 160C, & 2% 100CE A6k
T 17,000 rpmoll A Al ZFHEEE 12 mL/ming]
= Alzstglen, -70C ofste] ghael] EykshA
ARE AR E2TFRE FRE 1R
bl mukdk ¥ BRAZI BUE ALE3

=

2 Hd oo &
&

(o Jp ob

o oHr BN Ae S
o olz)

N

]_

O

oftl 2 ¢ =3tk Williams 5(28)2] Wl o8 %
SRt Al& 0.1 goll 95% ethanol 1 mL9} 1 N NaOH
9 mLE F7}ske] BAMAZ)A 100T & F-FZ(BS-31,
Jeio tech Co., 1td., Seoul, Korea)ol] 2o] 10% < HFS-A|Z)
o} A1l T a8l S mLE # 3l 1 N acetic acid
1 mL$} iodine-potassium iodine £ (w/v, Duksan pure
chemicals Co., 1td., Ansan, Korea) 2 mLE 37|13t & 575
£ o]&3to] 100 mL7} H=5 P&t e, 308 T
W28k thg- #3333 %= 4| (Ultraspec-2100pro, Amersham Co.,
Uppsala, Sweden)Z ©]-4-314 620 nmel|A] FH=5 =743}
Aot oz ezeFLS AN TElE ofdEez
(Sigma-Aldrich Co., St. Louis, MO, USA)E % @ale] 2]
g FEFAHC2RYH AL

e —

/A 58 F-S Boyaci 5(29)2] W <3l S 3%
th A5 9 g& 100 mL B -&Eef~A Y11, a-amylase
&M (Aspergillus oryzae 125,000 unit in 450 mL acetate
buffer, Sigma-Aldrich Co., St. Louis, MO, USA) 45 mLE&
A7keteo] frejed 2 2 £3et v 30T AE 2%
(BS-31, Jeio tech Co.)oll o] 25 &<t WHgAIZ T, o]
g-ollo]] 3,68 N sulfuric acid(Duksan pure chemicals Co., 1td.)
3 mL9 12% sodium tungstate -8<(w/v, Duksan pure
chemicals Co., Ltd.) 2 mLE F7}ele] & &3et & 287t
% *X|A|4 Whatman No. 4 QA2 o33t th3 244G =
AI(N-1E, Atago Co., Ltd., Tokyo, Japan)E ©]-&-3}%] Brixs
S5t AEELE S okl 2ol ALtstaitt
(B2 —B )XV



394 = FA 58
B; = Brix value of blank filtrate
B, = Brix value of sample filtrate
V = Volume of slurry
M = Sample weight
F = Conversion factor = 1.64
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Table 1. Amylose contents, damaged starch contents, and particle
size of rice flour that included Lactobacillus plantarum CGKW3

by a spray-drying process

Samoles” Amylose content ~ Damaged starch Particle size
P (%) content (%) (um)
Non 199140282 38.95+1.39" 77210.18°
S10 14.184036° 34.08+0.53" 82.28+0.57"
$20 15.82+0.26" 33.78+091° 84.24+0.12°
$30 16.9240.45° 33474105 85.5440.11°
850 17.75+0.09" 24.65+1.58° 131174129

"Non, spray-dried powder of 100% rice flour; S10, spray-dried powder of 10% rice
flour included L plantarum CGKW3; S20, spray-dried powder of 20% rice flour
included Z plantarum CGKWS3; S30, spray-dried powder of 30% rice flour included
L plantarum CGKW3; S50, spray-dried powder of 50% rice flour included L.
plam,arum CGKW3.

"Means+SD (n=3) within each column (a-¢) followed by the same letter are not
significantly different (p<0.05).

Yolume (%)
F-Y

1 10 100 1000
Particle Diameter (Hm)

Fig. 1. Particle size distribution of rice flour included Lactobacillus
plantarum CGKW3 by spray-drying process.

Non, spray-dried powder of 100% rice flour; S10, spray-dried powder of 10% rice
flour included Z plantarum CGKW3; S20, spray-dried powder of 20% rice flour included

L plantarum CGKW3; S30, spray-dried powder of 30% rice flour included L plantarum
CGKWS3; S50, spray-dried powder of 50% rice flour included L plantarum CGKW3.

(B)SlO y

(A) Non
Fig. 2. Scanning electron microscope (3.0kV*1,000) of rice flour that included Lactobacillus plantarum CGKW3 by a spray-drying process.

Non, spray-dried powder of 100% tice flour; S10, spray-dried powder of 10% rice flour included L plantarum CGKW3; S20, spray-dried powder of 20% rice flour included
L plantarum CGKW3; S30, spray-dried powder of 30% rice flour included L plantarum CGKW3; S50, spray-dried powder of 50% rice flour included L plantarum CGKWS3.
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Table 2. Moisture contents, water absorption index (WAI), and
water solubility index (WSI) of rice flour that included Lacfobacills
Plantarum CGKW3 by a spray-drying process

1 Moisture content WSI

Samples %) WAI %)
Non 33440417 2.39+0.03 0.68+0,04°
S10 2404047 1.96+0.03° 21.95+0.17°
$20 2.62+042° 1.9620.04° 18.49+1.53"
$30 2324026 2.05+0.02° 10.95+0.53°
S50 2484037 2134003 991+027°

"Non, spray-dried powder of 100% rice flour; S10, spray-dried powder of 10% rice
flour included L plantarum CGKW3; $20, spray-dried powder of 20% rice flour
included L plantarum CGKWS3; S30, spray-dried powder of 30% rice flour included
L plantarum CGKW3; S50, spray-dried powder of 50% rice flour included L. plantarum
CGKWS3.

IMeans*SD (n=3) within each column (a-d) followed by the same letter are not
significantly different (p<0.05).
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Table 3. Differential scanning calorimeter of rice flour that included
Lactobacillus plantarum CGKW3 by a spray-drying process

Samples” T.:°2> ’I:PZ) TCZ) AR
i (©) (C) (0) Ujg)
Non 24.84 97.01 177.39 191.8
S10 2522 89.26 168.29 1289
S20 2522 97.90 174.54 172.0
S30 2522 99.01 17777 196.2
S50 24.47 103.77 180.80 199.4

"Non, spray-dried powder of 100% rice flour; S10, spray-dried powder of 10% rice
flour included L plantarum CGKW3; S20, spray-dried powder of 20% rice flour
included L plantarum CGKWS3; S30, spray-dried powder of 30% rice flour included
L plantarum CGKW3; S50, spray-dried powder of 50% rice flour included L. plantarum
CGKW3.

T, T,, T. indicate gelatinization onset, peak and completion temperatures, respectively;
AH is designated as gelatinization enthalpy.
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Table 4. Viable cell count, pH, and acidity of rice flour that included
Lactobacillus plantarum CGKW3 by a spray-drying process

Samplesl) Viable cell countz) o Acidity
log CFU/g % (%)
Non - - 6.78:0.02° ND”
510 578:024"  60.02£253  4042001°  072:001°
$20 638:009°  6625+097°  4.04:000°  0.56+0.04"
$30 6.69+0.18"  6947+1.90°  4.05:001°  0.42+001°
S50 7112015 7385:155" 4112001 0312001

"Non, spray-dried powder of 100% rice flour; S10, spray-dried powder of 10% rice
flour included L plantarum CGKW3; S20, spray-dried powder of 20% rice flour
included L plantarum CGKWS3; 830, spray-dried powder of 30% rice flour included
L plantarum OGKW3; S50, spray-dried powder of 50% rice flour included L. plantarum
CGKWS3.

2% of culture medium on L plantarum CGKW3,

IMeans*SD (n=3) within each column (a-d) followed by the same letter are not
significantly different (p<0.05).

“Not detected.
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