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Abstract

This study aimed to investigate the enhancing effects of a specified amount of red beet (Beta vulgaris 1..) powder
on the quality of tofu over existing ones. Thereafter, physicochemical characteristics and microbial safety were
compared between tofu prepared addition of red beet powder (RBP) at different concentrations (0.5-2%) and tofu
without RBP. No significant differences in sample yield were observed (p>0.05) and, the brix degree and lightness
of tofu significantly decreased with an increase in the RBP concentration (p<0.05). Texture analysis revealed that
incorporation of RBP significantly increased the hardness of tofu (p<0.05), while the cohesiveness, springiness,
and chewiness were not significantly altered. Furthermore, total phenolic content and antioxidant activity of
RBP-incorporated tofu were significantly greater than those of untreated tofu on the DPPH radical scavenging assay,
ABTS radical scavenging assay, and ferric reducing antioxidant power assay (p<0.05). In the case of microbial
safety, RBP-incorporated tofu contained significantly fewer aerobic bacteria and yeast during storage than tofu without
RBP (p<0.05). These results suggest that RBP incorporation in tofu increasees its functional quality and shelf-life.

Key words : tofu, red beet(Beta vulgaris L.), physicochemical characteristics, antioxidant, microbial characteristics

M OB

o} F3I}(Chenopodiaceac)®l| &3t Y =B E(Beta
vulgaris L) B5RA 5l At} S9opajo} x]jo] 4k
2|2, HlEl] A, HEN] B2, H]EY C 2 ujy|Zo] Ex3)
o AAgaslEde] zFo|ti4). F2 Hyedoz
27 A9, WelA) g Tk v A%, 289
N@w Age] dARel B3} Holvie, Theke] A%

I} Gakgto R 71gol S Fole BEe FE AL

*Corresponding author. E-mail : sgchoi@gnu.ac.kr

Phone : 82-10-7143-3100, Fax : 82-55-772-1909

Received 19 July 2019; Revised 02 September 2019; Accepted
05 September 2019.

Copyright (©) The Korean Society of Food Preservation. All
rights reserved.

B HuH ltk56). dl=RE A 24
4 A betalains S alkaloid®] I E HEAHAE4 2
opdA sHFERE ERFEM, A4 betacyanin &
I KAk AJo] ol A7 EA AlZFe] AAZ S
Z, 571X, ofo]A=aH

> r& M

o
=
%

Eoox >k

b

N F, JEEE 508 1 0|&
7?%17P sl })\5}(7 11). 3k Kim(12)< B EQ] A4
FZ50| E coli S enteritidis, B substilis, S aureus 70|
ho] St E st etk o, 53] B substlis w04 =
5-10 mm?>=2719] 713t FES HYtu Husgu
THE T 7HE T ofUR 784 TlA ] disulfide
g 9 F2adg Tl sl SR =l AA=EAY pHell ©]3)

(

= ‘T'-l—
SAH(H 4246914 A= HAL o] galo] A 23
Aoz ARH7] 4 lysine 5o B4 opu ik o]
posh, 23580l 603 e A G 74 4
Folth(13-15). T, Fro] 484 e 3

ﬂn:

e J
ofy ™
iy
€
>4

- 659 -


https://crossmark.crossref.org/dialog/?doi=10.11002/kjfp.2019.26.6.659&domain=http://ekosfop.or.kr/&uri_scheme=http:&cm_version=v1.5

660 St A A 1583 A A26H A6Z (2019)

=
= [e) =
g5t A48 oy T3} om, Aol 2

Foll oJa Bzl &
7RITH18). Al 2 s 28 F AR ¥ RS
3 glew, 45 9 BFFE A7l A2
A 129 & ¢

Hol|&= 375 @714 £ J== Aol ¥
42 =9 okﬂ 314(1920) A 1% TR

et el

O‘E}(Zl 25)

A2 Aoz 72U g =)
8 AlEsta, o5 o
ﬁ}‘ﬁi, f@}*&i} %*é, o F4 54 2 A3 il
W EAFe RN uFY FRAE ] ad 712
T AR

|
H
12
1o
T
N
ol
ttlo
mSl
_?ir‘

M=

& Al AHE P EE AFE AFANA 2 of
£ 502 TQ’ % @ <9a¥(ngreen Co., Ltd.,
Pocheon, Korea)ol|A] AR L= 7k 2 A28 A& 2019
W19 P3te] AT T Aze] AL iR
PEREEEER RPEEIETE TR g
£ 3F E(Neulpuren Co., Ltd., Icheon, Korea)ol| A 7122527}
T E A AE 20199 % 19 FY3she] AT
S 2A 2= MgCLE NH v (Nonghyup Co., Ltd., Seoul,
Korea)oll A T4 ske] AR&SIIT Aol AH&E AloF
Folin-Ciocalteu’s phenol reagent, galic acid, 2,2-diphenyl-1-
picryl-hydrazy(DPPH), butylated hydroxyanisoe equivalent,
2,2’-anizo-bis(3-ethylbenzthiazoline-6-sulfonic-acid) (ABTS),
trpydyltriazine(TPTZ)+<= Sigma-Aldrich(Sigma chemical Co.,
St. Louis. MO, USA)°l|lA #eisksich

T2 A=, A U 2
FHE Lee 52602 el ofal] Alz= Atk 100 g9
5227 & 1,800 mLE F5A127](SoyLove, IOM-
201B, Ronic Co. Ltd., Paju, Korea)E ©]-8-3}c] 907 ol A
Bt B F R ofZse] H|R]E A AT
AzE FfirE 2,000 mL FElH] 7]l &7]aL 80C= Y2l

71 o2, i tiE] HE %E%o, 05, 1.
2 Hrste] wRkekad k=]
A7keke] 308 Het *‘SLOM 15% &<t
AP E12x18x8 cm)oll AEE 21 HH ¢FFE ¢
14 g/em2 O & 508 FoF ¢HHslo] FHE AE A %
th AEE FRE SRS 3087 £ A}
kel A} 153F WA ske] T B S A A g
AGAE S Aotd dHTFA@x3%1.5 cm)o2 A
polypropylene zipper bag(14x18 cm)°l SF<4 200 mLZ
ARG F 30CAA 1083 AE-& A 3ATH2T). T4

ot ok 2 ¥@ Rt Dy

/ 100 g soyflour)& -2 H%”ét%‘ FAE 7éo}04
AHEgE Ol FAI(100 @) 5 7o = ALkttt
F&(g/100 g soyflour) = A| =¥ FH-o] FA/F
Az Al AR o ] ﬂlxloo
e W M
HIE 8 Hrleke] mh2 Fhe] g HstE vy
Aste] FH 5 goll 50 mLe] SFRTE Yol T s}sto]

Abbe refractometer(ATAGO CO., 501-DS, Tokyo, Japan)Z
ol gete] 38 Wk 2439

Ae] A%, TRE QPG A7)(5x5x1 em)2 AEele]
i ﬁf‘ﬂ*ﬂﬂr(b%.é, a=0.31, b=0.32)2.2 ®7
¥ A 2}A|(Minolta Sensing Inc., Chroma Meter CR-400,
Osaka, Japan)E ©]-&-3}o] L(lightness), a(redness) 3 b

18
(vellowness)3t= 33] WHE =33}t

HE Z% H7hakd me 559 223 #4517] ¢
ofo] TS 4T A7](2x2x2 em)E A g T Texture
Analyzer(Stable Micro stable system Ltd., TA-XT Express,
Surrey, England)E A}-8-3}$1 T Probe= 25 mm cylinder&
7326194 11, texture profile analysis(TPA) mode©l| ] pre-test
speed 9} post-tests= 5.0 mm/sO. 2 3} o, AT 53] b
5 349 32 Bkl YehATh Force time curve=-
E] 7 = (hardness), T2/ (springiness), 41/d(gumminess), -&-
F A (cohesiveness), F2Hd(adhesiveness) 2L A3 A

sl FEgE ok

(chewiness) <

3 BolulE B U YMst By
HE A

55 80% WEESE 3|4t 1_7%7](W1ggen
Hauser, D-50, Berlin, Germany) 2 10,000 rpm®l| 4] 30%3}
239t} ©] 2 Shaker(n-Biotech, NB-303, Inchen, Korea)
£ o] g3lo] 200 rpm O Z 4T A 24)17F Bt &3 &



Effect of red beet (Beta wulgaris L.) powder addition on physicochemical and microbial characteristics of tofu 661

A#gt RS A AT
% Zolulls Y] A A3 1 mLot SRS 9 mLE
1 mL9] Folin & Ciocalteu’s phenol reagents 77}
o T AR helA 53 WAgth 1 $F 7% sodium
3

carbonate 10 mLZ} =74 4 mLS H7lste] 285 25
mLO & 3}t o] & A& oA 2413k Fek A

< %3 A (Shimadzu Corporation, UV-1800, Kyoto,
Japan) S ©]-8-5to] 760 nmel| A FFE=E S5 oM, &
Z2Hs ¥ g gallic acid equivalent(GAE)/kg dry
weight(DW) 2 LER 21 TH28).

DPPH(2,2-diphenyl-1-picrylhydrazyl) 2}t]Z &7 24
< Blois(29)¢] < st 4¥E Pt 100
mL9] €22 8 mge] DPPHE &3llA]7 DPPH Y2
A z3tA Tt o7 0.1 mLS DPPH £9(0OD:1.000) 0.9
mL3} E9ato] A2 oHdollA 3081t WA F 3=
£ o g3te] 517 oA FHEE ZPSGOH, o] B g
butylated hydroxyanisole equivalent(BHAE)/kg DW= }E}
welet

2-2’-azino-bis(3-ethylbenzthiazoline-6-sulfonic
acid)(ABTS) &t]Z 4752 Forroogh 5(30)2] <
Hgste] d3s JYPt3Ath ABTS €92 7 mM ABTS
diammonium salt®} 2.45 mM potassium persulphate S &3t
T AL oA 16413t &< WAt A Z3kSiT o 2}
o 20 uLeF ABTS &9 980 ULE &3 § A2 HA A

B 5 A F BRYEALS o] g3l 734 nmel A
THEE St Th ABTS &t &7 52 g ascorbic
acid equivalent(AAE)/kg DW= YERJ S]]

FRAP(ferric ion reducing antioxidant power) =7
Benzie®} Strain(31)9] WHS Wil A& A dsisich
Z 300 mM sodium acetate buffer(pH 3.6)<} 40 mM HCI=
23 A17] 10 mM trpydyltriazine(TPTZ), 20 mM FeCl,-6H,0
S AZ3R A, ol 247 10:1:1 (vivjv) B &R E3ta}o]
FRAP &5 AlZsteh o2k 50 uL 9t FRAP &<
15 mLE &3 § A dalolA] 303t WX e & B3

£ o]&ste] 593 il FFE=E SHSHITE FRAP
She13 & g Fe(I))kg DW= YERASITH

A7713te] WE BE S8 AU 7Y v E 53
< stomacher bagell A& 1 g¥} 0.85% B E2AG 9

Z 71319 stomacherE ©]-8-3l4] 12053t w23 v
0.85% a2 ATE o] &3t dAE R M3 A&
£ THIsITE @A A9 1 mLe ERHAEE
PetrifilmTM aerobic count plate(3M Company, St. Paul, MN,
USA)E o] &ste] e F bzt 4843t F<t 35Tl A
wlF $ 3030070 Atole] Fets AlFate] ERlskia, A
=4 vAE = A8 1 g9 log colony forming unit(log

CFU/g) 2.2 YEpfATh a2 4719 i3t 5
Al A 3 Petrifilm™  coliform count plate(3M
Company, St. Paul, MN, USA)E o] -8-8l0] 24413 52t 35°C
A4 Ik F ke Asstel Blsign 1w 9 5ol
= 3719 W} BdstA AAISE F Petrifilm™ yeast and
mold count plate(3M Company, St. Paul, MN, USA)E °]-&
Stod 120713t FRF 25 Coll A wi g & Fets Alsi] €<l
5k

EAIX2

7 Ag A= 3 wEA ] Hd+EFHAE YERY
1, EAA 2= WindowsS SAS 9.4 version(SAS Institute
Inc, Cary, NC, USA)Z ©]-&-3t] p<0.05 F-FollA] EAHEA]
(analysis of variance) S A3 &, Duncan®] tH5- 9] A%
H(Duncan’s multiple range test) -2 23S A 53 Th

20 ¥ o8

EvE 2o Aol ueh AlEG TR £&
F RS ZHse] 8T UlF PAR TFC
of W EChFig. 1), 1 A3} A =HE Fate)

flo

=9
o7 47 T 100 g2 AL & e FHo g
230-250 go|M(32), FH-<] FEL T
T 84 S g A o 5 R Rl ot
o mket A A o] vkl Had vp 9IT33). Choi
TEHS AiF Hte @A ARt o8y dd

(5]
(=]
<

Hea

™)

"3

<
I

%]

(=]

<
I

—

I

<
I

—

(=)

=}
I

h
<
I

Tofu Yield (g / 100 g soy flour)

<

0 0.5 1 1.5 2
Concentration of red beet powder (%)

Fig. 1. Yields of tofu added with red beet powder at different
concentrations. Different letters indicate significant differences by
Duncan’s multiple range test (p<0.05).
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Table 1. Brix degree and color values of tofu added with red beet powder at different concentrations

Concentration of °Brix Color value
red beet powder (%) L a b
0 15.00+0.00° 93.20+0.14* 1.93£0.03° 16.93+0.02°
05 15.33001° 61.370.02° 2.2040,03" 14.80:0.04°
1.0 16.67+0.00° 60.52+0.02° 3.000.02° 14.4540.03°
L5 17.000.00° 57.86:0.01° 4.64+0.02° 13.56+0.03°
20 17.67+0.01* 57.50+0.01° 5.91+0.03 13.1840.02°
"MeanstSD (n=3) in a row followed by same letter are not significantly different by Duncan’s multiple rage test (p<0.05).
Table 2. Texture properties of tofu added with red beet at different concentrations
) Concentration of red beet powder (%)
Properties
0 05 1 L5 2
Hardness(g) 500.34+60.20a1) 540.04+20.502 530.33+30.21a 406.3215.21b 412.90+7.71b
Cohesiveness 0.52+0.05a 0.53+0.03a 0.52+0.04a 0.53+0.03a 0.54+0.02a
Springiness 0.870.03a 0.85+0.04a 0.96+0.06a 0.86+0.04a 0.90+0.01a
Gumminess(g) 223.7842.50a 218.13£5.65a 249.22425.44a 208.46+5.13b 204.98+4.61c
Chewiness(g-mm) -5.20+0.04a -5.19+0.03a -5.19+0.03a -5.20+0.04a -5.20+0.04a

"MeanstSD (n=5) in a row followed by same letter are not significantly different by Duncan’s multiple rage test (p<0.03).
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Fig. 2. Total phenolic contents and Antioxidant activity of tofu added with red beet powder at different concentrations. Different letters
indicate significant differences by Duncan’s multiple range test (p<0.05).

A, Total phenolic contents; B, DPPH radical scavenging activity; C, ABTS radical scavenging activity; D, FRAP (ferric reducing antioxidant

power) assay.
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Fig. 3. The number of aerobic bacteria and yeast of tofu added with
red beet powder at different concentrations. Different letters
indicate significant differences by Duncan’s multiple range test
(p<0.05).

A, Aerobic bacteria (log CFUJg); B, Yeast (log CFU/g).
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