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Abstract 'We investigated the contents of total phenols, anthocyanins,
carotenoids and the antioxidant capacity of black carrot, black
currant, acaiberry, black raspberry, and blueberry. We also examined
the physical and organoleptic characteristics of pudding with
added black carrot extract following 7 days of storage. Black
carrot and black raspberry had the highest total phenols. Blueberry
contained the highest anthocyanins and black currant equaled
black carrot in carotenoids. Anti-oxidant capacity measured by
1,1-diphenyl-1,2-picrylhydrazyl and 2,2-azino-bis-3-ethyl-benthia-
zolin-6-sulfonic acid was highest in black raspberry and black
currant followed closely by black carrot. In pudding, redness was
increased and blueness decreased by adding black carrot extract,
but the trend was partially reversed during 7-day storage due to
oxidation of the anthocyanins, which are stable in acid situation.
As black carrot extract contents were increased, pH value decreased.
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The pudding‘s hardness, adhesiveness, springiness, cohesiveness,
gumminess and chewiness were optimal with 7.5 % black carrot
extract. In conclusion, black carrot is moderately rich in anthocyanins
and phenolic compounds. In pudding adding 7.5 % black carrot
extract was optimal for organoleptic qualities. However, additional
studies are needed to develop methods for protecting anthocyanins
from breaking-down during storage of back carrot pudding.
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Alopdo] g FA|AE= AP (black carrot), EHAUE
(black currant), ©}AFe]H] 2] (acaiberry), E-%A}(rubus coreanus;
Korean black raspberry), 5|2 (blueberry), AH4 L0} HIE
o] Stk ¢tEAJoldL 3-hydroxy-anthocyanidins, 3-deoxy-
anthocyanidins, O-methylated anthocyanidins, anthocyanidin
glycosides, acylated anthocyanins 5 THJst Hel2 &A1
Aellx AgP=4d= sl g o1 38 Welle oF
g AFSo] AP Ack(Bagehi 5, 2004). AFHEE T oF
of EAshs StEAoRdS] TR wig- vFetaL o5 T
Fo g2, sHEe] AE tEAlePde] FRe) ] el
I &5 2|7 AtHHoltonZ} Cornish 1995).

AAGEE S v gog dubdl Sy &
2% Y31, B-carotene, vitamin A, SFEAJOPA 52o] A&
42 71 ZEolth(Novotny 5, 1995; Seda?} Unal 2007).
A GFZLE cyaniding 7| EOZ S QtEA[olHU I} o] £
glucosidest} acetate”t AFE LEA]OPAQ] peonidin, pelagonidin
S FHsk tkMontilla 5, 2011; Xu 5, 2014). ZSAH
Ex dHgls Ao] @ol E] e ER 2w i B &
o] QkEAJopdo] HtEe] Qlof o]F AFESTIE AFEe] X
=3 AT (Nielsen 5, 2003). EYAHE ] EAI5k= oFEA]
o delphinidin-3-O-glucoside, delphinidin-3-O-rutinoside &
o] el ZA3tH(Kapasakalidis 5, 2006). oFAlelHlZE 2]
ol dfAart Ba BEIF wom Exst Aiks e AE
oltt. oprtelW|E7} sl QtEAlOI T EEjdlse sl
ARk oz} AAESS oWelal AlY IRt & o o
2375 Ndske a3 U= A2 4EA U ol
2] = cyandin 3-glucoside and cyanidin 3-rutinoside 3 B €]
AdEAlOPIS F2 53l Jth(Schauss &, 2006). EEAE
ghollA ZAl, Z3EA H Bkl goko 2A A% R &
24 AJth(Wang} Lin 2000). E-Exk= Z2HHe0]T, QHEA]
ofd o ZEjulE Aol Fstal, ditst &t et 554
aht a3, HYEH 83 5o Aol BaE ik B
A= cyanidin-3-glucoside, cyanidin-3-rutinoside, and pelargonidin-
3-glucosides T3l U= FEolty. EFME FEAOR
3 ZEldE g 22 AYE IdHA JrhHwangs} Ko
2010). EFH2]= delphinidin-3-O-b-glucoside, cyanidin-3-O-b-
glucoside, peonidin-3-O-b-glucoside, malvidin-3-O-b-glucoside
2 $h3lal UtH(Cristina 5, 2005).

E AFelME 1) BN Rt e AT A
]84 B39l total phenol, flavonoid, anthocyanin, carotenoid
teFa SkslsS Asle] Hlwslar, 2) thE ol Hlste
vgtellA Auj7t golsfar 7HAe] @b QtEAlORd &
2 AT FEEC] JUE vES 2 F9E8 A
o] A w2 A FHo] 2 549 HIlE
3L ISAAE ST

o o

O
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AE L9y
F29 A=

B Ao A" AMGZ(black carrot), £ 7 E (black
currant), ©FAFo] Wl 2] (acaiberry), £ A} (rubus coreanus MIQ;

Korean black raspberry), &5 2](blueberry)= Wellrun B &
F (Cheonan, Republic of Korea)ollx] Fi3le] o]&& &
1:52 &8st oF 90°CE 6AI7F B EF FE3 T olES
TR FSAA ARES 7 AY T 30 %7t FES A
X3 F5NE Alxst] ARSI

F Azl dag /M Az}el Kraft Food Inc. (Chicago,
IL, USApPIA 43l ARSI, $-f-(Namyang Dairy Product
Co., Ltd, Seoul, Korea), A =& (Dongwon Dairy Food Co.,
Ltd., Seoul, Korea), ABHCJ #A|LAD, Seoul, Korea), T2
AlEl(o] o] 27| & A T4, Gyeonggi, Korea)s AME315o ™
Wellrun B & F (Cheonan, Korea)olld A|Z3F g2 5=
Ae Hrketd FHS A=A

Aok
Z} Ago| Al8-E Al9F2 methanol, Folin-ciocalteau reagent,
diethylene glycol, NaOH, Tris-HCI, Na,CO;, sodium acetate,
1,1-diphenyl-1,2-picrylhydrazyl (DPPH), 2,2-azino-bis-3-ethyl-
benthiazolin-6-sulfonic acid (ABTS), potassium persulfate =
Sigma-Aldrich (St. Louis, MO, USA)IA @3l ARt}

% = (total phenol) FF 24

% = FFE Swain®] WHE S8kl A TH(Swaint
Hillis 1959). A1 3 mLo| methanol 9 mLE 7}3+ 5 2LojX
15h &3 wykele] &3 &, A4S 3lal 45dS Ao
B2 ARSI 24 BAAIE 1 mLel folin-ciocalteau reagent
0.l mLg ¥ 187 WX £, 10% Na,CO; &4 200 pL,
SR 2mLe F7bete] AL azAdA 1A% WAE
o} 12,000 rppm©Z 10 minZ+t GA4EE] T UV/Vis &34 5A)
(Perkin Elmer, Waltham, MA, USA)E ©]€35}>] 725 nmol|A]
TEEE skt 93] wHE A3t

T =2n.

ZF Eg)Rxo]=(total flavonoids) TF 4

& STheol= PFE Jia 5O W (1999 S83l 574
Ak, ARG, SUARE, oprtolwE], B2zl 25 5
NS 3mlA FE3F ZHte] AlF9] methanol 9mLE 713 &
AeolA 15h B9k HE T, GRS Sl PEAE sk
B8 AE2 AMgsh B4 AlE £ 0.5mLol diethylene
glycol 5mLE 718t 5s 3¢ &9¢k ¥ 1N NaOH 0.5mL&
7V1aL 37°C 22l 1h B AN F UV/Vis H435A)
£ olg3lo] 20mmelM FHEES 93] WHE SASINch

B

Z AEASI(total anthocyanins) IF &3

A& 6mLol 100% methanol 10mLE 7} F, 412
15h &3F wykete] &3 §, AARTE st s
st 48 AlERE ARSI 4 AR89 0.2
sodium acetate (pH 1.0) 9mLE ¥ UV/Vis 4357
o]&3te] 520 nmollX FEEE 93] whHE AT

ZF JI=E]xo]=(total carotenoids) TFF 3

A, BYAHE, ofAtolH|E], BEA, EFWE Al
0.3 mLell Z}7} Wk 50 mLE 7kt & A2olx 1A &
wHksle] &3 ¢ YARTE sl AE ST s

12 0
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S FHalioh WE2E 100 mL7HA] %
BEAE o]83te] 483 nmellA %53 93] WHE =43t

DPPHE °]43d st &3
A 2o 848 AAshs dAakst Bde A gzl
DPPHE ARE-319]3 Bloise] =3 ( 58)S 34310 DPPHE

2431t DPPHE ethanoldll =91 & ZF{<poll 2008] 3]4]

g AN, BEYAUE, ofrlolug], EiEAL, £ 44
g &d(sample) 120 uLol DPPHAISF 60 uLE 23 2g-2olA

15 minZ+ WA B34 (Lambda 25 UV/VIS spectrometer,
Perkin Elmer)E ©]-8-3F%] 517 nmo|A] S8 (optical density,
0.D)E &3 Uz HE2= L-ascorbic acidS ARSI
3, DPPHY] 2HoZt 4752 T 2o JeEpfiich. 103] vt
5 Adste] 42 AAE BAgow ek
Radical scavenging activity (%)
=]—(Sample O.D.)/(control O.D.)*100

Sample O.D.: A|ZE 713k /‘]@‘ﬂi"] EE
Control O.D.: A& ™4l ethanol S 7}3F A|lde] T3 %

ABTS & &A% 2751

ABTS 22 &7 5 (1999)2] 1
SISt ABTS°ﬂ potassmm persulfat = H°1 24h <
Oﬂf‘i HEe-A171 5 108 ethanolol]l 3]4)&te] ABTS A9k WhE
T ZH 200HH sM g EMAIE &H(sample) 100 uLell
ABTSASF 100 uLE 713k & 1087 WHSA1712L UV/Vis %
FEAE o183t 415 nmollA S-3%=(optical density, O.D.)E
ik 108] W= Asle] Hages Axds Jepiich

ABTS radical scavenging activity (%)
={(Blank O.D.—Sample O.D.)/Blank O.D.)}*100

o, 02
i i ot

ANFEE A7 FIAR

Fo Az wigEl= Table 1o Yehii Aelele] &: =}
F2 F=0 H]EE 4:0, 3:1, 2:2, 1:3 (total 40mL)CE T
2] 3l 42 AL vE FHeta, A2E, dFEAE, -,
AR AR o] Fola F7] AZE &S 13 v FH)
g Agteg ¥o] FY& AxaATh Belwe AuHE Ho
Agiglo] Z ZEE XojFE F F& AXATE AT
A7) e AL gxrToE ARG, AEE 2

Table 1 Formula of the pudding with different levels of black carrot
extracts

Black carrot extract contents

Ingredients

0% 37%  715% 114%

Milk (mL) 150 150 150 150
Fresh cream (mL) 50 50 50 50
Sugar (g) 30 30 30 30
Gelatin (g) 2.7 2.7 2.7 2.7
Soybean lecithin (g) 1 1 1 1

Black carrot extract (mL) 0 10 20 30
Water (mL) 40 30 20 10

10, 20, 30mLE H7keh A FHS Azt

pH ¥ 3% #4

Fodo| ARG vE&-S thE2A FHrlste] pHet dEE 45t
St pH= pH meters ©]8-ste] 33] ¥HE 543} Jﬂﬁ%}o
Z YeE9, 9== PAL-1 UAE G=A(ATAGO Co., Lid.,
Tokyo, Japan)g ©]&3te] 33] Wk ZAsle] Pt = et
R =

Az &3

ANgEe g ge Ak FPel AEE A CM-

l

3500D, Minolta, Japan)E AF&-3ted LEL(E%E; 0 (black) 100
(white)), a?t (FA%=; —80 (green) 100 (red)), b%k EA=; 70
(blue) 70 (vellow)ye ZHFIATE. AR S5lo] A7kl F

92 33 whE St Fage® Uepich

B 3%

I HA7E FHES Texture analyzer (Texture analyzer
TA-XT Express, Texture Technologies Co., Ltd., England)&
ARgsle] thaat 9 ApEe] HrkE F9o EA4E S5t
At T4 AR T 712, ME, 2olE 77t 4xdxd e 4
3lo] A% (Hardness), 23 (Adhesiveness), 23 (Cohesiveness),
$&4d (Chewiness), ¥ (Springiness), +*4% (Gumminess)}
2 7 AES 797 33] RkE SRS Siith

=

SAUS . AEFILFTH T 2085 e R G 5
Ng FANeE F99 #AH WrkE 5@ HEow Hrsiel

o} 37t FEoZ= M(color), S(taste), FP(flavor), A7
(texture), A& A& %= (overall preference)?] 5714 F=o g
.1317]-0]_}‘)\_131 Jﬂ7]_ 7(4)\‘— uH o Zir/} SXJ z-hﬂrg]_r/} 37(4 uH o

vtk 1goz Yehfolth

AR

A3 A A HPsld Ha + TFUAE 2489 SAS
(7.0, SAS, Cary, NC, USAYE °]&slo 5714 IAAFE A
ole] EAA oA one-way ANOVAZ =439 tt. AT
o 37t FH AN A 7170 mE BAA
o3& two-way ANOVAR A3t <& Aloldll A4
ool AJ& ul 5 Aol BAA 948 Tukey testol
A AR AR felde] 715 p<0.052 Aelsiaitt.

10 Jo Jo

ER:

% Zvis ¢ ¥ SHuxols ¥ 33

T HAELF AL, SAALE, opifolde], BEA, &
g F29 F wETFe FAT A= Fig lﬂr 2ot
i), A, BUARE, ERug], opalelde] o' F
Ze)¥s o] w3tk ¥ EPuE 9He Avd e o
T A3 EFHEE 393 mg/100g, EYAUEE 347 mg/100 g
(Fukumoto?} Mazza 2000), A2 350.5mg/100 g (Kaur
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Fig. 1 Total phenolic compounds of black carrot, black currant, acaiberry,
raspberry, and blueberry. Each bar and error bar represents mean + SD
(n=9). **Bars on the different alphabets were significantly different
among groups in Tukey test at p <0.05
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Fig. 2 Total flavonoid contents of black carrot, black currant, acaiberry,
raspberry, and blueberry. Each bar and error bar represents mean + SD
(n=9). **Bars on the different alphabets were significantly different
among groups in Tukey test at p <0.05

e

#} Harish 2002)2 & AFZAFe} FAE FFE BATh
Nicolle 5(2004)> &5 ¥ 329 A2 £ S I+
SIAEd F3A o) viste] AP U] phenol 3F3HE©]
o Bo] S0t} RISt (Orange cultivar’s total phenolic
acid: 300600, purple cultivar’s: 9001,700 mg of gallic acid
equivalent/100 g dry weight).

2 Zauwol= % 24 AFE Fig 20 YR, =
ghEco|E ghke BYFHE, AL, EFuE, okrtelwle],
ARG s ekt EUAYES] TR eols o]
7P men Aol 7P AAl Ukt Hikkinen &
(1999)2 Hlg]Fe] Eetiicol= Bl s el thelo] A+
stEtl, EFvgRn B 7fES] T eo|E FHgo] =
& AgS RYux B Park 52012y &, 50% ©l
gEE EREE FE8l & IPds, SERclE, R
Alobd S s, dEEE FEsIlE wWel el
B2 FES W Hoh 29 ol =& e JEhiRIAL, F
FeulE, STt ols BHF Hlgo] of 2:19] S YA
T2 B I35 tHtotal polyphenol: 12.62 mg/mL, total flavonoid:
6.51 mg/mL).

E

O Black carrot OBlack currant mAcaiberry mRaspberry mBlueberry
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Total anthocyanins compounds
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Fig. 3 Total anthocyanin compounds of black carrot, black currant,
acaiberry, raspberry, and blueberry. Each bar and error bar represents
mean =+ SD (n=9). “**“Bars on the different alphabets were significantly
different among groups in Tukey test at p <0.05

DBlack carrot oBlack currant mAcaiberry
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mRaspberry mBlueberry
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Fig. 4 Total carotenoid contents of black carrot, black currant, acaiberry,
raspberry, and blueberry. Each bar and error bar represents mean + SD
(n=9). *™“Bars on the different alphabets were significantly different
among groups in Tukey test at p <0.05

F UEAOH FF € JI=E ko= FF 33
Z AEAoMd S BAS Ai= Fig 33 2k EFHE
Zzolo] 71 2o B3 LERIZY THR0R HRa) A
=, EYFHE, olalolulg] =22 UElTh Puupponen 5
2001y WEF W dHz sigrEel st Asii=dl, e
Alohd ghako] EFH|E]lE 260 mg/g dry weight, EHFAHE
106 mg/g dry weight, B-EA= 24 mg/g dry weightits UEh
itk 2usigith. thE =l EFuE] 233, B
E 213mg/100g wet weight®] S YERN S TH(Fukumoto
Mazza 2000). & A3 Aolr= EFHE, 584 0= <
EAlopde] ghgpo] =2 Zo2 UePgoy ojgfdt A3k At
&3 Ao F53 AuiAle W zle] WEo® AlgE T
% 7I2Exol= ¥ A= Fig 49 JeSlR, E3A-
E, B3z, EFHE, opfeldlE], ARG £oR w2 3hE
YERHRITE tk2 AF A3} carotenoidsEraS olxleolulE] 963.7
ng/100 g (Kang 5, 2012), &2 370 ug/g, 7912 290 pg/
g, EYAHE 280 ng/g (Marinova®} Ribarova 2007) %S U}
ERffo] QtEAJobd 3t Felw FhEE|:o| =Tt Age] T
Hof AU, F dE FFelM AT Nicolle (200481 A+4
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oBlack carrot mBlackcurrant
120

mAcaiberry mRaspberry mBlueberry

100

80 r

60 -

40 L

HO

20

DPPHradical scavengingactivities(%)

0

Fig. 5 1,1-diphenyl-1,2-picrylhydrazyl (DPPH) radical scavenging
activity of black carrot, black currant, acaiberry, raspberry, and blueberry.
Each bar and error bar represents mean = SD (n=10). **““°Bars on the
different alphabets were significantly different among groups in Tukey
test at p <0.05
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Fig. 6 2,2-azino-bis- 3-ethyl-benthiazolin-6-sulfonic acid (ABTS) radical
scavenging activity of black carrot, black currant, acaiberry, raspberry,
and blueberry. Each bar and error bar represents mean+ SD (n=10).
*b°Bars on the different alphabets were significantly different among
groups in Tukey test at p <0.05

oMz AGZE T3 Fol] vlste] oF Fujjo)itd vk
FI2E o] =8 3l U THorange: 6,44812,524, purple:
493605 ng/100g fresh weight).

Z H= IJHES AL RE dFoA EYATES] Flo
7P =4 et EYARES QtEAlORd €9l hydroxy-
benzoid acid, myricetin, morin, qurcetin 5 TFES] flavonoid
BHE-S 72 ol (Mikkonen &, 2001) AE|2AEE ¢k
o] =A Rt Bo=Z AlEH.

DPPH ¥ ABTS #4Z &A% &3
57K #Aj4Fe] DPPH 2tz &A%5S S 2= Fig
5k Zth. DPPH= stHZhe A& W 3itsl &4do] A|l7jshd

A o me) Wsg ZYske gush Agolth. BEA F3
E_ = =

o] gz AA%0] 93.60 %E 7PF Egtom 2
o] 7938 %S UERHAUIL ofAtelulg], Apg, EFuE] &
o7 ¥ 2A%E YeERIUY

Table 2 pH and sugar contents of pudding containing different levels of
black carrot extracts

o Black carrot extract contents
Characteristics

0% 3.7 % 75 % 114 %
pH 7.17£0.01°  7.13£0.02°  7.04+0.01°  6.98+0.02¢

Sugarcontent  »4 3,05 945002 242402 24.5:02
(Brix)

Values are mean + SD (n =3)
abed\feans with different superscripts were significantly different among
groups in Tukey test at p <0.05

ABTS 21t A3= Fig. 69 YERHATE. ABTS radicalS:
o] g3l sakslE.e& ABTS' free radical ©] A& W ikst &
Aol o8] AASHA 2 o] Wtz ksl 7S FHs=
Aoty EAANE, AL, opAtolwE]7t w2 7S vER
R, BFHE], NG FAR 22 U TS YER)
At} Flis 52012y EFHlge] ABTS %°] 230~360 uMTE/
gehe Jerila, s=wEls 119 uMTE/g 38 Jehiich.
Jong 52012y ABTSSH DPPH Aol|x B8 AHES] ¥&
7} moldSE 1o W dilsl FEE vldsle] Frkeita
HET

g7 FiEsS 43 Octavio 5(2010)2 DPPH,
ABTS A% A3 H=AUE, B2, E5uE] To2 kst
S0l Eofx R3St Ra 5(1997) dte] & 4n&
g2]3le] total phenol TS T8l el ksl a3
g A, ¥ slEdEe] BolSE FAayelse] ot
A= Aoz Hol ksl E29] free radical acceptorz 2§
o ks 28-S YepQty RusiichE EelvE &
4824, 635.8, 6613 mg%; A F15: 046, 0.58, 0.69).
B A9 Ao AAFZS Asla & Zevs g% @
3} DPPH, ABTS #to]l fARH el

=

g o

pH ¥ 3% £4

AT FEA] ke gt ¥4 pH ¥ Y= 24

= Table 20 YERNSITE ARAEZ U] FEA[OPIL pH

7 Wil wel QtEAJolde] F27F WEHAl pH ol &
A EZ(Lee &, 2005; Nho &5, 2013) &JF-a%1dl 23] UEA]
ohdo] wFER] gdeE Fo Az 2 FrA FoslsTh B
AgloMs H7He AP HEE <lgh pH Helvke: 29tk
o} pHolA = ApEe] Hrtego]l S7HE W2 ke B
3, BEE 24.2~24.5 AOlR fARE 3hE UERNIT Seda &
2007y AzxE AAGZS 11.9°BxE YERIAT L B8k
<o AgAAM Azt FH AGT FEHS ARSI A
o] A7k o Ee e vEpd o= AlE . Kirca 5
2007y A ) etEAlolde] ebgAdel ths] AsinE
g, pH 43014 45°Bxe] AP 25 71Gs9S # 90
°Cut 80 °Cell HIBte] 70 °CAllA P8AA #he YERNRIAL, pH
ol 5013 79 AEAJod FiFo] feojFoz 7hAETh
3 Bk

B\ i)

A% 23

AT FEoe) WS 9@ F9) A% AT Table
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Table 3 Color change of pudding containing different amounts of black
carrot extract

Black carrot extract contents

Chromaticity
3.7% 7.5% 11.4%
L 67.6+0.34* 59.9+0.36 56.8+0.43¢
1 day a 1.56+0.02° 1.89+0.02° 1.64+0.02"
b -3.6140.08°  -5.71+0.10°  -6.46+0.15°
L 67.8+0.01° 59.6+0.06° 56.840.01°
5 day a 1.3340.01° 1.65+0.01° 1.44+0.01°
b 23.5140.02°  -5.5040.02°  -6.04+0.08°
L 67.7+0.23° 59.7+0.42° 57.7+0.39°
7 day a 1.19+0.01° 1.43+0.01° 1.15+0.01°
b 33240.09°  -5.5440.12°  -5.95+0.13¢

Values are mean £+ SD (n =3)
abed)eans with different superscripts were significantly different among
groups in Tukey test at p <0.05

Table 4 Sensory evaluation of pudding with different levels of black
carrot extract

Black carrot extract contents

Sensory
evaluation 0% 3.7% 7.5% 114 %
Color 3.7540.16°  2.9+026°  3.75£025"  3.65+0.23
Taste 2954029  3.35+023 3554026  3.6+0.23
Flavor 3.3540.23 34023 34£022  3.4+023
Texture  3.45£026  3.6£020  3.55%022  3.45+0.26
Overall 55,006  2.85:028 354021  3.35£023
preference

Values are mean + SD (n =20)
*®Means with different superscripts were significantly different among
groups in Tukey test at p <0.05
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Fig 7. Texture characteristics of pudding added black carrot extracts. A:
Chewiness, B: Gumminess, C: Hardness. Each dot and error bar
represents mean + SD (n =3). *Significantly different among the groups
at p <0.05
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Table 5 Texture scores of the black carrot pudding according to black carrot extract contents and storage days

Black carrot extract contents

Texture
analysis result 1 day 7 day
0% 37 % 7.5 % 114 % 0% 3.7 % 7.5 % 11.4 %
Hardness 91.3+2.14¢  101.5+33%  104.6+4.28" 98.246.75°  104.4+2.79*  111.8+1.78°  109.5+4.06®  118.742.39°
Adhesiveness -0.25+0.03° -0.3+0.02¢  -0.6240.03°  -0.82+0.08"°  -0.39+0.03¢  -0.22+£0.08°  -0.53x0.07°  -0.58+0.08™
Springiness 1.93+0.04* 1.91£0.03* 1.630.16¢ 1.76+0.08° 1.86+0.08" 1.89+0.01*  1.61+0.09 1.85+0.02"
Cohesiveness 0.85+0.01 0.85+0.01 0.8320.00 0.85+0.01 0.87+0.01 0.87+0.01 0.870.02 0.86:0.01
Gumminess 81.7+1.98¢ 85.8+1.22¢  87.1+£2.12° 84.2+3.89%  90.74237°  97.6+2.05°  95.0+2.48°  102.6+2.31°
Chewiness 160.740.719  166.7+0.99°  154.8+1.02°  147.745.42°  163.4+1.71¢0  184.6+3.73*  175.4+£330°  164.742.99%

Values are mean + SD (n =3)

abedeNfeans with different superscripts were significantly different among groups in Tukey test at p <0.05
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