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A Study on Physicochemical Characteristics of Frozen Mulberry
Fruit and the Quality and Sensory Characteristics of Bagel with
Different Drying Conditions of Mulberry Powder

Min-Ae Lee - Gwang-In Byunﬂ
Dept. of Food Science, Yeungnam Universityl“

Abstract

In this study, frozen mulberries were dried with the methods of freeze-drying and hot-air drying and
powdered to make healthy functional bagels by adding 0% (control), 1% 3%, 5%, and 7% of mulbenry
powder. After measuring the general ingredients, physiochemical property, total polyphenol content and DPPH
radical scavenging of frozen mulbernies, the physiochemical property test and sensory test of manufactured
bagels were carried out. The pH of the bagels appeared to be higher in the group with the addition of hot-air
dried mulbenry powder than in the group with the addition of freeze-dried mulbenry powder. Luminosity
(value L) and yellowness index (value b) appeared to be higher in the group with the addition of hot-air dried
mulberry powder than in the group with the addition of freeze-dried mulberry powder. Redness index (value
a) appeared to be higher when freeze-dried mulberry powder was added than when hot-air dried mulberry
powder was added. Hardness showed a significant difference in the group with the addition of freeze-dried
mulberry powder while the group with the addition of hot-air dried mulberry powder showed the opposite
result. Elasticity did not have any significant difference in the group with the addition of hot-air dried
mulberry powder while it showed a significant difference in the group with the addition of freeze-dried
mulberry powder. Cohesiveness did not show any significant difference and gumminess showed the tendency
of decrease as the added quantity of freeze-dried mulberry powder and hot-air dried mulberry powder
increased. The preference of the group with the addition of 5% freeze-dried mulberry powder and the group
with the addition of 3% hot-air dried mulberry powder appeared to be the highest.
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DPPH radical absorbance value of sample
scavenging = 1 - 100
activity(%) absorbance value of control

{Table 1> Formulas for making bagels added with mulberry fruit powder
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. Ratios(%)
Ingredient 0 1 3 5 7
Strong flour 1000 990 970 950 930
Mulberry fruit powder 0 10 30 50 70
Sugar 20 20 20 20 20
Salt 22 22 22 22 22
Fresh yeast 30 30 30 30 30
Dough conditioner 10 10 10 10 10
Soy cooking oil 30 30 30 30 30
Water 600 600 600 600 600
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4. HIOI=2l 2 g

1) HIOI=2 pH =&

oHEES IR wlo] 29| pHE A& 5 g
TH 30 mLE 231 9A13E2](3000 rpm, 10%F)
3t No.2 AR Z 25 3+ T pH meter(Orion
4 Star, Thermo Scientific, Beverbe, MA, USA)=
38) WMo Sgsgion] 1 S T
THPark GS et al 2008, Lee SM, Park GS 2011).

2) Hiol=Zel M =&
SUELS AR HlelZE Al F g2l

Wzkek 5 20 mm x 20 mm x 10 mm 2] 2 2}
crumb®] A% =%S 98] A x}A(CM-3500d,
o]-g-3}d
L(lightness), a(redness) 2 b(yellowness)at< 33
o]} Skl Hge® JeEhATKKim SH
et al 2012). o]uj A} FFwAFOl [ a b gk
< 247} 99.09, -0.08, -0.320] At

Konica Minolta, Sakai, Osaka, Japan)&

3) HIOIZol BARY

QU A7) Wl B BaAE Sl 9)
3 A|Z= 20 mm x 20 mm x 10 mmE s}k
Texture analyzer(EZ-S 100N, Shimadzu, Japan)E
AFE-3Fe] 100 mm compression plateS 728}
A RS 23] A&EH o FAPAZS W AojAl=
force-time curve 25| 71 11/ (Hardness), E+&4d
(Elasticity), 5% (Cohesiveness), A4
(Gumminess)& 5339t 5% =102
moves 20.0 mm, table speed 60 mm/min, adaptor
area(around) 0.79 cr& 2 3FATh

sample
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WAl A A AEiet ze|ds g
A 2@ A% 2234, FAF 89, oJ&} 1478)S
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5) EM 24

33] Wi S 7 A dykel vew ot
1= SPSS WIN 12.0 program< ©]-&-38}o] H
EFHAE T3l one way ANOVA 3
Duncan's multiple range testE 2A|sl] F-24d<
A7 skl

B=Aiih)

I Zu & &

1. S0 OlSEH 2A

{Table 2> Proximate composition of frozen mulbenty fruit

Composition Content(%, w/w)
Moisture 81.34+0.23
Crude ash 0.89+0.11

Crude protein 1.58+0.22
Crude Fat 0.43+0.06
Crude fiber 2.97+0.09

The value is mean+S.D.(n=3)
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{Table 3> pH, acidity and color values of frozen mulberry fruit

.. o Color
Composition pH Acidity L a b
6.49+0.02 0.15+0.01 23.7840.06 0.5240.04 -0.30+0.04

The value is mean+S.D.(n=3)

Holn wE AFHEEA el orle] 48 3 2 g 5 U A2 S el A
HEFS 87.2%, X3 E-L 0.7%, ZTHMAL 1.6%, O LHATA 2FA FHuy BHS s}
ZALL 0.2%, 229 2.7%% & Ao Al8d He A7) F3EATHADbe H et al 1996). & <A
WELCIE) BALSASE U Aol EAT T 33 0% Soh] e A

- LH=

A otd A7gek 713 B A g
o w2 °36;¥ el e s *}EQW =118
13k 2006).

2) pH, &%, AHE

WE<o |9 pH, A%, A1 5= <Table 3>l A
Aletith pHE 649, AF=E 0.152 YERg o
HE(LEH)E 23.78, A E=@ih)E 0.52, T =(b
e -030= YERITE o= 2007 @E A
Aol oz ezl v Aae] pHE 4.56, 4
% 0.50%= YERg o HE(Lih)e 8.96, A=
(a%hH)E 6.55, (b= 4962 - AH T} oF
Zre] ztolE Btk o= oTie] A =4, AH
A7), A F9 B Az oJgk JEo s 2t
o]7} & Aoz AlgETtKJung DY 2007).

S =
phytochemlcalo] trFetAl el et ol
= Zvs stEe 4 T

22 AR S vekgt 25 YERITHKIm
SG, Kang GO 2012). 53] ==/ s}3tEo] A
ellA] ghekitnt oy} gud e, s, It

2 566.68 mg/100 g2 LFERSTH

4) DPPH clCIZ s

W oo gksl @42 DPPH 2] &7
Hoz =439t DPPH 2] g ek A
gz e te A B BARSE A
e WolEo] g gt BAlE Wahe Aol 9
THLee YJ 2010). ¥ 170lM A WEoHS
33 W B3 A3} 53.92%9] @d 2%
FI7F ERsTE

0:

x

2. QLIS &} HOIZo 22 =4
1) HIOIZ2l pH
Bz R 9EAzorPRE Aot

3k wle]&2] pH &3 Z 3= <Table 5>} Z2Th
Qujide] Hr7tE wlo|Ze pHIF st 7
g2 UeRNQITE o] & '8(2008)] Lt

A7yel A A o] Ae] FA EAJA o
Vo] S/VEsE AR A 0|29 pHIF
gk Aol 2o YedzedEes A
7Vek H7bEll M E 54853402 YEtT, SF
ZoUEH M7kt T3 576~539% AlRE

{Table 4> The contents of total polyphenol and DPPH free radical scavenging activity in the frozen mulbenry fruit

Composition Content
Total polyphenol(mg/100g) 566.68+1.94
DPPH free radical scavenging activity(%) 53.92+0.96

The value is mean+S.D.(n=3)
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{Table 5> pH of the bagels added with mulberry fruit powder

Mulberry fruit powder ratios(%)

0 1 3 5 7
D 5.80+0.02° 5.48+0.02° 5.38+0.01° 5.40+0.02° 5.34+0.01°
Y 5.80+0.02° 5.76+0.01° 5.64+0.01° 5.65+0.02° 5.39+0.01¢

The value is meantS.D.(n=3)

*4 Values followed different letter in the same row are significantly different according to Duncan's multiple range test(p<0.05).

D: Freeze-dried mulberry fruit powder
Y: Heated-air dried mulberry fruit powder

(Yook HS et al 2010).

2) HIOI=Cl M=

UEE HrleEs gl wlojge] Ars =
gt A3} <Table 6>9} <Table 7>l UERHAR
2th WE(LiHE 2T 18228 7P =

Uehtom, WedzeRdy dFAxe

X o oot
=

oo Hrhgo]l =545 43.999 45,152 U
Z7oF vlwsl @A VEbgTh A E(agh)= o
2771 0.892 7H WAl Yehgom WEaxe
HeEs A7RElE dr dedzededs
e Hro QA7) =2 Zo 2 YET
SbihHE WE2T7F 155602 7P =31 &
an) [e]

a
RUE A7t B4 2 gho] HolA

b

N

{Table 6> Color values of the bagels with different ratios of freeze-dried mulberry fruit powder

L a b
Control 78.22+0.01° 0.89+0.01° 15.56+0.01°
DI 59.89+0.01° 6.24+0.01° 4.17+0.03°
D3 51.54+0.01° 7.07+0.01° 2.7340.01°
D5 48.42+0.01° 7.58+0.01° 1.80+0.01°
D7 43.99+0.01° 7.87+0.01° 1.21£0.01°

The value is mean+S.D.(n=3)

*¢ Values followed by different letter in the same column are significantly different according to Duncan's multiple rage test(p<0.05).
DI:Freeze-dried mulberry fruit powder 1% D3:Freeze-dried mulberry fruit powder 3%
D5:Freeze-dried mulberry fruit powder 5% D1:Freeze-dried mulberry fruit powder 7%

{Table 7> Color of the bagels with different ratios of hot-air dried mulbenry fruit powder

L a b
Control 78.22+0.01° 0.89+0.01° 15.56+0.01°
Y1 62.66+0.01° 3.33+0.02¢ 10.73+0.01°
Y3 52.57+0.01° 5.12+0.01°¢ 7.7620.02°
Y5 48.76+0.01° 5.81£0.01° 6.89+0.12¢
Y7 45.15+0.01° 5.84+0.01° 5.50£0.01°

The value is mean+S.D.(n=3)

** Values followed by different letter in the same column are significantly different according to Duncan's multiple rage test(p<0.05).
Y1: Heated-air dried mulberry fruit powder 1% Y3: Heated-air dried mulberry fruit powder 3%
YS5: Heated-air dried mulberry fruit powder 5% Y7: Heated-air dried mulberry fruit powder 7%
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{Table 8> Textural properties of the bagels with different ratios freeze-dried mulberry fruit powder

Control D1 D3 D5 D7
Hardness(N) 10.79+0.58° 6.9120.88° 14.0320.66" 14.53+0.75° 18.17+0.72°
Elasticity 0.72+0.03° 0.64+0.06° 0.25+0.04° 0.64+0.03° 0.24+0.02°
Cohesiveness 0.63%0.02° 0.72+0.03" 0.7620.02° 0.49+0.01° 0.45+0.37
Gumminess 6.59+0.43° 8.08+0.08" 6.39£0.21° 4.960.16° 3.830.02°

The value is meantS.D.(n=3).

* Values followed different letter in the same row are significantly different according to Duncan's multiple range test(p<0.05).

DI:Freeze-dried mulberry fruit powder 1%
D5:Freeze-dried mulberry fruit powder 5%
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{Table 9> Textural properties of the bagels with different ratios of hot-air dried mulbenry fruit powder

Control Y1 Y3 Y5 Y7
Hardness(N) 10.79+0.58" 6.23+0.28" 5.84+0.61™ 5.70+0.14™ 5.22+0.51°
Elasticity 0.72+0.23 0.82+0.00 0.68+0.21 0.65+0.09 0.66+0.11
Cohesiveness 0.630.02° 0.63£0.20° 0.65+0.03° 3.43+0.28" 4.09+0.43"
Gumminess 6.59+0.46" 3.17+0.08" 2.97+0.14° 2.23+0.04° 1.72+0.56"

The value is meantS.D.(n=3)

“ Values followed different letter in the same row are significantly different according to Duncan's multiple range test(p<0.05).

Y1: Heated-air dried mulberry fruit powder 1%
YS: Heated-air dried mulberry fruit powder 5%

Y3: Heated-air dried mulberry fruit powder 3%
Y7: Heated-air dried mulberry fruit powder 7%
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{Table 10> Sensory evaluation of the bagels with different ratios of freeze-dried mulberry fruit powder

Control D1 D3 D5 D7

Color Inside 3.09+1.66° 3.6810.992 5.36+1.26° 6.3611.09: 7.68+1.32°
Outside 2.09+1.27° 3.40+1.05 5.14+1.32¢ 6.09+1.34 7.45+1.50"

Tissue Size 3.95+1.50 3.23+1.19 3.68+1.29 4.09+1.41 3.95+1.53
Uniformity 4.59+1.62 4.82+1.70 477+1.31 4.82+1.40 4.86+1.52

Taste Flavor - 2.63i1.05: 4.68¢1.43°b 5.50¢1.34‘; 6.36£1.79°
Sweetness 2.32+1.32 2.50+1.14 3.18+1.87° 3.31+1.62° 3.82+1.71°
Overall acceptability 2.67+1.05° 3.27+1.70™ 4.73+1.42° 5.00+1.80° 4.05+1.70™

The value is meantS.D.(n=22)

** Values followed different letter in the same row are significantly different according to Duncan's multiple range test(p<0.05).
D1:Freeze-dried mulberry fruit powder 1% D3:Freeze-dried mulberry fruit powder 3%
D5:Freeze-dried mulberry fruit powder 5% DI:Freeze-dried mulberry fruit powder 7%
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{Table 11> Sensory evaluation of the bagels with different ratios of hot-air dried mulbeny fruit powder

Control Y1 Y3 Y5 Y7
Color Inside 3.09+1.66" 3.27+1.39° 5.18+1.05° 6.18+1.26 7.27+1.08°
Outside 2.09+1.27° 2.730.98° 4.77+1.27° 6.05+1.25° 7.09+1.15°
Tissue Size 3.95+1.50° 4.45+1.90™ 4.55+1.47" 5.05+1.56" 5.40+1.97*
u Uniformity 4.59+1.62 4.77£1.72 436£1.36 4.59+1.79 4.32+1.76
Taste Flavor - 2.05+0.79° 3.64+1.56 4.23+1.54° 5.45+1.84°
Sweetness 2.3241.32° 3.05+1.99 3.41+1.65 4.18+1.97" 4.09+1.99"
Overall acceptability 3.95+1.68 423+131° 5.73+1.80" 4.86+1.55" 2.91+1.57°

The value is meantS.D.(n=22)

** Values followed different letter in the same row are significantly different according to Duncan's multiple range test(p<0.05).
DI:Freeze-dried mulberry fruit powder 1% D3:Freeze-dried mulberry fruit powder 3%
D5:Freeze-dried mulberry fruit powder 5% DI:Freeze-dried mulberry fruit powder 7%
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