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Physiochemical Characteristics and Sensory Evaluation of Mulberry Fruit Beverages
for Rural Food Process

Hyang Sook Yang and Jeong Ok Rho'

Dept. of Food Science and Human Nutrition, Chonbuk National University, Jeonju 561-756, Korea

Abstract

The principal objectives of this study were to analyze the physiochemical properties of four mulberry fruit beverages
(MFBs) and develop descriptive analysis procedures for evaluation of their sensory characteristics. Soluble solid, free sugar,
pH, acidity, chromaticity, flavonoid, and anthocyanin of MFBs were determined. All MFB samples showed significantly
different physicochemical properties (p<0.01). Ten highly trained panelists identified the following 11 sensory attributes in the

MFBs and defined the terminology for each attribute :

turbidity, chromaticity for appearance characteristics, berry, grass,

fermented, sweet, astringent, and sour for flavor characteristics, and throat hit, refreshing, and astringent for textural
characteristics. There were significant differences in the 10 sensory attributes among the MFB samples (p<0.001). In color,
the value of MFB3 was significantly higher than those of others (p<0.05). In taste and overall acceptance, the values of MFB2
were significantly higher than those of others (p<0.01, p<0.001). Descriptive terminology of the developed MFBs could explain
the sensory attributes of the samples according to this result. Based on this, proper analysis and sensory evaluation techniques
could be applied to other fruit beverages to establish their physiochemical characteristic and descriptive sensory attributes.

Key words : Mulberry fruit beverage, physicochemical property, sensory evaluation.
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Table 1. Instrument and analysis conditions for free sugar

Instrument Conditions
Column Shodex Asahipak NH 2P-50 4E (4.6 x 250 mm)
Detector ELSD (200 Softa corporation, USA)
Flow rate 1.0 mL/min

Column temp 35T

Mobile phase Water : acetonitrile = 25 : 75
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Table 2. Instrument and analysis conditions for antho-
cyanin

Instrument Conditions
Column Pronto SIL (250 mm x 4.6 mm ID)
Detector(UV) 530 nm
Column 35
temperature

Water : acetonitrile : acetone : phosphoric acid

Mobile phase ¢, 7. ¢ 4.84: 1.5 (vv)

Flow rate 1.0 mL/min
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Table 3. References for flavor attributes of mulberry fruit
beverage

Flavor attributes Reference samples

Berry 100 g mulberry extracts
Sweet Sucrose solution 10%
Astringent Potassium alum solution 0.1%
Sour Citric acid solution 0.25%
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o1, MFB3 10.11 g, MFB2 9.52 g, MFB4= 8.78 g© & 713
e kS HATHp<0.01). Sucrose= MFB47} 1.43 go. 2 713
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AEATHp<0.01). 232(1994)2] 2v]e] B AE FA oA glu-
cose®} fructose £]°l| maltose$} lactose’} S4F HEE S
O}, Lee et al(1998)2] 21 EAoA = glucose®} fruc-
tose2] S H]S=319] 21, sucrose?}t maltose® HEEA] &
o} ¥ A Aatel= Aol & KWtk ev9 fefd g &
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E]"ﬂ B AY AN vepd A e i Alele
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2. pH, A%

ou-gRe] pHY At 2% A= Table 594 2t} pHE
3.90~4.76" 91 = MFB47} 4762 714 =& 32 Yehy
2131, MFBl1©] 3.900.2 717 tro} f-o]4 x}o]2 yehich

(p<0.01). 2TS59] A= MFB1O] 0.77%% 7P =& #
2 MFB47} 031%% 7P @2 gk B3lom, R E A|g 7t
FolA 2ol E HATHp<0.01). Kim et al(2010) EFE 2
Table 5. pH and acidity of mulberry fruit beverage
Samples”
Ttems 2
MFB1 MFB2 MFB3 MFB4
pH 3.90% 454> 444 476 10879

Acidity (%) 0.77* 045> 043 031 11.00"

Y MFB: mulberry fruit beverage.

2 24 Mean in row followed by different superscripts are signifi-
cantly different at p<0.05.

3 p<0.01.

Table 4. Soluble solid and free sugar contents of mulberry fruit beverage (g/100 g)

Homs Samples” e

MFBI MFB2 MFB3 MFB4

Soluble solid (°Brix) 16.43+0.02% 15.60+0.00° 15.80+0.00° 10.88+0.01¢ 10.607"
Glucose 15.96+0.43° 9.14+0.44° 9.37+0.03° 5.45+0.29° 9.462"
Fructose 14.96+0.00° 9.52+0.14° 10.11+0.40° 8.78+0.18¢ 10.385™
Sucrose 0.57+0.11¢ 0.78+0.01° 0.61:0.03° 1.43+0.00° 10385
Maltose ND ND ND ND -

) MFB: mulberry fruit beverage.

2 2~d Mean in row followed by different superscripts are significantly different at p<0.05.

37 p<0.05, ™ p<0.01.
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3. S22 ro|E, etEAJok 4. M

vERe ZepE oo} RFEAopd Jhake] S A} eHEFES A% % A= Table 73 2o} HE(LF)
= Table 637 2t} ZetH o] == MFBIOIA] 951.80 mgo-® & MFB39l|A] 26972 71 Eom, MFBZ7} 14.022 717
7 =2 kS Ha, MFB2E 915.50 mg, MFB3 630.66  H& #to2 Als 7t °«17<4 2to] & .9 tH(p<0. 01) A E

mg, MFB4 62391 mgl2 AlZ 3t f2)4 zlo]5 Btk (ah)e MFBIC] 303322 7H =2 e WUEaL, MFB2
Kim et al(2010)2 Qt]e] ZelE ol 32 Qor]o] F5 7} 22.08% 7FF ol Alm 7F /oA AolE Eoﬂu}(p<
2 gt we 24 g8l 4 Join s, B dt 0.01). A= (bghH= MFB37} 13.35% 714 =31, MFB2¢]l

oA AEYD St wo|e ek o]yt 2 AL AAdA Al 812& PY e E YEh BE AR I {907 Aol
A AHeE orjo] A zpolo] W2 Axtz Fokwch = HATHp<0.01). Cha ef al(2001)2] B-EA} ©7]o] A&ck
FEAlOP Fol A 7bg A Pakst B4E A gk AR 5 A %LOM A o] Aedas Lk Hot
7153 ZH 2HE Asted] S 71X (Park et al 1997) C-3-G ATHAL B389l 3L, Park er al(1997)9] oH &35 7+ M4 9

(Cyanidin 3-O- 8-glucopyranoside)2] e+ 1.04~20.32 mg ZF AT = Jﬂr/‘a]o] Aadrs H249 FEAlopd Al 4

WG on] MFB47} 2032 mgo & 7V 3Hdo] =9k, MFB1 @l S7RITL Husielt) webd 2 d3elA= MFBI

o] 1.04 mgo & 7} gtom nE A7 7t oA 2o]E 2 95 IS Y8R AMSISIE AeE odE v, MFB3

Hth(p<0.01). C-3-R(Cyanidin 3-0-6"-O- ¢ -thamnopyranosyl- v Az T nsIrt £33 sl ® Hlth

B -glucopyranoside)< 8.50~3.48 mg |tk MFB47}

8.50 mgo & 7} =2 kS Hla, MFB37} 348 mgo = 5. BAMY Zo{7ig ¥ Mo

7P wskem, Alg 7t frolA ApolE HTHp<0.01). Kim esRe HAF 4 FHRY S B3 EEEH o859 &

HB(2003)¢} Lee & Do(2010)E SHEAJoPA Al Hlw) Hoj 4 9 2o} o] Table 89| AAIEFALE 9L Hete, A
3 ok

w9 BePgeta el ot 7 Foll MAEY] Hokar Skelct T o7 54, @vle wlEle, A, 2RF], 9t Alg
o] 2 FAMS Bt 93 Rhim & Lee(2002)= £ Heut T o7 54, dade Sdiie] Ax, A% A
Table 6. Flavonoid and anthocyanin contents of mulberry fruit beverage (Mean£S.D.)
Samples"
Items xz
MFBI1 MFB2 MFB3 MFB4
Flavonoid (mg/100 mL) 951.80+6.90°? 915.50+6.62° 630.66+8.05° 623.91+7.51¢ 9.667"
C-3-GY (mg/100 mL) 1.04+£0.02¢ 11.19+£0.39° 7.25+0.09° 20.32+0.07 10.421™
C-3-R” (mg/100 mL) 3.89+0.01° 6.79+0.21° 3.48+0.03¢ 8.50+0.03" 10.385™

Y MFB: mulberry fruit beverage.

2 >4 Mean in row followed by different superscripts are significantly different at p<0.05.
I p<0.01.

9 (C-3-G: Cyanidin 3-O- j-glucopyranoside.

% C-3-R: Cyanidin 3-O-6"-O- @ -thamnopyranosyl- 3 -glucopyranoside.
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Table 7. Hunter color values of mulberry fruit beverage (Mean£S.D.)
Samples”
Items x2
MFBI MFB2 MFB3 MFB4
L 15.10£0.00? 14.0240.01¢ 26.97+0.25 21.7240.00° 10.722™9
a 30.33+0.24° 22.08+0.66° 24.76+0.38° 28.5240.63° 10.421™
b 9.78+0.00° 8.12+0.00¢ 13.3540.03* 10.77+0.02° 10.569"

Y MFB: mulberry fruit beverage.

2 2~4 Mean in row followed by different superscripts are significantly different at p<0.05.

3)

p<0.01.

Table 8. The definitions of the descriptive attributes of mulberry fruit beverage

Sensory attributes

Definitions

Turbidity How murky the beverage is.
Appearance
Chromaticity How red the beverage is.
Berry Aroma associated with berries
Grass Aroma from the stem of berries
Fermented Aroma from formation of alcohol sugars
Flavor
Sweet A taste associated with sweet substances such as sugar, fruit sugar, or glucose
Astringent A taste associated with tannin
Sour A taste associated with acid
Throat hit Smoothness of the beverage felt on the throat when swallowed
Texture Refreshing Freshness in the mouth

Astringent grade

Astringent texture in the mouth
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7. 7|15 HI}

eHgRe 7|a% 37t A2= Table 1037 2o} Ad2
MFB37} 7} =& 34(5.15)S E9o™, MFBI°] 7 W&
T3S BEoly Alg 7 5oFQ zpolE HYTHp<0.05).
kS MFB27} 4402 718 &=3kem, MFB37} 3752 718 &
& Holw, A= 7t fo]AQl Aol & YERATHp<0.05).
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Table 9. Sensory characteristics of mulberry fruit beverage (Mean£S.D.)
Samples”
Characteristics F-value
MFBI1 MFB2 MFB3 MFB4
. Turbidity 10.2+1.18% 10.4+1.03° 4.2+0.76° 6.8+1.18° 236.65™")
A
Chromaticity 11.0+1.43° 5.4+1.03¢ 7.2+1.18° 9.8+0.76" 149.28"™
Berry 10.8+1.18° 6.6£1.37° 7.4+1.03° 9.2+1.18° 73.19"
Grass 8.2+0.99° 7.4£1.03¢ 11.0+1.43° 10.4+1.03° 68.35™"
5 Fermented 2.6+1.37 2.240.76 2.0+0.64 2.240.76 2.18
F
Sweet 11.6+1.03° 7.8+0.76° 8.8+1.34° 6.8+0.76° 126.55"
Astringent 3.4£1.03° 3.2+1.18° 4.2+0.76" 5.4+1.03° 28.90"
Sour 6.4+1.52° 5.8+1.34% 5.4+1.52% 4.8+1.34° 657"
Throat hit 9.4+1.03° 7.2+0.76° 7.6+1.03° 6.4+1.03° 50.75™"
I Refreshing 5.0£1.70° 6.2+1.18" 4.4+0.81% 4.240.76° 70.53"
Astringent grade 3.4%1.03° 3.240.76" 2.2+0.76° 5.8+1.74° 52.78""
Y MFB: mulberry fruit beverage.
2 274 Mean in row followed by different superscripts are significantly different at p<0.05.
P p<0.001.
Y A: appearance, 9 F flavor, 9 T: texture.
Table 10. Acceptance testing of mulberry fruit beverage (Mean+S.D.)
Samples”
Characteristics F-value
MFBI1 MFB2 MFB3 MFB4
Color 4.30+0.80"? 4.54+1.18° 5.15+0.74° 4.68+0.71* 3.256
Aroma 4.35+0.58° 4.40+0.90 3.75+0.63° 4.09+0.61% 3.754"
Taste 3.80+0.52° 4.81£0.90° 4.35+1.03% 3.86+0.88" 6.499™
Overall acceptance 3.90+0.71° 5.00+0.61° 4.45+0.82° 3.87+0.94° 10.059™

Y MFB: mulberry fruit beverage.

2 27¢ Mean in row followed by different superscripts are significantly different at p<0.05.

sokk

DT p<0.05, 7 p<0.01, p<0.001.
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A AL eraRm AlFe] FEREE AT V12 ARE
Al&stnAl skh = 10.88~16.43 °Brix, Glucose 5.45~
15.96 g(p<0.05), fructose 8.78 ~14.96 g, sucrose 0.57~1.43 g
HAZ AR ol f24 ApolE B THp<0.01). pH 3.90~
476, AF= 0.31~0.77% WA, AR Ttol| 94 Afo]
=2 RAtHp<0.01). T8} o] =& 623.91~951.80 mg, SHE
Alobd oA C-3-GE 1.04~20.32 mg, C-3-RE 3.48~8.50
mg HEE BEE AR | folA ztolE HSTHp<0.01).
A BA Az Lk 14.02~26.97, agk 22.08~30.33, bak
8.12~1335 M= RE A7 3l F2ol4 Ao]E BT}
(p<0.01).
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e gute gojd o g 71 ekt 'l ax EA oA
7, Bdile] == MFBIo] 9402 7Hd E& g ek
3, AFEte] A== MFB27} 622 2 #E Bttt ¥
@Eﬂ E4e wouto] 713k MFB4o 4] 588 71 =4k
H7F A3, A MFB3E 7 Adssisieon, ?%}f
MFB37} 71 B2 7|55 Yelith g3t A4 A< 715
T= MFB27}F 78 =4 JeRTh
01”4 7Ur AE 01’4 L %élo ol Az

o] Ajo] WO
&}

off
>,
i
1o,
m
 ox

o 2 i 1o L

o
2 O o 2 o> o oo

il >5
1o
=]
M
o
i

il

rﬂ‘.
o2
%
)
=

e
p i)
ko
_O|£
o)
O
o
it
e}
:(u)L_',
>
rr
r
(e bk
il
o
%
=
Lt o

PN do
_O‘L
fr
dlo
ki
1o
iy
off
of,
oo
1o
N
P
M
it
W
ik
ofo
i)
A

N
R
r o)
ofr
22
[
X,
o
2
rir
ook
X

>~
N
N
ol
ind

2
o

A (1994) Fbrabd el skegle} o] grladH (1)
Wi st 71297 A S ATNEARI R,
=2

off of

B4 9 #5Hr) 253

LA, oY (2007) 1H
A}, A pp 131-139.

LA, ALY (1999) -2 SPSS SAIZAMEA]. e Hak
A, A< pp 292-297.

A (2008) 2AFE HA A B TGO @43}
et AZAA AT 210 501-522.

AgEE EAAER (2010) 20099 Lol 5AE F2 £

A8,

oz A w5

= EARA, vk

[ehf)

N
=
oy
i
2
g
o5
l‘N
T
)
o
o

, 53 (2000) EF 2] EE
A8} 2| sl A pp 134-135.

Ahn BI (2010) Directions for connecting regional agriculture
with food industry. J Agriculture & Life Science 44:
75-84.

Cha HS, Lee MK, Hwang JB, Park MS, Park KM (2001)
Physicochemical characteristics of Rubus coreanus Miquel.
Korean J Food Sci Technol 30: 1021-1025.

Cha WS, SHin HR, Park JH, Oh SL, Lee WY, Chun SS,
Choo JW, Cho YJ (2004) Antioxidant activity of phenol
compounds from mulberry fruits. Korean J Food Preserv
11: 383-387.

Choi SY (2010) Studies on biological activity and beverage
development of extracts from mulberry. Ph D Dissertation
Daegu Haany University, Kyungbuk. pp 2-3.

Choi YM, Yoon HH (2011) Sensory characteristics of espresso
coffee according to green coffee processing. Korean J
Food Cookery Sci 27: 773-781.

Kim AJ, Park SJ, Rho JO (2008) Mulberry fruit extract con-
sumption is inversely associated with hyperlipidemia in
middle-aged men. Korean J Food & Nutr 21: 121-126.

Kim EO, Lee YJ, Leem HH, Seo IH, Yu MH, Kang DH,
Choi SW (2010) Comparison of nutritional and functional
constituents, and physicochemical characteristics of mul-
berry from seven different Morus alba L. cultivars. Korean
J Food & Nutr 39: 1467-1475.

Kim H, Lee HS, Shin JY, Kim KO (2007) Sensory properties
and consumer acceptability of coffee drinks contained su-
cralose and acesulfame-k. Korean J Food Sci Technol 39:
527-533.

Kim HB (2003) Quantification of cyanidin-3-glucoside(C3G)
in mulberry fruits and grapes. Korean J Seric Sci 45: 1-5.

Kim HB, Bang HS, Lee HW, Seuk YS, Sung GB (1999)

Chemical characteristics of mulberry syncarp. Korean J



254 F & & -

Seric Sci 41: 23-128.

Kim HB, Kim SL (2004) Quantification and varietal variation
of rutin in mulberry fruits. Korean J Seric Sci 46: 1-5.

Kim HB, Kim SL, Kang SW (2004a) Varietal analysis and
quantification of amino acid in mulberry fruits. Korean J
Seric Sci 46: 47-53.

Kim HB, Kim SL, Moon JU (2002) Quantification and varie-
tal variation of anthocyanin pigment in mulberry fruits.
Korean J Seric Sci 34: 207-211.

Kim HB, Kim SL, Moon JU (2003a) Quantification and va-
rietal variation of free sugars in mulberry fruits. Korean J
Seric Sci 45: 80-84.

Kim HB, Kim SL, Sung GB, Nam HW, Chang SJ, Moon JU
(2003b) Quantification and varietal variation of fatty acids
in mulberry fruits. Korean J Seric Sci 45: 75-79.

Kim HB, Kim SY, Lee HY, Kim SL, Kang SW (2005) Pro-
tective effect against neuronal cell and inhibitory activity
against bacteria of mulberry fruit extracts. Korean J Crop
Sci 50: 220-223.

Kim HB, Kim SY, Ryu KS, Lee WC, Moon JY (2001) Effect
of methanol extract from mulberry fruit on the lipid me-
tabolism and liver function in cholesterol-induced hyperli-
pidemia rats. Korean J Seric Sci 43: 104-108.

Kim HB, Koh SH, Oh NK, Jeong JS, Sung GB, Hong IP,
Chung IM, Lee KG (2007) Agronomic characteristics and
anti-oxidant capacity of mulberry genetic resources con-
served by Jeollabuk-Do. Korean J Seric Sci 49: 60-66.

Kim HJ, Choi SW, Cho SH (2010) Effects of various mul-
berry products on the blood glucose and lipid status of
streptozotocin-induced diabetic rats. Korean J Nutr 43: 551-
560.

Kim IS, Lee JY, Lee SJ, Yun GS, Choe SW (2004b) Prepa-
ration of minimally processed mulberry (Morus spp.) juices.
Korean J Food Sci Technol 36: 321-328.

Kim KH (2011) The structural relationship among the selec-
tion attributes, satisfaction, and loyalty of green tea consu-
mers: The moderating effect of involvement. Ph D Disser-
tation Sungshin Women's University, Seoul. pp 25-26.

Kim SY, Park KJ, Lee WC (1998) Anti-inflammatory and an-
tioxidative effects of Morus spp. fruit extract. Korean J
Seric Sci 6: 204-2009.

A e

Fobrlol fkifhE s

Kim TW, Kwon YB, Lee JH, Yang IS, Youm JK, Lee HS,
Moon JY (1996) A study on the antidiabetic effect of mul-
berry fruits. Korean J Seric Sci 38: 100-107.

Kwon EH, Jung MA, Rhee SJ, Choi SW, Cho SH (2006)
Antioxidant effects and improvement of lipid metabolism
of mulberry fruit, mulberry leaves and silkworm powder
with different mixing ratios in streptozotocin-induced dia-
betic rats. Korean J Nutr 39: 91-99.

Lee EJ, Bae JH (2011) Study on the alleviation of an alcohol
induced hangover and the antioxidant activity by mulberry
fruit. J Korean Soc Food Sci Nutr 24: 204-209.

Lee HW, Shin DH, Lee WC (1998) Morphological and che-
mical characteristics of mulberry (Morus) fruit with va-
rietes. Korean J Seric Sci 40: 1-7.

Lee JW, Do JH (2010) Determination of total phenolic com-
pounds from the fruit of Rubus coreanus and antioxidative
activity. J Korean Soc Food Sci Nutr 29: 943-947.

Lee SY, Suh DS, Lee MK, Kim KO (2005) Development of
descriptive analysis procedure for evaluating the sensory
characteristics of yeast leavened breads. Korean J Food
Culture 20: 53-60.

Park SW, Jung YS, Ko KC (1997) Quantitative analysis of
anthocyanins among mulberry cultivats and their pharma-
cological screening. J Korean Soc Kort Sci 38: 722-724.

Rhim JW, Lee JW (2002) Degradation kinetics of anthocyanins
in purple-fleshed sweet potato pigment concentrates and a
Japanese plum juice based beverage. Korean J Food Sci
Technol 34: 238-243.

Sohn KS, Seo EJ, Lee JH (2006) Quality changes of orange
juice as influenced by clarification methods. J Korean Soc
Food Sci Nutr 35: 378-382.

Suh DS, Park JY (2005) Sensory research in food industry.
Food Science & Industry 36: 28-33.

Yang HS, Rho JO (2011) A study on the consumption pa-
tterns, the importance of product properties, and the satis-
faction levels of blackberry and mulberry fruit beverage
products in the Jeonbuk area. J Korean Home Eco Assoc
49: 29-37.

A 20129 29 159
2HZE45%: 2012 48 9
A 920129 49 13Y



