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Selection of Suitable Variety and Quality Evaluation for
Prepared Mulberry Fruit Soft Drinks
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noid, total anthocyanin, and 1-deoxynojirimycin (1-DNJ)] of 11 different mulberry varieties were
investigated and compared. The ‘Iksu’ variety was optimal for soft drink production. Mulberry
extracts and concentrated fruit were carbonated before evaluating different properties, including
This is an open access article  Physicochemical (toﬁal soluble solid (TSS), titrable acidity, °Brix : Acid ratio,.a.nd totgl sugar) and
distributed under the terms of the ~ sensory characteristics (color, flavor, taste, mouth feel, and overall acceptability) using different
Creative Commons Attribution  mulberry extract concentration in combination with various levels of additional sugar. Optimum
Non-Commercial License (http://  physiochemical parameters were obtained with mulberry extract concentration level of 0.1112%
creativecommons.org/licenses/  yyith 12 °Brix (mulberry base formulation T7). Based on the hedonic sacale, the sensory evaluation
by-nc/3.0/) which permits unrestricted jjentified the optimum combination of mulberry extract concentrates with the additonal sugar
non-commercial use, distribution, . . .. .

oo ) level. T7 contained superior sensory qualities. The T7 mulberry base carbonated at 120 psi pressure
and reproduction in any medium, d oh ity than th 120 psi
provided the original work is properly had the h.1g est for sensory quality than those at 75 or psi. _ .
cited. Conclusions: Ssoft drinks developed using the Iksu mulberry variety with the base formulation T7
were optimal for all physicochemical characteristics. This formula generally produced impressive

@ @ @ sensory characteristics, providing a promising alternative to synthetic soft drinks.
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42% 7P &
2 E33e H
A7be, eRPIEE X3she
FHES Ve
2016), Lz o=z
Ak, g AlE et
#H_Ql, A=, <l ,
S A Hed BgE
A7Vl g AFH oal A7) #AE e & Aok
3 BAEI AT (Kregiel, 2015).
, ERRSE A% A duizlow
A7MEE 1 - 12%2] F79
A AFAg e A S
(Funtikova et al., 2015), B=
al., 2013; Eshak et al., 2013), 2]
AEAAS 7 QS B3 kA
Sho] wE P E =T I} (Choi er al., 2010; Bae
et al., 2014).

T H7) Bege] vHEsiIte] Aol
2ol B ES] Al Al A F2 HA AL wo)
S 7o EA QAR Hrtee A’ S EolAY
Sro 24 771 =5 I & doaL sisler I

Z7Fsl9 Tk (MFDS, 2021a).
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ERHS-E (natural soft drink)
stz Utk

Wk ofuzl, 2 MZ AlTh
Z# A (healthy pleasure) EANE=
BHakS= (sparkling water) o2 S
water), 73745 FoAT =8, 7]
713 Q03L (Han, 2022), 202013
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(Petropoulos et al., 2019; Albuquerque et al., 2020; Sampaio
et al., 2020).

Singhal & (2009) B Dol el 85 - 88%°]
T, 7.8 - 9.0%2] BEESHE 0 - 0.5% A, 0.8 - 14%°]

o
S

wld 01 g AW, 09 - 13%2] A2, 0.8 - 1.0 3%,
0.17 - 039%2] ZHF, 0.18 - 021% <1, 0.17 - 0.19% Ho]
FFFE A o™, 1.0 - 125 mg/100g8] HIER C & it

(SRS
AT

sl 2 evlEs F-sk Etslal
A=

g, B duldl ene] Jsd AR Sl dEid
of et MELR 7154 AR 1A=L Aok & cyanidin-3-
glucoside (C3G; Kim and Kim, 2003), rutin (Kim and
Kim, 2004), y-aminobutyric acid (GABA; Kim er dl,
2004), linoleic acid (Kim ef al., 2003), resveratrol (Kim et
al., 2005) & o2 7] 7154 Adise] Eolen HAlA
MERS (Bhuiyan et al, 2011), B Z7 (Lee et al.,
2013), WHA Al (Lee et al, 2014), FHT (Kim et
al., 2017a, 2017b, 2021a) 59 &5 2= Z0& HIHO
2 A% o]2 AFLAE LA ek

SR QU= Ee RO R <l §438] o] A8t

3T

AOR HIAE o)A

=

HEe @4, dAEA T Edbol wE sHAsE e 15t
AIgolu e, oH 2, oY &4, oHE 5 W 7t

TAFLR Fgske IARS 7L glo] et AAt F71

A5 2] F02 98] 48 2 olgo] JFse orlel
712 714 Bag Aol
ool wet ovle] &) SRS Sist] LRI HEHE

2 715 AR Jfge] deshy on HA A& A A
Z W% (Kim et al., 2011), ¥EAZ 2] AZHH (Kim et
al, 2015, 2017b), FHFE ot E/NFE AX WH (Kim et
al., 2019) 5¢] 7|% 7ido] o]FoiX|aL §lov} ofA7EA] AL
FA0 7HAE ] A&she o] FoAA] AL Ut

gk eve] F4 54, slshdite] 24 B e &
T B 2, AR, ARl 24, 7R 9 AR
wel A Ao (Isabelle et al, 2008; Song et al., 2009;
Park er al., 2013y YER7] wiEol] @HE o83 2] 7}
FAFS RS QM BHoE s ThaAlEe] HA6
o= 9% BUY 25 g 23538, 43 2 Asks)

e F2 el AAE F¥ske slo] Zadttt (Lee and

Choi, 2013).

2ol =R EAJePd-S pHe| W3l wjet F-24
I BEp o] AtS Foid & Qg By opg) w2 84
o o8l 849 &8 Al&Fd 4A AT ¢ e A
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al., 2008), A1A¥ W A Alzglel] H-E-8 FAE FEAoRd
2 FEAlOPd FEEol| tigh o] Aol A=, o]23t 5}
o] A FaA A ALEE F154o] SRIET st
(Delgado-Vargas et al, 2000; de Rosso and Mercadante,
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Foll A7E= tEAoPdL FHF AlE] Rk
PN e AR A A3 715 E
1A AFo] AAeHH dtom x3tEojd
Quan et al., 2019), AFEAJoPdo] Zg-xo)d
ok FollM HFEES Azl 3o AT
A7rd StEAJoPd2 4 pH (3.5 HIYhH
g =2 SR I8l A e Ajetal Hirwof
(Montibeller et al., 2018).
ETohL A mEE AT 25,
slol] =&=e Bt 8l 2 A
Q45 Aojsl= Aol B4Holt} (Konczak and
Zhang, 2004; Markakis, 2012). StEAJoPIS] 7$-o= pH,
25, W A e FESRe ThE 8 84| A4S A8
o] YR Tty A Foll WY BRI EAIZE HA T
(Santos-Buelga and Gonzéilez-Paramés, 2019), =
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1. S54¢

o] Az 9 A =K

FUFAATHY FHAALE (Wanju, Korea)ollA] F2]=22

AT A, oA, TR Y 25, A, TER L, o, H
A, A, AR APE®e] 1] F50)] i3 By Gujel @
tE %710 wet 2kt 20209 62 2204 HE 629Uzt
2] AFst HAA B AT (Fig. 1).

2He FAE st deom Ao, 29

94

=27 (Aeol, %) %2 FE2 25Ut TEE digital
refractometer (PR-101, ATAGO Company, Tokyo, Japan)E
Mgl 43l e, °Brixe2 ®718I9th 83k Qe ¥
718% B 71s AR BAS s 54 80T 2ARYE
(Wisecryo  WUF-D600, DAIHAN Scientific, Wonju,
Korea)ol| E# % FZAZZ (FD-8508, IIShin BioBase Co.,

Ltd., Yangju, Korea)?]ste] B2 A 319 c)

al

2. SEY o] INMR g M
11 F20l g B gulidl e ik 7714 F 4
2 OptimaTM 8300 ICP-OES spectrometer (PerkinElmer Inc.,
Waltham, MA, USAYE ARE-SISIOH, A& HAjels 4%
ez gt s47xE 74 F59 29 Ax Als 07
S Ags] Aate] 450C - 550CeA 3|3} (LVT 15,
Nabertherm GmbH, Lilienthal, Germany)ste] 3|&S 53t
o, 3% 94t (Daejung Chemical and Metal, Siheung,
Korea)Z} 33} =752 1 ¢ 12 £83%F XY 10 W E 713}
o 6 AlIZF g Ealletain) 2 EallE AHES funnele] g3
E 50 ml 2] volumetric flaskell J34] (C1.F001.055, ®55 mm,
Chmlab, Terrassa-Barcelona, Spain)@ 33 T 33} S/
TE A5t o] APEY o= sG]t

ICP-OES (PerkinElmer Inc., Waltham, MA, USA)9] #H&
Z712 RF power= 1,300 watts, nebulizer gas flow (Ar)y=
0.55 £ /min, plasma gas flow (Ary= 10.00 £ /min, auxiliary
gas flowe= 020 £/minZ 393 K, P, Ca, Mg, Na, Cu,
Fe, Zn, Mn ¥ 9 7FA 7713 B4t R5E4=E=
Pe] 7 1, 5, 10 ppm, YA 571852 1, 5, 10, 20 ppm
FTER F7F FHol ol&siitt

3. Z8Y oUjo] JisMR a2t BA

11 F52] BF dujl o] $47% B2 AR s
7157 Qe T BAoR F FEHicols, F tEAo}
Y, 1-deoxynojirimycin (1-DNJ)2| S-S =7 Blaslich

. BEUBE0|E a2 Ht
FETE o] (total flavonoid)©]
AlE

o) [e)
R

1 goll 80% olere 30 ml S 718k 200 1p
15 &2 Wk v, 70CoA 1 AIZFst 2595

L3

FEAS 0= 23|31 3,000 rpmolA] 10
23k & (VS-15000, Vision scientific Co., Ltd.,
Dagjeon, Korea), 3542 045 2] syringe filter (Adventec
Manufacturing Inc., Hsin Tien, Taipei)= o33t & A]&-8-<l
o7 ARSI

Al -8 7

ol

T quercetin
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(Sigma-Aldrich Co., St. Louis, MO, USA) ¥&g&4 747}

0.5 A2 Algael] Hgk 3 oflghe 1.5 ml, 10%2] AICl6H,0
0.1 mf, 1 Me| ZAHEE £ 0.1 ml, 28 ml & 7}t

== 2~
oI

o 8] ks s E5els el 40 0 4
A F AFL 10 m celle AHE] BE tEOE ol

B34 %7 (UV-1900, Shimadzu Co., Kyoto, Japan)& ©]-&
slod 415 oA FHEEE S50 FEHE ol g

Fe olelsh 2ol A,
2Zelu o= §F (mgQE/100g) = C x 28« 100
C: R e o) FZeknreol= FeF (ngnl)

a: AlE89 A3 (ml), b: 3wl
S: AlE AHF (g T m).

3.2. & QIEAORA a2t Tt
FOlE 7\]0]-‘4 (total anthocyanin) 3+ 242 7} £ 2

o 4 AlE 1 gl 1% HCLS 373 methanol 25 M &
7}@& 20 E7F Wusll 2S3E (120V, 60Hz, UCP-20,
JeioTech, Daejeon, Korea) 3F92H, 4,000 rpmollA 10 #7F
HAEE]sked (VS-15000, Vision scientific Co., Ltd., Daejeon,
Korea) A59S 2|3ttt o] A5NS 045 um syringe
fiter2 o738k & EFF A (UV-1900, Shimadzu Co.,
Kyoto, Japan)g ©]-8-3}] 530 nm2} 600 nmol|A SF=E =
Atk 8% 25 ol S F= 8WE FMsi] A
Astom, & tEAlobe] 3 ALk Tt o] A=

o)
=

&It
FRAEAoI e (mg-C3G/100g) =
A —A
[ (__a__s_.___b_) x 1 cm]x W x (10° umole/mole) x (1 £/10°mQ) x g xbx 001

A, 530 nm SF =
Ay ;600 nm G =

e : S4AIS (34,300 £ /cm/mol)

W : cyanidin-3-glucoside %A} (449.2 g/mol)
S : AE AHHK(g)

a: AlEEAF mh)

b : 3Mul

3.3. 1-deoxynojirimycin (1-DNJ) et

oot
I-DNJ  #24&  1-deoxynojirimycin®]  9-flurenylmethyl
chloroformate, (FMOC-CI, Sigma-Aldrich Co., St. Louis, MO,
USA)E #7Fsted HPLC/FLD (fluorenscence detector)=

o AP PHOR WA BFGAL Axsdt

95

A EZ M o EEmut
2T 898 A=zs] A8 1-deoxynojirimycin TS
100 mg/kg ¢] stock solutione R¥HE T 0.02, 0.04, 0.08,

0.2, 0.4, 0.8 mg/kg ol WAl 21z} 2 ml 2] micro tubeol] W &
0.4 M2 borate buffer (pH 8.5) 10 1, 5 mM<2] FMOC-CI
100 (5 ¥ & 40T FE2F0A 60 2 =43} vhs-
< AFHY. fF=As bk 4535 5 0.1 M2 glycine 10
ME Y3l 0.1% acetic acidE 75l &= B37F 1 ml 7}
HEs ghgols AL, o] ¥k AFEE 1w A
HPLC (Waters e€2695 HPLC System, Waters Co., Milford,
MA, USAYI ZSlste] 241319it).

A AR 73*?‘7—}%}—%9_]%% A&
99| falcon tubeol] I £ =5
voltexingd}aL 10 £7F W=

OE

2 g& 50 mb
2200 m/é = Yo
v i= E}—*__i 80C F8x7d]

20 7+ 7‘% Sk —-‘;i ;ﬂ%ﬂoﬂ 15 ¥ 28 0]’}%—7— q}‘]
sonicatorol| Al 60 E7F 2SIE X2 F (120V, 60Hz,

UCP-20, JeioTech, Daejeon, Korea) 4,000 rpmolA] 20 &7+
Al Ee s

?J_/]kj] 2 o%o}x] A= ol S

o 1=

04 M borate buffer (pH 8.5) 10 £, 5 mM

10 14 E #3}d micro tube

o

o

o _F
FMOC-CI 100 (£ & 9& & 40C F&2AM 60 B2 &
=R} vke-S lsiith A vheS 83 & 01 M
glycine 10 & 23 0.1% acetic acidE H7l8t] & F9

7F 1 m 7k HA sidek o] vk ARE 1 e A HPLC
(Waters €2695 HPLC System, Waters Cor., Milford, MA,
USA)l U3k 1-deoxynojirmycin®] S BEEdS o]

Table 1. HPLC operating condition for analysis of 1-deoxy-
nojirmycin in mulberry fruits.

Waters €2695 HPLC system equipped

Instrument with 2998 photodiode array detector and
autosampler
Column YMC-Pack Pro C18 (5m, 4.6 mm X 250 mm,
YMC Inc., Allentown, PA, USA
Detector PDA detector (340 nm)
Solvent A water
Solvent B methanol
Flow rate 1 mQ/min
Injection volume 110
Gradient elution system
Time (min) A% B%
Initial 45 55
16 45 55
19 10 90
22 10 90
25 35 65
30 45 55
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QU= A3l Kim 5 (2011 &3

o4 E%¢] ot 5 kgl 0.3% citric acid-ZF5
718t 3 3 F&3 F whatman No. 2 filter paper
(Maidstone, England)2 &J3}3te] o3}l 28760 m & AJTt.
oJzfel e 40CoM Ry FFsp] o] Mk F5E 575 g2
dRom (G 11.5%), 2 gol AF A7kx] YR

st

AFas=2o Ax 34 T IFAA PJA A2 Ad3H
o] QY& E3hehe FEgaRd IdEHAH e oY F
59 ePgAe AR a8l o] FEES U sHT=
100 ¥ 3]sl o] 58N (1 — 100, & 5E 1 g
< g SHF F9 100 2 e FEA)E vk F o

Table 2. HPLC operating condition for analysis of C3G, C3R in
mulberry fruits.

Agilent technologies system 1200

Instrument series
Column Triart C18 (5 pm, 250 mm X 4.6 mm)
Detector PDA detector (340 nm)
Solvent A 10% formic acid in water
acetonitrile : methanol : water :
Solvent B formic acid
(22.5:22.5:40:10)
Flow rate 1 mQ/min
oven 30°C
Injection volume 1010
Gradient elution system
Time (min) A% B%
Initial 93 7
35 75 25
45 35 65
46 0 100
50 35 65
60 75 25
70 93 7
75 93 7

96

T - Ao - O[X[Y - O[GHEN - IACH
Y FEEHS 250 me o AW ol (BT1540-250,
DURAN Produktions GmbH & Co., KG Mainz, Germany)

o B "Egk & 70T FxoA 20 & FF ARIEH] A
24148 8= in-pack pasteurisation HHS AT
(Ashurst, 2016).

At A-Fo] euMirsEgoox e x3tE o
FEAJOPdS] TS 2AekaL Qe C3GSE C3RY s
high performace liquid chromatography (HPLC)E ©]-&3}e]
=739tk HPLC ¥41S Table 29 %o wz} 1200
Series system (Agilnet technologies, Waldboronn, Germany)
S o] &3ty EA8IHM e Column & Triart C18 (5 um
size, 250 mm x 4.6 mm, YMC Co., Ltd., Kyoto, Japan)S A}
&3t tlolE #2418 Agilent ChemStation for LC 3D
Systems (Agilent Technologies, Waldbonn, Germany)S ©]&
ste] I TH (Table 2). C3G (kuromanin
chloride = 95.0%, Sigma-Aldrich Co., St. Louis, MO, USA)
9} C3R (keracynin chloride = 98.0%, Sigma-Aldrich Co.,
St. Louis, MO, USA)® HFAS el on, tEAohd
SEke QUMAEEE | oo EAIEE C3G C3RY ks

2FEste] YehfSit

o [e)

L

AP = [e)
FEede

al
=

5. 20| ERISRE 7lst 0] 0|~ =
29 7}z}

20 BRSE ARE 93 QUMAEEES 717} 0.058
0.0909%, 0.1112%, 0.1667% (F=E< U 52 dE=Z
3kst A9 7H7) 8, 12, 16, 20 kgoll dPele FE25 5
FFEo g W] HEskdal 10 °Brix, 12 °Brix, 15 °Brix7}
Hes M2 OE ge] dES el 2 12719 2=
21 wol=E AT (Table 3).

Sd 3t

ZF ZAES 1 L9 B Yol (BT1540-1000, DURAN
Produktions GmbH & Co. KG Mainz, Germany)ol] ¥

Last § 70T F2oAM 20 & Bt st & F A2
25.0 + 2.0CoA YZHA]7]= in-pack pasteurisation HHOZ
A2t APt

12 7§8] ZAEE TE 2 Wo|&E ISR TSS (%,
wiw), A7 A= (titrable acidity, %), A (total sugar, %),
FAH] (°Brix : Acid ratio) 2! ascorbic acid ¥ (mg/100g)
o thall F7Fst3itt.

TSS9 A9 A& (250 + 2.0)°04 Digital Refractometer
PR 101 (0 - 45%, ATAGO, Tokyo, Japan)Z A}&-3}9oH
12 71e] ZAEE FAE T Ho|AE 3 F g Hoj=y
FAEE °Brixe 2= &9 F 7MY I (%, w/

w)e g LERf AT
HA Atze] A% AOAC 937.05 method (Bugner and
Feinberg, 1992)2 Z-&3lo] 50 ml o] FRF5ol 12 7He] 24

22 4" 29 Heolx 10 M E HIEIE 0.1%
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Table 3. Mulberry drink base formulation by different content of
mulberry extract concentrate and sugar.

Content mulberry extract concentrate (%)

. ‘I)
Formulations T Sugar (Brix)

T1 0.0589% mulberry extract concentrate + 10 °Brix
T2 0.0909% mulberry extract concentrate + 10 °Brix
T3 0.1112% mulberry extract concentrate + 10 °Brix
T4 0.1667% mulberry extract concentrate + 10 °Brix
T5 0.0589% mulberry extract concentrate + 12 °Brix
T6 0.0909% mulberry extract concentrate + 12 °Brix
17 0.1112% mulberry extract concentrate + 12 °Brix
T8 0.1667% mulberry extract concentrate + 12 °Brix
T9 0.0589% mulberry extract concentrate + 15 °Brix
T10 0.0909% mulberry extract concentrate + 15 °Brix
T11 0.1112% mulberry extract concentrate + 15 °Brix
T12 0.1667% mulberry extract concentrate + 15 °Brix

YFormulation; fromulation by mulberry extract concentrate was
made into three equal content (0.0589%, 0.0909%, 0.1112% and
0.1667%) and was added with different quantity of sugar to obtain
10, 12 and 15 “Brix in the end product, respectively.

phenolphthalein (Sigma-Aldrich Co., St. Louis, MO, USA)
ZAF 1 - 2 S =S 0.1 M NaOHE A
7hsted &S] FAMo] 30 = Bt AAEHE HE TEH
o= 3la, FEH7A] AR NaOH 42 743l &H|=
o 0.11645 #sle] F4kS ALt (citric acid) o= 3
sbete] WMEE (%)= ALttt

A9 &3FLS phenol-sulfate acid¥ (Saha and Brewer,
1994)l] we} 12 7je] =AER 7AE ot Hlo)x [ ml
5% phenol 1 mé 2} sulfuric acid 5 M & 7}3fe] A1 o
& 20 E7F "X & spectrophotometer (UV1601, Shimadzu
Co., Tokyo, Japan)E ©]-&3te 470 nmo|X FHEE 783}
Fom d =R glucose ARgste] Ade =
’gste] AAIsHA

TEE P G giv] 4hwe] HlERE ALksith
Ascorbic acid =72 2 6-dichlorophenolindophenol (DCIP)
W (AOAC, 1990) 0.1% DCIP 100 /£ 12 7o AL
2 F4%E ot HolAE Yo7t rose pink Ao] 5 & o]

5 3

LIS
AL =

4 FAE we] S FeIEIAL 0.1% ascorbic acidE ¥F
EA=7 o|gsle] AHEATE BE BHL 3 3 o) wkEs}
o st
6. RC| BISTE HXE 9ist ELIFY
ARl 5L} BE AFE 7R AU 3 5 (T4,
T7, T9)2] ZAES thoz BaES 269t
Qe 78 ehAkE Al%7] (Sodastream SPIRIT,

b

b
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Sodastream, Kfar Saba, Israel)S ARE-3ted 75, 100 2 120
psi el Al 7K 59 COE Bl er AzAT
AATeE Aajel whel e Whhd] WEstal Assh A2l B
st
a2 N

MZ OE Tk A2EEETt TSS Fs 7Ke 12
o] 23E sA e ZFAdisha a9l
A 591 ol (59 E: KWNUIRB-2021-10-011), 272+
(color), @71 (flavor), Bt (taste), F 7] (mouth feel), ARFHQ] Tk
=% (overall acceptability)?] FEOZ [2}H o7 48Y3IS T}

12 Fo] 24E it A e 20 HoE 49 4
=7 2 Ad=E At vlo] el g T e R
ARSI 12 e RAAEZ QY Ho|2E | 3§ Hol &
o £} M| AAsIeH Al -, AR} 715 E AR
A 719ekaL, BE Qe A7 ol v AEE Hrlske
= =319} Lawless®t Heymann (1998)7F #|<tel Wity
2 9% Hedonic %= (1- h$- &ojsh L 9o- uf§- Folshd
et AE=E FoA3.

ARl IA5A 818 ATE 7o E AdE 3 39 =
A& (T4, T7, TS O R BES AN B Eato]
FYE 3 T 2= Uit d5 AAE @A (sparkling
sensation)?} ZINFA Q] T (overall acceptability)S HE-O 2
sl 221 Hs H7HE FAsITh HEE= 9 A Hedonic &
T (1- v B B 9- v Folshel wep Fojstes
sloAtt. 7} AAEE AedAks EA R 2 3] AAEIGIT

7.

to

o)
gt

gl

t

¢

f

8. SAEAM
Ao 7zt 2Azre HAAF FFHA (means + SD)E U}

BRI, AT 7ke] FAEAS SPSS Z=Z 13 (IBM SPSS
Statistics, Ver. 27, IBM Co., Armonk, NY, USA)S AR&-3}
Sk AEFE 7+e] =4 H|W+= Duncan’s Multiple Range
Test (DMRT) WO = 5% folawalr] FA4 feldes &
B3R (p < 0.05).

1I:IUO
. oHAT

11 %<
o] A7
47191 59 109
MR, 2 F oF 15 4 AF7F =W o7t 2
69 9Y ZFol A=At o] k3] AsE Al
Ao 7 T3 3 AVl HYH o
z AH So] 69 9dE 7P Fo] AR

[ Ea
i, = O

=T,



AA, A, A7= 4, A5 AF SA6A Ajgoez
2 ol&EHI e I 2t e AAEE Aol
LUF ¥ QuFgoF T2 ol8HI = FTATY HY
® o]l 7)o vl 4 4 =¥ FURE E$o|n] I vt
9] Ex2 69 29 — 6¥ 3Y9) TSl 2AAEOE Y
St

A% srle] B Tl 698 ¢ (WPIM 156 ¢ (3

o= FEEE ve TR Uehton tialst aiel &
& FEOIUT 2 e £o2 A%, Y Eow HaAHY.

7} wsigel Zojs} AL Aol 11 Exel A9 A= @
7 AolAE 5L el Giel A4S Pet ol

=L Azo]oi_]_ J,].)\]— 2@9]' 7],]:/]_]:"0 Q2 Fowm L]—

Bk AR} ApEme) b e s Jerlnh ®
3 walzol @ oz ohdel BEE 27 1033 65
Brixe] BEE Uehlo] ATiHo R Be B ek,

(A)

(B)

©)

D)

®

¥)

- Ol - fch

o

A= 4 7] B F5E eHFe olsle #F
23 ZAMIA 7P =2 o] RS YR gl o]
s YeERIATRE 23 (Lee and Choi, 2013)

ool S0 o8 wisl Sae S 45

o]a]%

7h ESkaL A}é%%l 7P wkom thalat tigde] Ae =2
el Hlste] AxEe] 78o] B4 e SAS YER
o] FEo] Bol E%Hﬂﬂ Ao = JetE

Kim % 2010y 7 7Fx9] B} 2313 ovr)o] AukiE

S 245 A3 o, ) 25 2 YW Bo] TE EE
EV/} T3 9 Y ﬂahﬂ & WA, e 2 g A
frax Fhegol B vERgon @ S E=a e A
2 Alfrae] FHgo] B2 ot EFFo] QuFL, orF Y
LU 2o} 2 THEAE W EEAE AR Asitt
= HiE yEdte] 2 o orjE 3 HFLEES Ax
of Aot F5L& dateol EoWAE A7 A oF 12

Fig. 1. Fresh mulberry fruit of 11 different mulberry varieties in Morus alba L. (A); Shimgang, (B); Daesim, (C); Shuyang, (D);
Gwasang 2, (E); Saealchan, (F); Cataneo, (G): lksu, (H); Cheongil, (I); Cheongsu (); Daesung, (K); Sacheol.
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Table 4. Fruity characteristics of 11 different mulberry varieties in Morus alba L.

. . Weight of single Size Sugar content Yield of freezin
Cultivars Collecting Date gfruit ® 8 Length (mm) Width (mm) g(°Brix) dry (%) &
Shimgang 2 June 2.09+0.128 27.2+0.3° 12.5+0.2" 12.3+0.2% 15.8+0.4°
Daesim 2 June 5.49+0.28" 36.7+0.5° 19.5+0.3% 10.3+0.2" 12.8+0.2°
Suhyang 3 June 3.35+0.11¢ 31.8+0.9¢ 14.8+0.2f 15.1%0.3° 20.6+0.8°
Gwasang 2 2 June 4.16+0.32¢ 36.7+0.6 16.4+0.4 14.7+0.1¢ 15.7+0.6
Saealchan 9 June 2.76+0.08f 27.9+0.7¢ 16.5+0.3¢ 10.1+0.48 14.5+0.4¢
Cataneo 2 June 2.73x0.26 29.3+0.8¢ 16.8+0.61 12.6+0.5¢ 14.2+0.2¢

Iksu 9 June 4.62+0.32¢ 26.5+0.5' 15.5+0.2¢ 12.0+0.3¢ 15.6+0.3¢
Cheongil 5 June 2.07+0.288 25.6=0.78 13.5+0.28 11.1+0.2 16.0+0.1°
Cheongsu 3 June 1.56%0.09" 24.2+0.2" 11.7+0.4 16.2+0.6 20.3+0.22
Daesung 5 June 6.98+0.32° 37.3+0.3° 17.6+0.3¢ 6.5=0.2" 12.0+0.2'

Sacheol 9 June 4.33+0.22% 34.7+0.8" 18.3+0.1° 5.0=0.2' 10.0+0.58

Each value is means = SD from triplicate separated experiments. "Means with difference letters in column are significantly different at 5% by

Duncan’s Multiple Range Test (DMRT, p < 0.05).

YeRhe 4 34 28, ol EEl
(Fig. 1 and Table 4).

2. PR U JIs 8% &2

11 &2 BUF Z5o dist #7148 ke B4 43
Ko 7 1,668.9 mg/100g (th4)ellA 1,098.0 mg/100g (5+3F)
o] H9IE veplilon A o] A 52 7S
e Pl 7%, A7de] 340.8 mg/100gS YER S 71
= FhEkSs YERAQIAL I 257F 213.0 mg/100g0-E 7
w$orow A7k, o, i, AR ol B2 S JER
o} Ca®l 7% 2585 mg100g AFE)elA 142.4 mg/100g (Th
2he] LS YERII O™ Mgel ¢ 127.9 mg/100g (AHH)
oA 81.5 mg100g (Hd 25)°] HWHE YEPATE Na2

AZ o2 °oF 20 mg/100g — 30 mg/100g] S YERRI L
U Eolzog FlE el 57.8 mg/100go 2 H& FES
UERHAAL Cu®] Z¢ B F5E=E & Aols YERA]
eUTE Feol 7% 7FF =& g2 YeRd Zlo] A7 (67
mg/100g)x} AFE (6.5 mg/100g)°|L 7HE e T=FS vE}
WA AL S8 (3.3 mg/100g)t 4 2% (3.5 mg/100g)°] AL
WA F5e SF AR TS e Zno] 739 o
T7F 1.9 mg/100g0.2 7P =& TS YERieH oF
F59 A% Mn9] FEE =2 552 YU

Lee$} Choi (2013)2 4 74 BUF &5 (5, Wi, *
o, Y 23) T HY FFol HH e AR FEe}
AETE 7P E=9kaL, Bl TRl HAES Al AL

e otF B v Foo 9uwA H4Y Ao BeE

Table 5. Mineral contents of 11 different mulberry varieties. (mg/100g-dry basis).

Mineral contents (mg/100g-dry basis)

Cultivar
K P Ca Mg Na Cu Fe Zn Mn

Shimgang  1,652.6+32.1*  340.8+7.5° 176.0+3.5" 111.0£2.9*24.9+7.9°d 03+0.1%¢ 6.7+1.70 0.9+0.1 0.8+0.0'
Daesim  1,449.2+£52.6° 295.7+8.7° 142.4x45" 98.8x2.0¢ 20.2+3.6< 0.2+0.0% 3.9+0.2° 0.9£0.1* 0.9=0.0°
Suhyang  1,098.0+34.7"  279.8+8.4¢ 185.5+7.3° 88.9+2.9" 259+6.3"! 0.1+0.0° 3.3+0.1° 0.8+0.1" 0.6+0.08
Gwasang2 1,194.4+35.7°  213.0+3.6" 161.9+3.8% 81.5x0.98 12.6+1.0Y 0.2+0.0% 3.5x0.1° 0.4=0.0° 0.6+0.0
Saealchan  1,314.1%+61.9  242.3+59" 249.8+4.4" 111.5%1.9"> 26.7£10.4*¢ 0.2+0.1% 4.0+0.3% 1.0+0.5* 1.8+0.0°
Cataneo  1,341.8=53.4%  270.1+5.1° 154.9+2.78 92.9+0.6% 57.8+18.8"¢ 0.2+0.1% 53x0.5" 2.2x0.4* 0.8=0.0f

Iksu 1,581.3261.8° 293.5+2.3° 154.5+1.38 99.8+1.5¢ 36.5+14.9° 0.3x0.0® 5.0+0.3 1.9+0.9° 0.9+0.0°
Cheongil  1,418.1£42.8° 289.3%5.8° 196.0+2.6' 108.2+1.8° 30.6+7.8"  0.2+0.1 4.1+0.4° 0.9£0.1° 1.3+0.0°
Cheongsu  1,285.5+74.0Y  231.1£6.58 206.3+5.1°  94.9+1.0° 29.5+3.5* 0.1+0.0° 4.8+0.2°¢ 0.6+0.1> 0.8+0.0'
Daesung  1,668.9+24.7% 326.3%8.6"> 158.6+4.05 110.7+3.3%27.6+4.2 0.2+0.0® 4.9+0.3¢ 1.2+0.2° 1.4+0.0°
Sacheol  1,341.6+41.9% 298.2+3.3° 258.5%84* 127.9+1.8 255+4.0° 03+0.1" 6.5£0.5* 1.0+0.0° 1.1+0.0¢
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Table 6. Total flavonoid, total anthocyanin and 1-deoxynojirimycin contents in dry matters of 11 different mulberry varieties.

Total flavonoid contents

Total anthocyanin contents 1-deoxynojirimycin

Cultivars (mg-QE/100g-dry basis) (mg-C3G/100g-dry basis) (%, wiw)
Shimgang 1,608.4+39.9° 2,960.2+222.4% 0.092+0.003
Daesim 2,277.4+62.4° 3,927.1+263.5° 0.056+0.006°
Suhyang 953.7+35.2 1,463.4+21.48 0.074%0.003¢

Gwasang 2 1,586.3x27.1' 2,851.5+12.8¢ 0.038+0.008'
Saealchan 1,277.6+22.5" 2,035.3+74.4' 0.096+0.004
Cataneo 1,664.1+26.2° 3,161.8+83.2¢ 0.053+0.005¢

lksu 1,990.8+52.0° 4,133.0+207.0° 0.061+0.006°
Cheongil 1,064.6+16.8' 1,363.7+91.7% 0.075+0.004¢
Cheongsu 1,463.827.18 2,338.2£67.5° 0.086+0.001"
Daesung 1,909.8+26.1° 2,864.5+96.6° 0.081+0.006
Sacheol 3,089.8+61.9° 5,366.8£229.4° 0.081+0.002

Each value is means = SD from triplicate separated experiments. "Means with difference letters in column are significantly different at 5% by

Duncan’s Multiple Range Test (DMRT, p < 0.05).

Tl St o FE Sl dojAMe o FE LY
718 kS K, Na, Cu, Fe, Zno] 3Ho] Y X o
tell BlE] 10% o1d % ow, dalE, A7), =2 GEE Y
Eidlo] er)E ¥slet PSR Ao AT Aoz 3
el 7, I 23, o FF TAAAME CaS AlQEla B
€ 7R kel el Mg =2 S JERIITE
(Table 5).

11 20 WU Zxo) U3t 71542 Al 9lo] AR

SIZ O FE3E

FF2 FETE o= S (3,080.8 mg:QE/100g)2t EQHEA|
obd HF (5,366.8 mg: C3G/100g)_£ 7P E=goy e &
FTHO JHHoR w9 B3 s Ueifo] 55 A Al
54 5] 9=E UEp] flEiMe o B ] 95

7¥stedof sh= 54 o8] eHlE g FFEE /\}ﬁé}

=]
=

= Ae ;G%l—g—;q Q= Aow ,4.1;}5]041;]_ SIS 124
11 9] Wy = oﬂ/q ZEZ R ol THo] 3 H{aﬂi =

kL

ZotEAod Sleke

HH

ol2} 1-deoxynojirimycin'=
7+ Ao

gl

3

ofN

2 2 AR 2 S JERIS
1 So) BUR EF 2o

e Uepidls
el Az AT Aoz s 73k, Pt 28,
5 5 7FY =2 75 AR &S VERNRITT (Table 6).
QTS Z3sH Z-IEL—J_‘_EO] Az AFE F Y= =L
s, 271, 9

i L] 01‘1/]11]- 9_1:]‘%‘ ib‘}b‘]— 74
(o) P
TH =2
oleigt A3E U] B W) 11 T W F5 FoI
54 4% 5 RE %} 4

(O 13
oo

U] CHEAIOF 2rEHoll OfXl= A
s Az A F AlEe] AR

e o
g0)7] 98 WrHow A HAo] Sk

1l

Z+

100

ug2 ot FEES Ud SHTE 100 v 34ste] Azt
LUFEEEAS oz Aag T Qo] tEAloRde
o3k A} oY AS HASIATH

20 = g9 oz A Ay A €3G C3RY
TS 2 TFE 1ol TREX FHow A% A

C3Ge] 4% 47 09 + 83.07 1g/g, C3RS 44591 + 94.26 pg/
b AL o] 385 AR F¢] C3G, C3R
Z; 47540 + 54.21 pg/g, 366.93 + 39.14 uglg
aheks e o] A& Ak FAo] C3GY ﬂatoﬂ‘_: 3k
PIXA] gk ort C3R] A-ollMe 82% < 43}
051014 FATHCRE Folgt £F2 oAU} (Table 7).
olefgt A+ Ad= oK WA (Sour cherries, Prunus cerasus)
oM AlZke] A3t Bl Exjglel wet QFEAloRd, wlEtt, &
Bzo v 9§ WskE A Aelr C3G7} QEEA
opd 33| &3t Y7k C3R Eﬁ‘r Eo} &7t moldSs
F QEAJold MAo] I3 7} FIVSRY (Zorié et al., 2014),
A2l 7% oA 7K OPEfﬂo F=A T C3G67E 7HE <t
g7do] om Aol fEAlIN g FIALlE FA)
(glucoside)’} o1&+ HH (mtanSlde)E‘:]' 9 71 vrlE u
ERditi= A3 (Mazza and Brouillard, 1990)5 Y]wsle] £

Table 7. Anthocyanin content of unpasteurized and pasteurized
mulberry extract concentrate.

Anthocyanin content in mulberry extract concetrate (ug/g)

Unpasteurized Pasteurized
C3G C3R C3G C3R
479.09£83.07 445.91+94.26 475.40%54.21 366.93+£39.14

Each value is means = SD from triplicate separated experiments.




(A)

Unpasteurized

Hil.

(B)
Pasteurized

« -

Fig. 2. HPLC chromatogram of anthocyanin in unpasteurized and pasteurized 100 fold diluted mulberry extract concentrate for
soft drink. (A); Unpasteurized, 100 fold diluted Mulberry extract using 0.1% citric acid-distilled water, (B); Pasteurized, cooling
(25°C) after 70°C pasteurization for 20 min in 100 fold diluted Mulberry extract using 0.1% citric acid-distilled water.

o Qt] Wo]2e] A2 o] in-pack pasteurisation HHE S 10.6 - 121.3% 7FA] thFsl o 0.1667%2] 9t|M
Hg&ehe AT F8AEER tEAI] S flEiM= &

N

70C2] 71E&EolA 20 & F9F 223k T 250 = 2.0ColA
Wzt E 270 A
AL A 22T ARJolA
s

gy ARREHE 30 =%

P& =9k 0.0589%°] UM AEFET 10 Brix/t =5
ol A7k 2= Tio] 7P & S YRl
HiRo g orMisss Y Ay Hrisfe] F7isted wet
Aol TSS o] S7kehe 43S YERNSITE (Table 8).

A7 TSSE sucrose, fructose and glucose2} 72 o] 7|} <&
[e)

o
FEEF 15 °Brivt H=E Ago] Ay 2=A4E TI127h
o
[e]

=L
= o
[iid
o
ol
i)
N
do
=
)
o
=L

o] A Mee o] TVEFE TSS TS SI8KE Zlo] dnkHely (Chia
sk AL SRS SIS (CAC, 2013). &801M 2 er al, 2012), A =8 Az Al A7ise A9 & #
TS 9 AR 20e Gt Y 2 BEHAT 589 W ot A F2o EAlske T e /A 1Y
FAH A% 7S ATl st 2 A2 29°]  (soluble mineral salts)?] = FEFe v o, A
WY = Q7] wEol (Tome ef al, 2008), FF- B&E A F2o] ZdHAR ddd frlqte] Z=9 AP
< At 2= 9 AIZPE 7879 8e] P et AR At (gluconeogenesis, GNG)YS 53l f7]4to] Foz A3z ojx]
20 B AL At o5 Ake] el mE s ol Bl = AR IFE WE 5 kL S%itk (Chakrabortya and
3 RUHHS E&f AL FHEe A3t sk o=z Athmaselvi, 2014).

Helth 7t 2 EAA T a5 AR 37 2ol TSSE

o eudargSEel H7hEE vgo] Skl wiet TSS &
£

4, BIZSEE NIEE flst 2] HIol~ =E=20| =2k o] S7He A& eHdl £& FEeE ¥IHo B

EM F71%F (Lee et al., 1998), vlulZ & (Singhal ef al., 2009)
ke e gad o MBlEAS dehe SROIXW HA o] ¥ e £ TSS = FUIE Uehdtiy Az
S AR A Ao E MR TE WO steeping 12 T2 2AEAN A" Hriro] S71Ed55 TSS &
olt} boiling S T3l &8 wlo|2E wi=E Zlo] T8t Tl fAH AP Eke] ZrksIAAL oldl wEl FAk]
w BRREES] 7|20t He ol BRkEEe] I £ (°Brix : Acid ratio) Bl-&%= /1St WA 4= 2 ascorbic

S THIM = SR AlRe AES LS ¢ e Y acid®] a2 7FAEFATh (Table 9).

E2A AFE7|= stpar BaEojA Al 9ltd (Nath and Ae] AS- 12 F2] 2480] 13.6 — 19.0%2] THFS

Yadav, 2005). ERQIET] o] 3 10, 12 °Brix’} HEE Ago] ArtE 24
12 708 ZAER QU] o]z Eg-31ky B3 A3t EBollde 2 2olE YehlA @skor} 15 °Brivt HEE A

£ Table 79 VFERAQITE HE 999 12 709 2B TSS  ©o] A7FE ZAE9 AL RE QUMASEE g4
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Table 8. Physico-chemical

TSS for mulberry fruit soft drink.

o

cH

fparameters of mulberry drink base formulation in various concentrations of mulberry extract concentrate and
:

Formulations” TSS (%) Titrable acidity (%) °Brix : Acid ratio Total sugars (°Brix)  Ascorbic acid (mg/100g)
T1 10.6+0.2) 0.52+0.2° 20.39%0.1" 13.6+0.4" 28.6+0.2¢
T2 12.8+0.2" 0.41=0.2° 31.22+0.2 14.5+0.3¢ 28.8+0.3¢
T3 12.920.1" 0.38+0.2° 33.95+0.1 14.120.6f 29.6+0.2°
T4 14.3+0.1f 0.33+0.1° 43.33+0.1° 13.8+0.28 31.6+0.2°
T5 12.1+0.1 0.42+0.1° 28.8120.1% 13.8+0.28 26.8+0.5"
T6 12.9+0.1" 0.36+0.2¢ 35.83%0.1" 14.3x0.7¢ 27.1x0.3¢
T7 13.4+0.18 0.32+0.1f 41.88+0.28 15.1%0.3¢ 31.5+0.6
T8 16.1+0.2¢ 0.28+0.1% 57.50%0.2¢ 16.9+1.1< 31.6+1.1%
T9 15.9%0.1° 0.36%0.1° 44.17+0.1° 17.5%0.5° 21.7+1.8
T10 16.7+0.2° 0.32=0.1f 52.19+0.2¢ 18.4+0.5" 23.6+0.8"
T11 18.6=0.2° 0.21x0.1" 88.57+0.1° 18.9+0.8% 24.8+0.78"
T12 21.3+0.2% 0.19+0.1' 112.11+0.2% 19.0+0.9° 24.9+0.28

PFormulation (T1 - T12); 3 added sugar levels for endproduct and 4 levels of mulberry extract concentrate comprising of total 12 formulation as
T1, T5, and T9 with 10, 12 and 15 °Brix of sugar for endproduct each with 0.0589% of mulberry extract concentrate respectively, T2, T6 and T10
with 10, 12 and 15 °Brix of sugar for endproduct as above each with 0.0909% of mulberry extract concentrate respectively, and T3, T7 and T11
with 10, 12 and 15 Brix of sugar for endproduct as above each with 0.1112% of mulberry extract concentrate respectively, and T4, T8 and T12
with 10, 12 and 15 °Brix of sugar for endproduct as above each with 0.1667% of mulberry extract concentrate respectively. Each value is means
= SD from triplicate separated experiments. "Means with difference letters in column are significantly different at 5% by Duncan’s Multiple

Range Test (DMRT, p < 0.05).
g2 AEF ol 17% ol del &2 dake Yeplit
(Table 8). o]&f3t M hefe] F7te 2] Hlo]zof A7t
Adfo] 7Rl E o] wst BREe] ASEA7] el A
o2 AEY (Mane ef al., 2019).

A Aee TSS &, A9 &,
3 Al 0.1667%2] QUM AEEES} 15 °Brit HE
2 dgbo] H7ME 2AE (T2 7P 9ok oriays
S5 0.1112%¢F 12 °Brix’t H=5 Awo] #Ar7te A=
(TOelA 7P =90tk B8t 22 502 37k euias
SE9 Aollx A Hrre] vlgo] HoldrE TSS TS
Z7tEolX A v R AeE 7haele A3S UERA
o} o]Egh ke Fhaie g EC 23 Jto] Holuf go
2 Aste]ojH 7] WiiEes AztE o)ygt i Foluke}
gtuol &3+ 28 (Tiwari, 2000), @<= &3 2 (Dhaliwal
and HIRA, 2001)¢] E&]-3}8H4 54 H7PIME fAFsHA
RIS

A 12 T 2AEY A e A TEHE A=
o] M7l citric acid2} Y] & A EFHH citric acid
o] shego| oja H9-EHe Aoz AAEM (Ozgen ef al,
2009), or]e] o] FFol U] M= tE FHe] frlat
S JTHRIAEE F=8 F71AR citric acid®} malic acid2tal Bl
(Lee ef al., 1998)9} citric acid7} RE 2]F9] AlwS x4s}
= T8 840 A FEo] AHH oA Anzprt wk

= A MA Aswel sigsithe B 7118k

o].%o]__

pu

) v1ge] 37t 7

O =

102

(Hemalatha et al., 2018) QU] BRAISEE A|Zs=t] o]
TSSo] =t 3 A Ak=e] W9 Aol mig Fasith
e G T UATh

Ascorbic acid $FEe] 79 12 T RAEAM ] gk
21.7 mg/100g (T9)IA 31.6 mg/100g (T8)2] HS LERNSL
ow H7HE SUMAFESHES] TR BMHETE o=
AFS eI o A' H7Ee] BlEo] moldfE wol|
S YeERNQITE dutdo g 3 SR¢ 5o EF
TN Fgol] E3tE o] ot frElEs= ascorbic
acid®] FHeFo] wrgEo] 1 ghEFo] Fridthe A et
(Amoth, 1980), H7t== A F%7t =olAH ascorbic
acid®] $FFo] 7HAdtth= A3} (Vadakkan et al., 2010)2} -+
APt o ISR e 4729 ascorbic acid®] TES
el A$ g 2AAENA AmrE solAe olf=
ascorbic acid®] #3819} o8 T3 A== F71itl 7Ids)
= drAIeE APEIT (Mane et al., 2019).
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Table 9. Sensory analysis of mulberry drink base formulation in various concentrations of mulberry extract concentrate and TSS for

mulberry fruit soft drink.

Formulations” Color Flavor Taste Mouth feel Overall acceptability
T1 7.7%0.6° 7.0+0.6 5.4+0.38 7.6+0.2% 5.5+0.58
T2 7.8%0.5° 7.1+0.6 6.1+0.7¢ 7.2+0.6° 6.7+0.3°
T3 6.6=0.2 7.10.45 7.3=0.6¢ 6.8+0.3¢ 6.50.4°
T4 5.0+1.2 7.0+0.3« 7.6+0.2° 7.2+0.5¢ 8.1+0.6¢
T5 7.4+0.1¢ 7.6+0.4% 6.2+0.3¢ 7.6+0.6™ 7.0=0.5¢
T6 8.2+0.6" 7.2+0.3° 7.1+0.4¢ 7.4+0.3% 7.0=0.6¢
T7 8.7+0.5% 7.1+0.2¢ 7.8+0.4° 7.9+0.42 8.6+1.0°
T8 8.0+0.5™ 6.4%0.3¢ 6.8+0.2¢ 6.8+0.2¢ 6.8+0.3%
T9 6.9+0.3° 7.0+0.6 7.2+0.2° 7.0+0.3¢ 8.3+0.3"
T10 7.3+0.2¢ 6.8+0.5¢ 7.6+0.1% 6.8+0.1¢ 6.2+0.8'
T11 7.4+0.1¢ 6.1£0.2 6.4+0.5' 6.1+0.3¢ 6.1£0.6'
T12 7.9+0.1% 5.4+0.38 6.8+0.3¢ 5.420.2f 5.0+0.2"

DFormulation (T1 - T12); 3 added sugar levels for endproduct and 4 levels of mulberry extract concentrate comprising of total 12 formulation as
T1, T5, and T9 with 10, 12 and 15 °Brix of sugar for endproduct each with 0.0589% of mulberry extract concentrate respectively, T2, T6 and T10
with 10, 12 and 15 °Brix of sugar for endproduct as above each with 0.0909% of mulberry extract concentrate respectively, and T3, T7 and T11
with 10, 12 and 15 °Brix of sugar for endproduct as above each with 0.1112% of mulberry extract concentrate respectively, and T4, T8 and T12
with 10, 12 and 15 “Brix of sugar for endproduct as above each with 0.1667% of mulberry extract concentrate respectively. Each value is means
= SD from duplicate separated experiments. ‘Means with difference letters in column are significantly different at 5% by Duncan’s Multiple

Range Test (DMRT, p < 0.05).
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Table 10. Effect of different levels of CO, injection to mulberry
drink base formulation for mulberry fruit soft drink in
sensory evaluation.

Formulations” Le.vel.of CO? Sparkljng Overal'l.
Injection (psi) sensation acceptability

75 7.1+0.2f 8.5+0.2%

T4 100 7.5+0.5¢ 8.7+0.1°
120 8.1+0.3¢ 8.1+0.3¢

75 7.6+0.4¢ 8.7%0.0°

T7 100 8.2+0.2 8.9+0.2°
120 9.1+0.2 9.7+0.5%

75 7.0+0.3' 8.3+0.3¢

T9 100 7.8+0.4 8.2+0.2¢
120 8.5+0.1° 9.1+0.4°

YFormulation is T4; formulation of added 10 °Brix of sugar for
endproduct each with 0.1667% of mulberry extract concentrate
respectively, T7; formulation of added 12 °Brix of sugar for
endproduct each with 0.1112% of mulberry extract concentrate
respectively, and T9; formulaion of added 15 °Brix of sugar for
endproduct each with 0.0589% of mulberry extract concentrate
respectively. Each value is means = SD from duplicate separated
experiments. "Means with difference letters in  column are
significantly different at 5% by Duncan’s Multiple Range Test (DMRT,
p < 0.05).

extract concentrate + 12 °Brix sugar) 2 T9 (0.0589% mulberry
extract concentrate + 15 °Brix sugar)yS UFOE 3o 4H]
AV wrls 22F s SAS UK A 74 2AE el
A1 CO, 7k o] S715kol wet side] ©hikzt (sparkling
sensation)Z} ZHHA<Q1 (overall acceptability)= H57}F
S7Fhe e BAL 120 psi o2 Mg A5 7P

W

=gor 71E 12 I Y ¥ 22 AsE H4E e
oo} 3 AdE o) Z T79 A7t o
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(Table 10).
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