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Quality Characteristics and Granule Manufacture of Mulberry and Blueberry Fruit Extracts
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Abstract

The quality characteristics of granules prepared from water and 50% ethanol extracts of mulberry and blueberry were investigated. The

total polyphenol and total flavonoid contents of mulberry and blueberry were higher in the 50% ethanol extract than those in the water

extract, Total anthocyanin content was highest in the 50% mulberry ethanol extract (470.91 mg/100 g). Oxygen radical absorbance capacity

(ORAC) of the mulberry and blueberry extracts was 335.37 umoles TE/g and 238.14 pumoles TE/g, respectively. Superoxide radical scavenging

activity of the mulberry and blueberry extracts increased with an increase in extract concentration, Total polyphenol and flavonoid contents

of granules from the mulberry extract were 4.83 mg/mL and 3.49 mg/mL, respectively. Total anthocyanin content of granules from the

mulberry and blueberry extracts was 76.26 mg/100 g and 75.26 mg/100 g, respectively. Electron donating ability and ORAC of granules from

the mulberry and blueberry extracts were 45.09% and 24.10%, 87.65 umoles TE/g and 57.59 umoles TE/g, respectively. Granules that were

stored for 7 weeks at room temperature had low anthocyanin content degradation and Hunter color values (L, a, and b).
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oA = Ak} EA(prooxidant) ¥ 2+l A& (antioxidant)
o] #HE o]FAL o AEEZ Ho7 JeA HA 28}
A 2Edzo} fuEel WAHY AEEY 4 Weld A
< do7A FrhHalliwell B2F Aruoma O 1991, Koh YJ %
2008). o]#3t Aksld AE# A9 AR ¢olo] HE= :zL/ﬂ
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AF2Z(ROS, reactive oxygen species)
=ob ofg] A =43 g7 whesia, zﬂLH a2 }%—% 4
sto] AToh 2ol vlZbgEe) £4E YOI Feiol
AZSY @A 52 xesl Bk of A2 B
1% A AR B B A9 AL BEAE
= Adzold 2ua s wo] wWol Axsw gt
(Fridovich 1 1989), < ol shalslavle FEuky Qle
HglFelle oel 7k A2 & 5, SEAod, 712 E
LO]“ g ZopHolug) 22w geted HERIc o
& 5“’510% Ve Aew dejAaL glo] AW o3t Zha

A 7St BaEi 9Jth(Yu OK & 2008, Lee HR &
2008). .U+ B (Moraceae), li"1\/}“—"\-(Morus)oﬂ &3+
WEA Gdee] B driEA 2djellA ofdrid o2
A7A del RESE, REULI A e R FolAlo}
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o] &= FIUF @ AR drojtigu M] T 2009). QU=
tokel 7)5A AR 9 G0 AWM VA AFE

IUNAG FH 7]
=dl 53], gzt

3 4 e FAANFEeR HuHT
Solgkes ZEulE Aol gH
o W Wt P FUZE A ¥ kR LRl U
A SoRE % 54 4% A FEEn ol Fdold
(Lee EJ9} Bae JH 2011), E-Fu|gl= 22 F(Ericaceae), 4F
YFHF-E(Vaccinium) ol &3k #5A AEE2A 40090F0]
Jom, F2 Foilold Fxsta gk HujoxE dfol
B B2V, coymbosum), EFHEA EFH(V
angustifolium) D P Hlolo] EFM (V. ashe) & M FF7}
dHAez Fask FAZA AuiEI Qitk(eong CH &
2008). EFHEl7t 3t e IEAOP(Anthocyanin),
Ze} R 0| =(Flavonoid), 2}o]Z 3 (Lycopene) &Aalsls, Al
g7l WA= S 2 HEFT BA ] 3t Hold A
o7 A glom FEERIANA HAAG AlA 10t FrH
Frg XAAFo] we AL vy Qlti(Hwang SHE} Ko SH
2010),

okg B V| AEAETE fFEAES AF A%
FHoRE ded AU B rRAlE BEAbe] dE7E
dg] o]&Ha oyt ZHd A= Fd, EREEl, A
S 2o 43 HeAo] Az AFEE] AlFlM Ho]
WEa gtk g AFL BUAFEYG S840 o9 &
214, spgtd oz Pystr mAg 2ie] A9 &3 Al S
T Ffato] g3ldol ZAIVE o Hyow AlxstH
ojfgt wAHS Bt & 4 Qo mgk Alx o] ghdst
I AFe7] MR g AYrto] 7R Bk oz}t Fui
7} folste] AZAE Aol Wol AREEIL JtH(Chung HS
T 2005). AFNGAME AF 8 EES Aest ¢ A3

¥0, %9 yg,

AL A ekgsl, Bdash WAl g, o
g}, AELA L WEEE 2, AZFTH N 2 BT
52 5207 wol o853 ¢tH(Hwang SH 5 2005).

wepa] EAFeAE kst gl 28
dE o 9 ERHE FE2EY olgsty EAS A
on o2 o]g3ly HYL AxIFI FHo| FHEA

ECIENE TN

1. iz & 2y

£ Afe] A o gl EREe At s9dEx
FRE, LFDo2RY Y2 Tdste] 20T o5t

2. ¥&= ¥ B Wz

100 g9 Algol| 1% citric acid & 0.5% HCS 3l =
Fr9 50% deeS 27 2 L H7FskY] shaking incubatorE

A F e A3 A A28H Al4%7(2012)

o83kl 160 rpmOZ 25Tl 48ARFEt wyk FEa}
o ExES AASH] $3] Whatman No.2 GFAE o]&
o] o5l 73S 7](Model N-1200A, Eyela Co., Tokyo,
Japan) 2 &3 thg, 27 Z(Freezone 2.5,, Labconco Co.,
Kansas City, MO, USA)&Fe] -70TC o]&te] obAol Hykshdr] &
Mg AEE ARSIt 3 AEAzE A7 e WY
o8 FF, T53 v 30Brix FY 2000 FFHAEED
5%, HFAH 4%, FED 4.97%, TEHYXRER s%, 7}
o}gF 0.03% HIEE T3t & HJ7)E FHAIA Azt

o 5b

3. & Edblz ¥ & E2tEr0|=R &4

% ZY¥EHS Folin-DenisH (Singleton VLI Rossi JA
1965)0 wet FEEA wE FE9 05 mle] 2 N
Folin-Ciocalteau reagent 0.1 mLE 7}slal FE3] £33k o}
& 84 mLe| Bt SHRFE Tlete] Aol 323 v
3 20% NaxCO; 1 mLE A7leta ALoA] 1A7F ¥-8 A7)
3 spectrophotometer(Ultraspec  2100pro, Amersham  Co.,
Sweden)Z o]83te] 725 nmollM FHEE At o]
o F Zgds IS tannic acid(Sigma, St, Louis, MO,
USAE AFate] 23 FEF0 025 E ALtstdct.

% ZglHco|=dE AL DavisH(Davis WB 1947)] wh
g} &9 100 #Lo 1 mL diethyl glycolS E315te] 220X
587F 8% A)Zl 3 IN NaOH 100 #L9} E3gtale] 37T oA
3087F Wk A]7]A 420 nmollA spectrophotometer(Ultraspec
2100pro, Amersham Co., Uppsala, Sweden)2 SHFE=E =34
3ttt & EEfRxol= dEFe quercetin(Sigma, St, Louis,
MO, USA)S Aste] st e o2 REl At
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SFEAJoIIBE 2O lee | T(2005)9] W o))
Oe3 o] ZAsketh. AXREL 02 g& RS 3 mLol
o] MG AISE ARSI tEAlR BAME AR 100
2L 1,900 £Le] pH 1.0 buffer(0.2M KCl + 0.2M HCl) ¥
pH 4.5 buffer(0.2M potassium phosphate + 0.1M citric acid)
£ 747t EF3 ¥ 520 nme} 700 nmollA FHEE S5
th F EAold #FFE cyanidin-3-glucosided] EEFASG
(€=26900 L/em - mol)E ©o]-g3fe] ofefe] 2o ofsf AHibs}
.

Total Anthocyanin Content (cyanidin-3-glucoside, mg/100g)

A X MW DF > 3> 5000
eXx1

At (Aiso - Axso)pH 1.0 - (Aiso - Axzo0)pH 4.5
MW : cyanidin-3-glucoside®] ®A}g = 4492 g/mol
DF : 3JAuj = 20
3:% 89 3ml
5000 @ A& 100 g@o2 3R] flste] FEA] Al FAIY 0.2 g&

2 UE #
e BE53A4 = 26,900 L/cm - mol
1:cm




5. TxkS0]
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Fistss S48t 9gh Ao (electron  donating
ability, EDA)S 1,1 diphenyl-2-picrylhydrazyl(DPPH) 9] 312
& o]&ate] ZA3tkson JYe Kim TO 2011). &, F&&
1 mLoll 43107 M DPPHE4(99.9% ethyl alcohololl &3)< 1
mL 7}8te] FH o] Fuj7h 2 m7b HES Soivt o] Bk
< oF 102 et Aeex 0t AR F
spectrophotometer(Ultraspec  2100pro, Amersham Co., Uppsala,
Sweden)& AME3Fo] 525 nmolX FFT=E A3 A
Toladhs FEwe] W A Fo Aolg WEEE e
WHoAE

sample absorbance )

EDA(%)=(1— %100

control absorbance

6. ORAC(Oxygen Radical Absorbance Capacity) S8

oy 9 EFule] &= 9 Ao st &AL Talcon
ST9}  Lee JH(2002)7} ksl & SA]  ARESE
ORAC(Oxygen Radical Absorbance Capacity) EHS ]85}
ek B AFex Ad 2 FFdo] wxd s HAFE
A28 AZe= 4 phosphate buffer(61.6:38.9 v/v, 0.75 M
K;HPO; and 0.75 M NaH,PO)E AH&8H3Itt. % &
Aqat7] sk shtsl &4 djn BFEAOEZ Trolox(Water
soluble analogue of vitamin E, 6-hydroxy-
2,5,7 8-tetramethlychroman-2-carboxylic  acid, Aldrich Chem,
Inc., USA)E btz 7kl 242t 0.0, 1.65, 3.125, 6.25,
12,5, 250, 50.0 u#M TEZE 3X33 fluorescent
stock(Sigma, St, Louis, MO, USA) 10 L& phosphate buffer
50 meLell  &8fste]  AzsEAL A=
microplate reader(Infinite  M200 PRO, Tecan Co., Grodig,
Austria) S AFE3FY] 485 nmolA HAZF &7] HA 538 nmoll
A EEA 2dste] 2 Al HEE3A

fluorescent

b

7. Superoxide radical A7 &M =X

J

Superoxide radical Z~7&HA]L Nishikimi M 5(1972)¢] 1Y
o wat FA3H3rk. Mg Als 20 pLoll 62 #M nitro
blue tetrazolium(NBT) ¥ 98 #M pf-nicotinamide adenine
dinucleotide(NADH)Z $F-3F 20 mM Tris &9 (pH 8.0) 800
vlE R Ty, 20 mM Tris 89 80 #L9F 33 uM
phenazine methosulfate(PMS) 100 #LE 27} HA7}stidch =,
Hg420F PMS/NADHE -RRHE  superoxide  radical
formazang ZA3}7] Y 560 nmoA] 105 EoF HlL-E-9
FHEE SAsAL off Aoz At

Superoxide radical scavenging ability = [(A—B)/A]x 100
A @ absorbance of not added sample
B : absorbance of added sample

8. T2lo| URT| Y ARDY B

Feo] Ht YAA7NE gotrr] A laser particle
size analyzer(1S-320, Backman Coulter Co., CA, USA)E o|&
3}e] isopropyl alcoholol] #-AMA|A ZA3}SIT

Seel QAmere EW TxE AAs B 64
gold ion coatingdt & FA}E  AAEH]) 7 (Scanning  electron
microscope 160A, Shimazu, Kyoto, Japan)& ©]&38}a] 3.0 kv
olA souj= Fasict

9. oiEol Myetdd &4

ov), Buz Aol A He Ardss 27
A7 kel Ade  sETHd del  AxAColor
difference meter, model JC 801, Color techno system Co.,
Tokyo, Japan)& AH&8te] 79 kA0 8 733) AFol Hast
A LR, aHAEIR, bEAEEE S, 3
Holl el U= FEAlobdel gk A e ¥
< HEZHd Hol 7d Ao R 773 o] Histd
A & FEAoRd S S48

10, &4 Mzl

A A= PSS 12,0 packageR EAA T dtFom, 72+ Al
e B EREAAE Yl 2 Algel gk &
AARL BARMHS 3 & p(0.05 FFolA Duncan's

_]
S|
multiple testol] W} £330},

=l

o
o, 2

. Zat 2 oFE

1. 20 ¥ SF4j2] FE29| o3y =4

D % Els, ¥ Sehiiols U & QhEAloRIg

FoulEsltEe Al del Exste 23k tiapkE
2A] phenolic acid, benzoic acid, cinnamic acid, flavonoid,
lignan, stilbene, anthocyanin, proanthocyanin % tannin 59|
qom, Fetnt ol Fuds}, FAT, T B F=
3 5 oy Ay 2t Utt(Naczk M$}F Shahidi F
2003).

o, EFHE & FFE 4L 5o g FEEY F £
gilE, & EtEols Y QIEAoPIRFS SAT A=
Table 13} 2t} oHe] F ZHdsdde & oL
50% eE FEEol Z7F 11,99 mg/mLeb 22,92 mg/mLE
EFHY FEEEY 3o B FEEETE son g
FEEAA e FFE BT Cha Ws (20049 o
g FEo wWE 219l phenold = £4 A} 50 60%
SwolA ol EthaL el & o7 Adek fARE
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At Kim EO 5(201002 WUE FEH o9 o|glstd &
=

A5 vy EEHz Zgbe dFe AEV|FoR
0.99~2.25% SFEo] 9loen F FgHwo=  FFe

0.13~0.34% ¥HrEo] vkl Basigltt. o= adst
gaksl g sty AgEA B2l rutin, isoquercitrin 2
quercetin®} A& ZFHwol= AES I3t Yr(lee
HW 5 1998). oY & FZ&5 % s oag F259 F
EopEico|udtge ove B9 A 632 mg/mLot 12,19
mg/mLE EFHE] ®Hoh = ou) 7hF FEFo]l Egkom s0%
derE FEEC] B FIEEY 538 oY EFu g
Zx27d e AEAIIFFE & FEE AT &
228 47 208,18 mg/100 gF 114.33 mg/100 go|
50% olghE FEo A 27l 470.91 mg/100 gO &
ol sHrEol AT wEtA oY 9 EFuE] BT

ZHT 50% oee FEX7| & EodE, F 2R
ol= g tEAJol FhFo] S ISt

A= =

O‘>|4—‘ H X'E _{N’

Mot Xy O Lo
o

Table 1, Total polyphenol, total flavonoid and total anthocyanin
contents of water and 50% ethanol extracts from mulberry

and blueberry

AAPH(2,2'-azobis-2-methyl-propanimidamide,  dihydrochloride) |
ofsl BAE Aol g st 249 27 9, =
radical chain breaking antioxidant capacityS Z3SFO 24 2
Z o] ZA)81= hydrophobic A%3} hydrophilic A& &5
Whgeh] wlol S-S W e 7HAL dtk(Prior
RL 5 2003). &4 % EFH2] & F35= 2 5% g F
Z=9 ORAC &% ZAF= Table 28} Aty v ¢
ORACHS & FE59] 162,77 p#moles TE/g, 50% o|eh2 F
Z=o| 33537 wmoles TE/goIAL EFHlE= & FEE0]
128.98 pmoles TE/g, 0% ogrE FZ=Eo] 23814 pmoles
TE/gR2 #AHol oY FEEo] EFule FEERY st
o] TS gelskt.

Table 2. Electron donating ability and ORAC (oxygen radical
absorbance capacity) of water and 50% ethanol extracts
from mulberry and blueberry

. . Electron donating ability ORAC
Extraction conditions
(%) (z moles TE/g)

H,0 78124053 162.77+5.05°

Mulberry . .

50% Et-OH 94.32+0.16 335.3748.65

H0 50.09+0.95° 128.98+3.09°

Blueberry b N

50% Et-OH 77.4210 .64 238.14%5.36

Total Total Total anthocyanin
Extraction conditions  polyphenol flavonoid v
(ma/mL) (mg/mL) content (mg/100 g)
l H,0 11994043" 6324017 208.18%5.39°
ulberry ) . .
50% Et-OH  2292+0.44" 12194013 4709147 87
B H,0 5762028 2.97+0.09° 114.3325.16°
Ue erry D D D
S0% E-OH  12.621.18"  6.51%0.15 249 82+4.17

The values are means®SD of three experimental data,

a-d

Means with different superscripts in the same column are significantly
different at p(0.05.

2) AAFols U ORAC(Oxygen Radical Absorbance
Capacity)

ARFAee A gz dAE Foata AF 9
A AELE oAl B2og ARgEV, <A Udie
24 oz og w3ls JAATE FHEoR o)gHI
geon gz AAZEe oAl AW w3 WA=
s Fash 9&S dthKoh YJ 5 2008).

2y ¢ ERdge & FE2E 4 50% e FEE
AAE TS Table 20 YERNSITE s0% olghE FE310]
A e 9 BFHe] 2289 AAFATe 47 94.32009F
77.42%% oY FEEO] $FEtdlen MAvHow & FEE
Hop= 50% &g FEE9 A9l 55 & F 3
At Jeong CH 5(2008) = Ald EFug] shtsldA
ATellAl 80w HEHE: FFES DPPH Bz AAEA]
92,60%2FL R3tEd B dFARe FARE 2G5S B
At

B AFoA] A}8-3E ORAC WHHE radical chain reaction®]
b S R R 1S B = o S B P S = o S b e R

A F e A3 A A28H Al4%7(2012)

The values are means+SD of three experimental data,
*© Means with different superscripts in the same column are significantly
different at p¢0.05.

3) Superoxide radical(Non—enzymatic system : NADH
-PMS) &AZA

Bl g A4F 9l WhHel PMS/NADHE 2% superoxide radical
MAA Rl 749 NBTE A5 formazan® 2 SHYEICH A8
W superoxide radical A&~7 &Ao] EAsl= A, AlEH7}
9J3)| formazan®| o] A=W FFTIE FAEHA Aok
(Rhim TJ 5 2009). oY, BEFHz] & F&5 % 50% ek
F2E9 FLEW superoxide radical A7 &AL Table 3%
2o oY & FEE9 TEY superoxide radical &7 &4
& 46,97~92.61% %L 50% OlEE FEES 56.03~95.34%F
59 FE7t SUHst wet SUkekleH son olehe F
Eo| B FEEHET ettt E3 EFuee Fe=

FEE 2 5% ek FEFE BFA F&rt S7HEl
et 7kt son oete FEEo] B FEEHU
superoxide radical 7] &AJo] sk &Ittt 2tj9
e FEE2 dE2TE AREE caechind}  frARH
superoxide radical &~A &AL HAFo] 7|54 ksl 44
2 ket ggo] yjE} Lee B9} Bae JH(01DE Y
FEES o83 sl g9 AFdA Y oo e S
=59 superoxide dismutase FAFEAJO] 26.73%etal H1E}
A=l doldt A wE Anela AlEETh wjeba
oy, BFHg] B FEE 9 son e FEE F Z¢
HE, & FotEieolt S 9 FEAopIg T ksl &

e e
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Table 3, Superoxide radical scavenging activity (%) of water and 50% ethanol extracts from mulberry and blueberry

Sample concentration (¢ g/mL)

Extraction conditions

100 250 500 1000
Mulberry H,0 46.97+8,23" 66.23+1.06" 83.82+1 30° 92,6120,70"
50% Er-OH 56.03+0.66" 9.3920.70" 86,55+0,70° 9534081

Blueberry H,0 40,368 24" 64.734.81" 78.36+1.83° 90.15+3,13"
50% Et-OH 51.45+10.97" 68.62+2.68" 81.97+0.85° 93.40%0.91°

Catechin 24,5441 40° 72654198 91.56+1.60° 95.52+0.95'

The values are means*SD of three experimental data,

“ Means with different superscripts (a-d) in the same row are significantly different at p<0.05.

2 o0 ¥ 2342l TR0 EASH

D F Bels,  Behiwols U

o, EFuEe s0%n dee FEES ol&std Axd
HHo] F Feuls, F FotEeolt gl F QMEAop S
< SAT AF+= Table 491 ) Y] FE2E AHe F &

9 F FefRwol= e 77 483 mg/mLs} 3.49
2 A E EFHe Fyrnt ko] mdvh HEA
obd ke o] o] 76,26 mg/100 go|Y EFug] I
Yol 75.26 mg/100 gO & FAFEFITE. Kim EO 520100 #
UE F3 orel F tEAobd ke 223.20~788.26
mg/100 go|g}al 3}le=d & oﬂalow‘; =zB0 yYow
FEA] JFFo ghFo] B

SR

Az & FAg #A= 37hd Fo =
A BAE AR AlzHY j1menez -Aguilar DM 5-(2011)
3sBrix EFHE] sFdd HA7E Hog FRAxg T

o QrEAloPd gl BEAx
mg/100 golehar Bmahelr

Z79] wel 11.98~16.52

Table 4. Total polyphenol, total flavonoid and total anthocyanin
contents of granulated 50% ethanol extracts from
mulberry and blueberry

Granulated  Total polyphenol Total flavonoid Anthocyanin content

sample (mg/mL) (mg/mL) (mg/100 g)
Mulberry 4.8310.02 3.4910.07 76.26+1 44
Blueberry 2.6410.03 1.45%0.08 75.26£1.86

The values are means®=SD of three experimental data,

2) AAZS%, ORAC Y superoxide radical 244
]}1;—]:_9_ ==

od, EFH2e s50% & FEES ol&ste] AxH
g9 ;57\]"6‘ 5, ORAC ¥ superoxide radical AAEAE
4% A= Table 5, 63 Zot, ot] 9 EFu|E]
AAgolse U7t 45 00%2 B-FHlE 24.10%ETH $-F3)
M#tti ORAC #9 AS$LE U7} 87.65 #moles TE/gQal
FHElE 57.59 #moles TE/gghs HolFo] 0519] kst
%*éol s Eeltgirt. B ATeld oY B EFHg
50% olehe FEEo| AxFATL 7zt 94.32%9F 77.42%%
=u #9 AxE ) HrtE FAsR °ﬂf*°§ Ragar=lsl
o AtsErh Qi Y SQoIDE A71Ed Ak e
Faksl ATolA frls 9 Ak EFuE] Ao Uﬂ,_a =
=59 ORACH©] ZZt 489 pmoles TE/g9t 44.4 pmoles
TE/gQttal R3St} Superoxide radical AAEAHS 94,
71 g J%‘j"u BF AR iFJ} S7Fel weh F7tekal
=9 o] 2 B2 #E 100 ug/mLoA 1,000 ug/mLE
%Eg S7HA17 el met 7Jr74 23.38%~65.74%, 16, 03%~63 45%
2 Zldgon, B HYnc of F2EL olgd
[e]

=ue
9] superoxide radical 2AEAo] =& & F U

Table 5. Electron donating ability and ORAC (oxygen radical
absorbance capacity) of granulated 50% ethanol
extracts from mulberry and blueberry

Granulated Electron donating ability ORAC
Sample (%) (x moles TE/g)
Mulberry 45.09£0.939 87.6512.753
Blueberry 24.1020.154 57.59+1.013

The values are means£SD of three experimental data,

Korean J. Food Cookery Sci, Vol 28, No. 4(2012)
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Table 6, Superoxide radical scavenging activity (%) of granulated 50% ethanol extracts from mulberry and blueberry

Granulated Sample concentration (u g/mL)

Sample 100 250 500 1000
Mulberry 23.38+1.863" 44,08+2.296” 59,640,496 65.74+1.412°
Blucberry 16.03+3 061" 39.31+1.312" 56.87+1.625° 63.45+2.435"
Catechin 40.74%1,594" 76.43+1.157” 89.03%1.005° 91,130,286

The values are means£SD of three experimental data,

“4 Means with different superscripts (a-d) in the same row are significantly different at p¢0.05.

9 or), BT HA AAYY

oY, &7 so% o FEES olddte] Alxd
o] Y] B RS Table 73 Figld BT e
darle ef Aol 3064 #mSAa EFHE Aol
451.0 pmz 7] FHo| JiHer YA=A77h 3len,
A2 od, EFHE Hd 2T Bede] AHAE B

53Ut

Table 7. Particle size of granulated 50% ethanol extracts from

mulberry and blueberry

Granulated Sample Particle size (z m)

Mulberry 306.4

Blueberry 451.0

o, BFug] H5le] ARzt mE M% WHel= Table
goll Uehil=tl, ov #Agel wgtd A% 7] 36.06014 7
F T 20592 Ao, a ghe A 7] 7.45904 857
2 ot F7ekeH, b #he -0.32004 -0.022 frAREE e
Bty EFuE A5 1ghe A% x7] 37.004 77
% 35142 v wu|EHA FA3tHeH, a g A 27
8910014 8412 EWe Wsrl dojubA] &toem™, b #he
01594 0172 FARE @E BTt w2 o
E2ug B AR7IzhER Fe3k Are] Wiyl B
A G2g ol ozt A= EFHE s &
Fazg o] A9 A7 wEl FyAe Hazgo
2 Az} glo] ehdsittal Bushk AT Ade} fAkSHA
TH(Jimenez-Aguilar DM % 2011),

o, EFuE FHe A7 mE FEAOR A
o] ®Wgh= Fig. 20 YERAT. oY Fge| He AFz]
StEAJol ko] 76.26 mg/100 gilAl 73 AR T 69.47
mg/100 gO & °oF7F ZAdtqa EFWlE Iy Edk A %
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Fig. 1. Scanning electron micrographs of granulated
50% ethanol extracts from mulberry and
blueberry (magnification X50),

(A): granulated mulberry, (B) granulated blueberry,



Table 8, Changes in Hunter's color value of granulated mulberry and blueberry extract during storage (7 weeks) at room temperature,

Storage period (days)

Hunter Granulated
value Sample 0 7 14 21 28 35 42 49
Mulbery 369" 333" 329 313 30.9° 299 29.1% 296"
' Blueberry 370" 36.0° 365 358" 355 341" 348" 351"
Mulberry 745" 780° 785" 8,00 813" 7.95™ 845 8.57°
) Blueberry 891° 894" 881" 871" 878" 881" 891" 8.41°
Mulberry 032" -0.28' -0.26' 028" 032" 022" -0.02° -0.02°
b Blueberry 0.15" -0.15" 017 -0.16° 015" 015" 015" 015"

The values are means*SD of three experimental data,
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Fig 2. Changes in total anthocyanin content of granulated
mulberry and blueberry extract during storage (7

weeks) at room temperature.

Means with different superscripts (a-d) in the same row are significantly different at p0.05.
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