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Analysis and Stability of Anthocyanins in Mulberry
Fruits

Min-Pei Wu, Li-Ting Huang, Jia-Ci Liou, Shyi-Neng Lou*

Department of Food Science, National Ilan University, Taiwan

Abstract

The purpose of this study was to determine the composition and content of anthocyanins in
mulberry. And, the effect of microencapsulated mulberry extraction by different maltodextrin on
anthocyanins and color was also evaluated. The results indicated that there was no significant
difference in total anthocyanin content after three times extraction each for 15-40 minutes by 50%
ethanol (included 0.1% HCI). The content of total anthocyanin of mulberry was in range of 1995.6
+ 43.8 t0 2222.9 + 85.6 mg CGE/ 100g dry weight. The major anthocyanins of mulberry were
cyanidin-3-O-glucoside, cyanidin-3-O-rutinoside, and pelargonidin-3-O-glucoside, which was
identified by HPLC and LC/MS", with the level of 165.2 + 7.2 ppm, 61.6 + 3.7 ppm, and 4.5 + 0.2
ppm, respectively. The microencapsulated mulberry extract treated by DE (4-7), DE (16.5-19.5),
and DE (1:1) (DE(4-7):DE (16.5-19.5)=1:1) maltodextrin were produced, individually. These
three samples stored at 25 and 40°C for 28 days. The treated sample by DE (16.5-19.5) showed
lower a and b value than the other two samples. However, it revealed the best stability of
anthocyanin and retained anthocyanins up to 28 days. The lightness of the DE (16.5-19.5) sample
decreased slightly during storage, while the redness as well as yellowness increased also a little.
This hinted that the microencapsulation by DE (16.5-19.5) maltodextrin can protect the
degradation of anthocyanins for 28 days and retain the color of mulberry.

Keywords: mulberry, total anthocyanin, cyanidin-3-O-glucoside, LC/MS", maltodextrin,
microencapsulation
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FHEH—ELE (NO) 1yAEERL  EEIHEERATER (Pergolaer al., 2006 ) - delphinidin E
AR E B A AR - B LR B AR S B HEDERREM: (Noda ef al,
2000) - H. cyanidin 1 delphinidin #[IFIf1/ MR #7742 4 R KT HYRE R ELA ARE S K i
BsfE (Oak et al., 2006 )  [ANRESISE(L (Yang et al., 2010; Pervin et al., 2014 ) » &%
(Paun et al., 2017; Blando et al., 2018 ) LI 47i# (Lim et al., 2013; Bontempo et al., 2015)
SELEHITIAE -

TEBE R HAERE M O R%2EE (285 1995 ) » B H Sl & i e 5 e T i (1 S Ehifr
AR ERIEE (Aramwit et al., 2010) « SRR IMBIEH (B R VS AT o3 BT ERS £ - 7
SR ER T T AR B (Lee ef al., 2016) » BRSPS T EUE DO ZER{E B
YGRS Ry Tl R R TP IR RIS F & 8 R R R MEERE R R 22 - 10
NP ORaE 2 Fy B2 B 2 SR - (B BB RO R I A 2 774 (Mahdavi et all,
2016) » A FHERES W - BEEIELE% (Mahdavi et al., 2016; Yamashita ef al., 2017 ) -
MG A (RREE Fe AT A RRIEHVRRIE - BAER IR ZE(EAYESE (Righetto and Netto,
2005) 5591 - HAESARGET I LR HRERRBURM: - BEE A RAB RN KRB R
{EHYEERS (Jakubezyk ef al., 2010) -

RIEL - AEERER TR AR C T R ARSI > FLL LC-PDA Jz LC/MS" 7 Hi
FratitE 2 LamIimbliE & @ RESETHBE KEE L EnER - RAAEEFEEE
% (DE ) ZFFWIEaERECE R  fRalRaR P tE R 8 RERNEL - R
R AT E RORMEE M 2 25 R -

B - MR A
—
AREEBRA A Tt (Morus alba ) 7 A BRI A LIS RES I KRS » iy 2Bty

BREEE - THIRE 290014 453 TR 1414004 A5 - SRR BT ER S

0.5254 g » KB B 89.25% -
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= SRR
HREETHELUR /KA » B0 TR ICHBSPY - FILA LA RS2 S B 715 A
(WP B BEE-85.8°C » ELZEE4 0.207 torr FIBIELIE 35°C) - Attt 2 b PTG
HAPBERE » SEL 60 mesh FYEBET - BETEHIB EIR P BCEAZIR R -
= - B
£ (2021) WYJTAILNLAERT B | ¢ FEHERIRILS0%ZBF (& 0.1% HCD) bl 1
20 (wiv) ELBRRE  EANSR A » BT R (42 KH2) ETHI 1540 5
il By (10870 xg~ 25°C - 10 53688 ) » YR E3tne » Btidts sy LAREIRTA IR JCAE0
HI=K - BB TR - TR ORRE<40°C) > bLSO%ZEE (& 0.1%HCD) [
WHERZE 10 mL > 4 0.22 um Nylon #EHBUBIEIE-18°C AU (D LHRMES/HRDCA
) -
U - R R
(—) BRI
AR 0.2 M G{LFEIRL 0.2 M ERIEI » bl pH. meter SHAZAL pH=1.0 2 SETHE
R 0.1 M SRRSO 0.1 M BABE » SRR pH=4.5 2 ST -
(=) pH DR BRI RS R
SEHHEST DA pH=1.0 & pH=4.5 SEIERHFRE- (5% - HL 200 uL LAY 96 FLAKH - i
FBRASR SA B5 AIBIEAE 530 mm 2 700 nm WA » U fRDL T ASHETRHH ¢

\

A= (As30 nm—A700 1m) PH1.0— (A530 nim—A700 nm) pH4.5
BLUTHIARETEYEEE Z 2 & (Total anthocyanin content » TAC ) » [/ cyanidin-3-O-

glucoside ‘= & ( cyanidin-3-O-glucoside equivalent, CGE ) /R -

CGE = AXMVZiEi j;”oo" x100 (CGE mg / 100g dry weight)
A L IE Ve © [EA#EFE (L)
DF : Fife ey € : 26900 Lmol'cm!
MW : 449.2 (g/ mol) M : EiLE (g)
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11~ AEF AR
(—) EXEERARENT (HPLC) 3t
2% Bosiljkov etal. (2017) #YJ77ANILAER » (£F] Shimadzu LC-10ATVP HPLC Z:4% »
e Agilent C18 (150 x 4.6 mm, 3.5 um ) » & EaFE 20 uL » Ji2k K5 0.8 mL/
min > BEE R (A) 1% EZK (B) R/ Z#ET 7K/ ZH5 (1169 :30)> PDA {HMIE5 ( Shimadzu,
SPD-M10AVP ) I}z £ 520 nm - FEEHHHES R FRIFLT ¢ 0-10 7348 80% A 5 10-20 575 40%
A 5 20-30 4758 20% A 5 30-35 4388 15% A 35-45 43§ 80% A > TRk E 475 AR (B 2R
AR
TEEIHT{HLEL cyanidin-3-O-glucoside fEAEACRAFIRER - DL HPLC 3 HRZ g
15 - LUK AN R ] - st R dh SR (F R EEdh 4R - Fr oo thE ZAEF R
e R 4R B HE T > D) cyanidin-3-O-glucoside equivalent 5775 o
(=) BHETEREE (HPLCMS") EMEsT
272 Wang et al. (2014 ) Kz Oliveiraetal. (2015 ) HPLC-DAD-ESI-MS/MS & 7€ /5741l
fNLL{EEf  {# A Thermo Fisher, Scientific LCQ-FLEET LC/MS" » [l Agilent C18 &4 B EE
(150 x 4.6 mm, 3.5 um ) > £ Ao ESEEHE £ 10 uL > JR2EE 0.8 mL/min > S3J5 UV-VIS {EH]
s (Shimadzu, SPD-10Ave) » (M & 520 nm HETTE VT > BEEHH K AR ST R[]
fEFR 2R HPLC 2 U572 - sl e 5 Ry ER M R B ESTD) > m/z 2 T (full mass)
#[E £y 50 2 2000 > HEESHA T  BRAHIERE AT R AUR ZAEF & © Aux gas flow
0 arbitrary units ; Sweep gas flow rate : 0 arbitrary units ; Sheath gas flow rate : 15.0 arbitrary
units ; Capillary temperature: 275°C ; ESI capillary voltage : 35V ; Ion spray voltage: 4.0 kV ;
Tube lens voltage : 105 V » 7 H78HES £ Xcalibur 2.5 °
N~ FERERURMB #E L e 1 s\5R
(—) ZEFMIRERC R
RS (FRE E 35E] Sigma /3], St. Louis, Mo, USA) DE (4-7)~ DE (16.5-19.5)
K. DE (1:1) {%#LLDE (4-7) fIDE (16.5-19.5) Wi 1:1 J& & ZZ PRI - 7 HlfcE
ik 25% (wiw ) BIZE SRR - AL LA IR PR AR — NI UEL 2k 24 /INRF(EERE (A -
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() SRR KAV
SEREREHURBZ PR IA 1 2 5 (wiw) JRE > WLABEEEZE (250 pm) Z it
FEIEHE—/ NI R > HETT /2 REZNR 2 K AR F) SR R B A 2 57 » 1% DA GRS -
(=) {hsklrif
REZB S P BB AR - W A SRS E SR B A i B - 7 Bl EEFHY 25°C J2 40°C
T RME—RIACHFRZE > 7HIAE 0~ 7~ 14~ 21 K 28 K » LEECA[EHY DE [HEZF
WEEE T - FREAFIRERRIEE RS E MNE BB R eEZ B -
-~ (%M (Hunter L, a, b)
ISR ZER Rk 3 SRR - Ll Hunter L, a, b (072 3 A BEAETTHIE -
I\~ ST
Bl SAS Geatikae T BdE i 2 AR - DLR N 182 BB 514 One-way ANOVA )
o 2 725 > HLIBNE R Z 85 017% (Ducan’s New Muitiple Range Test, DMRT )
ESHEIES BARENER(p<0.05) sl B R =@ ET Bhaiuz L9 {E(mean)

+ fEAEZE (standard deviation, S.D.) IR ©

2 ~ SRR

— ~ EREEFRAVEHL
T 1 RLLS0%ZEE (5 0.1%HCI) fEAFEIRVERURE T - &GS B S AEtE
MR ZBIEBF RS E - ZZHFE B R 15 ~ 20 ~ 25 ~ 30 ~ 35 K 40 77§ - &55R

RENZHY 15 Syt HYAEHF 2 &= 0] 2 2077.0 £ 68.0 mg CGE/100g dry weight » 7 (&g

g

U FEI S T2 25 43 gl SMEF 22 2012 2139.0 + 102.0 mg CGE/100g dry weight >
REEVHE R IR 35 i SEE B R S =8 B % E 1995.6 +48.3 mg CGE/100g dry weight »

EEZHEFHEE 40 77§z - HEEE S 2 2222.9 + 85.6 mg CGE/100g dry weight - #2438
B EAEHIEE] 15-40 [ S 2SIt E RSB EHRENINEY - HEE

FIIAT Y 1995.6 +43.8-2222.9 +85.6 mg CGE/ 100g dry weight (J#i[&] - BHZ24 /AT H -
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P S0%Z B (& 0.1% HCL) ZEHUSEHERRAVICA 2 » 5L 1540 5957 [ HLAT /4
EHZERLMEENER (p>0.05)  HEFIEAHERET - Sk LN 15
GBI B RSN E T 2 R -

% 1. FHELLS0%ZBE (& 0.1% HCl) ZEHUR FRS R = X it L & &

Table 1. Total anthocyanin content of mulberry fruit extracted by 50% ethanol (included 0.1%
HCI) for three times after different time durations

Extraction time Total anthocyanin content
(min) (mg CGE/100g dry weight) *
15 2077.0 + 68.0°
20 21257 + 51.8°
25 2139.0 + 102.0%
30 21174 + 84.2?
35 1995.6 + 48.3%
40 22229 + 85.6°

2 Values (Mean + SD, n=3) in the same column with different superscripts are significantly different (p < 0.05).
*CGE = cyanidin-3-O-glucoside equivalent.

— o ENEHFRZ HE R

Firfe < SEREZEAUR LA S R aE R E i B & 520 nm NHEFT 04 » &5 5RA0E 1 Fos
1A % cyanidin-3-O-glucoside fZ& /7,4 HPLC [@ff[& > cyanidin-3-O-glucoside {7747
[l Ry 14.919 774 - [ 1B Al RS2 UK - S5 3SR T 208 = (#0710 » o3 plEian 4y

peak 1~ 2 13 - peak 1 {y7EE40%R By 15.84 434 » B cyanidin-3-O-glucoside FZ4E 5L s e

3

RFFEIAHAT - #E—2F Ll PDA fRfeiEl UV-Vis B35 - 383 —F5ee—2 (E 2A M1 B) > DA
LC/MS" 534ft peak 1 {5H1H: m/z £y 449 » MS? {3 ZERE H B T-HIl By m/z=287 - [NtEE¥HE
fift 7€ H By cyanidin-3-O-glucoside -

Peak 2 £ HPLC Sl HUTRE AT fE] fy 16.18 7o - #E—20 DAL LC/MS" fE IEEE 0T
ST AT E A 3 BT peak 2 HYMFEA MR Ky 12.56 474 » H MS* Y m/z=595.05 [M+H]">
MS? m/z %y 287.09 {1 449.02 » m/z=287 [M+H-308] H&i-~ A cyanidin » [M+H-308] HI Bt 2=
rutinose FYEET-FEE > m/z=308 145 1 {[ rutinosyl ( Qinetal.,2010) - m/z 449 [M+H-146] HI|
B [M+H-deoxyglucosyl]” » #EHIE/R 7 rhamnose HVEE T » &~ peak 2 & & cyanidin-

rutinoside » 82 ELEEIERE R (Wueral., 2011) - Bl%$ 7€ & cyanidin-3-O-rutinoside °
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Peak 3 f£ HPLC Sy MiFHY A gF IR ] Ry 16.83 7 - DL LCIMS" fEIERE TR N ot 2
EELAE 4 > 2w peak 3 AYMERERSRT B 13.76 434 > H MSTfY m/z= 433.01 [M+H]* » MS?
m/z 5 271.11 > m/z=271 [M+H-162] > 162 E/riZ EEaYIHE&7A 1 {# hexoside » H 271.11 £
pelargonidin Y4 2EkE+ (KajdZanoska et al., 2010) - [KHEHEH] peak 3 T EE & pelargonidin-
hexoside {L&%7) » BHF§E 7€ £ pelargonidin-3-O-glucoside -

LDl b ST S 2 IEEFZ T BH cyanidin-3-O-glucoside - cyanidin-3-O-rutinoside F1
pelargonidin-3-O-glucoside 2 =f& - L HPLC 43 #iFl|F cyanidin-3-O-glucoside #I{FfZ4E
MEUETT =M ERNER » &REURE 2 JEFEENEEFERS cyanidin-3-0-
glucoside » & &7 165.2+ 7.2 ppm » EZ A cyanidin-3-O-rutinoside ( 61.6 + 3.7 cyanidin-3-O-
glucoside equivalent ppm ) » & & £ /VHY £ pelargonidin-3-O-glucoside > {£-&7H 4.5 + 0.2
cyanidin-3-O-glucoside equivalent ppm - Wu et al. (2011) F7eHs S th i EEAVRRE S
Z B cyanidin-3-O-glucoside F{1 cyanidin-3-O-rutinoside - A7 53 HEE F & H

pelargonidin-3-O-glucoside -

mAU
1250+ PDA Multi 2
1 A 520 nm-
1000
1 o
750 B
] cyanidin-3-O-glucoside.
500- T ‘
250
LA L A JUL AL L L I AL LA I L L AL R T T ¥
00 2.5 5.0 7.5 10.0 12.5 15.0 17.5 200 225
min o
nl\U_‘
- PDA Multi A
B.. 520 nm.
10004
*+— Peak 1-
7504
500+ Peak 2.
F
250+
Peak 3.
F
o .

T T T T T T T T T
00 25 5.0 75 0.0 125 150 175 200 225 ZSDLJ

1. Cyanidin-3-O-glucoside E4Efn(A)RISHEEHUR(B).2 HPLC JEifERE -
Fig. 1. HPLC chromatograms of cyanidin-3-O-glucoside standard (A)and the extract of mulberry
fruit (B).
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2. Cyanidin-3-O-glucoside 24 fH(A)NIZHEALHUR Z HPLC JEffriE3E §1.2 peak 1 (B)HY
RN ] RO AT B -

Fig. 2. UV-Vis scan of cyanidin-3-O-glucoside standard (A) and peak 1 (B) in HPLC
chromatogram of mulberry fruit extract.
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RT. Q.00 - 4500

100 1221

a0
peak2«

&0 12 56
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G0
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Rl ative Abundance
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20

283 2399

" 1376 ‘ess 2187 2320 an a6
L 1402 4534 i 2552 [\ 2902 2940

0 5 10 15 20 25 30
Time (min)

ESEO5
100+ Rl

1 MS&lo

Relative Abundance

2306
15853 445 8T 3 - - 7 B2 252 131218
Eui i JE ‘ﬁf;%éﬂl | Lwute ..Ef‘_ll?‘?l M‘{E‘:I 53{":?;5 1::4...{-'64:. 11&:)“:/_ L 1584 .56

T I B o e i e e e L e M I M unas A Lo
200 400 G600 E-L!-:I 1-::}:' 12!}3 1400 1600 1800

Yz

3. FAEZEAUK Z LC/MS" g &8 T [E3 & peak 2 2 MS' e MS? 7 TERBEFE sik{E]
Fig. 3. Total ion chromatogram and MS! iz MS? mass spectra of peak2 in mulberry fruitextract
analyzed by LC/MS" with positive ion mode.
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RT:
1221

80 1256

Flslortions Adsuricdarees
&

30 Peak 3+

2399

13.76 P— 2608
1885 2187 i
407 o qy 2552 |l zage 2040

1
100 43301 Mslo

80
60 .

40

Relative Abundance

204

12234 19886 5774 | 44912 67056 B76 60 1080.50 120811 143067 150020

[ - .._5?.1__1.1__ S [ TOF PN SRPYSIL| W U R [ PPV SR | .

1UU—_
B0 MSZo
60
dU—:

20

a0 a0 60 800 1000 1200 1400 1600 '
4. FEEERAURZ LO/MS” e 2T B3 K peak 3 2 MS' K MS? 27 TER#E T B s iHE]
Fig. 4. Total ion chromatogram and MS' 2 MS? mass spectra of peak3 in mulberry fruit extract
analyzed by LC/MS" with positive ion mode.

%2 FEFERIRIIEERERAEEE

Table 2. Compositions and content of anthocyanins in mulberry fruit

Anthocyanins Anthocyanin content (ppm)
cyanidin-3-O-glucoside 165.2+7.2
cyanidin-3-O-rutinoside 61.6 £3.7*

pelargonidin-3-O-glucoside 4.5+0.2%

*Values, calculated based on the standard curve of cyanidin-3-O-glucoside, presented as cyanidin-3-O-glucoside
equivalent ppm.
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=~ BRI TR SR A R e e R
WMIB A LR [ A RUERZE i RFEHAIR - By T e85 SR C T R AT BTz A0
84k > REEZ Ersus and Yurdagel (2007) HYJ77ANNIDAMESR N - EalffEH DE (4-7) ~ DE
(16.5-19.5) Ki#E 1:1 &G 2 E5MIKE (140N DE (1:1) Forn) R#EES @ ETSELTE
R R - 1B 25°C J 40°C T et - SPAGEERATE A FURE A
7] DE {EHYZSF MG St R o 8 DU R 2 -
fehie e PR [F] DE [E2 PR EIIE B R B E (£ 3)  BURDIZZAREHIZE
{EERBIEF RS EAE 147.1-148.5 mg CGE/100 g dry weight 2] » 1£ 25°C | fahjeklis -
DE (4-7) WB L= RER 2% 14 RIVEIEERSE NMES 103.6 £ 17.8 mg
CGE/100 g dry weight » BA55 0 KELER VA #ZE A2 - ZREEA NiE BT, - B2 E
RIEM L2 R 28 K - 1 DE (16.5-19.5) H1 DE (1:1) HY{IEREE( LRk RAE it
B 28 KHF » T HENEIEEESE SR 137.8 £ 17.0 mg (CGE/100 g dry weight) #1
124.8 +14.2 mg CGE/100 g dry weight » 3155 0 KL B ERaE 2= % > BURLL DE (16.5-
19.5) M1 DE (1:1) ZEZFEIE EHHTSREN R - 18 25°C Tl - HARTEE 2 iR E 4eRrE
28 KM AEEHEANY T~ -
£ 40°C Z finzkfkatbat (% 3) > DE (4-7) MR8 L3 Rt es 7 K &
EHERNSERAEEEN ME - H{EEH 67.8 £ 1.6 mg CGE/100g dry weight » [§1% 71
SCNFEZES 28 KA 100.0 + 14.5 mg CGE/100g dry weight - R AR > HEHHTREEL
BELANTTER ARV EESR NI E—P 28T © 2801 » DE
(16.5-19.5) WYRB B3O Rt I HAML B Zay & B 218 L - R E s 28
RIFEIEFRZE]IA 114.8 + 19.8 mg CGE/100g dry weight » BURH BAFHITEH 2R IRFER
B DE (1:1) HBESEM REGHESE 7 KEF (84.2+16.5 mg CGE/100g dry weight ) »
HIEE Z 2 ERH G VHVEELE CA AR N 215 21 XIF > HACHE R8s &
% 51.4+5.7mg CGE/100g dry weight » 2 1% 2 55 28 KRS B a8 -
Gra Pl b NEmEEFAE 25°C BUE 40°C FYIRMFE T » B LA DE (16.5-19.5) Z 225915 1

T B R L M RV E MR - REER I REIEE R a8 28 RZ
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A BUNARERRRIET - DE RS FMIRBELICE R IREFHTAE -

% 3. ARG IRMBEELEZH RN A FDRE MEFEETRIEF RS E L8t
Table 3. Changes in total anthocyanin content of microencapsulated mulberry fruit powder by
various maltodextrins storaged at different temperatures

Temp.  Maltodextrin Storage days
0 7 14 21 28

Total anthocyanin content (CGE mg / 100g dry weight)

DE (4-7) 147.1+1.32 123.642.92b¢ 103.6+17.8% 95.546.1°¢ 117.7+19.93%¢
25°C DE (16.5-19.5) 147.2£6.7° 126.544.5%b¢ 133.34+2 4abc 127.243.9%¢ 137.8£17.0%

DE( - 1) 148.5+1.77 134.646.3® 133.8+6.0%¢ 132.249.1%¢ 124.8+14.230¢

DE (4-7) 147.141.3% 67.8%1.6% 136.043.7%¢ 113.9+6.674  100.0+14.53bcde

40°C DE (16.5-19.5) 147.246.7% 137.5418.9% 137.342.4% 101.3£10.8%bcde 114 8+19.8abed
DE(1 - 1) 148.5+1.72 84.2+16.5¢4 78.4+3 .84 51.445.7¢ 96.41+36.0bede

*“Values (Mean + SD, n=3) in the same row with different superscripts are significantly different (p < 0.05).

PO~ ZEEFRE R P S SR R (et R A s

PRIB B LAY SR R EERUHRT EUSRI R 845 F403% 4 BI42 DE (4-7) - DE (16.5-
19.5) 1 DE (1:1) 2 S SAE BB (LRI 2 MR AT L. a. bAE L > #EBIEE 0 RS -
=Y LAEAEAT > #EAE 48.65-51.54 [ > DE (16.5-19.5) HYM3K a {8 (27.91 £ 0.05)
b {E (0.85 + 0.04) HRAEL HAt Wi feHER B SR R (K (a {6:36.91-33.98 » b {E:4.32-
4.68 ) R DE (16.5-19.5) FRERAHATH) R (IR BLE A MA4H LI - AL BRI B Iy
55 0 (HZSefE A E © 1E 25°C Tf## 28 X » DE (4-7) Y L EEHE R NEVES > a8
1 b [ERIAES By EFHHIEAE - DE (1:1) Z RS RBR L ARAY L. a. bEELH
DE (4-7) BRIEEAHAMHMDIA#IES - 2870 - DE (16.5-19.5) FRIBAHAY L B MR 28 BT
HENHYER S > a (B b (BRI RV E RIS A L7 - 3 A F R EE R R A
SRR > AT 40°CTT itk 28 RAVE(LAIZR 3 » H L. a. bHAVE(LBIZAH(E 25°C T4
L > BUETRAEAE A EEE N > B = ROR S 2 40°C B » A (RIS S Ll R R

%
=

&b > DE (16.5-19.5) Z A2 MiS S IB B LAy AR VAL G R B (0 FE e LAt W
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BIZHSY - A
sefE

ST

=

SHTEA R T R F

£ 25°C B2 40°C T ahjek - 3 FRASSF MG SRR 28 L R AR
ABRAL N OEAE BT - BURR MG SR 2 b R ]

EFFEUERE 28 RZA -
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Table 4. Changes in color of microencapsulated mulberry fruit powder by various maltodextrins
storaged at different temperatures

Temp. Stdc:;fe Maltodextrin
DE (4-7) DE (16.5-19.5) DE (1)
L a b L a b L a b
25°C 0 51.5440.142 36.9140.07¢ 4.324+0.10¢ 48.65+0.07¢ 27.9140.05¢ 0.85+0.044 48.91+0.06° 33.98+0.07¢ 4.68+0.07¢
7 51.1240.19° 37.90£0.05¢ 4.7540.03¢ 50.10£0.16% 28.34£0.07¢ 0.73£0.05° 45.9740.07° 34.9940.05¢ 5.66£0.06¢
14 50.07£0.04¢  38.49%0.05¢  5.13%0.03¢ 46.3440.13¢  29.3140.06°  1.5140.05¢ 43.70£0.049  38.5010.06° 7.3840.05°
21 49.98+0.08¢ 39.8410.06* 7.0510.05% 49.20£0.10° 29.50£0.03° 2.2840.09° 43.74£0.034 39.67+0.09¢ 9.2140.05%
28 48.37+0.134 38.88+0.08" 5.58+0.04° 43.24+0.06¢ 31.68+0.05¢ 2.80+0.06" 44.5540.05¢ 37.10+0.03¢ 6.72+0.07¢
40°C 0 51.54%0.14¢ 36911007 4.32%0.10¢° 48.65+0.07°  27.9140.05¢  0.85+0.04¢ 48.91£0.06*  33.98+0.07¢ 4.68%0.074
7 53.79+0.06* 37.4540.02¢ 5.6240.05° 47.68+0.15¢ 30.950.06" 2.810.06" 46.8110.05" 38.92:£0.04° 8.2110.04°
14 52.3740.04° 37.24%0.104 4.28+0.05¢ 48.2410.11¢ 28.69+0.09¢ 1.13£0.03¢ 44.21£0.064 38.91+0.05° 7.3010.07¢
21 49.52+0.084 40.91+0.04¢ 7.3440.04° 49.2440.11* 27.69+0.09¢ 1.0440.02¢ 44.5440.08¢ 40.55+0.082 9.25+0.06°
28 49.05+0.02¢ 39.20+0.02° 5.53+0.07° 43.74+0.05¢ 32.44140.11 3.10+0.07* 44.07+0.08¢ 38.55+0.07¢ 7.28+0.04¢

¢ Values (Mean =+ SD, n=3) in the column at the same temperature with different superscripts are significantly

different (p < 0.05).
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