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Abstract

The objective of this study was to develop a microcapsule by the entrapment of Ainsliaeaacerifolia extract (AAE)
in native starch and citrate starch matrices through spray-drying and dry heating reaction. AAE microcapsules were
assessed based on recovery, encapsulation capacity, FT-IR, FE-SEM, swelling power, solubility, releasing pattern of
AAE from microcapsules, and antioxidant activity. Upon increasing the addition levels of AAE and adding citric
acid in the pre-emulsion mixtures, the spray-drying recovery and encapsulation capacity of AAE microcapsules
increased. AAE microcapsules exhibited irregular shapes due to excessive shrinkage of their spheres. FT-IR spectra
implied the formation of ester groups between starch molecules and either citric acid or phenolic compounds in
AAE. Swelling powers and solubility of AAE microcapsules were significantly higher for citrate starch matrix (rel-
ative to native starch). The effects of temperature and enzyme hydrolysis on AAE releasing patterns were similar
over AAE microcapsules prepared in this study. AAE microcapsules facilitated the free radical scavenging in an
aqueous (relative to alcoholic) reaction system. Overall, the entrapment of AAE into the matrices from native starch
and citrate starch would be one of the possible ways to expand the utilization of raw materials, by-product, and

extract from Ainsliaeaacerifolia in food industries.

Key words: Ainsliaea acerifolia, microcapsule, citrate starch, physicochemical property, antioxidant activity.
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A WS F55s Ze® I EAtk(Jung et al., 2000). L
A SFF e dB2FE AEE, 258, F95 5ol &%
AE AHAE LEA Aok(Jung et al., 2000). L o
THe g F 7] Yol A &of AT 45
1730l A Aoz AfF ] 2HlEE Aot T3k A
A AR Eok HAF B fFEel &olakA
A FrE Yello] &njaEe] Ases

g 2 o] &go] A|ghE 3 Sl

71578 AFLAE NEsh] g =¥e g o
=3} ole] B EES] sty H
H7H(Lee et al,, 2015)% &FF F252
Aol vl X= G 28 (Moon et al., 1998)°l
o] AF7F FAHAT. TS HFH O IHEAE
2AstE Ao AA S o] &5 T v Hx
(Xiao et al., 2014)¢} #HH A3y} P LYt 22y
oj¢} T2 Aghe AFELS U= XYL FEHE ©

Il
L
-

o]

of

2

=i
=

B\

To

N R ol oM

PR Ui
o |
Y
1o

ojf i}cm}
1> 1o

o]
r«io

B
o
iy

a-glucosidase

B3]

=
T==

O:ﬂ‘t

b W
Y o ox

£ 10 X oy

F-.Jm



286 Ao

=39 o3 £33 4 TE &8N 2H(Moon et al,
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CHEF &= 0|MZH=0ll 2/8 ABTS AMFEiC|zh 2=
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SR WA e AR sel T3anmolA 35
FH=E 43I tHRe et al., 1998). Est njA&S 3
B U ABTS ﬂoU FEEE F4s o



288 Zolg - AelE

ABTS &0zt Z+A &
- v A &S A 7Hs ABTS £ 9 %%E
n A &S 37EeA] -2 ABTS &

SAXZ|
A EES Azl wet 43] oY wHEste] Az
o] & i‘rﬁm EXAEL 4 33 o4 wtEs}
EAXEL one-way ANOVA £48 433}
E%:—Jd = JerSITh BAE Alele] 5AH
2 95% A F o)A Tukey WS F3f 435130
AZ A AL Minitab 16 (Minitab Inc.,
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(Tan et al., 2005).

FT-IR ATEZ
EREAZE B3 d&¢w
B AEAEF F FT-IR J—i‘ %*%
A& Alol 9] o ~H E(ester) A3 FA
(Fig. 1). A 7A 89S o] & 45
AMe AEAR e o) Az dAashd AR &
ZEE 2" €00, C059F Cl10ELS 1,740-1,760 cm™ 3}
WA zEHE A4S YEhl= I A S(Fig 1B

Table 1. Formulation, recovery, and encapsulation capacity of
Ainsliaea acerifolia extract microcapsules

Formulation (g) Recovery EC?

Sample”

WCS? CA?  AA? (%) (%)
NO0O 5.00 - - 33.6£5.3%Y -
NO5 5.00 - 19.89  55.842.3"  23.8+2.8°
N10 5.00 - 39.03  66.5£0.4°  40.3+1.2°
C00 5.00 0.50 - 39.348.4° -
C05 5.00 050 2011 59.1#4.9°  23.3+0.3¢
C10 5.00 050  39.09 71.9+8.3"  46.9+0.2°

In the experimental codes, capitals, N and C, refers to microcapsules
prepared by spray drying from the mixtures without and with anhydrous
citric acid, respectively. Next to a capital, two-digit numbers, 00, 05, and
10, means the mixing ratios (15:0, 15:5, and 15:10, respectively) of
either waxy corn starch-anhydrous citric acid or waxy corn starch and
Ainsliaea acerifolia extract, based on their respective total solid
contents.

PWCS, waxy corn starch; CA, anhydrous citric acid; AA, Ainsliaea
acerifolia extract; EC, encapsulation capacity

Mean values of three measurements; Values sharing the same lowercase
letters within columns are not significantly different (p<0.05).

(B)

4000 3500 3000 2500 2000 1500 1000 500

Wavelength (cm™)

Fig. 1. FT-IR spectra of Ainsliaea acerifolia extract microcapsules using native starch (N00-N10) and citrate starch (C00-C10). See

Table 1 for the details of the legends in a figure.
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2 XA BF3EA 277 oge 13 REFoR
7F- % (Lee et al., 1997; Park, 1997). T3k 2|84 X &o]
U 284 AR fetde dEARE geskE IR
HEAR dlo] BEAZXE Eof nAfeS AxT
A Ee] ¥ FEAoR FESAT AAFH oz

FS el Aoz BIEAtHBae & Kim, 2008).
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LSRN GT-85°C) FEA T HARE] FIHG Fiol
o1 9] W82 (Fig. 3A)1% §3N=(Fig. 3B)E 29T + 9
Atk 2y TAL glo] WEH FEEZHAe] Pt

=
NO5¢} N102 5=t HdEe] Wesh #ito] 73t
T} NO59F N102 AFASFFHFEA HHHoa Ay
+ Zl(Sandhu et al, 2008)¥ 22 2EF7t e W&
& (Fig. 3A)3} &3 =(Fig. 3B)¢] HEZo] IX] &3 79
A3t 8 YERATE B3t 953 FEF

Vol TS GFFH FEES J
&8e gahdhe

W S8l EE sk e e lE)
Ll EE nAfEe] AR

EH hl L
o] N10°] %& &EE vepdl 210 ® HQITtkFig. 3B).
g AR AN EFEN S ARE-g 7350l =(C00, CO5
& C10), +AAHS H7EsHA] 82 H49-ETHN05 & N10)

=4
e 5ol A venlgon, 5 FE55ol

Fig. 2. FE-SEM images of Ainsliaea acerifolia extract microcapsules using native starch (N00-N10) and citrate starch (C00-C10).

See Table 1 for the details of the legends in a figure.
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Fig. 3. Swelling power (A) and solubility (B) of Ainsliaca acerifolia (AA) extract microcapsules using native starch (N00-N10) and
citrate starch (C00-C10). See Table 1 for the details of the legends in a figure.
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Zed Lo AA 27.98-2920%2] WS YERI oW
933 FEsFd0] H7HE Co59F Cl02 77 297-
527%%} 3.74-6.28%= w4 T &= 7hAavF HEES]
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2o 3t 2x9] IS A THFig. 4). BE 7359
A 2% SUFHHEA rAHEREE GFF FEE
WEE2 ARH =R Frtele FEs UEIT o1zl
AR GFH FE2= SFHEAA FAE AR
AFEEE ZA9(C05 & C10)7F 23 A & ZA(NO5 & NI10)
Ho} g2 HEES eI ol FAitel] o 7k

WRgo ARRAES Aole] ZHFe] FolA(Kim & Kim,
=

152 22 Ro] A% 9T 50| G0l
= 47t
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Fig. 4. Released Ainsliaea acerifolia (AA) extract of Ainsliaea
acerifolia (AA) extract microcapsules using native starch (N00-

N10) and citrate starch (C00-C10). See Table 1
the legends in a figure.
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FE o] S0 Lol FANE H7Ek]
AHHSAIZL CO59F Cl00] 28R e RAHL 5& %
WEES eI ol d A= N05SE N0l H]
C05¢t C10 AR E FHo FANAR of Egl 2o

A B3 dFH FE2EE0] U EA3t= e
TH(Rosenberg et al., 1990). Fgt o] g2 FAL
;ﬂl}v‘i«x}i Abolo] Zhmubg o & X*—ETX}E Aol 9] 7k

O R
Eﬂ;m

o] FolAA(Kim & Kim, 2015b) F+A2HHE njER X
o] @33 FEEEC] WHAHe i%.tﬂ__ IS S o
To = Azter).
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Time (min)

Fig. 5. Releasing patterns of Ainsliaea acerifolia (AA) extract
from microcapsules using native starch (NO5 & N10) and
citrate starch (C05 & C10) during their enzymatic hydrolysis.
See Table 1 for the details of the legends in a figure.
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CHER 2= DIMEEe| ettst 2
7t A 2 AR RIAIF]EE(C05 & C10)°]
Tt FAVNNEERT @GRS FEE9 1'7‘20] xqoh;]_

2ot GFH FE= W dsA e 54 OJl*Eﬂ 5}
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Fig. 6. Scavenging rate of DPPH and ABTS free radicals of Ainsliaea acerifolia (A4) extract microcapsules using native starch (N0S
& N10) and citrate starch (C05 & C10). See Table 1 for the details of the legends in a figure.
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