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Physicochemical and antioxidant properties of muffins with
acai berry concentrate-loaded nanocapsules

Jae Bum Park', Kwang Yeon Lee', and Hyeon Gyu Lee"*

'Department of Food and Nutrition, Hanyang University

Abstract In this study, the physical characteristics, antioxidant activity, and stability of muffins prepared with acai berry
concentrate-loaded nanocapsules were evaluated. The size of the acai berry nanocapsules significantly increased with higher
chitosan and lower Arabic gum concentrations. Based on the total phenolic content and antioxidant activity, the free acai
berry concentrate showed significantly stronger antioxidant activity than that of the acai berry concentrate-loaded
nanocapsules using chitosan and Arabic gum because of the entrapment of encapsulated acai berry. The physicochemical
and textural properties of the muffin prepared with acai berry concentrate-loaded nanocapsules did not show notable
differences compared with the control muffin. However, the stability of acai berry concentrate in terms of total phenolic
content and antioxidant activity was effectively enhanced by nanoencapsulation while baking the muffin. This study
suggested that acai berry concentrate-loaded nanocapsules are potential ingredients for bakery products.
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OlAlO[HIE] =&Y AUl ME 24

TEHFS AR 05 g5 A FE547I(ML-50, A&D Co,
Ltd.,, Tokyo, Japan)E ©]-&ste] S35t @& 5782 G=A
(HI 96801, Hanna Instruments, Woonsocket, RI, USA)E ©]-8-3}
of 38 Wk 2Aele] 1 gk TP, Brix %2 HAIS
t}. pH 242 ofrloldlyg] F54S pH meter”](Orion 3-Star,
Thermo Fisher Scientific, Waltham, MA, USA)E ©|&3}o] 33
e S 2 ke JERAIATH

OlAO[HIEZ] =&Y B U= M=

oprtolHlg] FFA T Ueled J|EA olgpHlol A&
o]g3le] o] 24 3sKionic gelation)S T3t A|Z3IATHChopra 5,
2014). 22} 0.75-1.25, 1.50-2.50 mg/mL FE= &3 7| EAF 2
olghule} 7 &ML 308 Ut wHE7](600 rppm, WiseStir MS-
MPS8, Wisd Laboratory Instruments, Wertheim, Germany)E ©]-&
ste] Azg § 71EAF 84S WHH1,000 rpm)stHA] F3E o]
F3je] opatolulz) FHAL Wojrmal T, ofehlol AL U
d HER golme] hetleg Azl

L-ge 22X sY

TS 20lM AlxE eAlle A4S DTS 1060C clear
disposable zeta cellol W& F Zetasizer Nano ZS (Malvern
Instruments Ltd., Worcestershire, UK)S ©]-&-3lo] vcqiEe] 3
7] % PDI (polydispersity index)2} DCR (derived count rate)=
Z43Htt.
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% ¥l F¥2 Folin-Ciocalteu phenol reagent HH-S o]
L35t 24 FSthLee &, 2014). Al 20 L3} 1081 = 34
3l Folin-Ciocalteu’s phenol reagent 100 uL2 &3 & 5% &
Qb HEEAIZ] Fofl F7FE 7.5% (wiv) Na,CO; 80 L &35}
1A 7F B9t "kgAlZl Fo spectrophotometer (Biomate 3S,
Thermo Fisher Scientific)E ©]-83l 750 nmol|A F3=E =
ettt Gallic acids FEFEHE AFNS AL A8
I mL% pg gallic acid eqivalent (ug GAE/mL)Z ZA3}E ek
Wit

DPPH 2iC|Z AHS

DPPH (2,2-diphenyl-1-picrylhydrazyl) 21c]Z 22741€d-2 Chaillou
9} Nazareno (2006) HHo & ZA3Hth A& 20 uLe}t 0.2 mM
DPPH &9 180 uLE &3t 458 5 wHSAIZl H spectro-
photometer (Thermo Fisher Scientific)S ©]-8&-3}] 517 nmoll A &
FEE SAFATE ol SAUE the e ddst] Al

DPPH ZUZ &AFE AlLtslith

DPPH radical 42715 (%)=((absorbance of control)
—(absorbance of sample))/(absorbance of control)x 100

FRAP &hals

FRAP (ferric reducing ability of plasma) )5S Garzén 5
(2009)°] W& o] &3t FB3ATh. AE 50t FRAP
reagent 150 pL T3] 437 B2t ¥HSAIZ1 H spectrophotometer
(Thermo Fisher Scientific)s ©]-8-3l4 595 nmolX| SFEE &4
3ttt FEE2 FRAP %2 ferric sulfate (mmol/mL) 3=

He ol gstel Yepgin.

oEe| M=

A 5] mgH&S Lee9t Choi (2011)8] WHS o]g3lpon,
Wi EE] = Table 13 7ok w#eo] wEZE HEE7](SKSMISO,
Kitchen Aid, Benton HarborMI, USA)Z o]&3}o] 2LolA 24
7F X3 mrlas 287 £5 gollA AP} HEE sl
Al 23S Yol 287 &5 602 T ATe 33)E
WA oA 3E7F &5 8olA 9
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HHA ] Eol(em), FJ(mL), ¥]A & (mL/g)S Volscan Profiler
(VSP 600, Stable Micro System Ltd., Godalming, UK)& ©]-83}
o FAsIHoH, FA(ge ARHALE o83t 33 whEsie
4% Foll 2 FFE it 7 S AR 05g8 4

Table 1. Formulation of muffin with acai berry concentrate-loaded nanocapsules

Sample
Ingredient Percentage
Control Free muffin NC muffin

Wheat flour (g) 200 200 200 33.1
Distilled water (mL) 100 - - 16.6
Free acai berry concentrate (mL) - 100 - 16.6
Acai berry concentrate NC (mL) - - 100 16.6
Margarine (g) 100 100 100 16.6
Sugar (g) 100 100 100 16.6
Egg(2) 100 100 100 16.6
Salt (g) 1 1 1 0.2
Baking powder (g) 3 3 3 0.5

Total 604 604 604 100.0

NC: Nanocapsules
Free, NC: Acai berry concentration 3.75% (Flour comparison)
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pm)E ©]&3te] SEZF 4o dFHAS RE F 1 pH meter”]
(Thermo Fisher Scientific)s ©]-8-3t4 33] Wha3le] Sk Fo
2 HHE A Crumb Mee wEe] 9% ol &g
AAZ Foll S-S Z22HA 50 mesh A ©]-&5t ”1“4—9
7IEE WE0] 12 well plated]] FHOZ HA Y thgo ©

< AR1A|(DP-400, Minolta Co. Ltd., Osaka, Japan)S 01%0}04
L* (Lightness), a* (redness to greenness), b* (yellowness to
blueness)E 33| BHE=7geh $of 1 gk o) old, &
Fugke] ke L* Fhol 96.08, a* Fkol 0.19, b* #hkol 2.01¢]31ch
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oiEel ZEZ 54
mEel 2HZFE 20x2.0x2.0cme] ZA7|E AEA Texture

analyzer (TA-XT2, Stable Micro System Ltd., Godalming, UK)E
o]g-3sle] TPA (Texture Profile Analysis)E =48ttt &7 35
mm 9% probeE ©]83AeH, S Al 272 pre-test speed
2.0mm/s, test speed 1.0 mm/s, post-test speed 1.0 mm/sZ 3}
7d I (hardness), ©F2 /J(springness), -5/ (cohesiveness), T
(chewiness)S &4 3Fth

oEe| Hlo|Z Azt e &hitst &4

170°CollA] wlo]Zd Al7hel| wpet Als = Zh2t 0, 20, 405 Al
ol —70°C 242 WaLoA] 24x7F WZHAZ Fol| 547
3te] 35mesh Ao AzA EEE TEUTH f’i*‘ T2 1gs
Ieke 10mLoll ¥ WH](350 ipm)E 2417F FoF FE3H3 .
F2ES 4452713000 rpm, Combi-408, Hanil science
industrial Co., Ltd., Gimpo, Korea)S ©]&3lo] A&dS de &
o] 7}2] (Whatman No. D)ol A& ksl g0l ARE-314
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SAEN

ZE AYAI= SPSS 21.0 (Statistical Package for the Social
Science, SPCC Inc., Chicago, IL, USA)S o]&-3}o] AUujx]&At

X (one-way ANOVA)CZ RIwEAMEIHom 7} 24 gk 7+
9] FoALe p<0.05 =2F Duncan’s multiple range testS A}
f3alo] AFsth. ZE AP dd= 33 AAste] Aol Hit
# FFAAE HERAATL

& F7)vlee) 454 183
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olalolilE] TEole] AnbES BT A%, 1AR e

7.31%, ESFEES 92.69%, pHE 3.18, Y=E 8.78%= UEPITH
(data not shown). E-EZ2l 7|EAk} o]} =)
stod Az orteldle] w5 Ty UAed =ud 54
=43 Az, Pe7] HAE 350450 nm=, T EA =
7¥stal olglol A ¥Er} 7ATFE PEIANE Er)Eke
A% ERISITK(Table 2). B 7|EA S 0.75 mgmLE Al
SI8FaL, 1.0 mg/mLot 125 mg/mLolA ofehrlol A Fw=rt 57}
GE g 93] AtekEo] o= 9] YRl DCRe] &
7¥ebe S dEhfe], olgprlol H wrrt SUMEE B E
= theAlee] 47 S-S E-15kATHGongalves 5, 2011).
g, oRrtoldE] FFY i UxfEe] #Yst A=E YERe
2|32 THEARS2(PDI= 0.22-0.34 H 90l FUsiA A=A
ThHu &, 2008). webx] 27171 7P A5, thiiA 571 03 v
rolm 7| EANs} ofgiHlol Aol FE7F 2 J1EA 1.0mgmL,
ofgfHlol A 25mgmL sEAM UAes Axste] Ao
283ttt
OIOIHIZ| =& & LicZiso| &hitst &d
oRrtelnlz] F5 T U< & wESRy, DPPH Sz
2715, 9 FRAP 3958 543 4= Fig 13 2t} & d=
e st A &2 oRAbelHlE] FF(free acai berry
concentrate)®] 216.14 pg GAE (gallic acid equivalentymL 2% €}
gom, HEs)st ofrtolmlE] FF M (acai berry concentrate NC)
167.61 pg GAE/mLE JeRstth(Fig. 1A). DPPH |z 4752
A9, W&}t 51 &2 oprlolHlE] FEAL 72.10%9 M3
olrlolrlE] T 62.51%% eSO ™ (Fig. 1B), FRAP 152
&3} FA @ oprtelHly] FFAL 0951 mmol/mLet &3}
gk oprloldlE] FEAL 0.907 mmol/mLE UERSTHFig. 10). 2+
SAYE 2T Peslel] 2 ofrlolulE] w50 H&sdt &
zoniq_ ov,];(-l_& o 5013], 735—&/\40 L}E}HOI‘EH]%O.OS),
olglet A= &gt ofrtolHE] 7t ol 3= o] F&
St EA4E WA K] wiiZel €] 5] 2 oRxtelnlzizt
=22 A0 Fosd, 2 A9 die tF FE98 HEssi]
st 238 S99 At FAlsTtHHan 5, 2015).
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Table 2. Physicochemical properties of Chitosan/Arabic gum nanoparticles with different preparation condition

Chitosan (mg/mL)  Arabic gum (mg/mL) Size (nm) (poly dispr;lr)sg ty index) DCR (der(il\(/(e:gsgount rate)

15 350.27+10.67" 0.27+0.01% 190,313+17,351%

0.75 2.0 356.20+4.63" 0.22:0.04¢ 186,821429,724 >
2.5 N/A N/A N/A
15 398.17+8.08° 0.28+0.015¢ 185,928+8,829"

1.00 2.0 361.18+3.06° 0.27+0.02+ 191,832+13,763%
2.5 341.79+9.42¢ 0.26+0.04¢ 200,723+19,768>
1.5 452.94+10.81° 0.30+0.02° 149,246+4,602¢

125 2.0 407.28+10.89 0.34+0.03° 188,094+9,067°
2.5 372.52+4.67° 0.30:£0.02" 203,993+25,500°

**Means with different letters are significantly different at p<0.05.
N/A: not applicable
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Fig. 1. Effect of nanoencapsulation on total phenolic content (A),
DPPH radical scavenging activities (B), and FRAP assay (C) of
acai berry concentrate. *Means with different letters are
significantly different at p<0.05. GAE: gallic acid euqivalent

HEe| 223 54

oprfolHlE] TN Iy UYxflES Hrie WA 7, =ol,
o 223 vAAS S-S A= Table 39 UERAICE B
€ FAYEANAN 2L H Free W¥ B NC ¥ 25 {94

o2 zpol7t YRR &) ole 5 Hrld we Foje}
H| A o] ZHadhe EFHE] J7F vu d7ekes oE Aol
Y=t (Hwangk Ko, 2010), ©1& & Agolx wigy]el) wt
2 WHE o] H7EE dEke] Apelrh A2 Zlo] wjle®
He} oprtolde] w5 G vx=Ee MUt WA FEEH
R34 2y vasty 59 Ee UxfiE Mot wet
Foldl Ao)7k YERR] 2UTH(Table 3). M¥ L] pHe tEE
o] 7572 7 &L ol YERa, NC W& 7.17, Free WA
716 22, ZH ¥|WEte] Free WA NC HE2 F9]7
o2 7tashe AEo] UEEH (p<0.05), °olE oitolHlE] B5
Aol pHell 7108 Ao E AztEr o= ot FEN Fi w
2 pH7F FAadte oU 59S ek M Ardaiel dX
Sl THLeeS}t Choi, 2011). 34 S5} Yieqis Hrld o2
frold Aol YRR efof, Yledl| gt pH Hsl= Ul
WA e Aoz A Wi Ax Axs Hi gres %
8= L* (lightness) %3 S SE81= b* (yellowness) & &
T Free W3, NC #Ho] tjzo] vlwsle] fojzlow 7148}
93, FAMEE UERNE a* (redness) @2 8oz Z7) 3}
t AES BATEp<0.05) (Table 3). ©|2]3 A= EFug] &
2 W AT A (Lee 5, 2016), = HIIEFe] S
g} o] Lx gk} b gk AL, a* g SUFEIT
= A3} 593 FFYS 2o, yef&sl o xole
UEREA] ekoktt.

oprtelulg] FEY i UAES H7KEE M JAE =
21 7+e] A= Table 494 Z4th. 7 E(hardness)e &S
2099 N, Free |32 22.15 N, NC HFL 2356 NO2 ofAlo]
2] F5dS Hristel wel Srietda, YefiEstel] U &
o]Fel AJolE BHPOH(p<0.05), A7l 2siMe F21F<l
zpolE UERG whdl), A7) 7k wE AE7Re] 2% zlole
UERA] 9ttHOhe} Chung, 2014). ©F2 X (springinessyS T3
I 045, Free M3 043, NC M3 0422 f2]F<l zjo]7} Lbe}
WA dgtom, ol EFWE] & Hrist HEdHel fAlEA
thHwangZ} Ko, 2010). TE=3F #7174k wlel M F318 A
dol YehR] ekkom, MEZF fo4 Ao mak YehR| o

o} T=d H7} % 2 U= &Eslrt &4 (springiness)oll WA

Table 3. Weight, height, volume, and specific volume of muffin with acai berry concentrate-loaded nanocapsules

Sample Control Free muffin NC muffin
Weight (g) 55.30+0.61™ 55.05+£0.79" 55.51+0.83"
Height (cm) 3.80+0.20™ 3.86+0.26™° 3.88+0.40™
Volume (mL) 75.14+4.01 74.96+£2.03 73.544+4 57"
Specific volume (mL/g) 1.360.07™% 1.36+0.04™% 1.3240.08™"
pH 7.57£0.07* 7.16£0.06° 7.17 £0.05"
Moisture content (%) 35.03+£2.16" 34.46+2.05° 34.23+1.64°
L* value 79.96+0.61° 71.82+2.54° 71.06+3.04°
Color a* value -3.47+0.15° -2.50+0.21° -2.47+0.23°
b* value 22.5140.71* 16.52+0.73" 17.01£1.14°

MNo significant difference.
*"Means with different letters are significantly different at p<0.05.

*Control: muffin with distilled water; Free muffin: muffin with acai berry concentrate; NC muffin: muffin with acai berry concentrate-loaded

nanocapsules.
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Table 4. Textural characteristics of muffin with acai berry
concentrate-loaded nanocapsules

Hardness (N)
Sample
0 day 3 day 7 day
Control 20.99+1.94° 44.01£3.77%  61.10£4.52
Free muffin 22.15£2.17 4428+3.48%  62.96+4.75M
NC muffin 23.56+2.21 45.6742.728%  63.23+£5.19
Springiness

Control 0.45+0.04"% 0.43+0.04< 0.46+0.04"
Free muffin 0.43+0.045 0.40+0.04<° 0.46+0.04"
NC muffin 0.42+0.04™ 0.40+0.05° 0.47+0.02"¢

Cohesiveness
Control 0.25+0.02* 0.24+0.02% 0.21+0.02°*
Free muffin 0.25+0.024¢ 0.23+0.02%° 0.19+0.01¢®
NC muffin 0.25+0.02" 0.22+0.025° 0.20+0.01<®

Chewiness (N'mm)

Control 2.48+0.25 4.22+0.29% 5.43+0.46™
Free muffin 2.43+0.22° 4.25+0.37% 5.56+0.49%
NC muffin 2.64+0.24% 4.38+0.318 5.68+0.3142

**Means with different letters are significantly different at p<0.05
(separation).

ACMeans with different letters are significantly different at p<0.05
(day).

*Control: muffin with distilled water, Free muffin: muffin with acai
berry concentrate, NC muffin: muffin with acai berry concentrate-
loaded nanocapsules.
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8.12, 8.01 pg GAE/g O Hjo]7] A7k w} HAsti ot
917 o] glo] |58t =2 YERNATHFig. 2A). Free M3
0, 20, 40%2o)A Z+z} 11.34, 921, 9.16 pyg GAE/gO & 20% o]%&
F43] #ashes A JEMIA U (@<0.05), NC ML 0, 20,
40504 ZHzF 11.07, 1048, 1046 pg GAE/gC & 7+4dle 7Ae

< YERISIA N Hﬂ o7 Azt wWE Z Ao|E HolA] Ao
o, wlo] AlZF 082 A% 20, 4050 Free HEHT} F-9

Hog = ke UrEMJ‘Ri\:‘r.

w2 e|l DPPH 2z &A59] Z-9(Fig. 2B), &2 0, 20,
40504 ZHzE 10.90, 10.66, 10.32%= H|o]Z A7k FoF ¥
e HolA] 29th Free W2 0, 20, 4050041 22} 15.68,
1422, 13.60%=2 o8 o=z 7hAisls= 9k
(p<0.05), NC M3-& Z}7} 1424, 1525, 1573%i o]z A7}
wE felgoz Frkete A4S YEMI A Tthp<0.05).

Fig. 2CoX+= ™¥e] FRAP 35S 2T Free W¥]
A5 opAtolHlE] FEA Hrte| mEt folHoz FUkE FXE
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Fig. 2. Total phenolic content assay (A), DPPH radical
scavenging activities (B), and FRAP assay (C) of muffins with
acai berry concentrate-loaded nanocapsules. ““Means with
different letters are significantly different at p<0.05. GAE: gallic
acid euqivalent
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B
Edo] WEFHW] witoz A olge A= JEAS
EEAZ A85o] WE3t3 eugenold &3 A Fe
eugenolS Hlw3sle] & MAS ERIgH ArAdtel dAsitt

(Woranuch®} Yoksan, 2013).
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