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Abstract

In this study, extracts of chlorella using different extraction methods were compared for antioxidant activities and
spray-dried chlorella powders were investigated for their physicochemical characteristics. The DPPH radical scavenging
activity and superoxide radical scavenging activity of 50% ethanol extract were 29.19%, and 48.91%, respectively.
The oxygen radical absorbance capacity (ORAC) of the 50% ethanol extract (150.44 uM/g) was higher than those
of other extracts. The total chlorophyll content of the 50% ethanol extract (542.89 mg/100 g) was higher than
those of other extracts. The microencapsulation of the 50% ethanol extract was manufactured by spray-drying with
10 % maltodextrin (SD-C10), 20% maltodextrin (SD-C20), and 30% maltodextrin (SD-C30). The particle size of
the freeze-dried powder (454.47 11m) was higher than those of the spray-dried powders (24.15~32.49 um). Scanning
electron microscope images showed that the spray-dried chlorella powders using SD-C10, SD-C20, and SD-C30
had an uniform particle distribution. The water absorption index and water solubility index (WSI) of powders were
0.31~0.45, and 96.96~98.28%, respectively. The spray-dried powders showed the stability in total chlorophyll content
for 40 days storage. Based on these results, spray-dried chlorella powders could be used in various types of food

processes.
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A7} AgEojof gty BEAZR THLS FEAE

35 Ao nAfes e AdstE Uy F M
B3t € Aoz O ALEE 7Y ol of 2] Hokel|A
thefatAl ol 851 ok BF dxE gAe JE5EER
Tt 2ol oJ3l 1 Ao ZFEvn Husa 9lo
(15,16), JBEH L F2 AR Alo|F2u~EQ, UEY
2E-, AEZ o 9 ekl dFrt AEAH0 R o] &
Ha ok TEYAEHS Dglucose’} 12H 0.2 14 2
oz dZdslo] e vIgFdd thdFEA 7HH0] AH
sto] B2 S EEHEA Hol o] &5 glon, Jt
AFHREE FaA7IE §40] o] kA glole o
do] -F3HTh(17).

el B Aol E Zrdeld deHolle 482
el 2114 ol & Fre] Yo w FEe| nE Fua

3
> = = 3 B 5 o)
F28e) gus B4 2 454 FHS BAsgon

AFHMZ

2 Ado| AMEHE A Ee FE 7% ol =T A 50%
3 P54 2,000 mg/100 g o] TiE SR AT
(7)™3(Gunsan, Korea) . 278 -9}t AHE-oF31 om,
20T o]ate] harol ByslHA FE5& A

o

FEE9 M=

A 2 50% ofeHe 5 ZH A& 10 gofl 200 mLe]
SHT R 50% ANeES H7bekaL 50CellA] 4A17F Bt $Hq-
W7}327)(CA-1112, Eyela Co., Tokyo, Japan)& FZ5}3] ©.
, 7F}5&=<  autoclave(HB-506-4, Hanbaek Sci Co.,
Bucheon, Korea) S ©]-8-31o] 121 Co|A] 1587 FZ319ch
FaAE FE2 AR 10 gofl 200 mLe] FHTE 718 o
shaking incubator(BS-31, Jeio Tech., Daejeon, Korea)E ©]-43
o] 160 rpmol| A pHE 482 233} U3 A E9 Edjash
(Celluclast 1.5L, Novozyme Co., Bagsvaerd, Denmark) & A &
= Y] 2%°] SE2 H7kste] 50TColA 1A]3F 5k 12+

=)

7keEdl Sl 13 7keEel & pHE 8.02.2 Al2% g
U T2 73] 84 (Alcalase, Novozyme Co., Bagsvaerd,
Denmark) & A& 5% tH] 2%2] F== 37Fste] 50TolA
IA7E B3t 22 B it FE2E2 A ES7INN,
Eyela Co., Tokyo, Japan)= 55311 0™, &4 71 3(FreeZone
2.5, Labconco Co., St. Louis, MO, USA)3te] -70C ©]3}<]
Hae] HastA w48 AlRR ARt

DPPH radical 24 &M &3

DPPH radical 227842 1,1-diphenyl-2-picrylhydrazyl
(DPPH, Sigma-Aldrich Co., St. Louis, MO, USA)2] -1
< o] g3t F3h18). 5, A1E 05 mLol 4x10* M
DPPH-&9(99.9% ethyl alcoholol]l &&ll) 5 mLE &3 3s}o]
A2oA 1587 ¥ A7 vk 33 =A| (Ultraspec
2100pro, Biochrom Ltd., Cambridge, UK)S ©]-&-3lo] 517
nm oA TP =S =73} th DPPH radical 2~ 42
F=E9 H7F AF T Aol & o9} Zo] WEER

UERH ST

DPPH radical scavenging activity(%) =

sample absorbance
control absorbance

x 100

Superoxide radical &7 €4 &3

Superoxide radical 2~7 242 Nishikimi(19)2] W ol
et o5 o] A5t Al 500 pLell 0.1 M
Tris-HCl &589(pH 8.5) 100 pL, 100 uM phenazine
methosulfate(PMS, Sigma-Aldrich Co.) 200 UILE &% 3}<]
kS AlZ1 ¥ 500 puM nitro blue tetrazolium(NBT,
Sigma-Aldrich Co.) 200 pL % 500 pM [(-nicotinamise
adenine dinucleotide(NADH, Sigma-Aldrich Co.) 400 uL&
A7kete] Aol 1083F AR v F3REA
(Ultraspec 2100pro, Biochrom Ltd)Z ©]-&3}c] 560 nmol|A]
FH=E =3It Superoxide radical 2A L F=&
o] A7k 23} ol Aol S ofehsh Lo] WE-E ek
ik

Superoxide radical scavenging activity(%) =
(1— sample absorbance)
controlabsorbance

X100

ORAC(oxygen radical absorbance capacity)
ORAC =% Talcott®} Lee(20)7} a4kl &4 =
AHEgE EAH S o] &3ttt ERE Y FEE E%
Ea 9 TroloxE FEHE 3|Adsglon, Adg A
A|Zol= S phosphate buffer(61.6:38.9, v/v, 0.75 M
K-HPO; ¢} 0.75 M NaH,PO,)E AH&-3tsicth A& 344
A7) ste] sl G4 ¥l EFHORE water
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soluble analogue of vitamin E, 6-hydroxy-2,5,7,8-tetramethy-
Ichroman-2-carboxylic acid(Trolox, Sigma-Aldrich Co.) 10
ULE phosphate buffer 50 mLol| §-3llsted #| 238191, 5%
7171+ fluorescent micro plate reader(Infinite M200 PRO,
Tecan Co., Salzburg, Austria)E A}-8-810] 485 nmol| A4 2=}
7} 7] (excitation) =] 32 538 nmol|A] W (emission) ¥ Al
dote] B Aol LA

& Az astey 23

ZF 52T EF 42 Kim 5219 Wl od vt
o] SA3ATh AR 0.05 g7} SFF 10 mLE 3083t
223+ 2 2](VCX 400, Sonic & Materials Inc., Newtown,
CT, USA)E & Ths @& 2 mLE 338t 2ga A&
gl 3ol Y31 ¢7le]d pyridine(Duksan Pure Chemicals,

Seoul, Korea) €4 5 mLE 7}k £ 60C +& “JollA] 1587t
259 A2 E Stk 383 4Tl A 3,000 pml 2 U4
£-2](VS-6000CFN, Vision Scientific Co., Ltd., Bucheon,
Korea) & 3+ th5 #4592 10 mL ZA mess-flaskol] 7]
3 o} 9 A= ukE X g)Eke] HE 10 mLY} HES
stk &712] 4 pyridine(Duksan Pure Chemicals.)&<4 &
2o g ate] A 1 em, 3 419 nme} 454 nmol| A]
&3 = (Ultraspec 2100pro, Biochrom Ltd.)E =% 3} T}

Total chlorophyll(mg/100 g)=C/Sx100

C : Chlorophyll(mg/L)=8.970%(7.19 E419 nm+3.33 E454 nm)
S : Sample weight(mg)/5

E419 nm : OD 419 nm

E454 nm : OD 454 nm

28274 2at #H=
BEEAZ 34 o] 83 B Al ZE 3.5°Brixd] 50%
e FZE 500 mLo] REUAEUS 7247t 10%

(SD-C10), 20%(SD-C20) & 30%(SD-C30)Z A 7}3+ v}
homogenizer(HG-15D, Daihan scientific Co., Wonju, Korea)
£ o] &3lo] 4,000 rpmell A 1583 FA s TE A2

UEY
i)

< Y 2% 170C, WE % 10T A48 1,
L= 17,000 ipmol A A BFFHEEE 12 mL/min®)]
Z7o 7 olEnjlo|X(atomizer)’} #E ERAZY
(KL-8, Seogang Engineering Co., Ltd., Cheonan, Korea)E
o] §3te] BRA% BAS A% T, 70T olake] &
2ol BastaA A8 A 82 ARSsHiTh

b 1

N
N

AXF7] W AR =Y FF

AxtAZ7|= ol AU =2 7] (1LS-13-320, Beckman
coulter, Fullerton, CA, USA)E- ©]-8-3}] isopropyl alcohol®]|
BN A skt dAEHEFZ2E 2F Al 8o gold ion
coatingqt & FAMY A& n]7(S-4800, Hitachi high-
Technologies Co., Tokyo, Japan)= ©]-&3}c] 3.0 kVol A
5008 ®l&= HEIGAT

Z2ETAT % TESHXT &F
&4 A 4(water absorption index, WAI) % 4383
| 4=(water solubility index, WSI) 572 phillips] ' (22)
Hysto] S5t B Adx 2 ERAx B2 05
o 20 mL SHFE 7kt 3,000 pmollA] 207t 94
2](VS-6000CFN, Vision scientific Co.) 3} & A&
EHETATR AMSER o, e g FAIE Tt
710l &E2lte] 105 CoAlA 4113t Bt AZRAIZ 1 &S
L8 TE Aot ofef 9k o] Al4tst

+

N

tlo

(0]

B Ay b

o

52

Hydrated sample weight - Dry sample weight

WAI=
Dry sample weight
solid weight recovered by evaporating the supernatant
WSI(%)- Dry g Y evaporaing the supe .
Dry sample weight
ez o] A obyM B4
ZEdg Tz 229 A7t e g
BEAZ g 4290 dlA|A ©]E (desiccator, 240, 1klab

Co., Namyangju, Korea)°l] 403t AAs1HA £ 454

Table 1. DPPH radical scavenging activity, superoxide radical scavenging activity, ORAC (oxygen radical absorbance capacity) of extracts

from chlorella
Extraction conditions DPPH ra(%gcarlngs/crz;l\ﬁn%r)lg activity Superoxide Egdir;agl/ Hslfjv%l;ging activity (Tr()lOXOlflﬁ/:g W)
Hot water extraction 11.47£0.64"” 2846337 62397.15°
50% ethanol extraction 29.19+0.37° 4891+0.84° 150.44£4.45°
Pressurized extraction 14.58£0.95" 32.96+4.84° 12043+11.64°
Enzyme extraction 17.39+0.30° 35.86%4.14° 134.04£11.57°
Positive control” 95.75:0.51" 94.582.56"

"The values are meanSD of three experimental data.

Mean+SD (n=3) within each column (a-¢) followed by the same letter are not significantly different (p<0.05).
Positive control : ascorbic acid (DPPH radical scavenging activity) and catechin (superoxide radical scavenging activity) solution were measured at 1 mg/mL, respectively.
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st ST A HUE 98 d2TEe
Fz2dg} 50% eHe FE2E FAAX B ALE5H]
vl &}tk

SA e

A A= 33 whE o 2 gato] PF+FFHAE e
W em SPSS(19.0, SPSS Inc., Chicago, IL, USA)Z o] &
sto] ZAREA(ANOVAY& AAlstiom, 7 574 ek
o] 2] (p<0.05)2 Duncan’s multiple range test® 747 3}
At

20 o o

L2

MEtEy
FEMd wE F2dg FEEY kst g4
DPPH, superoxide radical 227 &4 % ORAC WHoz
225} Table 19 YERQTh DPPH radical 224 4L
50% olgte FEENA 29.19% 2 71 = S-S e
wWlom, 71Sk 14.58%, £ 17.39% 3 45 =
11.47% =°]Atk. Son 5(23)2 ~¥F2|y &4 71553
B9 g AFolA 5 mg/mL s%=% DPPH radical
2A 4L 3 A} oF 10% v|Rke] e A A4S
YeER ATk B8kl o™, Kim 5(24)2 & nlAl =7
o] kst AFollA A 8A &l B 84 Sl &
sto] giksl S-S S A7 2|84 Sl FEEA
ksl o] Sste] B Aqtdzbe fAke AR UEr
Riel= 3
Superoxide radical 227 &

FEES 48 91%, BFF=E
FZEl| A radical

l

A& 2ASE A7 50% oEHE
oA 2846%% =7 o]

50% o ere a7 g4l rstalen,
7}eF @l E{ Al FE22 22 3296% 2 35.86%% 2%
Q1 zfol & YERA] &Skth Woo (252 71 €487t

=Y 2SP9AH oldde gitst Al nX = F3F
AFrellA 121°C DA el &8t radical 22715°] WA 3]
AetE =, ol A EAY] TR 23 =
w2 olghal H 118159 th ORAC(oxygen radical absorbance
capacity)i-2]-2 AAPHZ FE %% peroxyl radicalol| Tl
3 AAYY S FF =2 243, peroxyl radical £73l]
gk A At Al &S BT Rkdste S WHolt
(26). ORAC =3 A% 50% oete FZEol|A] g 150.44
IME 7HE 3 s JEhlislem, B4 134.04
1M, 715E 12043 B DFFE 6239 IME O R A H AT
Guzman Q7)< Pt SAIE T A 27 A
e AT kst S 7R deS ERIE e
B, Kumar 5(28)7} Kamat 5(29)& G2 49| 584 4%
<1 =22 ¢ (chlorophylliny& 4 4= AASHE &

o 542,89 mg2 713
150 58 mg, 7}t 110. 61 mg ¥ ¥4 9388 mgTroE F
FE4 TS Ut Kim 5QDS Al A1E 2=
AFe & A58 AIAH WA ATl A AlFell Al i

e Fedeh A F 922 FFE ADAZAA 100
g3 30.8 mg, EFEEl AFEL 1237 mg g3t vk
Hasget ol B AFolx FdE 50% olehS 3 B

Al F29 A5 AT Zﬂ%"ﬂ Hlel & F5a %‘%‘;Ol I
atlem, 50% s FE AL SR F8E2<

5 GaAE 1Y B R A R 1Y
NSAF BN AVAY D PasAE 549 el
SAE0] glom, A7 ol§ ZUE 9Aa) 2, A, 9

B0l 0 % b Sof o) FFE e GEL
7

32 Hrgow A F AdE FAo
ALEETH30).

- H
dog

=

C

1007 .
OJ L L

Total chlorophyll content (mg/100g)

Hot water 50% ethanol Pressurized Enzyme
extraction extraction extraction extraction
Sample

Fig. 1. Total chlorophyll content of extracts from chlorella.
Means with different superscripts are significantly different at p<0.05.
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vE‘ 60 =2 «
BT 58] o 790] P4 Hrka sgov], wees
ER A7hge] Bold s % Bol7t AEd S,
Kim $349] 384 50 g 34 159 27z

L A7l Az B F daEe] FEP ve @

FEETAT Y FESHA

Frdeg 525 BEAE B2 FESFAS(WAD
2 SR LA (WSDE Table 29+ 2t} o] SRE4
A4 G FEEIATE A FNY EE SHAAN T3
VA4 a1eg2 dEA ATK3S5). TERETATE BE
drEd Hrl BRAZ EddA 031-0452 SEAAZE
2 085K T Y &4 A& YEI ST Beom 5(36)
S FFAxe} FAAZ wE L BEe] FEEFA

Table 2. Particle size, water absorption index (WAI) and water
solubility index (WSI) and of microencapsulated from chlorella
extract

Powder Samplel) Particle size (1im) WAI WSI (%)
FD 45447£11967  0.85:001° 80.03+0.13°
SD-C10 24.15+0.50° 045+0.03° 96.96+0.17°
SD-C20 28.10£130° 0.35:0.01° 97.65:0.17°
SD-C30 32.4920,03" 031002 98.28+0.43"

UFD, frecze-dried powder; SD-CI0, spray-dried powder added 10% maltodextrin;
SD-C20, spray-dried powder added 20% maltodextrin; SD-C30, spray-dried powder
added 30% maltodextrin.

The values are meanSD of three experimental data.

IMeantSD (n=3) within each column (a-d) followed by the same letter are not
significantly different (p<0.05).
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Total chlorophyll recuction (%)
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o . | . .
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Storage days

Fig. 3. Changes in total chlorophyll content of microencapsulated
from chlorella extract during storage (40 days) at room
temperature.

FD, freeze dried powder; SD-CI0, spray-dried powder added 10% maltodextrin; SD-C20),

spray-dried powder added 20% maltodextrin; SD-C30, spray-dried powder added 30%
maltodextrin.

(A) FD (B) SD-C10

(©) SD-C20 (D) SD-C30

Fig. 2. Scanning electron microscope (magnification x500) of microencapsulated from chlorella extract.
FD, freeze-dried powder; SD-C10, spray-dried powder added 10% maltodextrin; SD-C20, spray-dried powder added 20% maltodextrin; SD-C30, spray-dried powder added 30%

maltodextrin.
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