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Abstract

The physicochemical properties and protease activities of spray-dried pineapple juice powders were investigated.
The pH, soluble solids, and protease activity of the pineapple juice were pH 5.43, 12.8°Brix, and 4.82 unit/mL,
respectively. The optimum pH and temperature of the protease activity from pineapple juice were pH 7.0 and 50C,
respectively. The microencapsulation of pineapple juice was achieved using maltodextrin and alginic acid through
spray-drying. The L value and moisture content of the spray-dried powder were higher than those of the freeze-dried
powder. The particle size of the freeze-dried powder (501.57 1m) was higher than that of the spray-dried powder
(42.58-53.32 pm). The water absorption and water solubility of the powders were 0.41-0.87, and 90.45-99.76%,
respectively. When compared, the protease activities were found to be in the following order : FD (1,297.47 unit/g)

> SD-MA-1 (692.08 unit/g) > SD-MA-2 (664.66 unit/g) > SD-MA

-3 (642.65 unit/g) > SD-M (633.51 unit/g).

In the in vitro dissolution study measurements were conducted for 4 hr in pH 1.2 simulated gastric fluid and pH
6.8 simulated intestinal fluid, using a dissolution tester at 37°C in 50 rpm. The protease survival of the 3.74-15.69%
microencapsulated pineapple juice powders improved with an increase in the treatment concentration of alginic acid.
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o] Fasitty Al HTE

1] A| 7] & (microencapsulated powder) V| Al S+ 327 9]
£ @3, A= 4 pm D9lolA & mmE TRk,
HoFe FHo] o)A o7 T do]l £ EEeth v
AR Es) 7lee 1A, IA|, 71A4] 245 54 =4
stlA 24E 2 JEE5S UED F J=Ss o
Edoly A Yo 243t= 7I=o|th14). 53] w574
zof gt nAA st Adstd W S 7P BEs)
Aoz O AR 7P Bol ofg] okl A thekgt
2202 o] g5 3 9rk15,16). EFAZRE Ao AlgE
AL wjA SollA] EFete] xE BT JHC AlEE
GA ¥ oz AxA|to] o} ol dofl okt B4
T dx7t rhsetH, Sl freddel & o B
AES AT 5 Avk17). B3 A2 =7} 130~300CE

—_

w3 28 Lol e 987t do =&y E Azke
5~20% Yol = dol gt il Wy} nlujste] 71543
DA A TR} A 7 Bol AMEE A=
Wi olth(18). xR YAk IJE5EL L 244 o3
O B0 AR E e, 9EELS T2 AR, Ao ERY
2E" ZEUAEY AZZ o~ 9 tokgt tpdRFrt A
EAH0o7 o]gx 1 th TEYAEZL Dglucose”} 13+
Ao 2 14 Ao AZAHo] e HddU dFR=E
A 7FA o] Adete] Bz I EEL A Wol o] &5
3 em, AARFAEE TFAAT]E §40] Slo] g4tst
Al glol = ek Aol $<=3lth(19). BEEF SRR Yo pH
of|A] 5ol dojuhal FAdollA i B w3l dojde =
A, A A 871e] JekS gytA o' aldeta 85

155 24 & 5 3Uth0).

B AT E elojZ] nEEe FHElo] g
4 P EAQ BEWIS 4 FNR BRI 7154 2

s

Stz Y EEA R gEd AT AR o]
& BEEAZZH A al nMleS AN eH, &
2l3}eld 54 2 protease B4 in viro 1A W] A3t

R
A=
B 230 ALgH 39l o) Z(Ananas comosus (L.) Merr.)
< Fejaike 2 2014 69 AR E A a9 vt
|4 Fhste] ARSIt R EstE e P REd S
U E g 2~ E 2l (malto-dextrin, Baolingbao biology Co., Ltd.,
Shandong, China)¥} &%14HGalginic acid, Sigma-Aldrich Co.,
St. Louis, MO, USA)S A48l tt.

2

sEo| Hx

24 71(FM-909W, Hanil Co., Sejong, Korea) & #3§ 3+ &
A}ER ZAESIATE AFHE ETES AAS] Hst
A4 5-2] 7] (VS-6000CFN, Vision scientific Co., Ltd.,
Bucheon, Korea)E ©]&3}o] 4T, 3,000 rpmoi|A] 10%3t
A E2 3 & A5 -S Whatman No. 12 o] 3}3F o}
4Ce] ol Hastar] ddEd AHE-sHS

Protease 84 &3

Protease 24 Z74-& Kunitz(21)S W slo] =3 319
t}. 0.2 M sodium phosphate %8 (pH 7.0) 1.5 mLol
A& 05 mLE #H3 % 0.6% casein -2 (w/v, Duksan pure
chemicals Co., Ltd., Ansan, Korea) 0.5 mLZ 7}3}] 21&
gH2-4=2(BS-31, Jeio tech Co., Ltd., Seoul, Korea)S ©|-8-3}
o] 37T, 100 rpmellA 2087 WAzl & 044 M
trichloroacetic acid(TCA, Acros organics, Geel, Belgium) 2.0
mLE 4o ¥gE FAATIL REgdS AT
(1236MG, GYROZEN Co., Ltd., Daejeon, Korea)E- ©]-&-3
o 3,000 rpmoll Al 103E7F Y4l stk A5 1.5 mL
£ #3l] 0.55 M sodium carbonate anhydrous(Na,CO;)
1.0 mL%} 1 N Folin ciocalteu &<} (Sigma-Aldrich Co., St.
Louis, MO, USA) 1.0 mLE 7}5te] 37°Col|A] 30831 -2ak
A1 U5 333 = A (Ultraspec-2100pro, Amersham Co.,
Uppsala, Sweden)Z ©]-8-31] 660 nmoll A F4=5 743}
ST}, Protease B4J-2  tyrosine(Sigma-Aldrich Co., St. Louis,
MO, USA)< 7 &ate] 2Hdgt 2FFH o2 5E AL
omn, 9] (uni)= 13 1 uge tyrosines A3 k=
Fao] ko= Holstart

pH ¥ 2 &4
Protease &4l X pHO| daS HES] ¢35k
AFEALE 02 M citrate 458 (pH 3.0~6.0), 0.2 M
sodium phosphate ¢+%--8-<(pH 6.0~8.0) %! 0.2 M Tris-HCI
& (pH 8.0~9.0)= ©]-&sto] 7]1H & A ZsH3 oH, 7]
A} ARk 37T 2083 vhe-ak & 24319k
Protease &4l m|X& %9 9J3ke 0.2 M sodium
phosphate $+5-8-<(pH 7.0)= ©] & =
20Col|A 80Ce] 2= lollA] 20327t 714 48 Wk
& SHstth o] 9o vhg 272 protease B4 74
W FAsHA 2135k

o[ MZ2=8}

BRAZTH S o] &3 nA A&t gl E 259
300 mLoll 20%(wjv) SEGAEH 2 1, 2, 3%(wjv) L4k
< #H7e oS 12 7] (HG-15D, DATHAN scientific
Co., Ltd., Wonju, Korea)E ©]-8-3}] 6,000 rppmel| 4] 2043t
AT Alzd dAYL FY 2% 10T, HE 2=
100C 2 A3t a, EF4EE 16,000 mpmolA AlE &
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FEEE 12 mL/min®] 2 02 ol Erlo] x(atomizer) 7}
AaE BFHAZ7](KL-8, Seogang engineering Co., Ltd.,

Cheonan, Korea)E ©|-8-5to] nlH71&3} sl9lom, -70C
o]ate] orirol HABIHA B4 ARE AMESIATE U]
ETEE IEEEE Ak ¥aL $4A% (FreeZone 2.5,
Labconco Co., Kansas, MO, USA)Z o]-&&to] A3 Bt
= AHE-3H T

FEEE Y Mr £

FdEde A E SES HEYH Hol LA
=7 7](MB-45, Moisture analyzer, INC., Ohaus, USA)
£ o]g3ate] 105CollA EEe] FEgaFo] g =ad
w7pA] Azxzste] ST A= 542 TNt
L=95.5, a=0.18, b=0.322 X% ¥ A = A|(CR-300, Minolta
Co., Osaka, Japan)E ©]-8-3}<] Lzk(lightness), agk(redness),
bk(yellowness) o2 =43}

0x!

)

QIXtAY| W ARIEHEE N

AAL=Z7]= A E2-S isopropyl alcoholol] EAFA] 7
o] A Y =52 7](LS-13-320, Beckman coulter, Fullerton,
CA, USA)Z o|&sto] 4513

UAREH 2= ZF AlZof| gold ion coating3t F FAFE
A4 v] 74 (S-4800, Hitachi high-Technologies Co., Tokyo,
Japan)= ©| &35l om, AN 7 & o] &3t #EL 3.0
kVellA s00u] v]&2 st

FEETAF(WAD " =288 X=(WSI) &3
&5 A 4(water absorption index, WAI) 2 4~4--8-3]]
A 4=(water solubility index, WSI) =7 -2 phillips(22)2] w
NS WAgsle] st nA L3 2 0.5 gol 20
mL {55 F7Fete] 3,000 rppmel| Al 2087 412
AR E S FESTAFTE AHESIRoH, 452
£ 7& 7] &Eelste] 105TollA 443 F<t
Al 1S FaEdl A TR AbEate] o e} &

_ p=:
FEITTAT(WAD = Al g o] %
AP ol 31 8] Ko oF
gL %) - o2 B
ReX [e]

in vitro oA W Asipd =X

in viiro 1A | 28120 t@ proease 2] A
S AESP Slsled vigtebdel we} Qlg9le 2 A3
< Az om, A U Lskmdd] tlgt A& uH-S Hur
T3 WS WFstel S4sIsith AR 20 goll 391
o 18 mLE H7kste] 17 gLF2T ol g3le] 37C, 50
pmoll A 247 HEGAIZ] T gl 20 mLE 3 7}ated

T ZAAFEEES] ] A2 A1E (2015)

37°C, 50 pmol|A] 2412t REG-AIZ] F protease B4 57§
Al 22 AHESFTH

SAHXE

A AT 33 wHE o 7 elo] FA+EFHAE e
WAL SPSS(19.0, SPSS Inc., Chicago, IL, USA)Z o] &3}
o] ZAHEA(ANOVA)= AAlstsl o, 2t 2% gk
[e]
T

2Z el
sQlefZ ZFte] pH, 7184 LFE B protease 2

s VERfe] Fi2E o] &4 vAIZlE BT Al 34
F80] H& oz FdEt] Protease 4 4.82 unit/mL
2 Yehgom, 4T (uni)= 159 1 1g®l tyrosines
Bshe Gae] Foz osisith Yoo 5(24)2 il
Z ol 28209 protease 2/ 54 27 057 uniymLe}
3 Hauste] & AEnt vhe 24dE YeilidlEd, ol
a2 20 9 G| Hort va2r] e
2 Ategch

Table 1. pH, soluble solids, and protease activity of pineapple
juice

Protease activity
(unit/mL)

4.82+0.10

Sample pH °Brix

Pineapple juice 5.43+0.01 12.800.00

All values are means+SD (n=3).

1o Z 25N 9] protease Aol BA| = pH 2 &=9]
43S HEZ ZAyE Fg 13 2tk pHO 450
sodium phosphate 58 (pH 7.0)94 7} =2 &4
2= Uehlil o™ pH 3~50M = &4 &40l 1% ©lst
2 291 H Ut Bai S(1)< Hll, 751, RlelE, stutofe]
A FE3 284 Ug pHY| d3S AR 27 pH
50~80°1A4 PgsilaL, pH 70904 7Hd =& 248+ v
Ehiitta Hausglet, £x0] 3¢ 227} S71et] u
g} Aol Hal Frlet e 50T 7 =8 S S
YR, 60T o] & &a8do] st S U
e ol 71E AFA7et fAFATHL,24). Kim &
252 719 el 2R A0 A9 60Tl 2F 30% Hx=o
g to] &L Bl oy B Ao welof =
ZFNL 60T 97%2] 245 JeR AL 70Tl A=
50%2] 2795 vehfo] gl Z 25N 9] protease T4
o] doll o = Rl
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Fig. 1. Effect of pH (A) and temperature (B) on the protease
activity from pineapple juice.

The reactions were performed in 0.2 M citrate buffer (@, pH 3.0~6.0), 0.2 M sodium
phosphate buffer (O, pH 6.0~8.0) and 02 M Tris-HCl buffer (ll, pH 8.0~9.0)
containing 0.6% substrate and pincapple juice at 37°C for 20 min.

ojM= 22| =2, Mr, X377 W UXZHFE
Rlef & 25 v e o] g, A 29
A7) Table 28} 2t} FESHS T2 H2A]
302% % 7V S ke UERIlem, B3 vAlY
& oo A 335~3.75% 2 LA Hubako] StEeE
wtolA] = 7ol At Kim 5(26)2] W92 thAlnf 51
Z Bte] R3kafo] 27} 857% E 11.11% % UERES
™, Jeong 5(27)2] i gFEEe] FEEEC] 6.64%
2 Yeht 2 Age] £z vAfE
=

= .
-1.85 2 10355 YEhHo] At kS HolFdt)

1 1
10 20 30 40 50 60 70 80 90

Az v E Edo] 42.58~53.32 imZ oA oz e
715 vehliglen], SEgxEdd A4 Hrhe] =
ol 5 YAAT7F AA = 7 &l U Th. Hwang 5(28)2
dbA o2 1~200 imo] T2 ARE MR Bxdct
3 H315H9] o1, Rosenberg 5(29)2 YA/ 2H-&55
F =4S Tk Felsivta @ A2zl uhet
ARz EdEg BRAz nAAE E2oA in vito
AA W &streelxe] FgA el 7]od Aoz 7]
o A e dARHTRE S A T4
= TEo] FHA Fa APz Qe P&
C

o] Eold Ly FIo] A& 1S YepY S Folsks
t}. Kim 530y YA o] 1z oM A
o] &3t w2 dolgta Kt Et, olo ¥ AT
o] FEzd 23t vl & 25 nlAE AFA] 47
Akel H7hero] Eold g YA H L] 5] ¢l
= Zog g

Table 2. Moisture, color and particle size of microencapsulated
pineapple juice powders

Samples” Moisture Color Particle size
(%) L value a value b value (um)

D 302£002° 91.76:006° -235:0.06° 12441003 501.5724.92°
SD-M  3.652001° 97.70:026" -199:0.02° 837001 42581032
SD-MA-1 3.75:001° 97.16:0.16" -1.97+0.01° 8.19+0.39" 52.191.02°
SD-MA-2 369001 96.67:025° -196:001° 9.62:049°  5270£0.19°

SD-MA-3 335+001¢ 95631024 -1.85+0.04° 1035:041° 53.32+040"

VFD, freeze-dried powder; SD-M, spray-dried powder added 20% maltodextrin;
SD-MA-1, spray-dried powder added 20% maltodextrin and 1% alginic acid; SD-MA-2,
spray-dried powder added 20% maltodextrin and 2% alginic acid; SD-MA-3,
spray-dried powder added 20% maltodextrin and 3% alginic acid.

IMeans+SD (n=3) within each column (a-¢) followed by the same letter are not
significantly different (p<0.05).

olMRiE Bate] SEESXIS(WAD o $EBaHXIS(WS))

nl A Bl FREESAS D SREXFE Table
33 Pk Be FREFFAS B FREAAFE 4B
4 g ZU F99 7HEAY o delA glom
(31, 531 ¥l g4 2L Bz UG Bdo] ek
FEEFAGE B 944 3% W71E BT

Az nARE Bgold 0412 7P B 52 YRR
o] FAAZ EdolM 087 7 & AFE Ve

o F5Ao] 4 n3ldlAe] wao] goldte] & Aot
Aol B Ao FH=U(32), BEFAE vAHAAE



W ®) SDM

powder added 20%

Table 3. Water absorption index (WAI) and water solubility
index (WSI) of microencapsulated pineapple juice powders

Water solubility index

Samples” Water absorption index @)
FD 0.87:0.01? 90.45£0.19°
SD-M 0.74+0.01° 99.76+0.21°
SD-MA-1 0.65£0.03° 99.35£0.94'
SD-MA-2 0.480.02¢ 98.411.56"
SD-MA-3 0.410.10° 98.22+3.77°

VED, freeze-dried powder,; SD-M, spray-dried powder added 20% maltodextrin;
SD-MA-1, spray-dried powder added 20% maltodextrin and 1% alginic acid; SD-MA-2,
spray-dried powder added 20% maltodextrin and 2% alginic acid; SD-MA-3,
spray-dried powder added 20% maltodextrin and 3% alginic acid.

IMeanstSD (n=3) within each column (a-d) followed by the same letter are not
significantly different (p<0.05).

TS G A7EEFO] 1%914 3% 2 wold s 7
FFAFE 242 065, 048 2 0412 SolXE ek Vel
Wo] Aok o] el S glolslgt) B wEYAE
el ‘71& 3% 74 n AL BdoA 0419 $EE
TFAFE Uehfjo] g2of thek T2 Aol 2 2o
=2 AoEn

?E‘% A ge FANZE TN 9045%2 71 2

A 45 vER Mgﬂﬁ FEAZ v M7l & B4 98.22~
99.76% = YEIY 53l B51 2 v s g
A GrIAke] Mol EolAg S A= SolA
oy BAACRE fo)HQl

\4

0

= i

kol vrehA] st Kim
5@ A 1e FaEw el SHEE 24
3 A3k YA} AAGS SR8 ‘;%O}de‘u

waglel & QA FARMIL ol 2L 1
NE AT PlAAE Az HEBAZ FET A 2
o E44 2 $NYS WAHAL W, 2-3%9) W& EG

ae] ALgBtelo} Fol ot
AL F 9% ol Ao,

1 gaAge] FuE ¥

hul

=)
o

o|MZE 2ol protease M U /n vitro A L] A5tmE
0| A7 & E39] protease EA] U i viro Q1A W A3t
dof &} protease &2 S HES AI}+= Table

(C) SD-MA-1

maltodextrin and 2% alginic acid; SD-MA-3, spray-dried powder added 20%

(D) SD-MA-2
Fig. 2. Scanning electron microscope (3.0 kVx500) of microencapsulated pineapple juice powders.
FD, freeze-dried powder; SD-M, spray-dried powder added 20% maltodextrin; SD-MA-1, spray-dried powder added 20% maltodextrin and 1% alginic acid, SD-MA-2, spray-dried

(E) SD-MA-3

maltodextrin and 3% alginic acid.

49} 2t} Protease /92
wmitS 2 7 = s

TANZ FLolA g 1,29747
& YeRidlon, 70z nAR
& B SEGAEY W H7M] ¢ 63351 unitS 2
71 g 28 Yehlidth 53] nlAf e BidelA T
Ed Edd 4714 Hrleo] 271842 692.08 unit/gdl]
Al 642.65 unitfg & = SolA] = 78S UYERUTE Protease
o] 4% pH B &&7t @40 F83 84 Hiwolx

e, B AFo] o] gH TolofZ FFNL 02 M sodium
phosphate -84 (pH 70)°M 7% l;% B
Uehd e pH 3~59 A& Eagg0] 1% ]atlo] ﬁ“ﬂ

99k Hur 53¢l 7ol AR 0
o A7elA $19E pH 3e]8l, el 25 pH 5-8 )
£ vehdtha BaE s glo] nlAziEe] A i Ashed
o et protease &4 PP & HESILA} SIStk PIAIAY
& w29 in vitro A U AstEdol| g protease E/3<]
YA ES HED A AANE Bde] Ag 54 o)
dehdA) gighen), BRAx nAlE BudAE o3P
2370~100.83 wnit®] f4x #go] Vet A3} o] pH
S0l S VYeRlE Ao g SRIFIT &7 x
A E Bl BEYAER ©E H7A) 374%2] B
& g4 oFAE Vel Ao vl ZEUAEZ L71Ak
o] H7tego] oS gA gAdo] morE AE EQl
ston, 539 Olﬁ’& 2% 2 3% H7F wEolA A7t
1471% 2 15.69% % et =& 84 A S Yepd S
IS o] @& pH -’T—%‘ﬂ.‘ ZSEloll A Bl A edar
Wi AErt w5 ZopAlE drIAke] EA4 71Q1= ™ (34),
o] & Fall HRlNE A5HC] protease EA7F YA W 1
3} Zgolo] pH oA PGBl S3tE o el W=
He 595 ‘JrF)r144 ﬁoi ﬁ‘r‘&%‘;}
EESEE o v 417
o] By 5}5’*7‘4 Egd protease % 3% =A% Ayt
EU2Edd 414 Hrkek 3te] g E8sket
54 2 protease &A= YEMII oW, 53] in vitro
oA W Agtrdlof thalt protease Z4d 2] Aol E=A
Uelht 7154 54 9 78 55 1k

d 3 <
2F 2% M7bEel AR A8rbssit A

O

e fe
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Table 4. Protease activity and in vitro dissolution of microencapsulated
pineapple juice powders

Protease activity

Protease activity in witro dissolution

Samples” (unitle) .
unit/g %
FD 1,297.47+5.29?

SD-M 633.5148.87° 23,7042.90° 3.74046°
SD-MA-1 692.085.98" 41.30£5.35° 5974077
SD-MA-2 664.66+7.66™ 97.759.46" 14712142
SD-MA-3 642.6524.71° 100.83+1.94° 15.6920.30°

UFD, freeze-dried powder; SD-M, spray-dried powder added 20% maltodextrin,
SD-MA-1, spray-dried powder added 20% maltodextrin and 1% alginic acid; SD-MA-2,
spray—dried powder added 20% maltodextrin and 2% alginic acid; SD-MA-3,
spray-dried powder added 20% maltodextrin and 3% alginic acid.

IMeanstSD (n=3) within each column (a-c) followed by the same letter are not
significantly different (p<0.05).

e o

- AFedA = proteaseE FHrotal e IS 4b
97 ol 20 % ASHAE 24 AL BHeR BT
AxFHe ol&dtd IlfE 2592 Umﬁﬂﬁi} Eip

om Mg LEe] =2]3eHA
zZAYslG T Telof = ;d—zoﬂ/] gr 9 protease 2 A
ZYZ} pH 5.43, 12.80 2 4.82 umt/rnLO]‘}iD}. Protease
| thet 24 pH 2 2%+ 712 pH 7.0 2 50°Col| A
Al A E AT gl & 7‘#&’“91 IR Ry
AL HEEEE ARES}

02~375% At} A=E
Z 0] vlste] Lk 9
2 A% YeERE 53] ZEd A
=2 A A7 A e mekd S Ho it
A2 371 BEAAZ E2(501.57 pm)ol] ¥]3lo] EEA
n A g o] 42.58~53.32 imE Fo|A o7 A3 H#2

@)

E—T‘ 2 protease =

k

et rlo

2

AL g PN o oX
e
iz}
ft
%
>4
m
T,
E

N
-

4o Hr 2
H
r{m

BN
=
>
Y
o My
(«f HE
=)
s
oft
iy
r}L

S

=
g A7) om, YARGE ARk oz o] FeE B
oFo] B8 840 o Ao R AGHAY FEF
FA e TEYAEAN A4S 3% H7RgE B EAx
A7 Bidol A 0412 71 e A5E el o
FREAF= EFHAZ uAfe B 9822~

=
99.76% = UYEhY TAAZ iRt $5aich n A7)
& 29| protease /2 TAAZR F8(1,297.47 unit/g)©|
BRAZ nAHE %%(633.51~6920 unit/g) .o} Fo] A
o8 & A4S UEhi e, in vito 1A W 43t

| ek protease Aol oA %Erzj o q| 74 Bt
|95t ¢ 23.70~100.83 unite] &4 o] YEhY 9z}
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