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Abstract

This study investigated the effects of different emulsification techniques—high-pressure homogenization (HPH) and ultrasonic
homogenization (USH)—on the properties of #-glucan-loaded liposomes under varying operational conditions. The results showed
that, in HPH, increasing both the pressure (5,000-15,000 psi) and the number of cycles (1-3) gradually reduced the average particle
size of the liposomes, with all particles remaining below 200 nm and a polydispersity index (PDI) under 0.1, with no significant
differences (p>0.05). Liposomes produced with USH at the lowest energy level (20% amplitude for 1 min) exhibited the largest
average particle size (594.63 nm) and greatest size variation. However, increasing the power and duration of USH reduced both
the liposome size and PDI, making them comparable to those produced by HPH. Turbidity improved with increasing energy in
both methods (p<0.05), although the turbidity ranges differed: HPH ranged 0.243-0.839 and USH, 0.628-1.715. Overall, this study
demonstrates that HPH is more effective than USH in producing stable S-glucan liposomes.
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LE}2|(Pleurotus ostreatusy= “=E}2|¥Al T} Pleurotaceac) -E} HIEFZF7HB-glucan) D-glucose A7} HEl S|FA=
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7+ B&stol F2Rgo] A UeRhtA] ot dA|71A] de] o]8H 07 W2 AEA SR A, H2)EFE fE HeE
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T2 G5 SHAHE A4, HIT, G, A A 5ol iRt
7 715780 HatEa qlow, nERR Y & HEEEt
Atel, e, 1SR aat s AR E2A] ltk(Song,
2014; Kaur et al., 2019; Kwon et al., 2023). ESt HEFZS7R
TR A, A 2 B 2Pt Qlo] SHE YRRk Bl ARSE
1 UtHDu et al, 2014; Sousa et al., 2023).

SHARE HEREFY] w2 AT BARES AU 49 4 &
2J(Niaz & Mackie, 2024)1} 15 = (Kozarski et al., 2023)
HEE aRlo = A-gsto] ARR1Z] o8- ARkelal th(Lee et al,
2012). & &5t Sl ilslpaet IPF7 BtV |E o8t
HEFZE7ke] A2 AN Innofarm, 2012), A4S 53t HERE
27k9] BAlka}t A% 7+ (Roubroeks et al., 2001) St 22 A
So) ojolglont Haof TEAT] WERRIE F471 71
st 931 ARASAZO] B2 2174 715 B 49 15
o] H1&|3l Ith(Park & Kim, 2012). w2hA, HERZFIY] &8
L5 ol7] SliAe ARAR} 71eiat oy} AEs) 7les A
&5t 2419 PP BA 0l 8ES wole WS A d]
£ 4 Atk

YEZL JNEAE FHYEOE = 13 LEAo[H, H/dat
25749 71574 88 B ZA5ket] avkEel ofF AE AL
FotH(Chun et al,, 2013). FZ2Z0| F3= AL FASH =
2 AAE/dT T ASEEE 7K Yang et al., 2020). ]2 <1
o HEES AE, AoF 9 3PgE ZopollA g ARSEIL itk
(Lee et al., 2018).

B ZZY Ao rs IA f718ME AMSSke I S
(reverse-phase evaporation), B} $=SKthin-film hydration) ®}*Hz}
7141491 &-& 7Iok= oA SKhomogenization), %1 (microfluidi-
zation), 223} #|2(sonication)Z E-HFEITHAkhavan et al., 2018;
Assadpour & Jafari, 2019). L, AFIA oA £449] G718 WE
ARESHA] RO M B EE iR ARE Aol ARkt 2t H =
Lo} +AHE o] ARES}T Yt Melchior et al., 2023). 211
AL FAO] =2 YEE 76kl olF F2 5o AR
w2} QhAYSl= ATk (shear force), 353K cavitation), <2 (impact)
S =35 93 @ BAF @A Yo FIckHyun & Chun, 2019). 2&
o} 2L fA0l At SE 7okl AES FEskal wiAl 712
7t AgsHA JEsh g 90l & SAT7 EAske 1o
2 YRS YA HrhYi et al, 2024). oJHH A= TE
£ 7KL e E3 oy Ak 2SS FEE AIRY &
g7 QP B T MIAA HER AEe 71AAR] g2
7Fste] QPgAdo] =& AlBS /st ] fIRt d5-E0] olofA|aL Q
THIbiSevi¢ et al., 2019; Khatib et al., 2019; Melchior et al., 2023).
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ot BHoz BEE AP HE3or, vt 2ut ¥
Zou #d Z70] e WEFRIE BRES A|25ha ol
A% S glsto] FAst Wizt 270 e AP B4

2 AdolA HxF AZXE sl AR HAR(LIPOID S75-3,
hydrogenated phospholipids from soybean with 70% phospha-
tidylcholines)< Lipoids GmbH (Ludwigshafen, Germany)ol| A 7]
51910, medium chain triglycerides (MCT) oil (Palm Kernel oil
99.9%, canola oil 0.1%)< Korea Medical Foods (Seoul, Korea)©]|
A 7J5te] ARgSISITE olh 3] GO OLIVOIL AVE-
NATE EMULSIFIER (Kalichem, Rezzato Brescia, Italy)2} dI-
alpha-Tocopherol (DSM, Kaiseraugst, Switzerland)E AR8-5}%1 0.1,
1,3-Butylene glycol (COSEEDBIOPHARM, Cheongju, Korea)> 4=
Fo® ARG

LERR|HA #F Y A HEZSE F=

LA 5 Bl 9 HEREFE $22 Lee et al. (2013)9]
TS Ay HPsto] ARSI HIEREFS 2551 flof =
EF WA (Pleurotus ostreatus) 455 A & vt vk
L ERUFE 0.8%(wN), A8 1.5%W/v), MgS0, 0.01%(wW/v),
K;HPO; 0.01%(w/v)E A5 350 mLof] St BafAxl &
121TOlIA] 1587 Bt 3 25C7HA] YA A Adol AR&stoirt.
LERHA 4F 5%(whv)E EdE ZA7]|(BSP72368, Bamix,
Switzerland)Z 24] 3 25T o5} 2]3] HH| wjFHo] do] HE
5}al 8J9F7](SI-600R, Lab Corporation, Seoul, Korea)E ©]-8-5}0]
25C, 100 rpmO & 1547F viFsIGITE. o] F viFAE Htd HA
7182 48 F 90T FAIE uigH] 3ujgRtg dolFar At
e IAAA HEEFIHE S50 o % A 110 mesh
2 A8#H & 1,2-Hexanediol (COSEEDBIOPHARM, Korea) 2%
(w/v)2} glycerin (COSEEDBIOPHARM, Korea) 20%(w/v)S 2%}
SFIL 5~10ToA] 3U7E A2 Aot Fojdl A5 He=F
b AR ARSIt

LEREHA FE229 HEESZ o

EERHAL oto] A ui Y & WEE R I 242 A7
7IeAEEA IAlE HEERAIIE A AIRES)
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AEHS Y5 HPgsto] EASHUTHMEDS, 2024). A E-8A9] A
APE Qo] HEFRZSZE ik 10 mLY} Z55 10 mLE S35t
S g-amylase (20,000~60,000 U/mL) 0.1 mLE 7}kl 0.1 N
NaOHE ©]gslo] pH 692 FAS & HFF24R(C-SKWI1,
CHANGSHIN SCIENCE, Seoul, Korea)& ©-8:3}] 20CJA] 24]
7k 9t 8RS A|H L) ©]F, 0.1 N HCIE o]835}o] pHE 5.00% gt

I cellulase (1,600 U/mL) 0.1 mLE Yol& & 37ColA 247F
SRk WS AIAT) ¥hgo] Bt ., protease (600~1,300 U/mL) 0.1
mL% ]’T'j‘ 0.1 N NaOHE ©|85}o] pH 7.52 9 F 37Col|A]

_9] :64/%1 0401 A]‘B‘J
o AMESIATE AFEH 0.2 mLe S5 0.8 mL £ &
, O]t D-glucose(EF-8Y) 1 mLe}
mLE EE g HRSAF T 2] AldHS 1027t
—;?— A5 mLE 715to] ERlstal ALofA 2027t
HFSAIZT olF BAREAR 470 nnolH RS 250
o, ofehel ALIE olgslo] WEIB BRFE TR0, &
Adoll ARGE LERIHAL it A kel Shie HERETRE
FFL 1.31~1.42 mg/mLE YERHTH

rL

it

Cx (axb)/Sx
5 X x 0.9

Bglucan contents (mg/mL) =

1
1,000

C: A8 =9] glucose B (5 pg/mL)
a: AJE-89] A=F (100)

b: SAJHl (1)

S: A& AFHF () (10)

5: 2P o] SlAluj4s

1/1,000: TH9] BHA} A
0.9: HERZFZ AeAI(162/180)

HIEl=ZFZ 2 ZE HZ

HERZETE 2 EZ0] XL Table 13} Zt}h SARS MCT oil
250 g, E=HAE 2.5 g OLIVOIL AVENATE EMULSIFIER 1.3
g, dl-alpha-Tocopherol 2.0 g & o|Foj% o, A2 AA|4= 42.9
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Table 1. Composition of B—Glucan liposomes

Ingredients (@

Medium chain triglycerides oil 25.0

) Soy lecithin 2.5

Oil phase

OLIVOIL AVENATE EMULSIFIER 1.3

dl-alpha-Tocopherol 2.0

Water 429

Aqueous phase 1,3-Butylene glycol 20.0
B-Glucan 6.3
Total 100.0

g, 1,3-Butylene glycol 20.0 g, HEFEF7F 6.3 g0 & 44513t H|
27 EE AZPEL Fig. 13} 2ok WA, 940 ARSe
= B3R 3 90T o)A 350 ppmOE 1087 71 2wyl
/32 HEF=FREE 1,3-Butylene glycol& HA E9HRt £ 100T 2
AE FolFal 2314 fHA7|(T25D, KA, Staufen, Germany)S
0}8310] 7,000 o2 287 FAIATE. ol $AHE o] A
5] HolEmA] 7,000 ppmOZ 1887t 2712 t© #&sk 110
ol 13] oFsict. o] 219 & (Picomax
MN400, Micronox, Seoul, Korea) IFgofA29] 4=(5,000, 10,000,
15,000 psiy} 3141, 2, 33]), 23T} FZE(VCXT750, Sonics &
Materials, Newtown, CT, USA) ZFFo|A9] ZI(20, 40%)1} A7k
(1. 3. S22 Delslo] WEERL) nse Azt dEse
2ol 3007 mstel 100 7R YA, YREbE, 7]
BA9), BT 2x5l0] AL BRIt

1 Iz

mesh H<S

= X
URISY 2

HEFZ T SRR YASYE BIsp] Slsto] WA ALz

Qil phase Aqueous phase
Heating and stirring Homogenization
(90°C, 350 rpm, 10 min) (7,000 rpm, 2 min)

High speed homogenization
(7,000 rpm, 18 min)

Filtration
(110 mesh)

! I

High pressure homogenization
(5,000 ~ 15,000 psi, 1 ~ 3 cycle )

Ultrasonic homogenization
(AMPL: 20 ~40%, 1 ~ 5 min)

Fig. 1. Manufacturing process diagram of B-Glucan liposomes.
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Z320f 2008 3JASIRTE. 314 A-S disposable capillary cell
(DTS1070, Malvern Panalytical Ltd., Malvern, UK)°] ¢ & 9=
A7) (Zetasizer Ultra, Malvern Panalytical Ltd., Malvern, UK)E
oot YABHL T B YAt A
(polydispersity index, PDIy= dynamic light scattering (DLS) 2]
o 9Jgf &A=l om, AEFAQ= electrophoretic light scattering
(ELS) ol o3 4= 30k
B =3

WEr2egt 2|nge) Sl ARE Z5o 2009 Sj4 5
UV/VIS-spectrometer (X-ma 3000, Human Co., Seoul, Korea)S ©]
&3te] 500 nmoA 9] FBk e S5kt

i

SH

= AP 24 33] o]y WHESIglon, A= BaleHEEd
2 YeJQict. EAA 2= Minitab 18 (Minitab Inc., State
College, PA, USA)S ©]-&5to] UAHEA (one-way ANOVA)
%, 7 Alme] gl A4S 9 Tukeyo) SRR (Tukey'
multiple range test)& ©]-85}0] p<0.05 FFO|A AREHAS AA|

sfoic

2ojgt HE=ZRZ 2lEE2 ¢

—_

Z29F 42(5,000, 10,000, 15,000 psiyz} F& 341, 2, 3
cycle)ol] W2 HERZEIF 2|2F0] Bt YAV |9} thEAA =
Fig. 20 YetfiQlct. 2319t +4 24 93t We= 2=
2 5,000 psiolA 13] FAsHAS o 7FY 2717 & B IR
(198.47 nm)E H9I0H, 15,000 psiollA] 33] FAAS o 714
22 Bt AA=71(135.60 nm) S HER UTHFig. 2A). 2319 +F
4 9o HoHESE, o STt 1304 232 F7IRte] wet
X5 Het A= FYHoR Fadche S Hou
(p<0.05), 4 2319} 33] 7toll= RQ)HQl RJolE Holx] okt
(p>0.05). §FH, 2319 #4715 St HEEFE B 2F0] the
AR (polydispersity index, PDI)= 25 0.1 9]7H] 2R 2k H
AUHFig. 2B). ol YA REEOAE 19| |r|7} FaL WEJE
AZ IRAT 4 JUoH(Fig. 2C~E), 2319 S S YAEA
o] 9%t FAEZS AR & UnZ HojETh

UPHHOoE o HH E= HEZS AR f 21 4 U
4 47t S7RSE /3149 AT AASHAA AR =

{

A 1,000 B 1o
o1 cycle 01 cycle
_ 02 cycle @2 cycle
E 800 + |3 cycle g 08 |3 cycle
3 £
2 600 - z 06
£ Z
£ Z
I @
g 400 - £ 04
= =
3 Aa B n?
= 200 4 Ab Ab * Bb Bh €2 oy e 0.2
NS = _ - -
0 HHI HHI HHL oo ol MEm  cicem
5,000 10,000 15,000 5,000 10,000 15,000
Pressure (psi) Pressure (psi)
25 25 25
C 5,000 psi o1 cycle D 10,000 psi o1 cycle E 15,000 psi o1 cycle
o -2 cycle & o -2 cycle
20 20 A aI:l a3 cycle 20 g’p -3 cycle
$o H
g S T S 20
S 15 S 15 i S 15 $
£ z IS & ie
Z \ 7 +0¢° Z 4B
£ g b £
E 10 £ 10 I g 104 i in
= ie = I 1 = $o ¢
: \ %o io h H
e B H H il °
s s o 8 s Py
I | 0 o é im
o 5 F o @
. ; 8 o 8 0 3
1 10 100 1,000 10,000 1 10 100 1,000 10,000 1 10 100 1,000 10,000

Particle size (nm)

Particle size (nm)

Particle size (nm)

Fig. 2. Changes in mean particle size (A), polydispersity index (B), and particle size distribution (C, D, and E) of 8-Glucan liposomes prepared by different
pressure and cycle of high pressure homogenization. “Different capital letters indicate significant differences in the same cycle (£{0.05). * Different
small letters indicate significant differences in the same pressure (1{0.05). NS, not significant.
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FE=H, ols ¢ Y s AEe d Seet 3 w2
A= 50| A=7Ie] FF2 A7) WZelHJo & Kwon,
2013; Jo et al,, 2014). SEATE B Q o9 ofyR|&= 23] AFe]
g AAIZIAL AR 2] ASE I o o, i
AJAE Alofli= B Q31 A7 A5 O & o]0 At Tang et al., 2024).
Ibisevi¢ et al. (2019)2 211 #2314t E715to| wef g2
9] 3719} PDI Zr2 7AsH= Ak B oL}, 53] oA & A
o Srojulet Aol Holx] Ptek slof 2 Aol $Aket 2
HE Hioh

Microfluidizerg 0]-&3s}o] E20]|= YA A71E A W=l
BT BHS AR B PAREES /AL e A
ol20] YAkE W 4 910, ol izt 3 P TS
AAEAT} Ao 2 FFS o et al., 2014; Tang et al.,
2004), 5% 27] fjole] 4o ik 2 QAT A A
2 T 355 Bao] WS giot YALle) P2
4 P S S 22 BHE 7IHslole ofEsel At
(Hyun & Chun, 2019). & A7ollM= 2319 w82 XI8517]0f
N ST 94 EF T 204 PN olgsiol 14 Fhe
skl o5 21 #2710 SIAA HEREFT HEES

A 1,000
01 min

—_ 03 min
E 800 4 B 5 min
W
3 600 { A
=
]
S 400
= Ab
§ Ac Ba
o HI H o

0 r ’—‘L

20 40

Amplitude (%)

C -
20% o1 min
g —©°-3min
20 4 o -5 min
& o
DT
”s
5 0
g 10 ¢ Fo
= :.‘0 ‘aon
5 F ot
fo .‘10
$ * ]
0 AL R
1 10 100 1,000 10,000

Particle size (nm)

=

Alzto =M AP FHo] &2 BAES
o7 Mz
223} #4 AZ(amplitude, AMPL)T} AJ71o] e B YR=2
719} THEARA = Fig. 33} At 231 78 ZE(20, 40%) 2
AZH1, 3, 5 minol] WE HEST F2F0] Bt AL =
172.47~594.63 nm= 2119} #4(135.60~198.47 nm)Er} & A
ol20] QJafEo] F2 BAEGTIFig 3A). 5, 71 e 2=
T Z2 A7to 2 221t AE(AMPL 20%, 1 min) 3+ HEZS &
oJdo g 71 2 QRE7](594.63 nm)@}F =L PDI (0.621)2 RG]
—”1 PARREREEO A= F 100 nm@} 700 nmtjoll A == 2747}
9IckFig. 3). PDI= BF Y1719 3Pl e Fetole] %
gl-_,_ﬂ oz E—Fq;(4~_g]-o]—7(4 o}mq —Q-’EHE H}z *E FJ—EOﬂ
IS F+= Ao=E A Uti(Zhang et al., 2011). YHkzoZ
PDIZ} 0.3 o]512l w, FAst F7]9] AR} Z2 ZAJSI ThLA
AH(monodisperse phase), 0.30]4] 0.6 Afol= FEAMAL, 0.6 oA
kst 3719] xRt 1T 25k thEAMKpolydisperse phase)
o2 Wk, &2 PDI g2 AAF 7H] 33lo] TAsIgie=
1]5}7] % SFH(Chun et al., 2017; Hyun & Chun, 2019; Yi et al.,

2024). £ AL 28} FE 20%0]4] 3 min o]3k2 Heet

i

Az 4= AAd A

1.0
O1 min
03 min
z 081 B5 min
= i
£ Aa
Z 06
w»
g
2 04 AP
=
= 1 Ac Ba
& 02 Bb
] m Bb
0.0 T -—
20
Amplitude (%)
D 2 <
40% o1 min
“ © -3 min
20 1 i* <+ 5 min
S *
< 15 - R
£ 5
E ol:l ’D
-|:| 'PD
5 4 H ino
7%y
0 s . H
1 10 100 1,000 10,000

Particle size (nm)

Fig. 3. Changes in mean particle size (A), polydispersity index (B), and particle size distribution (C and D) of 8-Glucan liposomes prepared by different
amplitude and time of ultrasonic homogenization. “®Different capital letters indicate significant differences in the same time ({0.05). " Different small

letters indicate significant differences in the same amplitude ({0.05).
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B EZONA AHH R &2

O PDIZS 7HA1= Ao 2 UEepgtt o]

£ 28w} 33 g 1oux FYshie Agsiets Aust
A1) oA} ZHsiAokE Qg o] SRS AZT 4= 9
& HojEtt

297} FU/IE F50} amtE ol Alkdle] YAE AT

T THE & Q= BRI Y] S shto]thAkbas et al.,

2018). Probe FEQ] %

297 U= T, B4, 63 Az

59| BAH0R 2 AGHT Yor], U A 59 YA 3

(

aggregation)¥} 3+ (coalescence) TAILS JA|5t] tlA] YAke] QF

BRI Q19 Eei= Table 291 2t} 2319 #2 Y SIE ©
ot Y 2E0] AR REZ -58.53~48.52 mv o] Hel= 75t 54
SHE T Ao yEtow, dolut 4 o] wE F3igt
AJolE Ho|X|= ittt WH, o] A gyt 44 Slavt S
715k Wt fojdow Zadis AuE Holu(p<0.05), 5,000
psioll A 13] B2RE ZEZL 7HT &2 44(0.839)=, 15,000 psio]
Al 38] BT A2 7P R £40.243)S YERASIT ol=gt

A= 20 4 FET 53 397t Y2EY gkl & F
< F= 7oz 2 £ Qi

AL 4 5 e o7 IHA UtkJung et al, 2022).

C

e
E=0]
=

i xAHS giolet HIEZEZE 2|EE9| X

B

/\]/\Eﬂoﬂ/q ;q]E]-;q_lqh ?:]x]-_q x%7]x4 Z] o]~_ 7]—;<4z4

i 7/-]\0]1:% 7(-153%}\-0] ;<]- 7]-‘,] =] PEﬂo] ln_——o]- X}
A A % % A0 LedA 9lrkChun et

ang et al., 2020). 2119t 4 HWERZFFIE FEZF0] A

Lri m o

ra A
B 2 L3
_l

S~

1 v

QU

[‘h‘

»< ol

al.,, 2017,

113

#4421

Melchior et al. (2023)2 2119t 74 Y4E(50~150 MPa)Z} 315>
Z 23t quercetin Ule 2] EE0] €= Q) 3157 ]’ ‘—7]'
e} 0.7200014 0.056°F FA Ao, AEFAS
3 Z}olE HolA| il -20.04~-18.50 mVe] S 7}AIcky of
Aot olA" 21 7 g S
o, 8o B2 g FAW Aephdtols 2 9 FA
k= oz HojAct

HeEEt B 2Ee 230t

= guzo] Yxas|el &

Table 2. Changes in Z-potential and turbidity of B-Glucan liposomes prepared by different homogenization methods and conditions

Homogenization methods” Conditions Z-potential (mV) Turbidity
Pressure (psi) Cycle
1 -58.53+0.257% 0.839+0.001"
5,000 2 -56.59+0.46C" 0.601+0.001"
3 -54.09+0.82"*9 0.475+0.001%
1 -48.52+0.66" 0.572+0.001%
e 10,000 2 -53.74+0,63% 0.347+0.001%
3 -53.47+0.84" 0.302+0.001%
1 -56.25+1,70% 0.458+0.001%
15,000 2 -50.60+1.23" 0.295+0.001%
3 -53.63+0.22" 0.243+0.001
Amplitude (%) Time (min)
1 -70.85+0.75% 1.591+0.002*
20 3 -66.54+0.61% 1.715+0.002"
USH 5 -64.89+0.82% 1.514+0.001%
1 -61.56+0.57" 1.645+0,040
40 3 -57.35+0.50" 0.811+0.001%
5 -54.57+0,68" 0.628+0.001%

PHPH: high pressure homogenization, USH: ultrasonic homogenization.

Data were expressed as the meanz*standard deviation of triplicate experiments.

~

)
)
3)
4

28

“CDifferent capital letters indicate significant differences in the same cycle (¢X0.05).
“Different small letters indicate significant differences in the same pressure (X0.05).
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mv)ch AR B 74et SHSH-T0.85~-5457 mv)e] AEFASRE
s UshiSiox, 26k 9501 AP op Aele] 2074
xﬂE}xH,] AR Zadls A3 HYtH(Table 2). Khatib
et al. (2019)2 %21} #2- 0]-85}0] lupulond} xanthohumol |3
e Xﬂ—LOP‘ﬁOE‘% ofnf 2Z3} A717F S7FrE AR ke At
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Fig. 4. Changes in mean particle size (A), polydispersity index (B), and particle size distribution (C-K) of B—Glucan liposomes prepared by different pressure

and cycle of high pressure homogenization during 30 days of storage.

(£40.05). *“Different small letters indicate significant differences in the same operating condition ({0.05).

30

AFDifferent capital letters indicate significant differences in the same storage day
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Table 3. Changes in Z-potential (mV) of B-Glucan liposomes prepared by different homogenization methods and conditions during 30 days of storage

Homogenization methods”

Storage periods (day)

0 10 20 30
Cycle
1 -58.53+0.252 -52.92+1.03% -54.20+1.02% -54.70+0.56°"
2 -56.59+0.46" -52.33+0.285 -50.23+1.02"% -54.39+0.865°
3 -54.09+0.825%9 -50.36+0.27"% -51.88+0.88"% -51.83+0.57%
P 1 -48.52+0.66" -52.92+0.85% -52.59+2.375 -52.80+0.485°
2 -53.74+0.53% -50.10+0.27° -48.81+0.21% -47.26+0.93"
3 -53.47+0.84% -49.29+0.64% -48.50+0.64% -51.71+0.47%
1 -56.25+1.70°® -53.47+1.37° -49.88+1.69"% -53.77+2.165P
2 -50.60+1.23" -50.06+0.81% -51.19+1.1148¢ -55.89+0.85™
3 -53.63+0.22% -49.25+0.29 -48.50+0.23% -55.09+0.94P
Time (min)
1 -70.85+0.755° -67.30+0.81% -67.93+1.55P% -72.68+1.19%
3 -66.54+0.61% -63.47+0.66™ -60.93+0.65% -64.43+1.20
USH 5 -64.89+0.82% -60.61+0.50¢ -59.64+1.18% -63.85+1.33
1 -61.56+0.57® -59.77+0.49%° -58.70+0.40% -60.74+1.08%
3 -57.35+0.505° -55.86+0.77% -56.11+0.165% -57.569+0.57%
5 -54.57+0.58" -52.94+1.02% -52.66+0.87% -57.06+0.25"°

1

~

)
)
)

w

)

HPH: high pressure homogenization, USH: ultrasonic homogenization.

Data were expressed as the meanz+standard deviation of triplicate experiments.
“EDifferent capital letters indicate significant differences in the same column (¢X0.05).
“Different small letters indicate significant differences in the same row (X0.05).

Table 4. Changes in turbidity of 8-Glucan liposomes prepared by different homogenization methods and conditions during 30 days of storage

Homogenization methods”

Storage periods (day)

0 10 20 30
Cycle
1 0.839+0.0012 1.002%0.001%° 0.958+0.002 1.030+0.000"
2 0.601+0.0015%¢ 0.796+0.000% 0.717£0.001% 0.773+0.000"
3 0.475+0.001% 0.664+0.000™ 0.664+0.001% 0.720+0.000F
P 1 0.572+0.001¢ 0.708+0.000 0.725+0.001% 0.811+0.001¢
2 0.347+0.001% 0.564+0.000 0.600+0.001™ 0.687+0.000%
3 0.302+0.001¢ 0.477+0.000 0.522+0.001% 0.704+0.000™
1 0.458+0.001% 0.656+£0.000 0.673+0.000% 0.871+0.001%
2 0.295+0.001" 0.536+0.000% 0.583+0.000% 0.655+0.000"
3 0.243+0.001" 0.470+0.000"° 0.515+0.001" 0.638+0.000"
Time (min)
1 1.591£0.002% 1.645+0.001% 1.628+0.0025 1.662+0.001%2
3 1.715+0.002" 1.760+0.000" 1.685+0.002" 1.740+0.000%°
USH 5 1.514+0.001™ 1.585+0.001% 1.620+0.003% 1.676+0.000%
1 1.645%0.040% 1.669+0.000%° 1.626+0.001% 1.698+0.0015
3 0.811+0.001% 1.011+0.000% 1.052+0.001%® 1.116+0.000%
5 0.628+0.0017 0.769+0.001™ 0.854%0.001% 0.951+0.000%

1

~

)
)
3)
4)

32

HPH: high pressure homogenization, USH: ultrasonic homogenization.

Data were expressed as the mean+standard deviation of triplicate experiments.
“IDifferent capital letters indicate significant differences in the same column (X0.05).
9Different small letters indicate significant differences in the same row (£X0.05).
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