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1. Solid Lipid Nanoparticles
2. Nanostructure Lipid Carrier
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1. Poly Dispersity Index
2. Differntial Scanning Calorimetry
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Table 1 Independent variables and their levels

used in the CCD design
Level of factors GMS GDS Curcumin
-1 0 0 0
0 25 25 0.25
+1 5 5 0.5
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Fig 1 Response surface plot of the combined effect
of lipids ratio and curcumin concentration on
Particle size of NLC nanocarrier.
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Table 3 Analysis of variance (ANOVA) for
particle sizeof SLN nanocarriers

Source DF P value
A 1 0.031
B 1 0.043

AxB 1 0.013
AxA 1 0.031
BxB 1 0.388™
Error 6

Total 11

A: GDS/GMS (w/w)
B: Concentration of curcumin
ns: Not significant at 5 % level
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Table 2 Analysis of variance (ANOVA) for
particle size of NLC nanocarriers

Source DF P value
A 1 0.024
B 1 0.011
AxB 1 0.703™
AxA 1 0.45™
BxB 1 0.228™
Error 6
Total 11

A: GDS/GMS (w/w)
B: Concentration of curcumin
ns: Not significant at 5 % level
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Table 4 Analysis of variance (ANOVA) for

PDI of NLC nanocarriers
Source DF P value
A 1 0.35™
B 1 0.012
AXB 1 0.42™
AxA 1 0.015
BxB 1 0.021
Error 6
Total 11

A: GDS/GMS (w/w)
B: Concentration of curcumin
ns: Not significant at 5 % level

0.358083
0.327655
0.297227

0.266798

A: GDS/GMS

-1.00 ~ -1.00

Fig 3 Response surface plot of the combined effect
of lipids ratio and curcumin concentration on PD
Iof NLC nanocarrier.
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Fig 2 Response surface plot of the combined effect
of lipids ratio and curcumin concentration
onparticle size of SLN nanocarrier.
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Fig 5 Response surface plot of the combined effect
of lipids ratio and curcumin concentration on zeta
potential of NLC nanocarrier
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Table 6 Analysis of variance (ANOVA) for
zeta potential of NLC nanocarriers

Source DF P value
A 1 0.068ns
B 1 0.038
AXB 1 0.788™
AxA 1 0.139™
BxB 1 0.018™
Error 6
Total 11

A: GDS/GMS (w/w)
B: Concentration of curcumin
ns: Not significant at 5 % level
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Table 5 Analysis of variance (ANOVA) for

PDI of SLN nanocarriers
Source DF P value
A 1 0.022
B 1 0.01
AxB 1 0.583™
AXA 1 0.21"™
BxB 1 0.463™
Error 6
Total 11

A: GDS/GMS (w/w)
B: Concentration of curcumin
ns: Not significant at 5 % level

0.358608

0.331924

0.30524

0.278555

-1.00 ~ -1.00

Fig 4 Response surface plot of the combined effect
of lipids ratio and curcumin concentration on PDI
of SLN nanocarrier

Ot PDI 0lsse 2 o 558 il 36 o

e sSoS Gslm sl Jal 56 53 PDI 5l58l a8 5 S ol
S ST 5SS sy 151 e 4 il e
o e sSosS 008 i AL O el s 3 (oS
sl 5 Sbs goslall als ol gds el § g ge 3
il PDIL 0y e 3 48 55 o ol 35 6 3
Rl el e S) S S lle LI s s 4 AL
s (YY) 0L 5 5w s8Y V0] 55 8 PDI i
Gl gl el 03 (8 chle Il es s S Ol

[Y0]s 5 o PDI 015 iul5sl sl bt la i


http://dx.doi.org/10.52547/fsct.18.117.277
https://fsct.modares.ac.ir/article-7-12969-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-08-04 |

[ DOI: 10.52547/fsct.18.117.277 ]

w5555 Gal s sla el 5L W) 5

OLes 5 Gl (58

S K Logd o otalin V ISS 55 o8 boler .25 S
Gsanlp 28 Sl amps WA gl Sl
S bl S S agzrs A edalie gop e sSHS
O SO8S k8 S s s e ekasill
slos 255 Ghasn 0 (TDOLKer 5 5wl g0
S IS B8 e e WAL oy eSS
LS 5o a8 255 o odalin &V S @ ar s b ien
Csb Ko K L5 SLN S NLC ) by sls <ol
- o 03 OF 53 a5 Csd a by e Sy 5 3503 g
o 0L 5 Lides 2 5 O 5 ey [V
Sl s hed sl s p o Slids b
S S el S b S sl el s
OF s a0 dlad oS5 pd S Bl S 0y Lo
el ol A SOl Sl S 8 Sy 4l 3 oS S
Jls esle Sy g3 G (TVY) OLKn 5 G (primeet
ol bl s b bl il S e o
€l 03 S p ol JlS Oad e s 4 L e s SU
o3Il 2alS 45 Wz ged 5,158 WOT [YV]Ls S oly i
saagd bay xS W Lot LT S 5 ol
s ocalse ol b e 61:{.3\.;@}26‘ Skl oman
IS5 s o Jol= 50 o cilie glao s b
S kS e S A sk 6 4SS 2 eld = e
s Sk oo @ eds - d S (35513
Al S S S S s

o Cod NLC @3 A ojled ol 4 a5 L ppimnan
ol ol S Al s g 2eS T 5 Lsd g slols SLN
OsmVyep p mle s 0335 & Sl 5 el 4 Yz
S s sed Sl Ji S b (o el
2oads lp 3l s ) Sl Al 4 e el e
Sl oo b el 50 0as Cud s Gl e S
53,5+ NLC

Table 8 Melting temperature and enthalpy of
developed nanocarriers

Nanocarriers Enthalpy (j/g)  Melting point (°C)

NLC 60.54 52.64
SLN 68.35 54.29

Y Jsdr) 551 e 55555 Sl 15 oy Olpem

Table 7 Analysis of variance (ANOVA) for
zeta potential of SLN nanocarriers

Source DF P value
A 1 0.539ns
B 1 0.004
AxB 1 0.151™
AxA 1 0.606™
BxB 1 0.843™
Error 6
Total 11

A: GDS/GMS (w/w)
B: Concentration of curcumin
ns: Not significant at 5 % level
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Fig 6 Response surface plot of the combined effect
of lipids ratio and curcumin concentration on zeta
potential of SLN nanocarrier
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Curcumin (diferuloylmethane), a polyphenol extracted from Curcuma longa, has
been well known for its functional properties. In this study, nanostructured lipid
carrier (NLC) and solid lipid nanoparticles (SLN) were used to encapsulate
curcumin, overcoming its limitations in food application, such as instability, poor
bioavailability and poor aqueous solubility. Nanocarriers were produced by a
combination of high shear homogenization and ultrasonication methods. Effect of
lipids ratio, type of nanocarriers and curcumin loading on some physicochemical
properties of the nanocarriers were studied. Considering both bulky structure of
curcumin and increase dviscosity of dispersed phase in the presence of the active
ingredient, incorporatingthe curcumin into the nanocarriers led to a significant
increase in particle size and PDI. Statistical analysis showed that lipid ratio, nano-
carrier type (SLN and NLC) and curcumin loading had a significant effect on
particle size (p <0.05). Based on DSC results, curcumin was well encapsulated by
nanocarriers without interactions with other ingredients. Generally, the
concentration of 0.05%glycerol distarate and 0.25%curcumin were optimal
conditions for NLC nanocarrier production.
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