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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

W33 10 e 5 g A1 sk 4 oo B s Ll S0
Oy sl 5 b als 13 o1 S Sl o A sles s
BEV AT O PR Ry P IS CR v I ERR
aids oy Yeerr Cepw bool S sl g A les
T 25 digital ULTRA- TURRAX, w335 o550 5e
5l eslizal b sl 5 Ogd sl io (IKA,Germany)
oly L (XL 2020, Misonix, USA) &0l s,
b)) 5 g, U L) IS 00 slaws 4 AY0 oy s
eleil 51 bS8 Sgol b jled G (el
boagds Vs a0 b s Slp G5 w5e gl B
SIS Sl ams Av sles o3 aids n ss Yeerr e
S5 O s 03,55 o 5l oy i@ 3 5 A3 05050

[TV 45 st o Jol 56 oy plo 53
S e el 5U ol e Sy o n sk
a5 a8 Bl wr s ST gles 53 (S S O s
03 S8 dylp Cow Cela EA Sl a4y 5L e o)

b S 5 golenl



Ve  OLT DA 0y55 AV o leds

265.146

217.707
170.268
122.829

g 75.3894

A: GDS/GMS

-1.00 -1.00

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
AxXA 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™
AxXA 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
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0.327655
0.297227
0.266798

0.23637

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
A*B 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
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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
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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™
AxA4 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

SLa el b 53 B Josley S o ke ool 1
Lo ) B g £35S J 5o S g5
2 e (Dhlal $se JgpmedS 4 Dhlal (65 J pdS
() O 5 Jolot 0,85 bl bl cpl 53 (65ls e
e O Sl skl e S 3l L S
IYEI0 3 g s B3 iy Olppe 5 b e

S o, Y

3= SLN s NLCsla ol 50 5 (yae 55555551 > s,
Seslial b sy ok A agr Ll 5 &S e S, S

53 o 3230 DSO) 31 sy e S i

YAL



Ve  OLT DA 0y55 AV o leds

SMEL e fse ole Hydm 5o ekSly 5w Sy
Il 5 bme Ghlpl el b ol 56 s eSS
Gy LS s (Sudl o patls s ol
s PDLcolys o310 5 b e iS5 oS S0 e
chle 5l oly o « SLN wiys s NLC wlys b5 fodily
G e SoS Aoss /Y0 5 Shlial (g3 Js S as s 0
S35 ktle gl dd Wy sl ang kil Olge

3 sed ol ]

cl.'uo -0

«

[1] Jayaprakasha, G., Rao, K., Jaganmohan,

L., Sakariah, K.K. 2006.Antioxidant
activities of curcumin, demethoxycurcumin
and bisdemethoxycurcumin. Food

Chemistry, 98(4): 720-724.

[2] Bolourian Sh, Hosseini F, Rahimizade M,
Fazli bazzaz B.B.S, Karimi M, Najaf najafi
M. 1390. Natural edible color. jahad-e-
daneshgahi-mashhad-publications.

[3] Patricia F, Leal, Mara E. M. Braga, Daisy
N. Sato, Joao E. Carvalho, Marcia O. M.
Marques, M. Angela A. Meireles. 2003.
Functional properties of spice extracts
obtained via supercritical fluid extraction.
Journal of Agricultural and Food Chemistry,
51:2520-2525.

[4] Joe B, Vijaykumar M, Lokesh B.R. 2004.
Biological properties of curcumin-cellular
and molecular mechanism of action. Food
Science and Nutrition, 44:97-111.

[5] Parvathy K.S., Negi P.S., Srinivas, P. 2009.
Antioxidant, antimutagenic and antibacterial
activities of curcumin-B-diglucoside.Food
Chemistry, 115(1): 265-271.

[6] Ravichandran, R. 2013. Studies on
Dissolution Behaviour of Nanoparticulate
Curcumin Formulation. Advances in
Nanoparticles, 2, 51.

[7] Martins A. F., Bueno P. V., Almeida E.
A., Rodrigues, F. H., Rubira A. F., & Muniz,
E. C. 2013. Characterization of< i> N</i>-
trimethyl chitosan/alginate complexes and
curcumin release. International journal of
biological macromolecules, 57, 174-184.

[8] Chavhan S.S. and Sawant K.K. 2011.
Nanosuspensions in drug delivery: recent
advances, patent scenarios, and
commercialization aspects, Crit
Rev.Ther.Drug Carrier Syst, 28.5, 447-488.

[9] Quintanilla-Carvajal, M. X., Camacho-
Diaz, B. H., Meraz-Torres, L. S., Chanona-
Perez, J. J., Alamilla-Beltran, L., Jimenez-

YAO

Curcumin
Sl _—

2 40 60 80 100 120 140 160 180 200 °C

| I | I I I | I | I I I | L | I | N
T T T i T T T T T T T T T T T i T i
0 2 % 6 8 10 12 14 16 18 min

“exo

mW

NLC

20 40 60 80 100 120 140 160 180 200 °C
I I I I

I I I T
t t t t T t T t T T T 1 !
0 2 4 6 8 10 12 14 16 18 min

20 40 60 80 100 120 140 160 180 200 °C
L | I | | } I | I | I I | | I Ly

' "
T T T T T T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18 min

Fig 7 DSC thermographs of curcumin, NLC and
SLN.

S S domsi =t
3 4 s NLC @l w3 &S 4k Oles
2 S (Fadl e paxls 5 ol el glhls SLN
el 0397 ey (a8 Ol Sl S J-
S50 ssa= LNLC 55 ol)s g o3Il als s 01y
Sl 05 R Slyd 53 kSl Sy @La
ol ey s bl a8 Ol ey S S

A s 5 eSS e Supd Sl s




i SOS G s gl el 5L 5

UL 5 gl (5 o0

B: Biointerfaces, 82(2), 588-593.

[20] Suwannateep, N., Banlunara, W.,
Wanichwecharungruang, S. P., Chiablaem,
K., Lirdprapamongkol, K., &Svasti, J. 2011.
Mucoadhesivecurcuminnanospheres:
Biological activity, adhesion to stomach
mucosa and release of curcumin into the
circulation. Journal of Controlled Release,
151(2), 176-182.

[21] Rao, W., Zhang, W., Poventud-Fuentes,
I., Wang, Y., Lei, Y., Agarwal, P., & He, X.
2014. Thermally responsive nanoparticle-
encapsulated curcumin and its combination
with mild hyperthermia for enhanced cancer
cell destruction. ActaBiomaterialia, 10(2),
831-842.

[22] Fathi, M., Varshosaz, J., Mohebbi, M.,
Shahidi, F. Shahidi, F. 2013. Hesperetin-
Loaded Solid Lipid Nanoparticles and
Nanostructure Lipid Carriers for Food
Fortification: Preparation,Characterization,
and Modeling. Food Bioprocess Technol,
6:1464— 1475.

[23] Sze, A., Erickson, D., Ren, L., and Li, D.
2003. Zeta-potential measurement using the
Smoluchowski equation and the slope of the
current—time relationship in electroosmotic
flow. Journal of colloid and interface
science, 261(2): 402-410.

[24] Khalil, R. M., Abd-Elbary, A., Kassem,
M. A., Ghorab, M. M., and Basha, M. 2013.
Nanostructured lipid carriers (NLCs) versus
solid lipid nanoparticles (SLNs) for 85
topical delivery of meloxicam.
Pharmaceutical development and
technology, 19(3):304-314.

[25] Lacatusu, 1., Mitrea, E., Badea, N., Stan,
R., Oprea, O., and Meghea, A. 2013. Lipid
nanoparticles based on omega-3 fatty acids
as effective carriers for lutein delivery.
Preparation and in vitro characterization
studies. Journal of Functional Foods, 5(3):
1260-1269.

[26] Karri, v. , Gowthamarajan Kuppusamy,
G. Talluri. 2016. Curcumin loaded chitosan
nanoparticles impregnated into collagen-
alginate scaffolds for diabetic wound
healing. International Journal of Biological
Macromolecules, 63: 1519-1529.

[27] Singh, kk. And Pople. P. 2013.
Development and evaluation of colloidal
modified nanolipid carrier: application to
topical delivery of tacrolimus, Part II--in
vivo assessment, drug targeting, efficacy,
and safety in treatment for atopic dermatitis.
European Journal of Pharmaceutics and
Biopharmaceutics. 84(1):72-83.

YA

Aparicio, A., and Gutierrez-Lopez, G.F.
2010. Nanoencapsulation: a new trend in
food engineering processing.
FoodEngineering Reviews, 2(1): 39-50.

[10] Tamyjidi F., Shahedi M., Varshosaz J., and
Nasirpour A. 2013. Nanostructured lipid
carriers (NLC): A potential delivery system
for bioactive food molecules. Innovative
Food Science & Emerging Technologies.

[11] Fathi M., Mozafari M. R., and Mohebbi,
M.  2012.Nanoencapsulation of  food
ingredients using lipid based delivery
systems. Trends in food science &
technology, 23(1), 13-27.

[12] McClements D. J. 2013. Edible lipid
nanoparticles: Digestion, absorption,
andpotential toxicity. Progress in lipid
research, 52(4): 409-423.

[13] Awad, T.S., Helgasn, T., Kristbergsson,
K., Decker, E.A., Weiss, J. and McClements,
D.J. 2008. Effect of cooling and heating rates
on polymorphic transformations and gelation
of tripalmitin solid lipid nanoparticle (SLN)
suspensions. Food biophysics, 3(2):155-162

[14] Tiyaboonchai W., Tungpradit W., and
Plianbangchang P. 2007. Formulation and
characterization of curcuminoids loaded
solid lipid nanoparticles. International
Journal of Pharmaceutics, 337(1), 299-306.

[15] Apiratikul N., Penglong T., Suksen, K.,
Svasti, S., Chairoungdua, A.,
&Yingyongnarongkul, B. 2013. In vitro
delivery of curcumin with cholesterol-based
cationic liposomes. Russian Journal of
Bioorganic Chemistry, 39(4), 444-450.

[16] Lin, C. C., Lin, H. Y., Chen, H. C., Yu,
M. W., & Lee, M. H. 2009. Stability and
characterisation ~ of  phospholipid-based
curcumin-encapsulated microemulsions.
Food Chemistry, 116(4), 923-928.

[17] Ahmed, K., Li, Y., McClements, D. J., &
Xiao, H. 2012.Nanoemulsion-and emulsion-
based delivery systems for curcumin:
Encapsulation and release properties. Food
chemistry, 132(2), 799-807.

[18] Gomes, G. V., Simplicio, I. A., Souto, E.
B., Cardoso, L. P., and Pinho, S. C. 2013.
Development of a Lipid Particle for B-
Carotene Encapsulation Using a Blend of
Tristearin and Sunflower Oil: Choice of
Lipid Matrix and Evaluation of Shelf Life of
Dispersions.  Food  Technology  and
Biotechnology, 51(3): 383-391.

[19] Manju, S., &Sreenivasan, K. 2011.
Hollow microcapsules built by layer by layer
assembly for the encapsulation and sustained
release of curcumin. Colloids and Surfaces



JEFST No. 117, Vol. 18, November 2021

ABSTRACT

Iranian Journal of Food Science and Technology £

Homepage:www.fsct.modares.ir

Scientific Research

Production of Curcumin-Loaded Lipid Nanocarriers and
Evaluation of Its Physicochemical Properties

Shahidi, F. 1, Bolourian, Sh. 2*, Mortazavi, S. A. 1, Mohebbi, M. 1, Bagheri, A. 3

1. Department of Food Science and Technology, Faculty of Agriculture, Ferdowsi University of Mashhad

(FUM), Mashhad, Iran.

2. Department of Food Additives, Food Science and Technology Research Institute, Mashhad, Iran.
3. Department of Plant Biotechnology and Breeding, Faculty of Agriculture, Ferdowsi University of Mashhad

(FUM), Mashhad, Iran.

ARTICIE INFO

ABSTRACT

Article History:

Received 2019/ 03/ 14
Accepted 2021/ 05/ 26

Keywords:

Nanoencapsulation,
Nanostructured lipid carrier,
Solid lipid nanoparticles,
Curcumin.

10.52547/fsct.18.08.22

*Corresponding Author E-Mail:
shadibolourian@yahoo.com

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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