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2. Spray-freeze drying
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1. Cryo-protectant
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3. Field-Emission Scanning Electron Microscope (FE-SEM)
4. Multiple Scattering E ffect
5. Dynamic Light Scattering (DLS)
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6. Hausner ratio
7. Carr’s compressibility index
8. Angle of repose
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Fig 1 The scanning electron micrographs of the NLC-Maltodextrin powders produced under different spray-drying
operating conditions. The codes are representing the following conditions: 110-5 for T;,: 110 °C, T,y 76 °C, FFR
(feed flow-rate): 5 mL/min; 110-15 for T;,;: 110 °C, Ty 62 °C, FFR: 15 mL/min; 180-5 for T;,: 180 °C, Toy: 116

°C, FFR: 5 mL/min; 180-15: Tj,: 180 °C, Tou: 98 °C, FFR: 15 mL/min.
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Fig 2 The size distribution of NLC particles in the
redispersed spray-dried NLC-Maltodextrin powders,
in comparison with the original NLC dispersion. The

codes are representing the following conditions:
110-5 for Ty,: 110 °C, T,y 76 °C, FFR

(feed flow-rate): 5 mL/min; 110-15 for Ti,: 110 °C,
Tou: 62 °C, FFR: 15 mL/min; 180-5 for T;,: 180 °C,

Tou: 116 °C, FFR: 5 mL/min; 180-15: T;,: 180 °C,

Tou: 98 °C, FFR: 15 mL/min.
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Table 1 The powder production yield, total NLC content, moisture content, and some physical properties
of the powders spray dried at different operating conditions.

Spray drying ~ Moisture Yield Total NLC in  Bulk Density Tapped Density Angle of Repose  Hausner Ratio  Carr’s index
condition content (%) (%) powder (%) (g/mL) (g/mL) (°) (Dt/Db) (%)
1105 ** 39+002¢ 51.6+34° 276+11° 035+002° 042+001° 315+0.1° 1.19+001° 16.00+1.26°

110-15 4140049 663+28% 325+13° 038+002° 045+0.00¢ 420+21° 1.1940.02° 16.09+1.12°
180-5 26+003% 424+39% 238+07% 024+004* 029+0.01°% 31.0+13° 121+0.02% 17.14+1.84°
180-15 29+001° 463+33° 337+15° 031+003° 037+001° 39.0+04° 1.1940.01° 1563+1.36°

* Values with different letters in each column indicate significant difference (p <0.05). The values represent the
mean of at least three replicates + standard deviation.

** The codes are representing the following conditions of the spray drier operation:

110-5 for Ty,: 110 °C, Ty 76 °C, FFR (feed flow-rate): 5 mL/min; 110-15 for T;: 110 °C, Ty 62 °C, FFR: 15
mL/min; 180-5 for T,: 180 °C, Ty 116 °C, FFR: 5 mL/min; 180-15: Tj,: 180 °C, Ty 98 °C, FFR: 15 mL/min.

Q,_GL $>9,9 st.) g}:«._a_\)ﬁ‘ [i'] Sl ol u,::)\; d“:"";l':
Shyss 5 edeS i glga o SYL glos O sl

s gy Sasb, gl e —0-Y

Sk, Ol 5 S 0L Olsee 5 $2505 Slon gl L0
5 6l g i oS Sy mi gh Al ol e

TGS O S SO S e S0P S s e o3 £ B Y/ 58 Sl oS3 ke 3 lass s
52l R e G 4 e &S U oo el B b,

[EAT 258 0 sz 53 0 liledl 2eS Cojby ams o

a3 VA W 5l a5 sl ey Sl Lo
03 2 e 0 55) Ao YA 4 Y/ STk Olpe ¢ sk

Sl Sl $a50 8 4 bes il o
SRS Sl $aALS @ e o sl B Gres V0 Olse 52) Aoy YA 4 8/) 515 (Sls Obx aids

s Foml 655 b Lod sladi sl b aslis 53 Jls
3 S e s bl Sl e DS el 35318

[E0] 555 0 eS8 Cusb)y i 55 5 fim p OIS SE
Cusbs b SL3 Ws IS sk 4 S VL 0L e e

ol pme 4 YL S 0L o G 13 09 0 YL

Casby Slgme il 2alS (ST O aids 3 e
Sl s bl b e A L Rl L s,
el aids 5o ke V0 4 0 5l Shs Obr s e
. Vb 5D asss Gl sles Sl a5 5o i b
S 2 4 S e (S s 2l Ol 4 D St ol Ol s (Gesebe am VA

Lo Oy ol olo, [E0 15 3L S | b
oled Ol ol ple [E80] a4l 3L s sl st DS L okh Kt S glaysg sl (aiBs s 2l e

4;@6M>&‘C)6\)jsjam&i>6\ﬁ&ﬁdﬁoljj§



\i"#‘\/\ 0)‘5.5‘\\-\ OJLA.;J

Ol 2l mbos 5 o5l alne

e Gl e ool Ol &S s g Ao W E G andllas
Ol odias OLES sde ol (P> +/00) Al sdalie slie
S sl 2 el W5 Glaysy aer Gl c Sk

sl Sy st 0L G L ol
Gloay J&s s S s Lo deae 0L
el 3 e egls Cos Gladals s e acwle
G OL) VAT (e 6 0L ) VAV=Y /0
WWEVYN (v g pdy OL) VYO (s
Sk 0L ) V0R-V/EN 5 (can) VN-£0/T0 o SKan)
Jader o oddiosls QLS pslie 4 a6 L [00 ] (e [l
NLC . zaSs sl clays s plad o Sl sae & o)
sl DL 1 b (6 5L 0L o el gas aas 5 L2S sdalia
Olpe a4 5 Sl 535 S Ol Sleosast Sl 3 w5l
Sym iy odsy JS8 ba e o35 &S pd e i Slasl
sl 35l b b cdls (g0 St Odd an Sl 3 el
JJ\JJ B @;Ua L_a' CJ\)D O SKLol L )‘J:é 44_‘5\) -'\-‘5@
sl ol asdlas 53 [OV] Gl bge Dby IS~
(D3 ol s ams £ B am s ¥ el o Sesll Ll
Slosar ab (SI5 5 mhw (Dl bl (oS S
LOV] 538 b jog O3 asly o Al e oS dites
31 eSS Ba sl glls ST gl 0L clbB L olass s
G35 U am 53 £0-Y0 (gl o5 oS Il s cltes 4 55 YO
Spds Ob = JaalS a3 00-80 s o Ol |y S
00 3l i laasly 5 das e Ol 1) miny S L syl
JeV] das e olis \) (YL )L:w.g ;M)JLJ OLIJ’.' a3
axllzo Q—l\ By oﬁyﬁmduéﬂ Sk 4.5.1.19().1\ u"L‘"‘\J.’
G (\Av=0 5 0-YY+) sl50 Obr B b gla)sgy anws s

_,\_sﬁfd»)b:é(\/\'—wo ‘5\0—\\')0-\.&“’:: LS’\"ULSLQJ'{):’

z .
S S e -t
Shestizal b sl S L oeas Six NLC (gla s s
d._{\)ls LS _,\.:S).T Jj.:é JJB oJ)'LI E) Q.:.:L%y La gﬁfmmsbj:jb
U esSss Al o eaeSsgll O s il

8] el OF s 28 5 b8 Jlasl 5ol obely of
SIS Sls s Sl (ol so s 52 eliledl Cusb
S o il Fhpd et s o (s Sl o

[EA]

g Dl pas Y

Looks S slaiised glos J&s 5 gloy J&s
Slasys 4 aS cal el &Y Jadr s Jaal SSEs
P - P IS RSN LR VAL WS IRV AR VAL
s s s Bl sl Sl Cs e Sl
saia A 8 sy oS el sl Loy I S
Js = J;.?U Co Layss glesss d&l.(:— S el ol
Sl O ks S5 1 b oS ol b slalas
o Slie 53 i [89] il o D3 o1 355 5 e
w03 4, bl pap ol GGl 4 by e cla s
S 03 25m s J glab 5 en S LS a3 oy
Dﬁ&{bﬁ\&\)b%é))jQ@)D‘jm&ﬁ\))bﬁ
o e S g g S Sld oS cl el Lasis [E4]
Ods St 53 I 3l s s a5 AT e 3
chle Celosl oad Kit ce s [£0 ,8E] 55 ol
Sy O St Jb s 558 o kb mha 3 sl e (L
Odd S s VL gles s e |35 ol s Yz
BS54 S 3,85 Ll S Sl i
Sl Sl slales s el

Vodsdz oo tesls a5 LB olues jid el sl
B VS\J:.aqpﬁ&JJ_L«JJLTda}u Sl ok aseie
jé\osfgliaﬁswé&@.ﬂs&om [FRSEWAPESN Y
Sy ol pl Gl (S8 palie il S sla s
st Ly b Ol & ol e Ol cpl 5 Ll e
Sl L sy oo LI yexls S sl Ll
s Gless S i Ol S 53 5 oS G A0L
[0+ 088 L) 5 Gb bl o 3y Gl
ol bsg a0l b bl e )6 jaxls glaes sio
Vo=V (e s pd OL =) Voo 3 5 e (sduatus s
Ol ) T = T () YO-YY ((daw2) VA=Y ¢ (o)

2o U parle gl edel cs polis (i (5 0



el 56 gt e Jal 05 5 Sas

using lipid based delivery systems. Trends in
Food Science & Technology, 23(1): 13-27.

[7] Mishra, V., Bansal, K. K., Verma, A., Yadav,
N., Thakur, S., Sudhakar, K., Rosenholm, J. M.
2018. Solid Lipid Nanoparticles: Emerging
Colloidal Nano Drug Delivery Systems.
Pharmaceutics, 10(4): 1-21.

[8] Tamyjidi, F., Shahedi, M., Varshosaz, J.,
Nasirpour, A. 2013. Nanostructured lipid
carriers (NLC): A potential delivery system for
bioactive food molecules. Innovative Food
Science & Emerging Technologies, 19: 29-43.

[9] Salvi, V. R., Pawar, P. 2019. Nanostructured
lipid carriers (NLC) system: A novel drug
targeting carrier. Journal of Drug Delivery
Science and Technology, 51: 255-267.

[10] Huang, J., Wang, Q., Li, T., Xia, N., Xia, Q.
2017. Nanostructured lipid carrier (NLC) as a
strategy for encapsulation of quercetin and
linseed oil: Preparation and in vitro
characterization studies. Journal of Food
Engineering, 215: 1-12.

[11] Babazadeh, A., Ghanbarzadeh, B.,
Hamishehkar, H. 2016. Novel nanostructured
lipid carriers as a promising food grade delivery
system for rutin. Journal of Functional Foods,
26: 167-175.

[12] Kharat, M., McClements, D. J. 2019. Recent
advances in colloidal delivery systems for
nutraceuticals: A case study — Delivery by
Design of curcumin. Journal of Colloid and
Interface Science, 557: 506-518.

[13] Rabelo, R. S., Oliveira, I. F., da Silva, V. M.,
Prata, A. S., Hubinger, M. D. 2018. Chitosan
coated nanostructured lipid carriers (NLCs) for
loading Vitamin D: A physical stability study.
International Journal of Biological
Macromolecules, 119: 902-912.

[14] Bashiri, S., Ghanbarzadeh, B., Ayaseh, A.,
Dehghannya, J., Ehsani, A. 2020. Preparation
and  characterization of  chitosan-coated
nanostructured  lipid  carriers (CH-NLC)
containing cinnamon essential oil for enriching
milk and anti-oxidant activity. LWT, 119:
108836.

[15] Ali, M. E., Lamprecht, A. 2017. Spray freeze
drying as an alternative technique for
lyophilization of polymeric and lipid-based
nanoparticles.  International ~ Journal  of
Pharmaceutics, 516(1): 170-177.

b oas e b os NLC wls e 5 (S gmess
Jsd BB o3l a5l zaS DLl laojlil 5 A etalis
ol Ol o 2S5 5l s SLN L NLC glagis
Gsl by sk oS s NLC olb gl L8
Gy 0L Lsg ool s esdle s NLC YL 50
LS s 1 Wl 5,8 & disls Ol 55 51 s
S il 5 b 2Sa 5l fte 5,08 5 el 4 e s
Sl Glisns 5 L sl NLC Glag
Josily axdlls -l GLJ il glawe )3 Cwss o
Ol 1) e OS5 gl NLC o s ¢l 55

.Mbdﬁ

,gm.t'“ 39 ﬁ.ﬁ.’i -0

S5 Wl ol oz bt 1 e 3l Jols dlia
_,\...;Ladn C}ML"' J;-\j dﬁj.w\ )])T oK..:.J].} B ol rl}ul

e =

[1] Nedovic, V., Kalusevic, A., Manojlovic, V.,
Levic, S., Bugarski, B. 2011. An overview of
encapsulation technologies for food applications.
Procedia Food Science, 1: 1806-1815.

[2] McClements, D. J. 2017. Designing
biopolymer microgels to encapsulate, protect
and deliver bioactive components:
Physicochemical aspects. Advances in Colloid
and Interface Science, 240: 31-59.

[3] McClements, D. J. 2018. Encapsulation,
protection, and delivery of bioactive proteins
and peptides using nanoparticle and
microparticle systems: A review. Advances in
Colloid and Interface Science, 253: 1-22.

[4] Kharat, M., McClements, D. J. 2019.
Fabrication and characterization of
nanostructured lipid carriers (NLC) using a
plant-based emulsifier: Quillaja saponin. Food
Research International, 126: 108601.

[5] Steiner, B. M., McClements, D. J., Davidov-
Pardo, G. 2018. Encapsulation systems for
lutein: A review. Trends in Food Science &
Technology, 82: 71-81.

[6] Fathi, M., Mozafari, M. R., Mohebbi, M.
201 .YNanoencapsulation of food ingredients



\f,")g,o‘\/\ oJ\‘p‘\\T OJ‘LA-:J

[25] Anandharamakrishnan, C., Ishwarya, P.,
Spray Drying Techniques for Food Ingredient
Encapsulation, John Wiley & Sons, Ltd2015.

[26] Bayram, O. A., Bayram, M., Tekin, A. R.
2005. Spray drying of sumac flavour using
sodium chloride, sucrose, glucose and starch as
carriers. Journal of Food Engineering, 69(2):
253-260.

[27] Chavez, B. E., Ledeboer, A. M. 2007. Drying
of Probiotics: Optimization of Formulation and
Process to Enhance Storage Survival. Drying
Technology, 25(7-8): 1193-1201.

[28] Freitas, C., Miiller, R. H. 1998. Spray-drying
of solid lipid nanoparticles (SLNTM). European
Journal of Pharmaceutics and Biopharmaceutics,
46(2): 145-151.

[29] Yue-Xing, C., Fei-Fei, Y., Han, W., Tao-Tao,
F., Chun-Yu, L., Li-Hui, Q., Yong-Hong, L.
2018. The effect of I -leucine on the stabilization
and inhalability of spray-dried solid lipid
nanoparticles for pulmonary drug delivery.
Journal of Drug Delivery Science and
Technology, 46: 474-481.

[30] Wang, T., Hu, Q., Zhou, M., Xia, Y., Nieh,
M. P, Luo, Y. 2016. Development of "all
natural" layer-by-layer redispersible solid lipid
nanoparticles by nano spray drying technology.
European Journal of Pharmaceutics and
Biopharmaceutics, 107: 273-285.

[31] Gaspar, D. P., Serra, C., Lino, P. R,
Goncalves, L., Taboada, P., Remunan-Lopez,
C., Almeida, A. J. 2017. Microencapsulated
SLN: An innovative strategy for pulmonary
protein delivery. International Journal of
Pharmaceutics, 516(1-2): 231-246.

[32] DeMan, J. M., Principles of Food Chemistry,
Springer1999.

[33] Oberoi, D. P. S., Sogi, D. S. 2015. Effect of
drying methods and maltodextrin concentration
on pigment content of watermelon juice powder.
Journal of Food Engineering, 165: 172-178.

[34] Caliskan, G., Nur Dirim, S. 2013. The effects
of the different drying conditions and the
amounts of maltodextrin addition during spray
drying of sumac extract. Food and Bioproducts
Processing, 91(4): 539-548.

[35] Fongin, S., Alvino Granados, A. E,
Harnkarnsujarit, N., Hagura, Y., Kawai, K.
2019. Effects of maltodextrin and pulp on the
water sorption, glass transition, and caking

AR

[16] Salminen, H., Ankenbrand, J., Zeeb, B.,
Badolato Bonisch, G., Schafer, C., Kohlus, R.,
Weiss, J. 2019. Influence of spray drying on the
stability of food-grade solid lipid nanoparticles.
Food Research International, 119: 741-750.

[17] Campos, D. A., Madureira, A. R., Sarmento,
B., Pintado, M. M., Gomes, A. M. 2017.
Technological  stability of solid lipid
nanoparticles loaded with phenolic compounds:
Drying process and stability along storage.
Journal of Food Engineering, 196: 1-10.

[18] Schwarz, C., Mehnert, W. 1997. Freeze-
drying of drug-free and drug-loaded solid lipid
nanoparticles (SLN). International Journal of
Pharmaceutics, 157(2): 1.1 Y3-Y

[19] Shahgaldian, P., Gualbert, J., Aissa, K. s,
Coleman, A. W. 2003. A study of the freeze-
drying conditions of calixarene based solid lipid
nanoparticles. European Journal of
Pharmaceutics and Biopharmaceutics, 55(2):
181-184.

[20] Zimmermann, E., Miiller, R. H., Méder, K.
2000. Influence of different parameters on
reconstitution of lyophilized SLN. International
Journal of Pharmaceutics, 196(2): 211-213.

[21] Olufemi, B., G.O, P.,, Towobola, O.,
Olanrewaju, A. 2012. Operational
characterization of a spray dryer for drying
water, caustic soda and sodium chloride
solutions. ARPN Journal of Engineering and
Applied Sciences, 7(2): 222-227.

[22] Selvamuthukumaran, M., Tranchant, C., Shi,
J., Spraying drying concept, application, and its
recent advances in food processing in: M.
Selvamuthukumaran (Ed.) Handbook on Spray
Drying Applications for Food Industries, CRC
Press, Boca Raton, 2019.

[23] Haque, M. A., Timilsena, Y. P., Adhikaril,
B., Spray drying, in: P.K. Nema, B.P. Kaur, A.S.
Mujumdar (Eds.) Drying Technologies for
Foods: Fundamentals & Applications, New
India Publishing Agency, India, 2015, pp. 79-
106.

[24] Fang, Z., Bhandari, B., Spray drying, freeze
drying and related processes for food ingredient
and nutraceutical encapsulation, in: N. Garti,
D.J. McClements (Eds.) Encapsulation
Technologies and Delivery Systems for Food
Ingredients and Nutraceuticals, Woodhead
Publishing2012, pp. 73-109.



el 56 gt e Jal 05 5 Sas

spray-drying and using sodium chloride as the
excipient. Journal of Drug Delivery Science and
Technology: 102212.

[44] Hadinoto, K., Phanapavudhikul, P. Kewu,
Z., Tan, R. B. 2007. Dry powder aerosol
delivery of large hollow nanoparticulate
aggregates as  prospective  carriers  of
nanoparticulate drugs: effects of phospholipids.
International Journal of Pharmaceutics, 333(1-
2): 187-198.

[45] Vehring, R. .Y++A Pharmaceutical particle
engineering via spray drying. Pharmaceutical
Research, 25(5): 999-1022.

[46] Nemati, E., Mokhtarzadeh, A., Panahi-Azar,
V., Mohammadi, A., Hamishehkar, H., Mesgari-
Abbasi, M., Ezzati Nazhad Dolatabadi, J., de la
Guardia, M. 2019. Ethambutol-Loaded Solid
Lipid Nanoparticles as Dry Powder Inhalable
Formulation for Tuberculosis Therapy. AAPS
PharmSciTech, 20(3): 120.

[47] Grandison, A. S., Lewis, M. J., Separation
processes - An overview, in: A.S. Grandison,
M.J. Lewis (Eds.) Separation Processes in the
Food and Biotechnology Industries, Woodhead
Publishing 1996, pp. 1-16.

[48] Fazaeli, M., Emam-Djomeh, Z., Kalbasi-
Ashtari, A., Omid, M. 2012. Effect of spray
drying conditions and feed composition on the
physical properties of black mulberry juice
powder. Food and Bioproducts Processing, 90:
667-675.

[49] Saw, H. Y., Davies, C., Paterson, A., Jones,
J., The influence of particle size distribution and
tapping on the bulk density of milled lactose
powders, ChemecaBrisbane, Australia, 2013.

[50] Lewis, M. J., Solids separation processes, in:
A.S. Grandison, M.J. Lewis (Eds.) Separation
Processes in the Food and Biotechnology
Industries, Woodhead Publishing1996, pp. 243-
286.

[51] Zatloukal, Z., Sklubalova, Z. 2008. Drained
Angle of Free-Flowable Powders. Particulate
Science and Technology, 26(6): 595-607.

VY

properties of freeze-dried mango powder.
Journal of Food Engineering, 247: 95-103.

[36] Pai, D. A., Vangala, V. R., Ng, J. W, Ng, W.
K., Tan, R. B. H. 2015. Resistant maltodextrin
as a shell material for encapsulation of naringin:
Production and physicochemical
characterization. Journal of Food Engineering,
161: 68-74.

[37] Vélez-Erazo, E. M., Consoli, L., Hubinger,
M. D. 2020. Spray drying of mono- and double-
layer emulsions of PUFA-rich vegetable oil
homogenized by ultrasound .Drying
Technology: 1-14.

[38] Liu, X.-D., Atarashi, T., Furuta, T., Yoshii,
H., Aishima, S., Ohkawara, M., Linko, P. 2001.
Microencapsulation of emulsified hydrophobic
flavors by spray drying. Drying Technology,
19(7): 1361-1374.

[39] Luo, Y., Teng, Z., Li, Y., Wang, Q. 2015.
Solid lipid nanoparticles for oral drug delivery:
Chitosan coating improves stability, controlled
delivery, muco adhesion and cellular uptake
Carbohydrate Polymers, 122 221-229.

[40] Chindapan, N., Niamnuy, C., Devahastin, S.
2018. Physical properties, morphology and
saltiness of salt particles as affected by spray
drying conditions and potassium chloride
substitution. Powder Technology, 326: 265-271.

[41] Ahmad, Z., Nurul Nadhirah, R., Rozyanty, A.
R., Nawawi, W. I ,. B Norhanani, A. 2016.
Crystallinity, Tapping and Bulk Density of
Microcrystalline Cellulose (MCC) Isolated from
Rice Husk (RH). Applied Mechanics and
Materials, 835: 272-276.

[42] Ezzati Nazhad Dolatabadi, J., Hamishehkar,
H., Valizadeh, H. 2015. Development of dry
powder inhaler formulation loaded with
alendronate solid lipid nanoparticles: solid-state
characterization and  aerosol  dispersion
performance. Drug Delivery and Industrial
Pharmacy, 41(9): 1431-1437.

[43] Mozaffar, S., Radi, M., Amiri, S.,
McClements, D. J. 2020. A new approach for
drying of nanostructured lipid carriers (NLC) by



JEST No. 116, Vol. 18, October 2021 ABSTRACT
Iranian Journal of Food Science and Technology Ql
Homepage: www.fsct.modares.ir ”ﬂ:;:;:,':::_ilj;;:/

Scientific Research

The spray-drying of nanostructured lipid carriers (NLC) using

maltodextrin as the excipient

. * . . *
Mozaffar, Sh. ', Radi, M. "*", Amiri, S.

1. Department of Food Science and Technology, Yasooj Branch, Islamic Azad University, Yasooj, Iran.
2. Young Researchers and Elite Club, Yasooj Branch, Islamic Azad University, Yasooj, Iran.

ABSTRACT

ARTICIE INFO

The NLCs are potent carriers for lipophilic bioactive compounds. In this study,
the NLC:maltodextrin (6:10) solution at the inlet temperatures of 110 or 180 °C,
and the feed flow rate of 5 or 15 mL/min was spray-dried and the powders
characteristics were evaluated. The SEM micrographs showed the particle
morphologies of hollow spheroids with smooth surfaces. The powder production
yields as high as 66% was achieved. The sizes of NLC particles after the
redispersion of the spray-dried powders shifted to higher amounts [from 57.3 nm
(in the biggest size before drying) to 93.7 nm (in the biggest size after drying)],
but were below the acceptable size of NLC systems. The measurement of
flowability indices such as Carr’s compressibility index (in average 16.21),
Hausner ratio (in average 1.20), and angle of repose (31-42°) showed that the
samples were categorized as the powders with good flowability. The results of
this study revealed that NLC systems can be successfully spray-dried by using

maltodextrin as the excipient without any drastic changes in the particle size.

Article History:

Received 2021/03/02
Accepted 2021/05/02

Keywords:

Nanostructured lipid carrier,
NLC,

Spray-drying,

Maltodextrin,

Lipid nanoparticles,
Encapsulation.

10.52547/fsct.18.116. 1

*Corresponding Author E-Mail:
m.radi@iauyasooj.ac.ir
s.amiri@iauyasooj.ac.ir

VY




