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Fig 2 Structure of vitamin C nanoliposome (a) and vitamin E nanoliposome (b)

¥b) s s e 0L 1 el ale OF (g5, 5l e
S des E sl 5 C ol 5l Jobs S
IS e e 0lis 1y ol sal s & HPLC olKes
LE coelus 5 C ol p 335 0¥ S 2 Y (©)

<350 54585
S5 D3 sy (S S S a4 bs e plal
L & sl ol besisd sl 0o 1 sl ol b
53 3310 (5 Sl ol Sl sdel oty Sy sl
S s Oddog el s S e Sl (Y IS s
oMo 353 o (VL SPan) Lol st oS d s s 5 3
sy ol oa 3 Sl O Sy Ol
L;.,\:.;:5 L;LaJAb b Aol pslas 5y Olde=e [Y4]s)s

s Sen 3 el L 5al sl belagt

S 09 l,8-E-Y
4.‘}”.:5 C‘gE J_?ALQJJU@LAwCﬁQ;-ULAJ};w\):
Jg.i L eslaul HPLC aK:.wb )' th‘})}xjfb B ol

SIBLE, C oy clale o« o bkl e ¥ (@)


http://dx.doi.org/10.22034/FSCT.19.128.193
https://dorl.net/dor/20.1001.1.20088787.1401.19.128.21.6
https://fsct.modares.ac.ir/article-7-62017-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-02-18 ]

[ DOR: 20.1001.1.20088787.1401.19.128.21.6 ]

[ DOI: 10.22034/FSCT.19.128.193 ]

Ry oL:w (a.,\.g Ail.;ﬁéj:am ;5’-)":‘:“}’ L_s‘)lmd‘_;\.;‘

L 5 (g gm0 o o0

Vitamin C

v ="73614x - 177257
R?=10.9943

10 0 300

0 20
C (mg/L)

Vitamin E °
¥y =0.0135x- 0.1151 #
R*=0.9991

: 2
50 C {?l?gf[,) 150 200 250

The standard curve for determination vitamin encapsulated
Vitamin C

The standard curve for determination vitamin encapsulated
Vitamin E

120

100

—t—

20

Encapsulation efficiency(%)
-

¢

'
oo
G ]

«
<
<
<
«
C
<

Vit C

Vit E

Nanoliposome

(c)

Fig 3 Encapsulation efficiency of vitamin E nanoliposome and vitamin C nanoliposome

E by o« bl 5l s Sl 0555 2L 5 esisd
DA G Vs m 3 s Sl o 03 sl el
‘;)lsc Q,:.al.q; & S _;}u:a LS;;)\):’J’“J ;jﬁf

C ol ces B iy YU Sl g 035 oS 1

5w C S E ulus pspdsl Sliy 055 LS
6\)') W CJ}L&.T @L’b &Uﬂ.ﬁ R 03 40 ko yd 0 AA/O
10 maw 53 C 5B by o055 56 sl sla €50 o

“wg S oslaial )40 J\}a j;vlb.]o};}a j“ ;ﬂl}.h.bc.uu..a

Yoo



http://dx.doi.org/10.22034/FSCT.19.128.193
https://dorl.net/dor/20.1001.1.20088787.1401.19.128.21.6
https://fsct.modares.ac.ir/article-7-62017-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-02-18 ]

[ DOR: 20.1001.1.20088787.1401.19.128.21.6 ]

[ DOI: 10.22034/FSCT.19.128.193]

Turbidity(cm~-1)

VEOY en N4 ey3 YA oles

Olal 2l mlo 5 p e o

Y =3

Free Vit C Free VitE Nanoliposome VitC~ Nanoliposome Vit E

Fermented beverage
Fig 4 Turbidity of Fermented beverage enriched

with free vitamin E, free vitamin C, vitamin C
nanoliposome, vitamin E nanoliposome
g pled S 5 ek Y

Lokl oo glagdads 5 ld Sidy pled S5
STE sl s € oels pssed 56 B el s a3 sed 51U

SN v Y ;leC J:.AL.;J

d-l.yﬁy CJJ}.LS S @L‘S—O—‘"

o b s OsVsn b S8 S Shy 4 bye mls
posdsl A s C b5 E iy poisd sl sl
S5l b ol Gladglons )5S bl 55 Lasselys
S5 53 ek B35 Bsed VM e Tk s 55 A
ol e 0als OLES (8)

C oy sbpsisd SSIn ol @l & £k
Slapsiad $U L anslie 53 e ssd 50 0l o eols OLL
g G eS loyd oilhil mig S g Bl
@l & o8 Lals A5 5 SV S e 5o
lapsisd ol ladylos S50S (5 Sesll 5l Lol

Table 2 Chemical composition of beverage samples

Acidity Total Total phenol Probiotic
0/ o Ash Acceptanc
Fermented beverage (Yoacid pH soluble (%) (mg counts(log .
lactic) solid(%) ’ GAE/ml) CFU/ml)
Control 0.35+0.03 5.2+0.01 7.43+0.1 0.34+0.02 30.0+0.2 9.1£0.1 3.78+0.3
a a a ab a a a
Vitamin E Nano liposome 0.33+0.04 5.27+0.1 7.93+0.06 0.33+0.03 42.20+0.5 9.6+0.5 3.6+0.4
a a b ab a a a
Vitamin C Nano liposome 0.34+0.02 5.23+0.2 7.80+0.03 0.32+0.01 41.63=+1 9.2+0.2 4+0.2
a a c ab b a b
Free Vitamin E 0.32+0.01 5.29+0.3 7.51+0.04 0.31+0.01 36.17+0.4 9.54+0.2 3+0.3
0.36+£0.01*  5.11£0.2*  7.53+0.02° 0.30+0.01° 37.12+0.6° 9.3+0.5* 3.5+0.1®

Free Vitamin C

Table data represent the average of three test + standard deviations. The different letters in the columns indicate
a significant difference between the data with a 95% probability.

J5 dslme il slge Olge (it AL by e (S5
oS Glagmlus Jobs Gl 4 bype bgid s 3
“ b J5 Ll el Ol eSS s ol
o bl e IS 5ol el s sl sl s s
ok Sy 0550 Jd esle il S Mapsisd 53 Sl @
S dld esle o3y a8 Sds b SLS 54 (bppeluy)
Sl s g e S Bl o sllaal Ll 5 Leads Il
Slagdds J5 el sl 0353 Y5 5 L5 e 52
anglie 3 Lapsised 53 0dd Sligy 0550 lagmlis sl
O S IS Bl ST el s (55l (gla e g L
LS 5 bl s bel sl 3 Ses g axls

Gois ol )3 Sl wax g L.Vl s s Sl dss

JS dlome il o3le doys o SVL ol oy 5 3
555 (LVAY) d4S B oy sl Sais o by e
VIAY) &S C bty s Slid s O 51 e o 5 &
3 JAS wses 2y gV S dsle el el Gl (1
aglio 53 3T C sl 5 3BT E by sl slas o
Lol o3le gls € S E alts p3550d 55l gzl L
o S Jsloe il esle il 8 L g5l S
C by 5 3BT E by sl slatiged 5 J 28 gl
osbe Ul o sl i edalise (golslue cols sl
Loods g gbgdhdy 5 Jas Ghdy Sas
Aol esle & Wil oo & 5eSSl alins Jol (Slapss s 51U
OgmeVgn 53 ahy DG possd Sl 3 G S


http://dx.doi.org/10.22034/FSCT.19.128.193
https://dorl.net/dor/20.1001.1.20088787.1401.19.128.21.6
https://fsct.modares.ac.ir/article-7-62017-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-02-18 ]

[ DOR: 20.1001.1.20088787.1401.19.128.21.6 ]

[ DOI: 10.22034/FSCT.19.128.193]

vy ol ("’\“g“il'ij’éjt‘*’” g_s")":“;‘}’ L;JL"'LsJ‘

L 5 (g gm0 o o0

kel 5 5YL U a8 Wsed 5 bagpelty s p s 5L L el 4
orl 53 s sl Glacaly s gl sla iy IS 500
2550 Sl SasAd s e OLLI R G
Rl 3 e sl slagtts 4 ces C 5 E by

His g ol YL Cd e La el

IS S et

G0 C sy 5 B sluy glaesssd G ol s
by e S a5 ag SHU Y Oplida
P35 b 05V 5SSl LIS LS 035580 ol pS/ wds
S5 5 U3 Jewily (D3 o3Il s oS HPLC
2 pissd S0 S0 pien IS s Jol g ]
G S S oS 5 e Sl S bt S S
shis B elus (sl L;LANJ'}?:! sy olis @Lu A
Sy ok Sols & dzes 2y Ao —EVY 565 el
S EAS s 5 besisd U olll e Sl s 1S Al
05555t U3 iy ol by sk s T mess
by psla cwl s Je 28 C by ol
SIE L s S O3 sy (ome SN oS S
2l LB o sl 0L baessad 56 s 1 s eyt
s b Il Sl oaas ekl ey
5w C B E ulus pspdsil Sliy 055 LS
w}?gj;u o b b e .l o3 g Ao ys 00 5 ANO
sy U VEVY 5 gl Y 5 C L B by
WS & i Shdis 4 by b pssd 56 0058
S e Pk s bt S5 n GRe Sl
Coolt 5 B Glge Sl e oSL Cls

A2 0l slast st

cL.c 0

[1] Izadi Kondazi, A., Zarringhalami, S.,
Ganjloo, A. 2017. Production of rice based
functional fermented beverage contain honey
natural sweetener. JFST No. 62, Vol. 14,
201-214.

[2] Herrera-Ponce, A., Nevarez-Morillon, G.,
Ortega-Rivas, E., Pérez-Vega, S. &
Salmeron, L. (2014). Fermentation
adaptability of three probiotic L actobacillus

YooY

1 5 C elis 5l SV E by 0¥ pS LS
E ol ool Sads 5o JS el asle Olpe 055 5V
7 eSS C bty Gl Gl b anglie 55 dpus
2 PH 5 ol o Selll s ail o a5 LG
22 PH 5 anael Ol5s o8 5ls OLES (g e sla S
SE 5 C by laesssd 50 L ok W5 glagani s
e b amlie 3l lacpelu s sl slaided
Olgen o e AN (g lsbme slis (bl s 51 o 28
23 S Ol peS 5 JRS b 5 S
35 S Ol Ad edalin 3T C by s (g5l S
b b ools sl B wse g ol
E oolys ol Sais 5o muSls Olhe (P<o/ro)oils
Shis 5 B oosly esssd sl ol Gads s ol
S e 5 RS dgad 51 28 €l o955 50 5l
3 Olsn 6 Seslll b 3 33T C by (55l 45500
22 S5 8 Ol sl OLE (g e gla g s s IS
02l 5 B oluy paisdsU L osls g Sas s
2 AV e i s ol baglis 5 C by
pisd S0 L oedd WS Sadigs 8 e o YL
S ol ol ) s by e amg cpl A etalin B by
555 Sl @ ar g Lol kb cale G B eln s
s Mol s cbls pE 58 C by ol
YL S S Ol S e 3l (e Sl
0 S C el o5 (sl Sd s 3 edd ealis
T om 0> B Ol peS sd e as J RS s
25 RS dged a Flate el A (G e Sl dses
o2 LT el ol slagady b3 JS 8 Olge
JAS Gt 5l iy OF Jlie 5 C3I (gls mn o5
3 B osluy esssd s sl slagds 5l xS
ol e el zb Gk ooy C elus £33 50
g by O OlSS Gl Olpe it GRS
Rl 22 C B gl paisd s L oedd g Sads
b obts 51 bapsasgd ilailns 3 & bgsie Vo) s
Wb odds 0 Ssmsn e Sleli; Lol -
ol ssddy men 35T E 5 C s b s
S Shds boamlis 3 E 5 C by pssd sl

S gdd L515 oo slael sl Gl sae sl


http://dx.doi.org/10.22034/FSCT.19.128.193
https://dorl.net/dor/20.1001.1.20088787.1401.19.128.21.6
https://fsct.modares.ac.ir/article-7-62017-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-02-18 ]

[ DOR: 20.1001.1.20088787.1401.19.128.21.6 ]

[ DOI: 10.22034/FSCT.19.128.193]

Ve ).6.44\‘\ a)jéa\Y/\ a)l.a..;

Olal 2l mlo 5 p e o

to fortify orange juice and offer vitamin C
protection after heat treatment. Food research
international, 44(9), 3039-3046.

[13] Mousavi, M.-H., Gharekhani, M.,
Alirezalu, K., Roufegarinegjad, L., &
Azadmard-Damirchi, S. 2022. Production
and characterization of nondairy gluten-free
fermented beverage based on buckwheat and
lentil. Food Science & Nutrition, 00, 1- 14.
https://doi.org/10.1002/fsn3.3095.

[14] Sarabandi, K., Jafari, S. M., Mohammadi,
M., Akbarbaglu, Z., Pezeshki, A. &
Heshmati, M. K. 2019. Production of
reconstitutable nanoliposomes loaded with
flaxseed protein hydrolysates: Stability and
characterization. Food Hydrocolloids, 96,
442-450.

[15] Marsanasco, M., Maiarquez, A. L.,
Wagner, J. R., Alonso, S. D. V. &
Chiaramoni, N. S. 2011. Liposomes as
vehicles for vitamins E and C: An alternative
to fortify orange juice and offer vitamin C
protection after heat treatment. Food research
international, 44(9), 3039-3046.

[16] Fatouros, D. G., & Antimisiaris, S. G.
2002. Effect of amphiphilic drugs on the
stability and zeta-potential of their liposome
formulations: a study with prednisolone,
diazepam, and griseofulvin. Journal of
colloid and interface science, 251(2), 271-
2717.

[17] Mohammadi M, Ghanbarzadeh B,
Hamishehkar H, Rezayi Mokarram R,
Mohammadifar MA. 2014. Physical
properties of vitamin D3-loaded
nanoliposomes prepared by thin layer
hydration-sonication. Iranian Journal of
Nutrition Sciences & Food Technology,
8,4,175-188. [In Persian].

[18] Mishra, S. 2014. Use of Nanotechnology
and nanoscience in food packaging. Int J
Adv Sci Tech Res, 4(1), 395-404.

[19] Zakipour Rahimabadi N, Sohrabvandi S ,
Roozbeh Nasiraie L.2018. Production of
Synbiotic Malt Beverage Using Inulin and
Different Probiotic Strains of Lactobacillus
Bacteria. Iranian Journal of Nutrition
Sciences & Food Technology. 13, 3, 39-46

[20] Yépez, A., Russo, P., Spano, G.,
Khomenko, I., Biasioli, F., Capozzi, V., &
Aznar, R. 2019. In situ riboflavin
fortification of different kefir-like cereal-
based beverages using selected Andean LAB
strains. Food microbiology, 77, 61-68.

Yoy

strains to oat, germinated oat and malted oat
substrates. Letters in applied microbiology,
59(4), 449-456.

[3] Salmeron, I. (2017). Fermented cereal
beverages: From probiotic, prebiotic and
synbiotic towards Nanoscience designed
healthy  drinks. Letters in  applied
microbiology, 65(2), 114-124.

[4] Imase, K., Tanaka, A., Tokunaga, K.,
Sugano, H., Ishida, H., & Takahashi, S.
(2007). Lactobacillus reuteri tablets suppress
Helicobacter pylori infection--a double-blind
randomised placebo-controlled cross-over
clinical study. Kansenshogaku zasshi. The
Journal of the Japanese Association for
Infectious Diseases, 81(4), 387-393.

[5] Hiibner, F., & Arendt, E. K. (2013).
Germination of cereal grains as a way to
improve the nutritional value: a review.
Critical reviews in food science and
nutrition, 53(8), 853-861.

[6] Alonso-Miravalles, L., & O’Mahony, J. A.
(2018). Composition, protein profile and
rheological properties of pseudocereal-based
protein-rich ingredients. Foods, 7(5), 73.

[7] Starowicz, M., Koutsidis, G., & Zielinski,
H. (2018). Sensory analysis and aroma
compounds of buckwheat containing
products—a review. Critical reviews in food
science and nutrition, 58(11), 1767-1779.

[8] Amin, M. N., Hossain, M. A., & Roy, K.
C. (2004). Effects of moisture content on
some physical properties of lentil seeds.
Journal of Food Engineering, 65(1), 83-87.

[9] El-Adawy, T. A., Rahma, E. H., El-
Bedawey, A. A., & El-Beltagy, A. E. (2003).
Nutritional ~ potential and  functional
properties of germinated mung bean, pea and
lentil seeds. Plant Foods for Human
Nutrition, 58(3), 1-13.

[10] Hatami, S., Tajabadi, N., Massoud, R., &
Sharifan, A. (2021). Chemical and sensorial
properties of probiotic beverage based on
rice bran extract and honey. Biomass
Conversion and Biorefinery, 1-6.

[11] Prakash, B., Kujur, A., Yadav, A.,
Kumar, A., Singh, P. P., & Dubey, N. K.
2018. Nanoencapsulation: An efficient
technology to boost the antimicrobial
potential of plant essential oils in food
system. Food control, 89, 1-11.

[12] Marsanasco, M., Marquez, A. L.,
Wagner, J. R., Alonso, S. D. V, &
Chiaramoni, N. S. (2011). Liposomes as
vehicles for vitamins E and C: An alternative


http://dx.doi.org/10.22034/FSCT.19.128.193
https://dorl.net/dor/20.1001.1.20088787.1401.19.128.21.6
https://fsct.modares.ac.ir/article-7-62017-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-02-18 ]

[ DOR: 20.1001.1.20088787.1401.19.128.21.6 ]

[ DOI: 10.22034/FSCT.19.128.193]

vy ol ("’\“§4il-i)-’6):‘*’” JJ.:.Z}; LgJL"'LsJ‘

L 5 (g gm0 o o0

[26] Padamwar, M. N., & Pokharkar, V. B.
(2006). Development of vitamin loaded
topical liposomal formulation using factorial
design approach: drug deposition and
stability. International journal of
pharmaceutics, 320(1-2), 37-44.

[27] Das, S. and Chaudhury, A. 2011. Recent
advances in lipid nanoparticle formulations
with solid matrix for oral drug delivery.
AAPS. Pharm. Sci. Tech., 12(1):62-76.

[28] Fatouros, D. G., & Antimisiaris, S. G.
(2002). Effect of amphiphilic drugs on the
stability and zeta-potential of their liposome
formulations: a study with prednisolone,
diazepam, and griseofulvin. Journal of
colloid and interface science, 251(2), 271-
277.

[29] Mozafari, M.R., Flanagan, J., Matia-
Merino, L., Awati, A., Omri, A., Suntres, Z.
and Singh, H. 2006. Recent trends in the
lipid-based nanoencapsulation of
antioxidants and their role in foods. J. Sci.
Food Agri., 86: 2038-2045.

[30] Lacatusu, 1., Badea, N., Ovidiu, O., Bojin,
D. and Meghea, A. 2012. Highly antioxidant
carotene-lipid nanocarriers: synthesis and
antibacterial activity. J. Nanopart. Res.,
14:902-918.

Yol

[21] Institute of Standards and Industrial
Research of Iran. (2007). Fruit juices — Test
methods. 1stedition. ISIRT No. 2685. [In
Persian].

[22] Al-Saeedi, A. H., & Hossain, M. A. 2015.
Total phenols, total flavonoids contents and
free radical scavenging activity of seeds
crude extracts of pigeon pea traditionally
used in Oman for the treatment of several
chronic diseases. Asian Pacific Journal of
Tropical Disease, 5(4), 316-321.

[23] Viriyaroj, A., Ngawhirunpat, T., Sukma,
M., Akkaramongkolporn, P., Ruktanonchai,
U., & Opanasopit, P. 2009. Physicochemical
properties and antioxidant activity of
gamma-oryzanol-loaded liposome
formulations for topical use. Pharmaceutical
development and technology, 14(6), 665-
671.

[24] Hassan, A. A., Aly, M. M., & El-Hadidie,
S. T. (2012). Production of cereal-based
probiotic beverages. World Applied Sciences
Journal, 19(10), 1367-1380.

[25] Ghanbarzadeh, B., 2013. Chemistry and
physics of colloidal systems and food
biopolymer solutions. Sharif University of
Technology Scientific Publishing Institute.
Pages 20-40.


http://dx.doi.org/10.22034/FSCT.19.128.193
https://dorl.net/dor/20.1001.1.20088787.1401.19.128.21.6
https://fsct.modares.ac.ir/article-7-62017-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-02-18 ]

[ DOR: 20.1001.1.20088787.1401.19.128.21.6 ]

[ DOI: 10.22034/FSCT.19.128.193]

JFST No. 128, Vol. 19, October 2022

ABSTRACT

Homepage:www.fsct.modares.ir

Journal of Food Science and Technology (Iran)

Scientific Research

Enrichment of buckwheat and lentil based fermented beverages
with vitamin E and vitamin C Nano liposomes

Mousavi, M. !, Gharekhani, M. >, Alirezalou, K. °, Rofehgarinejad, L. ?,

Azadmard-Damirchi, S. 4

1. PhD Student, Department of Food Science and Technology, Tabriz Branch, Islamic Azad University, Tabriz,

Iran.

2. Department of Food Science and Technology, Tabriz Branch, Islamic Azad University, Tabriz, Iran
3. Department of Food Science and Technology, Ahar Faculty of Agriculture and Natural Resources, University

of Tabriz, Tabriz, Iran.

4. Department of Food Science and Technology, University of Tabriz, Tabriz, Iran.

ABSTRACT

ARTICLE INFO

Lecithin -based liposomes were studied as carriers of vitamins E and C
to enrich lentil/buckwheat-based fermented beverages. Liposomes
prepared by hydration method. Particle size and shape were analyzed by
light scattering and scanning electron microscopy. The percentage of
encapsulation efficiency of vitamins E and C was determined by HPLC
method. The encapsulation efficiency of vitamin E and C
nanoliposome's was 88.5% and 50%, respectively. The average volume
diameter of vitamin C nanoliposomes was smaller than the average
volume diameter of vitamin E nanoliposomes. The results showed that
the produced liposomes are stable nanoliposomes with small size, low
Polydispersity index and single-mode with high negative surface charge.
Electron Microscopy Images showed nanometer-sized spherical
nanoliposomes. Vitamin E nanoliposomes had higher turbidity
compared to vitamin C nanoliposomes. Adding vitamin E and C
nanoliposomes to the fermented beverage not only had no negative
effect on the chemical composition and sensory acceptance of the drink,
but also increased the total phenolic contents and antioxidant properties.
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