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1- Gas Chromatography / Mass Spectrometry
2- Folin—Ciocalteu Reagent



a;s’li))‘)LS"L‘"""U";&"u‘:’))“’(’}"jg_g\g‘})“\:'a°)l‘”dx““s}“f\"’\ts}3

OLSes 5 (g3l il

SoleT 6T 1 1-y-¥
oSl 5 43 0 il 1SSl g lanti s S A LT
L (One-way Anova) 4 LSS bl 50T Lo 5 baesls
dL:))‘ Sy (P-Value 5005) Loy LY QL.:«;.I&‘ c}a.u

b 815

g @l -y

190 oslas s T 9 V-

Sl 51 ey 0,5 Slosed 55 b ISy o jlas
5 55 Jol D Cou oS s oaws 3 I
4 o)bas Sy 5 WS PH Ol b5 Ol s
(Yo au.) cdor Uy Loy VYO 5 (BXO) YY 0 iy

Al

Peo o S90Sl 5 (A luls @l YT
oylas BEE) 6‘;1 GC-MS J.:jL'T @ Joﬁja r‘ﬁjb);
@3lazl oSS ) oslisal Lo g8 g0 0 (S5 sl
e QL:H @L’b 45 M;Lo.h RSN PRV oJ)jT (\) Ji& BL
JJﬁJJ ‘f“ LSLA é.{.:v_ Q)}-ﬂ 4; QJL*& cJLAO'J‘ L):"l" BV
S W58 abia 4iSs YY Bl Sde s oyt p o las
Dimethyl p-Methoxycinnamic acid «CoumaranAlpha-Terpinne

0p R g o3l == Pinostrobin chalcone , caffeic acid
YY/OY VY VY el 55 e 5 4 a5 Lsy s
Pinostrobin .4y3,S Zyls olius I 4idsYF/D+ YF/\4
s S|4 3 gm0 5300 g se e3le (g Chalcone
or NI 8sm 5 S| (ST ol 5 il ad 5526

(Y').U«':L:GA osle d‘mbyfi?w c(=}~

AR PR N I WAV R PR ISPRNCINN P g R
(Jste 23155 5+/+¥4) DPPH JIsl5 J glove 2 e
33 Ol 5SS a8 Yo s i bglies Sl 4 5 6L
T sk 03 T e slie (361 sles s b Lo
Li Sl gy Sl oKiws Law g eyl BV
DPPH J yloe S Aconirol 3 p 320 e sbas ol Agample
Aos bl 5 b @50 SIS ST Clle ol Jgilia s
L) s acloes () aslee) Sleslizal e Hlge oUls

(1) dsles

Jg!tsarr'q:nle — Acontrol
% Radical scavenging activity = % 100
Acontrol

YDLS) Keobsd 595 Sy —)o-T-¥

Shyd S8, Getls (O3 ojlbl o Klke un 6l
i 6 0 grdpal 6 S5 Jrwsily ldie omen 5 (PDD)
S eslizal L (DLS), Salos 55 S8, gy 5l o
(Malvern instruments, Zetasizer Nano ZS, UK) oKaws
B s 15 an 5 Kle Sy g 4 b osls s § oslizal
0l s 4 PDI b5 Juwsly (155 03101 o 520) Z-average
olie 5 ) b v exgdoee 3 o SAST, d O Lesls
B e iy Kan okt 0L S > S5 5 0my
oo &S ey ool (V) euST 5B 3 6l
3 b g 53 g D3 miE oed sl S
533l (S 33 b5 Sy 4 el il s
Sl OT 03101 & dsly aS” Dy Sol s &S ¢ 55y o)
oo beg O3S Lo O‘i“"f"”)fs“ ng:fa)'uj\
3ys0 ki 0 diSTly 58 Ollug Sl 5 Kb g esls b
() 3,8 o 55 5T

1 -Dynamic light Scattering
2 -Polydispersity Index



VP YOl / ol 6 oled / el 0553 / oME (g5l 5 psle 5o 08T 5 S48 F

TOO0O0D

EE00000

1157

E0O00a00

ST00000

S0O0a0D

4500000

4000000

3500000

S000a00

2500000

2000000

1500000

1000000

TIC: NOORE1.D

LI [LISILIE S I L I I e I I I e e
mMme—x= 4100 6.00 G.00 10100 12.00 14.00 16.00 1800 3000 2200 2400 3600 26500 3000 3200

f}c oy e)wﬁ_,.;GC-MS r‘;}?‘w};—\g}ﬁi

DI 5 Eledd s ol s e p8 S
Cle 5 SIS STl 8 51 eodxze S50
5 Cansd o B 53 s OLS 5 oL SThAs
S5 S 5 55T IS Al 556,53 5 oa el s 9o, T
b Sk 53 3 sn sla b 0s 8 o 55 5 sk o L
bodosls, b Sliste Gl s g s o J S5
Conglie il ol SLS 5 ol s 4y SO Ol L
B i L5 0 OWLS 53 15 (ole Julse 4
ol (YO -YFr) engdoes 3 idn lysle dadl g
S edd GBS Gl paie Hlee Gk I 52 sl e
5 5l S 532 L o6 S sl (O sl ST 2o LS

SNt [ T o B9 S gi g9 I 93 (Sl gismo—T'- T
F90 05 099
(D5 52 0T 5353 5 050 02 eobas plard sl T s

S 5s a8 Lsls Ol ol andllas glaasl . Cowlodios ;5T
N (OIS (T3 45 55508 ¢ JS I 58) p 30 0 525 (g lonnd
STl 2 0T S5 o jlas alingsls S5
o300y ko3 0r=Yr &S L3 S 38 (YIA) 0,8
Sl 503,515 Ao y5 0 ey Ao )30 (5o )
5 LS 5 e e gladl Ll SLS 51, 0T
o313 S E 5 C B slapmali g 5 Scdraslge (sl 55528
P35 (kb DL 5 Al e b 0T 530 5 5
4 oSt LS (K51 ane & 56 (sla o ploe S



\'% ;s’\'.{))‘}LS’L“"’”‘U’;&"J})“’(’}"°J‘Q§L§“})'\:A°)LA‘;Q}:“J}“}J\’“\':‘}:

OLSKen 5 g5l g uidl

Ol ekl plawil gy 0y (555 &5 (dow b il oo
LAY FAF G 08 Sl ia cAdssd 5 Job OlS 5
ien Al g e (SIS ) 055 0 8 e VA
Al 8 5 08 hen Voshls psn 0y JSUssdn o jlae

ON) sl o I3 (5l gioma (SIE

O (sl s S 58 005 Ol ol 1 Gl juslaasly
Lo ol (oSS (e OnST ST
S 5 (5 3 5 bins 2l (0 genls sa s 5055 )T
S pN 5 Jgb DL (0 5 1) dil e S

e 0 eI BT Cools Jol Jals g0 0 53 5 5 5o

Pon oy oslas 339y 9 oolas (obwwd WET-Y Jooo

£ 02 238 p3e 0z 0slas Sis
AVAY AY/0Y (SIE Ll Coam 0 5 2 p S L) IS U5
¥E/T AL (Y st e S p S he) i 5355
\7a AVAR1 \ OldeSt 5l

) ool 5 p e op 035 5 eolitul b ol g O sed sl 5L
Jil)b L.;‘J’”- ()):La uT ‘]a{}f& o c(z@y‘ O‘j.&

ol o 0l OLES (Y)

P90 0y 1393 D13 (595 Ogmdgol 9l (Sl 59 -E-T

055 0 233 O gred ol SU Y S

ST 55 GEa) Oamdsal s csls ot (YIA) OL,as
5 ookas s 5 alie Luld 3 e oy I o)las
215 QLS gl 5 W5 g0l dd 5 Dl ol b OLSS e
S AT e la (Ol 3o jIuilgl lsedid 50 gend gol 548
— YANVY 5 YA sl VPP CS 5 4 s el

O3 S sS olasOlEs ks 5 O gl el 6b Codlid
..L&L:sa Q.:T V.’L«.:w BENE™ eu\.'s‘ﬁ: g3 o C)‘): e)'|.,\.§‘
()3 o3Il yls ok A 5 O god 5ol $U &S 51> DL
YA sU AP L as U il 5 (S STy el

E) @‘}5 456@\.&/: é:j:r.'; BLERERY) CJ}L;L:A -YY/Yf E)



VP YOl / ol 6 led / ool 0555 / oME (S5L8 5 psle 53 (05T 5 s 44 A

S 5 domis -8

s3laail 5SSl oslinal L oS 15 0Lt andllas ol ol
350 g IS g5m 05las Slpge 0 0slae 3y Ol oo
YU CalS b aee ol 5 5 SY5b Ol e a1, 0T
e s TisladomlcaiaT(slackemlila s JSIT. poiis 514
s 552 T gba il 5 O 2 (ld dewsl (0T (gl 2l
bl gr ok 5 o gm0 535 53 3 g sn ol Bl sala
3 g0d ) el 15 10T J S0 5 oslizal L 0155 o sty 4 &7
p- <«Coumaran <Alpha-Terpinne ( esis ,sb 4
o Dimethyl caffeic acid Methoxycinnamic acid
£3° 02 235 33 357 52 e o3l = Pinostrobin chalcone
s e 6T o 3 osle p Sage oSl o sl o
e o Seidsm ool 5 Ak i ar
IS5 o jlas & 515 Olas o5k e (5L eslecsl |
shls okl ufdﬁ.‘a oK Lug oTedddd 5 yo4 0
@YU S| BT ol 5 (s 35D 5 (5 (ol e
oAl S g S 53 ol al i B
U5 o 30 o) Clon il pgn e A5 58 o luas 5
(S FM 5 I3 LS S0 pl A Hl e
3 gas o La) P Cod dl> 6 s

S Rwlw—0

s Sl 5 Sis il @lie oyl 08 i s
domly ool ST oS8l Ko sls 00l Olales, 17
- g3l candllan gl 5 Olagl (5 n Sl 5

.J.;J‘J

&b

1. Ahangari Z, Naseri M, Vatandoost F.

Propolis: chemical composition and its

applications in endodontics. Iranian
Endodontic Journal, 2018;13(3): 285.

2. Ahdno H Jafarizadeh-Malmiri H.

Development of a sequenced

enzymatically pre-treatment and filter

SE 6 5 g (sla el S 55 65 Joily Bl o 5 s
7 Osd el g oIl ol 53 5 03 2le ol
5 LT 3 psn o 3 Dadsal Sl 200 s BB
Glas S T w56 53 53 o S5 S 4
o) g S 53 o)l 50 5035 (el L Sl)ls (il e
o3 o3 o Calliee b b slad gy e (151 w5
yo)d g ey ol jl BLal &Y &Sl s
Semanend sy 1y Lol aY & 5 uS e bl
Ol bl ¥ eS o eS o Jlw 0353 053 By 3,57 oo
LS o IS 0pd by Mg o b il 053 ol om0 55 0T
35 535 Josilaces 5033 o6 4ol & 0I5 0
bl 1y 05 S chul delias oY Olos 5 alols ol &S
Salisgyda ol bMav! 1) Aol oyl 03 S
(=l5 @ yls sy alol s oS il 5 al e
Gl eyl &S 5 familsy Bls o3 el e U5 il
JEs s as Sk e (s30T gt ol DU
@4 bl obi sl S by e L gl J gl
s s 05 2 K ln 4 b 3 s S
23 il e old W5 Jgeme golL 3l olae ol S
SOl YL U5 ety ode M Hdir a (el
5 b Sl VL ol Sl edd w5 O gd sl
Sb a1 s a3 ol (Y85 YY) WS
N5 5 @YU Sl Coeal S odd W5 game D)3
W5 s s 5 5 S b el e a e
SFosthe (ol edd A5 s A3l SV odl
SAST, el g dialss 6 i @Il gl lag sl
2w IS st o3l 5K L Ls e (PDD)
e BBV B v esgdoee 3 OT Jldie 5 il s O pend gol
1 L2y S S K1 e e i A2

.(YY}Y\)ML:@Q}M}AJ‘%;C}‘}&{Q‘JS}JU



q u’.’li))‘}Lg:\-«:u‘QJ;&»J))AJ(‘}&AJJ&QUJA:Ao)LA&QMy‘y\JJ.:S}?

OLSes 5 (g3 il

10.

11.

12.

13.

14.

15.

16.

17.

using clove hydroalcoholic extract and
optimization of the process. Green
Processing and Synthesis. 2020; 9(1):
375-385.

Azhdarzadeh F, Hojjati M. Chemical
composition and antimicrobial activity
of leaf, ripe and unripe peel of bitter
orange (Citrus aurantium) essential
oils. Nutrition and Food Sciences
Research. 2016; 3(1): 43-50.

Azmir J, Zaidul 1. S. M,, Rahman M. M,
Sharif K. M, Mohamed A, Sahena F,
Omar A. K. M. Techniques for
extraction of bioactive compounds from
plant materials: A review. Journal of
Food Engineering. 2013; 117(4): 426-
436.

Bankova V. Chemical diversity of
propolis and the problem of
standardization. Journal of
Ethnopharmacology.  2005; 100(1-2):
114-117.

Bankova V. S, de'Castro S. L, Marcucci,
M. C. Propolis: recent advances in
chemistry and plant origin. Apidologie.
2000; 31(1): 3-15.

Banskota A. H, Tezuka Y, Kadota S.
Recent progress in pharmacological
research  of  propolis. Phytotherapy
Research. 2001; 15(7): 561-571.
Castaldo S, Capasso F. Propolis, an old
remedy used in modern
medicine. Fitoterapia. 2002; 73: 1-6.
Eskandari-Nojehdehi M, Jafarizadeh-
Malmiri H, Rahbar-Shahrouzi J.
Optimization of processing parameters
in green synthesis of gold nanoparticles
using microwave and edible mushroom
(Agaricus  bisporus)  extract and
evaluation of their  antibacterial
activity. Nanotechnology Reviews.
2016; 5(6): 537-548.

Ezazi A, Javadi A, Jafarizadeh-Malmiri
H, Mirzaei H. Development of a
chitosan-propolis extract edible coating
formulation based on physico-chemical
attributes of hens’ eggs: Optimization
and characteristics edible coating of egg
using chitosan and

pre-coating process to clarify date
syrup. Food and Bioproducts
Processing, 2017;101. 193-204.

Ahmadi O Jafarizadeh-Malmiri H.
Green approach in food nanotechnology
based on subcritical water: effects of
thyme oil and saponin on characteristics
of the prepared oil in water
nanoemulsions. Food  Science  and
Biotechnology. 2020; 29(6):783-792.
Ahmadi O, Jafarizadeh-Malmiri H,
Jodeiri N. Eco-friendly microwave-
enhanced green synthesis of silver
nanoparticles using Aloe vera leaf
extract and their physico-chemical and
antibacterial studies. Green Processing
and Synthesis. 2018; 7(3): 231-240.
Akca A. E, Akca G, Topgu F. T, Macit
E, Pikdoken L, Ozgen, 1. S. The
comparative evaluation  of  the
antimicrobial “effect of propolis with
chlorhexidine against oral pathogens: An
in vitro study. BioMed Research
International, 2016; 2016-2120.

Alami M, Ghorbani M. Evaluation of
total phenolic, flavonoid, anthocyanin
compounds, antibacterial and
antioxidant  activity of  hawthorn
(Crataegus Elbursensis) fruit acetonic
extract. Journal of Rafsanjan University
of Medical Sciences. 2014; 13(1): 53-66.
Alencar S. M, Oldoni T. C, Castro M. L,
Cabral I. S. R, Costa-Neto C. M, Cury
J. A Tkegaki M. Chemical composition
and biological activity of a new type of
Brazilian propolis: red propolis. Journal
of Ethnopharmacology. 2007; 113(2):
278-283.

Anarjan N, Jaberi N, Yeganch-Zare S,
Banafshehchin, E, Rahimirad A,
Jafarizadeh- Malmiri H. Optimization of
mixing parameters for a-tocopherol
nanodispersions prepared using solvent
displacement method. Journal of the
American Oil Chemists Society. 2014;
91(8):1397-405.

Anvarinezhad M, Javadi A, Jafarizadeh-
Malmiri H. Green approach in
fabrication of photocatalytic,
antimicrobial, and antioxidant zinc oxide
nanoparticles—hydrothermal  synthesis



VP YOl / ol 6 ooled / ool 0553 / oMo (o505 psle 55 (S5T 5 6 48 Ve

23.

24.

25.

26.

27.

Oyinloye T. M Yoon W. B. Effect of
freeze-drying on quality and grinding
process of food produce: A review.
Processes. 2020; 8(3):354.

Pobiega K, Krasniewska K, Gniewosz
M. Application of propolis in
antimicrobial and antioxidative
protection of food quality—A
review. Trends in Food Science &
Technology. 2019; 83: 53-62.

Pourazadi L, Nehzati G. A, Ghaziani F,
Abbasai S. Evaluation the quality and
quantity of phenolic compound and
antioxidant activity of propolis in the
vicinity of Karaj. Iranian Journal of
Animal Science. 2017; 47(4): 499-506.
Sayyar Z, Jafarizadeh-Malmiri H.
Process intensification for curcumin
nanodispersion preparation using
subcritical water—Optimization and
characterization. Chemical Engineering
and Processing-Process Intensification.
2020; 153: 107938.

Sayyar Z, Jafarizadeh-Malmiri H.
Preparation of Curcumin
Nanodispersions ~ Using  Subcritical
Water—Screening of Different

Emulsifiers. Chemical Engineering &
Technology. 2020; 43(2):263-272.

18.

20.

21.

22.

propolis. Food Bioscience. 2021; 40:
100894.

Galeotti F, Maccari F, Fachini A, Volpi
N. Chemical composition  and
antioxidant activity of propolis prepared
in different forms and in different
solvents useful for finished

products. Foods. 2018; 7(3): 41.

. Ghavami-Lahiji M, Behroozibakhsh M,

Kashi T. S. J. A review of applications
of fourier transform infrared
spectroscopy in dental research. Journal
of Dental Medicine. 2018; 30(4): 243-
253.

Gonzalez-Martin M. 1, Revilla 1,
Betances-Salcedo E. V, Vivar-Quintana
A. M. Pesticide residues and heavy
metals in commercially processed
propolis. Microchemical  Journal.
2018; 143: 423-429.

Jaberi N, Anarjan N, Jafarizadeh-
Malmiri H. Optimization the
formulation parameters in preparation of
a-tocopherol nanodispersions using low-
energy solvent displacement
technique. International Journal for

Vitamin and  Nutrition  Research.
2019;16(1): 201-241.
Jafari A, Anarjan N, Jafarizadeh-

Malmiri H. Effects of rotation speed and
time, as solvent removal parameters, on
the physico-chemical properties of
prepared o-tocopherol nanoemulsions
using solvent-displacement
technique. Food Science and
Biotechnology. 2019; 1-8.



Journal of Innovation in Food Science and Technology , Vol 16, No 4, Winter 2025

(Original Research Paper)
Preparation of Propolis Hydroalcoholic Extract Nanoemulsion by
Freeze Drying Technique and Evaluation of Its Physicochemical
Properties as a Food Preservative

Farhan Ahadi', Afshin Javadi'*, Hoda Jafarizadeh-Malmiri’, Navideh Anarjan“, Hamid Mirzaie®

Ph.D Graduated of Department of Food Hygiene, Faculty of Veterinary, Tabriz Branch, Islamic Azad
University, Tabriz, [ran.
Professor, Department of Food Hygiene, Faculty of Veterinary, Tabriz Branch, Islamic Azad University,
Tabriz, Iran.

Associate Professor, Faculty of Chemical Engineering, Sahand University of Technology, Tabriz, Iran.
Assistant Professor, Department of Food Hygiene, Faculty of Veterinary, Tabriz Branch, Islamic Azad
University, Tabriz, Iran.

Associate professor, Department of Food Hygiene, Faculty of Veterinary, Tabriz Branch, Islamic Azad
University, Tabriz, Iran.

Received:29/11/2022 Accepted:10/01/2023

Abstract

Propolis as a by-product of bee activity has been known for its unique antioxidant properties and
antimicrobial activity against broad range of microorganisms. In the present study,
hydroalcoholicextract of propolis was prepared (the ratio of ethanol to the water was 80:20).
After removing the solvent from the extract using a‘vacuum rotary evaporator, the dried powder
of propolis was produced using a freeze dryer at -70 °C after 40 h. Also, the nanoemulsion of
propolis was synthesized using the powder. GC-MS analyses of samples showed numerous
phenolic ‘and flavonoid compounds in the produced powder. Total phenolic and flavonoid
contents, and antioxidant activity of the produced nanoemulsion were 86.93, 34.21 (mg/ g gallic
acid), and 97.68 %, respectively. The particle size, polydipersity index and zeta potential in the
nanoemulsion were.86.am, 0.299 and -23.34 mV, respectively. The results of this study showed
that the hydroalcoholic extract and powder of propolis prepared by the freeze drying method had
high phenolic andflavonoid content and antioxidant properties. However, these properties in the
powder were higher than that was detected for the hydroalcoholic extract. According to the
findings of this study, using a freeze dryer, it is possible to produce the powder of propolis
hydroalcoholic extract with spherical and nano-sized particles, which can easily be applicable as
a preservative in the food industry.
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