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Fig. 1. The amount of extracted phenolic compounds from the maceration method against different ratios of propolis/ solvent, and various times of
extraction
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Fig. 3. HPLC chromatogram of phenolic compounds of propolis extract obtained by extraction of: a) maceration and b) Ultrasound methods
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Table 1 The phenolic compounds detected in propolis extracts obtained by two methods of maceration and ultrasound extraction based on
HPLC chromatogram.
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Table 2 The most phenolic compounds detected from propolis extracts obtained by two methods of maceration and ultrasound extraction based on
HPLC chromatography results.

Maceration ydiluas g, Ultrasound &guol ,d
oSy Soy oyleds clale S s 5 Sy 0yles clale
Phenolic compound Peak No. Concentration (%) Phenolic compound Peak No. Concentration (%)

Ot resigi 14 11.7 Ot reisi 12 15.1
Pinocembrin Pinocembrin

RREL 0 11 e ) 8 14.4
Naringenin Naringenin
Selgf ! 5 7.7 N 11 11.0
Ferulic acid Chrysin

S e 15 7.1 S5 s 5 10.8

Galangin Ferulic acid

el 13 6.7 e 13 10.7

Chrysin Galangin




Yo

pyooy b8 OloS 5 Glgime gl Sl sby by, S

ejls anal) g 0olis90, a0 o (2

%%

als d.:.wy (900 y O)La.c ) O9>ge uL...S).) )L\M u.».a_ﬂ_' 6‘).'
e Al 5 bty s 4l byl og, elul Al
9 USJ.?LSA )‘)5 <IYF -Y/¥- mg/mL 00gdote 4O M‘;
5 s s Lol Gy @l 5 cds e Sy b
o9y |y Bt lay9iS 5l oo (LT slao lae ] Sen
Looad oS5 byl e g HPLC Slejen
s ol Loyl slaaidly o )S sy (5057 (15 S
25 et SIS Lol 5 LIl ool T (clo 528 pns s 45
WS IS 51 YA 5 FA FA LS5 4 pemgin lade
45&5”? B ..\.»..JL:GA ‘)_‘>‘ )f.vé AJLM...A )JOLQA 9 IR ‘stl...uL..w
-t 568 5 Ol Bl ez Sl y9iS o slaaiga s
1PY 4 £7 &Y cS g La:o] 3O peeagiay laBe (S
i 2 e JgpaelS it 3B > dges Lol vl s
L80] wog alST g JgpiolS W86 55! 595 g Cpunna],S

G5 e ¥
!l pgeoy (Ll ojlac )3 09250 (18 LS 5 lade
SYsb b ailas Ghsy 4 iz 9 Dol iy 0ol
Oledly gy bl Cpl .8l iolidl anl 3 Gae 0,5
P sV h Doy guslaes gy 4 b olos 5 gl Sl
Dal Casods YY) min o 50 Sgol 5SS @ 2]yl o,
£5 3 icho gl otn Jale hn 5 & il
5 Obeily SISl 5 e ol oals 00 Sl54 )
Gloss, 5| Jol> sloesls bl eads gl il ole CoiS
5 o glpgesl L8 GluS 5 jlade a5 ols olid s
Jloel Ll g glzenal () & (S pgeoy (LUl ojlas

P S a5 oy @S ol ales 5o jls gy ol jo 0nls
olBl com pailans (g, gl Gl pgee p 4 Pl
@ zlgeiol [0 0§ sgeop ojlac o b LS 5 5 s
O A b Sgol B zae ol 3 ails (il Gl 8 S
£ & A onlply WD e (L8 SLaS 5 S gl
U"‘ )‘ t_i_v).b )| u‘ys‘o ol C‘)M‘ s_)L..S)J b).g)ls 9 ul.‘lio‘
@S ezer oS esliiul ange Llyb s e,
OloS 5 olass ax 81 a5 ols las HPLC 815 gbg,S

g Sgold Ghe) 5l S GaleeS (hg,y 4 oad gl Sl

Ll a1y elin Sg, o ond glolis oS5 S

S ez, Badols las sals olulil 5 gslulas wo e
ojlas ;3 39290 S (oS (5 lMie Ll 4y a5 A o led
ey @ AV g VEIFe Lolie sl 0 0g pgeop
Nl gy 9 gl By 4 eud gl slaolae
byrpe Sgol B by, 50 slaie Blod 4y pgw i) el Casoey
Sgy 0 &S I o el cawoas gl el YA L ol S
JRTEIV L ez 4, 50 Y o)lads S ey, S il
@3, S gl B SaS 4 zlsiul gom Gl o .cd S
S VB 9 B o)led Sy (S5 sl ey 5 p)lkx
355 oS LNV g VA slaaoys b0 oyl
u..S).w 99 u\.\JLA.M.o U’dg) O 035 CbM‘ o)L.a.C e cJ.'La.A
Ls pler 5 pow locis) )0 eV 5 Sdys ol
Doy 5l ol)Bes ¢ Kb ad 5 LEYYNY e g VIV Glass,s
sl ) suz poeo m loo,lac Lgol 3 SWS 4 7l Sl
Gl b i ol 5 HPLC 3l Sgiles S SaS 4y 5 oS
350 ol 5 gilwlas 1) oo 5ol SlauS G‘Lﬂ
- G 5 0ad slulid slacaS 5 o] sleesls ol
JIYAD mg/g V8 51 O le ool SL3L lase
O 5955 JAYY mg/g ciics AVYe mglg o dgii)
<[VY mE/g yosS 65 o ¢ /VAA mg/g (yuig, o+ /PFY mg/g
a5l pgeop b o lac o) Ken 5 SugS LEY] wisy:
Ol 30ls 158 (o 9,50 HPLC (a9, 411 (ol S Sy o
e aSgidls a5 ol Lt o T gl 50,8 5T 1 Cypnnl S
poeoy saigel 098 (nl loaidly ulul » oab 5,18
S Slaadg Ml Glgime (Sl sbli
@lab>de BB olds iV g iz, e ey
5 sl LFY] Wog @olite SzdlSapul Jlade jo Lol aslo
) pgeon Sl ojlas JS (sa855938 CloS 5 jlade )l S
GrSojll oy miwiil-g55 (S Ssileg S by, &
e by s S 5,18 ao,s YEIVE | o1 Jlaie 5 wo S
Sewl 5 GaSEde SlS S a4 ) oSS ol (2 Bee
oz LFF] aiiils bg e ladiges ;o0 9290 Ssliw
otdisl 8 5L K51 s HPLC aly (o9, ol,Sen 5 (szs 2



VWAV Glio o o leds F 0,90 (2138 (pgi slog,5lid aslilad 0

Yoy

WS o Jos bl Sgold SaS 4 zlial s, a5
Dl 5l 6505 Slaio b g 5olisS Soe ,o gl yseinl a8 ol e
'd)ﬁfgs"‘:’)yé

A4

vy 5l ead glginl (b wloS Sl S sy S
OGPy & eSS ple oad gl jlade 5l 5y Dol 8
2l Wl oo e el a0 cdlae (sl cassay yasluus

Propolis by Near Infrared Spectroscopy. Sensors, 15,
27854-27868.

[10] Tosi, E.A., Re’, E., Ortega, M. E., Cazzoli, A. F.
(2007). Food preservative based on propolis:
Bacteriostatic activity of propolis polyphenols and
flavonoids upon Escherichia coli. Food Chem., 104,
1025-1029.

[11] Kumazawa, S., Hamasaka, T., and Nakayama, T.
(2004). Antioxidant activity of propolis of various
geographic origins. Food Chem., 84, 329-339.

[12] Sanpa, S., Sutjarittangtham, K., Tunkasiri, T.,
Eitssayeam, S., Chantawannakul, P. (2012).
Antimicrobial Effect of Brazillian
Propolis/Polycaprolactone Polymer on some Human
Pathogenic Bacteria. Adv. Mat. Res., 506, 537-540.

[13] Sanpa, S., Sutjarittangtham, K., Tunkasiri, T.,
Eitssayeam, S., Chantawannakul, P. (2012). Ultrasonic
Extraction of Thai Propolis for Antimicrobial and
Antioxidant Properties. Adv. Mat. Res., 506, 371-374.
[14] Alvarez, M. V., Ponce, A. G., Goyeneche, R., and
Moreira, M. R. (2017). Physical Treatments and Propolis
Extract to Enhance Quality Attributes of Fresh-Cut
Mixed Vegetables. J. Food Process. Pres., 41, e13127.
[15] Toepfl, S., Toepfl, S., Mathys, A., Heinz, V. &
Knorr, D. (2006). Review: Potential of High Hydrostatic
Pressure and Pulsed Electric Fields for Energy Efficient
and Environmentally Friendly Food Processing. Food
Rev. Int., 22,405-423.

[16] Pellati, F., Prencipe, F. P., Bertelli, D., Benvenuti, S.
(2013). An efficient chemical analysis of phenolic acids
and flavonoids in raw propolis by microwave-assisted
extraction combined with high-performance liquid
chromatography using the fused-core technology. J.
Pharmaceut. Biomed., 81-82, 126-132.

[17] Kaufmann, B. and Christen, P. (2002). Recent
extraction techniques for natural products: microwave-
assisted extraction and pressurised solvent extraction.
Phytochem. Analysis, 13, 105-13.

[18] Marr, R. and Gamse, T. (2000). Use of supercritical
fluids for different processes including new
developments—a review. Chem. Eng. Process., 39, 19-
28.

[19] Lang, Q. and Wai, C. M. (2001). Supercritical fluid
extraction in herbal and natural product studies - a

&lw

[1] Azmir, J., Zaidul, 1.S.M., Rahman, M.M., Sharif,
K.M., Mohamed, A., Sahena, F., Jahurul, M.H.A.,
Ghafoor, K., Norulaini, N.A.N., Omar, A.K.M. (2013).
Techniques for extraction of bioactive compounds from
plant materials: A review. J. Food Eng., 117, 426-436.
[2] Bankova, V.S., Castro, S.L.d., and Marcucci, M.C.
(2000). Propolis: recent advances in chemistry and plant
origin. Apidologie, 3, 3-15.

[3] Hanifi S., Ahmadi S., and Oromiehei A., (2013).
Mechanical Properties and Biodegradability of
Polypropylene/Starch Reinforced Nanoclay Blends.
Iranian Journal of Polymer Science and Technology,
26, 139 - 148.

[4] Chang, Chang, C.C., Yang, M.H., Wen, H.M,. Chern,
J.C., (2002). Estimation of Total Flavonoid Content in
Propolis by Two Complementary Colorimetric Methods.
J. Food Drug Anal., 10, 178-182.

Ol ey OYAY) s oVlg b o 3lyal (0]
sbags e g9auS (Propolis) pgeo, b ySbos
Slods 5 (Sip pale oKl alxs Lo,Se (sl3 e

P Al o)l.o..i} MY ol iy JQJM L ‘:_,'[c)_, _W/‘*e’,
SY-fA

[6] Khayyal, M.T., el-Ghazaly M.A., el-Khatib A.S.,
Hatem A.M., de Vries P.J., el-Shafei S., Khattab M.M.
(2003). A clinical pharmacological study of the potential
beneficial effects of a propolis food product as an
adjuvant in asthmatic patients. Fund. Clin. Pharmacol.,
17, 93-102.

[7] Pastor, C., Sanchez-Gonzalez, L., Chafer, M., Chiralt,
A., Gonzalez-Martinez, C., (2010). Physical and
antifungal properties of hydroxypropylmethylcellulose
based films containing propolis as affected by moisture
content. Carbohyd. Polym., 82, 1174-1183.

[8] Bruschi, M.L., Franco, S.L., and Gremido, M.P.D.
(2003). Application of an HPLC Method for Analysis of
Propolis Extract. J. Liq. Chromatogr. R. T., 26, 2399-
24009.

[9] Gonzalez-Martin, M.1., Escuredo, O., Revilla, 1.,
Vivar-Quintana, A. M., Coell, M. C., Riocerezo, C. P.,
and Moncada, G. W. (2015). Determination of the
Mineral Composition and Toxic Element Contents of



Yoy

<> P90y k8 DlaS 5 slgime gl Sl Glass, LS

ejls anal) g 0olis90, a0 o (2

[31] Popova, M., Silici, S., Kaftanoglu, O., Bankova, V.
(2005). Antibacterial activity of Turkish propolis and its
qualitative and quantitative chemical composition.
Phytomedicine, 12,221-228.

[32] Lima, B., Tapia, A., Luna, L., Fabani, M. P.,

Schmeda-Hirschmann, G., Podio, N. S.,
Wunderlin, D. A., Feresin, G. E. (2009). Main
flavonoids, DPPH activity, and metal content

allow determination of the geographical origin of
propolis  from the Province of San Juan
(Argentina). J. Agr. Food Chem., 57,2691-2698.

[33] Association of Official Analytical, C. and Helrich,
K. (1990). Official methods of analysis of the Association
of Official Analytical Chemists., Arlington, VA: The
Association.

[34] Mello, B.C.B.S., Petrus, J.C.C., and Hubinger, M.D.
(2010). Concentration of flavonoids and phenolic
compounds in aqueous and ethanolic propolis extracts
through nanofiltration. J. Food Eng., 96, 533-539.

[35] Moreira, L., Dias, L.G., Pereira, J. A., Estevinho, L.
(2008). Antioxidant properties, total phenols and pollen
analysis of propolis samples from Portugal. Food Chem.
Toxicol., 46, 3482-3485.

[36] Dias, L.G., Pereira, A.P., and Estevinho, L.M.
(2012). Comparative study of different Portuguese
samples of propolis: Pollinic, sensorial, physicochemical,
microbiological characterization and antibacterial
activity. Food Chem. Toxicol., 50, 4246-4253.

[37] Choi, Y.M., Noh, D.O., Cho, S.Y., Suh, H.J., Kim,
K.M., Kim, J.M. (2006). Antioxidant and antimicrobial
activities of propolis from several regions of Korea. LWT
Food Sci. Technol., 39, 756-761.

[38] Da Silva, Carmen, F.C., Favaro-Trindade, S., de
Alencar, S. M., Thomazini, M.,and Balieiro, J. C. C.
(2011). Physicochemical properties, antioxidant activity
and stability of spray-dried propolis. 3, 94-100.

[39] Woisky, R.G. and Salatino, A. (1998). Analysis of
propolis: some parameters and procedures for chemical
quality control. J. Apicult. Res., 37, 99-105.

[40] Tosic, S., Stojanovic, G., Mitic, S., Pavlovic, A.,
Alagic, S. (2017). Mineral Composition of Selected
Serbian Propolis Samples. 61.

[41] Hossain, M.B., Brunton, N.P., Patras, A,. Tiwari, B.,
O'Donnell, C.P., Martin-Diana, A.B., Barry-Ryan, C.
(2012). Optimization of ultrasound assisted extraction of
antioxidant compounds from marjoram (Origanum
majorana L.) using response surface methodology.
Ultrason. Sonochem., 19, 582-590.

[42] Yang, L., Yan, Q.H., Ma, J.Y., Wang, Q., Zhang,
J.W., and Xi, G.X. (2013). High Performance Liquid
Chromatographic Determination of Phenolic Compounds
in Propolis. Tropical J. Pharmaceut. Res., 12, 771-776.
[43] Kosalec, 1., Bakmaz, M., and Pepeljnjak, S. (2003).
Analysis of propolis from the continental and Adriatic
regions of Croatia. Acta Pharm., 53, 275-85.

practical review. Talanta, 53, 771-782.

[20] Trusheva, B., Trunkova, D., and Bankova, V.
(2007). Different extraction methods of biologically
active components from propolis: a preliminary study.
Chemistry Cent. J., 1, 1-4.

[21] Kubiliene, L., Laugaliene, V., Pavilonis, A.,
Maruska, A., Majiene, D., Barcauskaite, K., Kubilius, R.,
Kasparaviciene, G., Savickas, A. (2015). Alternative
preparation of propolis extracts: comparison of their
composition and biological activities. BMC Complem.
Altern. M.,. 15, 156-162.

[22] Herrera, M.C. and de Castro, M.D. (2005).
Ultrasound-assisted extraction of phenolic compounds
from strawberries prior to liquid chromatographic
separation and photodiode array ultraviolet detection. J.
Chromatogr. A, 1100, 1-7.

[23] Li, H., Pordesimo, L., and Weiss, J. (2004). High
intensity ultrasound-assisted extraction of oil from
soybeans. Food Res. Int., 37, 731-738.

[24] Vilkhu, K., Mawson, R., Simons, L., Bates D.
(2008). Applications and opportunities for ultrasound
assisted extraction in the food industry — A review.
Innov. Food Sci. Emerg., 9, 161-169.

[25] Vinatoru, M., (2001). An overview of the
ultrasonically assisted extraction of bioactive principles
from herbs. Ultrason. Sonochem., 8, 303-313.

SR PS SUUCSE Y CVSNCN RESN KPS DN SN | 79
2l 1 Sgol b glyal LLIS (VYAY) a0 Ll ol (o
AR 105 (Sbgyb jleslinul b (i pus 0ad 5l 1Sy 9
VYA o Fo)led F al> (o lis wlio 5 psle 0 )55 5

¥A4

3 gl maw 5,15 (OVFRF) s Sl el sl [YY]
L asl oge wid 5 905 Jae I o) glyiul (55le ane
o las F Al o i o cslocs olis gl b 2lsal 5 olizd
RPN

OYAF) ¢, woljaesl 5 tw oladl e b, o Sbog, [YA]
Foozn Gt s eyl SlaS 5 gl
5 ple slogiagio Dgol B glesl (5)sld SIS a lyde;
NV o ) oyleds ¥ ale ol o lid aileo

[29] De Lima, G.G., de Souza, R. O., Bozzi, A. D.,
Poplawska, M. A., Devine, D. M., Nugent, M. J. (2016).
Extraction Method Plays Critical Role in Antibacterial
Activity of Propolis-Loaded Hydrogels. J. Pharm. Sci.,
105, 1248-57.

[30] Biscaia, D. and Ferreira, S.R.S. (2009) Propolis
extracts obtained by low pressure methods and
supercritical fluid extraction. J. Supercrit. Fluid., 51, 17-
23.



Y-t

VWAV Glio o o leds F 0,90 (2138 (pgi slog,5lid aslilad O

A4

fm 03]yl ol £ (ool ol 6l o > asS 55 g (5ol [FF]
3 el (Gedg29) powop SN ojlac 50 aslas (YYAQ)
slog B wd, ade o Glubdl Jue o8 slagass
09y b ol eaijle OlaS 5 5T 5 cudgileys p 5 cudgilayo
TF o oV osleds VY als aeg)l (o5 ale GC-MS

Y7
[45]Volpi, N. and Bergonzini, G. (2006). Analysis of
flavonoids from propolis by on-line HPLC—electrospray

mass spectrometry. J. Pharmaceut. Biomed., 42, 354-
361.



