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PE3IOME

HacTtoswoTo u3cnegsaHe e CBbp-
3aHO C pa3paboTBaHe Ha TEXHO/OMMS 3a
nosyyaBaHe Ha O6uopasrpagumu egHo-
KOMMOHEHTHN W OBYKOMMOHEHTHU QUMUK
Ha OCHOBa KoJfiareH, XenatuH, ajirmHat u
nekTvH. MonyyeHnTe ounamm ca ¢ gobpu
ONTWUYHM U CTPYKTYPHO-MEXaHUYHN Xapak-
TEPUCTVKN. YCTaHOBEHUTE CTOWHOCTU 3a
SAKOCT Ha onbH (TS) 65xa 3.24 MPa npu
kKonareHosute dwmnmm 1 10.54 MPa npu
xenatuHosute cunmu. Pesyntatute oT
M3NUTBAHETO 3a yAb/hkaBaHe npu pas-
kbcBaHe (E) Bapupaxa ot 32.08 % pao
173.4%. Mpu anruHaTHUTE hunmm TS be
18.30 MPa, a E — 78.14 %., nokaTto npwu
NnekTMHOBMUTE UMK CTOMHOCTUTE 6sixa
MHOro no-Huckn: TS — 2.21 MPa, a E —
273.3%. Mpy KOMNO3UTHUTE PUIMU MONY-
YEeHN OT CMEeCWU aruMHaT-NekKTMH B CbOT-
HoweHne 1:2; 1:1; 2:1 6e HabniogaBaHo
3HaUUTE/THO NOJ0OpsiIBaHE Ha MexaHuu-
HUTE CBOWCTBA, KaTo Hai-a406pu CTONHOC-

Accepted: 25.04.2019

Published: 05.09.2019

SUMMARY
The present study is related to the

development of technology for the
production of biodegradable mono-
component and two-component films

based on collagen, gelatin, alginate and
pectin. The obtained films have good
optical and structural-mechanical
characteristics. The tensile strength (TS)
values measured were 3.24 MPa for
collagen films and 10.54 MPa for gelatin
films. The results of the test for elongation
at ultimate strength (E) varied from
32.08% to 173.4%. For alginate films TS
was 18.30 MPa and E — 78.14%, while for
pectin films the values were much lower:
TS - 2.21 MPa and E — 273.3%.

In  two-component films made from
alginate-pectin mixtures with a ratio of 1:2;
1:1; 2:1, a significant improvement in
mechanical properties was observed, with
the best values in 1:1 mixtures with TS —
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TM 6sixa HabnwpgaBaHM npu cmMecu B
CbOTHOWeEHMe 1:1 cbC CTOMHOCTU HA TS —
53.52 MPa n E — 34.4 %.

KpainHnte npoaykTn oT npeasioxe-
HaTa TexHo/orvs npeacrtaBnsiBat gobpa
OCHOBa 3a BK/HOYBAHE Ha aHTUMUKPOOGHMU
N aHTUOKCMZAHTHM BelecTBa OT pacTu-
TENeH MPOM3X04 WM OPYr eCTEeCTBEHU
(PYHKLUMOHa/THM CbCTaBkM W MoraT fa
6bOaT M3Nos3BaHM KaTto akTUBHM OMNaKoB-
K/ 3a XpaHuTenHaTa NPOMULLIJIEHOCT.

KntouoBn aymn: 6GMONOSIMMEPHM
dounmu, Bb306HOBSEMU CYPOBVHM,
OMTUYHN CBOWCTBA, MEXaHNYHUN CBONCTBA

yBO/[,

YBenmuyaBaHeTo Ha OTnagbuute oT
HepasrpagvMMm CUHTETUYHY OMaKOBKM MMa
HeraTUMBHO BNSIHNE BbPXY OKOJIHATa cpe-
Ja 1 30paBeTo Ha XXMBOTHUTE U YOBEKA.
Mopaan Te3n NpuyYMHKU MHOTO OT uscnepn-
BaHUsATa ce Haco4ysat KbM pa3paboTBaHe-
TO Ha HOBW €KOJIOTMYHO YMCTU MaTepuasiun
Ha ocHOBaTa Ha NpupoaHU Guononumepu
(MpoTenHn, nonnsaxapugu n aunuamn).

KonareHbT, XenaTuHbT, HaTpueBu-
AT a/ITMHAaT U NEeKTUHBT ca bruononumepw,
KOMTO ce mnpuemar kato 6e3onacHu 3a
ynoTpeba v ce u3nonssatr B XpaHWUTES-
HaTa MHAYCTPMS KaTo Xenupawiu, CrbCTa-
BalWy n crabunmsupawm areHtn. OcBeH
TOoBa Te ca 6uopasrpagvmMu; NosayvyeHu ot
LUMPOKO pasnpocTpaHeHu, Bb306HOBAEMY
CYPOBMHU 1 npuTexasaT [obpun dunnamo-
o6pa3syBally kayecTBa.

KonareHbT e Hali-pa3npocTpaHeHusT
mbpwniapeH HepasTBOPUM MPOTEVH B
npupogara. MNonyyasa ce OT KOXa, KOCTU,
CYXOXWUNA 1 apyrn cyonpoayktn oT ces-
CKOCTOMAaHCKM XMBOTHWU. dubpunapHata
CTPYKTypa Ha konareHa e npegnocTtaska
3a JobpuTe CTPYKTYPHO-MEXaHWYHWN CBOM-
CTBa Ha MosiydeHmTe NPOAYKTH, KOETO o
npespbllia B MNoAxoAsuwia CypoBMHa 3a
h/IMM 1 OMaKOBKU 3a XpaHWTesTHO-BKYCO-
Barta npomuwieHocT (Bourtoom, 2008).

XXenatvHbT € YacTUYHO XWMApPOosu-
3upaH konareH. duimmTe, KOMTo 06pasy-
Ba OOWMKHOBEHO Ca KOMMaKTHU C rnagbk
KOHTYp 6€e3 nopu v nykHatuHu. Bapuep-

53.52 MPa and E — 34.4%.

The final products of the proposed
technology provide a good basis for the
inclusion of antimicrobial and antioxidant
substances of plant origin or other natural
functional ingredients and can be used as
active packaging for the food industry.

Key words: biopolymer films,
renewable raw  materials, optical
properties, mechanical properties

INTRODUCTION

Increasing waste from  non-

degradable synthetic packaging has a
negative impact on the environment and
animal and human health. For this reason,
a lot of research is aimed towards the
development of new environmentally
friendly materials based on natural
biopolymers (proteins, polysaccharides
and lipids).

Collagen, gelatin, sodium alginate
and pectin are biopolymers that are
considered safe and are used in the food
industry as gelling, thickening and
stabilizing agents. They are also
biodegradable; obtained from widespread,
renewable materials and have good film-
forming properties.

Collagen is the most common
fibrous insoluble protein in nature. It is
obtained from skin, bones, tendons and
other animal by-products. The fibrillar
structure of collagen is a prerequisite for
the good structural and mechanical
properties of the resulting products,
making it a suitable raw material for films
and packaging for the food industry
(Bourtoom, 2008).

Gelatin is a partially hydrolysed
collagen. The films that are formed with it
are usually compact with a smooth
contour without pores and cracks. Their
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HUTE MM CBOWCTBa ca Aobpu - He nNponyc-
KaT K1CNopog 1 3aabpxart fobpe apoma-
TUTE, HO UMaT BUCOKA YyBCTBUTEJSTHOCT
KbM Bnara (Ramos et al., 2016).

AnrmHatuTe ca nosnmusaxapuau, no-
Jly4eHn OT pasnvyHy BUpoBe KagsiBu BO-
popacnn. lNpectaBnsiBaT HepasK/IOHEHM
OUHAPHN KOMOJIMMEPU, U3TPALEHUN [1aBHO
OT CBbp3aHu eanHMun Ha D-maHypoHOBa
KUCeuHa U HellHust nsomep L-rynypoHoBa
kucenvHa. OT conute Ha asirMHoBarta Ku-
CeJIMHa Hail-4eCTo NPakTUYeCcKo NpuIoxe-
HWe Hamupa HaTpueBuAT aarmHat. B npu-
CbCTBMETO HA MHOFOBA/IEHTHU KaTWOHU
(Hanpumep Ca*") e cnocobeH Aa o6pasy-
Ba TPUM3MEPHM Mpexu. dunmute oT
HaTpUEB aNrMHaT ca ragkm U enactudHu
(Koushki et al., 2015).

MeKTMHUTE ca pacTUTEsTHM XeTepo-
nosnvsaxapuan, CbabpXaly Ce OCHOBHO
B K/eTbyHaTa CTeHa Ha CyxO3emHuTe
pacteHuss. OcHoBHaTa Bepura Ha NekTu-
HoBaTa MoJiekyna e usrpageHa ot eauHu-
un D-ranaktypoHOBa KucenuHa, a ctpa-
HUYHWUTE BepuUrn cbabpxart L-apabuHosa,
L-pamHo3a, D-kcunosa, D-rnwokosa n D-
rasiaktosa. B 3aBMCUMOCT OT CTEMEHTa Ha
ecTepuukaumsa NekTMHUTE ce pasgenat
Ha [BE OCHOBHW KaTeropum — BUCOKO-
ecTepuduLmMpaH 1 HUckoecTepuduumupaH
nektvH. [opagn cBosiTa Guopasrpagu-
MOCT, 6GMOCHBMECTMMOCT, SAMBOCT U
ounmoob6pasyBally CBOICTBa, ca Noaxo-
JAlla cypoBuHa 3a nosiyyaBaHe Ha 6uvo-
nonumepHn connmun (Espitia et al., 2014).

3a nopobpsiBaHe Ha CTPYKTYPHO-
MeXaHWYHUTE U PU3NKOXUMUYHUTE CBOIA-
CTBa Ha ousiMMTe KbM GronosmMepHaTa
MaTpuua ce BKIHYBaT niactudmkaTropu u
ompexBawy areHtu. MnactudmkaTopuTe,
KOMTO Ce mM3nonseat npu paspaboTBaHe
Ha ounmu Tpsibea Aa 6bAaT CbBMECTUMU
C OCHOBHMSI MaTpU4yeH KOMMOHEHT, KaTo
OCHOBHO BJ/IMSIHWE WMAT MOJieKy/HaTa
Maca, KoHdmrypaumsata m oowmaT 6pon
PYHKUMOHAHW TpYNX Ha nnacTudukato-
pa (Wittaya, 2012). Pa3peLueHn 3a 1u3nosn-
3BaHe B XpaHUTesIHO-BKycoBaTa MpoMULL-
neHocT ca nonavonu (rUuepos, copéuTon,
NONMETUNEH T/INKOS), MOHO- 1 AU3axapugn

barrier properties are good - they do not
omit oxygen and retain good aroma but
have high moisture sensitivity (Ramos et
al., 2016).

Alginates are  polysaccharides
derived from different kinds of brown
algae. They are unbranched binary
copolymers composed mainly of linked
units of D-mannuronic acid and its isomer
L-guluronic acid. The most commonly
used salt of alginic acid is sodium
alginate. In the presence of polyvalent
cations (e.g. Ca2+) it is able to form three-
dimensional networks. The films, based
on sodium alginate are smooth and elastic
(Koushki et al., 2015).

Pectins are plant heteropoly-
saccharides mainly found in the cell wall
of terrestrial plants. The basic chain of the
pectin molecule is composed of D-
galacturonic acid units while the side
chains contain L-arabinose, L-rhamnose
D-xylose, D-glucose and D-galactose.
Depending on the degree of esterification,
the pectins are divided into two main
categories — high-esterified and low-
esterified pectin.

Due to its biodegradability, biocompatibility,
edibility and film-forming properties, it is a
suitable raw material for making
biopolymer films (Espitia et al., 2014).

Plasticizers and crosslinking agents
are included to the biopolymer matrix in
order to improve the structural-mechanical
and physicochemical properties of the
film. Plasticizers used in film development
should be compatible with the basic
matrix component, the most important

factors being molecular weight,
configuration and total number of
functional groups of the plasticizer

(Wittaya, 2012). The polyols (glycerol,
sorbitol, polyethylene glycol), mono- and
disaccharides (sucrose, glucose, fructose)
and lipids and their derivatives
(monoglycerides,  phospholipids  and
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(cykposa, rniokosa, pykTosa), anuan m
TexHute  gepuBatun  (MOHOrNUULEpUan,
oconunuaun n cbphakTaHTn).

Mpu npoueca ompexsaHe ce Hama-
NsiBa NoABWXHOCTTA B NOSIMMEpPHaTa CTPYK-
Typa, nogobpsisar ce 6apvepHuTe CBOIi-
CTBa 1 Ce NoBuLIAaBa 34paBuHaTa Ha /-
Ma. OMpexBaLLmTe areHT! Npu NpoTenHK-
Te 1 nonusaxapugute B NOBEYETO Cly4aun
npeacTasnsBaT CUMETPUYHU BUGIYHKLMO-
Ha/IHN CbEeAVHEHNS C PeaKkTUBHMW TPynu,
NposiBSiBaLLM CNEUMPUYHOCT CNPAMO OYHK-
UMOHA/THUTE TPynu B MakpOMOJIEKYNHUS
maTtpukc (Azaredo and Waldron, 2016).
Mpu anrmHatuTe n NEKTUHUTE, OMPEX-
BaHeTo Ce OCbllecTBsBa 4pe3 OHHO
B3aUMOENCTBUE MEXAY MOSMypoHaTn U
OMBaIEHTHU MeTaslHu noHn (Rhim, 2004).
Anpgexngute (chopmangexug, rayrapan-
Aexua) ca  Hali-yecto  M3Non3BaHuTe
OMpeXBally areHTU npu MpPOTEMHOBUTE
gwmnmn. Te ca CpPaBHUTENIHO EBTUHU W
6BbpP30 pearvpart cbC CBOOGOAHUTE HEMpPO-
TOHWPAHN €-aMVHO TPynu B noavnentua-
HUTE BepUrn. TAXHOTO M3MNO/S3BaHE B Ma-
Tepuasan, KOUTO ca B KOHTaKT C XpaHu, e
HexesnaTenHo, nopagu onaceHus 3a TOkK-
CUYeH ewpekT Ha angexuiHu ocTarbun B
c/lyyamte Ha TAXHa Murpaums KbM xpa-
HUTeNHWA npoaykt (Azaredo and Waldron,
2016). MNopagn Tasu npuuvHa npes no-
cnegHUTe peceTusieTuss ca MpoBefeHu
MHOXECTBO W3C/ieABaHNs, CBbp3aHu C
aNTepHaTVBHN OMpeXBallM areHtn 3a
NpUIOXKeHVe B  XpaHWTEsIHO-BKycoBaTa
npomMuLneHocT. Mima gaHHu 3a nsnonssa-
He Ha MuKpobuanHa TpaHcrayTamuHasa
(De Cavalho and Crosso, 2006), reHunuH
(Bigi et al., 2002), cheHonu, nonudeHonn
n ap. (Araghi et al., 2015).

LlenTa Ha HacToALETO uscnenBaHe
€ nosly4yaBaHe Ha HOBW €AHOKOMMOHEHTHU
MMM Ha OCHOBa KoJjiareH, >enaTuH,
aITUHAT M NEKTWH U KOMMO3UTHW asirMHaT-
NeKTUHOBY OUIMU U ONpejensHe Ha Tex-
HUTE PU3NYHN N MEXAHUYHUN CBOICTBA.

MATEPWNAN N METO4WA
MaTtepuanun: s16b/KOB NeKTUH (BU-
cokoecTepudmumpaH, CTeneH Ha ectepu-

surfactants) are authorized for use in the
food industry.

In the process of crosslinking,
mobility in the polymeric structure is
reduced, the barrier properties are
improved and the strength of the film is
increased. The crosslinking agents of the
proteins and the polysaccharides in most
cases represent symmetrical bifunctional
compounds  with  reactive  groups
interacting with specific functional groups
in the macromolecular matrix (Azaredo
and Waldron, 2016). In alginates and
pectins, the crosslinking is carried out by
ionic interaction between polyuronates
and divalent metal ions (Rhim, 2004).

Aldehydes (formaldehyde, glutaral-
dehyde) are the most commonly used
crosslinking agents in protein films. They
are relatively inexpensive and react with
the free unprotonated s-amino groups in
the polypeptide chains. Their use in
materials, which are in contact with food is
undesirable due to concerns about the
toxic effect of aldehyde residues in the
cases of their migration to the food
product (Azaredo and Waldron, 2016).

For this reason, many studies have been
carried out over recent decades on
alternative cross-linking agents for use in
the food industry. There is data for the
use of microbial transglutaminase (De
Cavalho and Crosso, 2006), genipin (Bigi
et al.,, 2002), phenols, polyphenols etc.
(Araghi et al., 2015).

The aim of the present study is to
obtain new mono-component films based
on collagen, gelatin, alginate and pectin,
and composite alginate-pectin films and
determining their physical and mechanical
properties.

MATERIAL AND METHODS
Materials: apple pectin (high-
esterified, degree of esterification 56.90%)
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ukaums 56.90%) (CpCelso), HaTpues
anrmHat (P.I1.C.C.0), xenatuH, 260 Bloom
(Andppoct O0OL), konareH Tun | (nponsee-
AeH B VIKXT). BcuykM M3non3BaHu peak-
TMBW U XMMMWKaIM ca Y3a 1 ca 3akyneHu ot
Merck.

MeTogu:

MonyyaBaHe Ha GUONOAVMEPHMU
dunmmn. MonyyeHn ca Tpu Buga uamm
ypes MeTof Ha pa3TBapsiHe: 1) NpoTenHo-
Bu: konareH (C), xenatuH (G); 2) nonumsa-
XapugHu: HatpuesB anrmHat (AG), NekTuH
(P) 1 3) KOMMNO3UTHK: @) HATPWUEB asirMHaT-
NekTMH B CbOTHOwWweHue 2:1 (AG-Py),
HaTpUeB anrmMHaT-NeKTUH B CbOTHOLLEHNE
1:1 (AG-P,), HaTpueB anrnmHaT-nekTuH B
CbOTHOLWeHne 1:2 (AG-Py).

KoHueHTpaLusaTa Ha nonMvepute B
pasTBopa M OCHOBHWTE NapameTpu npwu
pa3TBapsiHe ca gafeHu B Tabnuvuya 1.

Tabnmuya 1. CbCTaB W  pexXumm Ha
onononMmMmepHn umm

(CpCelso), sodium alginate (P.I.C.C.0O.),
gelatin 260 Bloom (ALFROST Ltd),
collagen type | (manufactured by ICFT).
All reagents and chemicals used were of
analytical grade and purchased from
Merck.

Methods:

Preparation of biopolymer films.
Three types of films were obtained by
dissolution method: 1) proteins: collagen
(C), gelatin (G); 2) polysaccharides:
sodium alginate (AG), pectin (P), and 3)
composites: a) sodium alginate — pectin
in a ratio 2:1 (AG-P1); b) sodium alginate
— pectin in a ratio 1:1 (AG-P2); c) sodium
alginate — pectin in a ratio 1:2 (AG-P3).

The concentration of polymers in
the solution and the basic dissolution
parameters are given in Table 1.

nosiyyaBaHe Ha pasfiIMyHM BUAOBE

Table 1. Composition and parameters of obtaining the different variants of

biopolymer films

MapameTpu / Parameters
dUIMm KoHL,. Ha CbOTHO- Pa3TBoputen pH t°C Ha OwmpexBall,
Eilms nonumvepa LeHne Solvent pasTB./cMecBaHe areHt
Conc. of the | Proportion t°C of Cross-linking
polymer (%) dissolving/mixing agent
[poTenHosun
Protein
e KonareH (C) 2.0 - Oectunup.sopa | 6.4 20°C [anotaHuHu
Collagen (C) Distilled water Gallotannin
o KenatvH (G) 10.0 - 40% eTaHon 6.5 60°C [anoTaHuHu
Gelatine (G) 40% ethanol Gallotannin
MonunsaxapungHu
Polysaccharide
o AnruHart (AG) 25 - Jectunup.soga | 5.2 20°C CaCl
Alginate (AG) Distilled water
o [lekTnH (P) 2.5 - Oectunup.sopga | 2.9 20°C CaCl,
Pectin (P) Distilled water
KomMno3ntHu
Composite
e AG-P; 2.5 2:1 [Jectnnup.soga | 4.7 20°C CaCl,
o AG-P, 2.5 1:1 Distilled water 3.8 20°C CacCl,
o AG-P; 25 1:2 3.3 20°C CaCl;,

Bcuukn dounmoobpasysaliy pasTBo-

All film forming solutions (FS) were

pu (FS) ce xomoreHunsmnpaxa npu NOCTOSAH-
HO pa3bbpkBaHe (300-600 rpm), cnep
KOeTo ckopocTTa ce Hamansasawe fo 100
rpm un ce pobassixa nnactudukatop (0.8

homogenized with constant stirring
(300-600 rpm), then the rate was reduced
to 100 rpm and plasticizer was added (0.8
g/g polymer in gelatin and alginate films
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g/g nonumep npu XenaTUHOBUTE W
anrmHatHuTe dmnmm n 0.6 g ranuepon/g
nosMMep NPy BCUYKM OCTaHasIn) 1 OMpeXx-
Baw, areHT (1% 0.1 M pasTtBop Ha CacCl,
3a (pusiMM Ha OCHOBaA nonusaxapuan um
1 % rasioTaHUHM OT CMpaa/nka 3a unmMu
Ha OcHoBa npoTeuHn). [puroTBEHUTE
xugpokonomgHn FS ce coHudmumpaxa
(10 min Ha ynTpa3BykoBa BaHa, Ultrasonic
system, M7652) 1 TpeTupaxa nog Bakyym
3a OTCTpaHsiBaHe Ha Bb3AyLUHUTE MeXyp-
yeta. Cnepg ToBa (ounmoobpasyBawute
pa3TBopu ce otamBaxa B netpu (0.325 g
FS/cm?) n mscywasaxa nop Bakyym (20
kPa, SPT-200 Vacuum Drier) npu 35°C.
Cyxute npobu oT uamK, CbabpXKaLm
HaTpueB asrmHat ce noctaessaxa B 0.3 M
pastBop Ha CaCl2 3a gonbAHUTENHO
oMpexBaHe, npomMuBaxa ce ¢ OecTuIu-
paHa BojAa 3a OTCTpaHsiBaHe Ha WU3nL-
HuA Ca>', u n3cywasaxa npu 25° C. lNpe-
OV TecTBaHe BCUYKM (UMK Ce Cbxpa-
HsiBaxa Npw cTaiiHa Temneparypa v OTHO-
cutenHa sniaxHocT 50 £ 1%.
CobabpkaHue Ha Bnara. Onpegens
ce Mo eKCrnpeceH TernoBeH MeTo[ Ha
€/1eKTPOHHa Be3Ha C WH(pavyepBeHO Ha-
rpsBaHe (Sartorius Thermo Control YTC
01 L). 3a uenta npeTerneHo KOANYecTBO
gounm (okosio 1g) ce nocTaBst BbPXY 6/110-
[JoTo Ha anapata. Cywu ce npu 100°C ¢
rnomowjTa Ha WH(ppayepBeHa namna Ao
nocTtosiHHa maca. KonmyecTtBoTo Ha Bna-
rata B npob6ara ce nuspassisa B NPOLEHTN.
Jeb6ennHa Ha dounma. [ebenvHaTa
Ha dwmnama ce onpegens c gurMTaneH
MUKPOMETBP € TOYHOCT A0 0.01mm +5% B
net MNpoM3BOSIHO W36paHM yyacTbLu OT
unma. CpegHuTe CTOMHOCTU Ha Aebenu-
HaTa 3a BCsika nNpoba 6sxa WM3MN0nA3BaHu
npv onpegensiHe Ha AKOCT Ha OMbH.
OnTuyHn cBoiicTBa. LiBeTtoBute
napameTpu Ha 6GuononnMepHuTe UIMK
ca onpefeneHn 4ypes Wu3nos3BaHe Ha
cuctemata CIE L'a’b’ ¢ konopumeTsp
Colorgrad 2000 (BYK-Gatdner Inc., USA).
B cuctemata CIE L'a’b’ uBeToBuTe
KoopAuHaTM ca CbOTBETHO L*: OT uyepHO
(0) po 6510 (100), a*: uepBeH UBAT (+)
3eneH ugar (=), b*: XbnaT uBAT (+) CuUH

and 0.6 g glycerol/g polymer in all others)
as well as crosslinking agent (1% 0.1 M
CaCl, solution for polysaccharide based
films or 1% gallotanins from sumac for
protein based films).

The prepared hydrocolloid FS were
sonicated (10 min on ultrasonic bath,
Ultrasonic system, M7652) and treated
under vacuum to remove air bubbles.

Thereafter, the film-forming solutions were
cast in plates (0.325 g FS/cm?) and dried
under vacuum (20 kPa, SPT-200 Vacuum
Drier) at 35°C. Dry samples of sodium
alginate films were placed in 0.3 M CacCl,
solution for additional crosslinking,
washed with distilled water to remove
excess Ca”* and dried at 25°C. Before
testing, all films were stored at room
temperature and relative humidity 50 +
1%.

Moisture content. Determined by an
express weighting method on an
electronic scale with infrared heating
(Sartorius Thermo Control YTC 01 L). For
this purpose, a weighed amount of film
(about 1g) was placed on the apparatus
plate. It was dried at 100°C with the help
of an infrared lamp until constant weight.
The amount of moisture in the sample is
expressed as a percentage.

Film thickness - The thickness of
the film was determined with a digital
micrometer with accuracy up to 0.01lmm
1+5% in five randomly taken sectors of the
film. Mean thickness values for each
sample were calculated and used in
tensile strength calculations.

Optical properties - The colour
parameters of the biopolymer films were
determined using the CIE L'a’b’ system
with Colorgrad 2000 colorimeter
(BYK-Gatdner Inc., USA). In the CIE
L'a’b” system, the colour coordinates are:
L*: from black (0) to white (100), a*: red
(+) green (=), b*: yellow (+) blue (-).
Measurements were performed on a white
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uBaT (-). MismepBaHuATa ca nposeaeHu
BbpXy 6511 cTaHaapTeH oH (L* = 94.26,
a* = - 0.92 n b* = - 0.65). Bcuuku
n3MepBaHMsa ca W3BbPLUEHN TPUKPATHO.
O6uwoto usetoBo pasnunume (DE) ce
n3uncnsaea no opmynaTta:

standard background (L* = 94.26, a* =
-0.92, b* = -0.65). All measurements
were performed three times. The total
colour difference (DE) is calculated using
the formula:

AEmf(L* =L} 4 (a* —a)* + (b* - b)*

D,

Kbaeto L*, a* n b* ca ctaHgapth, a L, an | where L*, a* n b* are standard, while L, a

b ca croiiHocTuTe Ha

napameTpu Ha npooute mamn.
MHoekcbT Ha 6enota (Whiteness

index, WI) ce nsumcnsasa no popmynara:

usetosute | and b are the values of the colour

parameters in the sample films.
Whiteness index (WI) is calculated
using the formula:

Wi=100-y100 - (100 - L)® + a® + b2 "

MponycknMBOCTTa Ha CBET/IMHA Ha
dunmute (LT) e onpegesneHa no meTon,
no ASTM (2009) upes nsnosnssaHe Ha U-
Vis cnektpocpoTtomeTsp (Libra S 22 U-Vis,
Biochrom, USA) npu Ab/XMHA Ha Bb/Ha-
Ta 560 nm u Temnepatrypa 22+2°C. W3-
BbpLUEHN Ca TPWUKPaTHW M3MepBaHUsA Ha
Tpu ounma oT BCEKM BUA, Bruononumep.

O6Wo KOAMYecTBO pa3TBOPUMHU
BewecTBa (TSM). Onpepensa ce cbrnac-
HO MeTopg, onucaH oT Rhim et al. (1998).
MpenBaputeniHo npetersiieHn npoéu ot
unmnTe ¢ egHakbB pasmep (d=2 cm) ce
noctaesixa B MOAHW KONGU, CbAbpXaLLu
100 ml pectunupaHa Bopga (¢ nobaseH
HaTpveB asug 3a UHXMbupaHe Ha eBeH-
TyaneH MukpobuasieH pactex). Konéute
ce WVHKybupaxa B KiaTayHa cuctema
(“Inkubations-Schuttelschrank BS-4
B.Braun”, 100 rpm) npu TemnepaTypa
25C 3a 24 vaca. HepastBopeHuTe Be-
LecTBa ce oTAenaxa upes uaTpysaHe u
uscywasaxa npu Temnepartypa 105°C 3a
24 yaca, cnep KoeTo ce npeTernsxa.
KonmuecTBoTO pa3TBOpPEHN BelyecTBa ce
onpegens no coopmynaTta:

TSM=[(wi=w [} wi]=100

KbETO Wi e HavyasHoTo Terno, wf —
TernoTo cnef, unTpyBaHe 1 nscyllaBaHe.

Light transmission (LT) of the films
is determined by the ASTM (2009)
method using a U-Vis spectrophotometer
(Libra S 22 U-Vis, Biochrom, USA) with
wavelength 560 nm and a temperature of
22+2°C. Three measurements of three
films of each biopolymer were performed.

Total soluble matter (TSM) - TSM is
determined using the method described
by Rhim et al. (1998). Pre-weighed
samples of the equal size films (d = 2cm)
were placed in iodine flasks containing
100 ml of distilled water (with added
sodium azide to inhibit eventual microbial
growth).

The flasks were incubated in a shaker
system (“Inkubations-Schuttelschrank BS-4
B.Braun”, 100 rpm) at 25°C for 24 hours.
The undissolved substances were
removed by filtration and dried at 105°C
for 24 hours and then weighed. The
quantity of dissolved substances is
determined by the formula:

3.

where wi is the initial weight, wf — weight
after filtration and drying.
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MexaHu4Hu cBoiicTBa. HanpaBeHu
ca U3NuUTBaHus 3a AKOCT Ha onbH (Tensile
Strength, TS) u yobmkeHne npu paskbe-
BaHe (Elongation at Ultimate strength, E),
cbrnacHo craHgapt BDS EN ISO 527-
3:2003 c anapart 3a MakpoOMexaHW4HU U3-
nuteaHua UMT:2M (CETR-USA). OT Bce-
kv Bug 6uonosnvMepeH marepuan ca us-
cnefsaHu nNo 6 Npo6HW Tena, KOUTo Npea-
CTaB/ABaT ABYCTPaHHW nonaTtku, ¢ pasme-
pu B mm — 55/6. TecTbT 6€ nNpoBe-AeH npu
cTaiiHa TemnepaTtypa (20+2°C), CKOpPOCT —
0.017mm/s, ceH3op — 1000 N. Pesynrartu-
Te ca npejcTaBeHun KaTo cpefHu CTOMHOC-
TV OT 6 3MepBaHNA 3a BCAKa nNpoba.

CTaTtucTunyeckn aHanmi. Pesyn-
TaTUTe OT U3cnedBaHNATa ca aHam3npa-
HX C rMomMoLiTa Ha cTaTtucTuyecka npor-
pama Ha Microsoft Excel 2013. W3non-
3BaH e eHONOCOYeH aHasIM3 Ha NPOMEH-
nneute (ANOVA). [laHHuTe ca npeacta-
BEHW KaTo CPefHN CTOMHOCTU £ CTaHAapTHO
OTK/NIOHeHue (SD). 3a BcuYkM cpaBHEHUSA
€ TMpueTo HMBO Ha CUrHUMKaHTHOCT
p<0.05.

PE3SYNTATU N OBCbXOAHE

BbHWeH BuAa, CbabpXaHne Ha
Bfara n obwo KoamyecTBO pa3TBOpPUMU
BellecTBa

BusyanHo Bcuukn cmamy ca XOMo-
reHHW, rbBKaBW, 6e3 4YynjmMBM y4yacTbUu U
6e3 Ha/Muve Ha Bb3OYLWHU MexypyeTa
(Tabnuua 2). MNpu NpWUIOXKEHO eaHaKBO
Konnyectso (punmoobpasyBalla cmec 3a
onpepaenexa nnowy, (0.325 g FS/cm?) nony-
yeHuTe punmn ca ¢ gebenuHa ot 0.06 mm
npy anruHatamTe duamm go 0.20 mm npwu
uMUTE Ha OCHOBA XenaTuH, KOUTO ca C
Hali-BUCOKO TMPOLEHTHO CbAbpXaHue Ha
6uononumep. [ebenuHara Ha nosiydyeHuUTe
MaTepuanm 3aBuUCU OT KOHLUEHTpauusaTa Ha
6uononumepa, u3nossBaHuTe naactndurka-
TOPY M OMpexBally areHT! U nNpuioxeHara
TEXHOOruns.

OcCTaTb4yHOTO BarocbabpxaHue npu
nNpoTenHoBUTE (PUIMU € NO-HUCKO, KOETO ce
OBk Ha obpasyBaHeTO Ha Mo-KOMMNakTHa
nosiMMepHa CTPyKTypa U No-BUCOKa CTeneH
Ha ompexsaHe. [1o-roNAMOTO KOIMYECTBO

Mechanical properties

Tensile strength (TS) and
Elongation at Ultimate strength (E) tests
were conducted, according to the BDS EN
ISO 527-2:2002 (2002) standard with a
UMT:2M macromechanical test apparatus
(CETR-USA). Of each type of biopolymer
material, 6 sample bodies (dimensions in
mm - 55/6) were tested. The test was
performed at room temperature (20+2°C),
speed — 0.017 mm/s, sensor — 1000 N.
The results are presented as averages of
6 measurements for each sample.

Statistical analysis. The results of
the experiments were analyzed using a
statistical program of Microsoft Excel
2013. One-way analysis of variables
(ANOVA) was used. Data are presented
as mean = standard deviation (SD). A
significance level of p <0.05 was assumed
for all comparisons.

RESULTS AND DISCUSSION

Appearance, moisture content and
total soluble matter:

Visually, all films are homo-
geneous, flexible, with no brittle areas or
air bubbles (Table 2). With an equal
amount of film-forming mixture per area
(0.325 g FS/cm?) the thickness of the
resulting films ranges between 0.06 mm
for alginate films to 0.20 mm for gelatin-
based films, which have the highest
percentage of biopolymer content. The
thickness of the resulting materials
depends on the biopolymer concentration,
the plasticizers and crosslinking agents
used and the applied technology.

The residual moisture content of
the protein films is comparatively lower,
due to the formation of a more compact
polymer structure and a higher degree of
crosslinking. The higher residual moisture
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Ha ocTaTbyHa Bfnara B oCTaHa/MTe BapuaH-
TM (bunmMu ce Ab/DKM Ha BUcoKata XUrpo-
CKOMWUYHOCT Ha nosv3axapugure.

O6LWOTO  KONMYECTBO  pas3TBOPUMU
BellecTBa e nokasaren 3a CTeneHta Ha
pasTBapsiHe Ha OMOMOMUMEPHUS MaTPUKC
BbB BOgHa cpepa. OT o0606weHnTe
pesyntaty OT TecTa Ce BWxAa, 4ye npu
dunmMm Ha pasnumyHa ocHosa TSM e oT
42,85% po 99,13%. [poTenMHoBUTE W
KOMMNO3UTHWUTE (UMK nokKassaTt 3HaunTen-
HO No-Masika pa3TBopuMMOCT (0T 42.9% npu
KonareH fo 66.6% npu AG-P2) B cpaBHeHue
C €eOHOKOMMOHEHTHUS NEKTUHOB  (PU/IM.
TexHuTe pesyntatum ca nNofo6HW Ha CTOoW-
HOCTUTE, NOJSlyYeHU Npu anrvHaTHUA UM
(47,88%). MonyyeHnTe pesyntartu (C U3KNH0-
YyeHne Ha NeKTUHOBUA OUSIM) ca CpaBHUMMU
C pasTBOpPUMOCTTA Ha SAOMBHM  hunmu
(Mohajer, 2017).

content of the other film variants is due to

the  high  hygroscopicity of the
polysaccharides.
The total amount of soluble

substances is an indication of the degree
of dissolution of the biopolymer matrix in
water medium. In the summarised test
results, it can be seen that for films on
various basis, TSM ranges from 42.85%
to 99.13%. Protein and composite films
showed significantly less solubility (from
42.9% for collagen to 66.6% for AG-P2)
compared to the one-component pectin
film. Their results are similar to those
obtained with the alginate film (47.88%).
The obtained results (with the exception
of those of pectin film) are comparable to
the solubility of edible films (Mohajer,
2017).

Tabnuua 2. OCHOBHU XapaKTepuUCTUKN Ha BrononumepHuTe uamm
Table 2. Characteristics of the biopolymer films

*
dunmm BbHLLEH BUZ, gri?c?;ntlas Bnarocvbpxarme* TSM (%)*
Films Appearance Moisture (%) (n=3)
(mm) (n=3)
G - 0.20+0.01 10.35+0.25 51.04 £0.09
C - 0.10+0.01 10.49+0.29 42.85+0.10
AG ' 0.06+0.01 11.52+0.21 47.88+0.10
P G 0.10+0.01 13.09+0.37 99.13+0.22
V1iAG-P I 0.07+£0.01 12.05+0.32 48.47+0.12
V2AG-P 0.07+£0.01 11.10+0.24 49.57+0.10
V3AG-P . 0.09+0.01 14.85+0.41 66.61+0.23

* Data reported are average values + standard deviations

217



OnTwWYHK CBOWCTBA

3a no-pgobpoto paszbupaHe Ha oNTuUy-
HUTE XapaKTepUCTMKM Ha uIMUTe ca aHa-
nuM3npaHn usetosuTe napameTpu (L, a,
b), o6woTo usetoBo pasnuuue (AE), uH-
hekcbT Ha 6enota (WI) n npo-nyckiu-
BOCTTa Ha cBeT/iMHa (LT). Kakto ce Bux-
Aa ot Tabnuua 3 anrmHatHuTe ounmMu ca
Hali-CBET/IM, AOKATO NMEKTUHOBWUTE W NPO-
TEMHOBUTE (PU/IMM N ca C XbNTEHVKaB
uBAT. MNpy TAX UMa 3HAUUTENHO Hamans-
BaHe Ha L cTo/iHOCTUTE U noBuLIaBaHe
Ha b n AE cToiiHocTtuTe (p<0,05). MNpea-
nonarame, ye pasnuKNTe B LBeTa Ce AbJl-
XaT KakTo Ha pasfinyHusa BUA U Kayec-
TBata Ha OuononumepuTe, Taka U Ha
BNIMSAHMETO Ha OMpeXxBalluTe areHTn. 3a
onpegensiHe Ha OGapuepHuUTe CBOWCTBA
CnpsAMO CBET/NIMHAaTa € M3MepeHa npomnyc-
KIMBOCTTa Ha CBeTNMHa. Hali-Bncoka cToit-
HocT 3a LT nma npu xenatuHoBusl ounm, a
Hail-H1cka npu Apyrus nNpoTeuHoB anamM —
KonareHoBusl, kaTo pas/jiukata e cTaTucTu-
yeckn 3Haumma (p<0,05). MNMponyckInBoCT-
Ta 3a CBET/IMHa Npu a/iriHaTHUA M e
6/13ka [0 XKenaTuHOBMS UM U CPaBHU-
Te/IHO No-BWCOKa OT uammute Ha 6asa
KonareH v nekTuH. Mpu KoMNo3uTHUTe usn-
MU ce Habnwpgasa HamanseaHe Ha LT c
yBE/MYaBaHe Ha MPOLEHTHOTO CbAbpXa-
HVe Ha nekTuHa. Mo Hawy cBefeHns AaHHW
B NMTepaTtyparta 3a CTOWHOCTM Ha nponyc-
KMBOCT Ha CBET/IMHA, U3MEPEHU Npu Abi-
XWHa Ha BbNHaTa 560 nm uma camo npu
nscnegsaHe Ha Ogur and Erkan (2015).
CroiiHoCcTuTe Ha LT Ha XenaTtuHoBUTE 1 Ha
KonareHosuTe UMK NPU HalleTo uscnes-
BaHe ca 6/M3kM OO Te3n, KOUTO aBTopuTe
Ccbo6LLaBaT 3a XenaTuHOBUTE U KoNareHo-

Optical properties

For a better understanding of the
optical characteristics of the films, color
parameters (L, a, b), total color difference
(AE), whiteness index (WI) and light
transmission are analyzed. As can be
seen from Table 3, alginate films are the
brightest while pectin and protein films
have a yellowish colour.

They have a significant decrease in L
values and an increase in b and AE
values (p<0.05). We assume that colour
differences are due to the differences in
types and properties of the biopolymers,
as well as to the influence of the cross-
linking agents.

Light transmission (LT) was measured to
determine light barrier properties. The
highest LT value is measured for the
gelatin film, while the lowest — for the
other protein film — collagen, the
difference being statistically significant
(p<0.05). The light transmision value of
the alginate film is close to the that of the
gelatin film and comparatively higher than
those of collagen and pectin based films.
In composite films, LT decreases with the
increase in the percentage content of
pectin. To our knowledge, data on light
transmission  values, measured at
wavelength of 560 nm is only available in
work of Ogur and Erkan (2015). The TL
values of gelatin and collagen films in our
study are similar to those reported by the
authors for gelatin and collagen films.

BUTE MM,

Tabnnua 3. LUBetoBM napameTpu U MpPONycKIMBOCT 3@ CBET/IMHA Ha
onononumepHuTe hnamm

Table 3. Colour parameter and light transmission (LT) of biopolymer films*
dunmu/Films L a b AE Wi LT, %

Cc 65,72+0,33 | -0,87+0,04 | 8,53+0,09 30,03+0,15 | 64,47+0,31 | 21,70+0,01
G 67,49+0,34 0,66+0,01 17,22+0,10 32,22+0,16 62,87+0,32 61,10+0,01
AG 83,94+0,47 -1,61+0,01 1,53+0,01 10,85+0,09 83,60+0,71 60,40+0,01
P 65,40+0,32 | -1,36+0,02 | 5,94+0,09 29,69+0,14 | 64,71+0,32 | 47,00 +0,01
AG-P; 74,00+0,37 | -0,76+0,01 1,91+0,01 20,50+0,10 | 74,00+0,37 | 57,40+0,01
AG-P; 71,69+0,36 | -0,90+0,01 1,67+0,02 22,76+0,12 | 71,63+0,35 | 49,10+0,01
AG-P3 68,20+0,34 -0,69+0,01 2,18+0,04 26,26+0,24 68,03+0,40 48,00 £0,01

* Data reported are average values * standard deviations
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MexaHU4HM cBOCTBa

MexaHU4yHUTE XapaKTepucTvkn Ha
dnamnte U NoKpUTUATaA Cce oTpassasart
NPSKO BbpXYy KA4ecTBOTO U (DYHKLMOHas-
HUTE MM CBoOIicTBa. Hali-BaxHu napamet-
pyv Npy Te3n TecToBe ca SKOCT Ha OMbH
(TS) n ygbvnmkeHve npu paskbcesaHe (E).
TS e oueHKka 3a MexaHu4yHaTa 34paBuHa,
Ab/mKalla Ce Ha KOXe3MOHHMTE Ccunn
MeXay NOSIMMEPHUTE BEPUTM B CTPYKTY-
pata Ha dwvnma. E uspasssa makcumasni-
HaTa NpomsiHa B Ab/hKUHATA Ha U3NUTBa-
HWS MaTepuas npeam paskbCcBaHe, U3pase-
HO B MPOLEHTU CMPSIMO MbpBOHAYas/IHa-Ta
Ab/MKMHA Ha HeaedhopMmmpaHua obpasel,.

MonyyeHnTe fdaHHW MoOKasBaT, 4ve
unmnute ca € [o6pu  CTPYKTYpHO-
MEXaHWYHW XapakTepuctuku (durypm 1 un
2). MNpu npoTteuHoBuTe dunmMu 6axa
YCTAHOBEHU CTOMHOCTM 3@ SIKOCT Ha OMbH
(TS) — 3.24 MPa (konareH) n 10.54 MPa
(kenatnHoBM dunmu). Pesyntatute oT
U3NUTBAHETO 3a yAb/hKaBaHe npu pas-
kbcBaHe (E) Bapupaxa ot 32.08 % pgo
173.4%. MNpu anrMHaTHUTE ounmn TS 6e
18.30 MPa, a E -78.14 %., gokaro npu
nekTMHoOBWUTE (hn/IMM CTONMHOCTUTE Ha TS
6sxa 3HauUNTEeNHO No-HUcku: - 2.21 MPa,
a Ha E — 3HauuteslHo NO-BMCOKK
(273.3%). Mpun kKoMNO3UTHUTE PUSIMU
nosly4eHn OT CMEeCWU asrMHaT-nmekTuH B
CboTHoweHue 1:2; 1:1; 2:1 ce Habnwga-
Ba 3HAUMTE/IHO Nofo6psiBaHe Ha Mexa-
HWYHWUTE CBOICTBA, B CPaBHEHUE C efHOo-
KOMMOHEHTHUTE UMM Ha OCHOBa anru-
HaT M Ha OCHOBa NeKTWH. Hai-gobpu
pesyntatu mma npu cMecu B CbOTHOLLE-
HMe 1:1 cbe cToliHOoCTM Ha TS 53.52 MPa
n E — 34.47 %. MexaHuyHarta 3gpasvHa
Ha pa3paboTeHnTe XenaTuHOBM U Kona-
reHoBu M1, KOpecnoHampa ¢ uutmpa-
HU B nutepatypata gaHHu (De Carvalho
and Grosso, 2006). CtoiHocTUTe Ha TS
3a anrMHatHuTe uamm ca 6au3kM ao
Te3an Ha Olivas and Barbosa-Canovas
(2008), HO ce pasnmMyaBaT OT APYrK UNTU-
paHu B nuTepartyparta gaHHu (Benavides
et al., 2012), KaTo NO-HUCKUTE CTOMHOCTU
3a TS 1 no-BucokuTe CTOWHOCTM 3a E

Mechanical properties

The mechanical characteristics of
films and coatings directly affect their
quality and functional properties. The
most important parameters in these tests
are tensile strength (TS) and elongation
at ultimate strength (E). TS is an estimate
of the mechanical strength due to the
cohesive forces between the polymer
chains in the film structure. E expresses
the maximum change in length of the test
material before tearing, expressed as a
percentage of the original length of the
undeformed sample.

The data obtained show that the
films have good structural and
mechanical characteristics (Figures 1 and
2). Protein films were found to have a
tensile strength (TS) of 3.24 MPa
(collagen) and 10.54 MPa (gelatin films).
The results of the elongation at ultimate
strength test (E) varied from 32.08% to
173.4%. For alginate films TS was 18.30
MPa, and E —78.14 %., while for pectin
films the values of TS were much lower:
TS - 2.21 MPa, and for E — much higher
(273.3%).

In composite films made from alginate-
pectin mixtures in a ratio of 1:2; 1:1; 2:1,
there was a significant improve-ment in
mechanical properties compared to
mono-component alginate and pectin
based films. The best results were found
for mixtures with a ratio of 1:1 - TS —
53.52 MPa and E — 34.47%.

The mechanical strength of the
developed gelatin and collagen films
corresponds to the data quoted in
literature (De Carvalho and Grosso,
2006). TS values for alginate films are
similar to those of Olivas and Barbosa-
Céanovas (2008), but differ from other
data (Benavides et al.,, 2012), as lower
TS values and higher E values can be
explained by differences in biopolymer
concentration, plasticizer applied, and
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Morat ga ce OOSICHAT C pas/vknute B
KOHUEeHTpauusaTa Ha 6uononumepa, npu-
NOXEHUAT nnactndukaTtop u MeTos Ha
ompexsaHe. CTOMHOCTUTE 38 MeXaHW4HU
CBOIiCTBa Ha NOJ/ly4YeHUTe GUONOANMEPHN
unmn  (MPOTEUHOBM,NONN3AXaPULHN 1
KOMMO3WNTHU) Ca CPaBHMMMU U CbC CUHTE-
TUYHMTE UMW KaTO MOSIMETWIEH C
HMCKa NABTHOCT ¢ TS cToliHOCTK OT 8.2
no 31.4 MPa (Kumar et al, 2010), nonve-
TW/IEH C BUCOKA M/TbTHOCT CbC CTOMHOCTU
22-31 MPa v nonunponuned ¢ TS 31-38
MPa (Rhim, 2012).

T5. MPa

=
C G AG

crosslinking method.

The values for the mechanical properties
of the resulting biopolymer films (protein,
polysaccharide and composite) are
comparable to those of synthetic films
such as low density polyethylene with TS
values of 8.2 to 31.4 MPa (Kumar et al.,
2010), high density polyethylene with
values of 22-31 MPa and polypropylene
with TS 31-38 MPa (Rhim, 2012).

P AGP1  AGR2

dur. 1. AKocCT Ha onbH (TS) Ha 6GuonoAnMepHU PrUIMn
Fig. 1. Tensile strength (TS) of the biopolymer films
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dur. 2. YabmkeHne npu paskbeBaHe (E) Ha GuononimmepHn domnmm
Fig. 2. Elongation at ultimate strength (E) of the biopolymer films
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N3BOAN

KpaliHute npogyktu oT npegjioxe-
HaTa TexHosorus npeacraBnABar €Kono-
TMYHO YUCTU OUSIMU, NONYHEHN OT BMonoan-
Mepu OT Bb306HOBAEMU U3TOUHULM. OT U3-
cnepBaHuTe Npobu, Hali-4obpu CTPYKTYpPHO-
MeXaHWYHW XapakTepucTukn b6sxa ycraHo-
BEHUW MpPU CMECU aIfMHaT-NeKTUH B CbOT-
HoweHne 1:2; 1:1; 2:1. Habnwogasa ce
3HaUUTE/IHO NOJ06psIBaHE Ha MexaHuu-
HWTE CBOWCTBA, B CpaBHEHWE C e4HOKOM-
NMOHEHTHUTE PU/IMM Ha OCHOBa asiIrmHaT "
Ha OCHOBa NeKTUH. Bcuukm paspaboTeHun
unmy ca fobpa ocHoBa 3a BK/OUBaAHE
Ha aHTUMWKPOOHU W aHTMOKCUOAHTHMU
BellecTBa OT pacTUTenieH npousxon uam
OpYyrv ecTecTBeHU (YHKUMOHA/THN CbC-
TaBKW, KOETO MOXe [a NOoBULLIK XpaHUTen-
HaTa CTOMHOCT M NoAo06pn Ka4ecTBOTO Ha
XpaHuTe, onakoBaHu B TAX.

BNATrO4APHOCTU

ToBa wuscnegBaHe e MNOAKPEneHo
OT MWHUCTEpPCTBOTO HA 06pPa3oBaHMETO U
HaykaTa B paMkute Ha HauuoHanHa
nporpama 3a HayyHu wu3cneasaHus
"30paBoCc/ioBHM  XpaHM  3a CWUMHa
OGUOVKOHOMMKA W KayecTBO Ha >XWMBOT",
ofo6peHa ot DCM # 577 / 17.08.2018.

CONCLUSIONS

The end products of the proposed
technology are environmentally friendly
films derived from biopolymers from
renewable sources. Of the samples
tested, the best structural and mechanical
characteristics were obtained in alginate-
pectin mixtures in 1:2; 1:1 and 2:1 ratios.

Significant improvement in mechanical
properties compared to monocomponent
alginate-based and pectin-based films
was observed. All developed films are a
good basis for including antimicrobial and
antioxidant substances of plant origin or
other natural functional ingredients, which
can increase the nutritional value and
improve the quality of the food packaged
in them.
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PE3IOME

B ycnoemata Ha BereTauuMoHeH
onuT e u3cnedsaH egekTbT Ha BapoBs
WwaM 1 nenen ot u3rapsHe Ha AbpBecu-
Ha, BTOPMYHM NPOAYKTN OT NPOU3BOACTBO-
TO Ha dmpma “OrHsHoBo K “All BbpXy
JobuBa M KayecTBOTO Ha pactuTenHara
NpoayKuus OT uapesuua 1 3eneH dacyn.
M3nuTaHn ca HAKOMKO HOPMWU Ha BapyBa-
He: pgob6aBsiHe Ha wu3cfefBaHWTe mare-
pvann KbM noysara B KO/IMYECTBO, HEO6-
XOAMMO fa HeyTpasnuaupa %2 oT 06MeHHa-
Ta KMCENIMHHOCT, 2 NbTW 0OMeHHaTa Kuce-
JINHHOCT 1 BapyBaHe CnpsMo obLuaTa Ku-
cesiHHoCT (Hg ). PesynTtatuTte oT Bereta-
LWOHHUTE ONMUTW YCTaHOBSABAT, Ye C NoBU-
LaBaHe Hopmara Ha BapoBuUTe mMaTepua-
N1 ce nosuwasa n JO6GUBBLT NpU OBeTe
TecTBaHW Ky/Typu B CpaBHEHME C KOH-
Tponute. ToBa € No-CU/IHO U3Pa3eHo npu
n3nosssaHe Ha nenenvHara. Haii-Bucok
[06MB 1 3a [BeTe KynTypu ce nosydvasa
npu BapwaHTa, BapysBaH 2 NbTW NO 06-
MEHHWNA alyMUHUIA. XMUYHaTa Xapakre-
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SUMMARY

Pot experiment was conducted to
establish the effect of lime sludge and ash
from wood which is the secondary product
from "Ognyanovo K" output. It was
established the effect on the yield and
quality of crop production from corn and
green beans. Several norms of lime was
tested: adding studied materials into the
soil in amount necessary to neutralize ¥
of exchangeable acidity, double exchange
acidity and the total acidity (Hs>).

The results of the pot experiments found,
that by increasing the rate of lime
materials the yield of two tested crops is
increased in comparison to the controls
variants. This trend is well noticeable in
variants with added wood ash.

The highest yield for both crops are
produced by variants with double
aluminum exchangeable acidity.
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prCTVKa Ha pacTuTenHaTa NpoAyKuua npu
[lBeTe TeCcTBaHW KynTypu ycTaHOBW, uye
M3MEPEHUTE CTOWHOCTU ca B ONTUMAsTHU
KOHUEHTpaUMM W He MoraT fa okaxar
BPEHO B/USIHAE NPU K3MOJSI3BAHETO UM
KaTo XpaHa 3a XMBOTHWUTE W XopaTa.
KnoyoBn Aymun: Knucenu nousy,
BapoBU maTtepuanu, XYMUYHA
XapakTepucTuka Ha pacTuTenHata
npoaykums, uapesuua, 3eneH dacyn

yBO/[,

BkucnssaHeto Ha nouysute e
npoLec ¢ HebnaronpusATHYU nocneguum 3a
TAXHOTO N/I040OPOAME U Pa3BUTMETO Ha
pacTeHusTa, Tbil KaTo MPU HUCKW CTOM-
HOCTU Ha pH Ha mouyBaTta pacTeHusTa ce
JenpecupaT, a npy MHOTO HUCKX 3arveaT
(Nikolov et al., 2004). B kucenute nousu
pasBMTVETO Ha pacTeHusTa Moxe [Ja
6blle orpaHM4yeHo OT pasfNyHK, cnewm-
(PUYHM NOYBEHO-XUMUYHM hakTopu. Any-
MUHMEeBaTa U MaHraHosaTa TOKCUYHOCT U
AemumTbT OT Kanuymii, MarHesuii, asoT u
doocchop ca BEpPOATHO Hai-BaxHUTE -
MUTMPALLY pacTexa Ha pacTeHusTa gak-
TOopu B Kucenute nousu (Ganev, 1990;
Taneva and Vladeva, 2004). Toea Hanara
Ja Kopurmpame kucenata peakumsi Ha
noysata 4pe3 BHACAHE Ha Pas/INyHU
BMAOBE MEeNNOpaHTw, C uen Aa nosyymm
KauyecTBeHa MPOAYyKUMS BBPXY Kucenu
nousn (Ganev, 1990, Baligar et al., 1991,
Borisov and Dinev, 2000).

B Hawara v cBeTOBHaTa npakTuka
€ YCTaHOBEHO, Ye Npu HenpasuIHo 1 npe-
BULLEHO BapyBaHe, Aenpecusta B pa3su-
TMETO Ha KyNTypuTe U HamansiBaHeTo Ha
Jobusa ca no-rosiemy, OTKOJIKOTO Mpu
NpsSKOTO BAWSHWE HAa KUCENIMHHOCTTA
(Donev et al., 1990).

Llenta Ha HacTosLETO n3cnensaHe
e [a ce YCTaHOBM BBL3[ENCTBMETO Ha
BapoB LWJ/iaM W nenen OT u3rapsHe Ha
AbpBeEC/HA OT  MPOM3BOACTBOTO  Ha
dupma ,OrHaHoBo K* All, Bbpxy AobuBa
W KayeCTBOTO Ha LUapeBuua W 3e/ieH
chacyn B ycnoBusiTa Ha BereTauvoHHU
OnUTW.

The chemical characterization of plant
production in two indicator crops found,
that the measured values are in optimal
concentrations and is not presenting a risk
for consumption by animals and human.

Key words: lime materials, acid
soils, chemical characterization of crop
production, corn, green beans

INTRODUCTION

The process of making the soils
acidity is a process with unfavourable
results for their fertility and the
development of the plants, so that by low
values of pH of the soil the plants are
depressed, and by very low levels of pH
the plants died (Nikolov et al., 2004). In
the acid soils the development of the
plants can be limited from different
specific soil chemical factors. The toxicity
of aluminum and manganese and the
deficit of calcium, magnesium, nitrogen
and phosphorus are probably the most
important  limiting  factors for the
development of the crops in the acid soils.
(Ganev, 1990; Taneva and Vladeva,
2004). In this case it is important to make
a correction the acid reaction of the soil
with import of different kinds of meliorates
with the aim to receive quality production
over acid soils (Ganev, 1990; Baligar et
al., 1991; Borisov and Dinev, 2000).

By our and in the world practice is
determined, that by irregular and liming
over the norms, the depression by the
development of the crops and decrease of
the crop yield production are higher in
comparison of the direct influence of the
acid-manganese characteristic (Donev et
al., 1990).

The aim of this research is to
determine the influence of the lime sludge
and ashes from the wood in the
production firm “Ognyanovo K" Ltd over
the crop yields production and the quality
of the maize and green beans by the pot
experiments.
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MATEPWNAN N METO4WA

3a ycTaHoBsiBaHe epekTa Ha ABaTta
oTnagbyHU MPOAYKTa — KavluMeB MnpeLu-
nuTart /Bapos wWiam/ 1 nenes oT usrapsHe
Ha ObpBecrHa e v3BefeH BereTauuoHeH
onuT C AiBe TeCTBaHW Ky/1Typu — Llapesuua
1 3eneH gpacyn BbpXy Kucesna noysa oT C.
3BbHMYEBO, lMaszapmxmikn okpbr. OueH-
Kara Ha gara npoaykra U HacTbnunute
NPOMEHN B KUCE/IMHHUTE CBOWCTBa Ha
nouysara cnej 3aBbpllUBaHe Ha BereTa-
LMOHHNTE eKCrnepuMeHTH ca npeacTaBeHn
B Apyra ctatuna /Zlatareva and Marinova,
2016/.

OnuTbLT ¢ ABaTa oTnajbyHu Marte-
puanu, cbabpxa cnegHUTe BapuaHTu:

1. KoHTpona - 6e3 TopeHe

2. KoHTpona ¢ MnuHepasiHO TOpeHe-
NPK

3. Hopma Ha HeyTpanmaupawms
areHT, m3uucneHa no 0,5 ot obmeHHUSA
anymnHnin+ NPK

4. Hopma Ha HeyTpanusmpawms
areHT, m3uucneHa no 2,0 ot obMeHHUsA
anyMmmHuin + NPK

5. Hopma Ha HeyTpanmsupawims
areHT, nsuncneHa no Hg, + NPK

TopoBuAT (JOH € C MuHepasiHu
TopoBe B Konmyectso no 300 mg.kg'l,
BHeceHn noa dopma Ha NH4NOs,
Ca(H,P0,),.2H,0, KCI n cnyxu cbuo
KaTto cBoeobpa3Ha KOHTpona 3a Cbhoc-
TaBka Ha  [felictBMeTo Ha  gBaTa
MenvopaHTa. OnuTuTe ca 3a/l0KeHM B
cbaoBe ¢ BmectumocT — 3 kg. Bcekn
BapvaHT CbAbpxa no 3 noBTopeHus. B
pacTeHusATa O6LMAT a30T e onpeneneH
no metoga Ha Kenpan, ypes pasnaraHe ¢
KOHUeHTpupaHa H,SO, un 30% H,0,.
OcTaHannte Makpo- 1 MUKpPOeneMeHTH ca
onpefeneHn 4pes “cyxo” wu3rapaHe B
MydpenHu nNeLLm n nocneasallo pasresaps-
He B 20% HCI n otuntaHe Ha aroOMHO-
abcopbuMoHeH cnekTpogoTOMETbP.

MATERIAL AND METHODS

For determination of the effect of
the both waste products - calcium
precipitant /lime sludge/ and ashes from
the wood is made pot experiment with two
tested crops — maize and green beans
over acid soil from Zvanitchevo — village,
Pazardshik region. The estimation of both
products and the realized changes in the
acid characteristics after the ending of the
pot experiments are shown in another
article /Zlatareva and Marinova, 2016/.

The experiment with the both waste
materials has the following variants:

1. Control without fertilization.

2. Control with mineral fertilization -
NPK

3. Norm of the neutralization agent,
computed by 0,5 from the exchangeable
aluminum+ NPK

4. Norm of the neutralization agent,
computed by 2,0 times from the
exchangeable aluminum + NPK

5. Norm of the neutralization agent,
computed by Hg, + NPK

The fertilization background is with
mineral fertilization in quantity for 300
mg.kg'l, imported with the form of
NH4NO3;, Ca(H2PO4)2.2H20, KCIl and it is
like a control for comparison of the action
of the both meliorates. The experiments
are made in two containers wit volume — 3
kg. Every variant contains by 3 times
repetitions. In the plants the common
nitrogen is determined with the methods
of Keldal, by decomposition with
concentrated H,SO, and 30% H,0O,. The
rest macro- and micro-elements are
determined with “dry” burn in muffle ovens
and after following dissolve in 20% HCI
and determined with atomic-sorption
spectrophotometer.
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PE3YJITATU N OBCBXXOAHE

A — BnunaHne Ha BapyBaHeTO C
BapoB WnaM 1 nenen ot m3rapsiHe Ha
ObpBecuHa BbpXy AobuBa OT TecTBa-
HUTE KynTypu — uapeBuua u 3eneH
thacyn

Cnep npubupaHe Ha onutute €
OTyeTeH A06MBBLT OT Hag3eMHa Guomaca
Ha TecTBaHUTE KynTypu U € HanpaseHa
MaTeMaTuKO-CTaTucTMyecka 06paboTka
Ha nonyyeHaTa vHdopmauus. B onuta
cBexara Maca Ha pacTeHusiTa e
onpegesieHa TEer/ioBHO B rPaMOBE Ha CbA,
BeretauMoHHWTE OMWTU MOKa3BaT, u4e
uapesuuata u 3eeHuAT dacyn ce
pasBuBaT HOpPMa/IHO BbpXy Mo4yBata C
[ABaTta Buaa MenvopaHTa.

OT pesyntatute nokasaHu B
Tabnmya 1 ce Bmxga, ye C nosBuwaBaHe
Ha HopmMaTa Ha BapoBWTE Marepuanu
/BapoB Wwnam u nenen/ ce noeuvwaea U
[O6GMBBLT OT ABeTe TecTBa Ha KynTypu, B
CpaBHEHME C KOHTPO/SIHUTE BapuaHTu
/Borisov et al., 1997; Nikolov and
Zlatareva, 2007/. [MMpu Hal-BUCOKaTa
HOpMa Ha MesMopaHTMTe ce 3abensiaBa
cnabo  noHwxeHue Ha  pobuBuTe.
BeposATHa npuumHa 3a genpecusata B
pasBUTMETO Ha LLapeBMYHOTO pacTeHue e
HapyweHuaT GanaHc B MOCTbLMBAHETO U
YCBOSIBAHETO Ha XpPaHUTENHNUTE eNleEMEHTM
OT pacTeHuATa MpuU  3HAYMTESIHOTO
nosuwasaHe Ha pH Ha nousarta. [lpu
uapesuuarta Hai-BUCOK cpefeH Aobus ot
Cb4 e nosiydyeH npu BapuaHT 14 —
BapyBaH C menenvHa B HOpMa 2 MbTU MO
obmeHHua Al +NPK. Hab6nwopgasa ce
pasnvka B MosiydeHata 6uomaca oOT
uapesuua mexay [Asata MenuopaHTa.
Mpu ynotpe6ata Ha nenen ot usrapsiHe
Ha AbpBecuHa, fobusuTe ca 3Ha4YUTeNHO
no-ronemMy OT Te3u npu ynoTpebaTta Ha
BapoB Wnam 3@ BapuaHTute  C
n3BbpLLIEeHO BapyBaHe no 0,5 1 2 nbTn o1
06MeHHMA Al. ToBa BEPOATHO Ce Ab/HKK
Ha No-406puTe arpoOXMMMYHN NokasaTenu
Ha nenesvHara.

RESULTS AND DISCUSSION
A — Influence of the using of lime
sludge and ashes from wood over the
crop vyield production from tested
plants — maize and green beans.

After the harvesting of the
experiments is determined the production
of biomass from over soil of the tested
plants and it is made mathematical-
statistical calculations of the received
information. By the experiment the fresh
biomass of the plants is determined in
grams for every container. The pot
experiments show us that the maize and
the green beans are developing normally
over soil with the both kind of meliorates.

From the results, given in Table 1,
can be shown that with the increase of the
norms of the lime materials /lime sludge
and ashes/ increases the crop yield
production from the both tested plants in
comparison to the control variants
/Borisov et al., 1997, Nikolov and
Zlatareva, 2007/. By the highest norm of
the meliorates it can be shown slow
decrease of the crop yield production.
Probably reason of the depression of the
development of the maize plant is disturb
of the balance by the income and
assimilation of the food elements from the
plants by great increase of the pH of the
soil. By the maize the highest middle crop
yield production from container is received
by the variant 14 — limed with ashes in
norms 2 times by exchangeable Al +NPK.
It is shown the difference by the received
biomass from maize between the both
meliorates. By the use of ashes from
wood the crop yield production is greater
in comparison to this by utilization of lime
sludge for the variants by using of lime
with 0,5 and 2 times for exchangeable
aluminum. This is probably as a result
from the better agro-chemical parameters
of the ashes.
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Tabnuua 1. lo6MB 3e/1eHa Maca OT TeCT KyNnTypuTe, B rpaMOBe Ha Cb/
Table 1. Yield green mass of the test crops in grams of container

BapunaHTtu I-B0 noeTOpeHue | |l-po NoBTOPEHNE Ill-To noBTOpPEHME
Variants I-st repetition II-nd repetition IlI-rd repetition
Bapos wnam / Lime sludge
TecT kynTypa uapesuua / Test crop corn
1. KoHTpona 35,88 40,08 29,40
1. Control
2. KoHTpona +NPK 51,12 56,66 45,96
2. Control +NPK
3. Bapos wwnam no ¥20T 06M. A| +NPK 53,78 64,48 45,89
3. Lime sludge by % from exch. Al +NPK
4. Bapos wniam 2 nbtn no o6m. Al +NPK 60,74 68,16 52,76
4. Lime sludge 2 times from exch, Al +NPK
5. Bapos wnam no Hg, +NPK 50,62 62,64 59,26
5. Lime sludge by Hg, +NPK
TecT kynTypa 3eneH chacyn / Test crop green beans
6. KoHTpona 11,80 11,85 10,37
6. Control
7. KoHTpona +NPK 20,82 24,18 20,66
7. Control +NPK
8. Bapos wnam no ¥20T 06M. Al +NPK 30,60 28,84 21,52
8. Lime sludge by % from exch. Al +NPK
9. Bapos wnam 2 nbTr no o6m. Al +NPK 30,41 29,00 22,80
9. Lime sludge 2 times from exch, Al +NPK
10. Bapos wnam no Hg, +NPK 26,78 23,24 22,66
10 Lime sludge by Hg, +NPK
Menen o1 n3rapsiHe Ha abpBecuHa / Ash wood
TecT kynTypa uapesuua / Test crop corn
11. KoHTpona 37,60 42,10 40,74
11. Control
12. KonTpona +NPK 61,32 65,38 46,04
12. Control +NPK
13. NenenuHa no %2 ot 06M. Al +NPK 71,36 63,20 66,48
13. Ashes by % from exch. Al +NPK
14. NenenuHa 2 nbTM no 06M. Al +NPK 72,02 71,52 68,44
14. Ashes 2 times from exch, Al +NPK
15. MenenuHa no Hg, +NPK 56,62 58,18 55,04
15. Ashes by Hg, +NPK
TecT kynTypa 3eneH dacyn / Test crop green beans
16. KoHTpona 15,46 11,00 11,08
16. Control
17. KonTpona +NPK 26,78 30,76 30,74
17. Control +NPK
18. MenenuHa no %2 0T 06M. Al +NPK 30,36 33,02 29,82
18. Ashes by % from exch. Al +NPK
19. NenenuHa no 2 nbTn Nno 06M. Al +NPK 38,04 31,29 29,54
19. Ashes 2 times from exch, Al +NPK
20. MNMenenuHa no Hg, +NPK 26,8 28,92 31,66
20. Ashes by Hg, +NPK

Mpu 3eneHust dpacyn rosiemmuHaTta
Ha [J06MBWTE MO-NMABHO HapacTBaT C
noBulIaBaHe HopMaTta Ha BHECeHUs
MesimopaHT. Mo-BUCOKM [06MBY Ce Nosy-
yaBaTt npu ynotpeb6arta Ha nenenvHa. U
TYK KakTo npu uapesuuaTa Haii-ronsma
nonyyeHa 6uomaca mMma npu BapuaHTa
BapyBaH C nenesnHa, B Hopma 2 NbTu No

By the green beans the quantity of
the crop yield production increases with
the increases with the norm of the
imported meliorates. Higher crop yield
production is by the utilization of ashes.
Like by maize, the greatest biomass is
received by the variants with liming with
ashes in the norm 2 times by
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o6meHHMa Al - 32,96 g. MNpu Hai-
BMCOKaTa HopMa Ha MeNnopaHTuTe 1 Npu
3eneHuAT pacyn ce 3abensssa cnaba
Jenpecusi B gobusuTe.

3a fga ce OueHu B/NAHMETO Ha
BHECEHUTE MOYBEHU NOLO6PUTENN BBPXY
[o6uBMTE OT uapesBuua M 3eneH dacyn,
€ MW3BbPLUIEH OUCMEPCMOHEH aHan3 Ha
nonyyeHnte pgaHHu /Toncheva et al,
2015a; 2015b/.

Pesyntatute oT cratucTuyeckara
06paboTka nokaseaT, Y€ B/MSHWETO Ha
U3NUTBaHUSA BapoB LUaM BbpXy Ao6usa
OT UuapeBuUa, BHACAH KaTto MO4YBEH
nogo6puten, e cTaTUCTUYECKM [0Ka3aHO
npuM BEPOATHOCT 3a rpewka p<l%.
[lokazaHOCT Ha pasnukuTe B [0O6UBUTE
MMa camo MexAay KOHTposiata U BCUYKM
OCTaHa/IM BapuaHTy.

YcTaHOBM Ce, 4Ye B/IMAHWETO Ha
U3NUTBaHUS Nogo6puTEN NenesimHa Bbp-
Xy A06MBa OT UapeBuLa e CTaTUCTUYECKN
[OKa3aHO npv HUBO Ha BEPOSITHOCT
p<0,1%. CobllecTByBa [0Ka3aHOCT Ha
pasnvknute B [OOMBUTE KakTo Mexay
KOHTponata M BCUYKM  OCTaHasn
BapuaHTM Ha TOpeHe, Taka Wn Mexay
BapuaHTa ¢ BHeceH NPK 1 BapuaHTtn 3 n
4 (c nenenvHa no 0,5 OoT 06MEHHUSA
Al + NPK u»n nenennHa 2 nbTu oOT
o6meHHuA Al + NPK). MNpu octaHanute

BapMaHTM HAMa JokasaHa pas/nuka
Mexay nobusute.
Mpu CbBMECTHMA aHa/IM3  Ha

JaHHUTe 3a gobuBa OT LUapeBuua cBexa
6uMomaca C BHECEHW BapoB LWNamM U
nenennHa ce ycTaHOBW, Y€ [0Ka3aHOCT
Ha pas/iMky B J06MBUTE, NOSYYEHWU MpU
ABata nogobpuTens, cblecTByBa camo
npu BapuaHT 3 (BapoB wnam no 0,5 ot
o6meHHuA Al + NPK n nenenvHa no 0,5
oT 06MeHHuA Al + NPK) /Tabnuua 2/.

exchangeable Al - 32,96 g. By the highest
norm of meliorates and by the green
beans can be shown slow depression in
the crop yields production,

For estimation of the influence of
the soils fertilizer over the crop yield
production by maize and green beans it is
made dispersion analyze of the received
data. /Toncheva et al., 2015a; 2015b/.

The results of the statistical
calculation show, that the influence of the
controlled lime sludge over the crop
production from maize, imported as a soil
fertilizer, is statistical determined by
probably mistake from p<1%. The
determination of the differences in the
crop production is only between the
control and the all other variants, so
between the other variants there are no
determined differences.

It is determined, that the influence
of the tested fertilizer ashes over the crop
production of maize is statistical
determined by level of probably p<0,1%.
It exists determination of the differences
between the control and all other variants
of fertilization and the variants with
imported NPK and the variants 3 and 4
(with  ashes by 0,5 exchangeable
Al + NPK and ashes 2 times from the
exchangeable AL+NPK). By the other
variants they are no determined
difference of the crop production.

By the complex analyze of the data
for the crop production of maize fresh
biomass with imported lime sludge and
ashes is determined, that the determinate
differences by the crop production,
received by the both fertilizers, exist only
by variants 3 (lime sludge by 0,5 from the
exchangeable Al + NPK and ashes by 0,5
from exchangeable Al + NPK) /Table 2/.
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Tabnuua 2. CpaBHMT/NIHA OLEHKa Ha AWCMNEPCMOHEH aHa/In3 Ha faHHMTe 3a
[obvBuTe OT LapeBuLa — BapOB LW1am 1 nenenmHa

Table 2. Comparative assessment of dispersion analysis of data on yields of
corn — lime sludge and ash

M3TOYHMK Ha BapupaHe DF SS SS (%) s’ F-oTHOWweHne/P%
Source of lime F-relation/P%
o6uo 29 3947,003 100,00 - -
Common
BapuaHTtu (V) 4 2718,130 68,87 679,53 18,131 ***
Variants (V
Topete (F) 1 324,131 8,21 324,13 8,648 **
V*F 4 155,163 3,93 38,791 1,035
Ipeluka / Mistake 20 749,580 18,99 37,479 -
Bap. Ha TopeHe Bug nogo6puten | Cp.nobus
Variants of fertilization Kind fertilizer (g cB.T.)
Middle crop production
1 Bapos wWnam 35,120
1 lime sludge
2 nenenuHa 40,147
2 ashes
51,247
57,580
54,717
67,013
60,553
70,660
57,507
56,613

HMIP 5%= 10,427 HMAP 1%=14,221

[VCNepcuoHHNAT aHanmM3 Ha pgaH-
HUTE 3a f[06uB 3eneH dacyn cBexa
6uomaca nokassa, 4e BJIUSAHWETO KaKTO
Ha BHECEHWs BapoB LUNaM Kato MNoYBEH
nogo6puten, Taka M Ha nenenvHata, €
CTaTUCTUYECKM [OKa3aHO npu BEpPOST-
HOCT 3a rpewka p<0,1%. lNNpu BHeceH
BapoB LW/aM HAMa [AOKa3aHOCT Ha pas-
NKuTe B J06MBUTE MeEXAy OTAEeNHUTE
BapuaHTuK C BHECEH nogobputes. Cbliec-
TBYyBaT CaM0 pa3/InkM Mexay KOHTposaTa
W BCUYKM OCTaHa/IM BapuaHTM B onuta
(ookakasaHu npu BeposiTHOCT 0,1%). Mpun
onWta C nenenuHa pesynrtarute ca
aHasI0rmyHm.

Mpun CbBMECTHMA aHa/In3  Ha
JaHHUTe 3a gobuBuTe OT 3eneH dhacyn,
noslyyeH oT gBaTta onuTa ce Buxaa, 4ye
[OKa3aHOCT Ha  pas/iMkuTe  Mexay
JobuBnTE MMa camo npu BapuaHT 4
(HMAP 1% npwv BHacsHe Ha nenesivHa 2
NbTM N0 06MeHHUA Al U Ha BapoB LW1aM
2 NbTK No o6mMeHHus Al /[Tabnnua 3/.

HMZP 0,1%=19,245

The dispersion analyze of the data
for the crop production of green beans
shows, that the influence of the imported
lime sludge as a soil fertilizer and with
ashes, is statistical determined by
probably mistake p<0,1%. By imported
lime sludge it is not determined a
difference for the crop production by the
variants with imported fertilizer It exists
only differences between the control and
the all other variants by the experiments
(determined by probably 0,1%).By
experiments with ashes the results are
the analogous.

By the complex analyze of the data
from the crop production from green
beans, received by the both experiments
it is shown, that the determination
difference is only by the variants 4
(HMAP 1% by import of ashes 2 times by
exchangeable Al and of limed sludge 2
times of exchangeable AL) /Table 3/.

229



Tabnuua 3. CpaBHUTENEH aHa/iM3 Ha AMCMNEepPCUOHEH aHa/In3 Ha AaHHUTe 3a
[o6nBuTe OT 3eneH acyn — BapoB LWnam 1 nenesmHa
Table 3. Comparative assessment of dispersion analysis of data on yields of

green beans - lime sludge and ash

M3TOYHMK Ha BapupaHe DF SS SS (%) s? F-oTHoweHne/P%
Source of lime F-relation/P%
06uwo / Common 29 1674,957 100,00 - -
BapuaHnTtu (V) 4 1300,384 77,64 325,096 36,124***
Variants (V
Topete (F) 1 162,122 9,68 162,122 18,015***
V*F 4 32,464 1,94 8,116 -
peluka / Mistake 20 179,987 10,74 8,999 -
Bap. Ha TopeHe Bug nogobputen Cp.no6us
Variants of fertilization Kind of fertilization (g cB.T.)
Middle crop production

1 1Bapos Lwiam 11,340

1 lime sludge
1 2 nenenvHa 12,513

2 ashes
2 1 21,887
2 2 29,427
3 1 26,987
3 2 31,067
4 1 27,403
4 2 32,957
5 1 24,227
5 2 29,127
HMAP 5%= 5,109 HMAP 1%=6,968 HMAP 0,1%=9,43

CpefgHute [06UMBKW, MNOMYYEHU OT
BCMYKM OMNWTW, Ca Hal-BUCOKM nNpw
BapuaHT 4 (BHeceHa nenenunHa 2 NbTu No
06MeHHMA Al 1 Ha BapoB Wnam 2 NbTU
no obmeHHus Al 3a aBete KynTypu), HO
CTaTUCTUYECKU HE e JoKaszaHa pasnvka
mMexay Tesu A06MBM U NosyyYeHuTe OT
cbCeHUTE [Ba BapuaHTa Ha TopeHe —
BapuaHu 3 u 5.

B/ XnMnyHa XapakTepucTuka Ha
pactuTenHaTta npoayKums

OnTMMasIHOTO  CbAbpXaHue Ha
XpaHuTesHuTe efieMeHTU B TecTBaHWUTe
KyNnTypu e pgageHo Ha Tabnuua 4.
/Begman, 1996/

The middle crop production, received
by all experiments, is highest by variant 4
(imported ashes by 2 time from the
exchangeable Al and of limed sludge by 2
times of exchangeable Al for the both tested
plants), but statistical it is not determined
the difference between this crop production
and the received by the other two variants
of fertilization — variants 3 and 5.

B/ Chemical characteristic of
the crop production
The optimal content of food

elements by the tested plants is shown in
the Table 4 /Begman, 1996/

Tabnuua 4. ONTUMa/IHU CbAbPXKAHUA Ha OCHOBHU XUMWYHW €fleMeHTU B
HaA3eMHa 4yacT Ha 3eneH hacyn n yapesuua
Table 4. Optimal content of basic chemical elements in the aboveground part of

green beans and corn

Kyntypa Cu | Zn | Mn P | K [ ca] Mg | N
Crops mg/kg %
Dry matter
3eneH hacyn —Havasio Ha LbdTex|(7-15 30-70 |40-1500,35-0,60|3,0-4,5|0,3-1,0|0,25-0,60| 3,5-5,0
Green beans, Start of flowering
Llapesuua 40-60 cm BucoUnHa 6-12 20-60 |30-150 |0,30-0,60]3,5-5,0|0,3-1,0|0,15-0,30| 2,5-5,0
Maize 40-60 cm high
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OT  HampaBeHusi pacTuTesneH
aHa/IM3 Ha NncTHaTa Maca oOT uapesuua
ce BMWXAa, Ye C HapacTBaHe HOpMUTE Ha
BapoBMSA WIaM 1 nenesvHara, Cbabpxa-
HMETO Ha 06w, a3oT B pacTuTesiHata
mMaca, cnabo ce ysesmyaBa. CbAbpxa-
HMeTo Ha P B pacTteHusaATa 1 npu gsarta
MenmopaHTa ce ABWxu mexay 1,7 fo 4,9
g.kg'. CbabpxaHveTo Ha K e B rpaHu-
uute ot 38 Ao 61 g.kg' u Hama sicHa
n3paseHa 3aKkOHOMEPHOCT Ja ce NnosuLlaBa
KOHUEHTpauusita My B pacTutesiHata Tb-
KaH C nosuLlaBaHe Hopmarta Ha Mesuno-
paHTUTe. B MenmopvpaHutTe BapuaHTtu
NoYTY BCUYKN U3CMEABaHN TEXKN MeTasun
B pacTUTEsSIHUTE ThKaHW Ha LapeBUYHOTO
pacTeHue HamasnsiBaT CbAbpPXaHWETO CU,
nopagu 6/10KkMpaHe Ha TeXKUTe MeTain B
nouysata /Nikova, 2008/. TeHgeHumsaTa e
obpatHa nNpuv  Kaumsas U MarHesus
[Tabnuua 5/.

From the plant analyze of the leaf
mass from maize it is shown, that with the
increase of the norms of lime sludge and
the ashes, the content of the common
nitrogen in the plant mass increases
slow. The content of P in the plants by
the both meliorates is between 1,7 and
4,9 g.kg™. The content of K is between 38
and 61 g.kg™ and has no clear expressed
regularity to increase its concentration in
the texture of the plant by the increase of
the norm of the meliorates. By the variant
with meliorates the content of heavy
metals by nearly all tested texture of the
plants maize decrease as a result of
blocking of the heavy metals in the soil
/Nikova, 2008/. The trends is opposite by
calcium and magnesium /Table 5/.

Tabnuuya 5. XumMmnyeH cbCTaB Ha LapeBuua 1 3eseH dgacyn
Table 5. Chemical composition of corn and green beans

BapuaHTy Zn | Cu | Mn | Fe P | K | ca | Mg | N
Variants mg.kg-1 g.kg-1
TecT KynTypa uapesuya  Test crop corn
1. 25 4 50 133 2,8 29 4,3 2,5 4,8
2. 40 6 122 155 4,9 39 7,5 3,3 11,0
3. 27 3 98 147 4,1 38 6,8 3,4 11,5
4. 16 5 52 146 4,0 40 6,9 35 125
5. 21 5 28 128 3,2 34 6,9 3,7 10,8
TecT kynTypa 3eneH dacyn Test crop green beans
6. 30 5 87 266 2,4 26 8,0 3,5 8,5
7. 43 6 220 522 4,5 32 38 5,3 16,0
8. 43 6 343 385 4,5 26 46 6,0 17,2
9. 32 6 115 299 4,3 30 44 5,2 17,9
10 41 5 76 410 4,1 33 41 4,5 17,0
TecT kKynTypa uapesuya  Test crop corn
11 23 3 40 126 1,7 28 4,2 3,1 6,2
12 36 5 116 143 4,4 38 6,8 34 7,3
13 34 5 95 149 4,6 40 7,1 3,4 12,5
14 34 4 51 142 3,6 40 7,6 35 12,7
15. 25 5 41 119 3,5 42 7,8 3,5 9,8
TecT kynTypa 3eneH dpacyn Test crop green beans
16. 32 12 74 501 2,8 28 27 4,2 11,6
17. 39 16 167 302 4,2 31 38 4,7 16,7
18. 45 6 177 390 4,4 29 50 6,0 27,0
19. 42 5 167 284 4,6 32 45 5,3 20,3
20. 31 7 91 268 4,2 36 41 4,9 19,2
M3mepeHuTe  cbabpXaHus  Ha The measured content of food

XpaHutesnHuTe enemeHTn (06w N, P 1 K)
B 3eseHus acys npu u3non3saHe Ha

elements (common N, P and K) by green
beans by using of the both meliorates is
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ABaTa MejimopaHTa ca CbMocTaBMMMU C
JajgeHuTe  OnNTMMasiHM  CTOWHOCTM B
Ta6bnmya 4. W3MeHeHneTo UM Mo
BapuaHTV MMa cbliaTa TEHAEHUMS, KaKTo
npu uapesuyata. Kanuust sHauutenHo
Ce HaTpynBa B pacTUTE/IHUTE TbKaHU Ha
3eMeHns dpacyn 1 npesulasa onTuMarn-
HWTe HMBa. He ce HabogaBa sicHa 3aKo-
HOMEPHOCT B HATPYNBAHETO Ha Xens30To
npu 3enexHus cacyn, cneq NpoBeAeHOTo
menuopupaHe. [loslydeHWTe JaHHM ca
pa3HOMOCOYHM.

N3BOAN

1. Pe3ynTtatute OT BeretaunoHHUTE
ONUTW YyCTaHOBSBAT, 4Ye C MOoBMLLIABaHe
Hopmara Ha BapoBuTe matepuanv /Bapos
wnamMm W nenen OT  u3rapsiHe Ha
AbpBecrHa/ ce nosuwasa n AOOMBBLT Npu
[BeTe TecTBaHW KyNTypu B CpaBHEHME C
KOHTponwuTe. lMpu Hali-BUcokata Hopma —
BapyBaHe no Hg, ce 3abenassa cnabo
NoHWXeHne Ha pobusuTe. Mpu 3eneHus
hacyn p[ob6umBBLT pacTte No-MaaBHO C
yBe/iMyaBaHe HOPMWUTE Ha MesimopaHTa.
Mo-BucokM [06MBKM Ce nosyyasar npu
n3nos3BaHe Ha nenesrta OT u3rapsHe Ha
AbpBecrHa. Haii-BMCOKM 1 CTATUCTUYECKU
Joka3aHn [o6vByM 3a [BeTe TecTBaHu
KynTypu ce nonydasaT Npu BapuaHTuTe,
MenuopvpaHu ¢ nenen OT AbpBecrHa B
HOpMa Ha BapyBaHe 2 NbTu N0 06MEeHHUS
ASTYMUHWIA.

2. N3mepeHOTO cbAabpxaHue Ha
XpaHWTENHN efNieMeHTM B pacTeHusATa
(06w, N, P n K) B onuta ¢ uapeBuya e
CbMOCTAaBMMO C [afieHnTe ONTUMasTHU
CTOWHOCTM Npu gBaTa MesnuvopadTa. Mog
ONTUMa/THUTE CTOWHOCTU Ca MUKpoerse-
MeHTUTE Mef W UMHK. MNpu 3eneHns da-
Cy/1 C MNoBMLIABaHe HopMara Ha BapoBus
Wwsiam 1 nenenta OT AbpBECKHA KOHLEH-
TpaumsaTa Ha XpaHUTeNHWTe efleMEHTU B
nmcTHaTa maca ce nosuwasa. Npu Muk-
poenemMeHTUTe [aHHUTE ca Pa3HOoMoCcou-
HY. KaTto uano xummnyHaTa xapakrepuctu-
Ka Ha pacTuTefniHaTa nNpoAykuus ot aseTe
TecTBaHu KynTypu ycTaHOBW, Ye nsmepe-
HUTE KOHLUEHTpaLuuM Ha XpaHuTesnHuTe
eNleMeHTU 1 TeXKA MeTanu ca B Aonyc-

corresponding to the optimal values in the
Table 4. Their changes for the variants
have the same trends as by maize.
Calcium considerable is concentrated in
the texture of the plants of the green
beans and is over the optimal content. It
is not shown clear expressed regularity
by the concentration of iron by the green
beans after the made meliorations. The
received data are diverse.

CONCLUSIONS

1. The results from the pot
experiments determinate, that with the
increase of the norm of the lime materials
/ime sludge and ashes from wood/
increases the crop production by the
tested plants in comparison with the
control. By the highest norm — liming with
Hg it is shown slow decrease of the crop
production. By the green beans the crop
production increases slow with the
increase of the norm of meliorate. Higher
crop production is received by using of
ashes from wood. The highest and
statistical determined crop production for
the both tested plants is received by
variants, which are meliorated with ashes
from wood in the norm of liming 2 times
by the exchangeable Al.

2. The measured content of food
elements by the plants (common N, P and
K) in the test with maize is compared to
the given optimal values by the both
meliorates. Under the optimal values are
the values of microelements cooper and
zinc. By the green beans with the
increase of the norm of lime sludge and
ashes from wood, the concentration of the
food elements in the plant mass
increases. By microelements the data are
diverse. Totally, the chemical
characteristic of the crop production from
the both tested plants determinate that the
estimated concentration of food elements
and of the heavy metals are in the limited
area and can be used as a food for
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TUMM CTOWHOCTU 1 MoOraT fa ce usnonssar
KaTo xpaHa 3a XMBOTHUTE 1 Xopara.

3. TpoBegeHnTe u3cneaBaHus 3a
OUEeHKa Ha wu3cneaBaHWTe MesIMopaHTu
KasunmeB kapboHaT npeuunutat /BapoB
wnam/ 1 nenen ot usrapsHe Ha Abpse-
CVHa faBaT OCHOBaHuWe Ja ce onpegenat
KaTo J0o6pWv MEenuopaHT 3a KopurMpaHe
Ha HebnaronpusTHUTE CBOIACTBA Ha Kuce-
I MOYBU N HE OKa3BaT BPeAHO B/IMSHME
BbpXy KayecTBO U 6e3onacHocTTa Ha
pactuTenHara npoayKuus.

human and animals.

3. The organized studies for
estimation of the tested meliorates
calcium carbonate precipitant /lime

sludge/ and ashes from wood are the
base for determination them as a good
meliorates for correction of the
unfavourable characteristics of acid soils
and have no harmful influence over the
quality and the safety of the crop
production.

NWMTEPATYPA | REFERENCES
1. Baligar, C., K. Ritchey, J. Ahlrichs and B. Woolum, 1991. Soil and Sall
Solution Property Effects on Root Growth of aluminium Tolerant and Intolerant Wheat
Cultivars. Plant-soil Interactions at Low pH, Kluwer Academic Publishers. Printed in
Nederlands, pp. 245-252.
2. Bergman, W., 1996. Emahrunasstorungen bei Kultroflanzen.
3. Borisov, P., N. Dinev and V. Konov, 1997. Influence of Various Forms Lime
Materials on the Yield and Quality of Wheat. Soil Science, Agrochemistry and Ecology,
32(4), 40-42 (Bg).

4. Borisov, P. and N. Dinev, 2000. The Liming of Acidic Soils - Necessity and
Prospects. Agricultural Science, 38(2) 43-45 (Bg).

5. Donev, P., P. Borisov and K. Kamenov, 1990. Soil Acidity. Farming, Ne6,
17-19 (Bg).

6. Ganev, S., 1990. Contemporary Soil Chemistry. Nauka i Izkustvo. Sofia, pp.
371 (Bg).

7. Nikova, I., 2008. Physico-chemical Assessment and Amelioration of Acidic
Soils. Dissertation on educational and scientific degree "Doctor"(Bg).

8. Nikolov, N., P. Borisov, A. Arsova and A. Samalieva, 2004. Possibilities of

Liming with Lime Ammonium Nitrate to Combat Soil
Agrochemistry and Ecology, XXXI1X(1), 51-56 (Bg).

9. Nikolov, N. and E. Zlatareva, 2007. A Comparative Study of the Effect of
Rock Phosphate and Superphosphate on the Yield of Wheat and Maize Grown on Acid
(not Limed and Limed) and Leached Soils. Scientific reports. International Conference
13-17 May, pp. 384-389 (Bg).

10. Taneva, M. and D. Vladeva, 2004. Influence of Soil Reaction the Absorption of
Nutrients from Plants. Ecology and Industry, 6, 39-40 (Bg).

11. Toncheva, R., I. Dimitrov, D. Nikolova and M. Nenov, 2015a. Investigation
the Productivity of Maize in Different Agroecological Regions and Agrotechnical
Treatments: |. Non-irrigated Conditions. Soil Science Agrochemistry and Ecology,
XLIX(4), 55-64 (Bg).

12. Toncheva, R., I. Dimitrov, D. Nikolova and M. Nenov, 2015b. Investigation
the Productivity of Maize in Different Agroecological Regions and Agrotechnical
Treatments: Il. Irrigated Conditions. Soil Science Agrochemistry and Ecology, XLIX(4),
65-73 (BQ).

13. Zlatareva, E. and S. Marinova, 2016. Assessment of Calcium Carbonate
Precipitate /Lime Sludge/ and Ash Wood as Meliorants of Acid Soils. Ecological
Engineering and Environment Protection, Ne 1, 10-18.

Acidity. Soil Science,

233



Journal of Mountain Agriculture on the Balkans, 2019, 22 (3), 234-239
Research Institute of Mountain Stockbreeding and Agriculture, Troyan

ISSN 1311-0489 (Print)
ISSN 2367-8364 (Online)

N3cnepBaHe Ha aHTUIbOMYHATa aKTUBHOCT
Ha 6MOOrMYHO aKTUBHU EKCTPaKTU
oT Ocimum americanum L. (J/IumMoHOB 60cueK)

Hukonaii Conakos™*, [lanann Meoprues?, Kata Y3ynmpkanvesa®,
MeTbp YaBgapos

lI/IHCTVlTyT Nno KpMoGm1onorus n XpaHMTenHn TexHonoruu, 6yn. “HepHun spbx’Ne 53,
1407 Cocpus, Bvnrapus
2|_|J'I0B,CI,VIBCKVI yHuBepcuTeT [MNancuin XuneHgapckn”, KaT. Bruoxummsa n mmkpobuonorus,
yn. KocTaku Mee. 29, eT.3, 4000 MNnosaus, bvnrapus
3I/IHCTMTyT Nno pacTUTENHN FeHeTUYHM pecypcu, byn. ,Apyxoa” Ne2,
4122 Caposo, bbnrapus

Study of the Antifungal Activity of Bioactive Extracts
of Ocimum americanum L.

Nikolay Solakov**, Danail Georgiev?, Katya Uzundzhalieva®,
Petar Chavdarov®

YInstitute of Cryobiology and Food Technologies, 53 Cherni Vrah Blvd., 1407 Sofia, Bulgaria
*Plovdiv University ,Paisii Hilendarski”, Dep. Of Biochemistry and Mycrobiology,
29 Kostaki Peev Str., 4000 Plovdiv, Bulgaria
3Institute of Plant Genetic Resources, 2 Droujba Blvd., 4122 Sadovo, Bulgaria

*E-mail: nikolay.solakov@ikht.bg

Original scientific paper

Received: 08.04.2019

PE3HOME

BocuneksbT e TpaaMumMoHHa 3a Ha-
laTta cTpaHa 6unka u nognpaska ¢ LMPo-
KO npunoxeHve. 3nonsea ce Hag3emHa-
Ta 4acT Ha pacTEHMETO, Hall-uecTo CTpPb-
KOBETe B MpeceH BuA, kato ce Gepe no
BpeMe Ha Ub(pTexa, a 3a cyleHe —
npean ubdTexa. Cbabpxa eTepuyHu
mMacna, [NIMKO3UAKN, TaHWHW, OpraHUYHK
KNCENMHWN, MUHEPa/THW COSN.

Llenta Ha HacTosiwata paspaboTka
e [fJa 6bgar uscnefBaHU eKkcTpakTuTe,
cbAbpXally EBreHon, nony4yeHn ot amcTa
oT JInmMOHOB 6Ocunek, oTriefdaH npu in
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SUMMARY

Basil is a traditional herb and spice
for our country. The shoot of the plant is
used, most often the leaves in fresh form,
picked during flowering and for drying —
before flowering.

Basil contains essential oils, glycosides,
tannins, organic acids, mineral salts.

The aim of the present study is to
investigate the extracts containing
Eugenol obtained from lemongrass basil
leaves grown in vitro and under field

234



Vitro 1 Npu rpaguHcK1 ycnoBus, no MeTo-
Ja Ha ekcTpakumaTa npu HUcKa Temne-
patypa 3a TsAXHata aHTUrbbuyHa akTuB-
HOCT. TpeTupaHu ¢ EBreHos1 ca cemeHa ot
XUTHU N 6060BM KyNTypwu, 3apaseHun C
rbOHM chmToNaToreHun, n3onmpaHn B nabo-
patopysata no  PuTonaronorus  Ha
WMHctutyta no Pactutesniin [eHeTudHn
Pecypcu - CanoBo € Uen goka3BaHe Ha
HeroBaTa npakTuyecka nNPUIOXUMOCT
Kato 6uodpyHrMung, 3a TpeTupaHe Ha ce-
MEeHa 3a CbXpaHeHWe Npu ycnoBuAaTa Ha
CpPEeAHOCPOYHO 1 ABITOCPOYHO ChXPaHeHUeE.
KntouoBu AYyMU: 6ocunex,
EsreHon, 6uodyHrmuma, aHTurbbuyHa
aKTUBHOCT, MO6HY chuTOoNaToreHun

YBO/[,

dy3apnosnte ce npuumHaBaT oOT
re6m ot pog Fusarium. ®ysapuosarta no
xutHute (F. culmorum) ce nposiBsiBa B
Tpu dopMM — 3arHMBaHe Ha KbJIHOBETE,
3arHMBaHe B OCHOBMTE Ha pacTeHusiTa u
noepean no  knacosete. [bpBute
cMMNTOMW Cce HabiogaBaT Hali-4yecTo
npe3 eceHTa — KasiBO HaneTHsBaHe Mo
Kb/IHOBETE BOAELLO [0 PaHHO 3arHyBaHe.

dy3apuosara no XnTHUTe uma cTo-
MaHCKO 3Ha4yeHve OCHOBHO Npu Hanaje-
HWe Ha knacoseTe. bonecTTa ce nosBsaBa
BbpPXY OTAENHW KiacyeTa, HO npu 6naro-
NpUATHM YCNOBUSA MOXe Aa o6xBaHe OT-
Oe/THN CekTopu Wau uenusa knac. Hanag-
HaTMTe knacyeTa NOCTENEHHO u3bieaHs-
BaT, MO-pPaHO MPOMEHST 3e/IeEHMSA CU LBAT
B 65100 KpemaB [0 pO30B. Te3n cumn-
TOMWU MHOTO [obpe ce pasnuuyaBaT OT
3gpaBuTe He 3apaseHn knacose. B
3abonenMte 4acTM Ha knaca 3bpHaTa
ocTaBaT cnapyXeHu n 6enesHukasu. MNpwu
B/I@XHW ycnoBusa no TAX ce obpasysa
PO30B N/IECEHOB Haser.

Bopbata ¢ TO3M natoreH e OT
0COGEHO 3HayeHMe 3a 3anasBaHe Ha
[o6MBNTE NpWU  3eMefesiCKUTe  KynTypu
(Arikpo lkpi Okoi et al.,, 2013). onamo
npeamn3BMKaTesiCTBO MNpej 3emegesickara
Hayka e npuiaraHeTo Ha 6MoMornyYHN Me-
Toan 3a 6opba ¢ 6onectute. B Tasm noco-
Ka, B nocnefHuTe roAuHW, Npu OTINeX-

conditions by the low temperature
extraction method for their antifungal
activity. With Eugenol are treated seeds of
cereals and legumes infected with fungal
phytopathogens isolated in the Laboratory
of Phytopathology of the Institute of Plant
Genetic Resources - Sadovo in order to
prove its practical applicability as a
biofungicide for treatment of seeds for
storage under the conditions of medium
and long term storage.

basil,
activity,

Key words:
biofungicide, antifungal
phytopathogens

Eugenol,
fungal

INTRODUCTION

Fusarium is caused by fungi of the
genus Fusarium. Cerebral fusariosis (F.
culmorum) occurs in three forms — rotting
germination, rotting the plant foundations
and damaging the class. The first
symptoms are most common in the fall —
brown germination of the germs leading to
early rotting.

Cereal fusariosis is a disease of
economic importance mainly in the case
of attack of spikes. The disease occurs on
separate clusters, but under favourable
conditions may extend to individual
sectors or the whole spike. The attacked
spikes gradually fade, earlier turning
green to pale cream to pink.

These symptoms are very different from
healthy, non-infected classes. In the
infected parts of the class, the grains
remain white and whitish. Under wet
conditions, a pink mold is formed on them.

The control of this pathogen is of
particular importance for maintaining crop
yields (Arikpo Ikpi Okoi et al., 2013). A
major challenge for agricultural science is
the application of biological methods for
disease control.

In this trend, in recent years, when
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[aHe Ha pacTeHus B eKONOornyHu hepmu
Ce TbPCAT peLleHuns, n3nonssallm seLec-
TBa, M30MpPaHn OT NPUPOLHU USTOUHMLMN.
TakbB nNpuMMep € K3MN0JA3BaHeTo Ha
eKCTpakTW, NosyYeHn OT TPaAULMOHHO
CWIHU pacTeHus, C [JoKa3aHun aHTUMMUK-
pPO6GHM KayecTBa, KakBUTO ca pas3NYHUTE
BW0BE ETEPUYHO-MAC/IEHN BUAOBE.

C SICHO M3pa3eHO MPOTMBOIMbOUYHO
JelicTBne ca Tes3n eTepuyHO-MacsieHu
KynTypW, KOUTO npoAyuupart BELleCTBOTO
EsreHon (bocunek, Kapamduioso Abp-
BO, Jllonsdk, MacnopgaiHa posa u Aap.)
(Neveen Helmy Abou EI-Soud et al.,
2015; Renata-Maria Sumalan et al,
2013).

bocunekeT e TpaguvuuoHHa 3a
Hawara cTpaHa 6wunka K nognpaska C
LWMPOKO  MpuioXeHue. Msnonsea ce
HaJ3eMHaTa 4acT Ha pacTeHueTo, Hali-
4ecTo CTPLKOBETE B MPECEH BUA, KaTo ce
6epe no Bpeme Ha Ub(Texa, a 3a
cyweHe — npeau uUbtTexa. Cbabpxa
eTepuyHn Macna, T[VKo3uaW, TaHWHW,
OpPraHNUYyHN KNCESTIMHWU, MUHEPASTHU COMN.

Llenta Ha HacToswara paspaboTka
e pa Obaar wu3cnenBaHUW eKCTpakTuTe,
CbAbpxawy EBreHon, nosyyeHu ot nncra
oT JlumoHoB 6ocunek (Ocimum basilicum
L.), oTrnegaH npu in vitro 1 Npu rpaguH-
CKW yC/I0BWS1, MO METOAA Ha eKcTpakumaTa
Mpv HUCKa TemnepaTypa 3a TAxHaTa aHTu-
rbOMyHa akTMBHOCT. TpeTmpaHu c Esre-
HOJ1 ca CEMEHA OT XUTHU 1 6060BM KyNTY-
pu, 3apaseHn C IbOHM (ouTOonaToreHu,
ns3onupaHu B naboparopuaTta no déutona-
Tosiorma Ha WHctutyta no PactutesHu
FeHetnyHn Pecypcn - CapgosBo C uen
[JoKasBaHe Ha Heroeata npakTuyecka
NPUAOKUMOCT Kato 6uodyHrMumg, 3a
TpeTvpaHe Ha CeMeHa 3a CbXxpaHeHue
npu ycnoBuMsiTa Ha CPEAHOCPOYHO U
Ab/ITOCPOYHO CbXpaHeHMe.

MATEPVAJT N METOON

EKCTpakTbT, M3MnossBaH 3a TpeTu-
paHe Ha rbbeH nartoreH ot pog. Fusarium
e MNOJly4YeH uype3 eH3UMHO TpeTupaHe Ha
nncTtHa maca ot O. basilicum, BbB BogeH
pa3tBop Cc pob6aBeHa 1% NMMOHeEHa

growing plants on organic farms, solutions
have been sought using substances
isolated from natural sources. An example
is the use of extracts obtained from
traditionally strong plants with proven
antimicrobial properties, such as the
various types of essential oil species.

With a clearly expressed antifungal
action are those essential oil plants that
produce the substance Eugenol (Basil,
Cloves, Lilac, Oilseed Rose, etc.)
(Neveen Helmy Abou EI-Soud et al.,
2015; Renata-Maria Sumalan et al.,
2013).

Basil is a traditional herb and spice
for our country with wide application. The
shoot part of the plant is used, most often
the leaves in fresh form, harvested during
flowering, and for drying — Dbefore
flowering. They contain essential oils,
glycosides, tannins, organic acids, mineral
salts.

The purpose of the present work is
to investigate the extracts containing
Eugenol obtained from the leaves of
lemon basil (Ocimum basilicum L.) grown
in vitro and in garden conditions by the
low temperature extraction method for
their antifungal activity.

With Eugenol are treated cereal and
leguminous seeds contaminated with
fungal phytopathogens isolated in the
laboratory of Phytopathology of the
Institute of Plant Genetic Resources -
Sadovo to prove it‘s practical applicability
as a biofungicide for long-term storage
conditions for medium storage.

MATERIAL AND METHODS

The extract used for treatment is a
fungal pathogen of the genus Fusarium,
obtained by enzymatic treatment of O.
basilicum leaf mass in aqueous solution
with 1% citric acid added, without the use
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KucenuHa, 6e3 13nosi3BaHe Ha OpraHnyHu
pastBopuTenu. EH3MMHOTO TpeTupaHe e
M3BbPLUEHO Npu TemnepaTypa 18-22 °C.

3a uenta Ha HaCTOAWMAT eKcne-
pPVYMEHT e oTrfiefaH Wwam oT rb6Hua naro-
reH Fusarium culmorum BbB (puTOonatono-
rmyHata nabopatopus Ha WPTP - Cagoso.
B nabopatopusita No MMKpOGMOOrus Ha
ny M. Xvnepgapckn* e nscnegsaHa aHTu-
MUKpOOHaTa akTMBHOCT Ha MNoJlyyeHus
ekcTpakT ot O. basilicum cpewy Fuzarium
culmorum. 3a uenta paboTHUA Wam e
KyNITMBMpPaH Ha TeyHa KapTtodheHo pekc-
Tpo3Ha cpepa npu 28 rpagyca. /snon-
3BaH e arap AMAQY3NOHHUAT METO/, KaTo e
HanpaBeH MNOBBLPXHOCTEH [MOCEB BbLPXY
arapoBsa cpefa cbc 100ul noceseH mare-
puan cbabpxaly, 1.10° crnopy Ha MwWIu-
NTBP OnpefesieHn ¢ nomoLyTa Ha XoMo-
uuToMeTbp. M3nonssaHn ca 2 Buaa exc-
TpakTu B TpW MNOBTOpPeHuA: 1. OUPeKTHO
oTAesnieHa npoba OoT eH3VMHO TpeTupaHus
pa3sTtBop; 2. OTgeneHa e cynepHaraHta oT
€H3VIMHO TpeTuvpaHus pasTBop, Ccnep
ueHTpocpyrmpaHe npu 10 000 06/ min.,
7 °C, 3a 10 min.

PE3SYNTATU N OBCbXOAHE

M3cnegBaHa e akTMBHOCTa Ha
eTepuyHo Macno ot bocunek Ocimum
basilicum cpewy Fuzarium culmorum. 3a
uenta paboTHWUA LWaM e KynTuBmpaH Ha
TeyHa cpefa KaptodpeHO [AekcTpo3Ha
cpega npu 28 °C. WM3nonssaH e arap
OVAY3NOHHUAT MEeTOo[, KaTo € HarpaseH
NMOBBLPXHOCTEH MOCEB BbPXY araposa cpe-
Aa cbe 100 pl noceBeH matepuas Cbabp-
Kalrw, 1.10° CNnopu Ha MUIUUTBLP onpeae-
NleHn C nomolia Ha XOMOLUTOMETHLP.
M3non3saHn ca 2 BMOa E€KCTpPakTW, Karto
caMo0 ekcTpakT 1 nokassa BuMAMMO 3aba-
BAHE Ha pa3BWUTMETO Ha W3Mos3BaHusA
wam,Tbi KaTo B 30Ha 0T 20 mm wama He
ob6pasysa crnopu B nepuoa Ha Ky/l1TUBK-
paHe. BCMYKM eKCrepumeHTH ca Hanpase-
HW B 3 NOBTOPEHMA.

Mpu gUpekTHO oThesneHara npoba
OT EH3UMHO TpeTupaHus pasTBop uMa
Ha/IMuMe Ha BCUYKM BeLecTBa, MpuUChC-
TBawWw B pacteHneto O. basilicum, B ToBa

of organic solvents.
treatment was carried
temperature of 18-22 °C.

For the purpose of this experiment
the fungal pathogen Fusarium culmorum
was grown in the plant pathology
laboratory of IRGR - Sadovo. In the
Microbiology Laboratory of the *“P.
Hiledarski” investigated the antimicrobial
activity of the resulting extract of O.
basilicum against Fuzarium culmorum.
For this purpose, the working strain was
cultured on liquid Potato Dextrose
medium at 28 degrees. The agar diffusion
method was used by surface plating on
agar medium with 100pl of seed
containing 1.10° spores per milliliter
determined using a homocytometer.
There are 2 types of extracts used in
three repetitions: 1. A directly separated
sample from the enzyme-treated solution;
2. The supernatant is separated from the
enzyme-treated solution after
centrifugation at 10,000 rpm at 7 °C for 10
min.

The enzyme
out at a

RESULTS AND DISCUSSION
The activity of Ocimum basilicum
extract against Fuzarium culmorum was
investigated. For this purpose, the
pathogen was grown on a liquid potato
dextrose medium at 28 °C.

The agar diffusion method was used by
surface culture on an agar medium with
100 pl of seed containing 1.10° spores per
milliliter determined using a homocyto-
meter. 2 types of extracts were used, with
only extract 1 showing a marked delay in
the development of the strain used, since
in the treated area of 20 mm the strain did
not form spores during the -cultivation
period. All experiments were performed in
3 replicates.

In the sample directly extracted
from the enzyme-treated solution, all the
substances present in the O. basilicum
plant are present, including the essential
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YNC/I0 U KOMMOHEHTUTE Ha eTepU4HOTO
Mac/10, Ha KOeTO Hali-BePOSATHO Ce A b/DKU
aHTUMMKPOOHOTO aelicTBue.

Mpn exkcTpakT Ne 2 BeulecTBaTa C
aHTUMMKPOOHO AelicTBME ca NPeEMUHANN B
yTankaTa cnepg ueHTpodyrnpaHeTo, nopa-
OV KOEeTO cyrnepHaTaHTaTa He nposiBsiBa
TakoBa felicTeue.

Suppression zone

oil components, which are most likely due
to the antimicrobial action.

In extract Ne 2, the antimicrobial
agents were transferred to the precipitate
after centrifugation, so the supernatant did
not show such action.

®ur. 1. PesynTtaT oT TpeTMpaHe Ha F. culmorum ¢ guMpekTHO oTaeneHa npo6a ot

€H3VIMHO TPETMpPaHNS pasTBoOp

Fig. 1. Result of treatment of F. culmorum with a directly separated sample of the

enzyme-treated solution

N3BOAN

OT nonyyeHuTe pesyntatv MoXe
[Ja ce HanpaBu K3BOA, Ye Npu paspa-
60TBaHETO Ha MeToAW 3a NPUroTBSIHE Ha
npenapatu 3a 6uonornyHa 6Gopba C
60/1eCTV NO pacTeHUsiTa Ype3 13nos3BaHe
Ha MeToja Ha eH3UMHO CMWaHe cfejBa
Ja ce 13non3sa Lenms nonyvyeH ekCTpakT,
6e3 cenapupaHe.

OT HacToAWMS €eKCNepuMEeHT ce
[okasBa aHTUMMKpOGHaTa akTMBHOCT Ha
ekcTpakT ot O. basilicum, nonyyeH upes
€H3MMHO CMWIaHe cpelly naToreHa F.
culmorum.

CONCLUSIONS

From the results obtained, it can be
concluded that in the development of
methods for the preparation of biological
preparations for plant diseases using the
method of enzymatic digestion, the whole

extract obtained, without separation,
should be used.
The present experiment

demonstrates the antimicrobial activity of
an extract of O. basilicum obtained by
enzymatic digestion against the pathogen
F. culmorum.
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