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PE3OME

Tponuyeckute KynTypu, Kato Mek-
CYKaHCKaTa KpacTtasuua, ropums nbnet un
kneaHo (Cucurbitaceae) ce kyntusmpar B
YMEPEHO KOHTUHEHTa/THUA cybcpenmsem-
HOMOPCKM KIuMmaTt Ha paiioH KouyaHu B
CeBepHa MakepnoHus. NpecHuTe naogose
6sxa TeCTBaHW 3a TeEXHUTE PU3UKOXUMUY-

SUMMARY

The tropical crops chayote, bitter
melon and kiwano (Cucurbitaceae) were
cultivated under the temperate continental
sub-Mediterranean climate of Kochani
region, North Macedonia. The fresh fruits
were tested for their physicochemical
characteristics (water content, total dry
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HWN XapakTepuUCTUKM (BOLHO CbObpXaHue,
00O CyxX0 CbAbpXaHue, o6Ll0 pa3TBoO-
pyuMn TBHPAU Bellectsa U pH) n Mukpo-
6100rMYHO KauecTBO, M3MNoN3Baliku ce-
nekTuBHM cpeam 3a Salmonella spp., L.
monocytogenes, E. coli/Enterobacteriaceae,
APOXAN 1 NSIECEHN 1 arap 3a 06Lmsa 6poii
MUKpPOOPraHusmn. Bcuukn xapakrepucTtu-
KW ca TecTtBaHW B 5 NoBTOpeHUA. PU3NKO-
XUMUYHMTE CBOICTBA Ha KMBaHO (06LLO
pasTBopuMM cyxu Bellecta 4.07% Brix u
pH 4.47) n ropumBms nbnew (06Wo pas-
TBOPUMM Cyxu BewlecTBa OT 3.77% Brix)
ca nogobHM Ha paHHM  OT  Apyru
paiioHn/abpXxaBKn, [OKATO MEKCMKaHcKaTa
KpacTaBuua MMa nogo6HO BOAHO CbAbP-
XaHue 1 pH, HO No-HMCKN 06O pasTBO-
pUMW CyXM BELLECTBA, MOJSTyYEHN B YCJIO-
BuAta Ha CesepHa MakefoHus. 1o OTHO-
LEeHNe Ha MUKPOBMONOTMYHOTO KavyecTBo,
L. monocytogenes, Salmonela spp. u E.
coli He ca OTKpUTK B HUTO eAdHa OT npobuTe.
EHTOGakTepmn Enterobacteriaceae  ca
OTKPUTW B KMBAHO M ropunB nbnew. Haii-
BMCOK CpefeH 6poii MUKpoopraHnsmu e
yCTaHOBEH B kuBaHo (3626 cfu/g), gokato
Han-ronam Opoli Apoxan M nfneceHn B
ropumsmsa nbnew (3084 cfu/g). Pesyntatute
npegnonaraT, Ye MeKCMKaHckaTa KpacTa-
BMLA, TFOpPYMBUS MbNEW U KUBAHOTO C
[06po KayecTBO Ha M/I0AOBETE MOXe ga
ce npousBexgaT B yMepeHuTe KaumaTtuy-
Hu ycnoBua Ha CesepHa MakefoHus. Bece
nak, MekcukaHckarta kpactasuua nMa no-
HWCKO KOJSIMYEeCTBO Ha 06LM pasTBoOpUMU
CYXW BellecTBa B CpaBHEHWE C pekonTa,
npoussefeHa B TPONUYECKN 1 CyoTponuny-
HW pernoHu. scnepBaHunsaTa BbpXy Tesu
KynTypy TpsbBa Aa npogbshkar no OTHO-
LWEeHNEe Ha MNpUrogHoOCTTa KbM pPas/vyHu
KAMMaTUYHN U MOYBEHW PETNOHU 3a THAX-
HOTO OTrnexgaHe u cneyuduyHuTe Tex-
HWKWN 3a Ky/TTUBMPaHE Ha BCEKW BUA MO OT-
HOLLEHWE Ha N0404AaBaHETO N Ka4yecTBOTO.
KntouoBn gymu: Sechium edule,
Momordica charantia, Cucumis
metuliferus, MMKPOBMONOTNYHN KpUTEPUN,
PU3MKOXMMUYHN CBOCTBA

content, total soluble solids and pH) and
microbiological quality using selective
media for  Salmonella  spp., L.
monocytogenes, E. coli/Enterobacteriaceae,
yeast and molds and plate count agar for
total number of bacteria.

All  parameters were tested in 5
replications. The physicochemical
properties of kiwano (total soluble solids
of 4.07 %Brix and pH of 4.47) and bitter
melon (total soluble solids of 3.77 %Brix)
were similar to reports from other
regions/countries, while the chayote had a
similar water content and pH but lower
total soluble solids obtained in our
conditions. Concerning the microbiological
quality, L. monocytogenes, Salmonela
spp. and E. coli were not detected in any
of the samples. Non-coli
Enterobacteriaceae were found in kiwano
and bitter melon.

The highest average plate count was
found in kiwano (3626 cfu/g), while the
highest number of yeasts and molds in
bitter melon (3084 cfu/g). The results
suggest that chayote, bitter melon and
kiwano crop with good fruit quality can be
produced under the temperate climate
conditions of North Macedonia.

Still, the chayote had inferior total soluble
solids as compared to the crop produced
in tropical and subtropical regions.

The research in these crops should
continue in regard to the suitability of the
different climate-vegetation-soil regions
for their cultivation, and specific cultivation
techniques in each species in relation to
fruit yield and quality.

Key words: Sechium edule,
Momordica charantia, Cucumis
metuliferus, microbiological criteria;

physicochemical properties
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YanotbT (Sechium edule (Jacq.
Sw.), kmBaHo (Cucumis metuliferus E.
Mey) wn ropumB nbnew (Momordica
charantia L.) ca KynTypu OT TpOMMYecku
npousxon, npuHagnexawmy kbm 60TaHu-
yeckoTo cemelictBo Cucurbitaceae (cem.
TukBOBM MmN KpaTyHKOBK), OTrNeXaaHu
npeaMMHO B TPONWMUMTE W CynTponuuuTe.
YanoTbT npomsxoxaa oT Mekcuko u Lien-
TpanHa Amepuka. Toli e Hali-nonysnsipeH B
NatnHcka Ameprka u ce oTIiiexja B
TPOMMYECKUTE U CYOTPOMMYHMNTE PETNOHM
(Newstrom, 1990; Newstrom, 1991). EcTec-
TBEHOTO 00MTaHMEe Ha KuBaHOTO (porar
nornew) e B Adpuka (palioHn Ha
Cy6caxapa) 1 torosanagna Asus (Memen)
(Kirkbride, 1993). 3a Tbproscku Lenu ce
otrnexpa B KeHusa, Hosa 3enaHgus,
®paHunsa n N3paen (Lim, 2012). Mopuwu-
BMAT mbhew (ropyvBa rpygka unm 6anca-
MOBa Kpylwia) npomsxoxpa oT Adpuka
(Schaefer and Renner, 2010). Kyntusupa-
HETO My e HesiCHO (Adbpuka unu NHansa) n
OHEeC ce Wu3Mnof3Ba Hal-lWMpoKo B
asunatckute KyxHu (Chomicki et al., 2019).

Hanocnenbk Te3u KynTypu nonyda-
BaT BCE MO-rO/IAIMO BHMMaHue nopagu oT-
yeTeHUTEe UM XpaHUTENHU U BUOGYHK-
unoHasHM cBoiictea (Wannang et al.,
2007; Kubola and Siriamornpun, 2008;
Joseph and Jini, 2013; Anyanwu et al.,
2014; Jia et al., 2017; Mzena et al., 2018;
Parra et al., 2018; Riviello-Flores et al.
2018; Vieira et al., 2019).

B CeBepHa Make[oHUA TpuTe Kyn-
Typu He ca p[ob6pe nosHatm M He ce
oTrexaar YecTo KaTto TbproBcka Kyntypa
WA TPafuUHCKO pacTeHue. OTrnexgaHeTo
UM € M30/IMpaHO M MECTHO, B MasTbk
Mallab oT onpegeneHun depmepmn 3a MecT-
HWUS nasap. HWTo eanH oT TpuTe Buga He
€ BK/HYEH B HaUMOHa/IHUS COPTOB CMu-
CbK, Nyb6/nMKyBaH OT MMHUCTEPCTBOTO Ha
3emefenvneTo, ropute n BOAHOTO CTONaH-
cTBO Ha Penybnuka CeBepHa MakefoHus
(2008). YaiioTbT € BHECeH B pervoHa B
Kpada Ha 90-Te roanHn Ha 20-Tu B., Korato
Ha c/lydaeH MpUHUMN ce oTriexaa kato
rpaguHckn (B 3agHUSA ABOP) eK3eMnasp

INTRODUCTION

Chayote (Sechium edule (Jacq.)
Sw.), kiwano (Cucumis metuliferus E.
Mey) and bitter melon (Momordica
charantia L.) are crops of tropical origin
belonging to the botanical family
Cucurbitaceae (cucurbits or gourd family)
predominantly grown in the tropics and
suptropics. The chayote (mirliton squash)
originates from Mexico and Central
America. It is most popular in Latin
America and grown in the tropical and
subtropical regions (Newstrom, 1990;
Newstrom, 1991). The kiwano (horned
melon) naturally occurs thru Africa (sub-
Saharan regions) and Southwest Asia
(Yemen) (Kirkbride, 1993). It is
commercially grown in Kenya, New
Zealand, France and Israel (Lim, 2012).
The bitter melon (bitter gourd or balsam
pear) originates from Africa (Schaefer and
Renner, 2010). Its domestication is
unclear (Africa or India) and today is most
extensively used in Asian cuisines
(Chomicki et al., 2019).

Recently, these crops are gaining
more attention due to their reported
nutritional and bio-functional properties
(Wannang et al, 2007; Kubola and
Siriamornpun, 2008; Joseph and Jini,
2013; Anyanwu et al., 2014; Jia et al.,
2017; Mzena et al., 2018; Parra et al.,
2018; Riviello-Flores et al. 2018; Vieira et
al., 2019).

In North Macedonia, these three
crops are not well known, and are not
commonly cultivated as a commercial
crop or a garden plant. Their cultivation is
isolated and local, on a small scale by
certain individuals/ farmers for the local
market. None of the three species is listed
in the National variety list published by the
Ministry of Agriculture, Forestry and Water
Economy of the Republic of North
Macedonia (2008). The chayote was
introduced in the region at the end of the
1990’s decade, when it was randomly
grown as a garden (backyard) specimen
(author’s notation), while the kiwano and
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(6enexka Ha aBTOpa), AOKATO KMBAHOTO U
rOpYMBUAT MbMNEL ca No3HaTU OT nocres-
HUTE HAKOJSIKO FOAMHW, OT OH-NaliH mare-
pvann. Tbid KaTo HAMA NoYTK HUKaKBa Hayuy-
Ha MHbopmMauus 3a Te3N HOBW EK30TUYHU
Buaose, otrnexaaHn B CesepHa Makepno-
HWs, Ce NpoBeje Nnpoy4yBaHe € uen ja ce
npoyyn 6e3onacHOCTTa Ha XpaHute (MUK-
POBMONOIMYHO KayecTBO) U (PU3NKO-XM-
MUYHUTE XapaKTepPUCTWKM Ha Te3n Kpa-
TYHKOBW pacTeHusi, NpoM3BeLeHN B KIMMa-
TUYHUTE yCroBUA Ha CeBepHa MakegoHus.

MATEPVAJT U METOOU

Martepuanute, n3non3saHun 3a ToBa
uscnefgaHe, ca naogose OT Tpute BuAa
KpaTyHKoBW: YaioT (Sechium edule (Jacq.
Sw.), kmBaHo (Cucumis metuliferus E.
Mey) wn ropumB nbnew (Momordica
charantia L.) nokasaHn Ha durypa 1.
OUBUKO-XMMUYHNUTE U MUKPOBUONOTNYHM-
Te aHanM3M Ha 4YalioT M KMBaHO ca
M3BbPLUEHN C y3penu nnogose. Tbii kaTo
rOpUMBMAT MbMEL Ce M3MNos3Ba Kato 3e-
JNIEHYYK, OOKaTO e olle 3eneH (Heyspsn),
aHa/m3nTe Npu TO3U BUJA ca U3BBPLUEHU
BBbPXY Hey3pesnu nnogose. NnogoseTe Ha
TpUTEe BMAa ca OTIIeXAaHu B yacTeH
MMOT Mnpe3 BereTaynoHHMA ce30H Ha 2019
r., pasnonoxeH B palioHa Ha KouaHw,
KONTO NpUHaAIeXn KbM YMEPEHO KOHTM-
HeHTa/HNA Cy6-cpeau3eMHOMOPCKN Ku-
MaTuuyeH nosc (Filipovski at al., 1996) nnn
BSk (cteneH, cyx, CTygeH) knumaTt cno-
pes HoBWTE rnobanHu kapTu Ha KivMma-
TUYHaTa Knacudukaums Ha KboneH-laiirep
(1980-2016 r.) c pesonouuma 1-km (Beck
et al., 2018). Mo Bpeme Ha oTrnexagaHeTo
He ca npuniaraHu nectmunan (QyHrmumam
N UHCEKTULMAN).

bitter melon are know from the past
several years, with some on-line popular
reports. Since little to no scientific
information on these new exotic species
cultivated in North Macedonia is available,

a study was conducted in order to
investigate the food safety
(microbiological quality) and

physicochemical characteristics of these
cucurbits  produced in the climatic
conditions of North Macedonia.

MATERIAL AND METHODS

The materials used for this study
were fruits of the three cucurbit species:
chayote (Sechium edule (Jacq.) Sw.),
kiwano (Cucumis metuliferus E. Mey) and
bitter melon (Momordica charantia L.)
shown on Figure 1. The physicochemical
and microbiological analyses of chayote
and kiwano were performed on ripen
fruits. Because the bitter melon is used as
a vegetable while still green (unripe), the
analyses in this species were performed
on unripe fruits. The fruits of the three
species were grown on a private property
during the vegetative season of 2019
located in the region of Kochani, which
belongs to the temperate continental sub-
Mediterranean climate belt (Filipovski at
al., 1996) or BSk (steppe, arid, cold)
climate according to the new global maps
of the Kdppen-Geiger climate classification
for the present-day (1980-2016) at 1-km
resolution (Beck et al., 2018). No
pesticides (fungicides and insecticides)
were applied during the cultivation.
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dur.l. NMopose Ha nscnegBaHUTe TPONMUYECKU KPaTyHKOBU BULOBeE

Fig. 1. Fruits of the examined tropical cucurbit species
A- vaiioT (Sechium edule (Jacg.) Sw.), B- kuBaHo (Cucumis metuliferus E. Mey) n C- ropuvB mbneLl

(Momordica charantia L.)

A- chayote (Sechium edule (Jacg.) Sw.), B- kiwano (Cucumis metuliferus E. Mey) and C- bitter melon

(Momordica charantia L.)

PU3NKOXMMUYHN aHasTU3K

W3cnepBaHun ca cnegHute (pm3snko-
XUMWYHW CBOICTBA: CbAbpXaHue Ha BO-
Ja, o0Wo cbObpXaHWe Ha Cyxo Bellec-
TBO, 06LLO Pa3TBOPMMUK CYXW BeLLECTBa U
pH. CbaobpxaHueTo Ha BoJa U 06LOTO
CbbpXaHMe Ha CyxO BellecTBO BbB
BCEkM BUJ ce onpefens ypes cylleHe Ha
5 npobu oT pasznuyHM nnofose BbB Bb3-
AyuwHa new, npu 105 °C pgo gocturaHe Ha
NMOCTOSAHHO TErno 1 ca uspaseHu kato %
OT Tern0To Ha npecHuTe nnogose. O6L0-
TO KO/IMYECTBO Ha pPasTBOPVMW CYXWM Be-
wecTtea U pH ce onpepensar B 5 TeyHu
npo6u oT BCEKU BUA, NPUTOTBEHM OT pas-
NNYHKU Nnogose, 0bpaboTeHn B 6rieHaep,
cnen koeto npobute ce npeuexaar wu
TeyHocTTa (M1040B COK) ce cbbupa.
OO6LLOTO KOMMYECTBO Ha pPa3TBOPUM CyxXu
BelwlecTBa (TSS) e BaxeH nokasartesn 3a
KayecTBOo, M3Mon3BaH 3a 0603HayaBaHe
cnagocTTa Ha npecHu u npepaboTeHn
rpaguHapcKky  XpaHuTesHM NPOAYKTW, B
nabopatopun 3a u3cnegBaHus U B
NPOMULLIZIEHN NPEeAnpUATUS 3a onpenens-

Physicochemical analyses

The following physicochemical
properties were investigated: water
content, total dry content, total soluble
solids and pH. The water content and total
dry content in each species were
determined by drying 5 fruit samples from
different fruits in air-oven at 105 °C to
constant weight and were expressed as %
of the fresh fruit weight.

The total soluble solids and pH were
determined in 5 liquid samples in each
species, prepared from different fruits
processed on a blender, after which the
samples were strained and the liquid (fruit
juice) collected.

The total soluble solids (TSS) are an
important quality parameter used to
indicate  sweetness of fresh and
processed horticultural food products, in
laboratories for research and by industry
to determine marketing standards
(Magwazaa and Opara, 2015).
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He Ha nmasapHuTe cTaHgapt (Magwazaa
and Opara, 2015). TSS B ToBa Npoy4BaHe
€ n3mepeHo B % Brix, upe3 uudpos ped-
paktomeTbp (Kruss). pH e onpegeneHo ¢
nomMoLyTa Ha UuMdpoB ypes 3a naMepBaHe
Ha pH (Testo).

MWKPOBMONOrMYHN aHa N3N

MnoposeTe, M3N0A3BaHN 3a MUKPO-
OG10/1I0TMYHM aHa/IM3K, ca 06paHn 1 3aHe-
CeHun B nabopatopusaTa, KbAETO ca N3Mu-
TW C YellMsiHa BoAa W crief, ToBa ca npo-
MUTW ABa NbTU C gecTunmpaHa soga. He
€ N3BbpLIEeHA NOBbPXHOCTHA Ae3UHEKLYSI.

AHanusnTe ca U3BbpLEHM C neT
npobu oT Bceku oT TpuTe Buga (obuLo 15).
Bcska oT neTTe npobu 4alioT, ropymB Nb-
new u KMBaHO ca NPUrOTBEHU OT pas/ny-
HM nnogoBe. M1ogoBeTe ca HapsA3aHu Ha
Ma/ikMu napyeta M ca U3MEpPEHW B CTe-
punHW ycnosus. 25 g OT Bcska npoba ca
noctaBeHn B 225 ml ctepuneH 6ydgepu-
paH NenTtoHOB pa3TBOpP W ca Xomore-
HU3MpaHu B xoMoreHusartop (Interscience,
mogen BagMixer). Cneasawute paspex-
JaHns ca HanpaBeHW upe3 CTepweH
6ychepupaH nentoHoOB pasTeop. O6WMAT
6poii aepobHN me3odunHN bGakTepun e
OTKpUT ¢ nomolta Ha arap (PCA) cnepg
24  vyaca  uWHKy6auua npu  37°C.
Enterobacteria u Escherichia coli ca
OTKPUTWU C MOMOLLTA Ha CeNeKkTUBHa Xpo-
MOreHHa cpefa 3a AVPEKTHO n3bposiBaHe
Ha Enterrobacteriaceae wn E. coli
(REBBECA arap) cnepf nHkybupaHe npu
37°C B npoAav/keHue Ha 24 ydaca.
MpoBepkaTa 3a ca/IMOHesNa ce NpoBexaa,
KaTo Ce Wu3non3Ba BUCOKOCE/IEKTMBHA
XPOMOreHHa cpefa 3a OTKpuBaHe Ha ca-
MoHena (24 vaca npu 37°C). Hannumneto
Ha Listeria monocitogenes e nscnegsaHo
ypes K3MNos3BaHe Ha CesIeKTUBHA X/10pO-
reHHa cpepa (arap) ALOA 3a Listeria
cnopep, Ottaviani n Agosti (24 yaca npwu
37°C). OpoxauTte n NaeceHnTe ca oTKpu-
TM 1 13BPOEHN 4Ype3 [/IHKO3eH XiopaM-
eHnkon (YCG) c ekcTpakT OT Apoxau
cneg 3-5 pgHU uHKy6auua npu  25°C.
Bcuukn 1M3N0n3BaHW XpaHWUTENHU Cpeam
ca rotoBum 3a ynotpeba (BioMérieux).

The TSS in this study was measured in
%Brix using digital refractometer (Kruss).
The pH was determined using digital pH-
measuring instrument (Testo).

Microbiological analyses

The fruits used for microbiological
analyses were harvested and taken to the
laboratory, where they were washed with
tap water and afterward washed twice
with  distiled water. No  surface
disinfection was performed.

The analyses were performed on
five samples of each of the three species
(15 in total). Each of the five samples of
chayote, bitter gourd and kiwano were
prepared from different fruit. The fruits
were cut in small species and measured
under sterile conditions. 25 g of each
sample was put in a 225 ml sterile

buffered peptone solution and
homogenized in a stomacher
(Interscience, model BagMixer). The

subsequent dilutions were made by using
the sterile buffered peptone solution. The

total number of aerobic mesophilic
bacteria was detected using the plate
count agar (PCA) after 24 hours

incubation at 37 °C. Enterobacteria and
Escherichia coli were detected using
selective chromogenic medium for direct
enumeration of Enterrobacteriaceae and
E. coli (REBBECA agar) after incubation
at 37 °C for 24 hours. Salmonella
screening was performed using highly
selective  chromogenic  medium  for
Salmonella detection (24 hours at 37 °C).
The presence of Listeria monocitogenes
was examined by using ALOA- selective
chorogenic medium (agar)
for Listeria according to Ottaviani and
Agosti (24 hours at 37 °C). Yeasts and
molds were detected and enumerated by
using yeast extract glucose
chloramphenicol (YCG) plate after 3-5
days of incubation at 25 °C. All media
used were ready-to-use plates
(BioMérieux). An overview of the media
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CbcTaBbT Ha cpegata, m3nonseaHa 3a | used for detection and enumeration of the

OTKpMBaHe 1 U3GposiBaHe Ha U3C/eABaHN-

studied microorganisms is presented in

Te MUKpOoOpraHusmu, e npeactaBeHa B | Table 1.

Ta6nmya 1.

Ta6nuua 1. XpaHUTesiHU cpeam 3a OTKpMBaHe Ha MUKPOOPraHn3Mu
Table 1. Overview of the mediums used for detection of the specific

microorganisms

MNpeanonaraem nonoxuresieH

MapameTsbp Cpegpa MeTog 3a oTkpuBaHe peaynTar
Parameter Medium Method of detection Presumptive positive result
HecenektunBHa cpeaa, 6
06w, 6poii bakTepun No3Bo/IsSiBa pacTex Ha 6akTepum PacTex Ha KonoHuy ot GakTepun
PCA . . : Growth of bacterial colony
Total plate count Non selective medium which formi .
f orming units
enables bacterial growth
. [ob6aska REBECCA KonoHun ¢ po3oB [0 yepBeH
Enterobacteria REBECCA REBECCA EB suplement uBaT/Pink to red colonies
[ -D-rntokypoHuaasHa KonoHum cbe cuH LBsaT c/6e3
Escherichia coli REBECCA aKTUBHOCT CUHbLO xas10/Blue colonies with or
- D-glucuronidase activity without blue halo
Salmonella C8-ecTepasHa aKTMBHOCT Konokm ¢ 61€/10p0308 LBSAT A0

Salmonela spp. -
PP chromogenic agar|

C8-esterase activity

6nenomopas
Pale pink to mauve colonies

aKTUBHOCT Ha B-rntoko3ngasa u
hochaTnanIMHO3NTOTON

KOs1I0HUM CBbC CUH A0 CUHBO-
3e/1eH LUBAT € Xaso

Listeria monocytogenes ALOA cpoccponmnasg C_/B—g_lucosma_s_e Blue to blue-green colonies with
and phosphatidylinositol-specific halo
phospholipase C activity
CenekTnBHa cpefia 3a rbom
(APOXaAM 1 nneceHy) PacTex Ha KOJIOHIM OT NneceHn
MneceHn/Molds YGC agar . . . Growth of mold colony forming
Selective medium for fungi .
units
(yeasts and molds)
CEQEKLV;EH; ﬁ;@i;ﬁ.ﬁ 6u PacTex Ha KONoHWUM OT ApOoXAn
Opoxan/Yeast YGC agar APOX, Growth of yeast colony forming

Selective medium for fungi
(yeasts and molds)

units

PE3YJITATU N OBCBXXOJAHE
B Tabnuuya 2 ca nokasaHW HSAKOW
(PU3NKOXMMUYHM CBOICTBA Ha M3cieaBa-
HUTE KynTypu. YailoTbT MMa Hali-BUCOKO
BOJHO CbabpxaHue (94,76%), Hail-HUCKO
06LO CbAbpXaHME Ha CYX0 BELLEeCTBO
(5,24%) wn Hai-HUcko TSS (2,10% Brix).
Haii-Hucko BogHO cbabpxaHue (88,67%),
Hali-BMCOKO 06LLO CbAbPXaHWe Ha Cyxo
BewectBo (11,33%) w1 Hai-BMcOKaTa
CTOlMHOCT Ha pH (6,45) ca oTkpuTu B rop-
YMBUSA NbMeLl, A0KaTO KUBAHOTO CbAbpxa
Han-BMCOK CTOMHOCT TSS (4,07% Brix) n
Hai-HUCKa CToMHOCT Ha pH (4,47) ).
Jlokato cbabpXaHueto Ha Boga U
pH B yaiioT, Nnpon3BeAeH B ycnoBuATa Ha
CeBepHa MakenoHua, ca CXogHU C
JaHHUTE OT [Jpyrn pPeruoHun, oblmTe

RESULTS AND DISCUSSION

Some physicochemical properties
of the examined crops are shown on
Table 2. The chayote had the highest
water content (94.76%), the lowest total
dry content (5.24%) and the lowest TSS
(2.10%Brix). The lowest water content
(88.67%), the highest total dry content
(11.33%) and the highest pH value (6.45)
were found in bitter melon, while the
kiwano contained the highest TSS (4.07%
Brix) and lowest pH value (4.47).

While the water content and the pH
of chayote produced in the conditions of
North Macedonia were similar to the
reports from other regions, the total
soluble solids obtained in our conditions
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pasTBOPMMM CYXW BeLLecTBa, NoMyvyeHn B
HalumTe ycnoBus ca no-Huckn (Ekanayake
et al., 2007; Mishra and Das, 2015; Oloan
and Jose, 2017). U Bce nak TpsibBa ga ce
oT6enexu, ye NOBEYETO OT MarepunanuTe
3a yalioT He BK/lOYBAT COpPTa, MU3NUTaH B
TOBa Mpoy4BaHe - XbAT 604IMB 4alioT
(var. albus spinosum). ®U3NKO-XUMUYHUTE
cBoiicTBa Ha kmBaHo (TSS m pH) ca no-
[OGHM Ha Te3n, AoknagBaHu oT Souza et
al. (2006) n Antunes et al. (2014). No nogo-
6eH HauuH, cnopep Benzioni et al. (1993)
pH B kmMBaHO Bapupa oT 4,06 go 4,89,
pokato TSS Bapupa ot 4,02% npu 3penu
3e/1eHn Ha uBAT nsogose o 6,19% npwu
3penn XbATO-OpaHXxesBu nnogose. Cno-
pepn Bharati et al. (2018) TSS B ropumsus
nbnew Bapupa ot 3,64 o 5,58 ° Brix B
3aBMCMMOCT OT SIMCTHOTO NoAxpaHBaHe. B
HacTOALWOTO Npoy4yBaHe, TSS B ropumsus
nbnew (3,77% Brix) e B 06xBaT, goknag-
BaH oT Mallikarjunarao et al. (2018) - 2.27
°Brix Ao 4.75°Brix cbC cpegHa CTOMHOCT
3.54°Brix, HO MO-HWCKa B CpaBHEHWE C
pesyntatute ot Kumari et al. (2018) -
4.450% po 6.100%. PH Ha ropuvBua nbneLw
B HacCTOSLLETO uscnenBaHe e no-BMCOKO B
cpaBHeHne ¢ Aminah and Anna (2011).

were lower (Ekanayake et al., 2007,
Mishra and Das, 2015; Oloan and Jose,
2017). still, it should be noted that most of
the reports on chayote do not involve the
variety tested in this study - the yellow
spiny chayote (var. albus spinosum).

The physicochemical properties of kiwano
(TSS and pH) were similar to those
reported by Souza et al. (2006) and
Antunes et al. (2014). Similarly, according
to Benzioni et al. (1993) the pH in kiwano
ranged from 4.06 to 4.89, while the TSS
ranged from 4.02% in mature green fruits
to 6.19% in mature yellow-orange fruits.

According to Bharati et al. (2018) the TSS
in bitter melon ranged from 3.64 to
5.58°Brix depending on the foliar feeding.
In this study, TSS in bitter melon
(3.77%Brix) was in the range reported by
Mallikarjunarao et al. (2018) — 2.27° Brix
to 4.75°Brix with a mean of 3.54°Brix,
but lower compared to the results by
Kumari et al. (2018) - 4.450% to 6.100%.
The pH of bitter melon in this study was
higher in comparison to Aminah and Anna
(2011).

Tabnuua 2. PUIMKO-XUMUYECKN XapaKTEPUCTUKN Ha Wn3criegBaHuUTe Mao40Be:
BOAHO CbAbpXaHue, 06LO cbabpXaHWe Ha cyxo BeuwectBo (TDC), obuo
CbAbpXaHue Ha pa3TBoOpMM cyxu BewecTBa (TSS) n pH cToMHoCT

Table 2. Physicochemical properties of the examined fruits: water content, TDC
(total dry content), TSS (total soluble solids) and pH value

B\;’vg*t'grcc‘;ﬂz’:t‘?%e TDC (%) TSS (%Brix) pH
UaiioT/Chayote 94.7620.32 5.24+0.32 2.10+0.44 6.40+0.06
Topune mbnew/Bitter melon 88.67+1.55 11.33£1.55 3.77%0.38 6.45:0.13
KusaHo/Kiwano 91.98+0.49 8.02+0.49 4.07+1.00 4.47+0.20

PesyntaTute OT MUKPOGUOJIOTMYHNS
aHanu3 ca npeactaseHn B Tabnvua 3.
Escherichia coli, Salmonella spp. u
Listeria monocytogenes He ca OTKpUTK B
HATO eguH OT u3crefBaHuTe M0LO0BE.
Crnopes, MMpaBunHuka 3a cneunduyHn
N3NCKBAHMA 3a 6e30MacHOCT Ha XpaHute
No OTHOLIEHWE Ha MWUKPOOUONIOTUYHUTE
Kputepun  (OdhmumaneH BECTHUK Ha
Penybnuka CeBepHa MakegoHus, 2008),
Salmonella spp. u Listeria monocytogenes

The results of the microbiological

analysis are presented at Table 3.
Escherichia coli, Salmonella spp. and
Listeria  monocytogenes were  not

detected in any of the examined fruits.
According to the Rulebook for specific
food safety requirements regarding the
microbiological criteria (Official gazette of
the Republic of North Macedonia, 2008),
no Salmonella spp. and Listeria
monocytogenes should be found in fresh
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He TpsbBa ga NnpucbCTBaT B N1040BETE U
3eneHyyuuTe, NycHaTn Ha nasapa. Jonyc-
TMMuUTE rpaHuum 3a E. coli ca ot 100 go
1000 cfu/g (n3cnepBaHn B npoueca Ha
Npou3BOACTBO). Apyrute asa Kputepus ¢
fednHupaHy  rpaHMuM B eTana  Ha
NMpoM3BOACTBO Cca Koarynasa MO3UTUBHU
ctagmnokokn n Clostridium perfringens -
Te3an fgBa KpuTepus He ca OLEHEeHM B
HaCTOSLLETO MPOy4YBaHe.

3acera He ca yCTaHOBEHMW OrpaHu-
yeHus 3a Enterobacteriaceae (c uskniouve-
Hue Ha E.coli n Salmonella), o6wusaT 6poii
aepobHn mesothuaHn GakTepum 1 rbLoU
(ogpoxagn wn nnecexHn), npucbcTBalM B
npecHn nnogose (OdwmumnaneH BECTHUK
Ha Penybnuka CeBepHa MakegoHus,
2008). Enterobacteriaceae, kouTo He ca
KoM 6akTepum, ca C HUCBbK Bpoil B uM3-
cnefBaHnTe MN040BE B HaCTOAWETO W3-
cnepBaHe. B vaiiota, Enterobacteriaceae
He ca OTKPWUTK, J0KaTO B KMBAHO U rop-
umeuA nbnew Enterobacteriaceae ca oTkpu-
TV B 2 0T 5-Te npo6wu - 10 cfu/g B kmBaHO 1
15 cfu/g B ropumBua nbnew (cpegHo OT
[BaTa MosIoKUTENHN pe3ynTaTa npu BCEKM
BUA).

Hali-HncKknsaT 6poit aepobHN Me30-
ounHN HGakTepun e OTKPUT B ropumBUs
nbrnew (84 cfu/g). MnogoseTe KuBaHoO,
KbAEeTO € OTKPUT Hai-BUCOKUAT cpeneH
6poii aepobHn Me3ounHN bGakTepun
(3626 cfu/g), cbwWoO wumat Hai-ronama
pasnvka B OTAENHATE NOBTOPEHMS 1 Haii-
BMCOKOTO CTaHAAPTHO OTK/IOHEHNE.

LUlo ce oTHacs A0 CbAbPXaHWETO
Ha rbOMYKM, HaAN-BUCOKM CpedHn CTOM-
HOCTU 3a 06N 6POI MbOMYKK (APOXAN U
nneceHn - 3084 cfu/g), gpoxgn (2766
cfu/g) n nnecenn (318 cfu/g) ca oTkpuTK
npy ropumBma nbnew. Hai-manbk o6Ly
6poin rbouukmn (100 cfu/g) n nnecexn (40
cfu/g) ca oTkpuTM B uyaiioTa, AokaTo
naoAbT Ha KMBAHO CbAbpXa Hai-HUCKO
cbAbpxaHue Ha apoxan (16 cfu/g).

fruits and vegetables placed on the
market. The limits for E. coli are set at 100
to 1000 cfu/g (examined in the process of
production). The other two criteria with
defined limits at the production stage are
coagulase positive staphylococci and
Clostridium perfringens - these two criteria
were not evaluated in this study.

So far, no limits are set for the
Enterobacteriaceae (excluding E.coli and
Salmonella), the total number of aerobic
mesophilic bacteria and fungi (yeasts and
molds) present in fresh fruit (Official
gazette of the Republic of North
Macedonia, 2008).

The non-coli Enterobacteriaceae in the
species examined in this trial were low. In
chayote Enterobacteriaceae were not
detected, while in kiwano and bitter
mellon Enterobacteriaceae were detected
in 2 out of the 5 samples - 10 cfu/g in
kiwvano and 15 cfu/g in bitter melon
(average of the two positive results in
each species).

The lowest number of aerobic
mesophilic bacteria was found in bitter
melon (84 cfu/g). The kiwano fruits, where
the highest average number of aerobic
mesophilic bacteria was found (3626
cfu/g), also had the highest difference
within individual replications and the
highest standard deviation.

Regarding the fungal content, the
highest average values for the total fungal
count (yeast and molds - 3084 cfu/g),
yeasts (2766 cfu/g) and molds (318 cfu/g)
were detected in bitter melon. The lowest
total fungal count (100 cfu/g) and molds
(40 cfu/g) were found in chayote, while
the kiwano fruit contained the lowest
yeasts number (16 cfu/g).
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Ta6nvua 3. Pe3yntaT OT MUKPOGMO/IOTMYEH aHa/IM3 Ha MPO6U OT YalioT, FropyrB

nbrew v kmeaHo (cfu/g)

Table 3. Results from the microbiological analysis of the chayote, bitter melon

and kiwano samples (cfu/g)

Yaiot/Chayote | Nopums nbnew/Bitter melon | Kusano/Kiwano
06wy, 6poii bakTepuu/Total plate count 155+171.10 84+73.01 3626+3787.13
Enterobacteriaceae n.d 15+7.07* 10+0.00**

E. coli n.d. n.d. n.d.

Salmonella spp. n.d. n.d. n.d.

L. monocytogenes n.d. n.d. n.d.
poxzau n naeceHw/Yeast and molds 100+100.00 3084+1250.91 118+75.30
poxaun/Yeasts 60+89.44 2766+1179.61 16+23.02

Mnecenn/Molds 40+89.44 318+133.30 102+83.49

PesynTtaTute ca cpefHu 3a 5 NOBTOPEHNS +CbC CTaHAAPTHO OTK/IOHEHUE; N.d.- HEe € OTKPUT B HATO efHa oT
5-Te npobu; Enterobacteriaceae ca oTkputu B ropuus nbnew (*) u kmBaHo (**) B 2 oT 5 npobu. CpegHaTta
CTONHOCT 3a BCEKW M/10J, Ce U34NCNSABA OT ABETE MOMOXKUTENTHW NPO6K.

Results are average of 5 replications + standard deviation; n.d.- not detected in any of the 5 samples;
Enterobacteriaceae were detected in bitter melon (*) and kiwano (**) in 2 out of 5 samples. The average in

each fruit was calculated from the two positive samples.

MpOLEHTBLT Ha APOXAM U MSIECEHU
B rbbuyHaTa ¢osiopa Ha wuscnegBaHuTe
nnogoBe e nokasaH Ha durypa 2. Yaiio-
TbT W FOPYMBUAT NbMEW UMaT NO-BUCOK
MPOLEHT Ha [ApOXAN B CpPaBHEHME C
nneceHuTe B obuwiara rbbuyHa dnopa,
Jokato rebuyHata dpsiopa Ha nIo4oBeTe
K/BaHO CbAbpXa MO-BUCOKO CbOTHOLLE-
HMe nneceH-gpoxan. B npoyyBaHe Ha
Tournas (2005), koiWiTo wn3cnegga pas-
NPOCTPaHEHNETO Ha NEeCeHn U APOXan B
NPECHN N MUHUMaNIHO 06paboTEHN 3e/EH-
yyuu, ApOXOUTE ca Hai-pasnpocTpaHe-
HUTE opraHu3mMmn, OTKPUTKN B NpobuTe, nNpu
HWBa, Bapupawm oT no-manko ot 100 go
4.0x10° cfu /g. MneceHute 06MKHOBEHO
BapupaT oT no-masiko ot 100 go 4.0x10*
cfu/g, pokaTto NO-BMCOKM CTOMHOCTM ca
OTKPUTU B HSKOWM OT MpobuTe OT M3LbH-
knute. Cnopepn Jeddi et al. (2014) no-
rofisiMaTta 4act OT U3C/neABaHNTe MPSCHO
Hapsa3aHW 3eneHYyL 06UKHOBEHO CbhAbP-
xat gpoxau oT <10° cfu /g, pokato
nfeceHnTe Hali-Beue ca B HMBaTa Mexay
10% n 10* cfu/g.

The yeasts and molds percentage
in the fungal flora of the examined fruits is
shown on Figure 2. The chayote and bitter
melon had higher percentage of yeasts
compared to molds in the total fungal
flora, while the fungal flora of the kiwano
fruit contained higher mold-yeasts ratio. In
a study by Tournas (2005), who studied
the prevalence of molds and yeasts in
fresh and minimally processed
vegetables, the yeasts were the most
prevalent organisms found in the
samples, at levels ranging from less than
100 to 4.0x10° cfu/g.

Molds generally ranged from less than
100 to 4.0x10* cfu/g, while higher values
were found in some of the sprout
samples. According to Jeddi et al. (2014),
the majority of the examined fresh-cut
vegetables generally contained yeasts
counts of <10° cfu/g, while mold were
mostly in the levels between 10° and 10*
cfulg.
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B C
M Yeasts ™ Molds

dur. 2. CbabpXaHue Ha APOXAW W NJeceHU Mpu rbbuyHata diopa Ha
n3cnegBaHnTe nnogose (%): A- vaiioT, B- ropumB nbnew, C- kmBaHo, D- pactex
Ha rb6u (4poXau N NneceHn) B CeNeKTUBHa cpeja

Fig. 2. The content of yeast and molds in the fungal flora of the examined fruits
(%): A- chayote, B- bitter gourd, C- kiwano, D- growth of fungi (yeasts and molds)

A

on selective media

N3BOM

HacTtosawoTo mnscnensaHe nokassa
Bb3MOXHOCTTA 3a OTI/IeXJaHe Ha Tponu-
yeckusi Bug vanot (Sechium edule (Jacq.
Sw.), kmBaHo (Cucumis metuliferus E.
Mey) wn ropumB nbnew (Momordica
charantia L.) B ymepeHuTe KaMMaTU4HU
ycnosusa Ha CesepHa MakegoHus. [no-
[JoBeTe, MoJlyYeHU B HACTOSLLETO Npoyy-
BaHe, nokassat 3a[0BOJIUTESIHU pe3ynTa-
TN NO OTHOLUEHWE HA MUKPOBMONOrMYHOTO
KayecTBO Ha KpaliHusi NpoAyKT, roToB 3a
KOoHcymaums. o oTHoweHne Ha (huU3nko-
XUMWYHWTE CBOWCTBa, KMBAHO W ropyu-
BMAT NbMew ummar nogobHO KayecTBO B
CpaBHeHWe c pekonTara, NpousBefeHa B
ApYyrv CTpaHu, AoKaTo 4ainoTbT MMma Mas-
KO MO-HUCKO CbAbpXaHue Ha o6Lo pas-
TBOPUMM CyXM BellecTBa. Tpsbsa ga ce
HanpaBAT AOMb/IHUTESNIHU U3CfeBaHus,
3a [a ce NpoyyM Bb3MOXHOCTTa Ha pas-
NIMYHUTE KNUMATUUYHO-PACTUTETHO-MOYBEHM
paiioHn Ha CeBepHa Make[oHUS 3a OTI/IEX-
[aHeTo Ha Te3n TPonuyecku/cyeTponuyHn
KynTypy 1 fa ce oueHu 1 onpegenn Haim-
noaxoAaLmnTe nNpPOuU3BOACTBEHN TEXHUKN
3a BCeKku BUf N0 OTHOLWIEHWE Ha Ao6uB n
KauyecTBo.

CONCLUSIONS

The current study demonstrates the
potential for cultivation of the tropical
cucurbit species chayote (Sechium edule
(Jacg.) Sw.), kiwano (Cucumis metuliferus
E. Mey) and bitter melon (Momordica
charantia L.) under the temperate climate
conditions of North Macedonia. The fruits
produced in this study showed
satisfactory  results concerning the
microbiological quality of the final product
ready for consumption. Regarding the
physicochemical properties, the kiwano
and bitter melon had similar quality as
compared to the crop produced in other
countries, while the chayote had a
somewhat inferior content of total soluble
solids. Further studies should be
performed in order to investigate the
suitability of the different climate-
vegetation-soll regions of North
Macedonia for the cultivation of these
tropical/ subtropical crops, and to evaluate
and determine the most suitable
production techniques in each species in
relation to fruit yield and quality.
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