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Predgovor 

 
^uvaweto na sve` zelen~uk, ovo{je i cve}e e eden od pova`nite poberbeni procesi vo 
ramkite na vkupnata tehnologija na proizvodstvo na zelen~uk, ovo{je i cve}e. 
Poberbenite procesi na sve`iot zelen~uk, ovo{je i cve}e, prakti~no, zapo~nuvaat od 
berbata do krajniot potro{uva~.  
Osnovna cel na ~uvaweto e so~uvuvawe na kvalitetot na sve`ite produkti i 
namaluvawe na vkupnite gubitoci - te`inski i finansiski. 
Imaj}i ja vo predvid aktuelnosta na ~uvaweto na sve`iot zelen~uk, ovo{je i cve}e vo 
sovremeni uslovi na `iveewe, Fakultetot za zemjodelski nauki i hrana od Skopje, R. 
Makedonija i Poqoprivredniot fakultet od Novi Sad, R. Srbija vo oktomvri 2007 god. 
go organiziraa me|unarodnoto sovetuvawe so rabotilnica na tema: “^uvawe na sve` 
zelen~uk, ovo{je i cve}e”. Na sovetuvaweto prisustvuvaa 14 doma{ni i 45 stranski 
u~esnici. Prezentirani bea:  9 stru~no-pregledni i 21 nau~no-edukativni soop{tenija 
vo koi bea izneseni metodite, tehnikite i tehnologijata na ~uvawe na sve`  zelen~uk, 
ovo{je i cve}e. 
Zbornikot }e bide od korist na stru~nata i nau~nata javnost, na proizvoditelite na 
ovo{je, zelen~uk i cve}e, na prerabotuva~ite, trgovcite i studentite na zemjodelski 
nauki. 
Op{t vpe~atok e deka u~esnicite se zdobija so novi znaewa i informacii, razmenija 
mislewa i iskustva. Vrz baza na realiziranata programa i sodr`ina, na sovetuvaweto 
proizleze zaklu~okot deka se ~uvstvuva potreba od po~esto organizirawe na vakvi 
edukativni sovetuvawa so rabotilnici.  
 
                         Od ureduva~kiot odbor 
 

 

Preamble 

 

The storage of fresh vegetables, fruits and flowers is one of the most important postharvest 

processes in the frame of the total technology of vegetable, fruit and flower production. 

Postharvest processes begin form harvest to the last consumer.  

The main target of the storage is to maintain the quality of fresh products and to slow down 

the total loses. 

Having in mind, the actuality of storing fresh vegetables, fruits and flowers in the modern 

conditions of living, the Faculty of agricultural sciences and food in Skopje, R.  Macedonia and 

Faculty of agriculture in Novi Sad, R. Serbia in October 2007 organized the Conference with 

workshop on theme: “Storage of fresh vegetables, fruits and flowers”. In the conference were 

14 participants from the host country and 45 foreign participants. It was presented 9 

professional-reviewable and 21 scientific-educational reports in which were given the methods, 

techniques and technology of the storage of fresh vegetables, fruits and flowers. 

The proceedings will be useful for scientific and skilled public, for producers of vegetables, 

fruits and flowers, for processing industry and for students of agricultural sciences.      

The general impression was that all participants gained knowledge and data, exchanged 

opinions and experiences. On the base of the realized program and subject of the conference, 

it was concluded that there is a need of often organization of educational conferences with 

workshops in this field.  
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^UVAWE NA SVE@ ZELEN^UK VO R. MAKEDONIJA 

- SOSTOJBI I PERSPEKTIVI - 
Danail Jankulovski, \or|i Martinovski, Zvezda Bogevska 

 Fakultet za zemjodelski nauki i hrana - Skopje 
 
 
KRATOK IZVADOK 
 
^uvaweto na zelen~ukot e edna od bitnite alki vo posleberbenite procesi. 
Osnovna cel na ~uvaweto e da se so~uvaat kvalitetot, odnosno hranitelnite 
vrednosti i vkupnite gubitoci koi se slu~uvaat za vremenska distanca od 
berba do krajniot korisnik - potro{uva~ot. 
Sve`iot zelen~uk vo najgolem del, okolu 84% vremeno se ~uva 
tradicionalno vo nekontrolirani uslovi (trapovi, podrumi, nastre{nici i 
dr.) pri {to se javuvaat golemi zagubi kvalitativni, kvantitativni i 
finansiski.  
Objektite so odreden stepen na kontroliranost na uslovite za ~uvawe na 
zelen~ukot kaj nas se so mal kapacitet (okolu 93.000t) ili samo 16% od 
sve`iot zelen~uk namenet za potro{uva~ka vo sve`a sostojba. Poslednite 
godini i perspektivno sî po~esto se podigaat specijalizirani mali 
kapaciteti za prerabotka i za~uvawe na zelen~ukot. Vo ovoj pravec 
potrebna e odredena edukacija na proizvoditelite i mladi stru~ni kadri sî 
so cel da se podigne zna~eweto na procesot na ~uvawe na povisoko 
ramni{te. 
 
VOVED 
 
Planiraweto i programiraweto na gradinarskoto proizvodstvo - 
prizvodstvo na zelen~uk treba da e vo korelacija so mo`nostite, 
kapacitetite, za ~uvawe na zelen~ukovite produkti za pokus odnosno podolg 
period. Osnovnata cel na ~uvaweto e za vremenskata distanca od berba do 
krajniot potro{uva~ e da se so~uva kvalitetot na zelen~ukot kako hrana od 
edna i spre~uvawe ili namaluvawe na gubitocite od druga strana. 
Kako rezultat na nesoodvetnoto ~uvawe na zelen~ukot doa|a do visok stepen 
na vlo{uvawe na kvalitetot i gubitoci do 80% od masata kaj nekoi vidovi 
zelen~uci. Ovaa pojava e predizvikana od pove}e faktori - nadvore{ni i 
vnatre{ni, od prirodata na zelen~ukovite proizvodi. 

 
Proizvodstvo na zelen~uk vo R. Makedonija 
 
Makedonija e relativno mala zemja so povr{ina od 25.713 km

2 (2,57 milioni 
ha) i 2 milioni `iteli. Topografsko-geografskite uslovi se specifi~ni 
taka {to zemjodelskite povr{ini iznesuvaat 1.303.000ha od koi 569.000ha se 
obrabotlivi (statisti~ki godi{nik 2003). Kako rezultat na po~veno-
klimatskite uslovi vo Makedonija od aspekt na gradinarstvoto definirani 
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se 4 agroklimatski podra~ja vo koi glavno e organizirano gradinarskoto 
proizvodstvo na povr{ini od 57000-62000ha (prosek za period od poslednite 
10 godini).  
Pokraj prirodnite uslovi, razvojot na gradinarstvoto se temeli i na 
dolgata tradicija na odgleduvawe zelen~uk, ume{ni proizvoditeli i 
pridonesot na naukata i strukata vo osovremuvaweto na tehnologijata na 
proizvodstvo.  
 
Tabela 1. Struktura na gradinarsko proizvodstvo vo R. Makedonija 
Kultura (vid) ha Proizvodstvo (t) 
Piperka 9920 191800 
Domat 9750 233300 
Zelka 5150 86760 
Krastavica 800 105000 
Kromid i luk 5100 28400 
Boranija i gra{ok 7100 6970 
Lubenica i diwa 13000 156000 
Morkov 700 16400 
Drug zelen~uk 10000 124800 
VKUPNO: 61520 949430 

 
Od vkupnoto proizvodstvo na zelen~uk, doma{nite potrebi iznesuvaat okolu 
180.000-200.000t. Spored toa, najgolem del od proizvedeniot sve` zelen~uk e 
za izvoz, {to uka`uva ili u{te pove}e go potencira problemot so ~uvaweto 
na sve`iot zelen~uk za vremenskata distanca od berba do potro{uva~ot. 
 
Sostojba so ~uvaweto na zelen~ukot vo R. Makedonija 
 
Problemot so ~uvaweto na zelen~ukot vo R. Makedonija e prisuten. Vo 
najgolem del ~uvaweto se vr{i vo nekontrolirani uslovi (trapovi, podrumi, 
navesi i sl.) pri {to zagubite kaj nekoi zelen~uci se golemi. Primerot so 
~uvaweto na kromidot od grupata na slatki sorti (ar{lami) vo             
podrumi i sl. Objekti, zagubite vo nekoi godini iznesuvaat i do 70% 
predizvikani od patolo{ki zaboluvawa ili od fiziolo{ka priroda.  
Zavisno od prirodata na zelen~ukot, od vremenskata distanca na ~uvawe od 
berba do potro{uva~ka, od sezonata na ~uvawe (esen, zima, prolet, leto), 
~uvaweto na zelen~uk se vr{i na dva osnovni na~ini: tradicionalen 
(nestandarden) vo nejkontrolirani uslovi i vo specijalni objekti so 
odreden stepen na kontrolirawe na uslovite.  
 
Tradicionalno (nekontrolirano) ~uvawe na zelen~ukot 
 
1. ^uvawe vo trapovi. Vo ovoj vid skladi{ta se ~uvaat odredeni vidovi na 
zelen~uci: morkov, gereviz, cveklo, kompir, pa{kanat i drugi zelen~uci. 
Uslovite za ~uvawe se pod direktno vlijanie na nadvore{nata sredina. 
Posebno e problemot so kontrola na temperaturata, vodata i vozdu{niot 
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re`im. Pri vakvi uslovi (nekontrolirani) nastanuvaat intenzivni, procesi 
koi doveduvaat do vlo{uvawe na kvalitetot i golemi gubitoci. No, 
najgolemiot del od korenovite zelen~uci se ~uvaat vo ovoj vid skladi{ta.  
Vo praktikata kaj nas se poznati dva vida trapovi - nadzemni i vkopani so 
razli~ni nestandardni dimenzii ({iro~ina, viso~ina/dlabo~ina i 
dol`ina).  
2. ^uvawe vo podrumi. Vo podrumi (naj~esto na stela`i), se ~uvaat pomali 
koli~ini na zelen~uci, glavno lukovi, korenovi i za kus period lisnati 
zelen~uci: magdonos, lisnat gereviz i sl. Uslovite za ~uvawe na zelen~ukot 
vo podrumite se nekontrolirani so mala mo`nost za ventilacija i 
regulirawe na vozdu{nata vla`nost koja ~esto e pri~ina za pojava na 
nepo`elni procesi koi doveduvaat do golemi zagubi kaj kromidot.  
Pri ~uvawe na kromidot vo podrumski prostorii vkupnite gubitoci se 
razli~ni kaj oddelni sorti. Kaj grupata arpaxici gubitocite za periodot IX 
do VI mesec se dvi`at od 21,6-45,7% ili sredno 33% od skladi{nata 
koli~ina (vo mesec septemvri). Sortite od grupata ar{lami po priroda 
sodr`at zna~itelno pove}e voda vo lukovicite. Vkupnite gubitoci za 
periodot na ~uvawe oktomvri/mart kaj oddelni sorti se dvi`at od 57-70% od 
skladi{nata koli~ina (Simonov D., 1980).  
Ovie rezultati uka`uvaat na problemot gubitoci (te`inski i finansiski) 
pri ~uvawe na kromidot, a sli~no e i so drugite zelen~uci, pri ~uvawe vo 
razni nekontrolirani skladi{ta. 
3. ^uvawe na tavani. Za razlika od podrumite tavanite kako skladi{ta se 
koristat glavno za ~uvawe na arpaxik - kokar, i vozrasni lukovici od 
kromid (Prilog, sl. 1 i 2).  
4. ^uvawe vo nastre{nici na stela`i se vr{i na kromid glavici refus pri 
{to debelinata na slojot e pome|u 30 i 50cm. Vo ovie skladi{ta se ~uva i 
kromid vo vid na venci koi se prika~uvaat ili obesuvaat na specijalno 
napraveni zaka~alki. Nastre{nicite se otvoreni od edna ili pove}e strani 
pod direktno vlijanie na nadvore{nite uslovi. Vo praktikata se 
poka`uvaat kako dobri objekti za ~uvawe na kromid (Prilog, sl. 3), no pri 
ekstremno niski temperaturi (- 20oS) doa|a do o{tetuvawe na kromidot.    
5. ^uvawe na otvoreno. Kaj nas vo odredeni reoni kromidot uspe{no se ~uva 
na otvoreno vo vid na kamari/stogovi nepokrieni ili pokrieni so r`ana 
slama, a vo posledno vreme za pokrivawe se koristi agril/agrotekstil kako 
izolator od direktni nadvore{ni vlijanija. Ovoj tradicionalen na~in na 
~uvawe kaj nas se primenuva na letnite ar{lami kromid vo reonot na 
Prilepsko i Bitolsko (Prilog, sl. 4). Iako primitiven se poka`uva kako 
relativno uspe{en na~in na ~uvawe. 
 
Specijalni objekti za ~uvawe na zelen~uk  
^uvaweto na sve`iot zelen~uk vo specijalizirani skladi{ta so celosno ili 
delumno kontrolirawe na klima-re`imot ovozmo`uva za~uvuvawe na 
kvalitetot i biolo{kata vrednost na zelen~ukot kako hrana.  
Zavisno od stepenot na tehni~kata i tehnolo{ka usovr{enost, specijalnite 
objekti za ~uvawe na sve` zelen~uk i ovo{je vo R. Makedonija se so celosna 
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klimatizacija, delumna klimatizacija i objekti (kapaciteti) so 
neklimatizirani uslovi koi se koristat kratkovremeno od berba do 
potro{uva~ka vo koi glavno se vr{i dorabotka i podgotovka na zelen~ukot 
za pazar ili za skladirawe. 
 
  Tabela 2. Specijalni objekti (kapaciteti) * 

Vkupno 
kapaciteti (t) 

So celosna 
klimatizacija 

(t) 

Delumna 
klimatizacija 

(t) 

Neklimatizirani  
(t) 

92.700 55.460 30.240 7.400 
* Studija za performansite na prerabotuva~kata industrija, 2006 
 
Od vkupnoto proizvodstvo na zelen~uk (okolu 900.000t) okolu 60-70% ili cc 
600.000t e namenet za sve`a potro{uva~ka. Ottuka vo specijalnite objekti 
~ij kapacitet iznesuva okolu 93.000t, samo 16% od sve`iot zelen~uk mo`e da 
se ~uva za podolg ili pokus period.  
Razvojno-perspektivno, ~uvaweto na sve`iot zelen~uk vo kontrolirani 
kapaciteti treba da se gleda vo relacija so razvojot na gradinarstvoto. Vo 
poslednite godini se po~esto se podigaat mali kapaciteti za prerabotka na 
zelen~uk koe neminovno povlekuva istovremeno i podigawe na skladi{ni 
kapaciteti za vremeno ~uvawe na zelen~uk.  
Za ~uvaweto na zelen~ukot, kako tehnolo{ki proces vo vkupnata proizvodna 
tehnologija, razvojno va`na uloga ima edukacijata na proizvoditelite i 
prerabotuva~ite kako i edukacijata na mladi kadri od ovaa oblast, zatoa 
{to tehnologijata na ~uvawe na zelen~uk e seu{te nedovolno poznata kaj nas 
i vo pobliskoto opkru`uvawe. 
 
LITERATURA  
 
Alaxajkov L. (1983). Op{to gradinarstvo. Zemjodelski fakultet, Skopje. 
Ili} Z., Fallik E., \urovka M., Martinovski \., Trajkovi} R. (2007). Fiziologija i 
tehnologija ~uvanja povr}a i vo}a. Novi Sad. 
Martinovski \., Petrevska J.K., Popsimonova G. (2002). Dorabotka i 
kontrola na zelen~uk. Zemjodelski fakultet, Skopje. 
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STORAGE OF FRESH VEGETABLES IN R. MACEDONIA  

- PRESENT SITUATION AND PERSPECTIVES- 

Danail Jankulovski, Gjorgji Martinovski, Zvezda Bogevska 

Faculty of agricultural sciences and food, Skopje 

 
SUMMARY 

  

The storage of the vegetables is one of the essential iron rings in the postharvest 

processes. The major aim of the storage is to maintain quality of the products in regard to 

nutrition value and total loses that happened during the period of harvest to the last user – 

the consumer.    

The most of the fresh vegetables about 84% are stored traditionally in not controlled 

conditions (pits (trenches), cellars, marquees etc.) and there for the qualitative, 

quantitative and financial loses are very high.  

The storage facilities with controlled conditions in our country are with small capacity 

and only 16% of the fresh vegetables are proposed for consumption of fresh produce. The 

last years are built very often specialized small capacities for processing and storage of 

the vegetables. In this direction there is a big education necessitate of producers and 

young skilled people to bring up the importance of the storage process on high level. 
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PRILOG  
 
 

 
Slika 1. ^uvawe kromid na tavan 

 
 
 

 
Slika 2. Skladirawe kromid na tavan 
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Slika 3.  ^uvawe na kromid vo nastre{nici - na stela`i 

 
 
 

 
Slika 4. ^uvawe na kromid na otvoreno 
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SOSTOJBA I PERSPEKTIVA VO OBLASTA 

NA ^UVAWETO NA SVE@ ZELEN^UK, OVO[JE I GROZJE 

VO BOSNA I HERCEGOVINA 
 

Nexada Kosovi}1, Elvedin ^okalovi}1, Smiqka Vuka{inovi}2, Lutvija Kari}2, 
Izudin Kokli}3, Fikret Behmen2, Sejo Be~irevi}4 

 

1 Zemjodelski fakultet, Univerzitet Xemal Bijedi}, Mostar 
2 Zemjodelsko-prehranben fakultet, Saraevo 

3 Zdru`enie Bosper, Tuzla 
4 Zavod za zemjodelstvo Butmir, Saraevo 

 

                                       

VOVED 
 
Blagodarej}i na razli~nata klima i reljef, Bosna i Hercegovina ima povolni uslovi 
za proizvodstvo na zelen~uk, ovo{je i grozje. 
Vrz osnova na oficijalni podatoci (2003), Federacijata BiH raspolaga so okolu 1,161 
iljadi ha vkupna zemjodelska povr{ina. Na obrabotlivi povr{ini otpa|aat 717 iljadi 
ha ili 61,7%, na pasi{ta 441 iljada ha ili 38,0 %,  dodeka na povr{ininite pod bari i 
ostanato otpa|aat 3000 ha ili 0,3% ; 
Od obrabotlivite povr{ini 717 iljadi ha, oranici ima okolu 416 000 ha ili (58%), 
rasadnici za ovo{je 41 iljada ha (5,7%), lozja 3000 ha (0,4%), kako i prirodni livadi 257 
iljada ha (35,9%). Denes, okolu 50% od obrabotlivite povr{ini ne se obrabotuvaat.  
Vojnata ja do~eka BiH so izgradeni sistemi za navodnuvawe za 10.250 ha  zemjodelska 
povr{ina kako i proizvodstvo na okolu 70 000 ha navodnuvani i 30 000 ha komasirano 
zemji{te. Spored ocenkite, sega navodnuvanite povr{ini se svedeni na okolu 8 000 ha, 
{to procentualno zaostanuva za 10 so 15 pati od pove}eto zemji vo Evropa. 
Seu{te del od zemjodelskite povr{ini (okolu 250 iljadi ha) ne se deminirani, pa 
poradi toa se isklu~eni od koristewe. 
Zemjodelskoto proizvodstvo, kako i poroizvodstvoto na zelen~uk, ovo{je i grozje, u{te 
go nema dostignato nivoto od predvojnata, bidej}i pove}eto kapaciteti za ~uvawe na 
sve`i proizvodi, skladi{ta, ladni komori se sru{eni vo tekot na vojnata, a onie {to 
se ostanati i novoizgradeni kapaciteti se nedovolno iskoristeni ili slu~at za drugi 
celi. Vra}aweto na islenite vo svoite ogni{ta posebno vo ruralnite sredini e so 
usporena dinamika {to direktno se odrazuva i na razvojot na zemjodelstvoto. Od druga 
stana pak na onie koi se imaat vrateno glavno im ostanuva samo zemjodelstvoto kako 
izvor za egzistencija. 
Me|unarodnata zaednica, vo saglasnost so etni~kata vlast odlu~i da dade prednost vo 
obnovuvaweto na zemjodelstvoto. 
Zemjodelstvoto na BiH go pomognaa i go pomagaat mnogu humanitarni organizacii, taka 
{to denes imame novi povr{ini so rasadnici, obnoveni lozja, novi povr{ini so 
plastenici, a i obnova na objekti za ~uvawe i prerabotka na tie proizvodi. Ova seu{te 
ne gi pokriva doma{nite potrebi, pa zemjodelsko-prehranbeniot sektor vo vkupniot 
uvoz u~estvuva so 21 %, a vo izvozot so 7,4 % (2003). 
        
PROIZVODSTVO NA ZELEN^UK, OVO[JE I GROZJE VO FBIH 
(FEDERACIJA BOSNA I HERCEGOVINA) 
 
Spored podatocite na Federalniot zavod za statistika vo FBiH vo 2005 god. 
zelen~ukot bil zastapen na okolu 40 000 ha, ovo{jeto na okolu 40 000 ha i grozjeto na 
okolu 3 500 ha. 
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Sega{noto proizvodstvo na zelen~uk i ovo{je e pomalo e za 40-60 % vo odnos na 1991 
god. Vo tekot na vojnata najgolemi {teti pretrpea rasadnicite za ovo{je i grozje. 
Posebno vo Hercegovina nastradaa lozovite nasadi od 5324 ha, kolku {to bea vo 1990 
god. Deneska ima ostanato 2628 ha ili 49% (spored drugi izvori lozovi nasadi vo BiH 
ima na okolu 38 000 ha). Vo poslednite godini vo Hercegovina zapo~na obnovuvawe na 
lozovite nasadi od stotina vidovi, koe iznesuva okolu 80 ha. 
Pred vojnata na podra~jeto na FBiH se odgleuvale 7723000 stebla od slivi, a prinosite 
iznesuvale 13,3 kg/ steblo, {to  vkupno iznesuvalo 96578 toni sve`i slivi  godi{no. 
Denes toa proizvodstvo e pomalo i iznesuva 2890000 stebla, proizvodstvoto e namaleno, 
a prinosite prepoloveni. Za vakvata sostojba ne  doprinese samo vojnata tuku i 
bolestite, {arkata na slivite, koja gi desetkuva nasadite, a obnovenite sporo 
napreduvaat. Slivata e mnogu zna~ajna za FBiH zatoa {to pred vojnata kako sve`a taka 
i su{ena, zamrznata, prerabotena kako kompot, marmalad, rakija i dr.  se izvezuva{e vo 
zemjite od Evropa, Kanada i Amerika. Vo poslednive godini se podignuvaat novi  nasadi 
od jabolka, posebno vo Potkozajre, a ovaa godina se o~ekuva plod od preku 20000 toni. 
Slednata godina se o~ekuva rod da dadat novi nasadi , a proizvodstvotot da se zgolemi 
na 50 000 t jabolka. Proizvodstvoto se plasira na doma{en pazar i vo Italija, 
Slovenija i Rusija. 
Tabela 1. Struktura na proizvodstvoto na zelen~uk i ovo{je vo FbiH vo 2005 god. 

Prinos-prosek Kultura Broj na 
hektari 

Broj na 
stebla 

Vkupno 
Proizvodstvoto 

vo t 
t/ha kg/steblo 

Kompir 24148      - 235609 9,8 - 

Grav           5065 -   7046 1,4 - 

Kromid   3164 - 23650 7,5 - 

Zelka            3906 - 52560 13,5 - 

Domat 1925 - 15288 7,9 - 

Piperka   1446 - 13610 9,4 - 

Vkupno:  39654 - 347763   

Jabolka - 1544878 17792 - 11,5 

Kru{i    - 861750 8162 - 9,5 

Slivi     - 4831757 28514 - 5,9 

Praski - 387656 5640 - 14,5 

Orevi           - 295503 2374 - 8,0 

Cre{i      - 376218 4015 - 10,7 

Vi{ni   - 129268 1089 - 8,4 

Kajsii   - 46351 331 - 7,1 

Vkupno:  - 8473381 67917   

Grozje   20813 -  

     Izvor: Statisti~ki bilten, 87, Federalen zavod za Statistika, Saraevo 
 

Pokraj navedenite vidovi  ovo{je vo FBiH vo poslednive godini raste proizvodstvoto 
na jagodesto ovo{je posebno na jagodata, malinata, kapinata, a postoi interes za 
proizvodstvo na borovnki i ribizla. Statistikata ne gi bele`i podatoci za 
proizvodstvoto na ovie kulturi, no vrz baza na sklu~enite dogovori pome|u saraevskiot 
“KLAS” i proizvoditelite vo BiH (vkupno so niv  600), podignati se okolu 300 ha 
jagodesto ovo{je. Vo Hercegovina, jagodite se odgleduvaat na okolu 30 ha (procenka). 
Pred vojnata povr{inite pod jagodasto ovo{je  vo BiH se dvi`ele od 600 do 700 ha, a 20 
% od vkupnoto proizvodstvo se izvezuva voglavno kako smrznat proizvod. 
Koga e vo pra{awe proizvodstvoto na zelen~uk, vo tekot na vojnata uni{teni  bea  
staklenicite, plastenicite vo koi se proizveduva{e ran i zimski zelen~uk. Obnovata 
na plastenicite brzo napreduva{e i denes se smeta deka vo FBiH ima okolu 500 ha. 
Bidej}i prozvodtsvoto vo za{titeni prostori e edna od najprofitabilnite granki, 
donatorite bea motivirani da go stimuliraat ova proizvodstvo, posebno vo povtorno 
naselenite naselbite. 
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Najgolemi povr{ini pod plastenici se nao|aat vo Hercegovina, no ova proizvodstvo se 
{iri i vo drugite klimatski zoni vo BiH, taka {to proizvodstvoto na zelen~uk od ovie 
objekti imame vo tekot na celata godina. Se pretpostavuva deka proizvodstvo iznesuva 
okolu 25-40 000 toni godi{no. 
Doma{noto prizvodstvo na hrana gi podmiruva potrebite so 35-40%, a vo periodot pred 
vojnata toa iznesuva{e 60 %. Kompirot pred vojnata be{e edinstvena kultura koja gi 
zadovoluva{e doma{nite potrebi, a toa  e slu~aj i denes. Uvozot na zelen~uk i ovo{je 
vo na{ata zemja se odviva vo tekot na celata godina, taka {to ima periodi koga 
doma{noto proizvodstvo mo`e da gi zadovoli potrebite (glavna vo sezonata na 
sozrevawe). 
 

TEKOVNI POSTAPKI NA ZELEN^UKOT I OVO[JETO OD BERBATA DO 
POTRO[UVA^ITE 
 
Proizvodstvoto na zelen~uk i ovos{je vo BiH ima dolga tradicija. Proizvodstvoto vo 
glavno e na mali zemji{ni parceli, so nedostatok na moderni proizvodstveni 
tehnologii, bez organizirana stru~na slu`ba i na nisko nivo na organiziranost. Se 
proizveduva voglavno za sve`o na zelen pazar, a najgolemite koli~ini se plasiraat po 
patot do zeleniot pazar. Del od proizvodstvoto okolu 20-24% go otkupuvaat 
supermarketite (konzum, merkator, interex, vf komerc, merkur i dr.), dodeka 
najgolemiot del go otkupuvaat trgovcite na golemo i zadrugite. Pomal del se 
dogovaraat so prerabotuva~ite kako {to se vegafrut bosnaprodukt, vitaminka i dr. 
Proizvoditeli direktno ja prodavaat svojata roba na zeleniot pazar, dodeka onie koi 
ne mo`at, svojata roba ja nudat na trgovcite, koi potoa ja preprodavaat na zelenite 
pazari ili gi snabduvaat prodavnicite i supermarketite. Vo BiH postojat nekolku 
pazari na golemo koi otkupuvat sve`o ovo{je i zelen~uk. Vo Hercegovina postoi eden  
pazar na golemo lociran vo ^apqina koj go snabduvaat najmnogu sitnite proizvoditeli, 
dodeka krupnite proizvoditeli svojata roba direktno ja plasiraat vo pogolemite 
proizvodni centri, Saraevo, Zenica, Tuzla, Bawa Luka, posle na golemoproda`niot 
pazar “Arizona”, koj e lociran  vo podra~jeto na distrikt Br~ko i na golemiot pazaren 
centar na zemjodelski proizvodi, kvanta{kiot pazar vo Bjelina. Isto taka i Tuzla kako 
pogolem  centar, ima svoj  Pazar na golemo, kako i pomali zeleni pazari. Sekoe grat~e 
vo podra~jeto na FBiH ima barem po eden zelen pazar. Toa poka`uva deka postojat 
realni perspektivi za plasman  na zemjodelskite proizvodi, a posebno na zelen~ukot.               
Golemo proda`niot pazar “Arizona” pretstavuva golem konkurent na doma{noto 
proizvodstvo na zelen~uk vo delot na plasmanot i nelojalnata konkurencija. Na 
primer, golemi koli~ini na zelen~uk i ovo{je doa|aat od mnogu kraevi na Evropa i 
Svetoto po prili~no poniski ceni, blagodarenie na subvenciite i izvoznite 
pottiknuvawa vo nivnite zemji {to vo sezona na sozrevawe na na{iot zelen~uk pravi 
golema konkurencija, ~esto i nelojalna. Toa dopolnitelno ja ote`nuva sostojbata vo 
oblasta na gradinarskoto proizvodstvo. Te{ko e da se dade realna procenka na site 
koli~ini na zelen~uk, pa i na ovo{jeto koi dnevno se vo promet na pazarot ”Arizona”, 
no se pretpostavuva deka vo sezonata se prodavaat dnevno deset {leperi na zelen~uk bez 
lubenici i kompir, {to pretstavuva impozantna koli~ina od 200 t dnevno za samo eden 
del od pazarot vo BiH.  
Se na se proizvodot do potro{uva~ite pominuva niz nekolku race, pretrpuva nekolku 
pati utovar i pretovar {to vlijae na negoviot kvalitet i vremeto na ~uvawe. Praksata 
poka`ala deka na{iot ~ovek pove}e saka da kupuva na zelen pazar i sve`a roba otkolku 
vo supermarketite. Za toa ima pove}e pri~ini. Supermarketite zaostanuvaat zad 
me|unarodnata praksa, posebno vo iznesuvaweto i marketingot na sve`oto ovo{je i 
zelen~uk,  {to vklu~uva: 

- Za prezentacija ne se koristat polici za ladewe. 
- Sve`inata na ovo{jeto i zelen~ukot ne se odr`uva so povremeno prskawe 

so voda. 
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- Nema ogledalo pozadi robata za da mo`at potro{uva~ite da je vidat 
robata od pove}e agli. 

- Ovo{jeto i zelen~ukot vo mnogu prodavnici ne e sortiran i 
kategoriziran. 

- Nema razlika vo cenite ako se izlo`uva ista roba.  
- Nema poteklo ni ime na proizvoditelot na robata.  

Proizvoditelite i prerabotuva~ite na zelen~uk i ovo{je spored ova imaat tri opcii 
za proda`ba na svojata roba: 
1. Zelenite pazari, 2. Zadrugi, 3. Pazarite na golemo i golemoproda`nite centri. 
Poradi ekonomskata sostojba kakva {to e vo BiH, proizvoditelite najpove}e sakaat da 
gi prodavaat svoite proizvodi na prodava~ite na zelenite pazari ili na trgovcite 
zatoa {to ova e najednostaven pat da dojdat do “ke{ vo racete”. 
 

^UVAWE NA OVO[JETO I ZELEN^UKOT - KAPACITETI 
 
Praksata poka`uva deka proizvoditelite na ranoto ovo{je i zelen~uk nastojuvaat 
proizvodot vedna{ posle berbata ili sledniot den da go iznesat na pazar ili da go 
prodadat na otkupnite stanici ili trgovci, kako i na golemoproda`nite pazari, preku 
koi proizvodot pristignuva na pazarot. Sli~no e so kasnoto i zimskoto proizvodstvo. 
Retki se proizvodite koi se ~uvaat podolgo vreme kako {to se kompirot, morkovot, 
kromidot od ovo{jeto jabolkata i kru{ata. Najgolem broj na proizvoditeli na 
spomenatite proizvodi nemaat specijalizirani objekti za ~uvawe i naj~esto 
praktikuvaat ~uvawe vo trapovi, podrumi, tavani i sl. Poslednive godini ovo{tarite 
od BiH izgradija pove}e ladilnici (reon severna Bosna) za da mo`at da gi prodavaat 
svoite proizvodi vo tekot na zimata i proleta. Na toj na~in zarabotkata dvojno se 
zgolemuva, a ovo{tarstvoto stana mnogu rentabilno. 

 
Sostojba na kapacitetite za ladewe vo podra~jeto na FBiH 

BiH kako biv{a republika vo ramkite na Jugoslavija be{e na poslednoto mesto po 
izgradbata na ladni kapaciteti mereno po prostorni metri na 100000 `iteli. Vo 1991 
god. ima{e 49 900 t kapaciteti za ladewe rasporedeni vo 18 stopanski subjekti koi vo 
celost gi podmiruvaa toga{nite potrebi. 
Vo FBiH sega ima 13 700 t kapaciteti za ladewe rasporedeni vo 5 stopanski subjekti i 6 
komunalni ladilnici. [to se odnesuva do ostanatite prostorii za smestuvawe 
pogolemiot del od 2229 t go so~inuvaat yidani skladi{ta i 214 000 t silosi. Site ovie vo 
minatoto se napraveni kako “golemi objekti za golemi urbani sredini”. 
Niv denes gi zamenuvaat novi pomali kapaciteti so usovr{en informaciski sistem za 
sledewe na pazarot kako i efikasni razladni transportni sredstva za snabduvawe na 
trgovcite i nivnite skladi{ta. Momentalno vo FBiH, postojat 11 subjekti koi 
poseduvaat razladna oprema. Od niv 5 pripa|aat na poedine~ni firmi od 
prerabotuva~ka industrija na zelen~uki i ovo{je, a 6 so status na komunalni ladilnici. 
Nivniot vkupen kapacitet e 13700 t i na niv bi se trebalo da se dodadat golem broj na 
mali ladilnici-komori ~ii sopstvenici se trgovcite na golemo i proizvoditelite na 
ovo{je za koi ne postojat podatoci za kapacitetot. 
Od  1991 god. pa do denes razladnite kapaciteti distributivno skladi{ni  i 
proizvodstveno skladi{ni, zna~ajno se zgolemeni  vo cela Evropa vklu~uvaj}i gi i 
novoformiranite dr`avi od porane{nite jugoslovenski republiki. Vo toj pogled  BiH 
e sigurno isklu~ok, a sostojbata vo FBiH e nepovolna vo odnosot na podra~jeto na 
Republika Srpska. 
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Tabela 2. Razladno-skladi{ni kapaciteti vo FBiH 
R.br. Mesto Sopstvenik Kapacitet vo t t 

o re`im i namena 

1. Saraevo „Klas“ d.o.o 1000 0/-20°C za skladirawe na 
smrznato ovo{je 

2. Grada~ac „Bosna produkt“ 2100 0/-2°C za smrznato ovo{je i 
zelen~uk 

3. ^eli} „Frigos“ 5500 0/-20°C za smrznat blok kasa 
na ovo{je i zelen~uk 

4. Velika 
Kladu{a 

„Agrokomerc“ 4000 Za potrebi na 
prerabotuva~kata industrija 

5. ^apqina - 2000 Za ovo{je i zelen~uk 

6. ^itluk „Ledo“ 1500 Za programata na smrznati 
proizvodi “Ledo” 

7. Qubu{ki „Trgokop“ 700 Za ovo{je i zelen~uk 

8. Qubu{ki - 2000 Za ovo{je i zelen~uk 

9. ^eli} „Prva brazda“ 100 Za ovo{je 

10. Lukavac-Krtova Zemjodelska zadruga 100 Za ovo{je 

      V K U P N O:  19000  

Izvor: Federalen zavod za zemjodelstvo Saraevo. 

Osven “Klas”-ovite ladilnici  vo Saraevo  od okolu 1000 t skladi{ni kapaciteti, i 
ladilnicite vo ^apqina i ^itluk (ledo), ne e izgraden nitu eden zna~aen sovremen 
kapacitet za ladewe. Vo me|uvreme nekoi razladno dustributivni i rasladno 
skladi{ni kapaciteti kako {to se: saraevska tr`nica, pove}ekatnata ladilnica  PTK-
a vo Sraevo i ladilnikot vo Biha} se von funkcija ili se sru{eni za da otstapat mesto 
na objektite za druga namena. Postoi razladen kapacitet vo ramkite na industrijata  za 
prerabotka na meso i mleko, nameneti samo za potrebite na sopstvenata prerabotuva~ka 
programa. Toa zna~i deka sega{nata sostojba na razladnite kapaciteti  na podra~jeto 
na FBiH e polo{a od pred 15  godini. Vo tabelata 2 prika`ani se razladno-
skladi{nite kapaciteti vo FBiH. 
 

IDNINA      
 
Bosna i Hercegovina  o~ekuva, kako i ostanatite zemji  od regionot, vlez  vo EU, so {to 
se otvaraat vratite na pazarite vo Evropskite zemji. Sigurno e deka treba najnapred da 
se napravat promeni najnapred vo na{ite glavi, a duri potoa vo pristapot na  tehnikata 
i tehnologijata za pogolema konkurentnost na evropskiot ili drug pazar. 
Potrebno e da se napravat golemi promeni od proizvodstvoto na ovo{je i zelen~uk do 
pazarot se so cel da se ovozmo`i pravilo ~uvawe i skladirawe na prizvodite posle 
berbata, vo moderna ambala`a, sortirani po kvalitet, so deklaracija  na koja se 
navedeni podatocite za kvalitetot i potekloto. 
Potrebna e dolgoro~na planska izgradba na razladni kapaciteti vo prv red za 
potrebite so kontinuirano snabduvawe na potro{uva~ite vo pogolemite centri -
Saraevo, Tuzla, Zenica, Mostar i t.n so poddr{ka od odgovornite vo federacijata.  
Strategijata za razvoj na zemjodeslko-prehranbenata industrija  za FBiH, od 2006-2010  
godina go predvidi slednoto (preneseno od dokumenti): 
      5.1. Modernizacija na pazarnite infrastrukturi 
Distribucijata na zemjodelskite i prehranbenite proizvodi potrebno e da se izveduva 
po razli~ni i kvalitetni kanali na plasman bez koi nema pristap do pazarot nitu 
realizacija na stopanskata politika. 
Vo osnova  se raboti za efikasna pazarna infrastruktura, koja bi gi podmirila mnogu 
slo`enite marketing{ski potrebi na sektorite i donese: 

- kvaliteten i zaokru`en sistem na ”zemjodelska” trgovija, i 
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- negov vnatre{en i grani~en nadzor.  
Takvata  infrastruktura, FBiH /BiH samo delumno ja poseduva, zna~i treba da se 

zaokru`i. Taa bi trebala da se vospostavi vo site horizontalni i vertikalni segmenti 
na sektorot: 

� vladini i nevladini instituci 
� marketing na zemjodelski zadrugi 
� zdru`eni rabotni marketing centri 
� rabotni op{ti i specijalizirani asocijacii na zemjodelskite proizvoditeli 
� moderna i konkurentna prerabotuva~ka industrija  
� trgovija so nejzinite konvencionalni subjekti 
� trgovija so specijalizirani - pretprijatiski (dogovori, dorabotka, pakuvawe, 

plasman) subjekti 
� trgovija so akcii na brza 
� saemski institucii i promotivni manifestacii 
� sistem na pazari na golemo za lokalen i regionalen plasman 
� sistem na skladi{ta so ambientalni uslovi za ~uvawe na proizvodot 
� sistem za ladewe na ovo{je i zelen~uk 
� lokalni zeleni pazari 
� lokalni sto~ni pazari i sli~no. 

Funkcioniraweto na pretstaveniot pazaren sistem treba da bide vo {irok domen na 
dr`avnata legislativa, kako i stru~no pratewe na kvalitetot na proizvodite, i 
nadgleduvawe (nadzor) na jaki inspekciski slu`bi. 
Rezultatite na pretstaveniot sistem bi trebalo da se izka`at vo stabilni i visoki 
koli~inski kontingenti na primarni i preraboteni zemjodelski proizvodi, vrz niven 
efikasen plasman na doma{niot i nadvore{niot pazar. So toa sistemot treba da se 
poddr`uva vo vospostavuvawe i postojano unapreduvawe na proizvodno-
distributerskite i potro{uva~ki lanci na site u~esnici, koi treba da se baziraat na; 

- voveduvawe na moderni transportni sredstva i 
- izgradba na saobra}ajnica {to e od lokalno, regionalno i  nacionalno 

zna~ewe. 
Celiot sistem  treba da bide pokrien odnosno servisiran blagovremeno i efikasno so 
informacii so site relevantni slu~uvawa na zemjodelsko prehranbenite pazari vo 
zemjata i nadvor od nea. Toa treba da se postigne so vospostavuvawe na vkupen  pazaren 
informaciski sistem (tis) na nivo na zemjata i vo negovite ramki informaciski 
sistem za zemjodelski i prehranbeni prizvodi (pis). 
Bi bilo navistina dobro dokolku ovaa strategija nema da ostane samo mrtva bukva na  
hartija. Ostanuva da se nadevame deka vo potpolnost }e se realizira. 
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AND FRUIT STORAGE IN REPUBLIKA SRPSKA 
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SUMMARY 

 

In this work is given an overview of vegetable and fruit production and storage in 

Republika Srpska (RS). It was analyse vegetable and fruit production through its 

production areas and fruit trees, yields and raw material procesing as well as cold storage 

capacities in RS. 

Analyses showed that from 29.000 tons of installed cold storage capacities only 5.8% of 

the total vegetable and friut production could be stored. Regarding that in RS should be 

installed more cold storages in order to satisfy the real need of agriculture production and 

to supply domestic market with the fresh vegetables and fruits.  

Key words: overview, cold storage, fruit tree, raw material 

 

INTRODUCTION 

 

Food safety begins in the field, and should be of special concern, since a number of 

outbreaks of foodborne illnesses have been traced to contamination of produce in the 

field. Produce that has been stressed by too much or too little water, high rates of 

nitrogen, or mechanical injury (scrapes, bruises, abrasions) is particularly susceptible to 

postharvest diseases. (Janet Bachmann and Richard Earles, 2000) Different kind of 

vegetables and fruits have different resistance on storage conditions and regarding that 

some of them have longer shelf life then the other varieties.  

Vegetable and fruit quality cannot be improved after harvest, only maintained. Therefore 

it is important to harvest fruits and vegetables at the proper stage and size and at peak 

quality. (Janet Bachmann and Richard Earles, 2000) 

Fruits that will be stored should be harvested at optimum maturity, because storage life 

may be reduced if they are immature or overmature.(Wilson, L.G., M.D. Boyette, and 

E.A. Estes. 1995) In order to overcome problems, harvest should be completed during the 

coolest time of the day, which is usually in the early morning, and produce should be kept 

shaded in the field. (Dardić, M., Govedarica-Lučić Aleksandra, 2007) 

Fresh fruits and vegetables may be infected with various pathogens which are not visible 

prior to storage but will cause decay and rot during storage and transportation. The 

amount of developing infection should be determined prior to storage, by examining 

samples for cuts, severe bruises, and rotting tissue. Only lots that are free of infection 

should be considered for long-term storage, because damaged and decaying products can 

infect those that are sound and may possibly result in losses of entire lots. (Wilson, L.G., 

M.D. Boyette, and E.A. Estes. 1995) 

Deterioration of fresh fruits and vegetables can result from physiological breakdown due 

to natural ripening processes, water loss, temperature injury, physical damage, or 

invasion by microorganisms. All of these factors can interact, and all are influenced by 

temperature. (Janet Bachmann and Richard Earles, 2000) 
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Production areas and yield of vegetable and fruit in Republika Srpska 
 

Republika Srpska as a part of Bosnia and Herzegovina has a significant role in vegetable 

and fruit production. In Figure 1. is shown land use distribution in Bosnia and 

Herzegovina where we can see that the northern part is involved in crops growing as well 

as tree crops, horticulture and vineyards production. Regarding that, northern part of 

Bosnia and Herzegovina represents the most important agricultural region. 

 

 
Figure 1. Land use in Bosnia and Herzegovina 

Source: internet www.lib.utexas.edu/maps/bosnia/bosnia_landuse.jpg 

 

According to FAOSTAT 2003 source Republika Srpska has 2.148.000 ha of agricultural 

land from which 46.7% (1.004.000 ha) is arable land. Dominant crops in Republika 

Srpska that are giving the highest yields are different kind of vegetables and field crops 

as wheat and corn.  

Climate conditions in RS vary from Mediterranean on the south to moderately continental 

on the north. Climate variation gives positive impact on vegetable and fruit production. 

Moderately continental climate with annual precipitation of 1000 mm gives favorable soil 

water regime that represent significant factor in vegetable and fruit production in the 

northern part of RS.  

Better production results are achieved after government implemented developing 

measures such as subventions for farmers and training for farmers. Although 

improvement in vegetable and fruit production is visible, desirable level of knowledge 

and storage technology is not yet achieved.  

Accordingly, there is a trend for implementation and installation of new storage 

capacities in order to supply the local market with fresh vegetable and fruit throughout 

the year.  

Collected data showed that there is a trend of slight increment in production areas as well 

as vegetable and fruit production. (Institute of Statistics, RS) 
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Vegetable production areas occupied around 36.000-40.000 ha with annual production of 

333.000-400.000 tons of different kind of vegetables. (Table 1.) 

 

Table 1. Production areas, trees and total fresh vegetable and fruit production in RS 

Vegetables and 

fruit trees 

Area (ha) Tree crops 

(number) 

Total production 

(t) 

Vegetables 36.000 - 40.000 - 333.604 - 400.000 

Fruit trees - 9.109.338 143.142 

TOTAL 476.746 - 543.124 

Source: Institute for Statistics RS 

 

From the total number of fruit trees, plum has a dominant place and represent traditional 

fruit in this region. After plum dominant trees are apple, pear and cherry trees.  

Vegetable and fruit processing industry in RS produce around 27.000 tons of different 

products per year. Regarding that, processing industry take about 108.000 tons of fresh 

vegetables and fruits. 

According to statistical data individual agricultural farms produce and process around 

36.000-40.000 tons of different vegetables and fruits and produce domestic brandy called 

rakija, then dried products, marmelades, compotes etc. 

There are difficulties in colectinig real information about vegetable and fruit products 

where is not possible to get information about indiviudual farms and their production.  

With production of 366-417 kg  „per capita“ per year it is possible to say that production 

in RS satisfy domestic needs for vegetable and fruits that is mostly during harvest season. 

This over production during harvest period can not be avoided. It could be reduced by 

introduction of new variates with longer vegetation and ripening period. In the peak 

harvest season daily supply of vegetables and fruits is much higer then capacity of 

processing industry and market demand for fresh vegetables and fruits. One part of 

vegetables and fruits is going to cold storage for further processing.  

There is no available data about vegetable and fruit products that are taken by middlemen 

and later sold by higher price. Also there is no data about unused vegetables that stays at 

the farms as animal food. As those information can not be found it could be concluded 

that unused amount of vegetable and fruit is signifficantly high and depend on crop 

variety, supply and demand.  

During the winter time supply of fresh vegetable and fruit do not satisfy domestic 

demand even we have all natural conditions for their production.  

 

Cold storages in Republika Srpska  

 

There are two types of cold storages in RS. They are: 

- NA (Normal atmosphere) cold storage and 

- ULO (Ultra Low Oxigen) cold storage 

In NA cold storage could be regulated temerature and other storage factors as air relative 

humidity. Capacity of this cold storage type in RS is about 20.000 tons. Purpose of 

utilization of this storage could be different. In our region it is used for storage of 

different kind of raw materials and final industrial products such as milk, meat, tropical 

fruits etc.  



 26

In ULO cold storage temperature can be modified according to the vegetable and fruit 

needs. Capacity of this type of cold storage is about 9.000 tons and its placed in Kozarska 

Dubica.(Table 2.) 

 

Table 2. Installed capacities of cold storages and their use for vegetable and fruit storage 

in RS 

Production covering % Cold storage type Installed capacities (t) 

Vegetables Fruits Total 

NA 20.000 5.7 13.8 4.0 

ULO 9.000 2.6 6.2 1.8 

TOTAL 29.000 8.3 20.0 5.8 

    

The total storage capacities in RS are about 29.000 tons. From Table 2. we can see that 

those capacities cover only 5.8% of the total vegetable and fruits production. Only 8.3 % 

of total vegetable and 20% of fruits production can be stored. The rest of  production that 

can not be stored in existing storages induce high pressure on market and consumption of 

fresh vegetable and fruit. Over production and over supply with vegetables and fruits in 

the peak season create low ransom price.  

According to analysed data it can be concluded that in RS dominate fruits in cold 

storages where the most important are apple and pear. The most important vegetables in 

cold storgaes are: cucumber, pepper, tomato, potato and onions.  

 

 

CONCLUSION  

 

According to research of the state and perspectives of vegetable and fruit storage in RS 

following conclusion can be drawn: 

- Vegetable production is presented with 40.000 ha where is produced about 

400.000 tons per year of different kind of vegetables. 

- Total fruit production is about 143.000 t per year and it is represented with 

9.100.000 fruit trees. 

- Over production during the harvest period is characteristic for vegetable and fruit 

production  

- Postharvest period of vegetables and fruits depends on many factors and has 

signifficant role in domestic markets supply with fresh vegetables and fruits. 

- Cold storage capacity in RS is about 29.000 tons represented with Na and ULO 

cold storages. 

- Total vegetable and fruit production can not be stored in present cold storages and 

that represent limiting factor in vegetable and fruit supply.  
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KRATOK IZVADOK 

 

Vo ovo trud daden e pregled na proizvodstvoto na zelen~uk i ovo{je i 
~uvaweto vo Republika Srpska (RS). Analizirano be{e proizvodstvoto na 
zelen~uk i ovo{je po regioni na proizvodstvo i ovo{ki, prinosite i 
surovinata za prerabotka kako i kapaciteti so ladno skladirawe vo RS. 
Analizite poka`aa deka od 29.000 toni kapaciteti so ladno skladirawe 
samo 5,8% od vkupnoto proizvodstvo na zelen~uk i ovo{je bi mo`elo da se 
skladira. Vo toj pogled, vo RS treba da se instaliraat pove}e skladi{ta so 
ladewe so cel da se zadovolat potrebite od zemjodelskoto proizvodstvo i da 
se snabdi doma{niot pazar so sve`i zelen~uci i ovo{ja.  
Klu~ni zborovi: pregled, ladno skladirawe, ovo{ki, surovina  
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INTRODUCTION  

Montenegro is country with 13. 812 km2 of surface and 623277 of inhabitants. Density of 

population is 44,9 inhabitants per square km (Statistical Aear book, 2006). Territorially and 

administratively is divided in 21 municipalities. 

The climate in Montenegro severely interchanges between Mediterranean, sub-continental 

and continental climate in a relatively small area. Climate and highly emphasized orography 

and geological composition are reasons for much diversified agriculture productions. The 

coastal region is involved in olive-growing, growing of citrus and other subtropical fruit; the 

central part in production of early vegetables, fruit, grapes, egg, meat and milk production, 

while production in the northern region is dominated by production of potato, fruit-growing 

and extensive livestock breeding (cattle and sheep). This wide range in production can be an 

advantage, but since it cannot offer bigger quantities of products, it is at the same time a 

drawback.  

Agricultural land resources covers about 40% of total surface area, with 518.067 ha or about 

0, 84 ha per capita. Arable land, orchards and vineyards occupy only 58.262 ha or 12% of 

total agricultural area. 

Agriculture and food production are very important in the economic development of 

Montenegro. The share of agriculture, hunting and forestry in total GDP of Montenegro, 

according to official statistical data, amounts to 11, 3%. More than 60.000 rural households 

provide income in the agriculture, partly or complete.  For this reason, the common 

characteristic all of Strategic documents of Montenegro is that they place the development of 

agriculture among the first priorities of general economic development of Montenegro.  

Rural region comprehend 80% of area and 40% population and the main incomes in rural 

region are agriculture and forestry. Unfortunately, the most of the rural region is demographic 

devastated. We can illustrate this claim with the facts that 50% of villages have less than 100 

inhabitants, 70% farm owners doesn’t have main incomes from agriculture, they are 

employed in private or state companies and farmers older then 60, manage 10% of farms and 

young people abandon villages.  

Accordance with date showed in tab.1, we can conclude that negative balance of migration 

implies moderate depopulation of the rural areas, and parallel demographic ageing.  

 

Tab. 1 Agricultural population versus total population 

POPULATION 

YEARS 

TOTAL ACTIVE ACTIVE IN 

AGRICULTURE 

% 

1921   55 463 - - 

1961 471 894 161 680 53,6 

1981 584.310 192 852 15,6 

1991 615 035 237 280 9,3 

2003 620 145 264 276 7, 0 
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MAIN CHARACTERISTICS OF MONTENEGRO’S AGRICULTURE 

Latest big investigation of characteristics of Montenegro’s agriculture is presented in 

Montenegro’s Agriculture and EU (2006). This date show that the major problems in primary 

agriculture and processing industry are:   
� Agricultural production units (in general “farms”) in Montenegro are characterized by being 

generally very small, with very few units being of significant commercial size (Tab. 2). 

 

Number of farms (1991) 

 

Farm size 

(ha) Total %  

Less than 0.10 2580 4.3 

0.11- 0.50 13,991 23.3 

0.51 – 1.00 11,299 18.8 

1.01 – 2.00 11,806 19.7 

2.01 – 3.00 6,151 10.2 

3.01 – 5.00 6,106 10.2 

5.01 – 8.00 3,918 6.5 

8.01 – 10.00 1,415 2.4 

10.01 – 15.00 1,418 2.3 

15.01 – 20.00 644 1.1 

Over 20 742 1.2 

Total 60,043 100.0 

40% of farms are with 0, 1 to 1 ha, 40% with 1to 5 ha and 20% are bigger than 5 ha.  

� Equipment and technology are inadequate.  

� Inadequate use of mechanization; 

� Low level of technology and production specialization ; 

� Fragmentation of primary agriculture, 

� Low production volume per holding unit; 

� Relatively high price of inputs that affect the price of final products;  

� Low level of market sale;  

� Inadequate organization and lack of solid structures of horizontal and vertical connecting 

of producers in agriculture and food processing;   

� Inadequate quality standard level (hygiene and ecology) in primary agriculture and food 

processing; 

� Lack of efficiency and competitiveness of processing industry (low production volume, 

technological backwardness, inadequate investments, market inefficiency); 

� Agriculture was in a shadow of the so-called industrialization in the previous system  

� Low level of expertise in the production and insufficient education of the farmers; 

� Lack of the investment into modernization of agriculture in the last fifteen years of bad 

economic situation;  

� Weak vertical integration - limited processing industry’s capacities.    

 

Accordance with same source (Montenegro’s Agriculture and rural development Strategy, 

2006), Agriculture has many opportunities too: 

� strengthening of tourism and additional food consumption; 

� development support of the EU, especially for rural development, as well as support to 

competitiveness improvement, management of natural resources and development of rural 

area; 

� organic production; 
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� development of traditional certified produces in greater volume; 

� strengthening of local production and market; 

� strengthening of export of competitive products (wine, lamb, vegetables); 

� establishing and strengthening of the former marketing channels (Croatian coastline, 

Serbia and B&H); 

� efficiency of additional budget support; 

� more rapid technological development, strengthening of education and institutions that 

support development of agriculture. 

 

SITUATION IN PLANT PRODUCTIONS 

In last 15 years, crop production show growing trends in all categories (tab.2). The fastest 

growth was in arable crop production, while fruit and wine production increased in 

moderately.  

Table 2: Main field crops and vegetables area (ha); 1992-2003 
Indicator  1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 

Arable land, total 53.000 51.000 52.400 52.300 52.500 51.200 50.000 49.800 49.700 47.400 45.800 44.800 

Fallow land 11.400 9.600 8.400 12.900 10.800 9.400 10.300 14.900 14.000 12.700 12.800 12.700 

Sown area  41.600 41.400 44.000 39.400 41.700 41.800 39.700 34.900 35.700 34.700 33.000 32.100 

Cereals 17.934 17.657 19.710 13.472 13.300 12.496 10.573 9.740 9.390 8.080 7.061 6.466 

Wheat 3.664 3.543 5.552 3.341 2.614 2.365 1.683 1.731 1.478 1.463 1.428 1.448 

Rye 190 195 148 128 99 158 59 50 66 74 43 48 

Grain maize 6.013 6.136 6.209 5.506 5.620 5.205 4.224 4.129 3.932 4.069 3.776 3.366 

Barley 6.378 6.178 6.147 4.497 4.967 4.768 4.607 3.138 3.208 1.811 1.325 1.147 

Oats 1.689 1.605 1.654 1.251 1.441 1.155 1.115 692 706 663 489 457 

Potato 8.200 8.568 9.718 10.101 10.244 10.387 9.812 10.008 10.577 10.626 10.504 10.505 

Vegetables  6.672 6.731 6.062 6.263 8.071 8.416 9.304 7.416 7.770 7.898 8.079 7.628 

Onion 559 568 631 648 697 695 670 610 690 682 642 628 

Garlic 249 259 286 285 266 267 226 223 223 228 235 192 

Tomato 949 971 690 669 1.079 1.153 1.154 961 989 1.038 1.079 1.014 

Pepper 792 809 494 443 746 838 869 796 827 817 799 799 

Kidney beans 512 551 606 593 643 651 714 593 620 643 622 670 

Peas 72 91 162 145 192 174 183 163 144 138 153 170 

Cabbage and kale 1.378 1.388 1.724 1766 1.897 1.847 2.010 1.844 1.945 1.936 2.028 1.903 

Melon  1.224 1.225 703 907 1.484 1.758 1.728 1.298 1.445 1.547 1.591 1.333 

Tobacco 299 337 224 179 345 260 299 231 208 216 184 201 

Forage  8.392 7.925 8.103 7.543 8.161 8.946 8.055 7.442 7.507 7.882 7.176 7.257 

Green maize 378 210 207 201 137 104 121 71 130 100 108 103 

Fodder beet 347 364 375 394 312 292 328 291 310 310 277 290 

Clover 720 683 1.381 925 1.310 1.300 1.039 1.015 871 917 895 770 

Alfalfa 4.858 3.678 2.846 3.156 3.241 3.734 3.513 3.175 3.162 3.296 2.942 2.994 

Source: Statistical Yearbook of Montenegro  

 

Production of vegetable is most important part of plant production because some of vegetable 

species show compettivnes of price on the market. Total area under vegetable is bigger than 

area under fruits and vineyard together. In the last time are intensified productions in 

greenhouse. The big problem in productions of vegetable make costs for agricultural inputs in 

Montenegro (including labor, electricity, fuel, fertilizer, etc). Inputs are more expensive than 

equivalent inputs available to producers in neighboring countries.  

For this reason, many producers decide to build up greenhouse above 1000 m2 and price of 

products are not competitive. Potato production is the most frequent production (half of total 

vegetables productions), than production of cabbages, watermelons and tomato. The price of 

early vegetables is favourable for producers.  

Further improvment of vegetable production depends of construction of new processing 

plants and departments for postharvesting  treatmans.  
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Fruits and olives are growing on approx. 9 580 ha. At continental part of Montenegro plums, 

apples and pears productions are dominant. At costal area fig, orange and tangerine. During 

last 15 years, size of fruit lands decreased by 10%.  

Citrus an peach are growing in intensiv systems an rest of fruits mostlz extensive (verz often 

without tillage, fertilisation, plant protection from disease and freezing, watering), so the yield 

is low and alternative (every second or third year) – huge variation of yield. Since there is no 

enough adequate storage places and processing plants for fresh fruits, most of plums and pears 

are processed to brandies. 

Olive covers one third of the total fruit area (3 200 ha) in Montenegro. Trees old 100 years 

and older are predominant, 70% are very old trees, and less than 10 % are young. The most 

used are autochtonous   species (90%) for olive oil production. The yield of olive is various, 

from 300 to 4.000 tona, what depends of weather during year.  

Market and requirement for domestic olive products is existing. But, insufficient usage of 

processing plants cause that there is lack of those products on domestic market.  

There are 3 900 ha of vineyards in Montenegro. Favorable climate and good soil quality 

enable successful growth of sorts of grapes with different perod of ripening and usage. More 

than 90% of yield is processed in to vine and the rest is for eating.  

 

Storage of fresh fruits and vegetables 

There are several places for fruit and vegetable storage in Montenegro. One of them is 

„Distributive Center“ that is still in the faze of construction.. During 2006, 50 t of fresh sub-

tropical fruits, 80 t of kiwi, 100 t of tomato and 80 t of watermelow were storaged at this 

center. At October 2007, during our conversation with representative of Center we find out 

that  700 t of fresh fruit and vegetable are storaged at rented cooling storeges, 500t of tomato 

are kept on temperature higher than 10 oC during 17-21 day, 150 t of watermalow, and  50 t of 

pepper and eggplant are kept on 10 oC for one day. 

Distributive Center is still in proces of construction. At this time, modern cooling storage is 

under construction, so very soon Distributive Center will be able to offer complete  

postharvesting traetman.  

The second place that is used for fruit and vegetable storage are cooling storeges that are 

property of the biggest public company in Montnegro, AD Plantaže. They have  4 cooling 

chambers, but they are used only for grape and peach from their own productions. Their 

representatives said that they have problems with optimal temperature regulation after loading 

huge amount of fresh fruits. That is evidence that there is lack of knoweladge about 

postharvest technology and that it is neccessary to improve that area of knoweladge.  

The private company Veletex has also storage places. They have 5 chambers , each 100 m2. 

The main activity of this company is trade and catering of hospitals, kindergardens, schools... 

Also, those chambers are used for state custom. They dont have interest for storage of fresh 

fruit and vegetables because, according to the their representative oppinion, market for such 

products is not developed jet.  

In central part of Montenegr, storage place for potato is built. There are 4 independant 

chambers in it. Every chamber is under computer system controle of air moisture and 

temperature. Also there is seasonal control of earation. Unfortunately, this modern sorage 

place is used only during 6 months per year, and only for seed potato storage. Since this is the 

only storage place at central part of Montengro, it should be provided to use it for other fruit 

and vegetable and to use it during all year.  

At south part of Montnengro, there are several smaller storage places that has temperature and 

moister controled chambers. Mostly, they are not used for storage of domestic fruit and 

vegetable. Those are chambers are registrated for storage of imported fruit and vegetables..  
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CONCLUSION 

According to the data from this review fruit and vegetable production in Montenegro is 

stabile. But, Montenegrin-processed agricultural products are generally considered expensive, 

poorly packaged and of inferior quality, even in comparison to regional competition.  Sharp 

competition exists from products from neighbouring countries. The main problem for further 

development is lack of adequate equipment on farms, unsufficient usage of modern 

technologies and lack of processing plants.. Also, problem of lack of knoweladge about 

postharvesting technologies is evident. That lack of knoweladge make storage and placement 

of fruit and vegetable more difficult. Fruit and vegetable market in Montenegro is still 

unstabile and undeveloped.  

It is common for all mentioned storage places that there is no precise evidence about lossiness 

during storage period.  

It is neccessary to involve more efforts to improve education of employeers at storage places 

and local agriculture experts about modern postharvest technologies. 
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INTRODUCTION 

Because of its geographical position, there are three climate regions in Croatia. Those are: 
Mediterranean, Continental and Highland region. Combining the growth periods in these 3 
regions, it is possible to supply market with fresh vegetables with continuity, for some 
species, with no need for storage throughout the year. The biggest areas under fruits are 
located in continental region of Croatia, while in Mediterranean region, the most grown is 
Satsuma mandarin (Neretva river valley). 

 

Production of vegetables and fruits 

Vegetable production is mostly located around consumer centres. The possibilities of 
supplying the market are shown in tables 1 (from Zagreb – Continental region) and 2 (from 
Mediterranean region). It can be seen that by growing vegetables in the Mediterranean region, 
possibility of supplying with fresh products is prolonged. Potato, onion and carrot are mostly 
stored from vegetables, while shortage of other vegetables is settled by import. 
Table 1 Possibilities of fresh vegetables supply from Zagreb County 

Supply in month  
Culture Directly after 

harvest 
From the  

store 
From nonheated 

greenhouse 

 
Yield, 
 t/ha 

Potato Jul – Aug Sep – Apr May – Jun 25 

Cabbage and kale Jun – Nov Nov – Dec  30 – 40 

Tomato Jul – Sep  Jun – Oct 45 

Pepper Aug – Sep  Jul – Oct 30 

Cucumber Jul – Sep  Jun – Oct 60 

Onion Jun – Aug Aug – Apr  25 

Carrot Jul – Oct Nov – Apr May – Jun 35 

Melon and watermelon Aug – Sep   40 – 50 

Table 2 Possibilities of fresh vegetables supply from Mediterranean region 

Supply in month  
Culture Directly after 

harvest 
From the  

store 
From nonheated 

greenhouse 

 
Yield, 
 t/ha 

Young potato May – Jun  Apr – May 10 

Cabbage and kale May – Apr  Mar 30 – 40 

Tomato Jul – Oct  May – Nov 50 

Pepper Jul – Oct  Jun – Nov 30 

Cucumber Jun – Oct  May – Nov 60 

Onion May – Aug Aug – Apr  25 

Carrot May – Apr  Mar – May 35 

Melon and watermelon Jul – Oct   40 – 50 
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According to the estimate of the Croatian Agricultural Extension Service in the year 2005, the 
highest production of vegetables in Croatia came from potato (330.000 t), than followed by 
cabbage and kale 120.000 t, tomato 110.000 t, pepper 37.000 t, cucumber 40.000 t, onion 
45.000 t, carrot 20.000 t and melon and watermelon 55.000 t. About 120.000 t of other 
vegetables was produced (figure 1). 
In the year 2007 ˝Operational program for vegetable growing development˝ was started to 
support establishment of greenhouses, irrigation systems and other ways to increase the areas 
under vegetables. 
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Figure 1 Vegetables production in Croatia, 2005 
 
From fruit species, the most produced is apple (60.000 t) and Satsuma mandarin (40.000 t). 
The areas under Satsuma mandarin are continuously increasing and it is expected that in a few 
years it will reach the apple production. Other important fruit species are produced in amounts 
from 1.300 t (blackberry) to 8.000 t (peach) (figure 2.).  
In the ˝Operational program for establishment of perennial crops˝ it was planed to establish 
15.000 ha of new orchards from 2004 to 2007, to insure fruit growing self-sufficiency.  
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Figure 2 Fruit production in Croatia, 2005 
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National wholesale market and storage capacities 

 

By national wholesale market project it was expected to build up wholesale market in Zagreb, 
Rijeka, Zadar, Split, Metković and Osijek. In Zagreb there already is a wholesale market and 
its modernisation and fully development was planed with this project. Until now, three 
wholesale markets from the project started working. Those are wholesale markets Split, 
Osijek and Rijeka. Each wholesale market consists of open space, that is, green market with 
capacity of 150 to 200 vehicle for private producers, and buildings with 2.500 m2 surface. 
Inside the building, 30 cooling units are situated and they are rented from trading companies. 
In 2006 the trade of wholesale market was around 200.000 t. The highest trade (120.000 t) 
was realised on the Zagreb wholesale market (figure 3). 
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Figure 3 Transactions of fresh vegetables and fruits on Croatian wholesale markets, 2006 
 
Figure 4 shows the arrangement of storage capacities in Croatian regions. The city of Zagreb 
was singled out as the biggest consumer centre that disposes with significant storage 
capacities. Also, the capacities are distributed according to the cooling system (controlled and 
normal atmosphere). Almost the third of total cooling capacities with controlled atmosphere is 
situated in the Zagreb area. At the same time, in Slavonia where are the biggest orchard areas, 
there are cooling capacities for 33.000 t with normal atmosphere and only 1.900 t with 
controlled atmosphere (figure 4) 
From 114.000 t of cooling capacities in Croatia, 73% are refrigerated stores and storages with 
normal atmosphere, and 27 % are refrigerated stores with controlled atmosphere (figure 5). 
Apple is mostly stored in the refrigerated stores with normal atmosphere in the duration of 5 – 
7 months, and sometimes even for shorter time (appearance of physiological disturbance of 
fruit or a situation on the market).  
With the project of building the network of controlled atmosphere (ULO) storages, it is planed 
that from 2003 to 2008, 40.000 t ULO storages will be built. Building up of ULO storages 
with minimal capacity of 1.000 t is under subvention. In the period from 2003 to 2006, 19.500 
t was realised, so that at this moment in Croatia there are about 34.000 t installed ULO and 
CA capacities. 
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Figure 4 Storage capacities in Croatia, 2005 
 
Capacities with controlled atmosphere are mostly ULO storages and they are used for storing 
apples for duration of 6 – 9 months, under the conditions of 1 to 1,5 % O2 and from 1 to 3 % 
CO2. The other fruit species by produced quantities (Satsuma mandarin), is stored in storages 
with normal atmosphere for short time (Jemrić and Pavičić, 2004). The storage is short 
because of the early production contrary to other Mediterranean countries and quick sales.  
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Figure 5 Rate of CA storages in storage capacities in Croatia, 2005 
 

STATE AND PERSPECTIVES OF VEGETABLES AND FRUITS STORAGE 

 

Apart from insufficiency in producing most of fruit and vegetable species, there is a problem 
of inadequate assortment for specific use (fresh consumption, storage or processing). Applied 
growth technology and harvest date influence the possibility of storage after harvest. 
Inadequate harvest date can lead to the appearance of physiological disturbances during the 
fruit storage. The most common physiological disturbance on the apple is the superficial 
scald, caused by premature harvest. In Croatia, the appearance of superficial scald on Granny 
Smith apple is very common, and it can damage to 15 % fruit even in the conditions of 
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controlled atmosphere storage (Jemrić et al., 2006). Granny Smith is a late crop that in the 
conditions of continental Croatia does not mature enough so it has to be harvested earlier.  
The cause of these problems lies in poor knowledge in technological procedures after the 
harvest. For example, until now, biphenyl-amine had been used against the superficial scald, 
but its application was forbidden because it is carcinogenic, and not knowing of other control 
possibilities like heat treatments (Jemrić et al., 2006), lead to increased losses in fruit storage, 
witch in some refrigerated storages were up to 60%. The number of home scientists is 
deficient and so are researches on the field of technology after harvest of fresh fruit and 
vegetables. Apart from the heat treatments, in the world, is applied other fruit treatments after 
the harvest with the attention for keeping its quality (Jemrić and Pavičić, 2004). In Croatia 
their usage is limited mostly to some usual procedures such as applying some chemical means 
or wax. 
The solution of stated problems is possible to realise by connecting fruit and vegetable 
wholesale merchants, as a promoter, with scientific-research institutions that would conduct 
researches on the storage of fresh fruit and vegetables after harvest.  
It is important to finish the national wholesale market project to create the network of buy off 
places for producers, to insure quality storage conditions of fresh products and to enable 
selling of quality fruit and vegetables after storage in the time when it is not possible to use it 
fresh right after harvest. It is necessary to equip the existing wholesale markets with machines 
and equipment for sorting out, packing and labelling, so that it would insure quality 
standardization. 
The standardization of fruit and vegetable quality, which comes out of refrigerated stores and 
storages, should be insured by and by standardization of procedures after the harvest and 
during storage for each fruit and vegetable species.  
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Table 1: Fruit production in 2006 in intensive orchards in Slovenia 

 Area (ha) Total production 

(t) 

Average yield 

(t/ha) 

Apples 3100 79878 25,8 

Pears 284 4136 14,6 

Peach and 

nectarine 

643 10190 15,8 

Apricot 31 296 9,5 

Cherries 107 869 8,1 

Sour cherries 58 221 3,8 

Walnut 61 193 3,2 

Persimmon 25 398 15,6 

Kiwifruit 9 144 16,7 

Strawberries 104 2048 19,7 

High bush 

blueberries 

23 69 3,0 

Olive groves  820 2000  

Flowers and 

ornamental 

plants 

150   

  

 

Among fruits produced in intensive orchards in Slovenia, apples are economically the most 

important (Tab.: 1). Additional 40000 tones of apples are produced in extensive orchards 

(Tab.: 2). Slovenia has storage capacities for 50000 t. Apple are the main commodity that is 

stored till June in the next year. The majority of storage capacities include ULO (ultra low 

oxygen) storage capacities.  

Next to apples are olives cultivated on the coast region on nearly 1000 ha. Olives are 

processed in olive oil, which is sold all at home. The production of pears is in decline, 

Williams is the leading variety and is used in processing of juice and spirit. Among other fruit 

species peach and nectarine production are economically important. They are produced 

mainly for fresh consumption although part of production is processed in juices. Intensive 

cherry production covers 100 ha, but there are additional extensive 150 ha. Interestingly, 

cherry production is increasing year by year. High bush blueberries are produced on Ljubljana 

swamp where the suitable pedoclimatic conditions are met. Production of flowers and 

ornamentals covers 150 ha. There is an increasing demand for lowers and ornamentals.  
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Table 2: Total production of some important fruit species in extensive orchards in Slovenia in 

2006 

 Total production 

(t) 

Apples 39298 

Pears 7311 

Peach and 

nectarine 

869 

Apricot 366 

Cherries 2790 

Sour cherries 271 

Walnut 2590 

Apples pears and cherries are grown in extensive orchards (Tab.: 2,). An important 

characteristic of intensive pear and apple orchards is alternative production. On the other hand 

is extensive orchards important part of landscape architecture in Slovenia.  

 

 

Table 3: Distribution of apple production in Slovenia 

Apple production 

Integrated production (%) 94 

Ecological production (%) 2 

Hail Net (%) 4,5 

Drip irrigation (%) 10 

 

 

Apple production is mainly integrated (Tab.: 3), 2 % of total production accounts for 

ecological production. 10 % of apple production is drip irrigated and 5 % of apple orchards 

are protected with hail net. Hail is not uncommon in Slovenia, so hail net is the best way for 

long-term protection of the fruit against hail. 

 

 

Table 4: Apple trade balance in Slovenia in 2005 

Yield in intensive orchards 77463 

Yield in extensive orchards 23345 

Import 4636 

Export 20182 

Total 85262 

 

The majority of apple production is consumed in Slovenia. Nevertheless Slovenia imports 

around 5 % of apples and exports 20 % of apple production.  
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Table 5: Main apple varieties grown in Slovenia 
 % % 
IDARED 30  
JONAGOLD 19  
GOLDEN D. 14 64 
ELSTAR 9  
GALA 5 78 
GLOSTER 5  
BRAEBURN 3  
FUJI 2  
GRANNY SMITH 2  
MUTSU 1  
JONATHAN 1 93 
MELROSE 1  
TOPAZ 1  
DELBARD 0,5  
SUMMERRED 0,5  
JAMES GRIEVE 0,4  
JERSYMAC 0,3  
BOSKOP 0,3  
CARJEVIČ 0,3  
VISTA BELLA 0,25  
RED DELICIOUS 0,2  
BOBOVEC 0,2  
OTHER 2,5  
 

Cultivar Idared still represents the lion’s share in apple production (Table 5). It is not planted 

anymore but its share is still 30 %. It was and is still well acceptable by retailers who 

appreciate its storage potential and also colour. Grown in Slovenia, Idared is rather good 

quality and more aromatic than in other northern producing areas. Jonagold represents 20 % 

but its ratio is slowly decreasing. The main obstacle is its red colour, which is usually poor, 

depending on climatic conditions. It is substituted by clones, which have better colour. Elstar 

is an interesting variety, its share is increasing. It is usually well coloured and has good 

sensory characteristics. Skin spots are often present although the problem is not so apparent 

compared to scald. The introduction of new varieties such as Gala, Fuji and Braeburn was 

well accepted by growers and consumers. The share of new varieties is increasing. 

 

Table 6: Recommended storage conditions for apple cultivars in Slovenia 
VARIETY TEMP. 

(°C) 
O2 ( %)  CO2( %)  

IDARED +1,5 1,2 1,0 
JONAGOLD +1,5 1,0 1,0 
GOLDEN DEL. +1,0 1,0 1,0 
GLOSTER +1,5 1,2 1,0 
ELSTAR +1,5 1,0  1,0   
GALA +1,0 1,4 1,2 
MELROSE +2,0 1,2 1,0 
JONATHAN +2,5 2,5 1,5 
BRAEBURN +1,5 2,5 1,0 
MUTSU +1,0 1,0 1,0 
GRANNY SMITH +1,0 1,0  1,0  
FUJI +1,0 1,2 1,0 
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Main apple varieties in Slovenia are stored under ULO conditions at temperature interval 1 – 

2,5 °C and in atmosphere with 1 – 2,5 % of O2 (Table 6). Braeburn variety is rather 

susceptible to low O2 concentration and is therefore kept at 2,5 %.Concentration of CO2 is 

now around 1,0 % due to the problems with internal browning in the past.  

 

Table 7: Potato and vegetable production in Slovenia in 2006 

 Area (ha) Production (t) Average yield (t/ha) 

Potatoes 5900 106974 18,1 

White Cabbage 805 26050 32,4 

Lettuce 442 8398 19,0 

Endive 175 3132 17,9 

Chicory 233 3304 14,2 

Carrot 162 2952 18,2 

Beetroot 147 3106 21,2 

Tomato 175 4610 26,4 

Sweet Peppers 176 4776 27,1 

Cucumbers 145 2848 19,6 

Onion 260 5391 20,7 

French Beans 616 2818 4,6 

 

Potato production covers nearly 6000 ha and is economically very important product in 

Slovenia. It is mainly consumed as fresh. White cabbage is widely cultivated in Slovenia. Its 

production covers more than 800 ha (Tab.: 7). White cabbage is mostly processed in pickled 

cabbage, which is very popular in Slovenia. Among other vegetables lettuce, endive, chicory 

and onion are economically important. Producers have cool storage rooms to meet the 

demands of retailers who require temperature of 8 ° C at acceptance. As far as processing is 

concerned, red beetroot and cucumber are processed as pickles.  
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AGROBIOLO[KITE FAKTORI VO FUNKCIJA 

NA ^UVAWETO NA SVE@ITE PRODUKTI 
Mihal \urovka 1, \or|i Martinovski 2, Zvezda Bogevska 2, 

 
1 Zemjodelski fakultet - Novi Sad, R. Srbija 

2 Fakultet za zemjodelski nauki i hrana - Skopje, R. Makedonija 
 

KRATOK IZVADOK 
 
Kvalitetot na sve`ite produkti koi se ~uvaat zavisi od re`imite 
odnosno uslovite na ~uvawe. Me|utoa, produktite so lo{ ili nesoodveten 
kvalitet vo tekot na ~uvaweto ne mo`at da go podobrat kvalitetot, tuku 
istiot kolku {to e mo`no se oddr`uva, a se steknuva za vreme na 
primarnoto proizvodstvo na niva. Za ~uvaweto od presudno zna~ewe e da  
se obezbedi produkcija na plodovi so visoki nutritivni, no i parzarni 
vrednosti kako rezultat na primenata na soodvetni agrotehni~ki merki.  
Sekoja agrotehni~ka merka pretstavuva vo izvesna smisla limitira~ki 
faktor pri formiraweto na prinosot i kvalitetot, no pritoa sekoga{ se 
istaknuva i zna~aweto na godinata na proizvodstvo, odnosno klimatskite 
faktori. Postojat odredeni agrotehni~ki merki koi imaat pogolemo 
vlijanie na kvalitetot na sve`ite proizvodi, kako {to se: izborot na 
sorti, |ubreweto, navodnuvaweto, vremeto na proizvodstvo, primenetata 
za{tita, vremeto i na~inot na berba.  
Klu~ni zborovi: agrobiolo{ki faktori, ~uvawe, kvalitet, sve`i 
produkti 
 
VOVED 
 
Primarna zada~a na sekoja agrotehni~ka merka e zgolemuvawe na 
prinosite, a pritoa da se postigne {to e mo`no podobar kvalitet vo 
pogled na nutritivnata vrednost. Dali so ova }e se dobijat sve`i 
produkti so optimalni karakteristiki za podolgo ~uvawe? Za `al, ne 
sekoga{.  
Mnogu faktori pred berbata vlijaat na gradbata i kvalitetot na sve`ite 
zemjodelski proizvodi. Ovde se vklu~uvaat genetskite faktori (izbor na 
sortata), faktorite na nadvore{nata sredina (klimatski uslovi i 
agrotehni~ki merki), zrelosta i vremeto na berba, na~inot na berba i 
na~inot na rakuvawe so produktite neposredno posle berba. Vremeto na 
seidba odnosno proizvodstvo zavisi i od sortata. 
Generalno poranoto proizvodstvo obezbeduva povisoka cena na pazarot i 
naj~esto ima pobogat rod, me|utoa takvite produktite ne se pogodni za 
~uvawe. Deneska na problematikata na posleberbenata fiziologija i 
tehnologija se posvetuva isklu~itelno vnimanie so osnovna cel da se 
postigne {to e mo`no pomala promena vo ~uvanite proizvodi i pogolema 
ekonomi~nost na postapkata ~uavawe. Pritoa seu{te dominiraat 
istra`uvawata na razli~nite na~ini na ~uvawe, a se pomalku na 
istra`uvawata za primenetata agrotehnika. Prvite istra`uvawa za 
posleberbenata fiziologija na ~uvawe na sve`ite proizvedi se izvedeni 
vo Anglija, kade bilo izu~uvano vlijanieto na sostavot na vozduhot. 
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Ne{to podocna se zapo~nati op{irni istra`uvawa povrzani so 
biohemiskite promeni i otpornosta na bolesti za vreme na 
skladiraweto. Vo ovie ista`uvawa (SSSR) u~estvuvale golem broj na 
avtori (Kopec, 1986). Prvi seriozni nau~ni istra`uvawa za 
agrobiolo{kite faktori objaveni se kon krajot na 60-tite i po~etokot 
na 70-tite godini na minatiot vek vo Germanija. Poznati se trudovite na 
Groshner (1968*), Bottschera (1971*) i Osterloa (1975*), koi go izu~uvale 
vlijanieto na poedini agrotehni~ki merki na sposobnosta na ~uvawe na 
sve`ite produkti. 
Skoro vo isto vreme vo Polska se objaveni trudovi koi uka`uvaat na 
zna~eweto na sortite (Kepkowa, 1970*) kako i na potrebata od 
obezbeduvawe na dobri proizvodni uslovi (Adamicki, 1972*; Sipien, 1972*) 
citati (*) prezemeni od Kopec K., 1986.    
Sekoja agrotehni~ka merka pretstavuva vo izvesna smisla limitira~ki 
faktor vo formiraweto na prinosot i kvalitetot, no pritoa sekoga{ se 
istaknuva i zna~eweto na proizvodnata godina, odnosno klimatskite 
faktori. Vo vrska so primenata na agrotehnikata sepak postojat 
odredeni merki koi vo pogolema merka vlijaat na kvalitetot na sve`ite 
proizvodi, kako {to se: izborot na sortata, |ubreweto, navodnuvaweto, 
vremeto na proizvodstvo, primenata na  za{titata i vremeto i na~inot na 
berba. 
 
Vlijanie na klimatskite faktori  
 
Neosporno e deka klimatskite faktori bitno vlijaat na kvalitetot na 
~uvaweto. Se smeta deka vo vla`na i studena godina, produktite se 
pomalku pogodni za ~uvawe. Toa go potvrduvaat i najnovite istra`uvawa 
sprovedeni vo Germanija 1990-2005 god. Ovie ispituvawa poka`aa deka vo 
kolku kromidot se razvival vo nepovolni vremenski uslovi, sozrevaweto 
na lukovicata bilo nekvalitetno i uslovilo lo{o ~uvawe duri vo ULO-
ladilnici (Praeger i Bufler, 2007). Imeno, vo do`dlivata 2002 god. 
lukovicite na nekoi sorti (Kopra) ne sozreale normalno, vratot ostanal 
otvoren, {to najnapred predizvikalo promena vo bojata na so~nite 
listovi. Kaj nekoi drugi sorti koi se ispituvale ovaa pojava 
(potemnuvawe) ne bila zabele`ana, no zatoa pak proniknuvaweto mnogu 
brzo zapo~nalo. Za razlika od do`dlivata 2002 god., lukovicite od istata 
sorta, vo ekstremno su{nata 2003 god. formirale normalno zatvoren 
vrat, {to pretstavuva eden od osnovnite uslovi za dobro ~uvawe. 
Me|utoa, sprotivno na o~ekuvaweto kaj ovie lukovici proniknuvaweto 
bilo primeteno mnogu porano vo sporedba so lukovicite od vla`nata 
godina. Ovie protivre~ni pokazateli upatuvaat na zaklu~okot deka 
vla`nosta ne e edinstven faktor koj ja odreduva sposobnosta za ~uvawe, 
tuku kompleksot klimatski faktori. Pritoa, nivnoto vlijanie e 
povrzano, odnosno vo odredena merka ograni~eno od primenetata 
agrotehnika.  
Klimatskite faktori posebno temperaturata i intenzitetot na 
svetlinata imaa golemo vlijanie na nutritivniot kvalitet na ovo{jeto i 
zelen~ukot. Lokacijata i vremenskata sezona vo koja rastenijata rastat 
mo`e da vlijaat na sodr`inata na askorbinskata kiselina, karotenot, 
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riboflavinot i tiaminot. Svetlinata e najva`en klimatski faktor vo 
odreduvaweto na sodr`inata na askorbinskata kiselina vo rastitelnoto 
tkivo. Vlijanieto na direktnoto son~evo zra~ewe za vreme na 
vegetacijata na nekoi delovi na plodovite, na primer kaj diwata mo`e da 
predizvika zgolemena osetlivost na povredi od niski temperaturi 
(chilling injury) za vreme na ~uvaweto. Ova posebno e izrazeno za vreme na 
letnata sezona na berbata i kaj osetlivite sorti. Plodovite na diwata 
koi delumno ili potpolno se za{titeni od sonce se pomalku osetlivi na 
povredi od niski temperaturi - chilling injury podocna za vreme na 
~uvaweto (Krarup i Gonzales, 2005). Rastot i razvojot kaj kromidot e 
usloven od kompleksot na ekolo{ki uslovi. Pritoa, dol`inata na denot 
vo korelacija so odnosot na crveni i infracrveni zraci, intenzitetot na 
zra~eweto go uslovuvaat i usmeruvaat procesot na rastewe i razvoj na 
kromidot. 
 
Vlijanie na agrotehni~kite faktori 
 
Agrotehni~ki faktori: Tipot na po~vata, pokrivaweto (mul~iraweto), 
navodnuvaweto i |ubreweto vlijaat na obezbeduvaweto na rastenijata so 
voda i hranlivi materii, {to mo`e da vlijae na nutritivniot sostav na 
sobranite rastitelni delovi. Nekvalitetnata podgotovka na po~vata 
kako i na po~vata na koja lesno se sozdava ledena pokorica se usporuva 
nikneweto i inicijalniot porast {to doveduva do prodol`uvawe na 
vegetacijata, {to vo na{i uslovi doveduva do kasni zarazi (plamenica, 
lukovata muva), no isto taka go onevozmo`uva formiraweto i 
pominuvaweto vo faza na miruvawe (poradi kratkiot den i niskite 
temperaturi). Ova se dol`i na nasobiraweto na voda vo lukovicite na 
kromidot, poradi {to vo tekot na ~uvaweto pogolemi se gubitocite i 
pokratok e periodot na miruvawe (Lazic, B., 1970).  
Zna~eweto na plodoredot mnogu ~esto se zanemaruva iako e od 
isklu~itelna va`nost. Vo dene{no vreme vo proizvodstvoto na zelen~uci 
dominiraat specijalizirani proizveduva~i, koi primenuvaat intenzivna 
tehnologija, a vo seidbenata strukturata imaa isklu~ivo zelen~uk. Toa 
zna~i deka na isti povr{ini mnogu ~esto se menuvaat vidovite koi gi 
napa|aat isti bolesti i {tetnici, {to od edna strana bara mnogu 
za{tita, koja doveduva do izrazena kontaminacija na po~vata. Vo 
ekstremni slu~ai, posebno pri ~esta zstapenost na lukoviot i 
korenoviot zelen~uk se javuvaat nematodi koi sozdavaat golemi problemi 
za ponatamo{no proizvodstvo. Za da se spre~i ili barem malku namali 
ovaa pojava se prepora~uva za vreme na berbata, zabolenite i o{tetenite 
plodovi ili delovi od rastenijata odvoeno da se priberat i odnesat od 
proizvodnata parcela.    
Vlijanieto na |ubreweto na sodr`inata na vitamini e pomalku zna~ajno 
otkolku izborot na sortite i vlijanieto na klimatskite uslovi, no 
|ubreweto vo golema merka vlijae na sodr`inata na mineralni materii. 
Zgolemenata snabdenost so azot i/ili fosfor na citrusovite ovo{ki 
rezultira so ne{to poniska kiselost i pomala sodr`ina na vitamin S vo 
plodovite, dodeka pri |ubrewe so pogolemi dozi na kalium doveduva do 
zgolemuvawe na kiselosta i sodr`inata na vitamin S. Plodovite so 
golema sodr`ina na azot imaat visok intenzitet na di{ewe i isto taka 
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zgolemena produkcija na etilen koj go zabrzuva propa|aweto (Sharples, 
1985). Pri prognoziraweto na uspe{nosta na ~uvaweto odnosot na N i Ca 

se potvrduva kako dobar indikator. Dobriot kvalitet pri ~uvaweto e 
povrzan so odnosot N/Ca koj bi trebalo da bide okolu 10 (Marcelle, 1995).  
Tretmanot so 0,5% rastvor od kalcium vo forma na CaCl2 i 1% rastvor na 
Ca(NO3)2 vo koli~ina od 660l/ha vo tekot na vegetacija na nasad od jabolka 
doveduva odnosot na N/Ca posle berbata da bide pome|u 11 i 30. 
Tretiraweto so kalcium zna~ajno go zgolemuva odnosot N/Ca, i za 
preporaka e upotrebata na kalcium hlorid (Moor et all., 2005). 
Aplikacijata na CaCl

2 
vo vid na sprej za vreme na intenzivniot porast go 

namaluva nivoto na povr{inski pregori kaj plodovite na jabolka. 
Tretmanite so kalcium vlijaat na zgolemena sodr`ina na kalcium vo 
plodovite od jabolka, no ne vlijaat na odnosot {e}eri/kiselini koi 
~esto se upotrebuvaat kako biten parametar vo odreduvawe na vkusot na 
jabolkoto. So aplikacija na soli od kalcium vo vid na CaCl2 i CaO ~etiri 
meseci pred berbata vlijaat na smaluvawe na gubitocite kaj plodovite od 
kivito, cvrstinata na plodovite i procesite na zreewe. Kalciumot 
vlijae na vnatrekleto~nite i vonkleto~nite procesi koi go usporuvaat 
zreeweto so mala promena vo bojata, omeknuvaweto, produkcijata na 
jaglerod dioksid i etilen, go zgolemuva {e}erot i ja namaluva vkupnata 
sodr`ina na kiselini. Kaj nekoi sorti na jabolka (Braebura) so izrazena 
tekstura i kisel vkus poradi niskata sodr`ina na kalcium postoi 
osetlivost na fiziolo{ki promeni, prvenstveno sozdavaweto na 
bra{navost na plodovite, vnatre{na dezintegracija i gor~livi pegi. 
Primenata na kalium metasulfit (KMS) pozitivno vlijae na 
odr`uvaweto na vla`nosta, sodr`inata na reduktivnite i 
nereduktivnite {e}eri i askorbinskata kiselina za vreme na ~uvaweto 
na kromidot (Raj Dev et all., 2006).  
Primenata na kalciumot pred berbata na cre{ovidniot domat vlijae na 
namaluvawe na pukaweto (cracking) na plodovite za vreme na ~uvaweto. 
Preobemnoto |ubrewe so azot posebno kasnoto prihranuvawe so 
navodnuvawe ili za vreme na podolg dol`liv period ja prodol`uva 
vegetacijata kaj kromidot koj poradi negovite biolo{ki svojstva se 
odrazuva nepovolno. Fiziolo{kata zrelost (formiraweto na nikulci i 
zatvoreni so~ni listovi) nastrapuva pred potpolnoto su{ewe na 
zelenite listovi. 
Niski dozi na azot, racionalnoto obezbeduvawe na rastenijata so voda i 
navremena berba, obezbeduvaat podobra otpornost na proniknuvawe za 
vreme na ~uvaweto na lukovicite. So primena na ovie metodi mo`e da se 
izbegne upotrebata na retardanti na porastot kako {to e hidrazid 
maleinska kiselina (MH), Gravens and Sorensen, (2004). 
Mineralnata ishrana odnosno |ubreweto osven {to vlijae na 
zgolemuvaweto na prinosot kaj korenoviot i lisnatiot zelen~uk doveduva 
do nasobirawe na nekoi nepo`elni materii kako {to se nitratite i 
nitritite. Na nivnoto nasobirawe pokraj koli~inata i oblikot na 
azotni |ubriva vlijanie imaat i ekolo{kite uslovi i sortnata 
specifi~nost. Zatoa e va`no zelen~ukot koj se ~uva da ima {to pomala 
sodr`ina na nitriti, bidej}i se zgolemuva nivnoto nivo za vreme na 
~uvaweto. Taka, posle trimese~noto ~uvawe na cvekloto vo zavisnost od 
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po~etnoto nivo na nitrati vo korenot, doa|a do zgolemuvawe na nivnata 
sodr`ina koja se dvi`i od 1 do 56%, kako rezultat na oksidacija na 
soedinenijata na azotot od strana na mikroorganizmite koi se nao|aat na 
povr{inata na korenot (Ilic Z., 1993).    
 
Zna~eweto na vremeto na proizvodstvo i izborot na sortite 
 
Vremeto na seidba vlijae na lisnata masa i dol`inata na periodot na 
formirawe na lukovicite, zna~i i na fiziolo{kata zrelost na 
lukovicite, a so toa i na kvalitetot na ~uvawe. 
Pri ednogodi{no proizvodstvo na kromidot (direktna seidba) 
formiraweto na prinosot i kvalitetot na lukovicite e usloveno od 
seidbata vo optimalniot agrotehni~ki rok. Toa vsu{nost podrazbira 
{to porana seidba so cel rastenijata vo faza na formirawe na 
lukovicite (dolg den i povisoki temperaturi) da imaat formirano 
pogolem broj i pogolema masa na listovite. 
Dol`inata i kvalitetot na ~uvawe se sortni specifi~nosti. Denes se 
smeta deka miruvaweto na lukovicite go kontroliraat inhibitorite na 
porast koi se formiraat vo listot, a se koncentriraat vo nikulecot. Vo 
lukovicite kako i vo semeto koe miruva visoka e sodr`inata na glutamil 
peptidite za koi se smeta deka pretstavuva eden od faktorite na 
miruvawe. Istovremeno se pretpostavuva deka citokininite imaat 
primarno zna~ewe vo budeweto na nikulcite (Rabinowitch i sor., 1990). Za 
vreme na ~uvaweto doa|a do promena vo biohemiskiot sostav na 
lukovicite (\urovka M. i sor. 1998), se namaluva sodr`inata na 
disaharidi, se zgolemuva glukozata i aromati~nite sulfurni soedinenija 
i se izdvojuva toplina i SO

2
. Mnogu avtori naveduvaat deka visokata 

sodr`ina na suvi materii i sharoza ja so~inuvaat osnovata za dolgoto 
~uvawe. Me|utoa, na{ite rezultati (Lazic i sor., 1983) poka`uvaat mnogu 
nizok koeficient na korelacija pome|u sodr`inata na suva materija, 
{e}er i saharoza na gubitocite za vreme na ~uvaweto, {to govori deka 
ova ne se najbitnite faktori na ~uvaweto. Lazic i sor., 1981 uka`uvaat 
deka kaj sortite so pomalku suva materija osnovnite gubitoci 
nastanuvaat so proniknuvaweto za razlika od sortite koi se dobro ~uvani 
kade gubitocite se rezultat na isparuvawe na vodata odnosno namaluvawe 
na masata. Intenzitetot na proniknuvawe e povrzan so miruvaweto na 
nikulcite. Razli~noto odnesuvawe na sortite e utvrdeno deka e povrzano 
so stabilnosta na re`imot na ~uvawe, odnosno so oscilacijata na 
sodr`inata na O

2
 i SO

2
. Taka kaj nekoi sorti variraweto na 

koncentracijata na kislorodot pome|u 1% i 2% go zabrzuva 
proniknuvaweto dodeka pri stabilna koncentracija od 1% 
proniknuvaweto otsustvuvalo (Praeger i Bufler, 2007). 
 
Upotreba na hemiski sredstva 
 
Upotrebata na hemiski preparati vo zemjodelskoto proizvodstvo kako 
{to se pesticidi i regulatori na porast, nemaat direktno vlijanie na 
hemiskiot sostav na plodovite, no mo`e indirektno da vlijae na 
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delumnoto usporuvawe ili zabrzanoto zreewe na plodovite, {to e 
zna~ajno za ~uvaweto.  
Primenata na bioregulatori kako {to e giberelinskata kiselina - GA 
(25ppm) vo vid na sprej za vreme na vegetacijata obezbeduva najgolema 
sodr`ina na vkupno rastvorlivi materii TSS (Total Soluble Solids) od 
13,3% kaj sortata kromid Pusa Red vo uslovi na Indija. Intenzitetot na 
gubitocite vo masa i procentot na proniknatite lukovici za vreme na 
~uvaweto e najnizok so primena na NAA (50ppm), Tiwari et al., 2003. Sli~no 
so upotrebata na giberalinskata kiselina (25ppm) na 1-2 ~asa pred 
berbata na mladiot kromid, luk, praz i zimskiot kromid doveduva do 
usporuvawe na gubitocite na hlorofil, se namaluva intenzitetot na 
di{ewe i produkcijata na etilen, kako i pojavata na bolesti za vreme na 
~uvaweto (Aharoni et al., 1996). 
So cel da se namali proniknuvaweto za vreme na ~uvaweto na lukovicite 
se primenuva aplikacija na retardanti na porastot vo tekot na 
vegetacijata kako {to e hidrazid maleinska kiselina - MH. Fazor e 
komercijalen preparat koj sodr`i MH koj se primenuva pri kraj na 
vegetacijata vo doza od 4l/ha (Ilic et al., 2002). Royal e preparat ~ija aktivna 
materija isto taka e MH i se primenuva na 10-14 dena pred vadeweto na 
lukovicite, na po~etokot na polegnuvawe na steblata, vo koli~ini od 
12,5l/ha.  
Bezbeden faktor pretstavuva prirodnoto prisustvo na toksikanti vo 
nekoi produkti (kako {to se glikoalkaloidite kaj kompirot) koj e 
razli~en kaj poedini genotipovi, a nivnata sodr`ina so selekcijata 
mo`e da se usmeruva i odr`uva vo bezbedni granici. 
Zagaduva~ite kako {to se hemiskite rezidui i te{ki metali, mora 
postojano da se pratat i registriraat bidej}i e zabele`ana zgolemena 
otpornost na rastenijata na nivnata sodr`ina kako i utvrduvawe na 
nivnite maksimalno dozvoleni koli~in - MDK vo zelen~ukot i ovo{jeto. 
Zdrastveno-higienskite merki za vreme na berbata i neposredno posle 
nea, imaat za cel da se namali mikrobiolo{kata kontaminacija. So 
preventivnite merki se namaluva mo`nosta za porast i razvoj na gabite 
koi proizveduvaat mikotoksini. 
Fiziolo{kite promeni vo zelen~ukot za vreme na zreeweto (tehnolo{ka 
i botani~ka zrelost) se slo`eni i zavisat od vidot, sortata i 
primenetite agrotehni~ki merki vo dadeni ekolo{ki uslovi. 
Istovremeno se povrzani so celta na proizvodstvoto pritoa 
opredeluvaj}i go vremeto i na~inot na berba. Toa zna~i deka za 
kvalitetno ~uvawe neophodno e dobro poznavawe na biologijata na 
vidovite, specifi~nostite na sortite, vlijanieto na site agrotehni~ki 
merki na porast, razvoj i kvalitet na zelen~ukot i ovo{jeto kako i 
fiziologijata na zreewe i procesite koi se odvivaat posle berbata. 
Zrelosta za vreme na berbata e eden od najva`nite faktori vo 
odreduvaweto na kvalitetot i dol`inata na ~uvaweto na zelen~ukot i 
ovo{jeto. Site ovo{ja so mali isklu~oci ja dostignuvaat svojata 
upotrebliva (hranliva) vrednost so potpolno dozrevawe na drvoto. 
Sekako deka takvite plodovi ne mo`e da se odr`at podolgo vo `ivotot za 
vreme na ~uvaweto i naj~esto se berat pred potpolnata zrelost. Stepenot 
na zrelost vo momentot na berba vlijae i na hemiskiot kvalitet. Taka, 
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domatot sobran vo faza zelen namenet za dozrevawe i ~uvan na 20oS (do 
ostvaruvawe na potpolnata zrelost) sodr`i pomalku askorbinska 
kiselina otkolku koga plodovite se sobrani vo zrela sostojba. “Gala” e 
zna~ajna sorta vo grupata na rani sorti jabolka. Vremeto na berba ~esto 
se bazira na crvenata oboenost koja pazarot ja diktira (bara). Vo 
ista`uvawata (Neri et al., 2005) plodovite na jabolka se bereni so razli~en 
stepen na zrelost (rana, komercijalna i kasna) ~uvani za vreme od 6 
meseci na 0oS. Osetlivosta na pojava na bolesti predizvikani od gabata 
(Phlyctaena vagabunda Desm.) se zgolemuva posle 120 denovi od ~uvaweto. 
Povr{inskoto o{tetuvawe vo vid na pregori e vidlivo posle 120-180 
denovi, samo vo faza na rano sobrani plodovi. Nekoga{ vremeto za berba 
na jabolka se odreduva so degradacija na skrobot, vrednost od 3,5 do 4 (vo 
skala od 1-5). 
Vremeto na berba vlijae na nutritivnata vrednost. Taka so berba na 
jabolkata vo razli~no vreme (vo interval od 18 avgust do 22 septemvri) vo 
uslovi na [panija vkupniot antioksidativen potencijal raste pri 
pokasni berbi, odnosno so povisok stepen na zrelost na plodovite (Molina 

et al., 2005). 
^esto dol`inata na ~uvaweto na sve`ite produkti bazirana na 
nadvore{niot, vizuelniot kvalitet e podolgo otkolku koga se zasnova na 
adekvatna aroma. Kaj mnogu produkti, intenzitetot na namaluvawe na 
nutritivniot kvalitet (posebno sodr`inata na vitamin S) e pobrz 
otkolku gubitokot na aroma koj vo isto vreme se gubi mnogu pobrzo 
otkolku strukturniot kvalitet i nadvore{niot izgled. Indikatorite na 
kvalitetot moraat da bidat lesni za utvrduvawe, a metodite koi se 
upotrebuvaat objektivni (Kader, 1992). 
 
ZAKLU^OK 
Proizvodstvoto ima za cel {to e mo`no podolga potro{uva~ka na 
sve`ite produkti, {to zna~i i potreba za kvalitetno i podolgo ~uvawe. 
Biolo{ki toa e mo`no so podolg period na potro{uva~ka vo ishranata, 
{to poradi biohemiskiot sostav na zelen~ukot i ovo{jeto e 
isklu~itelno zna~ajno. Ekonomski, pomalite gubitoci zna~at ne samo 
podolgo ~uvawe tuku i mo`nost zelen~ukot i ovo{jeto, onamu kade toa e 
mo`no, da se plasira na pazarot po povisoki ceni (zima, kraj na prolet). 
Za prerabotkata dobroto ~uvawe zna~i potpolno i za podolg period 
iskoristuvawe na kapacitetite. 
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SUMMARY  

 

The qualities of the fresh produce for storing depend upon the regimes or the 

conditions of storage. However, the products with bad or impropriate quality during 

the storage could not improve quality only what can be done is maintaining quality 

which has been got from the field during production period. For storage facilities it is 

very important to get production of fruits with high nutritional and marketing 

standards as result of using appropriate agricultural techniques. 

Each agricultural technique in some cases can be limiting factor for total yields and 

quality characteristics, but always it should be stressed on the importance of 

production year regarding climate factors. There are some agricultural techniques that 

have much more influence on quality of the fresh produce like: the right choose of 

varieties, fertilization, irrigation, season of production, when and how the harvest is 

organised.  

Key words: agro-biological factors, storage, quality, fresh produce.  
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SUMMARY 

 

In this research, solutions for solving the problems about postharvest losses caused by 
physiological and pathological disorders in stone fruits were evaluated. These species are; sweet 
cherry, apricot, peach, nectarine and plum. They are grown intensively in Turkey especially in 
Marmara region, an importnant fruit production province of Turkey. These problems affect the 
marketing possibilities of those crops for exportation and also in local markets. As known stone 
fruit species have shorter storage period than pomme fruits. In addition, susceptibility againts 
physiological and pathological disorders is high in these species. Thus, reducing the postharvest 
losses to minimum levels is due to the correct fixations and applications on these crops from 
harvest to consumption.  
The actual applications in handling, storage and transportation can prolong the marketing of 
crops and can increase the benefits and capacity of cold stores. Furthermore, consumers can 
attain cheaper crops with high quality in long time period.  
Keywords: Stone fruits, postharvest losses, storage, quality, marketing.  
 

1. INTRODUCTION 

 

Stone fruits as sweet cherry, sour cherry, peach, nectarine, apricot and plum have big potential of 
production and marjeting all over the world beacuse of their adaptation to different ecological 
conditions. Turkey is an importnant producer of these species. In Turkey; 390.000 tones of 
apricot, peach and nectarine is 485.000 tones of peach and nectarine and sweet cherry is 400.000 
tones of sweet and sour cherry, 220.000 tones of plum were produced in 2005 (Fao, 2005). In 
addition in Canakkale, an importnant producer of stone fruits; 5.226 tones of sweet cherry, 
41.611 tones of peach, 17106 tones of nectarine and 3.781 tones of plum were produced 
(Anonymous, 2006). The storage period of these species is shorter than the storage period of 
pomme fruits such as apple, pear and quince. In addition, the susceptibility againts physiological 
and pathological disorders is very high for these species.  
Sweet cherry has a big production area in Turkey, especially in Marmara and Middle Anatolian 
regions. The most produced varieties are, “0900 Ziraat”, “Bing”, “Van” and “Bigarreau Gauher” 
respectively. Furthermore; “Blake”, “Red Haven”, Glohaven”, “Cretshaven” and “R-6” for 
peach, “Armking”, “Fantasia”, “Venus”, “Caldesi 2000” and “Star Red Gold” for nectarine, 
“Hungarian Best”, “Sekerpare”, “Tokalioglu”, “”Bebeco”, “Belliana” and “Roxana” for apricot, 
“Angeleno”, “Black Beauty”, “Birton”, “President” and “Autumn Giant” for plum are the most 
popular varieties.  
As production, and growing, Turkish farmers are so developed because of the universities and big 
fruit companies. However, the ingorance about storage causes many problems for marketing 
these productions with high quality.   
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2. Postharvest losses and solutıon reccomendatıons 

2.1. Quality Criterias and Optimum Storage Conditions 

For sweet cheries, harvest maturity is very importnant point for storage and marketing. Skin 
colour and soluble solids concentraiton are the main criterias as fruit maturity. In addition; 
soluble solids concentration, titratable acidity, the rate of SSC / TA, the rate of cracking and stem 
colour are the quality criterias in storage period. The optimum storage condition is -0.5 ± 0.5 °C  
and %90 -95 relative humidity (Mitcham et al., 1996).  
For peach and nectarine; skin colour, flesh firmness and soluble solids concentrations are the 
main harvest maturity criterias. The storage conditions of these species vary due to varieties, 
altough generally -1°C- 0°C heat, %90- 95  relative humidity and good ventilation are required. 
In addition for marketing, flesh firmness, soluble solids concentrations, titratable acidity, the rate 
of SSC / TA and the content of phenolic compounds are the main quality criterias (Crisosto et al., 
1996).  
For apricot, harvest date is determined by skin ground color changes from green to yellow. The 
exact yellowish-green color depends on the cultivar. Apricots should be picked when still firm 
because of their high bruising susceptibility when soft. Most apricot cultivars soften very fast 
making them very susceptible to bruising and subsequent decay.  Fruit size, shape, and freedom 
from defects and decay. High consumer acceptance is attained for fruit with high (>10%) soluble 
solids content (SSC) and moderate acidity (0.7-1.0%). Apricots with 2-3 pounds-force flesh 
firmness are considered "ready to eat". Apricot cultivars have a rapid rate of fruit softening (3 
pounds-force per day at 20°C (68°F). Optimum storage conditions are; -0.5 to 0°C heat and 90%- 
95% RH.  Susceptibility of cultivars to freezing injury depends on SSC, which may vary from 
10-14%. Highest freezing point = –1.0°C (30.5°F) (Crisosto et al., 1996).  
For Japanese plums; skin colour, flesh firmness and soluble solids concentration are the harvest 
maturity guides. Optimum storage condition is -1°C- 0°C and %90- 95 relative humidity, 
furthermore the freezing point varies due to SSC of the variety.  For marketing this crop; flesh 
firmness, soluble solids concentrations, titratable acidity, the rate of SSC / TA and the content of 
phenolic compounds are the main quality criterias like peach and nectarine (Crisosto et al, 1996).  
 

2.2. Physiological and Pathological Disorders 

Turkey is an importnant cherry producer in the world. “0900 Ziraat “ is the most common 
variety. The most importnant physiological disorders on sweet cheries grown in Turkey are; 
cracking (caused by the rains just before harvest), stem browning (caused by insufficient relative 
humidity), bruising and pitting (an indentation in the surface of the fruit caused by the collapse of 
cells under the skin. Thought to result from impact injury). In addition the most fixed 
pathological disorders are brown rot caused by Monilinia fruticola, grey mold caused by Botrytis 

cinerea and Rhizophus rot caused by Rhizopus stolonife (Mitcham et al, 1996). These 
physiological and pathological caused big amount of losses on cherries in Turkey. 
Peach and Nectarine have a high susceptibility againts ethylene; futhermore the disorders caused 
by senescence can be visible at a high level on these species during storage period. These 
disorders are seen especially in shelf life after cold storage and the most common name is internal 
breakdown thus some disorders are called with this name. Internal browning, wooliness also the 
loss of quality and aromatic compounds are in this group. These symptoms develop during 
ripening after a cold storage period, thus, are usually detected by consumers. Fruit stored within 
the 2.2-7.6°C(36-46°F) temperature range are more susceptible to this disorder (Crisosto et al., 
1996).   
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In addition inking is an importnant pyhsiological disorders on these species. It is a comestic 
problem affecting only the skin of peaches and nectarines. It is characterized by black or brown 
spots or stripes. These symptoms appear generally 24-48 hours after harvest. Inking occurs as a 
result of abrasion damage in combination with heavy metals (iron, copper and aluminum) 
contamination. This occurs usually during the harvesting and hauling operations, although it may 
occur in other steps during postharvest handling. Gentle fruit handling, short hauling, avoiding 
any foliar nutrient sprays within 15 days before harvest, and following the suggested preharvest 
fungicide spray interval guidelines are our recomendations to reduce inking in California 
(Crisosto et al., 1996).   
The pathological disorders on these species are; brown rot caused by Monilinia fruticola, grey 
mold caused by Botrytis cinerea and Rhizophus rot caused by Rhizopus stolonifer  
Brown Rot. Caused by Monilia fructicola is the most important postharvest disease of stone 
fruits. Infection begins during flowering and fruit rot may occur before harvest but often occurs 
postharvest. Orchard sanitation to minimize infection sources, preharvest fungicide application, 
and prompt cooling after harvest are among the control strategies. Also, postharvest fungicide 
treatment may be used.  
Gray Mold. Caused by Boyrytis cinerea can be serious during wet spring weather. It can occur 
during storage if the fruit has been contaminated through harvest and handling wounds. Avoiding 
mechanical injuries and good temperature management are effective control measures.  
Rhizopus Rot. Caused by Rhizopus stolonifer can occur in ripe or near ripe stone fruits kept at 20 
to 25°C(68 to 77°F). Cooling the fruits and keeping them below 5°C(41°F) is very effective 
against this fungus (Crisosto et al., 1996).  
For Apricots; the importnant physiological and pathological disorders are;  
Gel Breakdown or Chilling Injury. This physiological problem is characterized in the earlier 
stages by the formation of water-soaked areas that subsequently turn brown. Breakdown of tissue 
is sometimes accompanied by sponginess and gel formation. Fruit stored between 2.2-7.6°C (36-
46°F) have short market life and lose flavor. Brown rot and Rhizophus rot are the most common 
pathological disorders on apricot (Crisosto et al., 1996).   
Furthermore, the most common physiological disorder is internal breakdown on Japanese plums 
grown in Turkey especially in Marmara region. This physiological problem is characterized by 
flesh translucency, flesh internal browning, flesh mealiness, flesh bleeding, failure to ripen and 
flavor loss. These symptoms develop in plum and fresh prunes during ripening after a cold 
storage period. Thus, these symptoms are usually detected by consumers. Fruit stored within the 
"killing temperature range" 2-8°C (36-46°F) are more susceptible to this problem. These diorders 
cause big amount of postharvest losses on these cultivars (Crisosto et al., 1996).  The most 
common pathological disorders on Japanese plums grown in Turkey are brown rot, gray mold 
and rhizophus rot like other stone fruit species.  
 

2.3. Precaution Alternatives Againts Postharvest Losses on Stone Fruits 

Some researches including some preharvest and postharvest applications on sweet cherries obtain 
decreasing the postharvest losses. “Ioprodine” as preharvest application and MAP (modified 
atmosphere packaging) as postharvest application decreased the rate of brown rot and gray mold 
on cherries (Spotts et al., 1998). Also preharvest and postharvest applications of SemperfreshTM 
(Sucrose polyesther) could be effective on “Bing” sweet cherry variety about cracking (Lang and 
Trought, 1995). Preharvest applications prevented cracking and postharvest applications obtained 
keeping the fruit quality after harvest. In addition; “Aloe vera” coating; was fixed very effective 
on stem browning and pathological disorders and keeping the fruit quality criterias (Martinez- 
Romero et al., 2006).   
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According to the results of some researches; storage at 0°C after 1- MCP postharvest application 
with 1000 ppb for 20 hours reduced softening and wooliness on “Almong”, “Oded” white flesh 
peaches and “April Glow” yellow flesh nectarine variety (Ligouri et al., 2004). In addition 
storage at 0°C with 17% CO2 + 6% O2 controlled atmosphere conditions, prevented the changes 
in fruit quality for 3 weeks on “Elegant Lady” and “O’Henry” peach cultivars (Crisosto et al., 
1997). Also postharvest AVG (Aminoethylvinyglycerine) applications effected positively;  TA, 
SSC, flesh firmness and chilling injury on some peach varieties during storage (Garner et al., 
2001). Furthermore; “Tebuconazole” and “Cyprodinyl” as preharvest using againts brown rot, 
“Fludioxonyl” and “Fenhexamide” postharvest using againts gray mold were fixed effective as 
preventing the contaminations during storage (Adaskaveg and Förster, 2001).  
In addition, one of the most effective postharvest application is MAP (modified atmosphere 
packaging). “Flavorcrest” peach and “Fantasia” nectarine variety could be kept without quality 
losses at  0°C heat and 90% RH conditions for 30- 45 days with MAP application (Akbudak and 
Eriş, 2004). Furthermore postharvest MAP application reduced the rate of internal browning and 
wooliness on “Sweet September”, “September Sun”, “Ryan Sun” and “Rosario Red” peach 
varieties (Zoffoli et al., 2001).  Postharvest MAP application combined with hot water treatment 
could prolong the storage period and kept some quality properties on Royal Glory” peach variety 
(Malakou and Nanos, 2005). In addition MAP application prevent the contamination of 
Alternaria tenuis on “Paraguayo” peach variety during prolonged storage (Fernandez- Trujillo et 
al., 1997). Also on “Hujin” peach variety; 37°C for 16 hours effected positively the flesh 
firmness and weight loss (Zhou et al., 2002). 
Japanese plum is an importnant crop in Turkey as menitoned before.  Coating with 
“Hydroxyprophyl methyl- cellulose lipid” including beesvax and shellac reduced internal 
breakdown and texture loss during shelf life at 20°C after storage on “Autumn Giant” plum 
variety (Gago et al., 2002) and 1- MCP (1- methylcyclopropane) postharvest applications was 
found effective for storage period at 1°C and shelf life at 23°C (Argenta et al., 2003). In addition; 
postharvest 1- MCP application with the dose of 500 ppb reduced Monilinia laxa and kept flesh 
firmness and colour (Menniti et al., 2004). Furthermore, postharvest MAP applications effected a 
lot of  fruit quality criterias positively on “Laetitia” plums (Crouch et al., 2002).   
Precooling is an effective method for prolonging the storage period with keeping the quality and 
for realizing most of the postharvest applications succesfully. Furthermore choising the 
reasonable precooling method for such crop is the most importnant point in this subject. 
Hydrocooling is the most common and beneficial precooling method for sweet cherries and sour 
cherries (Figure 2); although forced air cooling is more choosen method for peach, nectarine, 
apricot and plum (Figure 1) (Gast and Flores, 1991).   

 
Figure 1. Forced- Air cooling precooling system.  
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Figure 2. Hydrocooling preccoling system. 
 
3. CONCLUSION 

 
As a result; Turkey is an importnant stone fruit producer and exporter all over the world. 
Especially in Marmara region producing of stone fruits is more than producing of pommefruits. 
Reducing the rate of postharvest losses, prolonging the storage period and shelf life with keeping 
the quality could be obtained by the beneficial postharvest applications, right storage methods 
with new technologies and useful packaging methods. Thus, marketing period of these crops 
could be prolonged, utility to consumers could be increased and cold stores coud be more active. 
 

4. LITERATURE 

 
Adaskaveg,J.E., Forster, H., 2001. New Detection and Management Practices for Brown 

Rot of Peach in California, V. International Peach Symposium, 08-13/July/2001, Rotterdam-
Netherlands. 

Akbudak, B., Eris, A., 2004. Physical and chemical changes in peaches and nectarines 
during the modified atmosphere storage, Food Control, 15 (4): 307- 313. 

Alique, R., Zamorano, J.R., Zamorano, M.A., Alonso, J., 2005. Effect of Heat and Cold 
Treatment on Respiratory Metabolism and Shelf Life of Sweet Cherry, Ytpe Picota cv 
“Ambrunes”, Postharvest Biology and Technology, 35 (2005): 153- 165. 

Anonymous, 2006. Agricultural department of governement- station of Çanakkale, The 
report of fruit growing areas in Canakkale (2006).  

Argenta, L.C., Krammes, J.G., Megguer, C.A., amarante, C.V.D., Matthesi, J., Ripening 
and quality of “Laetitia” plums following harvest and cold storage as affected by inhibition of 
ethylene action, Pesq agropec. Bras. Brasilia, 38 (10): 1139- 1148. 

Crisosto, C.H., Mitcham, E.J., Kader, A.A., 1996. Recommendations for Maintaining 
Postharvest Quality- Peach and Nectarine, copyright: 1996- 2007. Updated, December 15, 2005. 
http://postharvest,ucdavis.edu.Produce/ProduceFacts/Fruits/necpch.shtml 

Crisosto, C.H., Mitcham, E.J., Kader, A.A., 1996. Recommendations for Maintaining 
Postharvest Quality- Plum, copyright: 1996- 2007. Updated, December 29, 2006. 
http//postharvest,ucdavis.edu.Produce/ProduceFacts/Fruits/plum.shtml 

Crisosto, C.H., Mitcham, E.J., Kader, A.A., 1996. Recommendations for Maintaining 
Postharvest Quality- Apricot, copyright: 1996- 2007. Updated, June 14, 2006. 
http//postharvest,ucdavis.edu.Produce/ProduceFacts/Fruits/apricot.shtml 

Crisosto, C.H., Garner, D., Crisosto, G., 1997. Evaluating the Relationship Between 
Controlled Atmosphere Storage, Peach Fruit Size and Internal Breakdown, Perishables Handling 
Newsletter, Issue: 90, p. 7- 8. 



 58 

Crisosto, C.H., Crisosto, G.M., Metheney, P., 2003. Consumer acceptance of “Brooks” and 
“Bing” cherries is mainly dependent on fruit SSC and visual skin color, Postharvest Biology and 
Technology, 28 (2003): 159- 167. 

Crouch, I.J., Ian- Ferguson, B., Bieleski, R., Laing, W., Clark, C., 1996. Effect of modified 
atmosphere packaging on control of shrivel and overall quality of “Laetitia” plums, International 
postharvest science conference, 04- 09 August 1996, Taupo- NouvelleZelllande.              

Fao, 2005. http://faostat.fao.org/site/336/DeskstopDefault.aspx?PageID=336 
Fernandez- Trujillo, J.P., Salmeron, M.C., Artes, F., 1997. Effect of Intermittent Warming 

and Modified Atmosphere PAckaging on Fungal Growth in Peaches, Plant Disease, 81 (8): 880- 
884. 

Garner, D., Crisosto, C.H., Otieza, E., 2001. Controlled Atmosphere Storage and Amino 
ethylvinyl- glyine Postharvest Dip Delay Post Cold Storage Softening of “Snow King” Peach, 
Hort Technology, October- December 2001, 11 (4): 598- 602. 

Gast, K., L.B., Flores, R., 1991. Precooling Produce Fruits&Vegetables, Cooperative 
Extension Service, Manhattan- Kansas, August 1991. 

Lang, A. and Trought, M., 1995. Semperfresh and Cracking in Cherries, Hortresearch 
Client Report No. 95/41. 

Liguori, G., Weksler, A., Zutahi, Y., Lurie, S., Kosto, I., 2004., Effect of 1- MCP on 
ripening and melting flesh peaches and nectarines, Postharvest Biology and Technology, 31 (3): 
263- 268. 

Malakou, A., Nanos, G.D., A., 2005. Combination of hot water treatment and modified 
atmosphere packaging maintains quality of advanced maturity “Caldesi 2000” nectarines and 
“Royal Glory” peaches, Postharvest Biology and Technology, 38 (2005): 106- 114. 

Martinez- Romero, D., Alburquerque, N., Valverde, J.M., Guillen, F., Castillo, S., Valero, 
D., Serrano, M., 2006. Postharvest Sweet Cherry Quality and Safety Maintenance by Aloe Vera 
Treatment, Postharvest Biology and Technology, 2006 (39): 93- 100. 

Mitcham, E.J.,Crisosto, C.H., Kader, A.A., 1996. Recommendations for Maintaining 
Postharvest Quality- Sweet Cherry, copyright 1006- 2007. Updated, June 14, 2006.  
http://postharvest,ucdavis.edu.Produce/ProduceFacts/Fruits/cherry.shtml 

Perez- Gago, M.B., Rojas, C., Del Rio, M.A., 2003. Effect of Hydroxypropyl 
Methylcellulose- Lipid Edible Composite Coatings on Plum (cv. Autumn giant) Quality During 
Storage, Journal of Food Science, 68 (3): 879. 

Schick, J.L. and Toivonen, M.A., P., 2000. Optimizing Cherry Stem Quality, 16th Annual 
Postharvest Conference, Yakima, WA, 14- 15 March 2000. 

Spotts, R.A., Cervantes, L.A., Facteau, T.J., Chand- Goyal, T., 1998. Control of Brown Rot 
and Blue Mold of Sweet Cherry with Preharvest Ioprodine, Postharvest Cryptococcus infirmo- 
miniatus and Modified Atmosphere Packaging, Plant Disease, 82 (10): 1158- 1160. 

Zhou, T., Xu, S., Sun, D.W., Wang, Z., 2002. Effect of heat treatment on postharvest 
quality of peaches, Journal of Food Engineering, 54 (2002): 17- 22. 

Zoffoli, J.P., Balbontin, S., Rodriguez, J., 2001. Effect of Modified Atmosphere Packaging 
and Maturity on Susceptibility to Mealiness and lesh Browning of Peach Cultivars, V. 
International Peach Symposium, 08-13/July/2001, Rotterdam- Netherlands. 
 
 
 
 
 
 
 



 59
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ZA KOSKESTO OVO[JE VO TURCIJA 
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KRATOK IZVADOK 

 
Vo ova istra`uvawe, se dadeni re{enija za posleberbenite gubitoci predizvikani 
od fiziolo{ki i patolo{ki poremetuvawa. Vo istra`uvaweto bea opfateni 
slednite vidovi: cre{a, kajsija, praska, nektarina i sliva. Ovie vidovi se 
odgleduvaat intenzivno vo Turcija posebno vo Marmara regionot, va`en region za 
proizvodstvo na ovo{je vo Turcija. Ovie problemi vlijaaat na marketin{kite 
mo`nosti na ovie kulturi za izvoz i za lokalenite pazari. Kako {to se znae 
koskestite vidovi imaat pokratok period na skladirawe otkolku jabol~estite. 
Kako dopolnuvawe, osetlivosta na fiziolo{ki i patolo{ki poremetuvawa e mnogu 
visoka kaj ovie vidovi. Zatoa, za da se namalat posleberbenite gubitoci na 
minimalni nivoa treba da se prevzemat pravilni merki kaj ovie kulturi od berba 
do konsumacija. 
Pravilni merki treba da se primenat vo rakuvaweto, skladiraweto i transportot 
koi imaat za cel prodol`uvawe na pazarnata vrednost na kulturite i zgolemuvawe 
na upotreblivosta i kapacitetot na ladnite skladi{ta. Osven ova, potro{uva~ite 
mo`e da dobiajat proizvod koj e poevtin so visok kvalitet za podolg period. 
Klu~ni zborovi:  koskesto ovo{je, posleberbeni gubitoci, skladirawe, kvalitet, 
marketing. 
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PRIMENA NA 1-METILCIKLOPROPEN (1-MCP) 

VO INHIBIRAWE NA ZREEWETO  

NA PLODOVITE OD DOMAT 
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KRATOK IZVADOK 
1-Metilciklopropenot (1-MCP) e inhibitor na etilenot koj mo`e da 
vlijae na procesite na zreewe i/ili stareewe, go namaluva negovoto 
sozdavawe, intenzitetot na di{ewe, promenata vo bojata i omeknuvaweto 
na plodovite. Plodovite na domatot so razli~en stepen na zrelost (zelen 
namenet za dozrevawe-MG, svetlorozev-LP i svetlo crven-LR) bea 
izlo`eni pod dejstvo na 1-MCP tretman (300ppb), za vreme od 24 ~asovi na 
temperatura od 20oS. Tretiranite i kontrolni plodovi bea ~uvani na 
razli~ni temperaturi (5oS i 12oS) za vreme od 2 nedeli + 4 denovi na 20oS 
(shelf life-simulacija na uslovite vo marketite). Prateni bea promenite 
vo kvantitet (gubitok vo masa, nadvore{en izgled) i kvalitet (cvrstina, 
vkus, boja, sodr`ina na karotinoidi) na plodovite. 
Optimalna faza za primena na 1-MCP so cel prolongirawe na zreeweto 
be{e fazata “zelen namenet za dozrevawe” (MG). Nasobiraweto na 
karotenoidi vo plododvite (vo site fazi na zreeweto) e zna~ajno 
usporeno so primena na 1-MCP. Na krajot od ~uvaweto (14+4 denovi), 
sodr`inata na karotenoidi kaj plodovite vo faza MG tretirani so 1-
MCP na 5oS be{e 32,0mg/kg, a na 12oS - 0,137mg/g sve`a masa. Plodovite 
koi bea tretirani so 1-MCP i ~uvani na 5oS ostanuvaat cvrsti vo “faza 
zelen namenet za dozrevawe”-MG (45-50N) i LP faza (40-45N) dodeka kaj 
plodovite od LR fazata, cvrstinata e 35-40N.   
Klu~ni zborovi: domat, ~uvawe, faza na zreewe, 1-MCP, kvalitet 
 
VOVED 
Plodovite na domatot ~esto se berat vo faza “zelen namenet za 
dozrevawe” za da se namalat povredite predizvikani za vreme na 
rakuvaweto i transportot. Tie se odlikuvaat so dozrevawe koe spontano 
se odviva ili plodovite se tretiraat so etilen pred distribucija i 
proda`ba. So kontrolata na zreeweto periodot na ~uvawe mo`e da se 
prodol`i, a gubitocite da se namalat. Iako so sozrevaweto, plodovite 
stanuvaat pogodni za ishrana dobivaj}i karakteristi~en vkus i miris, vo 
isto vreme zapo~nuva i rasipuvaweto na plodovite posebno kaj onie so 
klimakteri~en tek na di{eweto kako {to e domatot kaj koj po~etokot na 
zreewe e inicirano od endogeniot etilen (Ilic i Fallik, 2007). @ivotot za 
vreme na ~uvaweto na plodovite od domat mo`e da se prodol`i ako 
produkcijata na etilen se namali ili se kontrolira negovoto vlijanie.   
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Kako relativno nov inhibitor na aktivnosta na etilenot, 1-
Metilciklopropenot (1-MCP) se upotrebuva so osnovna cel da se 
prodol`i periodot na ~uvawe (shelf-life), a da se za~uva kvalitetot. Kako 
rastitelen regulator na porastot pri standardna temperatura i 
pritisok, 1-MCP e gas, so molekulska masa 54, formula C4H6. 
Kako inhibitor na etilenot odnosno negov antagonist, koj e prisuten vo 
rastitelnoto tkivo, dejstvuva na jaknewe na ireverzibilnosta na 
receptorite na etilenot (Sisler i Serek., 2000).  Mnogu niski koncentracii 
na 1-MCP mo`e da go inhibiraat sozdavaweto na etilen na nivo na 
receptori. 
1-MCP ne e toksi~en, ostava zanemarlivi rezidui i aktiven e pri mnogu 
mali koncentracii (2,5nlL-1 - 1µl L-1). Dejstvuva fumigantno, a za negova 
primena potrebni se dobro dihtuvani komori. Dostapen e kako stabilen 
komplesks vo vid na prav, se osloboduva rastvoren vo voda, {to e glavna 
pri~ina za porast na komercijalniot interes {irum vo Svetot. Vo SAD i 
Kanada, 1-MCP prisuten e vo proda`ba pod trgovskiot naziv EthylBlocTM 
(Floralife Inc.) i SmartFreshTM (AgroFresh, Inc., Rohm and Haas) vo upotreba za 
ukrasni i za ishrana zemjodelski produkti, no i za globalna upotreba 
kako AgroFresh. Za upotreba na hranlivi produkti 1-MCP e registriran vo 
Argentina, Avstralija, Avstrija, Brazil, Kanada, ^ile, Kosta Rika, 
Gvatemala i Honduras, Izrael, Meksiko, Holandija, Nov Zeland, Ju`na 
Afrika, Velika Britanija i SAD. Vidovite kaj koi e registriran se 
specifi~ni za sekoja zemja i naj~esto se primenuva za: jabolkoto, 
kajsijata, avokadoto, kivito, mangoto, nektarinite, praskite, kru{kite, 
slivite, ananasot, kakito (japonskoto jabolko), diwite, domatot i laleto. 
Registracija na 1-MCP mnogu brzo se o~ekuva vo Japonija i ~lenkite na 
EU (Watkins i Miller, 2005). 
Opravdanosta od upotrebata na ovie tehnologii e vo funkcija na cenata i 
korista koja se ostvaruva so prifatliv kvalitet koj se ocenuva od strana 
na potro{uva~ite. Primenata na 1-MCP mo`e da se vklu~i vo 
tehnologijata na pred~uvawe, ~uvawe i transport, pa taka stanuva 
seriozna konkurencija na postoe~kite tehnologii, posebno za vreme na 
distribucijata i proda`bata vo megamarketite. 
Aromata go so~inuva vkusot i mirisot, a pri sozdavaweto na nejzinite 
isparlivi komponenti silno vlijanie ima etilenot. So primenata na 1-
MCP porastot ili opa|aweto na isparlivite komponenti na aromata se 
razlikuvaat vo zavisnost od rastitelnite vidovi, a nejzinoto zna~ewe 
posebno se istaknuva kaj sortite koi se prodavaat vrz baza na vkusot i 
mirisot. Kaj nekoi produkti ostvaruvaweto na polnata aroma ja prati 
potpolnata zrelost ili mo`ebi malku ponezna~ajni, teksturata ili 
odnosot {e}eri/kiselini. 1-MCP go odlaga zreeweto (prateno so porastot 
na acetat i butirat ester i namaluvaweto na alkoholot i aldehidite kaj 
jabolkata), no senzornite karakteristiki se podobri od pomalku 
aromati~nite (tretirani so 1-MCP) plodovi (Pre-Aymardet al., 2003).   
1-MCP go namaluva intenzitetot na razvojot na crvenata boja kaj 
plodovite vo site fazi na zrelost (Mir et all., 2004). Najdobri efekti od 
primenata na 1-MCP ima kaj domatot koj e vo faza na zrelost ozna~ena 
kako “mature geen”, odnosno zelen namenet za dozrevawe. Kaj fazite koi se 
blisku do potpolnata zrelost efektite se namaleni. So koncentracija od 
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10µL/L se obezbeduva najmal intenzitet na sozdavawe na etilenot i se 
odlo`uva klimakteri~niot pik. Tertiraweto so 1-MCP signifikantno go 
odlaga zapo~nuvaweto na biosintezata i sozdavaweto na likopenot. 
Sli~en trend se javuva i kaj sodr`inata na karotinoidite. Omeknuvaweto 
na plodovite e istotaka usporeno kaj tretmanot so 1-MCP bidej}i 
direktno go inhibira etlenot so aktivniot pad na enzimite vo 
kleto~nite yidovi (Arnold M., et all. 2005).  
Phasay S et all., (2007) tretira domat (sorta Encore) so 1-MCP so 
koncentracija od 625nl L-1 vo traewe od 12 ~asovi na temperatura od 20oS.  
 
MATERIJAL I METODI 
Domatot (sorta 1402) od plasten~ko proizvodstvo (centralen del na 
Izrael) be{e sobran vo razli~na faza na zrelost (zelen namenet za 
dozrevawe MG, rozev i crven plod). Odbrani i is~isteni plodovi bea 
postaveni vo komori pod dejstvo na 1-MCP tretman (300ppb) za vreme od 24 
~asovi na sobna temperatura (20oS). 
1-MCP tretmanot be{e ostvaren so komercijalnoto sredstvo SmartFreshTM 
(0,14% aktivna materija) rastvoren vo voda. Tretiranite i 
netretiranite (zemeni za kontrola) plodovi bea ~uvani na razli~ni 
temperaturi na 12oS i 5oS za vreme od 2 nedeli +4 dena na 20oS 
(simulacija na uslovite vo marketite). 
Odreduvaweto na bojata vo osnova zna~i odbivawe, reflektirawe na 
svetlinata od povr{inata na plodovite, a se detektira so 
svetlorefleksionometar (Minolta kolorimetar kako hue angle0), pri {to 
vrednosta na obojuvawe od 30 do 40 pretstavuvaat zrel plod, 50-70 rozev i 
preku 90 zelen za dozrevawe. Na krajot od ~uvaweto bea odredeni 
parametrite za kvalitet: sodr`inata na suvi materii (refraktometriski 
%), sodr`inata na karotenoidi be{e odredena spektrofotometriski po 
metodot (Vinokur i sor., 2006), a cvrstinata na plodot so nedestruktivna 
metoda so pomo{ na penetrometar (Jamaica type-02, MFG.CO, New Jork) pri 
{to plodot e mek so vrednost <35N, cvrst 35-40N i mnogu cvrst preku 40N. 
Isto taka be{e pratena i zdravstvenata sostojba, odnosno registrirano 
be{e prisustvoto na bolesti (% zarazeni plodovi so Botrytis, Alternaria i 
Rhizopus).  
Istra`uvawata bea izvr{eni vo oddelot za posleberbenata nauka na sve` 
proizvod, Volkani centarot vo Bet Dagan, Izrael. 
 
REZULTATI OD ISTRA@UVAWATA I DISKUSIJA  
Domatot sobran vo faza “zelen namenet za dozrevawe” koj be{e ~uvan na 
5oS za vreme od dve nedeli ne postigna potpolna oboenost na plodovite. 
Razvojot na oboenosta, odnosno procesot na dozrevawe be{e u{te pove}e 
namalen so upotreba na 1-MCP. Duri posle izlagaweto na plodovite na 
temperatura od 20oS za vreme od 4 dena procesot na zreewe prodol`uva{e 
i plodovite podobro se obojuvaa. Ova e razbirlivo bidej}i domatot vo 
ovaa faza na zrelost mo`e da dozreva samo na temperatura od 15oS (Ilic Z., 
2001, 2002). Delumno dozrevawe e mo`no na temparaturi od 10 do 13oS (tn. 
“ladno dozrevawe”), no na 50% od plodovite prisutni se simptomi na 
nepravilno zreewe, a simptomi na vnatre{no nepravilno sozrevawe duri 
na 71% od plodovite (Powell, C.A., 1995). Domatot vo ovaa faza na zrelost 



 64 

~uvan na 5oS e mnogu ~uvstvitelen na povredi na ovie temperaturi. 
Simptomi na povredi od ladno (chilling injury) se posebno vidlivi posle 
periodot na simulirawe na uslovite za proda`ba (shelf life). 
Tabela 1. Vlijanie na temperaturata na ~uvawe i primena na 1-MCP na 
rzvojot na oboenosta na domatot pri razli~na zrelost 

Posle 14 dena na ~uvawe 
Posle 14 dena + 4 dena na 20oS 

-shelf life 
5oS 12oS 5oS 12oS 

Faza na 
zrelost 

Start 

Ø 1-MCP Ø 1-MCP Ø 1-MCP Ø 1-MCP 

Zelen za 
dozrevawe  

100 54 72 39 53 42 56 38 42 

Rozev 84 50 59 41 46 42 51 39 41 
Crven 62 48 53 40 44 42 47 40 41 
Ø - Kontrola  
Tretiraweto so 1-MCP dava pozitivni efekti i go usporuva 
omeknuvaweto na plodovite vo razli~ni fazi na zrelost. Domatot zelen “ 
namenet za dozrevawe” e faza na zrelost na plodovite koja e najpogodna za 
primena na 1-MCP vo odlagawe na zreeweto, a plodovite se pocvrsti 
otkolku plodovite vo ponapredni fazi na zrelost (rozev, crven). 
Tabela 2.Sodr`ina na karotinoidi mg/kg suva masa 

Posle 14 dena na ~uvawe 
Posle 14 dena + 4 dena na 20oS 

-shelf life 
5oS 12oS 5oS 12oS 

Faza na 
zrelost 

Start

Ø 1-MCP Ø 1-MCP Ø 1-MCP Ø 1-MCP

Zelen za 
dozrevawe  

11,5 25,0 17,3 25,0 14,7 60,2 32,0 87,7 53,1 

Svetlo rozev 25,0 34,6 32,6 67,2 64,0 67,2 55,1 77,4 57,6 
Svetlo crven 47,4 64,0 57,6 73,6 70,4 70,4 64,0 80,0 73,6 
Ø - Kontrola  
Akumulacijata na karotinoidi so 1-MCP tretmanot be{e pospora 
otkolku kaj kontrolnite plodovi (bez primena na 1-MCP) i toa kaj 
plodovite od site fazi na zrelost. Akumulacijata na karotenoidi be{e 
posebno usporena pri ~uvawe na 5oS i kaj plodovite vo faza “zeleni 
nameneti za dozrevawe”. Sodr`inata na karotinoidi kaj plodovite 
“zeleni nameneti za dozrevawe” be{e 11,5mg/kg suva masa na po~etokot na 
~uvaweto dodeka na krajot od ~uvaweto 60,2 (na 5oS) odnosno 87,7µg/g suva 
masa (na 12oS). Vo istata faza na zrelost na plodovite tertirani so 1-
MCP akumulacijata na karotinoidi be{e usporena i iznesuva{e 32µg/g 
suva masa (5oS) odnosno 53,1µg/g suva mas (na 12oS).  
Najmalo vlijanie na 1-MCP na akumulacijata na karotinoidi be{e kaj 
plodovite koi se najblisku do potpolna zrelost ozna~eni kako “svetlo 
crveni”. Vo ovaa faza na zreewe skoro i da nema razlika vo 
akumulacijata na karotinoidi vo plodovite so ili bez tretman so 1-MCP. 
Istiot trend be{e zabele`an pri ~uvawe na dvete temperaturi (5oS i 
12oS).  
Plodovite od domat vo faza “zelen namenet za dozrevawe” ~uvani na 5oS 
ne mo`ea da dozreat i da se zdobijat so atributite za kvalitet. 
Pri~inata za ova e premnogu niskata temperatura na ~uvawe so 
dopolnitelno vlijanie na 1-MCP koj go inhibira procesot na dozrevawe. 
Nedostatocite vo vid na zeleno portokalov vrat okolu plodnata dr{ka 
(70% od plodovite)  ja namaluvaat vizuelnata privle~nost na plodovite, 



 65 

a zgolemenata sodr`ina na limonska kiselina, ja zgolemuva kiselosta 
(kiseliot vkus) na plodovite. 
Tabela 3. Kvalitetni svojstva (atributi) na plodovite od domat posle 2 
nedeli ~uvawe na 5oS i 12oS + 4 denovi na 20oS.   
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5oS  svetlo crven 4,5 35-42 5 40 3,0 - 
12oS svetlo crven 4,5 28-36 10 35 2,5 - 
5oS  svetlo rozev 4,5 40-46 - 50 3,0 - 
12oS svetlo rozev 4,3 35-40 - 5 3,5 - 
5oS  zelen za dozrev. 4,3 40-50 - 70 2,0 - 

1-MCP 

12oS zelen za dozrev. 4,4 40-45 - 0 4,0 - 
5oS  svetlo crven 4,4 30-38 30 40 1,7 - 
12oS svetlo crven 4,5 25-30 40 20 1,5 - 
5oS  svetlo rozev 4,4 35-40 0 8 3,5 - 
12oS svetlo rozev 4,2 28-36 5 - 2,5 - 
5oS  zelen za dozrev. 4,3 40-50 5 - 4,0 - 

Ø 
Kontrola  

12oS zelen za dozrev. 4,2 35-42 5 - 4,0 - 
*Bolesti (Alternaria i Botrytis) 

Od tabelata mo`e da se zabele`i deka primenata na 1-MCP ima vlijanie i 
na cvrstinata na plodovite. Omeknuvaweto na podovite i drugite 
teksturni promeni, se zgolemuvaat poradi delumnoto razgraduvawe na 
kleto~nite yidovi na plodovite. Etilenot ja stimlira aktivnosta na 
enzimite koi vr{at degradacija na kleto~nite yidovi. Primenata na 1-
MCP go usporuva omeknuvaweto na plodovite. Plodovite od poranata 
faza na zrelost ~uvani na poniski temperaturi i izlo`eni na dejstvoto 
na 1-MCP imaa podobra cvrstina. Sli~ni rezultati imaat dobieno Arnold 
i Ying (2005), so primena na 1-MCP na cre{ovidniot domat - cherry tomato. 
So ~uvaweto na domatot na 12oS vo faza zelen namenet za dozrevawe so 
primena na 1-MCP se dobija najdobri rezultati vo pogled na kvalitetnite 
osobini, plodovite ne bea napadnati od bolesti, bea bez obezbojuvawe, 
cvrsti i imaa pomala sodr`ina na kiselini. 
Na zdrastvenata sostojba pogolemo vlijanie ima temepraturata za vreme 
na ~uavweto otkolku tretiraweto so 1-MCP. Relativno mnogu malku se 
znae za vlijanieto na 1-MCP na pojavata na bolesti, no pretstavuva va`en 
faktor vo sredinata za ~uvawe. Pojavata na bolesti mo`e da raste so 
primena na 1-MCP kaj nekoi sorti na jabolka, portokali i jagodi, kaj 
kajsiite bolestite se inhibirani, a kaj grejpfrutot nema vlijanie. 
Namalenata senzitivnost na etilen mo`e da bide vo polza za odredeni 
patogeni, odnosno pad na otpornosta kon drugi patogeni, na pr. kaj 
citrusite e inhibiran razvojot na gabite i pojavata na bolesti so 
porastot na sodr`inata na etilen. 
Plodovite na domatot od opitot bea od zimsko-proletno proizvodstvo i 
be pomalku ~uvstvitelni na dejstvoto na niski temperaturi od onie od 
letnoto proizvodstvo. Temperaturata na ~uvawe od 5oS e temperatura 
koja naj~esto predizvikuva odredeni o{tetuvawa na domatot. Domatot 
“zelen namenet za dozrevawe” e po~uvstvitelen na dejstvoto na niski 
temperaturi od fazata rozevi i crveni plodovi. ^uvstvitelnosta na 
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nekoi zemjodelski produkti na ~uvawe pri niski temperaturi (chillin 
injury) e ograni~uva~ki faktor vo procesot na ~uvaweto. Ulogata na 
etilenot vo razvojot na povredi od niski temperaturi e kompleksen, a 
me|usebniot odnos pome|u ovie dva faktora ne e sekoga{ uskladen. 
Postojat pozitivni indikacii od primenata na 1-MCP na redukcija na 
povredite od niski temperaturi kaj avokadoto (kako klimakteri~no 
ovo{je) i ananasot (kako neklimakteri~no ovo{je), Woolf et al., 2005.    
 
ZAKLU^OK 
1-MCP go odlaga dozrevaweto i go usporuva razvojot na oboenosta bez 
gubitoci vo sozdavaweto na {e}erite kaj plodovite od domat vo razli~ni 
fazi na zrelost. 
Koncentracijata od 300ppb e dovolna da obezbedi namaluvawe na 
intenzitetot na sozdavaweto na etilenot i odlagawe na klimakteri~niot 
maksimum na di{eweto za vreme na negovoto odvivawe. 
Najdobri efekti od primenata na 1-MCP se postignuvaat koga domatot e 
vo fazata na zrelost ozna~ena kako “zelen namenet za dozrevawe”. Kaj 
fazite koi se blisku do polna zrelost efektite se pomali. 
Tretiraweto so 1-MCP signifikantno go odlaga zapo~nuvaweto na 
biosintezata i sozdavaweto na karotinoidite.   
Omeknuvaweto na plodovite e isto taka usporeno kaj tretiraweto so 1-
MCP bidej}i direktno go inhibira etilenot odnosno predizvikuva  
aktiven pad na enzimite vo kleto~nite yidovi. 
Primenata na 1-MCP e za preporaka kako za proizveduva~ite taka i za 
snaduva~ite i distributerite na domat za sve`o vo planskoto snabduvawe 
na marketite, bidej}i so negovata aplikacija se obezbeduva ostvaruvawe  
na soodvetnata faza na oboenost na plodovite. 
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3Faculty of agricultural sciences and food, R. Macedonia  
 

SUMMARY   

1-Methylcyclopropene (1-MCP) is an inhibitor of ethylene perception that can affect 
ripening and/or senescence processes and reduces ethylene production, respiration, 
color changes and softening in tomato fruit. Tomato cv. 1402 was grown in the 
greenhouse (in central part of Israel) were harvested at the different stage of maturity 
(mature green-MG, pink and red stage). Selected and clearing fruits were sealed in 
desiccators and subjected to 1-MCP treatments (300ppb), during 24h (on 200C±20C). 
1-MCP gas was generated form SmartFreshTM (0.14% active ingredient), by adding 
water. Treated and control fruits stored at different temperature on 50C and 120C 
during two weeks + 4 days on 200C (shelf-life). Changes in fruit color were monitored 
using Minolta colorimeter, carotenoids the assessment was done with a 
spectrophotometer according to the methods (Vinokur et al., 2006), firmness was 
measured non-destructively with Durometer (Shore. Manufacturing NY).  
1-MCP reduced the rate of red color development in fruit of all stages of ripeness. The 
mature green stage (MG) was the optimal stage for 1- MCP treatment and storage on 
120C to delay fruit ripening. Carotenoid accumulation in fruits (all stage of maturity) 
was significantly delayed by 1-MCP used.  At the end of the storage (14+4d), the 
carotenoids content in 1-MCP treated MG stage fruit on 50C storage was 0.050mg/g 
and on 120C -0.083mg/gF.W. In same time the carotenoids content in control fruits 
(without 1-MCP treatment in same stage of maturity) on 50C storage maintained 
0,94mg/g and on 120C 0.137mg/gF.W.  The treated fruits in MG phase on 50C storage 
being firmer (45-50News) and pink phase (40-45N) than those treated at red maturity 
stages (35-40N). 
Collectively, the data indicate 1-MCP caused minor shifts in the quality attributes of 
color, aroma, and firmness relative to external colour, which may reduce the value of 
this treatment, but benefits accrued by slowed firmness loss and color development 
may afford sufficient compensation to make 1-MCP application commercially 
feasible. 
Key words: tomato, storage, stage of maturity, 1-MCP, quality 
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SUMMARY 

 

Bell pepper (Capsicum annum L.) is a vegetable knows for its antioxidant contents which are 

highly important for its nutritional values. The total antioxidant activity (TAA) of pepper 

fruits measured by TEAC (Trolox equivalent antioxidant capacity). This assay measures both 

the hydrophilic (HAA) (vitamin C) and lipophilic (LAA)(carotenoids and vitamin E) 

contents based on the total radical scavenging capacity, and the ability of a scaverenge the 

stable ABTS radical (ABTS+) described by Vinocur and Rodov (2006). Fruit were cleaned 

and disinfected with hot water rinsing and brushing (HWRB) at 550C as described by Fallik 

et all., (1999).  Tap water wash was served as control. Fruit were stored at 20C or 70C during 

3 weeks plus 3 days at 200C (shelf life simulation).  

TAA in red bell pepper immediately after harvest was 4.89 (0.84 lipophilic and 4,05 

hydrophilic) µmol TE/g fr.wt. After 3 weeks storage at 20C, TAA in pepper with cold wash 

treatment was 4.72 and 4.65 TEAC µmol TE/g fr.wt. in HWRB treatment.  

After 3weeks +3days shelf life on 200C TAA slowly growing up and obtained content of 

5.97 in cold wash and 5.88 TEAC µmol TE/g fr.wt. in HWRB. This is mainly due to changes 

in the lipophilic activity-LAA (treatment with cold water-2.04 and 2.06 µmol TE/g fr.wt. in 

HWRB, comparing with 0.84 µmol TE/g fr.wt. on beginning of storage). Hydrophilic 

antioxidant activity-HAA remains practically unchanged.  

In fruit was stored at 70C pepper ripeness has been associated with carotenoids accumulation 

especially after shelf life, TAA was 6.01 TEAC ( LAA 2.31) µmol TE/g fr.wt 

Key words: storage, pepper, antioxidant, quality, low temperature  
 

INTRODUCTION 

 

Fresh fruit and vegetables are important sources of antioxidants in human diet. Bell pepper is 

one of the commercially important vegetable crops and may be green, purple (unripe), red, 

yellow, orange, or brown when ripe. Peppers are rich in both hydrophilic antioxidants, such 

as vitamin C, and lipophilic ones, such as carotenoids and vitamin E  Vinocur and Rodov., 

2006 and in potassium, and are low in calories, Maalekuu et all., 2003. Тhe major 

postharvest limiting factor in bell pepper is its relatively short shelf life of only one to two 

weeks. 

Red sweet pepper (Capsicum annuum L.) cultivars have been identified as potential 

vegetables with high antioxidant activity. Fresh sweet pepper have exceptionally high 

ascorbic acid (0,15 to 2,0 mg.g-1fresh weight) compared to other fruit and vegetables. The 

attractive red colour is due to the various carotenoid pigments. Ascorbic acid development in 

pepper and other fruit is related to glucose metabolism and light exposure, and concentrations 

of both ascorbic acid and reducing sugars typically increased as the fruit matures, Fox et.all., 

2005. Ascorbic acid was the main form of vitamin C, and its content increased as the pepper 

reached maturity. The ascorbic acid content increases in peppers as they ripen. For green 
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mature, breaker and red peppers values of 107,3, 129,6 and 154,3 mg/100g edible portion 

were found, Martinez et al., (2005). The red ripe stage had a relevant impact on the 

carotenoids content of polyphenols, while red ripe fruits had the highest content of vitamin C 

and provitamin A, Marin et all., 2004.  

Bell pepper are increasingly harvested at full color due growing consumer demand for 

peppers with improved flavor and nutritional aspects Frank et al., 2001.  

The vitamin C content for green mature and breaker peppers stored on room temperature 

(200C) increased up to 10 days of storage, reaching similar values as those obtained for red 

peppers direct from the plant. However, stored red ripe peppers showed a significant loss in 

vitamin C content, around 25%. Refrigeration at 40C for up to 20 days not change the 

ascorbic acid content, except for red peppers, which showed losses around 15% Martinez S., 

et all, 2005.  

Antioxidants protect again free radicals and are therefore important in obtaining and 

preserving good health. In this respert, much attention has been given to the flavonoids, a 

class of polyphenols with strong antioxidant activities Arts et al., 2003.  

Total antioxidant capacity (TAC) of 32 fruit could be divided into four groups: the first  

group, containing highest antioxidant capacity (>10mmol Trolox/g) included persimmon, 

strawberry, guava and pomegranate, the second group contained high antioxidant capacity 

between (5-10 mmol Trolox/g) included kiwi fruit, sweet cherry, fuji apple etc.) the third 

group containing medium antioxidant capacity (3-5 mmolе Trolox/g) included orange, 

nectarine, banana, tomato ; and fourth group containing lower antioxidant capacity(< 

3mmoleTolox/g), include melon, pineapple honeydew melon, grape, pear and watermelon 

Lang,Yow-shen, Ke,Lih-shang , 2006. Values of antioxidant activities measured by the 

TEAC methods are reported to have hight antioxidant activities in brocolli-6.48, onion-5.32, 

cauliflower-2.95, tomato-2.55, and letuce 1.71µmol g-1on a fresh weight basis (Bahorun et 

all., 2004).   
The aims of this research were to evaluate the keeping quality (content of total antioxidant 

activity, water loss, firmness, and decay incidence) of bell sweet pepper held for three weeks 

storage on low temperature using prestorage heat treatment and individually shrink-wrapped 

fruits.  

 

MATERIAL AND METHODS 

 

Red bell pepper (Capsicum annuum L.), cv. Selica was grown in the plastic house (Jordan 

Valley - Israel) under winter conditions. Fruit were harvested in March at the ripe stage (11,4 

% dry matter) of uniform size and colour. After harvest fruit were placed on commercial 

machines for cleaning and disinfecting pepper fruit. A unique and rapid method, Fallik et al., 

1996 for simultaneously rinsing and disinfecting (Israeli patent 116965) sweet pepper using 

hot water with 55+/- 10C for 12+/-2s. Quality parameters were evaluated immediately after 

harvest and at the end of 21 days storage at70C and 20C  plus three days at 200C (shelf life 

simulation).  

Control-unheated fruits wash only in cold water were either placed at 20C.  Half of this fruits 

were individually shrink-wrapped with Cryovac D-955 film and stored also at 20C and 

relative humidity of ˜ 90% (R.V.) during three weeks.  

Weight loss was expressed as percentage of weight loss from the initial weight of five fruits. 

Total soluble solid was measured using a digital refractometer.  Fruit color was assessed by 

Minolta colorimeter, for fruit firmness use method described Ben-Yehoshua et al (1983), CI- 

chilling injury measured visually as surface lesion on the fruits. Fruit was considered decayed 

once fungal mycelia appeared on the peel or calyx.   
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Total antioxidants activity (hydrolytic and lipophilic) was evaluated as scavenging capacity 

towards by measuring the decolorization of the cation radical of 2,2|-azino-bis-(3-

ethylbenthiazoline-6-sulphonic acid) (ABTS+) and expressed as Trolox equivalent 

antioxidant capacity (TEAC) Vinokur and Rodov, 2006.  

 

RESULTS AND DISCUSSION 

 

Antioxidant activity of bell peppers depends of several factors including genetic, 

environmental condition (temperature, light, water, and nutrien availability), production 

techniques used (plant grow regulators, date of harvest, etc.) and postharvest storage 

conditions.  

It is necessary to know more about the effects of posthatvest conditions, especially low 

temperature on antioxidants in pepper, becouse temperature is the main factor for pepper 

quality in terms of antioxidants.  

The relative capacity of antioxidants for scavenging ABTS˙+ radical was compared to the 

antioxidant potency of Trolox (water-soluble vitamin E) as standard. TAA in red bell pepper 

immediately after harvest was 4.89 (0.84 lipophilic and 4,05 hydrophilic) µmol TE/g fr.wt. 

After 3 weeks storage at 20C, TAA in pepper with cold wash treatment was 4.72 and 3.97 

TEAC µmol TE/g fr.wt. in HWRB treatment.  

 

Tabela 1. Variation of antioxidant activity during 3 weeks storage on low (2 or 70C) followed     

by 3 day on 200C (shelf life) as expressed by TEAC values (µmol TE/g fresh weigh). 

 Ukupna antioksidativna aktivnost 

Total antioxidant activity (TAA) 

µmol TE/g fresh weigh 

 Lipophylic Hydrophylic Total 

 TE TEAC  TE TEAC  

 

TEAC 

Start T0 0,06 0,84 0,34 4,05 4,89 
After 3week storage on 7

0
C 

7
0
C  T21 0,10 1,55 0,29 3,45 4,00 

7
0
C   T 21+3 0,15 2,31 0,31 3,76 6,07 

After 3 weeks storage on 2
0
C 

2
0
C Cold Water -T21 0,09 1,30 0,29 3,42 4,72 

2
0
C C.W +shrink -T21 0,09 1,40 0,26 2,99 4,39 

2
0
C    HWRB  - T21 0,08 1,12 0,30 3,53 4,65 

2
0
C HWRB+shrink-T21 0,08 1,08 0,29 3,44 4,61 

After 3 weeks on 2
0
C  + 3day on 20

0
C (shelf life) 

2
0
C Cold Water -T21+3d. shelf  life 0,14 2,04 0,33 3,93 5,97 

2
0
C C.W + shrink -T21+3 0,10 1,80 0,26 3,20 5,00 

2
0
C Hot.Water.R.B -T21+3 0,14 2,06 0,32 3,82 5,88 

2
0
C HWRB+shrink-T21+3 0,11 1,87 0,30 3,57 5,44 

 

After 3weeks +3days shelf life on 200C TAA slowly growing up and obtained content of 

5.97 in cold wash treatment and 5.88 TEAC µmol TE/g fr.wt. in HWRB. This is mainly due 

to changes in the lipophilic activity-LAA(treatment with cold water-2,04 and 2,06 µmol TE/g 

fr.wt. in HWRB, comparing with 0.84 µmol TE/g fr.wt. on beginning of storage). 

Hydrophilic antioxidant activity-HAA remains practically unchanged.  
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In fruit was stored at 70C pepper ripeness has been associated with carotenoids accumulation 

especially after 3 days on room temperature (shelf life), TAA was 5.33 TEAC (LAA 2.03) 

µmol TE/g fr.w.  

Increasing TAA during low temperature storage could be related to ripening processes and 

metabolism of phenolic compounds Javanmardi and Kubota., 2006. During ripening, the 

TAA increases and this increase is mainly due to changes in to the LAA. HAA remains 

practically unchanged after 3 week on 20C (between 2-5%) from the initial value. Similarly, 

Martinez et al.,(2005) published that during storage of red pepper at 40C for up to 20 days 

showed losses in ascorbic acid content around 15%.  

The new method was applied for evaluation of TAA (HAA and LAA) in various treatment 

on low temperatures on pepper fruits during prolonged storage. In pepper fruit this ratio 

between HAA and LAA was 1:2 and 1: 3, depend of storage temperature and postharvest 

treatment (heat treated and wrapped fruit). In investigations Vinocur and Rodov., (2006)  in 

cherry tomatoes this ratio changed from approximately 1:5 in green fruit to 1:3 in pink one 

and 1: 1,5 in red one. In parallel, the total activity, increased from 0.6 to 1.5µM Trolox 

equivalents (TE) per gram fresh weight, most probably  due to the accumulation of lycopene. 

Similar trends in changes of lipophylic and hydrophillic antioxidant activity in ripening 

tomatoes were described by Cano et al., (2003). Practically all antioxidant activity of 

strawberry was represent by hydrophillic compounds with just trace amount of lipophilic 

antioxidants.  

Temperature stresses before storage (hot water 550C for 12 sec) and low temperature during 

storage conditions (3 weeks on 20C) affect the pathways involved in the biosynthesis 

secondary metabolites, lead to higher phenolic metabolism and antioxidant capacity on 

pepper fruit.  

 

Tab. 2 : Total carotenoid content (mg/g) in pepper fruit during storage period  

 

Content of carotenoides  mg/g 

Start T0 0,10 

7
0
C  T21 0,17 

7
0
C   T 21+3 0,29 

  
2

0
C Cold Water -T21 0,13 

2
0
C C.W +shrink -T21 0,12 

2
0
C    HWRB  - T21 0,11 

2
0
C HWRB+shrink-T21 0,10 

  
2

0
C Cold Water -T21+3d. shelf  life  0,22 

2
0
C C.W +shrink -T21+3 0,21 

2
0
C Hot.Water.R.B -T21+3 0,22 

2
0
C HWRB+shrink-T21+3 0,21 

 

A total carotenoid content of bell peppers after 3week of storage on 20C remains practically 

unchanged (especially fruit from hot water treatment and wrapped fruit - 10mg/g) in 

comparing with 0,10mg/kg on beginning of storage. Content in cold water fruit was 

0,13mg/g.  In same period carotenoid content in fruit storage at 70C was 0.17mg/kg fresh 

weight.  

After shelf life period (adding 3day on 200C) the carotenoide content was significant 

increased as much as at 70C (0,29mg/g f.w.) in compare to fruit on 20C (0,21-0,22 mg/kg 
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f.w.).In fruit was stored at 70C pepper ripeness has been associated with carotenoids 

accumulation especially after 3 days on room temperature – during shelf life period. 

   

 Tab.3: Quality parameters of red bell pepper after prolonged storage on low temperature  

3 weeks +3 days on 

200C  

Water 

loss% 

Firmness 

( 1-4) 

Decay 

% 

fruit 

Decay 

% 

calyx 

Color 

1-4 

Chilling 

injury - CI 

HWRB – 70C 3,31 

 

3,2 18,2 6,0 3.5 0 

Cold water – 20C 3,95 

 

2,6 30,5 23.6 3.25 78,5 

HWRB  4,24 2,5 28,3 25,2 3.5 53,5 

Cold water +shrink 0,47 

 

2,2 14,5 7,2 3.25 9,2 

HWRB+shrink 0,56 2,0 13,2 7,9 3.0 8,1 

 

 

Shelf life begins after harvest, therefore maintaining a low rate of weight loss and softening 

in bell pepper after harvest is important for prolonged storage and sea transport to distant 

markets. Fruit quality can be characterized by several interrelated factors, such as general 

appearance, firmness and decay incidence. The general appearance (GA) of fresh bell 

peppers, firmness and texture are important criteria for determining market quality and 

consumer acceptance. Quality of bell pepper after harvest is largely influenced by water loss 

from the fruit. About 26% of the water loss in mature fruit occurred through the calyx (Diaz-

Perez et al., 2006).  Fruit water loss was positively correlated with degree of chilling injury.  

Damage caused by chilling injury in peppers is typified by dot-pitting followed by sheet-

pitting. The degree of chilling injury depends on the temperature to which it is exposed, the 

duration of exposure, maturity and the part of the fruit. Hot water treatment and shrink film 

wrapping decreases percent of chilling on bell pepper fruit during storage on low 

temperature.  The individually shrink-wrapped pepper fruit could be stored for 3 weeks on 

20C followed prestorage treatments with cold and hot water rinsing.  

In same time non wrapped fruit from same treatment,  showed big percente of CI (chilling 

injury) symptoms (78,5% and 53,5% ) during shelf life period (3 days on 200C). The 

wrapped fruits ripened normally with good sensory traits (with firm texture and good 

flavour), during shelf life period when shifed to 200C after unwrapping.  

Steam and calyx are more sensitive fruit part in comparison with fruit mescarp. These 

morphological lesions may lead to Alternaria-induced rot on pods and calyxes, seed 

darkening, and fruit shrinkage due to moisture loss. This chilling induced fruit damage 

markedly reduces the quality and shelf life of pepper fruit.  
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KRATOK IZVADOK  
 

Piperkata (Capsicim annum L.) e zelen~ukov vid, poznat po sodr`nata na 
antioksidanti koi se mnogu zna~ajni za hranliva vrednost na piperkata. 
Vkupnata antioksidativna aktivnost (TAA) na plodovite od piperkata se 
izrazuva so TEAC (trolox equivalent antioksidant capacity). So ovoj metod se odreduva 
hidrofilnata (vitamin S) i lipofilnata (karotinoidi i vitamin E) sodr`ina 
i se bazira na vkupniot kapacitet na ~istewe na radikalite i sposobnosta za 
otstranuvawe na ve}e postoe~kite ABTS radikali (ABTS+) po metodot na Vinokur 

i Rodov (2006). Plodovite se ~isteni i dezinficirani so topla voda proprateno 
so ~etkawe i tu{irawe (HWRB- hot water rinsing and brushing) na 550C opi{ano vo 
metodot na Fallik et all., (1999). Plodovite mieni so obi~na voda bea zemeni za 
kontrola. Plodovite bea ~uvani na 20C i 70C za vreme od 3 nedeli +3 dena na 
200C (shelf-life simulacija na proda`nite uslovi).  

TAA kaj crvenite piperki, tip babura, neposredno posle berbata be{e 4.89 (0.84 

lipofilna i 4.05 hidrofilna aktivnost) µmol TE/g sve`a masa. Posle 
trinedelnoto ~uvawe na 20C, TAA kaj varijantata na piperki mieni so ladna 
voda be{e 4,72 i 4.65TEAC µmol TE/g kaj HWRB.  

Posle 3 nedeli na 20C+3 dena na 200C, TAA blago raste so kone~na sodr`ina od 
5.97 kaj varijantata so ladna voda i 5.88 TEAC µmol TE/g suva masa kaj HWRB. Ova 
zgolemuvawe voglavno se slu~uva za vreme na promenite vo lipofilnata 
aktivnost (varijantata so ladna voda 2.04 i 2,06 µmol TE/g sve`a masa kaj HWRB,  

vo sporedba so 0.84 µmol TE/g suva masa na po~etokot od ~uvaweto). 

Hidrofilnata antioksidativna aktivnost prakti~no ostanuva nepromeneta. 
Kaj plodovite ~uvani na 70C zreeweto e prateno so akumulacija na karotenoidi 
posebno posle shelf-life periodot, kade TAA be{e 6,07 ( lipofilna faza 2.31) 

µmol TE/g sve`a masa.  

Klu~ni zborovi: skladirawe, piperka, antioksidant, kvalitet, niska 
temperatura 
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SUMMARY 

 

Consumer and retailer need for year round supply of quality apples drives the desire for 
improving, and lengthening apple storage.  In recent years, growers have come to depend 
on 1-MCP or SmartFresh™ (supplied by Agrofresh, a subsidiary of Rohm & Hass) as 
one of the most vital tools in achieving success for UK quality apple storage. 
SmartFresh™ is an ethylene antagonist, known for its effects on ripening of many fresh 
produce, and in delaying senescence. Undoubtedly, SmartFresh™ has had a major impact 
on apple storage; more stores each season have been treated with SmartFresh™ with 
increasingly better performance as store monitoring year on year by Landseer Ltd. 
(Agrofresh’s sole agent in the UK) enables improved protocols for the use of 
SmartFresh™. Whilst still in its relative infancy, SmartFresh™ has proved its efficacy 
with a number of varieties of apples, although this does vary on a varietal basis. This 
evaluation will assess whether SmartFresh™ can stand the trials of time or if, and when, 
other competing technologies will take its place. Proven for long term storage of 
‘Bramley Seedling’, ‘Gala’, and ‘Cox’ varieties in the UK, there has been recent uptake 
by growers for other varieties, ‘Jonagold’, ‘Egremont’ and ‘Empire’. However useful 
SmartFresh™ may be in maintaining higher pressures for ‘Cox’, there have been 
problems thought to have been caused by SmartFresh™ with darkening of the russet 
areas (stem end), making fruits largely unmarketable. This phenomenon caused near total 
loss of the New Zealand postharvest ‘Cox’ crops in 2005-6. A further recent advance in 
Controlled Atmosphere (CA) storage is Dynamic CA where chlorophyll stress levels to 
ultra low oxygen (ULO) levels can be measured by FIRM (fluorescence interactive 
response monitor, Satlantic Inc.). From results on trials using DCA and in comparison or 
in harmony with SmartFresh™, it is unlikely that DCA will alone replace the use of 
SmartFresh™ and/or DPA (diphenylamine) for conventional crops, though it may prove 
effective for non-chemical storage of organic produce. Agrofresh’s new ‘Harvista’ 
technology (1-MCP in the form of a preharvest field spray) may also prove to be a useful 
tool for maintenance of postharvest quality, though there is much research to be carried 
out before it is ready for commercial use in Europe. 
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COMMERCIALISATION OF 1-MCP 

Whilst commercialisation of SmartFresh™ has been aimed mainly at long term storage of 
apples, it is now registered in the UK for tomatoes (2005), and plums (2007). However, 
its ease into the commercial arena for tomatoes has been hindered to an extent by simple 
supply chain logistics, and how to treat without a standard, airtight store already in place, 
as well as in the rigid, short time-scale allowed for tomatoes after harvest. This dilemma 
is not a consideration when treating apples; there are already air-tight structures in place 
for CA storage, and large volumes can be treated on a once-only harvest per season. 
Much of the research carried out on crops other than apples has been on a semi-
commercial basis, controlled by Agrofresh and it’s UK agent, Landseer Ltd. Results from 
a number of trials are not as yet available commercially, though it is anticipated that more 
information will become available shortly. 
After Controlled Atmosphere storage (CA), perhaps the most significant impact on UK 
apple storage (and globally) has been the use of SmartFresh™ or 1-MCP.  Efficacy 
studies carried out in the UK between 2000 and 2007 has been aimed at developing 
protocols for the optimal use of SmartFresh™, and further improvements thereto. This 
established the correct dose rate (now at 625ppb for UK storage), and assessed benefits 
on firmness and scald for a number of varieties: ‘Cox’, ‘Gala’, ‘Bramley’, ‘Fiesta’, 
‘Jonagold’ and ‘Braeburn’. Pre-harvest practices were also defined as having a bearing 
on postharvest quality and storability for these varieties. Its benefits in preventing scald, 
bitterpit and other storage disorders have been more clearly defined, though its effects on 
senescent related rots are not so well defined, with differing produce-specific effects 
(Porat et al., 1999; Janisiewicz et al; 2003, Phasey, unpublished data). 

 

Application and sampling practices 

For most produce it is recommended that a concentration of 625ppb is used. Approval for 
such was obtained from the Pesticides Safety Directorate in 2003.  Application practices 
have been modified to optimise even distribution of SmartFresh™ throughout the storage 
area. Older stores are still greased on leaky joints. It has been noted that some materials 
absorb 1-MCP and therefore lessen the effects of the treatment, e.g. wet apple bins (oak 
wood) (Beaudry, 2004). However, in practice, this matter has never been observed as a 
problem, and it is assumed that enough SmartFresh™ reaches all fruits. Currently, 
application of SmartFresh™ is carried out by Landseer Ltd. for all UK apple stores. This 
enables strict protocols to be observed during initial sealing of the store and during 
treatment. Application is by way of a motorised dispenser system designed by Agrofresh 
to deliver SmartFresh™ effectively to all areas of the store. Staff are trained in 
administering the correct dosage, for correct timing, and venting after treatment. Netted 
samples each of 10 fruits are left in store during treatment as a representative sample of 
treated fruits, and a similar number of nets are left outside of store in a cooler which serve 
as control fruits for future assessments, and after treatment in store, these are then placed 
back into the main storage area. A sample of one control net and one ‘treated’ net are 
then collected periodically for assessment of firmness, scald and other disorders, rots, and 
overall quality. All data obtained from all SmartFresh™ treated stores are then 
collectively analysed – any trends or new observations similarly recorded to improve 
storage practice in future. This also enables analysis of individual store performance, as 
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well as correlations with preharvest factors to be noted. Growers can be advised of any 
potential problems in store and indications as to marketability in terms of firmness (the 
over-riding criteria for supermarket retailers) can be assessed and acted upon 
appropriately. 
 
MOST COMMONLY STORED UK APPLE VARIETIES: 

 

‘Bramley Seedling’ – main crop, UK cooking variety 

A variety high in malic acid, unsuitable as a dessert cultivar, the UK is the only country 
to dedicate such a variety solely for processing. In 2007, 285 UK stores of ‘Bramley’ 
were treated with SmartFresh™, a total of 107,000 bins (Landseer Pers. Com. 2007).  
Only 28% of ‘Bramley’ stores treated with SmartFresh™ were also treated with DPA. 
This is highly favourable to supermarket retailers as well as growers and consumers, and 
it may be concluded that SmartFresh™ has enabled a massive drop in the number of 
stores using DPA. Most ‘Bramley’ stores were filled within 2-3 days of harvest and all 
were treated between 6th and 23rd September for the 2007 season (Landseer, 2007).  For 
first assessments after storage in 2007, bitter pit was substantially suppressed by 
SmartFresh in all storage regimes, though bitter pit was suppressed in untreated fruits in 
5:1 (ULO) +DPA stores equally as well (Landseer, 2007). SmartFresh™ is also able to 
reduce the feel of epidermal ‘greasiness’ in ‘Bramley’, and maintain the desired darker 
green colour, both important commercial benefits. The use of SmartFresh in UK 
‘Bramley’ apple storage has had a major impact for long-term storage of quality fruits, 
enabling virtually all year round supply. 
 

‘Cox’ – UK main dessert variety 

Cox’ is a popular dessert variety of apple, commonly grown and consumed in the UK, 
despite its often problematic pre-harvest crop cycle. Growers are now able to stagger 
their market window for ‘Cox’ by treating some ‘Cox’ stores with SmartFresh™ for later 
marketing, and some left without treating for earlier markets. One point of concern has 
been the phenomenon of darkening of the russet area by SmartFresh™ which appears to 
develop upon shelf life of fruits; often referred to as “SmartFresh Russet” or tanning. 
From observations during store monitoring and data analysis it can be cited that there are 
possibly four factors involved that may predispose fruits to SmartFresh™ related 
darkening of russet-areas on ‘Cox’: 
1. Pre-harvest climatic factors – hours of sunshine before harvest, temperature 
fluctuations, rain. Pre-harvest climatic conditions in the 2007 season were such that ‘Cox’ 
apples had little or even no normal russet and therefore SmartFresh™ related darkening 
has not so far been observed in storage or samples taken from storage. 
2.  SmartFresh application dose rate and timing – reduced doses appear to reduce 
predisposition to SmartFresh-russet without significant loss of firmness. Delayed 
SmartFresh™ application has the converse effect. Other pilot studies by Landseer Ltd 
and Writtle College (unpublished data) have also confirmed that MAP packaging does 
not have any effect on appearance of russet darkening. 
3.  Use of pre-harvest fungicides; though there is no definitive data as yet, it may be a 
factor requiring further investigation. 
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4. Temperature fluctuations after storage – store samples have been subject to the 
SmartFresh russet whilst in-store fruits have not. This may be because of fluctuations in 
temperatures during the immediate post-storage period. 
 

‘Gala’ – a consistently ‘watery’ dessert apple 

‘Gala’ can be stored successfully with CA and SmartFresh™. Forty five UK stores were 
treated in the 2007 season, 27% were stored in refrigerated air (RA), with 13% in ULO, 
38% in 5:1, and 22% in 8-10% CO2. In the 2007 season, all SmartFresh™ Gala stores 
were treated between 26th September and 5th October.  However, it has been 
demonstrated that whilst firmness and acidity are maintained in ‘Gala’ under these 
conditions, it is evident that SmartFresh affects aroma volatile development. A trained 
panel, as reported by Moya-Leon et al (2007), however, preferred SmartFresh™/CA 
stored ‘Gala’ apples, despite evidence of a reduction in important taste perception aroma 
volatiles; textural quality was therefore of more importance.  Wawrzynczak (2007) also 
noted that firmness and acidity could be maintained by SmartFresh™ and CA storage, 
though sugars were unaffected, and internal ethylene production reduced. Kreuz et al 
(2003) identified three main areas where ‘Gala’ could benefit from SmartFresh™: (1) 
increase supply during certain periods where there would normally be a shortfall (2) 
reduction in need for imports and (3) maintaining firmness and quality in storage. These 
can be considered the most important factors affecting overall usage of SmartFresh™ for 
apple storage in the UK as well, and for a number of varieties. It appears that for some 
varieties maintaining firmness and juiciness with a ‘crispier’ eating texture is more 
important for supermarket retailers and some consumers than the possible coexisting loss 
of aroma volatiles. Whether this will reverse in future as market trends towards better 
tasting fruits gains momentum remains to be seen.  

 

FUTURE STORAGE TECHNOLOGY – DYNAMIC CONTROLLED 

ATMOSPHERE (DCA) 

Optimal long term storage of fresh produce has long been achieved by controlled 
atmosphere (CA) – high levels of CO2 and low O2 together with correct refrigeration 
techniques.  Respiration and ethylene production are thus slowed down by this process, 
as well as delaying the onset of senescence and rots. Reducing O2 levels to the minimum 
tolerance level by fruit (ULO) without inducing anaerobic respiration can therefore 
optimise these storage conditions. The use of DCA has therefore been designed to take 
into all these factors and for the fruit to ‘control’ its own atmosphere in store. Low-
oxygen stress of any produce containing chlorophyll can be assessed by non-destructive 
means (HarvestWatch; Satlantic Inc., Halifax, N.S., Canada). HarvestWatch is a sensor 
and computer-based software system that senses changes in chlorophyll fluorescence of 
the fruit and is thereby able to determine optimum storage conditions. However, the 
technology has associated risks; its sensors assume that the crop is uniform which may 
not be the case as mixed stores are common with produce from different orchards and 
different harvesting dates. Also, sensor technology needs to be risk free in terms of its 
efficiency otherwise whole crop wastage can result. 
Despite its possible limitations, DCA storage may prove more beneficial for organic 
produce. Further research will be required to evaluate the benefits of DCA alone for 
controlling storage disorders in the many varieties grown for long term storage, and as to 
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whether it can compare favourably with SmartFresh™ or if combined technologies of 
DCA and 1-MCP will prove most effective. SmartFresh™ has proven itself as a 
favourable tool in partially replacing DPA for scald prevention; DPA is disapproved of 
by supermarket retailers who largely control the fresh produce market in the UK. Whilst 
leaving no residues after treatment, SmartFresh™ compares well to the undesirable, toxic 
profile of DPA - it may be that in the future such retailers will wish to dispense of all 
chemical postharvest treatments and DCA could fill the gap. It does, however, still need 
to be fully evaluated by further research and scaled up to commercial settings; costs will 
have to be compared with one-off treatments and ease of use of SmartFresh™.  
It is important to note the effect of SmartFresh™ in maintaining firmness after storage in 
shelf-life; DCA’s effects are short-lived in this respect. Whilst there has been recent 
research interest in dynamic controlled atmosphere storage (ULO) in practical, 
commercial terms, it is unlikely that this will replace the use of SmartFresh™ for long 
term apple storage at least in the foreseeable future for UK apple storage. 
There does not appear to be any other storage technology which can assist in 
improvement of long-term stored apples at the present time, although there may be a new 
development of some preharvest applied technology that may thus benefit postharvest 
storage due for research and marketing in future. This could be ‘Harvista™’, a new 
preharvest management tool – a 1-MCP field spray under development by AgroFresh. 
Costs will prove to be the over-riding factor in its uptake once its efficacy is proven. 
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KRATOK IZVADOK 

 
Konsumatorite i trgovcite so godini nanazad imaat potreba od 
celogodi{no snabduvawe so kvalitetni jabolka i se noseni so `elbata za 
podobruvawe I prodol`uvawe na skladiraweto na jabolkata. Vo poslednite 
godini proizvoditelite stanaa zavisni od upotrebata na 1-MCP ili 
SmartFresh™ (snabden od Agrofresh, Rohm & Hass) kako edna od najva`nite 
alatki vo dostignuvaweto na uspeh vo ~uvaweto na jabolka vo Velika 
Britanija. SmartFresh™ e antagonist na etilenot, poznat po vlijanieto na 
zreeweto na mnogu sve`i proizvodi i odlo`uvaweto na stareeweto. Bez 
somnevawe SmartFresh™ ja ima glavnata primena vo skladiraweto na 
jabolkata; mnogu skladi{ta sekoja sezona se tretirani so SmartFresh™ 

podobruvaj}i gi uslovite za skladirawe prateno od godina vo godina od 
Landseer Ltd. (Agrofresh’s nezavisen zastapnik vo UK) koj gi odobruva 
podobrenite protokoli za upotreba na SmartFresh™. Iako seu{te relativno 
rano, SmartFresh™ ja doka`a efikasnosta kaj mnogu sorti od jabolka iako 
postojat razliki soglasno karakteristikite na sortata. Ovaa evaluacija }e 
dade jasna slika dali SmartFresh™ mo`e da se nosi so vremeto i dali i koga 
drugi konkurentni tehnolo{ki re{enija }e go zamenat. Doka`ana e za dolg 
period na ~uvawe na ‘sadnici od sortata Bramley’, sortite ‘Gala’, i ‘Cox’ vo 
Velika Britanija. Vo skoro proizveditelite po~naat da go upotrebuvaat za 
drugi sorti kako ‘Jonagold’, ‘Egremont’ i ‘Empire’. Me|utoa so upotrebata na 
SmartFresh™ na sortata ‘Cox’ se javuvaat o{tetuvawa vo vid na potemnuvawe 
na crvenata boja okolu plodnata dr{ka {to gi pravi plodovite nepazarni. 

Ovaa pojava predizvika golemi zagubi kaj sortata ‘Cox’ za 2005-2006god. vo 
Nov Zeland. Napredok vo skladiraweto so kontrolirana atmosfera (CA) e 
dinami~nata kontrolirana atmosfera (DCA), kade nivoto na hlorofil pri 
ultra nisko nivo na kislorod (ULO) mo`e da se izmeri so FIRM 

(fluorescenten interaktiven kontrolen ured, Satlantic Inc.). Od rezultatite 
na istra`uvawata so primena na dinami~na kontrolirana atmosfera vo 
sporedba so SmartFresh™, verojatnosta za zamena na SmartFresh™ so 
dinami~nata kontroliranata atmosfera (DCA) e mala. Istoto se odnesuva i 
za upotrebata na DPA (difenilaminot) na konvencionalnite kulturi iako se 
poka`a kako dosta efikasen proizvod pri ~uvaweto na organski proizvodi. 

Novata “Harvista” tehnologija na Agrofresh (primena na 1-MCP na pole) mo`e 
vo idnina da bide korisna alatka vo oddr`uvaweto na posleberbeniot 
kvalitet, iako za komercijalna upotreba vo Evropa potrebno e da se 
napravat pove}e detalni istra`uvawa. 
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Table 1: Storage conditions for apples stored in Slovenia  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In Slovenia we have storage capacity for 50.000 tons. Main apple varieties are stored under 

ULO conditions at temperature interval 1 – 2,5 °C and in atmosphere with 1 – 2,5 % of O2 

(Table 1). Braeburn variety is rather susceptible to low O2 concentration and is therefore kept 

at 2,5 % of O2. Concentration of CO2 is now a bit lower and amounts around 1,0 % due to the 

problems with internal browning in the past.  

 

Main physiological disorders that appear during or after storage of apples.  

 

Cork spot and bitter pit 

These disorders appear to be specifically related to low levels of calcium and sometimes high 

levels of nitrogen in the fruit flesh. In the past the appearance of•cork spot and bitter pit 

disorder was quite common also in intensive orhards in Slovenia. Although the lack of 

calcium does not appear to be the only  cause of disorder, nowadays growers applicate  4 – 7 

calcium foliar sprayings per season. Calcium treatmentst prevent satisfactory the appearance 

of cork spot and bitter pit on majority of cultivars in Slovenia. The exception is sometimes 

variety Mutsu, especially bigger fruits.  

 

 VARIETY TEMP. (°C) O2 ( %)  CO2( %)  

IDARED +1,5 1,2 1,0 

JONAGOLD +1,5 1,0 1,0 

ZLATI DEL. +1,0 1,0 1,0 

GLOSTER +1,5 1,2 1,0 

ELSTAR +1,5 1,0  1,0   

GALA +1,0 1,4 1,2 

MELROSE +2,0 1,2 1,0 

JONATHAN +2,5 2,5 1,5 

BRAEBURN +1,5 2,5 1,0 

MUTSU +1,0 1,0 1,0 

GRANNY +1,0 1,0  1,0  

FUJI +1,0 1,2 1,0 
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Superficial scald 

Storage scald is a physiological disease, which appears on the cuticles of apples after cold 

storage. It mainly affects varieties with no or little red colour. Granny Smith apples are among 

the most sensible , although scald sometimes appear also on non-red coloured Jonagold, 

Melrose and Idared .The severity of the scald is influenced by apple cultivar, growing season, 

cultural practice, harvest maturity, and storage conditions. Antioxidants present in apple skin 

(anthocyanins) play an important role in preventing disorder. Seasons with high temperatures 

before harvest are particularly dangerous, because no or little red coloration develop.  

Storage scald is controlled by applying antioxidants such as diphenylamine (DPA). The other 

measures include a little bit late picking date, open tree canopy with adequate exposure to 

light, foliar application of calcium and not excessive nitrogen application.  

It is recommended to establish storage conditions as soon as possible after harvest and 

maintain oxygen at lowest concentration possible. Since 1-MCP is allowed in Slovenia from 

this season, we expect that apples treated with 1-MCP will develop less scald. Data from the 

literature support this hypothesis.  

 

Elstar Skin Spots 

Skin spot of Elstar is a disorder similar to scald but is characterised by much less intensive 

brown colouring. It is a disease that was discovered recently and its origin is mostly unknown. 

Skin spot affect apples more seriously: 

- in North Europe 

- from inner part of the canopy 

- when there is less sunshine before and during harvest 

- application of Smartfresh increases disorder 

- when stored in storage: humudity, low CO2 and low ethylene concentration.  

Recommendations to reduce the disorder include a litle bit higher ethylene concentration and 

a little bit higher CO2 concentration and a lower humidity in storage room. Contrary to scald 

reccomendations an• early harvest date is reccomended to better control skin spot on Elstar. 

General recommendations for apple growers to have fruits well exposed to light that is 

considered beneficial in preventing skin spots too.  

Recommendation regarding storage conditions is implementation of dynamic controll storage 

– not immediate reduction of O2. After harvest, controlled atmosphere conditions are 

established more slowly.   

 

Water Core 

It is a preharvest disorder that manifests in water soaked regions in the flesh. It is glassy in 

appearance and not visible externally. Water soaked areas are found near the core of fruit but 

may involve the entire apple. The browning and internal breakdown that results from severe 

water core is likely due to reduced gas diffusion in the affected tissue and may involve 

anaerobiosis which results in an accumulation of ethanol and acetaldehyde. 

Apples from arid or semi-arid climates are more prone to develop disorder. Water core is 

promoted by large fruit, is associated with high maturity fruit and low night temperatures 

before harvest.  

Symptoms often increase rapidly as fruit become over mature but does not increase after post 

harvest. If symptoms are mild to moderate, they may disappear completely in storage. The 

recommendation we use in Slovenia is a little bit early harvest and so called rule 14 –14; after 

harvest fruits are left at 14 °C for 14 days and put in storage rooms afterwards. In Slovenia 

only Gloster and Fuji are known to develop water core, especially in case of high rain just 

before harvest.  
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Braeburn internal browning 
Braeburn is popular red coloured apple variety, grown to lesser extent also in Slovenia. It is 

susceptible to the development of an internal disorder called Braeburn' browning disorder. If 

developed to severe extent the internal browning and cavities develop rending fruit inedible. 

The incidence of disorder is reduced when the time to establish CA conditions is prolonged. 

We recommend that 'Braeburn' apples be stored under CA conditions of 2,5 % of O2 and 1,0 

% of CO2. Some recommendations include also higher CO2 concentration up to 4 %. Delayed 

application of CA for 2 weeks after fruit enter the cold storage may also reduce the 

development of disorder.  

 

Internal browning of Idared 

Idared is most widely cultivated apple variety in Slovenia and represents 30 % of all apple 

production. It is well accepted by growers and retailers, although its sensory characteristic are 

not well pleased by consumers. Idared generally stores well in some growing season internal 

browning may occur usually at the end of storage period (May, June). When storage is 

prolonged in May or even in June we recommend close inspection of internal quality. Slight 

increase of O2 concentration at the end of storage period is of great benefit to prevent internal 

browning.  
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1-METHYLCYCLOPROPENE (1-MCP)  

UK APPLE GROWERS EXPERIENCES IN 2006 

 

Alan F J Gash 
Postharvest Unit, Writtle College, Chelmsford, Essex. UK. afjg@writtle.ac.uk 

 

Ethylene is a naturally occurring plant hormone which brings about a range of effects 
in plants.  These include abscission of leaves and petals, the loss of green colour and a 
number of ripening effects (including softening) in fruit.  In climacteric fruit such as 
apples, pears and kiwifruit, peak respiration during ripening is associated with internal 
ethylene production.  In these fruits an exogenous source initiates the ripening 
processes (once a threshold level, specific to each species, is applied) and brings 
about autocatalytic production of internal ethylene.  In non-climacteric fruit such as 
cherries, citrus and berry fruits, where there is no natural peak in respiration and 
ethylene production associated with ripening, an exogenous source will bring about 
ripening, but this will only continue as long as the source of ethylene is continuous. 

1-MCP contains an active ingredient similar to a natural ethylene precursor.  It binds 
to cellular ethylene receptors, turning off a series of genes that begin the ripening 
processes and prevents natural ethylene from binding, thus inhibiting its effects.  It 
also inhibits any effects of an exogenous source; additionally, in some fruits including 
apples, 1-MCP inhibits the synthesis of internal ethylene.  To be fully effective (e.g. 
for long term produce storage) 1-MCP should saturate all ethylene receptors present at 
the time of application and occupy receptors before an exogenous source can have 
any influence.  The effects of 1-MCP are usually reversible, except for some 
immature fruits (e.g. pears), when new ethylene receptors are synthesised; this usually 
occurs after seven to 21 days at ambient temperatures.  

In the UK and Europe 1-MCP is used commercially as Smartfresh™ and is applied to 
apples in-store at a rate 625 ppb.  This low rate of application provides a high margin 
of safety to consumers and leaves no detectable residues in the produce.  
Smartfresh™ is now widely used in the UK, since its approval for use on apples in 
2003.  It complements current CA (controlled atmosphere) storage technologies and 
offers growers a buffer against store temperature fluctuations.  It also decreases the 
incidence of disorders such as scald and carbon dioxide injury, which can result from 
long-term CA storage and allows growers more marketing flexibility.  As far as 
consumers are concerned, Smartfresh™ maintains the important harvest parameters of 
appearance, freshness, firmness, flavour and nutrient quality.   

In the UK Smartfresh™ is applied in-store at the grower’s facility, where it is added 
to the air by means of a vapour release system.  It should ideally be applied as quickly 
as possible after harvest and only used on quality produce; that is, it is not a means of 
improving poor quality produce.  Smartfresh™ is applied for a period of 24 hours and 
after this time the store is fully ventilated before the CA conditions are imposed.  

The data presented in this report are for 2006 Smartfresh™ treated apples from a large 
number of CA stores in the southeast of England.  For each store, netted samples of 
10 fruits each were left in the store during the treatment period; the fruits in these nets 
were later removed as required for the assessments.  A similar number of nets of 
control fruits were left outside the store in a cooler whilst the store was being treated, 
then put into the store once it had been vented after the Smartfresh™ application.   
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The varieties represented here are the major ones grown in the UK and final 
(firmness) assessments were carried out after 90 days or when the apples were 
removed from the store in January or February. 

 

BRAMLEY 

Bramley is regarded as the finest culinary apple in the UK due to its unrivalled taste 
and texture after cooking.  It is only grown in Britain and is available throughout the 
year.  In the UK Bramley represents more than 95% of apples sold for home cooking 
and about the same proportion of all cooking apples grown. 

For Bramley harvested and treated early (in September) and stored under CA 
conditions with 9% CO2, treated fruits were 2.68 kg firmer (Fig 1) after storage for 90 
days followed by a further seven days at 20oC. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 1. Bramley apples harvested early and stored at 9% CO2 :-  Firmness (kg) 
readings (y axis) at harvest; after 90 days storage (+90d) for control (cont.) and 

Smartfresh  treated fruits (SF); and for fruits after a further seven days shelf-life 

storage (+shelf) at 20oC.  

For Bramley harvested late (late September/early October), the increase in firmness 
after similar storage conditions was 2.03 kg (Fig 2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 2. Bramley apples harvested late and stored at 9% CO2 :-  Firmness (kg) 
readings (y axis) at harvest; after 90 days storage (+90d) for control (cont.) and 
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Smartfresh  treated fruits (SF); and for fruits after a further seven days shelf-life 

storage (+shelf) at 20oC.  

Bramley stored in CA at 5:1 (O2:CO2) or 6:2 for 90 days showed similar increases in 
firmness and treated fruits assessed after a further seven days at 20oC had firmness 
increases of 1.72 kg and 1.34 kg respectively (Fig 3 and Fig 4) compared with 
untreated fruits. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 3. Bramley apples stored at 5% CO2 : 1% O2 :-  Firmness (kg) readings (y 

axis) at harvest; after 90 days storage (+90d) for control (cont.) and Smartfresh  

treated fruits (SF); and for fruits after a further seven days shelf-life storage (+shelf) at 
20oC.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 4. Bramley apples stored at 6% CO2 : 2% O2 :-  Firmness (kg) readings (y 

axis) at harvest; after 90 days storage (+90d) for control (cont.) and Smartfresh  

treated fruits (SF); and for fruits after a further seven days shelf-life storage (+shelf) at 
20oC.  

The key observations for Bramley apples in 2006 were that the Smartfresh™ treated 
fruits had additional firmness, remained greener and were less greasy then untreated 
control fruits.  Apples of this variety could satisfactorily be loaded into stores over a 
range of picking dates, with good results being obtained regardless of the pick timing. 
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COX 

Cox is widely regarded as the finest of all English eating apples due to its superb 
flavour and aroma and is available from mid-September until early April. The variety 
represents about 60% of the total volume of commercially produced eating apples 
grown in the UK. 

For Cox apples stored under a range of CA conditions in 2006, Smartfresh™ fruits 
had increased firmness of 1.88 kg over control fruits (Fig 5) when assessed after 
storage plus seven days at 20oC. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 5. Cox apples stored at various CA conditions:  Firmness (kg) readings (y axis) 

at harvest; after 90 days storage (+90d) for control (cont.) and Smartfresh  treated 

fruits (SF); and for fruits after a further seven days shelf-life storage (+shelf) at 20oC.  
 

GALA 

Gals, a dessert apple, is a relatively new introduction to the UK and was first planted 
in commercial volumes during the 1980s.  It is available from late September until 
early March and the variety represents about 20% of the total volume of the 
commercial production of eating apples grown in UK. 

Apples of this variety were stored under different CA regimes and at varying starch 
levels at harvest.  For fruits stored at between 6% and 8% CO2 and with an average 
starch content of 50% at harvest, Smartfresh™ treated apples were 0.89 kg firmer that 
untreated fruits (Fig 6) when assessed after storage plus seven days at 20oC. 
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Fig 6. Gala apples stored at 6% to 8% CO2 with an average 50% starch at 

harvest-  Firmness (kg) readings (y axis) at harvest; after 90 days storage (+90d) for 

control (cont.) and Smartfresh  treated fruits (SF); and for fruits after a further seven 

days shelf-life storage (+shelf) at 20oC.  

For fruits stored under 5:1 CA conditions and with an average starch content of 30% 
at harvest, Smartfresh™ treated apples were 0.95 kg firmer that untreated fruits when 
assessments were carried out in January/February after seven days at 20oC (Fig 7). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 7. Gala apples stored at 5% CO2 : 1% O2 with an average 30% starch at 

harvest-  Firmness (kg) readings (y axis) at harvest; after 90 days storage (+90d) for 

control (cont.) and Smartfresh  treated fruits (SF); and for fruits after a further seven 

days shelf-life storage (+shelf) at 20oC.  

For fruits stored at 1% O2 and with an average starch content of 20% at harvest, 
Smartfresh™ treated apples were 1.09 kg firmer that untreated fruits when 
assessments were carried out in January/February(Fig 8). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 8. Gala apples stored at 1 O2 with an average 20% starch at harvest-  
Firmness (kg) readings (y axis) at harvest; after 90 days storage (+90d) for control 

(cont.) and Smartfresh  treated fruits (SF); and for fruits after a further seven days 

shelf-life storage (+shelf) at 20oC.  
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The key observations for Cox apples were that Smartfresh™ treated fruits had 
additional firmness, that starch levels at harvest were not critical and good results 
could be obtained under a range of storage regimes including ultra low oxygen 
conditions as well as less stringent regimes.  These advantages allowed for greater 
flexibility in packing from the store after opening. 

EGREMONT RUSSET 

Egremont Russet is the most important russet variety grown in the UK.  It has a 
distinctive appearance and taste and represents about 6% of the total volume of 
commercially produced eating apples grown. 
 

For this variety, Smartfresh™ treated apples stored under a range of conditions were 
0.62 kg firmer that untreated fruits when assessed after 90 days (Fig 9). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 9. Egremont Russet apples stored at various CA conditions -  Firmness (kg) 
readings (y axis) at harvest; after 90 days storage (+90d) for control (cont.) and 

Smartfresh  treated fruits (SF); and for fruits after a further seven days shelf-life 

storage (+shelf) at 20oC.  
The results presented here represent the findings from only a small number of the 
more than 200 stores treated with Smartfresh™ in 2006, but demonstrate the value of 
Smartfresh™ to growers, retailers and consumers on the UK. 
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