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POST HAR VEST DE CAY OF MAN DA RIN FRU IT  
IN SER BIA CA U SED BY Pe ni cil li um ex pan sum

AB STRACT: Man da rin fru its are one of the most po pu lar among the Ci trus ge nus. 
They are con su med be ca u se of the ir nu tri ti o nal and he alth be ne fits, as well as ple a sant ta ste 
and smell. This pa per de scri bes the iden ti fi ca tion and cha rac te ri za tion of Pe ni cil li um ex pan
sum, iso la ted from mol ded man da rin fru its. The ob ta i ned iso la tes we re cul ti va ted on fi ve 
me dia [Cza pek Yeast Au tolysa te agar (CYA), MEA (Malt ex tract agar), Cre a ti ne suc ro se 
agar (CREA), Yeast ex tract suc ro se agar (YES), and Oat meal agar (OA)] and at fi ve dif fe rent 
in cu ba tion tem pe ra tu res (5, 15, 25, 30, and 37 °C). Iso la tes we re se qu en ced for two mo le cu lar 
lo ci: in ter nal tran scri bed spa cer and be ta-tu bu lin. Ba sed on the re sults from morp ho lo gi cal, 
physi o lo gi cal, mo le cu lar, and phylo ge ne tic analyses, the re co ve red iso la tes we re iden ti fied 
as P. ex pan sum. The iso la ted spe ci es was con fir med as pat ho ge nic to man da rin fru its in a 
pat ho ge ni city test. To the best of our know led ge, this is the first re port of P. ex pan sum as a 
post har vest pat ho gen of man da rin fru it in Ser bia.

KEYWORDS: Ci trus re ti cu la ta, iden ti fi ca tion, morp ho lo gi cal analysis, mo le cu lar 
cha rac te ri za tion, pat ho ge ni city

IN TRO DUC TION

Ci trus fru its (oran ges, le mons, li mes, gra pe fru it, tan ge ri nes, and the ir 
va ri e ti es) are among the most im por tant crops wor ldwi de. They be long to the 
Ru ta ce ae plant fa mily and they are cul ti va ted in mo re than 140 co un tri es ac ross 
the glo be (Liu et al., 2012; Wu et al., 2018). The ir nu tri ti o nal va lu es ma ke them 
an im por tant part of the he althy hu man di et. 

One of the most po pu lar ci trus fru its is man da rin (Ci trus re ti cu la ta Blan co). 
It en com pas ses many va ri e ti es, hybrids, and mu tants that ha ve dis tinct na mes, 
but se ve ral terms are used in col lo qu i al spe ech (man da rins, cle men ti nes, tan-
ge ri nes, etc.). To get her with ci tron (C. me di ca) and pum me lo (C. ma xi ma), 
man da rins are con si de red an ce stral Ci trus spe ci es (Wu et al., 2018). The tasty 
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fla vo ur, ali men tary im por tan ce, se e dles sness in so me sorts, the ea se of pe e ling, 
and the small amo unt of the re si dual oils on hands du ring pe e ling are so me of 
the re a sons for be ing of ten the first cho i ce among the con su mers of ci trus fru its 
(El-Ot ma ni et al., 2011; Wang et al., 2018). Man da rin fru its are con su med in 
fresh form, used for man da rin ju i ce pro duc tion, or ap plied in the ma nu fac tu-
ring of jel li es, es sen tial oils, con fec ti o nery, and swe ets. Man da rin ju i ce is al so 
used for adul te ra tion of ot her ci trus ju i ces or for ma king fer men ted be ve ra ges 
(Put nik et al., 2017). Nu tri ti o nal be ne fits of man da rin fru it con sump tion in clu de 
vi ta mins C, E, and A, ca ro te no ids (phyto e ne, β-crypto xant hin, and vi o la xant-
hin), phe no lic com po unds, su gars, or ga nic acids, po tas si um, phosp ho rus, mag-
ne si um, ami no acids (aspa ra gi ne, ar gi ni ne, aspar tic acid, pro li ne, and glu ta mi ne). 
The se com po unds ha ve va ri o us an ti o xi dant, an ti-in flam ma tory, an ti car ci no-
ge nic, and car di o pro tec ti ve ef fects on hu man he alth (Codoñer-Franch and Valls-
Bellés, 2010; Put nik et al., 2017).

Pro duc tion of man da rin fru it and its va ri e ti es in 2018 was 34,393,430 tons 
with a ste a dily in cre a se in the last three de ca des (FA O STAT, 2020). Man da rins 
and be lon ging hybrids are ran ked the se cond of all the ci trus fru its pro du ced 
in the world (Pa lou et al., 2015). In Ser bia, the an nual im port of man da rin/
cle men ti ne/tan ge ri ne fru its in 2019 was 28,568.4 tons. Man da rin with its va-
ri e ti es was the se cond of all the ci trus fru its, and the fo urth of all the fru its 
im por ted in Ser bia in 2019 (Sta ti sti cal Of fi ce of the Re pu blic of Ser bia, 2020).

Many fun gi can at tack ci trus fru its (in clu ding man da rins) and ca u se di se-
a ses, in the fi eld or af ter har vest. Pat ho gens that in fect the plants in the or chard 
of ten can re main la tent and the di se a se can de ve lop la ter in the pac king ho u se. 
So me of the most im por tant post har vest fun gal pat ho gens from this gro up are 
La si o di plo dia the o bro mae, Pho mop sis ci tri, Al ter na ria ci tri, Bo tryti s ci ne rea, 
Col le to tric hum glo e o spo ri o i des, and Phytophtho ra ci trophtho ra. Pat ho ge nic 
fun gi from the se cond gro up in fect the man da rin fru it thro ugh in ju ri es or mic ro-
-wo unds. The se are known as wo und pat ho gens and so me of the cha rac te ri stic 
spe ci es that ca u se post har vest di se a ses are Pe ni cil li um di gi ta tum, P. ita li cum, 
and Ge o tric hum can di dum (Bar kai-Go lan, 2001; Pa lou et al., 2015). Two li sted 
Pe ni cil li um spe ci es are con si de red maybe the most im por tant post har vest di-
se a ses of ci trus fru its, con tri bu ting up to 90% of the to tal loss (Yang et al., 2019). 
Be si des men ti o ned, ot her spe ci es of Pe ni cil li um spp. are re por ted as pat ho gens 
of man da rin fru it and its va ri e ti es/hybrids: P. cru sto sum (Gar cha and Singh, 
1976), P. ula i en se (Tas hi ro et al., 2012; Park et al., 2018), and P. ex pan sum 
(Mo o sa et al., 2019). P. ex pan sum was al so iso la ted from man da rin fru it (Ci trus 
un shiu (Swin gle) Mar cov.) in a study by Liu et al. (2009), but the pat ho ge ni city 
test was not per for med. 

To the best of our know led ge, the only re por ted post har vest pat ho gen of 
man da rin fru it in Ser bia is C. glo e o spo ri o i des (Živ ko vić et al., 2012). Con si-
de ring that the re are no li te ra tu re da ta abo ut post har vest di se a ses ca u sed by 
Pe ni cil li um spe ci es on sto red man da rin fru it in Ser bia, the aim of this study was 
to elu ci da te the eti o logy of the Pe ni cil li um-li ke de cay, to iden tify the ca u sal agent(s) 
using the polypha sic ap pro ach – com bi ning morp ho lo gi cal, physi o lo gi cal, and 
mo le cu lar met hods – and to test the pat ho ge ni city of the ob ta i ned iso la tes.
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MA TE RI ALS AND MET HODS

Sam ple col lec tion and fun gal iso la tion

Man da rin fru its with blue mold symptoms we re col lec ted from the mar-
kets in Ser bia du ring 2017–2019. Symptoms in clu ded pa le, wa tery spots or the 
pre sen ce of the blue spo ru la tion on the fru it sur fa ce. Forty-eight sam ples ha ve 
been col lec ted in to tal and the iso la ti ons we re car ried out im me di a tely upon 
brin ging them to the la bo ra tory. Small pi e ces on the mar gin of the di se a sed 
and he althy tis sue we re re mo ved with a ste ri li zed scal pel and sur fa ce-ste ri li zed 
for 3 min in 1% aqu e o us ho me ble ach so lu tion. Af ter that, pi e ces we re rin sed 
three ti mes in ste ri le dis til led wa ter, pla ced and in cu ba ted on malt ex tract agar 
(MEA) for 7 days at 25 °C. Myce lial frag ments we re ta ken from the gro wing 
co lony mar gin and tran sfer red to new MEA pla tes. Ten mo no spo rial iso la tes 
we re pro du ced and pre ser ved on po ta to dex tro se agar (PDA) slants in the 
re fri ge ra tor at 4 °C.

Morp ho lo gi cal and physi o lo gi cal cha rac te ri za tion

The morp ho logy of the se ten iso la tes was exa mi ned on fi ve me dia: Cza-
pek Yeast Au tolysa te agar (CYA), MEA, Cre a ti ne suc ro se agar (CREA), Yeast 
ex tract suc ro se agar (YES), and Oat meal agar (OA). Cul tu res we re three-po int 
ino cu la ted with 1 µl of co ni dial su spen sion and in cu ba ted for 7 days at 25 °C 
(Vi sa gie et al., 2014). Af ter the in cu ba tion pe riod, co lony growth and tex tu re, 
de gree of spo ru la tion, the co lo ur of spo res, the pre sen ce and co lo urs of so lu ble 
pig ments and exu da tes, co lony re ver se co lo urs, and de gree of growth and acid 
pro duc tion (on CREA) we re re cor ded. 

The iso la tes we re al so ino cu la ted on CYA pla tes and in cu ba ted for 7 days 
in the dark at fi ve dif fe rent tem pe ra tu res (5, 15, 25, 30, and 37 °C) to exa mi ne 
the growth and the ap pe a ran ce of the cul tu res and to de tect li mi ting tem pe ra-
tu res for fun gal de ve lop ment.

Mic ro sco pic ob ser va tion

Mic ro sco pic sli des we re pre pa red from 10-day old MEA cul tu res with 
60% lac tic acid used as a mo un ting fluid (Vi sa gie et al., 2014). Co ni di op ho res’ 
bran ching pat terns, sha pe and tex tu re of phi a li des, the sha pe of co ni dia and 
or na men ta tion of the co ni dial cell wall we re re cor ded for all te sted iso la tes. 
Ob ser va ti ons we re per for med using an Olympus mic ro sco pe (mo del BX51, 
Olympus Cor po ra tion, Ja pan) and sli des we re pho to grap hed with Olympus 
ca me ra (mo del E620, Olympus Cor po ra tion, Ja pan) at tac hed to the mic ro sco pe. 
Me a su re ments of co ni dia (two di a me ters – length and width) we re do ne in the 
Qu ick Pho to Ca me ra soft wa re pro gram (PRO MIC RA, s.r.o., Czech Re pu blic).
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DNA ex trac ti on and PCR

Ge no mic DNA was ex trac ted from cul tu res grown on MEA for 7 days at 
25 °C. A ste ri le bla de was used to scra pe ro ughly 100 mg of myce li um from the 
pla te sur fa ce and to tran sfer it to a 2 ml cen tri fu ge mic ro tu be. Har ve sted myce-
li um was fro zen with li qu id ni tro gen and gro und using a ste ri le mic ro pe stle. 
Fun gal DNA was ex trac ted using a DNe asy Plant Mi ni Kit (Qi a gen, Hil den, 
Ger many) fol lo wing the ma nu fac tu rer’s in struc ti ons. The ob ta i ned DNA was 
pre ser ved at -20 °C un til furt her use.

To con firm morp ho lo gi cal iden ti fi ca tion, par tial se qu en ces of the in ter nal 
tran scri bed spa cer (ITS) re gion of the rD NA and β-tu bu lin ge ne (Be nA) we re 
am pli fied in a polyme ra se chain re ac tion (PCR), using the fun gal spe ci fic pri-
mers V9G/LS266 and Bt2a/Bt2b, re spec ti vely (Glass and Do nald son, 1995; 
Ma scla ux et al., 1995; de Ho og and van den En de, 1998) and fol lo wing the 
in struc ti ons from Vi sa gie et al. (2014). Am pli fi ca tion con di ti ons we re as fol-
lows: an ini tial de na tu ring step of 5 min at 94 °C, fol lo wed by 35 cycles of 45 s 
at 94 °C, 45 s at 55 °C, 1 min at 72 °C, and a fi nal de na tu ring step of 7 min at 
72 °C. The com po unds and vo lu mes for PCR re ac ti ons we re pre pa red as de-
scri bed in our pre vi o us work (Sto šić et al., 2020).

Se qu en cing and phylo ge ne tic analyses

The sa me pri mers used for PCR am pli fi ca ti ons we re al so used for the 
se qu en cing of the ob ta i ned PCR pro ducts. Pu ri fi ca tion and se qu en cing in both 
di rec ti ons of the re co ve red PCR am pli cons we re do ne by Mac ro gen’s Eu ro pe 
com mer cial se qu en cing ser vi ce (Mac ro gen Eu ro pe B.V., Am ster dam, the Net-
her lands). The se qu en ces’ qu a lity was exa mi ned using FinchTV soft wa re (ver-
sion 1.4.0, www.ge o spi za.co m /finchtv) and the Clu stalW al go rithm (Thomp son 
et al., 1994) in te gra ted in to ME GA7 soft wa re (Ku mar et al., 2016) used to 
com pu te con sen sus se qu en ces. Nuc le o ti de BLAST se arch al go rithm was ap-
plied to com pa re the si mi la rity of the se qu en ces from this study with the fun gal 
se qu en ces from the NCBI Gen Bank da ta ba se. Af ter the si mi la rity se arch and 
de fi ni ti ve iden ti fi ca tion, all ge ne ra ted se qu en ces we re de po si ted in the NCBI 
Gen Bank da ta ba se (Ta ble 1, ac ces sion num bers MT556009 and MT556010 
(ITS), MT563326, and MT563327 (Be nA)).

The phylo geny was as ses sed using ME GA soft wa re (ver sion 7.0.26, Ku-
mar et al., 2016). The ma xi mum li ke li hood (ML) tree was con struc ted for a 
com bi ned da ta set of ITS and Be nA se qu en ces (Ta ble 1). The gam ma-di stri bu-
ted Ta mu ra-Ne i mo del (G+I) with in va ri ant si tes was em ployed  as the best 
fit ting mo del of nuc le o ti de sub sti tu tion (5 di scre te gam ma ca te go ri es, com ple-
te de le tion of gaps/mis sing da ta tre at ment, ne a rest ne ig hbo ur in ter chan ge as 
ML he u ri stic met hod). The re li a bi lity of the ob ta i ned tre es was eva lu a ted with 
1,000 bo ot strap re pli ca ti ons for branch sta bi lity. Bo ot strap con fi den ce va lu es 
less than 70% we re omit ted and the se qu en ces of Asper gil lus ni ger (iso la te NRRL 
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326) we re de sig na ted as an out gro up in all analyses. Phylo ge ne tic tre es we re 
edi ted and pre pa red for pu bli ca tion in Ado be Il lu stra tor CS6 (Ado be, U.S.A.).

Ta ble 1. Ac ces sion num bers of Pe ni cil li um spp. iso la tes with col lec tion de ta ils used in the 
phylo ge ne tic analysis; iso la tes from this study are bol ded.

Spe ci es Strain/iso la te Sub stra te and ori gin Gen Bank ac ces si on s
IT S Be nA

A. ni ger NRRL 326 = CBS 554.65 Tan nin-gal lic acid fer men ta-
tion, Con nec ti cut, U.S.A. EF661186 EF661089

P. al li i IBT 3056=CBS 188.88 Food item, U.K. AJ005484 AY674333

P. cru sto sum FRR 1669 = CBS 115503 
= IMI 091917

Le mon fru it, Aber deen,  
Sco tland, UK AY373907 AY674353

P. cru sto sum SFC20140101-M781 = 5501 Unk nown KJ527442 KJ527407

P. cru sto sum CV1267 = DTO182I3
Pro tea re pens in fruc te scen ce, 
Ri ver lands (Mal mes bury),  
So uth Afri ca

JX091401 JX091537

P. cru sto sum CV1529 = DTO183C4
Pro tea re pens in fruc te scen ce, 
Ri ver lands (Mal mes bury),  
So uth Afri ca

JX091402 JX091538

P. cru sto sum CV0241 = DTO181D2 Pro tea re pens in fruc te scen ce, 
Stel len bosch, So uth Afri ca JX091403 JX091536

P. cru sto sum CV0251 = DTO181D6
Mi te from Pro tea re pens  
in fruc te scen ce, Stel len bosch, 
So uth Afri ca

JX091404 JX091530

P. cru sto sum CNU 6043 Ap ple fru it, Yesan, Ko re a HQ225711 HQ 225724
P. di gi ta tum CBS 112082 Le mon, Italy KJ834506 KJ834447
P. ex pan sum CBS 325.48 = ATCC 7861 Ap ple fru it, U.S.A. AY373912 AY674400
P. ex pan sum SFC20140101-M737 = 5537 Unk nown KJ527444 KJ527409
P. ex pan sum F758 Su gar be et ro ot, Ida ho, U.S.A. MG714838 MG714864

P. ex pan sum CV2860 = DTO180F6 = 
CV 407 Soil, So uth Afri ca FJ230989 JX091539

P. ex pan sum CV2861 = DTO180F7 = 
CV 432 Soil, So uth Afri ca FJ230990 JX091540

P. ex pan sum CNU 7003 Ap ple fru it, Da e joen, Ko re a HQ225715 HQ 225727
P. ex pan sum MP/4 Man da rin fru it, Ser bi a MT556009 MT563326
P. ex pan sum MP/5 Man da rin fru it, Ser bi a MT556010 MT563327

P. ita li cum CBS 339.48 Ci trus fru it, Ri ver si de, CA, 
U.S.A. KJ834509 AY674398

P. ita li cum SFC20140101-M724 = 
5340 Unk nown KJ527447 KJ527412

P. ita li cum CNU 6089 Ap ple fru it, Yesan, Ko re a HQ225716 HQ 225728
P. po lo ni cum CBS 222.28 = NRRL 995 Soil, Po lan d AF033475 AY674305
P. po lo ni cum F775 Su gar be et ro ot, Ida ho, U.S.A. MG714841 MG714868
P. so li tum CBS 424.89 = FRR 937 Unk nown, Ger many AY373932 AY674354
P. so li tum CNU 4096 Ap ple fru it, Da e gu, Ko re a HQ213935 HQ 225721

P. vi ri di ca tum CBS 390.48 = DTO 
005-C9 = FRR 963 Air, Was hing ton DC, U.S.A. AY373939 AY674295
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Pat ho ge ni city as say

A pat ho ge ni city test was con duc ted on in tact, sympto mless man da rin 
fru its for all ob ta i ned iso la tes. Man da rins we re sur fa ce-ste ri li zed with 70% 
ethyl al co hol, al lo wed to air dry, and then wo un ded with a ste ri le ne e dle. Fifty 
mic ro li ters of spo re su spen sion we re injec ted in to the wo und using an au to ma-
ted mic ro pi pet te and the cor re spon ding mic ro pi pet te tip. The co ni dial su spen-
sion was pre pa red by di lu ting the spo res col lec ted from the 14-day-old MEA 
cul tu res in 1 ml of ste ri le dis til led wa ter. Spo re con cen tra tion was de ter mi ned 
and adju sted to a con cen tra tion of 1 × 106 spo res/ml using a Ne u ba u er he mo-
cyto  me ter. Fru its ino cu la ted with 50 μl of ste ri le dis til led wa ter re pre sen ted 
ne ga ti ve con trol. Three re pli ca tes per iso la te we re used. All te sted fru its we re 
pla ced in pla stic bo xes and in cu ba ted at 25 °C and 95% re la ti ve air hu mi dity. 
Se ven days af ter the ino cu la tion, the de ve lo ped symptoms we re ob ser ved and 
the ho ri zon tal and ver ti cal (stem-calyx axis) di a me ters of the le si ons we re me-
a su red. Re i so la ti ons from the ino cu la ted fru its we re per for med on MEA using 
the sa me met hod as pre vi o usly de scri bed. The symptoms ex pres sed on the 
ar ti fi ci ally wo un ded fru its, co lony ap pe a ran ce and growth, and co ni di op ho re 
and spo re morp ho logy we re in spec ted to check the ful fil lment of Koch’s po-
stu la tes.

Da ta analysis

All ex pe ri ments we re per for med in three re pli ca tes per iso la te. Ba sic 
de scrip ti ve va lu es (ave ra ge and stan dard de vi a tion) we re com pu ted for each 
co lony, spo re, and le sion di a me ters. Cal cu la ti ons we re do ne in Mic ro soft Ex cel 
2007 (Mic ro soft Cor po ra tion, U.S.A.).

RE SULTS AND DI SCUS SION

Blue mold symptoms we re ob ser ved on col lec ted man da rin fru its. They 
in clu ded di sco lo red or so me ti mes brown tis sue on the fru it sur fa ce, con ca ve, 
cir cu lar, and wa tery spots. De cay was pre sent in dif fe rent sta ges – from small 
le si ons with no evi dent spo ru la tion to so me sam ples with whi te myce lia and 
blue-green spo ru la tion. Ten iso la tes we re re co ve red from sympto ma tic fru its 
(MP/1-MP/10), and two iso la tes (MP/4 and MP/5) we re cho sen for se qu en cing 
and phylo ge ne tic analysis.

Af ter 7 days of in cu ba tion at 25 °C, all iso la tes had ra di ally sul ca te co lo-
ni es on CYA and pla ne to mo de ra tely ra di ally sul ca te on MEA. Sul ca tion was 
al so pre sent on YES, varying from slight ra dial to the ra dial and con cen tric 
com bi ned. Cul tu res ma ni fe sted dif fe rent tex tu res on te sted me dia – vel vety to 
lo o sely floc co se on CYA and YES, fa sci cu la te on CREA, pla ne and we ak 
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fa sci cu la te on MEA and OAT. Re ver se, co lo ni es had light brown co lo ur with 
a brig hter mar gin (CYA), pa le yel low with a hint of gre e nish (MEA), greyish 
yel low (OAT), pur ple with a yel low mar gin (CREA), and cre am-yel low with 
brown cen ter (YES). Strong acid pro duc tion (chan ge of the me di um co lo ur 
from pur ple to yel low) fol lo wed by ba se pro duc tion was no ti ced on CREA. 
In ten si ve co ni di o ge ne sis was pre sent on all fi ve me dia, with blue-green spo res 
on CYA, MEA, and YES, green on CREA, and dull green on OAT. Iso la tes had 
whi te myce lia on all ino cu la ted me dia, pre sent as the mar gin of the cul tu re, 
broad on CYA (6‒7 mm width), mo de ra te on MEA, YES, and OAT (2–3 mm) 
and nar row on CREA (up to 1.5 mm). Cle ar exu da te dro plets we re no ti ced on 
CREA, YES, and OAT, whi le the re was no exu da te for ma tion on CYA and 
MEA.

All te sted iso la tes ma ni fe sted in ten si ve growth ac ross all fi ve te sted me-
dia, with YES be ing the most sti mu la ti ve me di um (58.63 mm). The myce lial 
de ve lop ment was the le ast in ten si ve on CREA (37 mm), and the ave ra ge growth 
di a me ters on the re ma i ning three me dia (CYA, OAT, and MEA) we re 41.88, 
40.38, and 40.25 mm, re spec ti vely (Fi gu re 1). The growth di a me ters and cul ture 
ap pe a ran ce agree with the da ta from the re le vant li te ra tu re so ur ces (Pitt, 1979; 
Fri svad and Sam son, 2004; Pitt and Hoc king, 2009; Vi sa gie, 2012; Vi co et al., 
2014).

Fi gu re 1. The ave ra ge co lony growth of P. ex pan sum iso la tes on fi ve dif fe rent me dia af ter 
7 days of in cu ba tion at 25°C. Ver ti cal er ror bars in di ca te the stan dard de vi a tion (SD).

Iso la tes’ cul ti va tion at dif fe rent tem pe ra tu res on CYA sho wed that the 
op ti mal (and in the sa me ti me ma xi mal) tem pe ra tu re for the ir de ve lop ment was 
25 °C (41.88 mm, Fi gu re 2). Of all te sted tem pe ra tu res, the smal lest ave ra ge 
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di a me ter was me a su red at 5 °C (18.46 mm). Fun gal growth was not re cor ded 
at 37 °C (Fi gu re 2).

The most re stric ti ve tem pe ra tu re for fun gal de ve lop ment was 37 °C and 
the most op ti mal was 25°C which is in agre e ment with pre vi o us da ta (Pitt, 1979; 
Fri svad and Sam son, 2004; Pitt and Hoc king, 2009; Vi sa gie, 2012; Vi co et al., 
2014). Growth was still pos si ble at the lo west te sted tem pe ra tu re (5 °C), but 
our va lu es we re clo ser to tho se re por ted by Vi co et al. (2014) (18.46 and 14.3–
17.6 mm, re spec ti vely) than to tho se no ted in Fri svad and Sam son (2004), Pitt 
and Hoc king (2009), and Vi sa gie (2012) (up to 5 mm, col lec ti vely). The ave ra ge 
growth di a me ter at 30 °C was in con cor dan ce with the da ta in the work by 
Vi sa gie (2012).

Fi gu re 2. The ave ra ge co lony growth of P. ex pan sum iso la tes on CYA at fi ve dif fe rent 
in cu ba tion tem pe ra tu res af ter 7 days. Ver ti cal er ror bars in di ca te the stan dard de vi a tion 

(SD). 

Mic ro sco pic ob ser va ti ons re ve a led that all analyzed iso la tes for med hyali ne, 
mostly ter ver ti cil la te co ni di op ho res, with usu ally smo oth sti pes and cylin dri cal 
phi a li des. Phi a li des had a short but dis tin cti ve neck. Co ni dia we re sub glo bo se 
or el lip so i dal, green and with smo oth walls, 2.5–3.8–5.25 µm × 2.5–3.52–5.00 µm 
(mi ni mum-ave ra ge-ma xi mum va lu es). Asco ma ta we re not for med, as ex pec ted 
(Sam son et al., 2010). The li sted mic ro morp ho lo gi cal cha rac te ri stics we re in 
agre e ment with pre vi o us fin dings (Pitt, 1979; Fri svad and Sam son, 2004; Pitt 
and Hoc king, 2009; Sam son et al., 2010; Vi co et al., 2014).

In the mo le cu lar analysis, ITS se qu en ces of the se lec ted Ser bian iso la tes 
of P. ex pan sum from man da rin fru it we re 100% iden ti cal to each ot her. BLAST 
analysis sho wed 100% si mi la rity with P. ex pan sum iso la tes NRRL 6069, 
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NRRL 35231, and NRRL 2304 (Gen Bank Ac ces sion num bers DQ339562, 
DQ339558, and DQ339556, re spec ti vely). The se qu en ces of Be nA of our P. 
ex pan sum iso la tes sha red a 99.75% si mi la rity bet we en each ot her (1 ba se pa ir 
dif fe ren ce). Nuc le o ti de iden tity of Ser bian P. ex pan sum and Gen Bank Be nA 
se qu en ces was in the ran ge of 99.75–100%. The most si mi lar Be nA se qu en ces 
from Gen Bank to ours we re the fol lo wing iso la tes of P. ex pan sum: YC-IK11 
sam pled from pe ar (Pyrus × bretschne i de ri) in Chi na (Acc. No. MK862430), 
iso la te CMV017H9 from ap ple in So uth Afri ca (MN031410), and iso la te DTO 
216-G4 from fo li ar tis sue of Pse dot su ga men zi e sii in USA (MF990777).

In fer ring phylo ge ne tic re la ti on ships star ted with mul ti ple se qu en ce align-
ments of ITS and Be nA se qu en ces which we re 452 nuc le o ti des (nt) and 387 nt 
long, re spec ti vely. ML phylo ge ne tic tree was con struc ted using the alig ned 
com bi ned da ta set (ITS+Be nA) which had a to tal length of 839 nt and it in clu ded 
26 se qu en ces from 9 ta xa (re pre sen ta ti ve iso la tes of 8 Pe ni cil li um spe ci es and 
A. ni ger as an out gro up). In a mul ti lo cus phylo geny, our iso la tes of P. ex pan sum 
(MP/4 and MP/5) clu ste red to get her with the ot her P. ex pan sum iso la tes with 
ma xi mum bo ot strap sup port (100%, Fi gu re 3). Sub cla des of P. ex pan sum and 
P. ita li cum for med a jo int cla de with a high con fi den ce le vel (94%).

Se qu en ces of the ITS re gion ha ve been used be fo re for re sol ving Pe ni ci
lli um phylo ge ni es (Ber bee et al., 1995; Sko u boe et al., 1999) and alt ho ugh this 
re gion is ac cep ted as the uni ver sal ge ne tic bar co de for all fun gi (Schoch et al., 
2012), its re so lu tion is li mi ted at the spe ci es le vel in Pe ni cil li um (Vi sa gie et al., 
2014). With all its di sa dvan ta ges in mind, Be nA is pr o po sed as the se con dary 
mo le cu lar mar ker, espe ci ally in ro u ti ne iden ti fi ca tion pro ce du res (Vi sa gie et 
al., 2014). We ap plied ITS and Be nA se qu en ces in this re se arch and re pre sen-
ta ti ve iso la tes we re iden ti fied as P. ex pan sum for both se qu en ced lo ci. In a 
sub se qu ent mul ti lo cus analysis, our se qu en ces of the P. ex pan sum we re clu-
ste red in the sa me cla de with ot her iso la tes of this spe ci es, the reby va li da ting 
the re sults of morp ho-physi o lo gi cal and mo le cu lar cha rac te ri za tion.

In a pat ho ge ni city test, iso la tes of P. ex pan sum re co ve red in this study 
in du ced de cay on he althy man da rin fru its af ter 7 days of in cu ba tion (Fi gu re 
4, A-D). The symptoms on wo un ded fru its we re qu i te si mi lar to tho se ob ser ved 
on na tu rally in fec ted man da rin fru its. The ave ra ge le sion di a me ter (± stan dard 
de vi a tion, SD) ran ged from 30±0 mm to 33.5±2.12 mm. Con trol fru its re ma i-
ned sympto mless. Fun gi re i so la ted from de cayed  fru its in the pat ho ge ni city 
test ex pres sed the sa me morp ho lo gi cal cha rac te ri stics as the ori gi nal iso la tes, 
thus con fir ming Koch’s po stu la tes.



Fi gu re 3. Phylo ge ne tic tree ba sed on com bi ned ITS and Be nA se qu en ces using the  
ma xi mum li ke li hood (ML) met hod for se lec ted Pe ni cil li um spe ci es. The iso la te of  

A. ni ger NRRL 326 was de sig na ted as an out gro up. The bo ot strap analysis in clu ded  
1,000 re pli ca tes and only bo ot strap va lu es >70% are dis played ne ar the cor re spon ding  
no des. The sca le re pre sents the num ber of sub sti tu ti ons per si te. Iso la tes in bold pre ce ded 

with black dots are from this study.
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Fi gu re 4. A) Pat ho ge ni city of P. ex pan sum in man da rin fru it; B) Cross-sec ti ons of  
the ino cu la ted fru its (left A and B – fru it ino cu la ted with the pat ho gen su spen sion,  

right A and B – con trol fru it); C) Clo se vi ew of the le sion. D) Clo se vi ew of  
the cross-sec tion of the di se a sed fru it.

P. di gi ta tum and P. ita li cum are con si de red among the most im por tant 
Pe ni cil li um post har vest pat ho gens of ci trus fru its, in clu ding man da rins (Jha le gar 
et al., 2015; Lo uw and Kor sten, 2015; Sa i to and Xi ao, 2017; Yang et al., 2019; 
Cheng et al., 2020). Ot her Pe ni cil li um spe ci es im por tant for the ci trus in du stry 
as the de cay agents are P. ula i en se, P. cru sto sum, P. ex pan sum, and P. di er ckxii 
Bi o ur ge 1923 (=P. fel lu na tum), but the da ta on P. di er ckxii is not con fir med 
(Lo uw and Kor sten, 2015).

In this study, P. ex pan sum was iso la ted from mol ded man da rin fru its. It 
was iden ti fied at the morp ho lo gi cal and mo le cu lar le vel and con fir med as the 
post har vest pat ho gen in sto red fru its of man da rin. Fin dings from this re se arch 
re por t for the first ti me P. ex pan sum as the ca u se of the man da rin fru it rot in 
Ser bia. 

The re are only two stu di es whe re P. ex pan sum was iso la ted from man-
da rin fru it. In re se arch by Liu et al. (2009), P. ex pan sum ori gi na ting from 
de cayed  man da rin fru it (cv. Ci trus un shiu Mar cov) was used to test the im pact 
of the qu o rum-sen sing mo le cu le, far ne sol, on in du cing morp ho ge ne tic chan ges 
in this fun gal pat ho gen. The iso la te was iden ti fied using morp ho lo gi cal and 
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mo le cu lar met hods (se qu en cing of the ITS re gion). Ho we ver, the pat ho ge ni city 
of the ac qu i red iso la te was not te sted sin ce that was not the aim of the study. 
Last year, Mo o sa and co-aut hors (2019) iso la ted and con fir med P. ex pan sum 
as the pat ho gen of the sto red man da rin fru it (Ci trus re ti cu la ta, cv. ‘Kin now’) 
in Pa ki stan. Using morp ho lo gi cal met hods and ITS se qu en cing (pri mers ITS1/
ITS4), they iden ti fied the iso la ted fun gus as P. ex pan sum.

This spe ci es was re cor ded as ca pa ble of pro du cing de cay in ot her mem-
bers of ci trus fru its. The pat ho ge nic po ten tial of P. ex pan sum was de tec ted in 
gra pe fru it, le mon, and oran ge fru it in the work by Ma ca ra sin et al. (2007). The 
le sion for ma tion oc cur red, but it was ar ti fi ci ally sti mu la ted by the ad di tion of 
ci tric, ascor bic, and oxa lic acids and enzyme ca ta la se be fo re the ino cu la tion 
of P. ex pan sum. Vi la no va et al. (2012) stu died com pa ti ble (P. di gi ta tum) and 
in com pa ti ble (P. ex pan sum) oran ge fru it‒pat ho gen in ter ac ti ons. The re sults of 
the ir study sho wed that P. ex pan sum can be pat ho ge nic in two va ri e ti es of 
oran ge fru its (Ci trus si nen sis). The rot de ve lop ment ca u sed by P. ex pan sum 
was de pen dent on the fru it ma tu rity, sto ra ge tem pe ra tu re, and the ino cu lum 
con cen tra tion. De cay was pos si ble in ma tu re and over-ma tu red fru it, hig her at 
the lo wer sto ra ge tem pe ra tu re (4 °C) and with ino cu lum con cen tra tion of 106 
and 107 spo res/ml. In the re se arch of Lo uw and Kor sten (2015), P. ex pan sum 
was able to pro du ce de cay in two man da rin cul ti vars (Nu les Cle men ti ne and 
Owa ri Sat su ma). The pat ho ge nic iso la te was not sam pled from ci trus fru it, but 
it ori gi na ted from a ci trus ex port chain, mo re spe ci fi cally from a wall of di-
stri bu ter/re pack fa ci lity. It is im por tant to po int out that this iso la te was re in-
tro du ced in to ap ples and iso la ted from the pro du ced le si ons.

P. ex pan sum is usu ally re gar ded in the li te ra tu re as the spo i la ge agent of 
po ma ce o us fru its (ap ples, pe ars, qu in ces) (Pitt, 1979; Snow don, 1990; Fri svad 
and Sam son, 2004; Pi an zzo la et al., 2004; Ami ri and Bom pe ix, 2005; Pitt and 
Hoc king, 2009; Lo uw et al., 2014). Wor ldwi de di stri bu tion, the oc cur ren ce on 
a very wi de va ri ety of li ving plant tis su es, and the abi lity to ca u se se ve re de cay 
in va ri o us fru its and ve ge ta bles in di ca te that P. ex pan sum is a broad-spec trum 
pat ho gen (Pitt, 1979; Pitt and Hoc king, 2009; Ne ri et al., 2010; Sam son et al., 
2010; Vi la no va et al., 2012). The re sults from our study and ot her stu di es with 
ci trus hosts are con gru ent with the last sta te ment.

Furt her mo re, be si de ca u sing de cay on man da rin and ot her fru its, it is 
im por tant to no te that P. ex pan sum is a con si stent pro du cer of myco to xin pa-
tu lin (An der sen et al., 2004). Con sump tion of pa tu lin con ta mi na ted pro ducts 
can lead to im mu no lo gi cal, ne u ro lo gi cal, and ga stro in te sti nal he alth di sor ders 
(Puel et al., 2010). The re fo re, the ma xi mal al lo wed con cen tra tion of pa tu lin in 
ap ples and ap ple pro ducts is li mi ted to 0.4 mg/kg of body we ight per day by 
the FAO-WHO Ex pert Com mit tee (Ben nett and Klich, 2003). Be si des pa tu lin, 
P. ex pan sum is de sig na ted as the pos si ble pro du cer of ot her se con dary me ta-
bo li tes which al so can com pro mi se hu man he alth: ci tri nin, cha e to glo bo sins, 
com mu ne sins, ro qu e for ti ne C, and ex pan so li des A and B (An der sen et al., 
2004). 
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CON CLU SION

Se ve ral Pe ni cil li um spp. spe ci es can ca u se de cay on man da rin fru its. In 
this re se arch, iso la tes of P. ex pan sum from man da rin fru its we re morp ho lo gi-
cally iden ti fied and the re sults we re con fir med using PCR, se qu en cing, and 
phylo ge ne tic analysis of the two lo ci: ITS and Be nA. The ob ta i ned iso la tes 
ca u sed rot in the ar ti fi ci ally ino cu la ted man da rin fru its in pat ho ge ni city as say. 
To the best of our know led ge, this is the first re port of P. ex pan sum as the de-
cay agent of sto red man da rin fru its in Ser bia, and one of the few in the rest of 
the world. The fin dings of this study co uld pro vi de a ba sis for fu tu re ef fi ci ent 
pro tec tion me a su res of the sto red man da rin fru its in Ser bia.
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ТРУ ЛЕЖ ПЛО ДО ВА МАН ДА РИ НЕ СКЛА ДИ ШТЕ НЕ У СР БИ ЈИ  
ПРО У ЗРО КО ВА НА ВР СТОМ Pe ni cil li um ex pan sum

Сте фан С. СТО ШИЋ, Да ни је ла Т. РИ СТИЋ, Све тла на Т. ЖИВ КО ВИЋ

Ин сти тут за за шти ту би ља и жи вот ну сре ди ну, 
Те о до ра Драј зе ра 9, Бе о град 11000, Ср би ја

РЕ ЗИ МЕ: Ман да ри на је јед на од нај тра же ни јих воћ них вр ста из ро да Ci trus. 
Кон зу ми ра се због сво јих ну три тив них и здрав стве них до бро би ти, као и због 
при јат ног ми ри са и уку са. У овом ра ду опи са на је иден ти фи ка ци ја и ка рак те ри-
за ци ја вр сте Pe ni cil li um ex pan sum, изо ло ва не са пле сњи вих пло до ва ман да ри не 
у Ср би ји. При ку пље ни изо ла ти су га је ни на пет ми кро би о ло шких под ло га [Чапе-
ковa ау то ли зат на под ло га са до дат ком ква сца (CYA), слад ни агар (MEA), кре а тин 
са ха ро зна под ло га (CREA), агар са ква шче вим екс трак том и са ха ро зом (YES) и 
под ло га од ов се ног бра шна (OA)], као и на пет раз ли чи тих тем пе ра ту ра (5, 15, 25, 
30, 37 °C). До би је ни изо ла ти су се квен ци ра ни на два мо ле ку лар на мар ке ра (ин тер ни 
тран скри бо ва ни ре ги он и бе та-ту бу лин). Ре зул та ти мор фо ло шких, фи зио ло шких, 
мо ле ку лар них и фи ло ге не тич ких ана ли за ука зу ју да до би је ни изо ла ти при па да ју 
вр сти P. ex pan sum. Изо ло ва на вр ста је по твр ђе на као па то ген пло до ва ман да ри не. 
Пре ма на шим са зна њи ма, ово је пр ви на лаз P. ex pan sum као скла ди шног па то ге на 
на пло до ви ма ман да ри не у Ср би ји.

КЉУЧ НЕ РЕ ЧИ: иден ти фи ка ци ја, мор фо ло шка ана ли за, мо ле ку лар на ка-
рак те ри за ци ја, па то ге ност, Ci trus re ti cu la ta




