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ABSTRACT 

 Thi s  st udy i nvesti gat ed anti bi otic suscepti bility profile,  resistance pl as mi d DNA as  well 

as  resistance and virul ence genes  of  Citrobact er  speci es  i sol ated from fruits  and veget abl es.  Thi s 

was  wit h a vi ew t o det ermi ni ng t he safet y of  fruits and veget abl es  sol d co mmerci ally i n Il e-Ife 

mar ket. 

 One  hundred and fift y ( 150)  fruits and 90 veget ables  sa mpl es  were purchased at  Iso- Obi 

in Sabo,  Ile Ife.  Each sampl e was  washed wit h sterile di stilled wat er  and seriall y dil ut ed.  The 

pre-cut  of  t he fruits was ho mogeni zed usi ng a  sterile mort ar  and pestle,  whil e fruits wit h j ui ce 

were squeezed mechani call y t o extract  t he j ui ce. One  millilitre of  t he seriall y dil uted resultant 

ho mogenat e was  pl ated ont o Mac Conkey,  Sal monella- Shi gella and Eosi n Met hyl ene bl ue agar 

pl ates  usi ng spread pl ate met hod,  and i ncubat ed at  37 º C f or  24 h.  Preli minary i dentificati on of 

the i sol ates  was  based on t heir  cult ural  and mor phol ogi cal  characteristics.  Identities  of 

Citrobact er  i sol ates  were confir med usi ng conventi onal  bi oche mi cal  t ests and anal ytical  pr ofile 

index ( API)  kits.  The ant ibi otic suscepti bility t esting of  t he i sol ates  was  carried out  usi ng Ki rby-

Bauer’s  di sk diffusi on t echni ques  and t he zones  of  i nhi biti on were i nterpret ed based on t he 

Cli ni cal  and Laborat ory St andard I nstit ute ( CLSI)  gui deli nes.  Isol ation of  pl as mi d DNA was 

done usi ng TENS ( Tris, EDTA,  Na OH and SDS)  buffer  and pl as mi d curi ng was  carried out 

usi ng et hi di um br omi de.  Mol ecul ar  det ecti on of  resistance ( bl aCTX,  bl aSHV and aac( 6́ ))  and 

virul ence (eae) genes was done by Pol ymerase Chai n Reacti on (PCR) usi ng appr opriate pri mers. 

Fort y bact erial  i sol ates  were recovered from fruits and veget ables  compr ising 25 ( 62. 5 

%)  Citrobact er,  7 ( 17. 5 %)  Escheri chi a coli,  5 ( 12. 5 %)  Prot eus  sp and 3 (7. 5 %)  Kl ebsi ella sp. 

Anti bi otic suscepti bility t ests showed t hat  all t he Citrobact er  species  were resistant  t o 
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ceftriazone and a moxi cillin,  while most  were resistant  t o pi peracillin,  gent a myci n,  cefot axi me, 

tetracycli ne,  cotri moxazol e,  nitrofurant oi n and aug menti n.  There was  si gnificant  difference 

(p<0. 05)  i n t he percent age  resistance of  t he Citrobact er  i sol ates.  Twent y t wo ( 88 %)  of  t went y 

five Citrobact er  i sol ates  obt ai ned i n t his st udy,  Ci trobacter  freundii  (60 %),  Citrobact er  braakii 

(20 %)  and Citrobact er  youngae  ( 8 %)  exhi bited multi ple anti bi otic resistances  t o bet ween t wo 

and f our  different  cl asses.  All  t he t wel ve sel ect ed multi pl e anti bi otic r esistant  Citrobact er 

isol ates  harboured si ngle pl as mi d wit h mol ecular  wei ght  of  1710 bp.  The pl as mi d curi ng 

experi ment  reveal ed t hat  ceftriazone resistance was  pl as mi d-borne.   Fi ve of t he 12 represent ati ve 

isol ates  na mel y Citrobact er  f reundii  (3),  Citrobact er  braakii  (1)  and Ci trobacter  youngae ( 1) 

harboured bl aCTX gene wit h mol ecul ar  wei ght  of  585 bp.  Citrobact er  f reundii  ( 2)  and 

Citrobact er  braakii  (1)  had bl aSHV wit h mol ecular  wei ght  of  392 bp each.  None of  t he i sol at es 

harboured aac6’  resistant  gene.  Onl y Citrobact er braakii  (1)  harboured eae  ( 1917 bp)  virul ence 

gene.  

 The st udy concl uded t hat  fruits and veget ables  sold i n t he st udy area were cont a mi nat ed 

wi t h pot ential  Gr a m negati ve bact erial  pat hogens  capabl e of  causi ng food- borne disease i n 

consumers. 
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CHAPTER ONE 

I NTRODUCTI ON 

The pl ant  worl d,  particularl y t he gr oup ‘fruits and veget ables’,  i s  an enor mous  st ore of  acti ve 

che mi cal  co mpounds  and consi dered as  t he cheapest  and most  easil y availabl e sources  of 

carbohydrat e,  fi ber,  protei ns,  vita mi ns,  mi nerals and a mi no aci ds  ( Ah mad et  al.,  2008;  Gi bson 

et  al.,  2012).  They are carot enoi d i n nat ure and are resistant  t o oxi dati on due t o Lo w Densit y 

Li popr otei n ( LDL).  They l owered t he da mage of deoxyri bonucl eic aci d (DNA)  and vol unt aril y 

induced great er  acti vit y of  repairi ng i n hu man ( Sout hon,  2000)  compared t o pr ocessed f ood.  

They serve as  additi onal  source of  vita mi ns  A,  C and E t o s uppl e ment  t he di et  of  patients 

sufferi ng from cancer  affects negati vel y t heir  radi ot herapy as  well  as  che mot herapy results 

(Seifried et  al.,  2003).  Therefore,  gl oball y,  t here has  been an i ncrease i n consumpti on of  fresh 

fruits and veget ables  due t o t heir  nutritional  health benefits t o hu mans  and most  of  whi ch are 

mor e affordabl e t o bot h poor and rich peopl e especially i n Ni geria.  

Despite t heir  nutritional  and healt h benefits,  out breaks  of  hu man i nfecti ons  associ at ed wit h t he 

consumpti on of  fresh fruits and veget ables  have i ncreased ( Beuchat,  2002;  Eni  et  al.,  2010). 

Fr uits and veget ables  are wi del y exposed t o mi crobi al  cont a mi nati on t hrough cont act  wit h soil, 

dust,  wat er  and by handling at  harvest  or  duri ng post harvest  processi ng.  They t herefore,  har bour 

a di verse range of  mi croor ganis ms  i ncl udi ng pl ant  and hu man pat hogens ( Car mo et  al.,  2004). 

These mi crobes  render  fresh fruits and veget ables  unfit  for  hu man consumpti on by causi ng 

det eri orati on l eadi ng t o r educti on i n qualit y,  text ure,  off  fl avour  devel opment  and l oss  of 

nutrients.  

 The cont a mi nati ons  of  these fruits and veget abl es  have  creat ed anot her  bur den f or 

consumers.  They have been i ncreasi ngl y recogni zed as  si gnificant  r eservoirs  of  f oodbor ne 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=amino+acid
../../../../adijat/Desktop/New%20folder/busayo%201.htm#57909_con
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pat hogens  ( Brandl,  2006;  Doyl e and Eri ckson,  2008;  Ber ger  et  al.,  2010).  In t he Unit ed St at e, 

the pr oportion of  out breaks  associ ated wit h fresh fruits and veget ables   of  all  reported f ood-

bor ne out breaks  wit h an identified f ood source  has  i ncreased from 0. 7 % in t he 1970s  t o 6 % i n 

the 1990s  ( Si vapalasi ngam et  al.,  2004)  and t o 13 % i n t he 2000s  ( Doyl e and Eri ckson,  2008). 

Duri ng 1999 and 2000,  fruits and veget ables  were t he i ncri mi nat ed f ood at  6 %,  10 % and 17 % 

of  all  i dentified cases  of  food-borne disease outbreaks  i n Sweden,  Uni ted Ki ngdo m and i n 

Iceland respecti vel y ( Anony mous,  2003).  In developi ng countries  such as  Ni geria,  conti nued use 

of  untreat ed wast e wat er  and manure as  fertilizers  for  t he pr oducti on of  fruits and veget abl es  i s  a 

maj or  contri buti ng fact or t o cont a mi nati on ( Amoah et  al.,  2009).  Most  of  the report ed out breaks 

of  gastroi nt estinal  di sease li nked t o t he fresh pr oduce have been associ at ed wit h bact eri al 

cont a mi nati on,  particul arly wit h me mbers  of  t he fa mil y Ent erobact eriaceae  ( Tyl er  and Tri pl ett, 

2008).  Citrobact er  species  i s  consi dered one of  the bact erial  speci es  t hat  has  been i sol at ed from 

fruits and vegetabl es ( Abdel noor et al., 2013).  

  Or ganis ms  of  t he genus  Citrobact er  are Gr a m- negati ve bacilli  of  t he fa mil y 

Ent erobact eriaceae,  tri be Citrobactereae.  The genus  was  ori gi nall y i n t he t ri be Sal monelleae but , 

was  re-classified as  a  uni que tri be.  These bact eria have undergone frequent,  so meti mes 

conf usi ng changes  i n no mencl at ure t hat  make i t  difficult  t o cl earl y deter mi ne whet her  so me 

reported cases  are l egitimat el y attri but ed t o Citrobact er  or  t o a particular  speci es  wit hi n t he 

genus.  They are sometimes  accept ed t o be i n Escheri chi a or  Sal monell a genus  ( Kurt oğl u et  al., 

2011).   They have vari able cult ure,  bi oche mi cal  and anti geni c charact eristics  t hat  rese mbl e t hose 

of  t he genus  Sal monell a and Escheri chi a coli  ( Del gado et  al.,  2013).   Hedegaard et  al.  ( 1999) 

also reported t hat  DNA sequence anal ysis show that  Citrobact er,  Escherichi a and Sal monell a 

for m one di sti nct  li neage wi t hi n t he Ent erobacteriaceae.  Thi s  pl asticit y has  prevent ed a defi niti ve 
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cl assificati on of  C.  f reundii  and has  creat ed a t axono mi c pr obl e m t hat  has been under  di scussi on 

for  many years  ( Kurt oğlu et  al.,  2011).  At  present  and accordi ng t o Ber gey’s  Manual  of 

Syst e matic Bact eri ol ogy,  el even speci es  are reported i n t he genus  Citrobact er  and t hey are 

localised i n t he intesti nal syste m ( Frederi ksen and Genus, 2006).  

 


