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Causal process and  characteristics  ofthree  physiological disorders on  
`Niitaka'

 pear fruit vvas  analyzed  through

an  anatomica]  approach.  Anatomical  differences in the skin  layers suffered  from surface-stain,  skin-blackening,

and  peeling-off disorders were  observed  and  analyzed  using  microphotography.  The  skin  layer ofsurface-stain

fruit was  11.6 pm  thicker than  that of  sound  fruit. The thicker skin  layer of surface-stain  fruit seemed  to be
resulted  from  the formation  of  two  or  three cork  ce]] layers. In contrast,  the  fruit skin  ofskin-blackening  sufTt:red

fruitwas 95.8 pm  thinner than  that of  sound  one.  The  thinner skin  layer ofskin-blackening  fruit was  induced by
the collapse  of  the hypodermal layer. The  third disorder, pee]ing-off symptom  was  characterized  by  a  newly

developeddecorkingtayerbeneaththecorkcel]layer.Thedevelopmentalprocessofdecorkingleadingtopeeling-
off consisted  of  reactiyation  of  phellogen, vertical  elongation  of phellogen ce]Is, and  physical force up  to the cork
layer. The  term, decorking was  first suggested  to describe anatomical  process of  peeling-off disorder.
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introduction

  Various disorders on  the fruit surface  have been
observed  in `Niitaka'

 pear fruits among  which  surface-

stain, skin  blackening, and  peeling-off symptoms  (refer
to Fig. 1) are  frequently occurred  during storage  period.
Most researches  on  the postharvest disorders in oriental

pears were  focused on  the elucidation  of  biochemical
causes  and  anatomical  aspects  of  skin-blackening

disorder, whereas  only  few reports  are  available  on  the

other  two  disorders.
  Surface-stain disorder is sometimes  observed  en  the

tree  but generally occurs  during storage  period, The
typical symptom  of  the disorder {s irregular, grayish
discolored blotch on  the surface.  Despite enermous

economical  loss by depreciation ofmarketability,  causal

factors ofthe  disorder and  preventing methods  have not
been fu11y provided, yet. Surface-stain tends to occur

more  when  imit are harvested at advanced  maturity,

delayed before storage,  and  stored  under  high ethylene
environment  (Hwang et al., 2003). As fbr the inducing
factor ofthe  discoloration, Yun  et al. (2000) proposed
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that fungi might  take part in the iTijury occurrence.  In
contrast,  Hwang  et al. (2003) suggested  that fungi
infection could  be secondary  cause  of  the disceloration
after primary suffering  from a certain physiological
disorder.

  Skin-blackening disorder is a kind of  browning
symptom  from thebiochemical  points ofview.  The color
ofthe  sutlered  area  looks black rather  than brown, thus
the disorder is called  skin-blackening.  Diseolored area
is slightly sunken  and  spreads  over  the surface  in an
irregular shape  from a  few square  miLlimeters  to the

entire  fruit skin.  The inducing mechanism  is explained
astheoxidationofpolypheno1compoundsbypolyphenol

oxidase  (PPO) in imit (Costeng and  Lee, 1987; Wu  et

al., 1992). During  the biochemical process, polyphenol
is oxidized  to quinone which  is further polymerized to
make  brown, red, and  black pigments  (Jean-Jacques ct

al., 1 990; Mori ct aL, 1965), Incidence ofskin-blackening
disorder scemed  to be influenced by preharvest and

postharvest factors such  as  genetic factors, cultural

techniques, and  storage  conditions  could  make  the

appearance  ofthc  skin  disorders (Lurie et  a]., 199 1; Wills

and  Scott, 1982; Yamazaki et al., 1988). Interesting
observation  was  a remarkable  increase in the incidence
ofthe  disorder when  fruit were  stored  at low temperature
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  Surface stain  Skin blackening Peeling-off

Fig. 1. Typical symptoms  of  three  different skln  disorders obserN'ed  in 'Niitaka' peaT ['ruit during storage.

immediate]y after harvest without  preconditioning at

ambient  temperature. However, the primary cause why
polyphenol oxidation  occurs  in a  certain imit and  under

specific  storage  procedure is still unknown.  Anatomical
approaches  to find out the source  tissue ofdiscoloration

have provided two  different viewpoints:  collapsed  and

crumpled  parenchyma tissue cells  (Park and  Kwon,
1999) and  disruption of  epidermal  cells  (Kang and  Lee,
2003),

  Peeling-off symptom  on  
`Niitaka'

 pear fruit is usua]ly
observed  after tong-term storage,  especialiy  under  severe

temperature fluctuation condition  (Hong, 2002). The
biochemical cause  and  inducing mechanism  of  the

disorder have not  been clearly  established,  yet.
  The objeetive  of  the present study  is to discriminate
between three difTerent surface  disorders and  to elucidate

developmentalprocessesofthepeeling-offdisorderfrom
anatomical  points of  view.

           Materia]s and  Methods

  
`Niitaka'

 pear fruits were  collected  in 2001 to 2003
harvest seasons  from the orchard  located in Anseong
region,  Korea and  stored  in refrigerated  cold  rooms.

Anatomical characteristics  of  surface-stain  and  skin-

blackening disorders were  observed  on  the suffered  fruit
during the storage,  while  features ofpeeling-off  disorder
were  observed  on  the developmental stages  using  fruit

samples  obtained  during 1OO to l20 days of  storage.

  tn addition,  skin  stmcture  ofartificially-induced  skin-

off symptom  was  observed  to distinguish anatomical

changes  from peeling-off disorder, Artificial induction
of  skin-off  symptoms  was  achieved  by packaging plastic
container  with  30 pm  low density polyethylene film and
storing under  refrigerated  condition  at OeC.

  For optical mieroscopy,  tissue samples  were  obtained

through  horizontal excision  along  the  equator  part of

entire  timit. The sections  were  initially fixed in the 2,5%

glutaraldehyde fixative fbr 90 minutes  and  then rinsed

four or five times  at 15-minute intervals. The  sample

sections  were  fixed fbr the second  time with  1%  osmic

aeid  and  rinsed  four or  five times at 20-minute intervals.
The  fixed sample  pieces were  dehydrated in the alcohol
series stepwise  for five minutes  in each  concentration

fbllowed by propylene oxide  treatment. Then, individual

sample  disk was  laid in a silicon  mold  at the condition
of600C  with  epon  +D,MP.  30 fbr4 days. The embedded

sample  was  microtomed  1.5 pm  thick using  an  ultra-

microtome  (Ultracut R. Leica Co,, Austria), Microtomed
sections  were  stained  in Schif?s reagent  and  observed

under  optical  microscope  (Axioskop 2. Karl Zeiss Co.,
Germany) (Park, 1995),

  The samples  for transmission electron  microscope

(TEM) were  prepared with  the same  proeedure as that

for optical  microscopy  and  later placed on  grid as 80 nm
thickness  using  an  ultra-microtome.  Microtomed

samples  were  treated with  uranyl  acetate  fbr 1O minutes
and  rinsed  with  distMed water,  stained  through 10
minutes'treatmentof1eadcitrateandrinsedwithdisti11ed

water.  After all the preparation process including drying,
the sample  was  examined  under  transmission electron

microscope  (TEM) (MEO 906E, Karl Zeiss Co.,
Germany).

  Assessment of  the number  of  the cell  layers and  cell

dimension was  perfbrmed  using  microphotographs.

Fifteen representative  replicates were  selected  and

examined  te count  ce]1 layers and  measure  cell

dimensions.

           Results and  Diseussion

Anatomical characteristics  ofthree Opes ofpostharvest
 fhtit skin  disorders

  Microscopie examination  on  the surface-stain  suffered

fruit showed  thickening ofthe  skin  layers. The thickness

of  the suffered  skin, cork  cell layers plus hypoderrnal
cell layers, was  166.0pm, which  was  about  10pm
thicker than that observed  in sound  fruit as 154.4pm

(Table 1, Fig. 2A, B). The thicker skin  tissue might  be
resulted  from the newly  fbrmed two  or three cork  layers
in the sufTbred  epidermis.  As reiated  to the  discolored
blotch ofthe  disorder, other  studies of  surface  anatomy

suggested  that the disorder usually  occurred  concorni-

tantly with  fungi infection (Hong, 2002; Yun et al.,

2000). If it were  so,  the increase in the number  of  cork

cell layers rnight  have been the result ofa  curing  process
or  a clefensive mechanism  against  external  infection (El
Hadidi, 1969; Lipetz, 1970; Morris and  Mann, 1955;
Struckmeyer and  Riker, 1951),

  Unlike the skin  layer on  surface-stain  suffered  ftuit,
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thickness of  skin-blackening  suffered  fruit was  58,6 pm,
which  was  considerably  thinner  than  that of  sound  ffuit

(Table 1). The  thinner  skin  layers might  result  from the
breakdown of  hypodermal cells. In contrast,  one  layer
assumed  to be the cork  cambium  did not  experience  the

morpholegical  change  except  disappearance of  tannin

(Fig.2C). Hypoderrnal cells  seemed  to be rnechanically

compressed  with  dehydration process and  fi11ed with

tannin-Iike substances.  In this occasion,  the cells

eventually  collapsed  by the destruction of  the vacuole.

As the result, browning process might  be initiated by
the  bonding ofthe  substances  in vacuole  and  the  enzymes

in cytoplasm,  Kang  and  Lee (2003) reported  similar

result  that the hypodermis of  skin-blackening  suff'ered

ftuitwascompletelyco11apsedandcrumpled.Incontrast,
Park and  Kwon  (1999) stated  that skin-blackening

symptom  was  not  direct]y due to the collapse  of

hypodermal cell layer but to the breakdown of  the

Tab]e 1. Anatomical dimension of  epidennal  and  hypodcmial ccll

      layers.

 DisordeT type Thiekness of  skin  (pm) Numberofeork  celt tayeT

 Sound IS4.4 c7' 4,2b

 Surface stain  166.0b  6.ga

 Skin blackening 58.6d  32b

 Peeling-ofT 247.6a  O,Oc

Z
 Mean separation  -,ithin  co]umns  by Tukey's multiple  rangc  Lest  5%
 lei,el.

parenchyma  cells  underneath  hypodermis. The present
study  confinned  the fact th at skin-b]ackening  is the result
of  structural  defbrmation of  hypodermal cells  probably
caused  by environmental  stress.

  Pericarp structure  of  peeling-off suffered  fruit was

remarkably  different from the normal  tissues. The cork

cell layers were  partly sloughed  off  (Fig.2D) or

completely peeled off with  the rupture  of  the phellogen
layer(Fig.3D).Distinctelongationofthephellogencells
was  observed  in the suffered  fruit portion.

Anatomicatprocess  and  histotogical characteristics  as

  related  to peeling cuf'disordbr

  The first process of  peeling-off might  be the

reactivation  of  phellogen eells. At the initial stage  of

peeling-off development  after  100 days of  sterage,

enlarged  and  peripherally positioned phellogen ceLls

appeared  underneath  the cork  layer (Fig,3B). At this

stage, tannin seemed  to disappear in the reactivated

phellogen cells,

  In the mid  stage  ofthedisorder  development observed
after 110 days of  storage,  phcllogen cells showed

dramatic elongation  (Fig, 3C), Most elongated  cells had
little tannin and  the upper  and  lateral cell wall  became
much  thinner except  the lower cell wall  that contact  to

hypodermis, Similar cells  had been observed  in periderm
ofRhodbclen`h'on  maximum,  a kind ofazalea,  and  named

as  pseudo-cork cell  (Esau, 1977). This investigation

confirmed  the pseudo-cork cell  as the cork-detaching

lxx･lll'g.{xft,

1/
-

Fig. 2. Anatomica] structure  of  sound  (A}, surt'acc-staincd  (B), skin-blacking  (C), and  pec]ing-off symptom  (D) tissues on  
`Niitaka'

 pear ['ruit

    skin. CC,  cork  cel]; H, hypodennis: P, phe]]ogen: P (EC}, phc]logcn (E]ongated ce]1); SC, stone  cell,
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Before the initiation of  the disorder

Mid  stage

Initial stage

Final stage

Fig.3, Developing procedure of  pecling-offdiserder on  
`Niitaka'

 pear frem harvcst to 120 days of  storage, A: hun,est timc on  
'Niitaka'

 pear

    fruit skin;  B/ initial stage  on  pee]ing-otT' disorder: C: mid  stage  on  peeling-off disorder; D/ final stage  on  pee]ing-off d{sorder, CC.  cork

    ce]1; H, hypoclermis; NTC,  non-tannjn  cel]; P, phc]]ogen; P (PE), phe]logcn (elongated ce]1);  SC, stone  ce]1;  TC, tannin  ce]].

layer, and  it was  observed  that cork  cambium  was

transfbrmed into pseudo-cork,
  Figure 3D  indicates the final stage  ofthe  peeling-off
process w{th  complete  removal  ofthe  whole  cork  layer,
which  was  observed  approximately  20 days after thc
initiation of  the disorder. The process of  peeling-off
symptom  was  described as the decorking procedure
implying that peeling-off disorder was  not  simply  a

mechanical  skin-offprocess  but a more  subtle  separating

procedure including physical force derived from the
anatomical  changes  in cork  cambium  cells.

  Interestingly different anatomy  was  obtained  from
anificially-induced  skin-off  syinptoms.  Skin-off symp-
tom  has been usually  observed  during packinghouse
operation,  especia]ly  when  water  condensation  occurs

on  the imit after long-terrn storage.  Immediately after
storage,  the fruit seems  to be normal  under  naked  eye

observation,  During packing house operation,  however,
fruit show  skin-off  symptom  even  by a soft hand touch.
Microscopicobservationontheartificially-inducedskin-
off  fruit did not  show  any  changes  in cell morphology
ofthe  skin  tissues (Fig. 4). Comparisen oftissue  anatomy

between peeling-off (Fig,2, 3) and  skin-off  symptoms

(Fig.4) clearly  suggested  that incidence of  decorking

process (peeling-off) is due to the cork  cambium

elongation,  which  fbrces up  the outermost  cork  layer.

  Transmission electron  microscopy  (TEM) provided
cellular level changes  during the  cel] elongation  and

fbllowing peeling-off process as related to the cell wall

degradation (Fig. 5). In sound  fruit, the celI vva]l structure
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Fig, 4. Anatomicul structure  ofthe  skin  tissuc on  
`Niitaka'

 pear ffuit

    sufTered  from artMcial]y-induced  skin-ort'disorder.  BL/ broken

    layer: CC:  cork  eell; SC:  stone  cel].

of  phellogen remained  thick  and  well  integrated

(Fig.5A). Jn contrast, suffered  fruit showed  cell wall

degradation. Based on  the middle  lamella position as  the

boundary of  the cell walls  between the two  adjacent

cells, the cell wall  in the cork  cell (positioned above

phellogen) remained  intact even  in sufTered  fruit,
whereas,  the ce]1 wa]1  of  the phellogen, the elongated

cells,  appeared  to be completely  degraded (Fig. 5B) and
thinned (Fig.5C). Elongation of  phellogen cells  and

breakdown ofthe  bridge between the phellogen and  cork

ceils seemed  to be two  major  events  leading to the

slough-offofthe  cork  cell layers. It is well  documented
that cell wall  degradation by the breakdown of  pectic
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Fig. 5. Transmission electron  micrograph  of  the sound  (A, xZ7,800),  col]apsed  {B, x1,670)  and  the thinned ce]l  wal]  (C, xl,670  in peeling-oil'
    disordcr of'Niitaka'  pear, CC, cerk  ce]1; CW,  ccll wa]1;  ML, rniddlc  lamc]la; P, phe]legen; P (EC), phellogen (elongated cell); TP: tenop[asL

m;#lgeelxXlgeslt
 su 'tt.

 '

Fig, 6, Transmission electron  micrograph  of  the condensed  tannin

   cornbined  with  tonoplast in peeting-off disordcr of  
`Niitaka'

   pear (x7,750). LG,  lipid g]obule; T, tannin; TP, tonop]ast.

substances  occurs  when  fimit tissues are  destroyed or

during the flesh softening  (Chitarra et al., 1989; Glenn
and  Poovaiah, 1990; Gross, 1984). TEM  observation

indicated that the cell  wall  degradation during the

peeling-off process might  result  from the similar

biochernical process as  in the flesh softening  since  any

destruction of  the cell layers was  not  involved.

  {n the elongate  cells, the disappearance of  tannin in
the vacuole  occurred  simultancously  with  the degrada-
tion of  the cell wail. The ceils organizing  fruit skin

generally included tannin with  few exceptions.  The
existence  of  tannin  could  be used  as an indicator for
discrirnination between tissues ofthe  fiesh and  skin.  It
was  general]y accepted  that tannin in fruit skin  repeated

polymerization and  disintegration in the  course  of  fruit

development. Disintegration oftannin  substances  occurs

from two  sites: from the  central  part ofvacuole  and  from
the tonoplast  (Park, 1995). In the defbrmed cell,  it was
observed  that tannin disintegration occurred  only  from
the central part ofvacuole  and,  as the result, the tannin

combined  with  tonoplast was  existed  only (Fig. 6).

  In conclusion,  surface-stain  and  skin-blackening

disorders seemed  to have different source  of  discolora-
tion process. Surface-stain disorder might  be caused  by
the increase in cork  layers, whereas  skin-blackening

resulted  from the necrosis  of  the hypodermal layers.
Deyelopment  of  peeling-off disorder, named  as

decorking in the present study,  was  caused  by the

elongation  ofthe  phellogen cells beneath the cork  layer.
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