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M a l o n i c  Acid ,  a P r o p o s e d  Ind ica tor  of O r a n g e  Frui t  S e n e s c e n c e  
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Summary. Malonic acid was found to accumula te  in peel t issues and  in juice of oranges dur ing m a t u r a t i o n  and storage 
on shelf. I t s  accumula t ion  was corre la ted w i t h  t e x t u r a l  pa r ame te r s  of senescence.  Al though  t h e  reasons  for th is  be- 
haviour  are no t  clear, malonic  acid can be regarded as a reliable indica tor  of orange frui t  senescence.  

While  t he  onse t  of senescence of cl imacter ic  frui ts  is 
r a the r  clearly def ined by  the  occurrence of charac ter i s t ic  
physiological  events ,  i r i s  difficult  to de te rmine  when  the  
so-called non-c l imacter ic  fruits  en te r  the  final phase  of 
senescence and  t issue degradat ion ,  t hough  for ci trus 
fruits  changes  in peel p igmen t s  m a y  be-cons idered  as an 
initial  s tep  in these  processes e. 

Dur ing  a search for non-hormona l  pa rame te r s  sui table 
to define the  f i rs t  s tages of senescence of Shamout i  oranges 
(Citrus sinensis L., Osbeck), organic acids of d i f ferent  
frui ts  pa r t s  were quan t i t a t i ve ly  de te rmined  by  GLC of 
the i r  m e t h y l a t e d  p roduc t s  ~. 

Fru i t s  f rom 2 field expe r imen t s  (2 locations,  d i f ferent  
i r r igat ion schedules  and/or  a t l e a t m e n t  by  syn the t i c  
auxin  q- gibberellic acid Aa at  an early s tage of f rui t  life) 
were picked a t  the  middle  of the  convent iona l  ha rves t  
season (January ,  February)  and s tored under  'shelf '  con- 
di t ions (17~ va ry ing  air humidity~ for 3 mon ths ,  a 
per iod abou t  2-3 t imes  longer t h a n  usual for sh ipping  and 
market ing .  Dur ing  th is  per iod several  de t e rmina t i ons  of 
qual i ta t ive  and  q u a n t i t a t i v e  acid compos i t ion  were  car- 
ried out  along wi th  o the r  physical  and chemical  para-  
meters .  

Organic acids of juice and  of peel (analyzed b o t h  in the  
ex te rna l  coloured flavedo and the  in ternal  whi t i sh  spongy  
mesocarp,  albedo), beyond  var iab i l i ty  caused by  previous  
t r e a t m e n t s  in t he  field, showed c lear-cut  deve lopmen ta l  
pa t t e rn s  wi th  f ru i t  ageing unde r  shelf condit ions.  

The concen t ra t ions  of some acids, no t ab ly  citr ic in all 
t issues and  malic  in juice, decreased dur ing th is  period.  
Some others  behaved  i rregular ly wi th  regard to  t ime  and  
di f ferent  tissues. Malonic acid could be singled out,  as its 
concen t ra t ion  increased in all cases dur ing the  s torage 
period,  along wi th  frui t  ageing. 

The Figure  shows malonic  acid concen t ra t ion  f rom 
early ma tu r i ty ,  before picking, to full senescence under  
shelf condit ions.  A very  marked  increase in concen t ra t ion  
occurs in f lavedo layers af ter  picking and dur ing  storage.  
Concent ra t ions  in th is  t issue are compara t ive ly  ve ry  large 
and f luc tua te  a round  50-60% of to ta l  organic acids de- 
t ec ted  dur ing the  per iod af ter  picking, b u t  a t t a in  only 
abou t  45% to 46% while f rui t  is still on the  tree.  

F lavedo layers  are composed  of re la t ively  small  cells 
which re ta in  unt i l  la te  in frui t  life mi to t ic  capaci t ies  ~ as 
expec ted  of o u t e r m o s t  layers which mus t  cont inue  to 
expand  under  the  t h r u s t  of growing endocarp.  They  are 
i m p o r t a n t  centers  of specific syn the t i c  act ivi t ies  and 
produce  d i f ferent  metabol i tes ,  e.g. lipids of na tu ra l  cuticle 
wax  5, ascorbic acid ~, etc. They  also accumula te  more  
malonic acid t h a n  o the r  frui t  t issues. 

The th icker  spongy  t issues of albedo show a clear in- 
crease in malonic  acid concen t ra t ion  beginning a t  h a r v e s t  
t ime.  Malonic acid also progress ively  increases in pe rcen t  
of to ta l  organic acid concen t ra t ion  f rom values 29-31% 
before ha rve s t  up to a lmos t  67% a t  the  end of t he  s torage 
period.  

Albedo layers build up at  least  2/a of to ta l  Shamou t i  
peel  th ickness ,  i.e. t h e y  are abou t  4-5 m m  thick.  Due to 
the i r  spongy  t e x t u r e  and  h igh  pec t in  con t en t  v, t h e y  are 

prone  to  de fo rmat ion  and  collapse, as i t  h ap p en s  in m a n y  
var iet ies  by  creasing s, The Figure also shows sof tness  and 
deformabi l i ty  of frui ts  as assessed by  the  Cornell pressure 
tes te r  9. The former  p a r a m e t e r  is ob ta ined  by  compress ing 
frui t  for 30 see wi th  a 3 kg weight ,  the  la t te r  by  sub- 
t r ac t ing  recovery  af ter  30 addi t iona l  sec, bo th  in percen t  
of f ru i t  cross d iameter .  These p a r a m e t e r s  p rov ide  an 
eva lua t ion  of frui t  de te r iora t ion  due to wa te r  loss and 
weakening  of tissues. The paral le l ism be tween  malonic 
acid concen t ra t ion  in a lbedo and  these  t ex tu ra l  para-  
mete rs  is evident .  Our da t a  for sof tness  and matonic acid 
concen t ra t ion  are h ighly  s ignif icant ly  corre la ted ( r =  
0.88"*). 

Concent ra t ion  in juice is much  smaller :  here, m a x i m u m  
values of malonic acid (which are found as above at  the  
end of storage) are only  abou t  0.2% of to ta l  organic acids 
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Malonic acid content of peel layers (flavedo, albedo) and of juice of 
oranges while still on tree and its accumulation after harvest under 
prolonged shelf storage, as well as softness and deformation of fruit 
under prolonged shelf storage. 
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con ten t .  The re la t ive  increase dur ing  the  ageing per iod is 
due main ly  to a decrease in o ther  acids (especially citric 
and  malic). 

Juice vesicles have  been found  to conta in  all the  en- 
zymes of TCA and  of some auxi l iary  cycles f rom an early 
da te  ~0; juice a t  m a t u r i t y  conta ins  ve ry  large amoun t s  of 
citric and  malic acids;  in compar i son  malonic  acid is 
only a negligible f ract ion,  t hough  i t  t ends  to accumula te  
wi th  age. 

The t r end  of malonic  acid accumula t ion  f rom incip ient  
senescence onwards  is therefore  c o m m o n  to  all these  tis- 
sues, n o t w i t h s t a n d i n g  the i r  widely  d i f ferent  capabil i t ies.  
Our da t a  conf i rm previous  f indings of CLEMENTS 11 re la ted  
to  peel of W a s h i n g t o n  Navel  oranges dur ing  m a t u r a t i o n  
and  delayed picking. Due to less sensi t ive methods ,  how- 
ever, he was unable  to de tec t  malonic acid in juice. 
Malonic acid is a recognized compe t i t ive  inhib i tor  
of snccinic dehydrogenase ,  blocking the  classical TCA 
cycle. The concen t ra t ions  we found in f lavedo tis- 
sues are similar to  those  causing malona te  inhibi t ion of 

02 up take  in vi t ro  (1 to  5 • 10-~M)1~. Also p H  values of 
peel t issues are p H  5-5.5, i.e. similar to  those  needed  
for the  react ion in v i t r o ~ .  On the  o the r  hand ,  malonic  
acid is p robab ly  located in vacuoles away  f rom mito-  
chondria .  Malonic acid t h r o u g h  i ts  ac t iva t ed  der iva t ive  
malonyl-CoA is act ive in m a n y  metabol ic  p a t h s  (as lipid 
and phenol ic  b iosyntheses ,  etc.) and  its accumula t ion  
could also be connec ted  wi th  slowing down of b iosyn-  
the t ic  act ivi t ies  a t  incipient  senescence.  

A l though  the  reasons for malonic  acid accumula t ion  
have  no t  ye t  been explained,  such accumula t ion  seems to 
p r o v i d e  a reliable and adequa te  indica tor  of fruit  t issue 
senescence in oranges. 
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Changes in Blood Tryptophan Level During Sleep Deprivation 
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Summary. Prolonged  sleep depr iva t ion  elicits a s ignif icant  e levat ion of the  p lasma level of free t r y p t o p h a n  which 
appears  to be involved in increased excre t ion  of 5 -HIAA dur ing  this  s ta te  t h rough  enhanced  5-HT synthesis .  

In  an earlier pape r  we have  d e m o n s t r a t e d  t h a t  sleep 
depr iva t ion  (SD) is associated wi th  changes  in tile ex- 
cre t ion  of the  end -p roduc t  of serotonin  me tabo l i sm 
(5-HT), i.e. 5 -hydroxyindole  acetic acid (5-HIAA)3. 

T e m p o r a r y  e levat ion of 5 -HIAA excre t ion  on days  2 
and 3 of SD was expla ined by  an increased 5-HT release 
f rom tissues, on one hand ,  and  by  a stress man i fes t a t ion  
of SD, on the  other.  La t e s t  inves t iga t ions  showed t h a t  
changes  in blood t r y p t o p h a n  (TP) levels 4, pa r t i cu la r ly  in 
the  free t r y p t o p h a n  5-7, m a y  be a reliable index  of the  
changes  of 5-HT synthesis .  We therefore  inves t iga ted  
the  changes  of blood T P  dur ing  SD. 

AIethod. 6 h e a l t h y  volunteers  (20-23 years) were ob- 
served for total ,  free and  bound  T P  dur ing  120-hour SD 
and dur ing  2 contro l  per iods under  expe r imen ta l  con- 
di t ions  descr ibed in the  preceding  paper  3. The p lasma  T P  
was measured  wi th  the  spec t rof luorometr ic  m e t h o d  ac- 
cording to  ECLESTONE s, the  free T P  was f i l tered before 
process ing t h rough  a 2 100 CF 50 m e m b r a n e  filter. Hepa -  

r inized blood was w i t h d r a w n  at  06.00 h and at  18.00 h 
and  the  average of t he  2 values  was  used for the  final  
evaluat ion.  

Results and discussion. The Table shows t h a t  b o t h  the  
free and bound  T P  increase dur ing SD. However ,  th i s  in- 
crease is s ignif icant  only  for the  free fract ion,  reaching its 
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1st control Sleep deprivation (h) 
period 

2nd controI period 

24 48 48-72 72-96 96-120 48-72 7246 

Bound tryptophan ~zg/ml 10.58 12.117 11.8 
S.D. 2.31 2.871 2.189 

30 12 12 

Free tryptophan ~xg]mI 2.507 2.6 3.67 r 
S.D. 0.78 0.83 0.93 
n 30 12 12 

11.77 9.94 11.158 11.158 
2.77 1.51 1.8 1.88 

12 12 12 12 

3.6 r 3.57" 3.317 �9 3.23~ 
0.93 0.49 1.23 0.75 

12 12 12 12 

n, number of observation; ~ p % 0.05; b p < 0.02; r p < 0.01. 


