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C O N S E R V A R O N  O F APPLE AND 
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Syncrgic c ffec t  o f h c a t  and radiatiün
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Abstract

C 0 N S K R V A T 1 0 N  O I '  A P P L E  A N D  P E A R  J U I C E  C O N C E N T R A T E S :  S Y N E R G I C  E F F E C T  
O F  i l l ' A T  A N D  R A D I A !  I ON.

This p a p e r  aims at assessiní» the  feasib il i ty  fo r  conserving  apple and  pear- ju ice  c o n c é n ­
tr a le s  th ro u g h  th e  sy n f rg ic  a c t io n  o f  h e a t  and ra d ia t íon .  The m ate r ia l  was pack ed  in sterile 
! 0 O - j im  p o l y e t h y l i ' n e  b:.ps and ,  o í te r th e  t r e á t in e n r  was app l ied ,  the r rsu l t ing  frac tior .s  were 
i t o r e d  u n d e r  rocrni t e m p e ra tu ra  ( 2 5 ° C  ± l ° C ) .  T h e  te m p e ra tu ra  ap p l i rd  to  th e  sam pies befo re  
i r rad ia t ion  was í ü ' V  durinp; 10 m in u te s  and the  doscs were 100,  20 0 ,  3 0 0  and 4 0 0  k rad .  F o r  
*uch pu rposes ,  a ‘ “Co I 6 5 -k ra d /h  so urce was used ,  loca ted  in a m obile  i r rad ia to r .  P í r io d ic s l  
m icrob io log ica l ,  chem ical  and o r ^ . i n o le p t i c  C o n t r o l s  o f  th a  fo o d  were p e r fo r rned  on  ho th  
co n tro l  and  on  irradiate  J sampies, w ith  o r  w it i iou t  h ea t .  A single a l te ra t ing  microorg .in isjn  was 
isolnted tron i  al! the sampies, whicii was fen tu red  as S a c;h a ro m ice s  rouxii.  A d o p t in g  the 
te m p c ia tu r c  as an Application variable and the abso rbed  dose as a c o n s ta n : ,  the ab o v e  o s m o p h y i ic  
yc&st ¡s co n s id e rab ly  m o re  senr-itive to  r ad ia t ions  w h e n  it is su spended  in a 50% s u e r o s o  .soiution, 
í f t e r  tlie la t tc r  was s u b n u t te d  to  a S0°C te m p e r a tu te  t r e a tm e n t ,  I t  has been p ro v ed  th.it 
72 ,5  krad  are nceded  !o ¿ t t j i n  the  r e d u e t to n  o f  a loe.aritlunic cvcie  in the  S a cchcrom ices  ro u x i i  
po p u la  t ion i n a d i a t e d  at ro o m  te m p e ra  tu re ,  whil?  36  k rad  are nced ed  it’ the  sa m p ls  has been  
proviously l ic i te  J  to  5Ü C fo r  ¡0  m in u te s  An a t t e m n t  was m ade  to  a p p iy  the  syni’rpisin o í  
snch p iooess  to  the iir.ee c o n c é n t ra te .  Be iow 5 0 UC associa ted  with  4 0 0  krad  patr>uia r ad ia t ío n ,  
a to tal  ¡nac t iva t ion  to o k  place in the Sacch a ro m ires  ro u x i i  c'ainne the 150 d.iys u n d e r  aiu tysis .  
C o lo u r  clií.nges were  den -c ted  in th e  c o n c é n t r a te ;  how ever ,  the acce p ta b i l i ty  foa tu res  for 
c rm n im p í io n  r e n m n e d  at a n o rm a l  vaiuc Ucvel 5)  in a her ionic  seale o f  ? p o m ts .

I N T R O D U C T I O N

H i t  f m i t  p ro d u c t i o n  in Argen t i na  has  led t o  t he  d e v e lo p m c n t  o f  a juice 
i nd us t t y  wi th  an im p o r t a n t  leve 1 o f  p r o d u c t i o n .  C o n s e q u e n t l v , a need  has  ar i sen 
ioi  con se i va t i o u  ot  t he  j ui ce  u n d e r  o p t i n u im  hyi' . iene con d t t i o n s ,  avoiduif! t he  use 
ot  chemica!  co nse iv a t i on  .n;ents and the exp ense s  involved in ¡ns taüinn and 
maiitUtininK cool  «lora^c and t r a n s p o n  f. icüit ies f o r  the t ' inished p rodu c í s ,

SV'iihia sneh a f r am ew o rk .  tes i s  were  p e i f o r r i e d  on  the ac t i on  ot'  i n t e n n e d i a í e  
doses  o f  ioni ?i«g t ad i a t i o n s  u p o a  app l c  and  pea r  juico co ncé n t r a l e s .  T o  r ed uce  the  
doses  to  be used  an associat iui i  o f  hc. it  a c t i on  was a t t e m p t e d ,  t hus  udjus tnu!  the 
co nd i t i o n s  to  a prca ín-  syner¿?ic eiYcct.
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T h e  doses  le s tcd  r esu l t ed  f rom  the analvs is  o f  ten ta t i vo  o l f cc ts  o f  rad i a t i on  
u p o n  a h ighly co n co n t r a t e d  m a t t e r ,  a lmos t  exelus ivelv con s t i t u i od  by carbo-  
hydra to s ,  which  aro con s ide r ab ly  a f t e c t e d  by the d i r ec t  d is s i pa t i on  o! tho l ad i a t i on  
ene rgy  and ,  l u n d a m e n ta l l y ,  by tlio a c t i on  o f  f ree e l e c t rons  (e ) and  by h y d r o x y l  
radi ca ls  i J lO ' )  ( 1 - 3 ] ,

l’o ly s acca r i des  deg rade  i n to  mo no s ac ch a r i de s  and  these  su f f er  o x id a t i o n  
proce sses ,  bo co m in g  acids  nnd/ 'or  p ro du c i ng  a lde hy de s  (celular  t ox i c s)  t h i x u g h  thc 
n i p t u r o  o f l h o i r  a n nu l a r  eyeles.  This  l a t to r  p h e n o m e n o n  reaches  its m á x i m u m ,  G,  
in very  d i l u t e d  pu ré  so lu t i on s  w i th  a clear ly alkal ino p l i  ( p l I  11).

T h e r c fo r e ,  con s ide r i ng  tlie high so luto  co n c e n t r a t i o n  and the ele fin tic acid 
p H  o f  t he app lc  and  pea r  j u i ce  concon t r a t e s ,  it was  t'elt t l iat  no  t ox i c  subs t ances  
w o u l d  be fo rm ed .  This  c o n s i d e r a r o n  w ou ld  be su p p o r t c d  by  the rosul ts  ob t a in e d  
by  Baraldi  [ 1 ] in appl e  juico,  i nd i ca t ing  t ha t  a 1-Mrad dose  do es  no t  load to  t he  
fo r m a t i o n  o f  t ox i c  a l de hyd e s  if  t he  i r r ad i a t i on  is p e r f o r m e d  w i th i n  a m é d i u m  wi th  
an  ac id  p l i  ( p l i  3 . 5) .

M A T E R I A L  A N D  M E T I I O D S

Th e  appl e  and  p ea r  j u i ce  c o n c e n t r a t e s  used were  ob t a i n ed  f r o m  o n e  o f  the 
local  suppl iers ,  wi th no  special  p r ep a r a t i o n  p r oc e du r e s  and  no ad d i t i on  o f  
c h em ic a i  conse rva t i on  agents .

T he  j u i ce  c o n c e n t r a t i o n  was  p e r f o rm e d  by  a hea t i n g  process .  A 10-litre 
s amp le  o f  the  f i nished p r o d u c t  was o b t a i n ed  f ro m the p l an t  and  p ac ke d  in a 
h e r m c t i c  plás t ic  t ank ,  which  was t h en  s en t  to  o u r  l a bo ra to i i e s  and s u b m i t t e d  to  
t h e  t r e a t m e n t s  s chedu l ed  fo r  this p ro j ec t .

The  s amp le  was f r ac t i o na t ed  in a l i quo t s  o f  a p p r o x i m a t d v  100 c n i3 and  
pa ck e d  in a 100-jUin-thick p o ly e t h y l e n e  bags t ha t  were  ím m ed ia t e ly  heat -sea l ed .
All t h e  o p e ra t i o n s  were  p e r f o r m e d  w i th in  a l amina r  air j a cke t  in o r d e r  t o  avoid  
an y  ad d i t i on a l  c o n t a m i n a t i o n  to  t he  f i nished p ro d u c t .  Th e  p ac ked  ma te r i a l  was 
d i s t r i bu t ed  in t hr ee  l ot s  w i th  6 0  bags each,  wh ich  we re  s u b m i t t e d  to  the fo l lowing  
t r e a tm en t s :

L o t  N o . l  was s t o r ed  at  a t e m p e r a t u r a  o f 2 5 ° C  ± 1°C,  as c o n t ro l  s amp le ;
Lot  N o . 2 was  s u b m i t t e d  to  var i ous  r ad i a t i on  doses ;  and
L o t  N o . 3 was  t r e a t e d  at  5 0 °C  ef f ec t i ve  hea t  and  imm ed ia t e ly  i r radia ted .

La t e r  on ,  lot s  2 and  3 were  f r a c t i ona t ed  i n to  sub - lot s  and  s u b m i t t e d  to  doses  
o f  100,  200 ,  3 0 0  and  4 0 0  krad  in an i r rad i a to r  wi th  a 60Co source  and  at  a dose  
speed  o f  165 k r ad /h .

T h e  t r e a t e d  and  t he  con t r o l  s amp le s  were  also s t o r ed  at  a t e m p e r a t u r e  ot  
2 5 ° C ±  1°C and  t h en  ch ec ke d  a f t e r  0,  15, 30 ,  45 ,  60 ,  9 0  and  150  days .



(days)

f ' l G . l .  S i tn - iva l  c u r v e s  o f  t h e  S a c c h a r o m i c c s  r o u x i i  s h o w n  as  t h e  n u m b c r  o f  m i c r o o r g a m s m s  

( l o g a r i t h m ic  s c a lc ) as  a J u n c t i o n  o f  t h e  s to ra g e  p e n o d  s h o w n  in  d a ys ,

X ------X C o n t r o l  ¡no  t r e a t m e n t ) .

O ------o  2 0 0  k r a d  ( w i t h o u t  h c a t  t r e a t m e n t ) .

f ------1  2 0 0  k r a d  w i th  h e a t  t r e a t m e n t .  T h e  s a m p l e s

w cr e  s t o r e d  a t  2 S  ° C  ± 1°C .

M I C R O B I O L O G I C A L  S T U D Y

T h e  foUowim;  mie ioon ran i sn i s  wcrc  cx am i n ed :  Lnetobac i l l u s  in sclect ive 
med i a  [4] ;  co l i l o rm  bac te r ia  (.NMP) in M c C o n k e y ’s b ro th  [5 ¡; a e rob i c  bac t e r i a  in 
TC.V apar;  and  funjü  and  yc a s t s  in p o i a t o c d c x t r o s e  agar  and  ma l t  apar.

PHYSIC 'AL  A N D  C M I M i C A L  STUDII IS

The  co lo u r  was assessed hy m oan s  o*' uUrav io ’.et  s p e c t r o p h o t o m e t r y ,  usin;’

1% vol / vol  d i l u t i ons  w h i ch  s h o w e d  m á x i m u m  a h s o i p t i o n  at  2S2 in/J.
T h e  viscosi ty,  den s i t y  and p l l  o f  the  co n c é n t r a lo  were  assessed at  a t e m p é r a ­

la  iv o)' Th e  c on c e n t r a i i o n s  ol  t ot a l  soluble  soluls and  ol  soluble  sol ids ni 
c t h án o i  at 50JC weie  assessed by  mea ns  o f  r e ú a c t o m e l r y .



F I G . 2 .  S u r v i v a l  c u r v e s  o f  t h e  S a c c h a r o m i c e s  r o u x i i  s h o w n  as  t h e  n u r n b e r  o f  m i c r o o r g a n l s m t  

( l o g a r i t h m i c  sca lc )  as  a f u n c t i o n  o f  t h e  s to r a g c  p e r i o d  s h o w n  ir. d a y s .

X ------ X C o n t r o l  ( n o  t r e a t m e n t ) .

A 4 0 0  k r a d  ( w i t h o u t  h e a t  t r e a t m e n t ) .

’j h e  s a m p l e  i r r a d ia t c d  w i th  4 0 0  k r a d  a n d  h e a t - t r e a t c d  c a r in o t  be  g r a p h ie a l l y  s h o w n ,  s in c e  i t  

c o n t a i n e d  n o  m i c r o o r g a n i s m s .  T h e  s a m p l e s  v.-cre s t o r c d  a t  2 5 °  C  ± 1 C.

T he  ac id i t y  deg ree  was  e s t ab l i shcd  t h r o u g h  v o lu m e t r y  w i th  NaOI I  ( 0 . 1 N )  
in 10 %vo l . / vo l .  d i i u t ions .

T h e  levels o f  pe c t i n  in t he  s amp le s  we re  d e t e c t e d  by n ieans  o f  t he  co lo r in i e t r i c  
r e ac t i o n  p r o d u c e d  by  ga l ac tu r on i c  acid fo l l owing t he  m e t h o d  o f  M c C o m b  et  al. [6].

P R O D U C T  A C C E P T A B I L I T Y

In ad d i t i o n  t o  t he  p r o d u c t  s amp le s  s t o r ed  a t  25 °C ,  co n t r o l  s amp le s  s t or aged 
at  4 ° C  ± 1°C were  uscd .  'I he  da t a  o b t a i n e d  was  t he  resul t  o f  app ly ing  the “ r a t i n g ” 
m e t h o d ,  w i th  a h e d o n i c  scalc oí  seven po in t s ,  t he  f i f th  o f  t h em  being cons i dc r ed  
as n o rm a l  a ccep t ab i l i t y .

T h e  eva lu a t i on  o f  t he  resul t s  o b t a i n e d  by  t he  va ri ous  pa r t i c i p an t s  was 
p e r f o r m e d  acc o rd in g  t o  D u n n c t s ’s m e t h o d  [7].

R E S U L T S

T h e  mic rob io logi ca l  analys is  s h ow ed  the p r e scnce  o f  a yca s t  as the on ly  
c o n t a m i n a t i o n  agen t  o f  t h e  c on c é n t r a t e .  Th is  yca s t  was  ( ea tu r ed  as S acca ru m ices  
ro ux i i ,  a cc o rd in g  t o  t he  c lass i f ica t ion  o f  Lo ik l er  and  Kreger  Van Rij [8].
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F I G . 3 .  M á x i m u m  n u m b e r  o f  m i c r o o r g a n i s m s  o f  t h e  v a r io u s  s a m p i e s  (in a l o g a r i t h m i c  s c a l e ) 
a s  a f u n c t i o n  o f  th e  s ío ra g e  t i m e  e x p r e s s e d  in d a y s .

■ C o n t r o l

b  200
n  3 0 0  ■ k r a d  w i t h o u t  h e a t  t r e a t m e n t
n  4 0 0

* 2 0 0 1
r  k r a d  w ¡th p r e v i o u s  h e a t  t r e a t m e n t .  

a  3 0 0 J

T h e  analys is  o f  the resul t s  o b t a i n e d  f rom the con t r o l  and f r o m  the i r r ad i a t ed  
s amp le s  w i th  n o  add i t i ona l  heatinp,  s’’ows  no  e f f ee t s  regardin.e the m á x i m u m  
levéis o f  m ic rob io lo júca l  de v e lo p m e n t  ñ o r  t he  t ime  n ee d ed  to  r each  t l iem 
(Figs  1 - 3 ) .

A f t c r  3 0  days  b o t h  the con t r o l  s amp le s  and  those  i r r ad i a ted  w i t h o u t  he a t  
t r e a tm e n t  reacl ied t he i r  m á x i m u m  p o p u l a t i o n  dens i t y  in t he  range o f  lO 5 mic ro -  
o r gan i sms /ml  ( I ' i g . i ) .

T h e  s amp le s  t i e a t ed  w i th  the c o m b i n e d  proces s  ( h ea t  and  i r radia t ion) .  sh o w ed  
t ha t  the t ime  ne e de d  to  r each thei r  m á x i m u m  p o p u l a t i o n  den s i t y  liad i ncr ea sed  
in r e í a t i on  to  the radi . i t ion dose  incr ease ,  r esu l tuu’ in 45 and  6 0  days  i'or the 
s amp le s  t r e a t ed  w i th  2 00  and  3 0 0  krad ,  respect ively (.Fip.3).

A t  this stape o f  ana l y s in s  the resul ts ,  it m us t  be n o t e d  t ha t  t he  he a t - t r e a t e d  
s amples  s u b m i t t e d  to 4 0 0  k rad  i r r ad ia t ion  sh ow ed  110 m ic rob io log i ca l  u ev e io p m e n t  
a t  all dur i ng  i 50  days  o f  s t orape .

A m o n g  the physi ca l  pa r a m e i e r s  u n d e r  analys is ,  an  ev ident  d i s co lo r a t i on  o f  
the s amp les  was d e t ec t e d ,  occurr i i ví  un m ed i a i e l y  a f t er  the  i r r ad ia t i on  proces s  and  
in a d i r ec t  r a t io  w i th  the app l i ed  doses .  Th is  p h e n o m e n o n  was  n o t  so ev i de n t  in 
the s amp le s  t ha t  were  pr ev ious ly  s u b m i t t e d  to hea t  ( l ' ip.4) .
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F Í G . 4 .  R e p r e s e n t a t i o n  o f  t h e  p e r c e n t a g e s  o f  c n l o u r  va r ia t io n  as a f u n c t i o n  o f  t i m e  e x p r e s s c d  

in d a y s .  V i e  z e r o  va lué  r e p r e s e n t s  th e  o r ig in a l  c o lo u r  o f  t h e  a p p l e  a n d  p e a r  ju i c e  c o n c é n t r a l e s .  

V t e  n e g a t i t e  v a lúe s  e x p r e s s  d i s c o l o r a t io n .  T h e  p o s t t í v e  v a lúe s  e x p r e s s  d a r k c n in g .

k r a d  w i t h o u t  h e a t  t r e a t m e n t

*  C o n t r o l

« 200  1 
Q 400 J

■ 200 1
„ r  k r a d  w i t h  p r e v i o u s  h e a t  t r e a t m e n t .  u 400 J

Dur ing  t he  s t or age  pc r i od ,  ;ill t he  s amp le s  su f f e r ed  a da rkcn ing  proees s ,  which  
was  m o r e  accc l e r a t ed  a m o n g  the c on t r o l  saniples  (Fig.4) .

A t  d a y  ze ro  ot' this  s t ud y ,  t he r e  were  p rac t ic a l l y  no  d i f l e r ences  in the viscosi íy 
valúes  o f  t he  var i ous s amp le s  (Fig .5) .  Dur ing  t he  w h o le  s t orage  pe r i od ,  on ly  the 
s amp le  t r e a t e d  w i th  50 °C  and  4UÜ k rad  i na in t a ined  a c o n s t a n t  viscosi ty  valué.
In t ' ie  rest  ot  the  s amples ,  vi scos i ty  valúes dcc rea scd  as t ime  w en t  by du r ing  the 
fi rst  6 0  days  and  t h e n  s t abi l izcd  at  valúes belosv the ini t ial  figures.

In t he  s t r ic t  co r r e l a t i o n  w i th  the resul t s  o b t a i n e d  c o nc c rn in g  viscos i t y,  at  
day  zero ,  o n ly  a 7% r c d u c t i o n  was  observed  in t he  c o n c c n t r a t i o n  o f  pec t i n s  o f  the 
t r e a t e d  samp les ,  as c o m p a r c d  w i th  the  c on t r o l  s amp le s  (Fig.ft) .

N o  signi f i cant  d i f l e r c nce s  wcrc  d e t e c t e d  rega rd inc  the dcns i t v  valúes  o f  the 
var i ous  s amp le s  w i th i n  t he  pe r i o d  u n d e r  analysis.  Th e  same  hchav iou r  was  fon tul 
con cc rn in g  the analys is  o f  total  soluble  sol ids  and  o f  thosc  in e t h a n o l  a t  5 ü ’ C.
I t  m u s t  be n o t e d  t h a t  the l a t t e r  i nc ludes  sugar ,  wh ich  r em an í s  i o l u ld e  w he n  the 
pcc t i n s  p r ec ip í t a t e .



50

% variation 
o f v i* .ro s i t y

ílr'iil 

lí
I !
'«!

M
lili
í| • «:;
•ivaí.

' A i
s ü v * :

! í > : ¡  ¡ «■!

W ri]...

|I3>¡ «nViíl  
H' i ;  í>:¡ u ;; ^ •<

h 1̂ ¡i ,] e ; | ;
S i : ; ^

•• ‘1'í
i i .*!«

) í'>' 4 
__ Mííáa
^  *~7¡r

i s a

n >r
15 f| '

!i ü

3[-

>■» 'i \¡ ;J : rj > m ■: >< *; r| ¡ 
¡ : ¡ l

fi' i

L f 11» lull_U Li U¿IM_
30

i -1 ’ A! , -j ■ ' 
1 tl¿i
4 5 60

f c í l s í S

; ü « 3 | !

: i - ¡~m ■!/ <.< 1
*:  ‘M  <

í h : ¡** l;

C ;;!! ™ -i
H " "•M a '< 

•’ ' ! ' j j '  
;

•■i :■
H w ¿  i, v ' 4  $ ^ ¡ 3 ! ¡ m ¡ú 1:■» 1 i‘t ; r iín K.j, .«'i S¡K ,1, B-'jflf.
l í J ’ íl H í i ü í l J i ü í S í !  ¡ . s f e f

9 0  "
M h

120 150
(days)

F I t i . S .  R c p r e s c n t a t i o n  o f  t h e  v i s c o s i t y  p e r c e n t a j e s  f o u n d  f o r  t h e  v a r io u s  s a m p l c s  s h o w n  in 

t h e  g r a p h ,  as  p e r  s to ra g e  t i m e  f u n c t i o n  e x p r e s s e d  in  d a y s .  1007o c o r r c s p o n d s  to  t h e  o r ig in a l  
v i s c o s i t y  o f  t h e  u p p le  a n d  p e o r  j u i c e  c o n c é n t r a l e s .

•  C o n t r o l

n 200 
b  4 0 0

k r a d  w i t h o u t  h e a t  t r e a t m e n t

■ 200\
B j  I r a d  w i t h  p r c v i o u s  h e a t  t r e a t m e n t .

T h e  ini t ial  va r i a t i ons  obsc rved  fo r  the pH,  as a d i r ec t  e f f ec t  o f  the app l i ed  
t r e a tm e n t s ,  were  nhvays  be low  0.U2 uni t s .  A sl ight t e n d e n c y  to  a l ka l i n i za t i on  was 
d c t e c t e d  in t he  s amp lc s  du r ing  t he  s t orage  pe ri od .  Th i s  p h e n o m e n o n  was  m o r e  
o u t s t a n d i n g  amon i ;  Un* con t r o l  s amp le s  t h an  a m o n g  the i r r .ul iated oríes. Tluis .  
at day  zero ,  the c on t r o l  s amp lc s  s h o w ed  p l l  3 .56 ,  whi le  ¡hose  t r e a t e d  a t  50°C  
and  w i th  -100 kr.ul s ! \owcü p l l  3 . 54 .  A t  150 days ,  those  valúes  inc r ea sed  t o  3 .73  
and  3 .61 ,  respect i ve ly .

T h e  ave rape t l avour  valúes  ob t a i n e d  at  day ze ro  (,F¡g,7) s h ow ed  n o  de t ec t ab l é  
sipnil ' icant d i f f e r ences  u n d e r  t he  uti l i / .ed eva lua t i on  n i e th o d  0 and  agree w i th  t hose  
o b t a i n ed  by o t h e i  rescarcl iers  l 1J|.

It was  c o n s i d e r a !  tlt.it the  s amp lc s  be cam e  unsu i t ab l e  for  c o n s u m p t i o n  w h e n  
the average t l avou r  valúes -  as co t n pa re d  w i th  those  o f  t he  c o n t ro l  s am p lc s  — 
sh o w ed  a di lTerence above  valué " A " ,  wi th  a rel iabi l i ty  interval  e q u a l  to 5 ' í ,  
or  w hen  the e o n t a i n m a t i o n  leve! r e ached  a b o u t  105 microo rgan i sms / r a l .

T he  valué  “ A "  is de f i ne d  as:
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F I G .6 .  R e p r e s e n t a t i o n  o f  t h e  va r ia t io n  in t h e  p o r c e n t u a l  c o n c e n t r a t i o n  o f  g a l a c t u r o n i c  a c id  
(p e c t i n s )  in t h e  v a r io u s  s a m p l e s  s h o w n  in t h e  g r a p h ,  as  a f u n c t i o n  o f  th e  s to ra g e  t i m e  a n d  s h o w n  

in d a y s ;  1007o c o r r c s p o n d s  to  t h e  o r ig in a l  c o n c e n t r a t i o n  o f  p e c t i n  g a la c t u r o n i c  a c id  e x i s t i n g  

in t h e  a p p le  a n d  pea) j u i c e  c o n c é n t r a l e s .

t  is a valúe e x t r a c t ed  f ro m D u n n c t t ’s t ab l e [7] ;
P is t he  s am p le  nu rnbe r ,  exc iud ing  the  c on t r o l  s amp le ;
N is t he  n u n ib e r  o f  obse rva t i ons  for  each  tes t ;  and 
S is t he  “ s t a n d a r d ” devi a t i on .

Dur ing  t he  pe r i od  o f  150 days ,  the  s amp le s  u n d e r  c o m b i n c d  t r e a tm e n t  
( 5 0 ° C  + 4 0 0  k r ad ) ,  s t o r ed  at 2 5° C  and the c on t r o l  s amples  s t o r ed  at  4 ° C  show ed  
t he full average valúes in t he  l l avou r  tests:  4 . ‘>4 ± 0 .36  and 4 . 8 6  ± 0 . J 7 ,  respcct i ve ly.

Th cse  d i f f e r ences  are n o t  s i gnif icant  if S tu d e n t s '  t es t  is app l i ed ,  whe re  a 5% 
tel iabi l i ty  deg ree is a dm i t t e d .

o  C o n t r o l

« 200  
a  4 0 0 } k r a d  w i t h o u t  h e a t  t r e a t m e n t

___ ■ k r a d  w i t h  h e a t  t r e a t m e n t .
s  4 0 0

where :

D1SCU SS ION

Cons ide r ing  the c f f ec t  o f  t he  cor . t a rnina t i ng  f lora  u p o n  t he  d e c o m p o s i t i o n  
o f  app le  and  pear  j u i ce  co ncé n t r a l o s ,  t he  obj ec t i ve  o f  this p ro j ec t  was  ce n t i c d  on  a
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F Í G .  7. R e p r e s e n t a t i o n  o f  t h e  v a r ia t io n  in t h e  f l a v o u r  q u a l i t v  o f  t h e  a p p le  a n d  p e a r  j u i c e  

c o n c é n t r a l e s  o f  t h e  s a m p l e s  in th e  g r a p h  as  a f u n c t i o n  o f  th e  s to ra g e  t i m e  in  d a y s .  V a lué  j  

o f  th e  h e d o n i c  scale  c o r r e s p o n d s  to  a n o r m a l  a c c e p t a b t i i t y  o f  th e  p r o d u c t .

-------- C o n t r o l
• • - • 4 0 0  k r a d  v>'ith h e a t  t r e a t m e n t  
. .  . . 4 0 0  k r a d  w i t h o u t  h e a t  t r e a t m e n t

........... 2 0 0  w i t h  h e a t  t r e a t m e n t

. A . / .  2 0 0  w i t h o u t  h e a t  t r e a t m e n t .

search fo r  the o p t i m u i n  i r r ad i a t i on  c on d i t i o ns  leading t o  an ef f ec t i ve  ac t i on  u p o n  
the c o n t a m in a t i n g  agents ,  avoiding s igni f i cant  changos  a m o n g  t he  na tu r a l  co m -  
p o n e n t s  a t u l / or  the fo r m a t i o n  o f  t oxi c  subst ances .

Tl iese f a c to rs  a l r eady  given i nd í ca t e  t ha t  the dose  lovels t o  be appi i ed  shou ld  
be bc lo w  I Miad ,  m ag re em en t  w i th  Ba ra ld i ’s a ss e ssment  11 ); c o n s e q u e n t l y ,  the 
ex p e r i m e n t  was p l a nn ed  using i n t e n n e d i a t e  (loses ot'  radi a t i on .

'Hie resul ts  o b t a m e d  sho w  tha t  t he  t r e a t m e n t  w i th  on ly  i n t e n n e d i a t e  dose s  
ha s  p rac t iea l ly  no  i nf l uence  ¡ rom a mic rohio log i ca l  v i ewpoin t .  T hu s ,  a t t e r  
3 0  days ,  these  s amp le s  show ed  a mic rubio log i ca i  load equa l  t o  t ha t  o f  t he  c o n t ro l  
s amp le s  and became  msu i t ab l e  for  co n s u m p t i o n .

All analysed  s amp le s  sh ow ed  a cióse co r r e l a t i on  r ega rding yea s t  p o p u l a t i o n  
leve!1., v a i u t i u n  in the c o nc e n t r . i t k m  o f  pcct i n*  and ,  c o ns e qu en t l y ,  viscosi ty .

Tli is U\l to  the i n t e rd i c e  tha t  the on ly  c o n t a m in a t i n g  n n c r o o n u n i s i n  m  the 
p i o d u c t  X icch jro m U 't 's  ro u v i i  • no t  on ly  co ns u m os  supar  but  exe r t s  a digest ivo 
ac t i ou  u p o a  t!u- pe c h a s ,  l l bonu ing ,  a m o n g  o th o r  p ro du c í s ,  ga l ac tu ron i e  acid.
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F I G .S .  S u r v i v a l  c u r v e  o f  t h e  S a c c h a r o m i c e s  r o u x i i  / s u s p e n d e d  in  a 507c P /vo l .  s u c r o s c  s o l u t i o n )  
as a f u n c t i o n  o f  t h e  t i m e  u n d c r  t r c a t m e n t  s h o w n  in m i n u t e s .

* - D t 0 : 3 i ' 4 2 ” ( 5 0 ° C !  

o í ) iQ.- 2 6 '  6 "  ( 7 2 . S k r a d j
•  D w : 2 3 '  ( 5 0 °  + 3 6  k r a d j

- - - - S u m
t

Thi s  h y p o th e s i s  was  c o n f i rm c d  by l a bo r a to r y  tes ts  showini !  t ha t  Sacchtiro in lces  
r o u x i i  m a y  deve lop  in inedia  t ha t  are exclus ivelv c o n s t i t u t c d  oí'  appl e  pect i ns .
T h o se  c o n d i t i o n s  w ou ld  exp l a in  t he  fac t  t ha t  no  d i f f e r ences  were  d e t c c t e d  in the 
r e f r a c t o m e t r i c  me as u rc n i cn t s  p e r f o r m e d  a m o n g  sol ids soluble  in e t h an o l  dur ing  
t he  s t orape  per i od .

Thus ,  t ak ing  i n to  a c c o u n t  t ha l  t hose  sol ids  f u n d a i n e n t a ü y  c o n s t i t u t c d  sugar ,  
it  was to  be c x p c c t c d  t ha t  t he i r  c o n c e n t r a t i o n  wo u l d  decrease as the  p o p u l a t i o n  
o f  c o n t a m i n a t i o n  apent s  incr eased.  Th is  h y p o th e s i s  was  no t  c o n t i n n e d  by  the 
r e f r a c t o m c t r y  m e a s u r e m e n t s  because  t he  loss o f  soi ids  soluble  in e t h a no l  a t  5 0 ° C  
caused  by sugar  d ige s t i ón  is sup p os ed  t o  have been  c o m p e n s a t e d  fo r  by the 
i ncr casc  m  pa l ac tu r on i c  acid resul t i ng  f r o m  the  d iges t i ón  o f  pect i ns .

lt  mus t  be p o i n t e d  o u t  t ha t  ihe s amó le s  t r e a t ed  w i th  5 0 ° C  + 4 0 0  krad 
s h ow ed  no  d e v e lo p m e n t  o f  c o n t a m m a t i n g  f lora and ,  c o n s e q u e n t l y ,  no  var i at i ons  
in the  c o n c e n t r a t i o n  o f  pec t i n s ,  ñ o r  in v iscos i t y,  du r i ng  the  I 50  days  u n d c r  
analysis.



Aside  f r o m  the co n t a m in a t i n g  l lora,  all the  i r r ad ia ted  s amp le s  ( hea t - t r e a t ed  
o r  no l )  sh ow ed  o n ly  a T"c loss f r om the or iginal  c o n c e n l r a t i o n  o f  pec t i ns .  owing  
t o  t h e  t r e a tm e n t  apnl i ed .  As a n u t t e r  o f  fact .  t he  puro  pec t i n  so lu t i ons  are h ighly  
sensi l ive to  i on i / i ng  r ad i a t i on  eiYects,  a l t ho ugh  this is not  the case when  t hey 
ap pe a r  t oge th e r  wi th  sugar .  I he sugar  s eems  to  exe r t  a com pe t i t i ve  ac t i on  wi th 
t he  pec t i n  w hen  sub j ec t ed  to the e i f c c t  m e n t i o n e d  ear l ier  110).

T h e  i nc idence  o f  r ad i a t i on  ene rgy  u p o n  the ma te r i a l  u n d e r  analys is  was  also 
ev iden t  in the  d i s co lo r a t i on  suf f er ed  by tiie j u i ce  at day  zero.  This  co inc ides  
w i th  w ha t  has  been fo un d  in t he  b ib l i og raphy  [ 1 1 j, po i n t i ng  ou t  the r adiosen-  
s i t iveness  ol'  the exis t i ng  p ig m en t s  11 2, 13].

Af t e r  t he  above cons ide r a t i ons ,  the t r e a t m e n t  at  50 °C  and  the im me d i a t e  
4Q0-krad i r r ad ia t i on  w ou ld  ap p e a r  as the o p t i m u m  synerg i sm al l owing appl e  and  
pea r  j u i ce  conse rva t i on  at  25°C.  Such  a synergic  e f f ec t  was  co n f i rm e d  by tests  
p e r f o n n e d  in ou r  labora to r io s  w i th  cu l t u r e s  o f  S a cc h a ro m ices  ro u x i i  in a 50% 
wt . /vol .  suc rose  so lu t i on  [14] .

C O N C L U S IO N S

(a)  T h e  on ly  c o n t a m in a t i n g  o rgan i sm  fo u n d  in t he  p r o d u c t  u n d e r  analys is  was 
S a c ch a ro m ic es  r o 11,vii;

( b )  Hea t i ng  a t  5Ü°C for  IÜ minut es ,  a ssoc ia ted  wi th  4 0 0  k r ad  g a m m a  r ad i a t i on ,  
p roved  to  be cf f ec t i vc  in conserv ing  the j u i ce  c o n c é n t r a t e  ove r  a l ong  pe r i od  
at  25°C ;

(c)  U n de r  t he  descr i bed  t r e a t m e n t  t o t a l  i nac t iva t i on  o f  the p o p u l a t i o n  o f  mic ro -  
o rgani sms  occurs ,  at  least  du r ing  1 50  days;

(d )  T h e  qua l i t y  o f  the p r o d u c t  regarding s ensory  fac tor s  was excel l en t  s ince a f t e r  
150 days ,  no  s i gnif icant  d i f f e r ences  we re  f o u n d  be tw ee n  t he  t r e a t ed  p r o d u c t  
and  the re fe re rice samples .
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