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A s  f a r  a s  c o n c e r n e d ,  t h e  f i r s t  i n t e n t i o n  o f  s t u d y i n g  t h e  

i n c l i n e d - f i l m  e v a p o r a t o r  w a s  t o  f i n d  o u t  t h e  n e w  a p p l i c a b l e  e v a p o r a ­

t o r  f o r  t h e  f o o d  i n d u s t r i e s ,  T h a i l a n d  h a s  l o n g  b e e n  k n o w n  a s  a n  

a g r i c u l t u r a l  c o u n t r y ,  p l e n t i f u l  o f  f r u i t s  a r e  f o u n d  a v a i l a b l e  a r o u n d  

t h e  y e a r .  M o s t  o f  f r e s h  f r u i t s  a r e  c o n s u m e d  i n  t h e  c o u n t r y ,  s o m e  

a r e  e x p o r t ,  a n d  m a n y  a r e  l o f t .  T h e  s t u d y  w a s  t h e n  f o c u s e d  t o  t h e  

p r e s e r v a t i o n  o f  t h o s e  f r u i t s ,  b u t ,  a c c o r d i n g  t o  t h e  e v a p o r a t i o n , f r u i t  

j u i c o s  w o u l d  b o  a t t e n d e d .

F r e s h . f r u i t  j u i c e s  o f  s o m e  k i n d s  a r e  c o n s u m e d  a s  w e l l  a s  f r u i t  

f l e s h .  A m ong  t h e m ,  t h o s e  w e l l - k n o w n  a r e  j u i c e s  f r o m  o r a n g e s ,  p i n e ­

a p p l e s ,  t o m a t o e s ,  g u a v a s ,  a n d  l e m o n s .  M a r k e t e d  f r u i t  j u i c e s  a r e  c o n ­

s u m e d  i n  t h e  f o r m  o f  s y r u p  o r  b e v e r a g e .  T h e y  c o n t a i n  h i g h  p e r c e n t a g e  

o f  s u g a r ,  a r t i f i c i a l  c o l o r ,  a r t i f i c i a l  f l a v o r ,  a n d  s o m e  p r e s e r v a t i v e s .  

M o s t  o f  t h e m  h a v e  l o w  s o l i d  c o n t e n t  a n d  l o w  v i t a m i n  c c o n t e n t ,  b u t  

t h e y  s t i l l  s t a n d  v e r y  p o p u l a r  a m o n g  t h e  p u r c h a s e r s .

7 » i  T h e  S e l e c t i o n  o f  F r u i t  J u i c e  t o  b e  s t u d i e e

T h e  s e l e c t i o n  o f  f r u i t  j u i c e  t o  b e  s t u d i e d  w a s  d o n e  w i t h  c a r e  

c o n s i d e r a t i o n .  T h e  a v a i l a b i l i t y  d u r i n g  t h e  e x p e r i m e n t a l  p e r i o d ,  t h e  

p r e p a r a t i o n  p r o c e s s ,  t h e  e x t r a c t i o n  o f  j u i c e ,  a n d  t h e  c o s t  p e r  o p e r a ­

t i o n  w e r e  a l s o  c o n s i d e r e d .  T h e  m a j o r i t y  w a s  t o  t h e  c i t r u s  f r u i t s  f o r
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t h e i r  p o p u l a r i t y  a n d  t h e  a v a i l a b i l i t y  o f  e x t r a c t i n g  e q u i p m e n t *  F u r ­

t h e r  c o n s i d e r a t i o n  w a s  m a d e  t o  s e l e c t  t h e  m o s t  p r o p e r  s p e c i e s  b y  t h e  

p r o c e e d i n g  f a c t o r s .  C i t r u s  r e t i c u l a t a  B l a n c o  w a s  d e c i d e d  t o  b e  u s e d  

t h o u g h  C i t r u s  s i n e n s i s  L o u r  w a s  r e c o m m e n d e d ^ 5 ^

T h e  a d v a n t a g e s  w e r e  l i s t e d  o u t  a s  f o l l o w s  ร

1 .  c h e a p e r  i n  c o s t ,

2 .  m o r e  a v a i l a b l e  i n  m a r k o t s ,

3 *  j u i c e  y i e l d  p e r c e n t a g e  i s  h i g h e r ,

4 .  m o r e  c o n v e n i e n c e  t o  e x t r a c t  w i t h  t h e  a v a i l a b l e  e q u i p m e n t ,

5 .  h i g h e r  p e r c e n t a g e  o f  s o l i d  c o n t e n t  c o m p a r e d  t o  C i t r u s  

s i n e n s i s ,  t h u s ,  t h e  e v a p o r a t i o n  w o u l d  c o n s u m e  l e s s  p o w e r ,

6 .  c o l o r  i s  m o r e  f a v o r a b l e  

T h e  d i s a d v a n t a g e s  w o r e  a l s o  f o u n d  a s s

1 .  t h e  s e p a r a t i o n  o f  f r u i t  p u l p  f r o m  t h e  p e e l  d u r i n g  t h e  e x ­

t r a c t i o n  w h i c h  r e s u l t e d  i n  l o w e r  p e r c e n t a g e  o f  y i e l d  e x t r a c t e d  j u i c o ,  

s i n c o  t h e  p r e s s i n g  a n d  g r i n d i n g  h a d  t o  b e  a v o i d e d  t o  p r e v e n t  t h e  p r e ­

s e n t  o f  b i t t o r  t a s t e .

2 .  t h e  d e v e l o p m e n t  o f  b i t t e r n e s s  a f t e r  e x t r a c t i n g  a n d  

p r o c e s s i n g ,  b o c a u s o  t h e  c u t t i n g  o f  s e e d s  a t  h a l v i n g ,  t h e  c o n t a c t i o n  

b e t w e e n  p u l p  a n d  h a i r s  w i t h  t h e  j u i c o  d u r i n g  e x t r a c t i o n ,  a n d  t i l  a  l o n g  

s t a n d i n g  a t  s c r e e n i n g  b e f o r e  p a s t e u r i z a t i o n .

^ โ/รุ.r a d a  e t  a l .  R e p o r t  NO . 171
D e p a r t m e n t  o f  S c i e n c e ,  M i n i s t r y  o f  I n d u s t r y ,  J a n .  19 6 1 .  (R e f .N o .b i n  T h a i )

^ D o n a l d  K .  T r e s s l e r ,  a n d  M a y n a r d  A . J o s l y n ,  F r u i t  a n d  
V e g e t a b l e  P r o c e s s i n g  T e c h n o l o g y  ( W e s t p o r t ,  C o n n e c t i c u t ;  T h e  A v i 
P u b l i s h i n g  C o m p a n y ,  I n c . 5( 19 6 1 ) , p . 8 4 1 .
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7 . 2  S o m e  T e c h n i c a l  P r o b l e m s  i n  E q u i p m e n t  C o n s t r u c t i o n

T h e  i n c l i n e d - e v a p o r a t o r  w a s  f i r s t  c o n s t r u c t e d  i n  a  I  o v a l  

s h a p e  p r o v i d e d  l o n g e r  e v a p o r a t i n g  p a t h  a n d  c o r r e s p o n d i n g  w i t h  t h e  

c h a n g e  o f  v i s c o s i t y  o f  f r u i t  j u i c e  d u r i n g  t h e  e v a p o r a t i o n .  T h e  

e q u i p m e n t  w a s  t e s t e d  a n d  f o u n d  t h a t  t h e  h o a t i n g  p l a t e  w a s  n o t  l e v e l  

i n  t h e  d i r e c t i o n  o f  w i d t h ,  b u t  b e n t  u p  t o  t h e  c e n t e r .  T h i s  w a s  d u e  

t o  t h e  e x p a n s i o n  a n d  c o n t r a c t i o n  o f  s t a i n l e s s  s h e e t  d u r i n g  t h e  w e l d i n g .  

T h e  e q u i p m e n t  w a s  t h o n  r e c o n s t r u c t e d  u s i n g  a  s t r a i g h t  p l a t e ,  h a v i n g  

c o n s t a n t  i n c l i n a t i o n  o f  6 0 °  f r o m  t h e  v e r t i c a l  l i n e .  T h e  c o n s t r u c t i o n  

o f  e l i p s e  p l a t e  r e q u i r e d  m o r o  s k i l f u l  t e c h n i c i a n s .

I n  o r d e r  t o  r e g u l a t e  a n d  m a i n t a i n  a  c o n s t a n t  f e e d  r a t e  t o  t h e  

e v a p o r a t i n g  c h a m b e r ,  a  r o t a m e t e r  w a s  t h e n  c o n n e c t e d  t o  t h e  f e e d  l i n e .  

U n f o r t u n a t e l y ,  t h e  f e e d  i n l o t  v a l v o  w h i c h  w a s  a  g a t e  v a l v e  c o u l d  n o t  

b e  u s e d  i n  a d j u s t i n g  t h e  f l o w  t o  a  d e s i r e d  r a t e ,  a n d  S o  a t t e n t i o n  m u s t  

b e  t a k e n  a t  a l l  t i m e  t o  m a i n t a i n  c o n s t a n t  f e e d  r a t e .

T h e  u s e  o f  g a t e  v a l v e  a s  t h e  f e e d  i n l e t  v a l v e  w a s  n o t  s u i t a b l e  

a s  d i s c u s s e d  p r e v i o u s l y .  F o r  b e t t o r  f l o w  r a t o  c o n t r o l l i n g ,  a  g l o v e  

v a l v e  s h o u l d  b e  u s e d  i n s t e a d  o f  t h e  g a t e  v a l v e .

7 . 3  T h e  E x p e r i m e n t a l  R e s u l t s

T h e  p r e s e n t  w o r k  h a d  p e r f o r m e d  m a n y  e x p e r i m e n t a l  r u n s ,  b u t  o n l y  

t h e  d a t a  a n d  r e s u l t s  o f  7  r u n s  w e r e  p r e s e n t e d  h e r o .  T h e  o t h e r s  w e r o  

r e j e c t e d  b e c a u s e  o f  t h e  c o n f r o n t a t i o n  t o  s o m e  d i f f i c u l t i e s  a n d  t e c h ­

n i c a l  p r o b l e m s  d u r i n g  t h e  p e r f o r m a n c e  o f  t h e  e x p e r i m e n t s .  F o r  e x a m p l e s ,
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t h e  s u d d e n  l a c k i n g  o f  c o o l i n g  w a t e r  w h i c h  i n c r e a s e d  t h e  t e m p e r a t u r e  

i n  t h e  e v a p o r a t i n g  c h a m b e r  r e s u l t e d  i n  i n c r u s t a t i o n s  f o a m i n g  a n d  

b u r n t  o f  j u i c e ,  t h e  o p e r a t i o n  w a s  t h e n  s h u t  d o w n .  M o r e o v e r ,  t h e  

V a c u u m  a p p l i e d  d u r i n g  t h e  e v a p o r a t i o n  w a s  t o o  l o w ,  t h e  j u i c e  b o i l e d  

a t  t e m p e r a t u r e  e x c e e d  50°c w h i c h  r e s u l t e d  i n  t h e  l o s s  o f  v o l a t i l e s  

a n d  m a d e  t h e  p r o d u c t  u n a c c e p t a b l e .  S o  t h e r e  w a s  n o  u s e  t o  c a r r y  o n  

t h e  e x p e r i m e n t s .  H o w e v e r ,  t h e  o b t a i n e d  e x p e r i m e n t a l  d a t a  r e v e a l e d  

s o m e  s i g n i f i e r a i t  p o i n t s  o f  v i e w  a s  f o l l o w e d ;

1 .  A c c o r d i n g  t o  t h e  r e s u l t s  o f  m a t e r i a l  b a l a n c e s  a r o u n d  t h e  

e v a p o r a t i n g  c h a m b e r ,  t h e  p r e c i s i o n  o f  t h e  e x p e r i m e n t a l  d a t a  w a s  s u f ­

f i c i e n t l y  h i g h .  T h e  d a t a  w o r e  c o n s i s t e n t  w i t h  t h e  m a s s  c o n s e r v a t i o n  

l a w  b y  h a v i n g  e r r o r s  o f  l o s s  t h a n  f e w  p e r c e n t s  . ( T a b l e s  5  p p . 6 6 , 6 7 )

2 .  T h e  p r e s e n t  w o r k  w a s  i n t e n d e d  t o  s t u d y  t h e  e f f e c t  o f  h o t -  

w a t e r  t e m p e r a t u r e  o n  t h e  p e r f o r m a n c e  o f  t h e  e v a p o r a t o r .  H o w e v e r ,  i t  

w a s  f o u n d  t h a t  t h e  h o t - w a t e r  t e m p e r a t u r e  c o u l d  n o t  b e  v a r i e d  a s  m u c h  

a s  i t  s h o u l d  h a v e  b e e n .  T h e  h o t - w a t c r  t e m p e r a t u r e  f o r  a l l  e x p e r i ­

m e n t a l  r u n s  w a s  q u i t e  c o n s t a n t .  I t  c h a n g e d  o n l y  f e w  d e g r e e s  a c c o r ­

d i n g  t o  t h o  c h a n g e  i n  f l o w  r a t e  w h i c h  r e s u l t e d  i n  d i f f e r e n t  o u t l e t  

t e m p e r a t u r e  a n d  d i f f e r e n t  h o a t  t r a n s f e r  c o e f f i c i e n t .  T h e  t e m p e r a t u r e  

c a n  b e  v a r i e d  s i g n i f i c a n t l y  o n l y  b y  v a r y i n g  t h e  i n l e t  s t e a m  p r e s s u r e .  

U n f o r t u n a t e l y ,  t h o  s t e a m  p r e s s u r e  u s e d  i n  t h e  e x p e r i m e n t s  c o u l d  b e  

c o n t r o l l e d  a s  l o w  a s  3  p s i  w h i c h  w a s  s t i l l  t o o  h i g h .  H e n c e ,  m o r e  

a c c u r a t e  s t e a m  p r e s s u r e  g a u g e  a n d  p r e s s u r e  r e g u l a t o r  s h o u l d  b e  u s e d .

3 .  T h e r e  w a s  a  r a n g e  o f  p r o p e r  f e e d  r a t e  w h i c h  r e s u l t e d  i n  

h i g h  e v a p o r a t i o n  r a t i o ,  w h e n  n e g l e c t i n g  t h e  h o t - w a t e r  t e m p e r a t u r e ,
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and th is  was found to correspond to  the feed ra te  ranged between 
0.26 -  0.31 l i t e r /m in .  H igher feed ra te s  re su lte d  in  low er evap­
o ra tio n  r a t io s , because the residence time o f f r u i t  ju ic e  to  be 
contacted w ith  heated p la te  was s h o rt. Too low feed ra te s  ( le s s  
than 0.26 l i t e r /m in )  re su lte d  in  the occurrance o f d ried  spots 
on the heated p la te ,and  th is  caused the burning out o f the f r u i t  
ju ic e  and reduce the heat t ra n s fe r  area. Besides,h igher feed ra te s  
y ie ld ed  a la rg e r  amount w ith  low concen tra tion  o f concentrate 
ju ic e .  Th is necessita ted  the d ra in ing  o f the concentrate ju ic e  
from the re c e ive r tank,w hich had an in s u f f ic ie n t  capacity to 
hold such high amount o f ju ic e .  The d ra in ing  d isturbed and lowered 
the vacuum,again the evaporating temperature was increased.

if-. From the evaporation ra t io s , th e  value o f e was found to 
depend on the feed ra te . Th is can be explained th a t the re  was a 
proper cond ition  o f the feed ra te  and the p la te  temperature th a t 
the evaporation took place e f fe c t iv e ly .  Howevrs?, the temperature 
o f ho t-w a te r did not vary so much fo r  a l l  experim ental runs. I t  
was expected th a t the maximum evaporation would have been ob­
ta ined  a t a c e rta in  feed ra te  and a c e rta in  p la te  tem perature. 
U n fo rtu n a te ly  th is  optimum con d itio n  was not shown p re c ise ly  by 
the present re s u lts .  For the same feed ra te  w ith  d if fe re n t  h o t- 
-w a te r flow  ra te  ,the  evaporation  ra t io s  were q u ite  d if fe re n t  
(as fo r  run No.  ๆ and 7 ) . Th is  was e ith e r  the e f fe c t o f i n i t i a l  
feed concentra tion  o r the hot p la te  tem perature. Less s o lid  
content in  the feed more evaporation occurred, since more water 
present in  the feed provided b e tte r  heat tra n s fe r  during the
evaporation



5» As shown by the resu lts  l is te d  in  Table 9s the experimental 
re su lts  -agreed reasonably w ell w ith  the theo re tica l equation derived 
from the proposed model o f process. The f in a l concentrated ju ice  flow  
rates per u n it  width which calculated from the equation were s l ig h t ly  
less than those experimentally obtained fo r  experiment no.1 , 2,3 and 7. 
This was because the actual evaporation o f tho system was not as effec­
t iv e  as tho theo re tica l one, loss water was ac tua lly  evaporated and a 
greater amount o f concentrate ju ice  w ith  lower concentration was yielded. 
However, the resu lts  o f experiment no.4,5,6  were opposite to those o f 
the above few runs, and th is  was th e o re tic a lly  unsound. The disagree­
ment o f experiment,al resu lts  w ith the proposed equation might be caused 
by the cumulative e ffec ts o f -all sources o f e rro r and assumptions used 
in  deriving the equation*

a. The measurement o f operating times The operating t in e  fo r  
each experimental run was considered hero as tho time required since 
the opening o f the food valvo, to le t  tho ju ice  flowing -and evaporating, 
up to  tho closing o f tho feed valve. However, a fte r  the closing o f the 
feed there was s t i l l  some ju ice  on the heated p la te  and evaporation 
processed fo r  a short period o f tim e, which could not be id e n tif ie d . 
Hence, the exact operating time required fo r  evaporation could, not be 
measured. Although the «rror o f operating time was not much, i t  might 
be only few minutes, i t  could a ffe c t the resu lts  g rea tly . The values 
o f c  , q  ̂ and th e ir  re lated values were a l l  affected by the opera­
tin g  tim e, A t r i a l  o f calculations showed th a t, fo r  experiment NO.4, 
i f  the operating time changed by only one minute, i . o .  from 2520 sec
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๖. The measurement o f temperatures : I t  was found th a t the
b o ilin g  temperature varied from po in t to  po in t along the p la te , and the 
range o f va ria tio n  was between 2 and. 5°c. As the water boiled o f f ,  the 
so lid  content increased and so did the bo iling  temperature, and the heat 
tra n s fe r decreased. Thus the average temperature o f Tv was determined 
by converting the vacuum-pressure reading to the corresponding b o iling  
temperature. This velue was found to be vory close to  the average o f 
the temperatures on the heated p la te . However, fo r  an accurate re s u lt, 
thermocouples should bo employed instead o f thermometers.

c. The moter readings : Tho flow  ra te  o f hot water .and the
feed were not constant, รอ the manometer and the rotameter fluc tuated . 
Hence, approximated average values were recorded.

d. Tho assumptions o f constant physical properties ร The 
density, v isc o s ity , and thermal conductiv ity o f f r u i t  ju ico  changed as 
increasing concentration along the p la te  o f evaporation. However, the 
proposed model assumed th a t those values were constant. In  the calcu­
la t io n s , tho arithm atic  mean values o f physical properties o f the ju ice 
a t tho i n i t i a l  and f in a l concentrations were used. Some errors might 
be possible, but the values did not vary so much w ith in  the range o f 
concentrations concerned. Furthermore, the thermal conductivité^ o f 
f r u i t  ju ice was assumed to  be the same as tha t o f pure water a t the 
same temperature. For precise analysis, add itional inves tig a tion  
should be carried out to  determine the thermal conductiv ity o f f r u i t

t o  2580 SGC , t h e  m e a s u r e d  :L w h i c h  Weis e q u a l  t o  0,0958 w h i l e  t h e  c a l c u ­

l a t e d  !L w a s  0 , 1 1 4 0  w o u ld  c h a n g e  t o  0,0938 a n d  0 , 1 0 1 1  r e s p e c t i v e l y ,
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o. Tho heat loss ร Tho hoat bal.anco were carried out by 
assuming th a t no heat loss around the u n it .  This was apparent th a t, in  
fa c t, thore were heat losses from the foed tank, the evaporating chamber, 
tho entrance to  the condensers, and tho concontrato-juice tankร. For 
evidence, the temperature o f pasteurized ju ice  dropped about 20-30°C 
during tho period o f pasteurization and trans fe rring  to the food tank, 
and tho temperature o f concentrate-juice was lower than the b o iling  
temperature,

6. The highest concentration ra tio s  obtained do not exceed 3«
This is  too low in  the economic po in t o f view. To increase the ra t io ,  
the area o f p la te  should be oxtonded o ith o r the width or the length.
Tho width extension seams to  bo more proforable in  order to save the 
area. However, as tho ju ice  became more viscous the evaporation 
decreased, the f ilm  became th inner and might not cover a l l  the p la te .
This should be solved by reconstructing tho p la te  w ith  varied slopo, 
and the most su itab le one would be in  the form th a t correspond to  the 
change o f v isc o s ity . The e-valuG calculated from the quan tity  o f feed 
and product, and from th e ir  concentrations showed a l i t t l e  d ifference 
but agreeable. The precision o f tho B rix  motor used was too low and 
also the balance used to weigh tho quantity . The recorded values were 
not accurate enough. In  add ition, the concentration, which was doter» 
mined by the B rix  meter, was not calibrated a t 20°c as instruc ted .
Tho experiment was carried out at room temperature by using sugar

j u i o o .  T h e  e q u a t i o n  c o n c e r n e d  s h o u l d  b e  d e r i v e d  a n d  s o l v e d  b y  n u m e r i c a l

m e th o d  s i n c e  t h e  j j  ; a n d  k  a r o  v a r i a b l e s ,
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s o lu t io n  and the re s u lt  ind ica ted  no s ig n if ic a n t  d iffe ren c e  
whether to read a t 20°c or a t room tem perature. The fu r th e r  
reading was then performed a t room temperature fo r  convenience,

7. The pE o f ju ic e  before and a f te r  processing remained 
q u ite  constan t, though the t i t r a ta b le  a c id ity  increased since 
the water content decreased. The acid content was expressed as 
c i t r ic  acid because i t  is  the main acid found in  c it ru s  f r u i t s  
as reported by W oo llen (19 6 9 )• The t i t r a t i o n  using NaOH and phe- 
n o lp h th a le in  was qu ite  rough because NaQH is  a strong base w h ile  
c i t r ic  acid is  a weak ac id . N everthe less, the re s u lts  were re l ia b le  
to  those reported in  the l i t e r a tu r e  reviewed(Table ๆ,p ,8) .

8,  The u n t it ra ta b le  v ita m in  c content o f concentrate ju ic e  
might be possib le because:

a. V itam in  c was destroyed during the p a s te u r iz a tio n  and 
evaporation  process. I t  is  a good reducing agent and may be e a s i­
l y  ox id ised  to o ther forms (Jacobs '!959) which are u n t it ra ta b le ,

b. The reagent used to t i t r a t e  was not s e n s it iv e  enough. 
N orm a lly ,the  v ita m in  c content o f f r u i t  ju ic e  is  determined by 
using 2, 6-d ich lorophenolindophenol which g ives more accurate 
value but consumes more tim e,The s o lu t io n  used must be fre s h ly  
prepared and standardised each tim e,The use o f Iod ine s o lu t io n  
was more convenience and neverthe less showed re l ia b le  re s u lts  
w ith in  the average range fo r  fre sh  f r u i t  ju ic e .(T a b le  ๆ)

The poor content o f v ita m in  c does not cause any serious 
problem ,since fo r  fu r th e r  processing the concentrate may be misted

w ith  fresh
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f r u i t  ju ice  and gain vitam in c. Moreover the present or absent o f 
vitam in c does not even regarded by the standard o f Tha i In d u s tr ia l
Standard In s t i t u te .

9.' The loss o f v o la t i le  aroma a fte r  processing. This is  the 
most c r i t ic a l problem, since i t  is  the most impressive fac to r to the 
consumers oxt to the co lor. The loss was due toS

a. The pre-heat treatment step: This process was necessary,
(I)i t  was to  inac tiva te  enzyme a c t iv ity ,  destroy or in h ib it  any o rig in a l 

microorganisms load, and provide an increase in  v isc o s ity  o f f r u i t  „ 
ju ice  to  make b e tto r flow ing. The temperature used was ra the r high 
.and the time was quite short. In  fa c t, the change o f aroma in  th is  
step was s lig h t ly  noticeable and showed no intense o f f - f la v o r .

b. The evaporation process ; Although the experiments were 
intended to bo carried out under as high vacuum as possible on the 
purpose to  reduce the b o iling  temperature, tho vacuum was s t i l l  too 
low. The edge o f a l l  glass windows, thermometer ports, and jo in ts  
were a l l  cemented by inso lub le  glue. The increase o f about 150 mm.Hg 
vacuum was obtained. Further attempt was carried out by selecting 
the proper vacuum o i l  which would havo yielded the higher vacuum w ith ­
in  the evaporating chamber. I f  higher vacuum would be obtained, tho 
b o iling  temperature would lower and the loss o f v o la tile s  would be 
reduced. According to  Lowe and King, tho loss o f v o la t ile s  could be 
lowered by increasing the so lid  content. The study o f adding some 
sugar and acid in to  the f r u i t  ju ice  beforo evaporating should be 
performed. This also hinted th a t tho inc lined  evaporator should

า pectinesterase
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cons is t o f a va ried -s lop e  heated p la te ,and  th is  would increase the 
evaporation  r a t io .  The experim ental re s u lts  in  F igure 16 showed th a t 
thw low er the i n i t i a l  concen tra tion  the b e tte r was the evapora tion .

The v o la t i le s  were found e v id e n tly  to  be trapped in  the con­
densate and in te n s e ly  in  vacuum o i l .  Th is  could also be fu r th e r  
stud ied to fra c tio n a te  or separate these v o la t i le s  and then recombine 
to  the concentrate ju ic e . A l l  the wastage such as peel and pulp 
should be attended too ,s ince  they have high v o la t i le  and high 
p ec tin  content resp ec tive ly .(W ag ner, e t a l . 1972)

10. The unfavorable odor due to  the present o f some m e ta llic  
compounds w ith in  the concentrate ju ic e : The ju ic e ,a f te r  e x tra c tin g , 
screening,and p a s te u r iz in g ,was stored in  the feed tank,be ing  flowed 
in  the evaporating chamber and co llec ted  in  the conce n tra te -ju ic e  
tank. A l l  these contacted parts  were constructed w ith  s ta in le s s  
s te e l.  However, these u n its  were e n t ir e ly  closed,and th is  caused 
some d i f f ic u l t ie s  in  c lean ing . The deposited scales on these 
contacted parts  might be d isso lved  during the evaporation,and th is  
might cause some unfavorable odor.Some ju ic e  sacs were a lso l e f t  
d ried  in s id e  the evaporating chamber during the evaporation  which 
caused worse heat t ra n s fe r  fo r  the fo llo w in g  run and in i t ia te d  
h igher b o ilin g  p o in t. For fu r th e r  s tud y,the  equipment should be 
reconstructed  to  provide some openings fo r  cleaning,and these 
openings should be able to be t ig h t ly  closed fo r  sure o f accommo­
dating  vacuum.

11. The k e e p a b ility  and c o lo r o f concentrate ju ic e : I t  was 
found th a t the concentrate s t i l l  had low content o f so lub le  so lid s  
thus i t  could not stand a lone. Sodium m e ta b is u lf ite  o f 300 ppm.
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provided the preserve p roperty  a t room temperature neg lec ting
the concentration-. The use o f sodium m e ta b is u lf ite  re s u lte d  from 
i t s  eas ie r in  d isso lv in g  in  f r u i t  ju ic e  and i t s  a n t i  browning 
p rop erty .(W irad a  e t a l . 1961) .  The c o lo r o f h igher concentra tions 
(more than 25°B rix ) changed to  brownish orange w h ile  th a t o f 
low er onesdess than 20°B rix ) was s t i l l  u nno ticeab le .Th is  could 
be caused by the high temperature heat treatm ent during the 
p«etenrizat4.on, the long standing and overheating  in  the evap­
o ra t io n  and even the exposure to the l ig h t .  (To r chem ietry 
d e ta ils  see Food Chemistry Texts under' browning re a c t io n ’ ) .
The storage o f 6 weeks in  home re f r ig e ra to r  showed s a t is fa c to ry  
unchange in  co lo r,excep t the p re c ip ita t io n .  Th is  is  q u ite  
agreeable w ith  the l i t e r a tu r e  (chapter 2 p .25) which s ta ted  th a t 
the id e a l storage o f concentrate ju ic e  is  by keeping in  a cold 
p lace•

12. The appearance o f concentrate ju ic e ะ I t  was observed 
th a t both the concentrates stored in  r e f r ig e ra to r  and a t room 
temperature developed f lo e  a f te r  a period o f time and then the 
f lo e  became to  separate from the ju ic e  and p re c ip ita te d . The 
causes might bei

a. U n s u ff ic ie n t heat treatm ent to in h ib i t  enzyme p e c tin - 
esterase a c t iv ity :T h e  temperature used in  the experiments was 
low er than th a t recommended by Borgstrom. Then enzyme p eo tines- 
terase could break down the peetde;'. substances in to  g a lac tu ron ic ! ’[ 
acid o r i t s  polymers which was so lu b le . However, fo r  th is  study 
the preheat treatm ent was requ ired  on ly  a t a temperature equal



b. The e x tra c tio n  o f ju ic e  ะ The e x tra c to r  capacity was 
too sm a ll. The ra te  was about e ig h t l i t r e  per hour so the 
n a tu ra l pec tic  substances present in  the f r u i t  m ight be des­
troyed by enzyme pectinesterase  a t the minute o f h a lv in g .
That is , th e  lo s s  o f n a tu ra l cloud occurred before the in a c t i ­
v a tio n  o f enzyme.

c.The long standing a f te r  p a s te u r iz a tio n  p r io r  evapo­
ra t io n  provided the heat accommodation which might re a c tiv a te  
enzyme a c t iv i t y .  Moreover, b a c te ria  o f some k inds could a tta c k  
the ju ic e  a t any time and re s u lte d  the p re c ip ita t io n .

t o  o r  s l i g h t l y  h i g h e r  t h a n  t h e  b o i l i n g  p o i n t  w i t h i n  t h e  e v a p o ­

r a t i n g  c h a m b e r .
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