
C h a p t e r  I

INTRODUCTION

1,1 Concentration o f F ru it Juices by Evaporation

I t  has long been known th a t Thailand is  an a g ric u ltu ra l 
country. Lots o f f r u its  and vegetables remain surplus and o ften  
are le f t  ro tte n  before being ' Cônsumed during th e ir  peak seasons. 
Methods and techniques have been introduced to  preserve these f r u its  
and vegetables, such as drying, p ic k lin g , canning, s a ltin g , glacing, 
e tc ,, depending on the sorts o f f r u its  and vegetables and the consu
mer accep tab ility/p re ference.

F ru it ju ices are consumed a lo t  according to  th e ir  good 
fla v o r and ta s te , as a source o f n u tr it io n a l value, and also as th ir s t  
quenchers. However, the fresh ta s te  o f f r u i t  ju ices is  a d if f ic u lt  
property to  preserve over long periods o f storage unless i t  is  kept 
re frig e ra te d  a t temperatures close to  freezing . They may be spoiled 
through ferm entation, molding, o r souring caused by the growth o f 
yeasts, molds, and acid to le ra n t b acteria  capable o f growing in  the 
f r u i t  ju ic e . The a c tiv ity  o f enzymos brings about changes in  co lo r 
and fla v o r, and i t  also causes form ation o f p re c ip ita tio n . They are 
considered as liq u id  food stu ffs  w ith in  the scope o f heat se n s itive  
substances.

Evaporation is  the easiest method o f removing the water from
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f r u i t  ju ices which contain more wator than is  required in  the f in a l 
product. The fin ished  product known as concentrated f r u i t  ju ices 
have been appreciated in  terms o f reduced storage and transp ort 
requirements. Today many types o f evaporator are used in  a wide 
v a rie ty  o f app lica tions. The various types have been developed 
la rg e ly  to  s a tis fy  sp ec ific  service requirements. Among them, the 
im portant types arc open k e ttle  pan, vacuum evaporator, singlewor 
m u ltip le -e ffe c t evaporator, drum evaporator, th in  f ilm  evaporator 
and so on. The se lection  o f equipment fo r  a p a rtic u la r purpose is  
governed by the cha rac te ris tics o f the d ilu te  and concentrated 
liq u id s , such as heat sensitiveness, c ry s ta llis a tio n , corrosion, 
and v is c o s ity  etc.

The fa llin g  film  evaporators have la te ly  become very popular. 
I t  was f i r s t  introduced in  the 19505 ร and employed successfu lly in  
the sugar ind ustry , and fu rth e r recommended fo r  f r u i t  ju ic e s . In  
the fa llin g  film  evaporator, the d ilu te  liq u id  flows v e r tic a lly  
downwards on a heating p la te  o r heating tube in  form o f a th in  f ilm  
under the in fluence o f g ra v ita tio n a l force as w e ll as the in fluence 
o f the descending vapors created by the evaporation o f the liq u id .
I t  was rea lized  th a t the in i t ia l  concentration o f liq u id  being 
evaporated was low , and hence the evaporation ra te  was high • 
However, due to  the low v is c o s ity , the residence tim e was short. 
A fte r being concentrated fo r  a period o f tim e, the v is c o s ity  o f 
liq u id  increased, but the evaporation ra te  decreased. Too long the 
residence tim e during th is  period might harm the product. In c lin e d -
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f ilm  evaporator was expected to  e lim inate  th is  problem.

1.2 Purpose and Scope o f study

The purpose o f the present work was intended to  study the 
concentration by evaporation o f f r u i t  ju ic e  under vacuum in  an in 
clined  f ilm  evaporator. The evaporator would be based on the 
p rin c ip le  o f the fa llin g  film  evaporator except th a t the heating 
p la te  would not be v e rtic a l but in c lin e  to  some angle. Only one 
angle w ith  constant in c lin a tio n  would be studied here.

Juice from C itrus re tic u la ta  Blanco (Mandarins) would be 
used to  study the performance o f the in c lin e d -film  evaporator 
because o f i t s  peak during the experimental period and i t  could be 
used in  'c u t back' fo r orange ju ic e  processing, o ther f r u i t  ju ic e  
such as pineapple, lim e , tomatoes might also be studied.

The vacuum in  the evaporator would be maintained as high as 
possib le to  reduce the b o ilin g  p o in t o f the ju ic e  and lower d e te rio 
ra tio n  due to  loss o f fla v o r and due to  development o f cooked fla v o r. 
Hot water would be used as heating medium. The e ffec ts  o f ho t water 
temperature and the flow  ra te  o f f r u i t  ju ic e  on the performance o f 
evaporation and on the q u a lity  o f the concentrated product would be 
studied.

1.3 App lication o f the Present study

I t  was expected th a t the present study would provide a new 
applicable evaporator to  the fru it-ju ic e -c o n c e n tra te  in d u s trie s .



From the basic p rin c ip le  o f fa llin g  film  evaporators and the disad- 
vantages found w ith  them5 in c lin e d -film  evaporators should serve to  
avoid the d iff ic u lt ie s *  The p la te  o r the tube in  fa llin g  film  
evaporator would be very long o r very high i f  high concentration 
would bo performed in  the evaporators, because both the evaporation 
ra te  and the flow  ra te  o f liq u id  were high a t the beginning. The 
evaporation ra te  and the flow  ra te  decreased p rogressive ly as the 
liq u id e  became more viscous as i t  flowed downwards. In  the in c lin e d - 
f ilm  evaporator, liq u id  w ith  low  concentration would be evaporated on 
in c lin e d  p la te . The p la te  would have l i t t l e  slope in  order to  a llow  
the liq u id  to  flow  less ra p id ly . The residence tim e would then be 
increased w hile  the evaporation ra te  was high enough. As the more 
viscous f lu id  was obtained, the p la te  would have more slope to a llow  
the liq u id  to  How under g ra v ita tio n a l force. This, w ith  the p a r ti
c ip a tion  o f high vacuum, the concentrated f r u i t  ju ic e  would be o f 
high q u a lity .
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