
C h a p t e r  I I

LITERATURE REVIEW

2.1 What is  Evaporation

According to  Earle ( i 960) and Borgstrom ( 1968)5 evaporation 
re fe rs  to  the removal o f water from a f lu id  food m ate ria l which 
contains more water than is  required in  the f in a l product through 
vap oriza tion . I t  becomes more than simply an engineering exercise 
in  securing the thermodynamically most e ffe c tive  systems, since 
some e ffe c ts , re su ltin g  from both the b io lo g ic a l nature o f the raw 
m ate ria ls  and the consumer o rg a n o le p tic /n u tritio n a l acceptance o f 
the products made, become equally im portant. In  general, the f ie ld  
o f evaporation is  w e ll documented as a subject in  the broad scope 
o f chemical engineering, however, when considered in  the more 
sp ec ific  context o f the food in d u s trie s , in form ation  is  harder to  
come by.

Borgstrom pointed out th a t the purpose o f the evaporator was 
to  perm it the tra n s fe r o f heat, the vaporiza tion  o f water, and the 
removal o f f lu id  droplets from the vapor before i t  le f t  the evapo
ra to r. The basic fac to rs which a ffe c t the ra te  o f evaporation 
were summarized by Earle as:

1. the ra te  a t which heat can be transfe rred  to  the liq u id ,
2. the q uan tity  o f heat required to  evaporate each pound o f

water,



3. the maximum allowable temperature o f the liq u id ,
4, the pressure a t which the evaporation takes place,
5» any changes which may occur in  the fo o d s tu ff during the 

course o f the evaporation process.
Earle ( 1966) , B ie lig  ( 1973)9 and Werner ( 1973) stated th a t

the evaporator had two p rin c ip a l func tions, to  exchange heat and to 
separate the vapor th a t was formed from the liq u id . However, i t  
u su a lly  consists o f three func tiona l u n its :

1. the heat exchanger, to  supply sensible and la te n t heat 
to  the ju ic e ,

2. the evaporating u n it, where the liq u id  b o ils  and 
evaporates,

3. the separator in  which the vapor leaves the liq u id  and 
passes o f f  to  the condenser.
Im portant p ra c tica l considerations in  evaporators wore suggested 
by Earle as:

1. the maximum allowable temperature, which may be sub
s ta n tia lly  below 100°c, depends on the nature o f foods being 
evaporated,

2. the promotion o f c irc u la tio n  o f the liq u id  across the 
heat tra n s fe r surfaces, to  a tta in  reasonably high heat tra n s fe r 
c o e ffic ie n ts  and to  prevent any lo c a l overheating,

3. the v is c o s ity  o f f lu id  which w il l  o ften  increase sub
s ta n tia lly  as the concentration o f the dissolved m ateria ls 
increases,

6
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k, any tendency to foam which makes separation o f liq u id  
and vapor d if f ic u lt*

2,2 Consideration o f F ru it Juices and F ru it Juice Concentration

Robbins and Gresswell ( 1971) mentioned th a t the f r u i t  ju ices 
and th e ir  processing has been a development o f the present century, 
p a rtic u la r ly  o f the past 30 years. I t  has been pointed out by B ie lig  
and Werner th a t the world production o f f r u i t  ju ices was approximated 
as 22.7 m illio n  h e c to litre s , o f which a t le a s t o n e -fifth  was concen
tra te d  f r u i t  ju ic e . They also claimed th a t c itru s  concentrates 
formod the bulk o f the production, and th a t i t s  processing liras a 
specialised ind ustry  because o f i t s  nature.

Many species o f c itru s  f r u its  were found orig ina ted  in  the 
tro p ic a l areas inc lud ing the South East Asia. Among them those w e ll 
known wero lis te d  by Tressle r and Joslyn^^ asî 

C itrus re tic u la ta  Blanco (Mandarins)
C itrus n o b ilis  Lour 
C itrus sinensis Linn o r aurantium 
C itrus grandis Linn o r maxima (Pummelo) 

and C itrus a u la n tifo lia  Swingle
C itrus re tic u la ta  Blanco is  the enormous crops grown fo r  fresh 

consumption w ith  high p o p u la rity . I t  has a high B rix /a c id  ra tio  o f

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 c g c t a b l 0
J u i c 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 . , 19 6 1 ) , p . 8 ^ 1 .
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Table 1 . Analysis o f Fresh C itrus re tic u la ta  Blanco Juice

Bx V it.c
mg/100g pH c it r ic  acid 

g/l00g
to ta l sugar 

Percent
reducing sugar 

Percent

9 46.94 4.0 1.19 4.02 3.91
9 46.07 4.2 1.09 3.39 3.28

14 44.08 4.1 0.43 3.17 3.09

10 31.09 4.1 0.45 3.51 3.42
10 35.72 4.4 0.53 3.34 3.21
10 26.79 4.4 0.40 3.63 3.56

9 29.49 3.9 0.51 3.06 2.94

9 23.86 4.3 0.38 3.10 3.02
10.5 35.96 4.4 0.36 4.51 4.43

10.5 34.67 4.1 0.32 4.4B 4.39

I t  was found by VfLrada et a l ( 1961) th a t i t  was not su itab le  to  
concentrate C itrus re tic u la ta  Blanco ju ic e  since i t  has separation o f 
peel causing some d e ffic u lty  during e xtrac tion , e a s ily  changes in  
co lor and fla v o r, and also develops b it te r  ta s te . Nevertheless, 
according to  the standard No.99“ 2517 o f Thai In d u s tria l standard 
In s t itu tc ÿi t  can be used fo r fu rth e r °cut back5 process w ith  C itru s 
sinensis Linn to  make proper fresh orange ju ic e . The C itrus

^Wirada, e t a l. Re. No. 171 Department o f Sc ience,M in istry o f Ind ustry , Thailand, 1961. (R e f.N o .4 in  T h a i)
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re tic u la ta  Blanco it s e lf  has higher degree o f to ta l soluble so lid s 
than th a t o f C itrus sinensis L in n „ร thus the evaporation w il l 
consume less power

2.3 Fresh Orange Juice and Orange Beverage

The ju ice-conta in ing  bodies o f the mature f r u i t  are c lose ly 
compacted, club-shaped vesic les which completely f i l l  the segments 
and an attached to the w a lls w ith  small h a ir - lik e  p a p illa e . 
M u ltic e llu la r in  s truc tu re , the extremely th in -w a lled  c e lls  contain, 
besides ju ic e , tho colour-bearing ye llow  chromatophores. O il drop
le ts  embedded w ith in  the c e llu la r tissue  occur in  the centra l p a rt 
o f oach ju ic e  vesic les.

Flavedo or Epicarp

fig u re  1 . Macroscopic s truc tu re  o f a halved orangOo

^Walton B. S incla ir, The Orange I t s  Biochemistry andPhysiology (The University of California Printing Department,1961) »p.- frontispiece.



10

Substances responsible fo r some o f the b itte rne ss  developing 
in  the ju ic e  are located c h ie fly  in  the c a rp illa ry  membranes, the 
vascular bundles, the spongy p ith , and the inne r spongy tissue  
(albedo) o f the peel. 'The seeds also contain lim on in , which is  
in te n se ly  b it te r .  Pectic substances and pectic  enzymes are present 
la rg e ly  in  the inne r peel.

The composition o f the f r u i t  ( C itrus re tic u la ta  Blanco) was 
analysed and reported as fo llow s

Table 2 , Analysis o f Orango Composition^^

Component $ by weight

Juice AO -  A5
Flavodo (ou te r peel) 8 - 1 0

Albsdo (in n e r peel) 0cm1T*“<

Rag & pulp 20 -  30
seeds

........................................................ 1 . . ,

0 -  AO

Dinsmoro and Nagy ( 1972) montionod th a t the fresh ta s ts  o f 
orango ju ic e  was a d if f ic u lt  p roperty to  preserve ovor long periods 
o f storage. Unless ju ic e  is  kept re frig e ra te d  to  temperatures 
close to  freezing a disagreable odor and o ff- f la v o r  developed.

^Donald K. T ross lo r, and Maynard, A. Joslyn, Fru^.t and Vegetable Juice I recessing Technology (W estport, Connecticut. The 
Avi Publishing Company In c . , 1 9 6 1 ) ,  p .8A i.
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T rèss ie r and Joslyn ( 1961) fu rth e r stated th a t, orange ju ic e , a fte r 
extrac tion  from the f r u i t ,  would contain suspended m atter, varying 
in  type and q uan tity  โ«lith the method used in  extracting  tho ju ic e .
The la rg e r pieces o f pulp, obtained from the tissues surrounding tho 
ju ic e  sacs, and p a rtic u la rly  tho seeds, add n e ith e r to  tho appearance 
nor to  the fla v o r o f tho ju ic e  and re s u lt in  a more rapid d e te rio ra 
tio n . Those coarse p a rtic le s  should genera lly be removed f i r s t ,  B ig  

method o f screening used should bo such as to cause l i t t l e  pressing 
and grind ing , to  produce a ju ic o  o f minimum s e ttlin g  o f so lid s and 
as free  as possib le from objectionable b itte rness which is  obtained 
i f  the rag and seeds are crushed and to rn . They emphasized th a t 
a l l  th is  should be accomplished w ith  the le a s t possib le exposure to  
a ir ,  and w ith  no m e ta llic  contam ination.

Robbins and Gresswell stated th a t as the f r u i t  was halved and 
reamed by hand i t  resulted  in  a slow production ra te  w ith  oxid a tion  
o f the ju ic e  constituen ts, and loss o f cloud due to  na tu ra l p c c ti- 
nesteraso a c tiv ity  which broke the f r u i t  pectin in to  galacturonic 
acid o r i t s  low  polymers, a l l  o f which were solub le . B ie lig  and 
Werner explained th a t i t  was apparent th a t i f  the cloud nature o f 
the ju ic e  were to  bo re ta ined , th is  poetic  enzyme must be in a c tiva te d , 
Robbins and Gresswell also stated th a t, another d if f ic u lty  was the 
a c q u is ition  o f b it te r  fla vo rs  a ris in g  from tho p ith  o r albedo 
included w ith  f r u i t  fle s h . Borgstrom found out th a t on the basis 
o f in a c tiva tin g  pectic enzymes, desirable tem perature’le v e ls  fo r  heat 
processing o f orange ju ic e  were 99°G fo r s ing le  strength ju ic e  and
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104.5% fo r  concentrated ju ic e . Robbins and Gresswoll stated th a t, 
th is  process, however, as low as 80°c, rosultod  in  loss o f v o la tile  
constituents and the present o f cooked fla v o rs .

Lime and Cruse ( 1972) pointed th a t most orange flavored  
beverages c u rre n tly  marketed had l i t t l o  cloud and body, low  o r no 
suspended so lid s content, and low o r no vitam in c content, as shown 
in  Table 3 A r t if ic ia l co lo r was also added.

Table 3. Analysis o f Marketed Orango Juice Beverage
ü s trib u to d  in  Thailand

Trade name B rix pH a c id ity  
as c it r ic  acid

t

v it .c
mg/lOOml

A 12 2.8 0.19 0.28
B 13 3.0 0.37 0.30

c 13 2.8 0.22 none
D 11 2.8 0.35 0.07

E 12 2.8 0.28 0.33
F 12 3.0 0.29 0.22

Thcso aspects may be desirable from an economic and manufacturing 
standpoint, there  s t i l l  appears to  be a market fo r a beverage 
having improved pulp, body, and cloud cha rac te ris tic s  and containing 
as much o f the na tu ra l f r u i t  as possib le.

H&rada, e t a l, Re, Ko. 171 Department o f Science, M in is try  o f 
Ind ustry , Thailand , 19615 Data from 6 trademark d is trib u te d  in  Thailand
(R e f.N o .4 in  T h a i)
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2 ,k  The Concentration o f Orange Juice and I ts  Problems

Borgstrom and Earle mentioned th a t the concentration, tho 
removal o f water w hile  re ta in ing  the liq u id  cond ition, was o r ig in a lly  
adopted fo r preventing wastage in  years o f surplus o r to  fa c ilita te  
d is tr ib u tio n  and export. B ie lig , Werner, and Borgstrom pointed out 
th a t the methods were c lose ly ro la ted  and in  a ll cases accomplished
by

1. heating,
2. vacuum treatm ent,
3. freezing 9
4. the add ition  o f so lid s (L ike  th a t in  making condensed 

m ilk  and f r u it  syrup, the re la tiv e  water content is  reduced by 
in troducing so lid s , c h ie fly  sugar. The biochemical e ffec ts  o f 
concentration are la rg e ly  favorab ly showing the ra te  o f several 
ox id a tive  changes, b a s ic a lly  by reducing the amount o f a ir  and 
oxygen dissolved in  tho syrup).

Borgstrom also claimed th a t the concentration o f f r u i t  ju ic e , 
p r io r  to  19^ฬ, was la rg e ly  used in  preparing catsup .and as ingre
d ient in  s o ft d rinks, where moderate fla v o r m od ifica tion  was less 
ob jectionab le. Many processors lik e  B ie lig , Robbins, e tc ., have 
already appreciated the advantages o f concentratod f r u i t  ju ic e  in  
terms o f;

1, Reduction o f liq u id  volume to  reduce storage, packaging, 
and transp o rta tion  cost provides fa c ilit ie s  fo r s tra ig h t ju ic e  
processing.



2, Tho heat treatm ent o f the process w il l  in h ib it  enzyme 1 
a c tiv ity  to  prevent enzymatic browning reactions and o ther enzymatic 
reactions, and also destroy the o rig in a l micro-organisms to  enable

i
tho product to  be presorvod fo r a prolonged o r in f in ite  period o f 
tim e,

3» The increase o f soluble f r u i t  so lid s also increase 
m icrob io log ica l s ta b ility ,

Clarko ( 1971) explained th a t tho evaporation o f f r u i t  ju icos 
provided problems o f f i r s t  importance to  tho fla v o r o f a l l  f r u i t  
ju icos-tho  loss o f v o la tile  fla v o r substances. I t  is  obvious th a t 
i f  water is  being evaporated from a liq u id , then the moro o r less 
v o la tile  components w il l  also be removed as vapor, to  an extent 
dependent upon th e ir  re la tiv e  v o la t i l i t y  to  water.

Clarke and Borgstrom have faced other problems associated 
w ith  tho concentration o f liq u id  food stu ffs!

1, the foaming p o te n tia l, which makes d if f ic u lt  the 
separation o f vapor from concentrated liq u o rs ,

2, tho fou ling  o f heat tra n s fe r surfaces by already suspended 
o r developed in s o lu b iliso d  m atter,

3, the use o f tomporaturo th a t may bo inadequate to  k i l l  
mould spores,

the v is c o s ity  o r consistency o f the f lu id , as water 
evaporates from the f lu id , the consistency changes and, subsequently, 
the heat tra n s fe r ra te  changes, since as water is  removed the b o ilin g  
■ point o f the f lu id  ris e s , then i t  reduces the heat tra n s fe r ra te  from
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tho heating medium.
5» the need to  have hygienic conditions o f design and 

operation,

2,5 Methods o f Concentration o f Orango Juice

Many methods o f concentration heave been introduced find 
g radually developed as ou tlined  bolow:

2.5.1  Open k e ttle  pan

I t  is  the most simple mothod and cheapest evaporator 
but i t  re su lts  in  earam elization o f the sugars in  the ju ic e  under
going concentration and in  excessive loss o f fla v o r by evaporation 
and decomposition through heating . Wiegand ( 1971)9 Gray ( 1971) and 
Held ( 1967) pointed out th a t, th is  made the product to  have poor 
ta s te  and aroma c h a ra c te ris tic s . They also stated th a t, since 
orange ju ic e  was considered as heat se n s itive  food m a te ria l, i t  was 
necessary to  avoid b o ilin g  temperatures above 600 to  70 ° c ,  On the 
o ther hand i t  is  very cos tly  to  operate w ith  b o ilin g  temperatures 
below UO°C9 even some evaporators have been designed to  b o il a t as 
low  as 21°c.

2.5 .2  Vacuum concentration

In  order to  lower the b o ilin g  p o in t o f liq u id , the 
atmospheric pressure is  reduced by applying a vacuum. Many o f the 
harm ful e ffec ts  o f high b o ilin g  temperature on f r u i t  ju ices are thus
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avoided. Although the heat required to  evaporate o ith o r under 
vacuum or atmospheric pressure is  not q u ite  d iffe re n t in  the la te n t 
heat o f vaporiza tion  o f water, the heat required to  ๖Ting the liq u id  
to  the b o ilin g  p o in t in  vacuum is  lo ss . ฬiogand pointed out th a t 
the disadvantages o f th is  evaporator was th a t, lower temperatures 
not on ly resultod  in  a very groat increase o f the cooling water con- 
cumption, but also in  a considerable increase o f the measurements o f 
the evaporator, fo r  ono reason because o f the higher vacuum required 
and fo r  another because o f the higher v is c o s ity  o f the product w ith  
i t s  lower heat tra n s fe r. U nfortuna te ly, as found by Robbins and 
Gresswoll i t  made l i t t l e  d iffe rence to  the general ac c e p ta b ility  o f 
the products.

Further app lica tion  o f th is  type o f evaporator is  in  the form 
o f doublo^and tr ip le -e ffe c t vacuum evaporators.

2 ,5»3 Freeze concentration

Borgstrom stated th a t th is  method was introduced in  
the 1940°s. Woollen ( 1969) commented th a t i t  re lie d  on the observation 
th a t so lu tio n  freezod in to  c rys ta ls  o f pure solvent u n t il the so lu tio n  
had been concentrated to the eutectic  p o in t, a t which stage the whole 
so lu tio n  freezed. Frosh orange ju ice  was frozen and le t  thawed. 
C entrifug ation  o r f i l t r a t io n  was resorted to  separate out the concen
tra te  which reta ined a high percentage o f v o la tile  fla v o rs . Wcollon 
( 1969) and Lowe and King ( 197^) pointed out th a t there were, howovoy, 
ce rta in  unavoidable entrainment losses o f ju ices w ith  the ice  mass and
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tho degree o f concentration o f ju ic e  was lim ite d  by the eutectic  p o in t 
o f tho ju ic o  concerned and was u su a lly  not g reater than 50 B rix . Lowe 
and King also observed some changes in  the c o llo id  suspensions o f the 
ju ic o . B itte rness was also detected.

2.5*^ Reverse osmosis

Wollen concluded th a t osmosis was the e ffe c t occuring 
when a so lu tio n  was separated from a volume o f the solvent in  the 
so lu tio n  by a somi-permeable membrane. I t  resulted  in  the passage o f 
tho solvent through tho membrane and in to  the so lu tio n  which thereby 
became progressive ly d ilu te d . This m igration o f the solvent could be 
ha lted  or reversed by applying a pressure to the so lu tio n  which was 
equal to  o r g reater than tho osmotic pressure developed by the so lvent. 
This development has applied to  the d o -sa lina tion  o f sea-water and 
la t te r ly  to  the concentration o f f r u i t  ju ices. There are s t i l l  some 
d if f ic u lt ie s  o f the membranes which have to  be permeable ye t w ithstand 
pressure o f the order o f 500 lb /in ^ .

2.5*5 Slush evaporation

Tho process was proposed and in i t ia l ly  examined by 
Chandrasokaran and King ( 197191973)* Tho feed ju ic e  was in  a p a rtly  
s o lid j p a rtly  liq u id  s ta te , and then the drying mechanism was a 
combination o f vaporiza tion  and sublim ation. Lowe and King found th a t 
the aroma losses decreased w ith  lower temperatures and also the so lid s 
loss increased w ith  decreasing temperature in  th is  process. They
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suggested th a t i t  was necessary to  fin d  an optim al temperature 
balancing between these e ffec ts  fo r  commercial uses. They s t i l l  
doubted whether an economically high enough drying/evaporation ra te  
could be achieved.

2.5*6 F a llin g  film /T h in  film  evaporator

The p rinc ip le  o f tho fa llin g - f ilm  evaporator was d is
covered a t the beginning o f th is  century, and become im portant in  tho 
chemical and food in d u s trie s , Robbins and Gresswoll stated th a t 
climbing film  evaporators were well, established in  the beet sugar 
in d u s try  before 1900, and app lica tion  was then fo r  f r u i t  ju ic e s ,
พ!egand ( 1971) claimed th a t i t  was possible to  use tho same p rin c ip le  
to  b u ild  evaporators suited fo r  the concentration o f f r u i t  ju ices to  
any sp ec ific  requirements.

Wiegand explained th a t, in  the evaporators, the  liq u id  was 
caused to  flow  down the heating surface, covering the surface o f the 
p la te  w ith  a th in  la ye r o f liq u id . I t  was usua lly  to  operate under 
reduced p ressure .B ie lig  and Werner pointed out th a t the liq u id  to  be 
concentrated must enter the evaporator a t a temperature very close to  
the b o ilin g  p o in t in  the evaporator. โ,fi.ega.nd added th a t th is  was to 
ensure th a t the liq u id  bo iled  immediately as i t  entered to  contact 
w ith  the heating surface, and th a t the d riv ing  e ffe c t o f the vapor 
floT\T took e ffe c t immediately and improved the heat tra n s fe r. He also 
suggested th a t on ly i f  th is  condition was fu lf i l le d ,  could the heating 
surface o f tho evaporator be properly u tilis e d . I f  i t  was not fu lf i l le d
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thon no evaporation occurred, but on ly preheating took place. The 
liq u id  (to  be evaporated) flowed under g ra v ity  along the p la te . Thoro 
was no s ta tic  liq u id  on the p la to , but on ly an accoleration o f the 
downward flow  o f tho Fiore viscous liq u id .

Gray ( 1971) pointed out th a t the film  evaporators, by whichever 
means the film  was produced, roquired the heat tra n s fe r surface to  bo 
continuously wotted. I t  was necessary to  design the evaporators 
p roperly, fo r  a ce rta in  minimum liq u id  ra te  per u n it w idth o f heat 
tra n s fe r surface to  be maintained. Wiegand stated th a t the size o f 
th is  surface, required fo r  .predetermined ovaporating output, was 
p rop ortiona l to  the temperature d iffe rence . For a rectangular surface, 
w ith  a ce rta in  heating area, i t  might have any d iffe re n t side measure
ments, i . e .  broad and short, o r long and narrow. Ho also pointed th a t 
the narrower the surface, the greater was the so-called  “liq u id  load5. 
Wiegand and Gray found th a t th is  liq u id  load must never bo too sm all,f
as o th e rw is e  th e r e  was a danger o f  d ry  sp o ts  fo rm in g  on th o  h e a t in g  

s u r fa c e ,  m t h  consequent b u rn in g  o f  th e  l i q u id ,  in c r u s ta t io n s  on th e  

p la to s ,  in c re a s in g  f o u l in g ,  and r e s u l t in g  p o o r h e a t t r a n s f e r  c o e f f i 

c ie n ts .  M o re o ve r, Wiegand p o in to d  o u t  t h a t ,  h ig h e r  l i q u id  lo a d s  r e s u lte d  

i n  a b e t t e r  h e a t t r a n s f e r  fro m  th e  h e a t in g  s u r fa c e  to  th o  l i q u id  to  bo 
e v a p o ra te d . The te m p e ra tu re  d i f fe r e n c e  betw een th o  h e a t in g  and b o i l in g  
to m p o ra tu ro  had n e c e s s a r i ly  t o  be o f  a c e r ta in  degree to  a v o id  th e  ccaso 
o f  e v a p o ra t io n .

W ie g a n d  a l s o  c l a im e d  t h a t ,  o t h e r  t y p e s  o f  e v a p o r a t o r  c a u s e d

f o a m in g  d u r i n g  e v a p o r a t i o n .  O n  a c c o u n t  o f  t h e  s h o r t  r e s i d e n c e  t i m e ,
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were avoided. No mechanical o r thermal energy was requirod to  mako 
the liq u id  flow  over the heating surface»

Fleming and Hunter ( 1970) suggested th a t i t  was possib le to  
estab lish  an id ea l u n it fo r  th in  film  evaporator w ith  these charac
te r is t ic s  Î

1. a mechanical aid to  tho evaporator to  create an ag itated 
th in  f ilm  o f f r u i t  ju ic o ,

2. the mechanism producing the th in  film  should not scrap 
the heating surface because once the heating surface has boen bared9 
hot spots occur causing buming-on tho product,

3. the mechanism producing tho th in  film  should not have too 
groat a clearance between the blado t ip  and tho heating surface or 
tho processing liq u o r on the heating is  not s u ffic ie n tly  ag itated 
and again bums-on degrading tho product,

the re te n tio n  tim e in  tho u n it should be short,
5. the u n it would have to  be capable o f handling a wide range 

o f v iscos ities»

2.6 Evaporation Ratios/Concentration Ratios

B ie lig , Werner, and Wiûgand defined an evaporation ra tio  as 
the feed q uan tity  to  the concentrate q uan tity  o r as the concentration 
o f the output concentrate to  th$  in i t ia l  concentration o f the ju ic e  
in p u t.

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

s m a l l  l i q u i d  c o n t e n t  a v o i d e d  f o a m in g  p r o b le m s  a n d  l o s s e s  t h r o u g h  t h i s
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0 = F /E

o r  e _. c J cE F
whGre e = e v a p o ra t io n , o r  c o n c e n tra t io n ,  r a t io s

F = q u a n t i t ie s  o f fe e d
E = q u a n t i t ie s  o f c o n c e n tra te

CE = c o n c e n tra t io n o f  th e  o u tp u t  ju ic e

concentrate
Cp ะ: in i t ia l  concentration o f the inp u t ju ic e

The e ffe c t o f concentration ra tio  on the performance o f an 
evaporator was explained by Gray. He found th a t a t the end o f an 
evaporating path there was in s u ffic ie n t liq u id  to  m aintain proper 
w o tting , re c irc u la tio n  must ๖0 used to  bring th is  q uan tity  up to  the 
minimum. This is  most desirable in  evaporator dealing w ith  heat 
se n s itive  m ateria ls lik e  f r u i t  ju ices. As whenever re c irc u la tio n  
is  employed the residence tim e o f some o f the product is  increased 
s u b s ta n tia lly , even i f  the mean residence tim e is  not too g re a tly  
a ffec ted , •which w il l  re s u lt in  product q u a lity .

To increase the possib le concentration ra tio  w ith  the minimum 
product ra te , i t  is  necessary to  e ith e r

1, increase the heat tra n s fe r c o e ffic ie n t, 
o r 2, increase the o v e ra ll temperature d iffe rence , (but i t  is  
g enera lly lim ite d  by the maximum perm issib le processing temperature) 
o r 3. increase the evaporation area.
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2,7 The Recovery o f V o la tile  Substances

Robbins and Gresswell concluded th a t, although there were many 
types o f evaporator had been tr ie d  fo r f r u i t  ju ic e s , the re su lts  were 
not s a tis fie d  y e t, so fa r as fla v o r re te n tio n  was concerned. Even 
the most care fu l evaporating process could not prevent the loss o f 
■ valuable v o la tile  aroma. The reasons are th a tî

1, the o rig in a l ju ic e  being d e fic ie n t in  some respect, o r 
having deteriora ted  in  tra n s it to  the te s t evaporator

2, f r u i t  ju ices fla vo rs  must be in h e re n tly  la b ile  and would 
never be evaporated successfully

3, the heat treatm ent a t any stages during the processing, Gag, 
the p asteu riza tion  o f f r u i t  ju ic e  which require a c e rta in  le v e l o f 
heat to  in a c tiva te  the enzyme a c tiv ity  and to  destroy micro-organisms

»̂ the in i t ia l  dissolved so lids as found by Lowe and King(l9?^) 
th a t aroma re ten tions increased in  most process w ith  increasing in i t ia l  
dissolved so lids concentration since the loss o f v o la tile s  was governed 
by a d iffu s io n  mechanism,

Charke explained th a t the loss o f v o la t ilo  substances as impor
ta n t fla v o r con trib u to rs , which has d iffe re n t sign ificance in  d iffe re n t 
products, could not be solved by evaporator design alone. Several 
methods fo r  fla v o r enhancement in  c itru s  concentrates to  compensate 
fo r lossos during evaporation were introduced.

P e le g  a n d  M a n n h e im  ( 1970 )  s t a t e d  t h a t  a  t y p i c a l  p r o c e s s ,  w h i c h

w a s  d e s c r i b e d  o r i g i n a l l y  b y  M o i z n e r  (  19 +̂0 ) ,  i n v o l v e d  t a k i n g  f r e s h l y -

e x t r a c t e d  j u i c e  w h i c h  w a s  c e n t r i f u g e d  t o  r e m o v e  a l l  b u t  t h e  f i n e s t
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so lids boforo feeding the 'serum8 to  the evaporator. The removal 
o f so lid s prevented excessive v is c o s ity  increase during evaporation 
which in  tu rn  could increase the residence tim e, reduce browning, 
and consequently the ju ic o  could be concentrated up to  60$, B ie lig  
and Werner explained th a t the serum concentrate was then mixed w ith  
the p rop ortiona l p a rt o f a separated pulp (the  centrifuged pulp 
which remained untreated and s t i l l  contained most o f the aroma 
components) in  an ag ita tin g  tank and was homogenised.

B ie lig  and Werner claimed th a t v o la tilo s  has been carried  out 
on a la rg e  in d u s tr ia l scale fo r  apples, oranges, and pinoapplos.
The method was described by Clarke as to  remove tho v o la tile  fla v o r 
substances, e ith e r by pre-evaporation o r by stoam -stripping opera
tio n s  holding the condensate w ith  o r x-dthout fra c tio n a tio n , and 
then to  recombine these substances w ith  the concentrated liq u id  
a fte r fu rth e r evaporation has been performed to  the required f in a l 
concentration. Wernor stated th a t the -amount o f vapors to  be 
evaporated depended on tho typo o f f r u i t  ju ic e  and rangod between 
10 and 30$ o f the feed ju ic e  q u a n tity . Normally tho aroma recovery 
p lan t operates a t atmospheric pressure. Degree o f concentration 
(one l i t r e  aroma has been recovered from 100 l i t r e s  o f ju ic o ) o f 
f r u i t  aroma concentrates ranges between 100-200. In  case o f orango 
ju ic e , tho aroma was claimed by B ie lig  to  increase 500 fo ld  o r more. 
Then the ad d ition  o f aroma concentrate to  the ju ic e  must bo deter
mined by a ta s te  panel.
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Robbins and Grosswoll stated th a t the 9 e s te r-recovery system0 
was also introduced to the evaporator p lan ts , in  which the f i r s t
vapors to  leave the ju ic e  were condensed and recovered. U nfortunate ly, 
because many o f the low b o ilin g  substances escaped the condenser, and 
the volume o f liq u id  recovered was so great, th is  system was o f l i t t l e  
p ra c tic a l use. They also suggested th a t, as a compromise, processors 
could evaporate a proportion o f th e ir  ju ic e  and then to  blond the 
concentrate w ith  s tra ig h t ju ic e  w ith  o r w ithout admixture o f peel o i l .  
This so-called  °cut-back9 technique was used p a rtic u la r ly  w ith  orange 
ju ic e 3 an o rig in a l s ix fo ld  concentrate might bo reduced to  fo u rfo ld  
strength w ith  fresh ju ic e  before packing.

2.8 Storage and s ta b ility  o f Juice Concentrates

Saravacos ( 1970) claimed th a t commercial orange ju ic e  concen
tra te  was o f over hû° B rix . B ie lig  and Werner stated th a t d e te rio ra 
tio n  in  the q u a lity  o f concentrates was o ften  found to  bo associated 
w ith  an extremely high contamination o f diacetyl-producing b ac te ria . 
High-temperature short-tim e evaporators were most common. Using 
higher temperature (60-80°C) o f evaporation and extremely short
holding tim e (30-60 sec) is  a great advantage in  modern ju ic e  concen-

*
tra tio n . Enzymes are inac tiva ted  and micro-organism contamination 
is  remarkably reduced.

T ress le r, Joslyn, and Marsh claimed th a t f r u i t  ju ices concen
tra te d  to  72 B rix  did not sp o il re a d ily  a t moderate temperature 
because most micro-organisms could not liv e  in  ju ic e  o f such high
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c o n c e n tra t io n .  However, m o ld in g  m ig h t som otim es o c c u r i n  n o a r ly  a l l  

c o n c e n tra t io n ,  and fe rm e n ta t io n  i n  some.
B o rg s tro m  s ta te d  t h a t  th e  s to ra g e  o f  c o n c e n tra te d  o rang e  ju ic e

e s ta b lis h e d  some p ro b le m s . He c la im e d  w i th  re a s o n a b le  c e r t a in t y  t h a t

u n p a s te u r iz e d  c o n c e n tra te d  o rang e  ju ic e  w ou ld  keep a tC °F  o r  b e lo w .
T h is  te m p e ra tu re  w ou ld  m a in ta in  good f la v o r  and p re v e n t c l a r i f i c a t i o n

o r  g e l fo rm a t io n .  Exposure  to  -1 5  c o r  oven -1 2 ° c  f o r  a s h o r t
period o f tim e would not a ffe c t the product seriously^ but when hold ,
on ly fo r  short periods, a t temperature o f -9 .5  to  6.7 c , a decline in
q u a lity  and storage would take place even though the concentrate was
c o n s e q u e n tly  re tu rn e d  to  s to ra g e  a t  lo w e r  te m p e ra tu re s . C o n s ta n t 

o
keeping a t -1 8  c would m aintain the o rig in a l high q u a lity  o f the con
centrate both as to  appearance, ta a to , and cloudiness a fte r reconsti
tu tio n . Nevertheless, T ross le r o t alo stated th a t in  te s ts  made by 
Ir is h  ( 1925) concentrates had been stored experim entally a t 30°F fo r  
over a year w ithout noticeable loss o f co lo r o r fla v o r. I t  could be 
said th a t the id ea l method o f preserving concentrate was by cold 
storage.
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