
CHAPTER II

L I T E R A T U R E  R E V IE W

I o 1  s t r u c t u r e  a f  C i t r u s  F r u i t s  i n  R e l a t i o n  t o  P r o c e s s i n g

C i t r u s  f r u i t s  a r e  b o t a n i c a l l y  c l a s s i f i e d  a s  b e r r i e s 0 T h e y  

a r e  s u p e r i o r  f r u i t s  w i t h  a l l  # f  t h e i r  t i s s u e s  d e r i v e d  f r e r a  t h e  o v a r y 0 

T h i s  i s  i n  c o n t r a s t  t o  t h e  a p p l e  i n  w h i c h  s a m e  a f  t h e  t i s s u e s  a r e  

d e r i v e d  f r o m  e n l a r g e m e n t  e f  t h e  c a l y x  a n d  r e c e p t a c l e o

C i t r u s  f r u i t  h a s  a  c o m p l e x  s t r u c t u r e  w i t h  m a n y  i m p l i c a t i o n s  

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

(6)

2 . 1 o 1  S p e c i a l  s h a p e :

C i t r u s  f r u i t s  c o m m o n l y  c o n v e r t e d  t o  p r o c e s s e d  p r o d u c t s  

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

t u r a l l y  t h e s e  f r u i t s  a r e  v e r y  s i m i l a r  e x c e p t  f o r  t h e i r  s h a p e .

L e m o n s  a n d  l i m e s  a r e  u s u a l l y  o b l o n g  ( p r o l a t e )  w i t h  t h e i r  m a j o r  e x l s  

f r o m  s t e m  t o  s t y l a r  ( b l o s s o m )  e n d ,

2 , 1 , 2  S i z e :

C o m m o n  m e a s u r e m e n t s  f o r  t h e  e q u a t o r i a l  d i a m e t e r  o f  t h e  

s e v e r a l  f r u i t s  a r e  : 3 0 8  t o  5  cm  ( l i m e s ) }  4 . 4  t o  6 . 4  cm  ( l e m o n s ) ;

5 t o  7o5 cm  ( m a n d a r i n s ,  t a n g e r i n e s ) ;  5 , 7  t o  9 . 5  c m  ( o r a n g e s ) ;  a n d
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9°5 t o  14o5 cm  ( g r a p e f r u i t ) 0 T h e s e  d i f f e r e n c e s  i n  f r u i t  s i z e  b e t w e e n  

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

r e q u i r e  d i f f e r e n t  s i z i n g  o f  e q u i p m e n t  f o r  j u i c i n g  a n d  s o m e  o t h e r  

p r e l i m i n a r y  p r o c e s s i n g  p r o c e d u r e s .  E x t r a c t i o n  i s  d o n e  b y  p l a c i n g  

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

w i t h i n  a  c e r t a i n  d i a m e t e r  r a n g e 0 Q u a l i t y  a n d  y i e l d  l o s s e s  o c c u r  a s  

s m a l l  f r u i t  g o e s  t o  e x t r a c t o r s  f o r  l a r g e r  d i a m e t e r  f r u i t 0 T h e  f r u i t  

d o e s  n o t  p o s i t i o n  p r o p e r l y  i n  t h e  c u p »

2 o 1 o 3  S e e d i n e s s :

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

t h e  f r u i t o  B o t h  s e e d l e s s  ( f e w  s e e d s )  a n d  s e e d y  v a r i e t i e s  a r e  c o m m o n 

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

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

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

( C i t r u s  a u r a n t i f o l i a )  i s  c l a s s i f i e d  a s  s e e d l e s s  v a r i e t y »

2 » 1 . 4  P a r t s  o f  c i t r u s  f r u i t s :

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

a r e :  t h e  p e e l  o r  r i n d  ( e p i d e r m i s ,  f l a v e d o ,  o i l  g l a n d s ,  a l b e d o  a n d  

v a s c u l a r  b u n d l e s ) ;  s e g m e n t s  o r  s e c t i o n s  ( s e g m e n t  w a l l ,  j u i c e  v e s i c l e s  

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

t i s s u e ) 0

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

w a x  l a y e r  i n  p l a t e l e t s  ( 7 ) ,  t h e  c u t i n  m a t r i x  ( a  m i x t u r e  o f  c u t l n ,



w a x  a n d  c e l l - w a l l  m a t e r i a l )  , t h e  p r i m a r y  c e l l  w a l l  a n d  t h e  e p i d e r m a l  

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

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

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

a n d  t i m e  p a s s e s  11 T h e  a m o u n t  o f  w a x  i n  t h i s  l a y e r  d e p e n d s  • ท  t h e  

s p e c i e s  o r  c u l t i v a r  ( 8 ) ;  ( 9 ) ,  c l i m a t e  a n d  g r o w t h  c o n d i t i o n s  ( 9 ) »

T h e  S o l u b l e  s o l i d s  i n  © r a n g e ,  t a n g e r i n e s  a n d  g r a p e f r u i t ,  

c o n s i s t  m o s t l y  o f  s u g a r s ;  L e m o n  a n d  l i m e  j u i c e  a r e  d i f f e r e n t  b e c a u s e  

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

T a b l e  า 0 ! ' v e s  t h e  s u g a r  C o n t e n t  o f  s e v e r a l  k i n d s  o f  c i t r u s  j u i c e s 0 

C i t r u s  j u i c e s  c o n t a i n  a  s m a l l  b u t  a  v e r y  i m p o r t a n t  a m o u n t  o f  i n s o l u 

b l e  m a t e r i a l  k n o w n  a s  C l a u d  w i t h  h i g h  c o n t e n t  o f  p e c t i n  ( า า ) o
C i t r u s  p u l p  a f t e r  e x t r a c t i o n  i s  v a l u e d  a s  a  c a t t l e  f e e d .  

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

c o n s t i t u e n t s  o f  t h e  p e e l ,  i n c l u d i n g  m i n e x ’a l s  a n d  v i t a m i n s .  I t s  

c o m p o s i t i o n  o f  m a j o r  c o n s t i t u e n t s  i a  s h o w n  i l l  T a b l e  2 .  I t  i s  l o w  

i n  c r u d e  p r o t e i n ,  f i b e r  a n d  f a t ,  b u t  h i g h  i n  c a r b o h y d r a t e s .
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T a b l e  า A p p r o x i m a t e  s u g a r  c o n t e n t  i i f  s a m e  c i t r u s  j u i c e s  ( 1 0 )

V a r i e t y

G r a p e f r u i t

D u n c a n

M a r s h

L e m o n

i i u r e k a

M e y e r

L i m e

K e y

T a h i t i

O r a n g e

V a l e n c i a

W a s h i n g t o n

L o c a l i t y
R e d u c i n g

S u g a r s  (% )

N o n r e d u c i n g  T o t a l

F l o r i d a

F l o r i d a

3 . 0 - 5  . 1  

2 . 3 - 4 . 8

2  . 4 - 4 . 0  

2 . 6 - 3 . 1

5 . 0 -  8 . 3

5 .1 -  7 .8

C a l i f o r n i a  0 . 7 8 - 2 . 6  0 . 3 - 0 . 6 3  0 . 8 1 - 3 . 2

F l o r i d a  3 . 2 2  0 . 4 8  3 . 7 0

F l o r i d a

F l o r i d a

0 . 6 4  

1 . 2 9

0.12
0 .10

0.76
1 . 3 9

F l o r i d a  3 . 2 - 5 . 0  2 . 3 - 5 . 2  5 . 4 - 1 0 . 3

C a l i f o r n i a  4 . 3 - 5 . 8 7 . 3 - 1 0 . 5n a v e l
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Table 2 Typical analysis of dried citrus pulp (10)

Constituent %

Moisture 8.0
Total solids 92.0
Nitrogen-free extract (carbohydrates) 63.0
Crude fiber 13.0
Protein (N X 6.25) 6.2
Crude fat (ether extract) 3 o5
Ash 4.3
Accounted-for material 98.0
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2.2 Sugars in Citrus Juices 

2.2 o1 Juices

The sweet taste of citrus fru its  and juices is  due to the 
sugar glucose, fructose and sucrose. The sweetness of some sugars 
relative to sucrose at loo is  D-galactose 32, D-xylose 40, D-glucose 
74  and D-fructose า73o

The principle sugars in Florida Valencia orange ju ice, 
grapefruit, lemon and orange juices were found to be sucrose, 
glucose and fructose in a ratio of 2ะาะา (า2 )o Sugars other than 
glucose, fructose and sucrose occur in traces but do not contribute 
to flavor or nutrition and seem to be of minor importance. Quanti
tative analyses of Shamouti and Valencia oranges, grapefruit and 
lemon juices (13) showed a fructose to glucose ratio of about 1:1. 
Lemon contained 0.0% fructose, 0.8% glucose and 0o2% sucrose.
Lime had 0.9% fructose, 0.9% glucose and 0.3% sucrose. The analysis 
showed the presence of the sugar alcohol sorbitol in some fr u its , 
but none in c itru s.

Sucrose is  the only disaccharide in citrus fru it juices 
other than the tentative indentification  of the disaccharide 
trehalose, o-c*-D-Gp-(1—*1 ) -c<-D-Gp . It is  believed that sucrose 
is  the main sugars of translocation and i t s  concentration in citrus  
is  about equal to and up to double that of glucose and fructose. 
Sucrose occurs in very low concentrations in lemon and lime juices 
(about 0.2%) but has been p ositive ly  identified  in them by several
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techniques O
Tree-ripened fru its of the early and midseason varities  

accumulate sugars but mainly sucrose increases. In Valencia 
oranges the fru its mature in a season where the daily mean tempera
tures arecrising and respiration is  increased, consequently only a 
small increase of sucrose resu lts . Glucose and fructose remained 
rela tively  constant in these orange and tangerine juice while 
sucrose increased.

Advantages of citrus fru its  and juices in the d iet are well 
accepted and appreciated. Sugars provide ca lor ies, vitamin c occurs 
in exceptionally high le v e ls , and other vitamins and minerals 
provide valuable nutritional b en efits . The amount of t.iese valuable 
nutrients and some other physical and chemical properties of lime 
juice are shown in Table 3 and 4o

2.3 Pectin

The word pectin must be regarded as a generic term which is  
applied broadly for the pectic substances. Various pectic compounds 
are found in vegetables and fr u its , being most abundant in limes, 
lemons, grapefruit and oranges. Pectin is  often referred to as the 
ingredient that makes je lly  gel and is  the naturally ocurring cloud 
sta b ilizer  in fru it ju ices, especially  c itru s. Fruit' juice consis
tency, referred to as "body" by the juice industry, is  the result
of pectin being present
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Table 3 Some physical&chemical properties of fresh lime and lime 
juice (2)

'A eight/one fru it (ร) 52„9

Juice content (cm^)/one fru it 23
Total soluble so lid  (Brix) 7 -8

pH 2 o1
Total Sugar (%) 0 .28

C itric acid (%) 5o5

Ascorbic acid (mg)/า00 (ร) 34 .0



le 4 Lime composition in Lact ..sir: (น )

c omposition of Poods, 100 g , Adible portion and Aร Purchased

Refuse Pood Hois- Pro- Pat Car- Pi- Ash Ca ? Pe Na K ■ p —carofhia- Riba-- Nia Ascoin as Aner- ture tein bohy- ber cene mine fla - cin bicpur- cy dratts equi- vin Acidchased Valent
Lime (Citrus Auronti  (%) (Calo- (รร) (e) (e ) ( e )  (c ) (e) (mg) (E g )  ( m g )  (mg) (mg) (mg) (mg) (mg) (mg) (mg)ries)
fo lia ) Fruit, Raw;

Adible Portion 0 36 91 .0 0 o5 2o4 5 o9 0.3 0o2 13 11 trb 2 82 10 0 oD3 0 .02 0.1 46
As PurcisftS-ed; refuse, 23 28 70.1 0o4 1 .8 4c5 0 d2 0o2 10 8 trD 2 63 5 0.02 0.02 0.1 35
rinds and seeds..........
ไJ.1CC o*«oot*»*«t*«* 0 24 90.0 0.5 tr 8.3 tr 0.3 9 8 0.1 0.02 0.03 0.2 25

Rind ................................... 0 71 71 .4 2.7 0.2 24c3 3o2 1.4 228 42 1.0 8 348 110 0.08 0.07 0.8 68

a lim e  (C i t r u s  A u r a n t i f o l i a )
๖ trace



I 2.

Pectin is  a lyophilic  collo id  with a negative charge and dees 
not have an iso e lec tr ic  painto Like most lyop h ilic  cell« id s the 
important factor in i t s  s tab iliza tion  is  i t s  hydration rather than 
i t s  charge» The charge may be neutralized without coagulation, but 
a dehydrating agent such as alcohol w ill coagulate ito  An impure 
pectin of high ash content can carry a positive charge» Dry pectin  
is  d if f ic u lt  to disperse; when introduced into water the particles  
hydrate on the surface forming a gummy Coating which slows down the 
imbibition of water» Mechanical mixtures o f  powdered pectin with 
sugar, sa lt ©r wetting with alcohol are used to aid the dispersion
( 6 ) 0 Potassium, sodium and ammonium sa lts  o f  both pectin and pectic 
acid are easily  dispersed in water0

Solutions of pectins vary greatly over a wide range of 
v isco sity , which is  the resistance offered by a liquid to flow» 
V iscosity of a dispersed pectin in water is  dependent on concentra
tion, pH, sa lts  and size of the palygalacturonic acid chain» 
Temperature produces a marked effect on the v isco sity  of a pectin  
solution with v isco sity  decreasing as the temperature increases»
T h e  increase in v isco sity  resulting from increased pectin concen

tration is  not a straight lin e  but rather a parabola» Aqueous 
solutions of 2°/o citrus pectin are d efin ite ly  pseudoplastico W i t h  

t h e  addition of suspended 3©lids and sugar they became strongly non- 
newt onian.

The e ffect of sa lts  an the v isco sity  of pectin solutions 
below pH 2»75 i s  negligible» Above th is pH the normal v isco sity  
of the pectin solution is  lowered by small quantities of those
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s a l t s  w h o s e  h y d r o x i d e s  a r e  n o t  p r e c i p i t a t e d  i n  t h e  p H  r a n g e  o f  3 t o  

7 o  W h e n  c e r t a i n  s o l u b l e  s a l t s ,  s u c h  a s  c o p p e r ,  n i c k e l ,  l e a d ,  i r o n ,  

a l u m i n u m ,  m a n g a n e s e ,  s o d i u m ,  c a l c i u m ,  a n d  m a g n e s i u m  a r e  a d d e d  t o  a  

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

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

a n d  i s  a l s o  d e p e n d e n t  u p o n  t h e  h y d r o g e n  i o n  c o n e e n t r â t i o n o  W h e n  

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

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

a v a i l a b l e  f o r  r e a c t i o n  w i t h  t h e  c a t i o n s .

2 o4 Concentration of Citrus J u i c e

2.4.1 Vacuum evaporation

Vacuum concentration has several advantages. I t  makes 
possible the low-temperature concentration of heat-sensitive foods 
such as orange juice; i t  can increase the rate of evaporation by 
increasing the difference between the fo ilin g  temperature of the 
product and the temperature of the heating medium. ( 1 5 )

A common sequence of flow in the vacuum concentration 
follows : A valve is  opened to permit high-pressure steam to flow 
through a large steam ejector to develop the in i t ia l  vacuum in the 
evaporator. When the desired vacuum is  readied, preheated juice 
is  pumped into the heat exchanger, steam is  admitted into the 
steam chest and boiling  begins almost immediately. The vapors are 
seperated and removed. Vapors may be condensed by mixing with cold 
water in parrallel or Counter flow barometmic condensers provided



there is  adequate: d ifferen tia l between the temperature of the 
vapors and that of the condenser water* HeiTcal et a l ( ใ b) 
concluded that concentrating lime juice under vacuum tip to 4 2 % 
to ta l soluble solid  was the most suitable concentration method. 
Pruthi et al (า 7 ) did the research on cashew apple concentrated 
juice and found that the important physico-chemical characteristics  
lik e ascorbic acid, pH, color and flavor of vacuum concentrated 
cashew apple juice were be tier  than open-pan concentrated cashew 
apple ju ice , however, v o la tile  substances other than water are 
"boiled off" in concentrating by evaparation. These include 
v o la tile  flavors of fr u its . ( 1 5 ) 
f .4 .2  Freeze Concentration

Freeze concentration plants include three fundamental 
elements: (า8)

a) k  c ry sta llizer  (also called "freezer", ’'Chiller" etc)
Welch produces a slurry of lic e  cry sta ls . In some eases, au 
appendage to tne freezer called a crystal growing tank is  employed.

b) A separation device wherein the ice crystals seperated 
from the motner liquor. Centrifuges are most commonly employed, 
although ทบ..10 manufacturers prefer a wash column or f i l t e r  press.

c) À re f risers.tion unit to Cool the liquid , remove the 
• Cat of crysta lliza tion  and lilt: fr ic tion a l heat resulting from 
lydraulic flow, wall scraping and agitation of the slurry.

The maximum concentration obtainable ill freeze concentra
tion equipment depends upon the liquid being concentrated^ it s
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v i s c o s i t y ,  a n d  o t h e r  p r o p e r t i e s o  G e n e r a l l y ,  C o n c e n t r a t i o n  c a n  b e  

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

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

■ a e s i ^ n ,  I t  i s  p o s s i b l e  t o  c o n c e n t r a t e  m o 3 t  c o m e s t i b l e  l i q u i d s  t o  

t h e  p o i n t  t h a t  a b o u t  5 0 * j  o f  t h e  t o t a l  w e i g h t  i s  s o l i d s .  I n  f r e e z e  

c o n c e n t r a t i o n ,  i c e  I S  r e m o v e d  f o x ’  t h e  p r i m a r y  p u r p o s e  o f  p u t t i n g  

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

a v i n g  l i t t l e  01- n o  v a l u e  o t h e r  t h a n  a s  a  r e f r i g e r a t e d  m a t e r i a l  a n d
1

i s  u l t i m a t e l y  d i s c a r d e d .

I n  i n d i r e c t  c o n t a c t  i c e  c r y s t a l l i z e r s ,  t h e  e v a p o r a t i n g  

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

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

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

' . h o  e v a p o r a t i n g  r e f r i g e r a n t  o r  c o o l a n t  i n  t i l e  s h e l l .  I n d i r e c t  

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

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

C o n t a c t  w i t h  t h e  r e f r i g e r a n t . A l l  k n o w n  c o m m e r c i a l  i n s t a l l a t i o n s  

f o r  t h e  f r e e z e  c o n c e n t r a t i o n  o f  c o m e s t i b l e  l i q u i d s  e m p l o y  c r y s t u l l i -  

z e r s  o f  t h e  i n d i r e c t - c o n t a c t  1- j l a l l i z e r s ,  a m m o n i a  o r  f r e o n  i s  

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

I n  s e p t - r a t i n g  i c e  c r y s t a l s  f r o m  t h e  l i q u o r ,  c e n t r i f u g a t i o n  

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

i c e  s l u x ’ r y  t o  a  f o r c e  า , o J U  o r  m o r e  t i m e s  t h a t  o f  g r a v i t y .  U n d e r  

t i l l s  c i r c u m s t a n c e s ,  m o s t  o f  t . i e  l i q u i d  w i t h h e l d  b y  c a p i l a r y  a t t r a c 

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



1 0 C r y s t a l s  s h o u l d  h e  a s  l a r g e  a s  p o s s i b l e ,  t h e  l a r g e r  t h e  

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

2 0 C r y s t a l s  s h o u l d  b e  u n i f o r m  i n  s i z e »

3 o  C r y s t a l  h a b i t  s h o u l d  a p p r o a c h  t h e  s p h e r e  a s  c l o s e l y  a s  

t i l e  l a w s  o f  n a t u r e  w i l l  p e r m i t 0 C o n t i n u o u s  s p h e r e s  a l w a y s  t o u c h

a t  a  p o i n t e  N o  c o n t a c t  l i n e s  a r e  i n v o l v e d ,  a s  i s  t h e  c a s e  w i t h/
c r y s t a l s  h a v i n g  a  c y l i n d r i c a l  s h a p e .  N o  c o n t a c t  a r e a s  a r e  i n v o l v e d  

a s  i s  t h e  c a s e  w i t h  c r y s t a l s  h a v i n g  a  f l a t  s u r f a c e »

2 o5 D e h y d r a t i o n
'I

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

C u n  a n d  w i n d  c u r r e n t s  w e r e  u t i l i z e d  e x c l u s i v e l y  a t  f i r s t ,  a n d  l a t e r  

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

o f  s o l i d s  t o  s t r e a m s  o f  h o t - a i r ,  b y  a t o m i z a t i o n  o f  l i q u i d  f o o d

p r o d u c t s  i n t o  h e a t e d  a i r  (  s p r a y - d r y i n g  ) ,  b y  d r y i n g  l i q u i d  a n d  

s e m i s o l i d  f o o d 3  b y  c o n t a c t  w i t h  h e a t e d  r o l l e r s  (  d r u m - d r y i n g  ) 1 

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

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

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

m e r c i a l l y ,  ( า  9 )

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

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

s h o u ld  p r e v a i l :
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2 . 5 . 1  F u n d a m e n t a l  a s p e c t s  o f  d e h y d r a t i o n

2 . 5 . 1 . 1  S e l e c t i o n  o f  r a w  m a t e r i a l s  f o r  d r y i n g

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

t h i s  m e t h o d  o f  p r e s e r v a t i o n .  I n  e a r l y  d e v e l o p m e n t ,  d r y i n g  a n d  

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

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

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

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

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

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

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

i t  i s  s t i l l  n o t  p o s s i b l e  t o  d e f i n e  t h e  c h a r a c t e r i s t i c s  d e s i r e d  i n  

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

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

p r a c t i c e  0

2 o5 o1 q2 C o n t r o l  o f  u n d e s i r a b l e  c h a n g e s  i n  q u a l i t y  d u r i n g

p r e p a r a t i o n  f o r  d r y  i n  1.

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

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

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

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

e n z y m e s  i n v o l v e d  w a s  e v a l u a t e d .

2 „ 5 . 1 . 3  R e d u c t i o n  o f  m o i s t u r e  c o n t e n t

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

u n d e r  c o n d i t i o n s  o f  m in u m u m  d a m a g e  t o  q u a l i t y .  A s  a  r e s u l t  o f  

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

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

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

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

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

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

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

m u l t i s t a g e  d r y i n g  a n d  i n - p a c k a g e  d e s i c c a t i o n  u n d e r  C o n d i t i o n s  i n  

w h i c h  h e a t  d a m a g e  i s  m i n i m i z e d .  M a s s  t r a n s f e r  o p e r a t i o n s  h^ave  

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

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

2 . 5 . 1 . 4  P r o d u c t i o n  o f  p o r o u s  s t r u c t u r e  d u r i n g  . d r y i n g

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

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

a n d  s u b s e q u e n t  r e d r y i n g  w h i l e  u n d e r  a g i t a t i o n  o n  C o n v e y o r  d r i e r .

2  .  b . 1 .  b d é t e n t i o n  a n d  r e s t o r a t i o n  o f  v o l a t i l e  f l a v o r s .

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

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

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

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



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

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

• w i t h  f l a v o r  f i x i n g  o r  h o l d i n g  s u b s t a n c e s  r e s u l t i n g  i n  s o l i d  f l a v o r -  

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

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

b j  t h e  a c t i v i t y  o f  n a t u r a l l y  o c c u r i n g  o r  a d d e d  e n z y m e s  0

2 o5 q1 o6  I m p r o v e m e n t s  i n  p a c k a g i n g

P r o t e c t i v e  f l e x i b l e  p a c k a g e s  o f  f o i l ,  f i l m ,  f i b e r  a n d  

C o m b i n a t i o n s ,  p l u s  t h e  u s e  o f  b a c t e r i c i d e s ,  m a k e  i t  p o s s i b l e  t o  

" t e n d e r i z e "  d r i e d  f r u i t o  S e a l i n g  u n d e r  v a c u u m  o r  i n e r t  g a s  i n  

t i g h t  p a c k a g e s  a l s o  c o n t r i b u t e s  t o  i m p r o v e d  p r o d u c t s 0

2 o 5 « 2  D e h y d r a t e d  c i t r u s  . j u i o e s

C i t r u s  j u i c e s  a r e  8 5  t o  9 u %  w a t e r ,  a n d  m a n y  a t t e m p t s  h a v e  

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

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

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

p r e p a r e  i n s t a n t  c i t r u s  j u i c e  p o w d e r s ,  p a r t i c u l a r l y  o r a n g e »  P r o d u c 

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

t e c h n o l o g i c a l l y  f e a s i b l e  b e  f r e e z e - d r y i n g ,  s o m e  t y p e s  o f  s p r a y  

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

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

a n y  t y p e  o f  d e h y d r a t i o n  p r o c e s s »



20

P r o m  a  l o g i c a l  a p p r o a c h  t o  t h e  e c o n o m i c s  o f  d e h y d r a t e d ,  

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

1 )  T h e  r e m o v a l  o f  t h e  r e m a i n i n g  w a t e r  f r o m  a  c o n c e n t r a t e d  

j u i c e  p r o d u c t  w o u l d  n o t  i m p r o v e  t h e  q u a l i t y  o f  t h e  r e c o n s t i t u t e d  

p r o d u c t s .  A t  t h e  u l t i m a t e ,  i t  m i g h t  b e  a c c o m p l i s h e d  w i t h o u t  m u c h  

d e t e r i o r a t i o n  i n  q u a l i t y ,  b u t  i t  w o u l d  n o t  s e e m  r e a s o n a b l e  t o  

e x p e c t  t h e  q u a l i t y  t o  b e  i m p r o v e d ;

2 )  r e m o v a l  o f  a d d i t i o n a l  w a t e r  f r o m  a  c o n c e n t r a t e  w o u l d  

r e q u i r e  a d d t i o n a l  e n e r g y  a n d  w o u l d  i n o r e a s e  p r o c e s s i n g  c o a t s  

t h u s ,  a  p r o d u c t  w i t h  e q u a l  o r  l e s s e r  f l a v o r  q u a l i t y  w i l l  b e  

p r o d u c e d  a n d  i t  w i l l  c o s t  m o r e  0 W h a t  a d v a n t a g e s  w o u l d  t h a t  e x t r a  

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

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

t u r e ,  a n d  e a s y  t o  s t o r e  a n d  r e c o n s t i t u t e  0 M i n i m i z e d  w e i g h t  s h o u l d  

b e  a n  a d v a n t a g e  s o  t h a t  e v e n t u a l l y ,  a t  s o m e  p o i n t  i n  t h e  m a r k e t ,  

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

t r a n s p o r t ,  s t o r a g e  a n d  m a r k e t i n g  a d v a n t a g e s ,

2 , 5 . 3  M e t h o d  o f  D e h y d r a t i o n

2 o 5 . 3 o 1  o n  r a y  d r y i n g

M i l k ,  f r u i t  j u i c e ,  c o r n  s y r u p ,  s o l u b l e  c o f f e e  a n d  m a n y  

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

a i r  i s  c i r c u l a t e d  t o  r e m o v e  w a t e r  r a p i d l y  f r o m  t h e  s u s p e n d e d  d r o p l e t s
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( A  s c h e m a t i c  d i a g r a m  o f  s p r a y  d r y e r  i s  s h o w n  i n  F i g .  1 )  S p r a y  d r y i n g  

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

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

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

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

o f  t h e  e q u i p m e n t 0 D r y i n g  a i d s  a r e  e x t e n s i v e l y  a d d e d  b e f o r e  d r y i n g  

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

s o l i d s ;  g u m s ,  p e c t i c  s u b s t a n c e s ,  m e t h y l  c e l l u l o s e ,  l a c t o s e ,  s u c r o s e  

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

s p r a y  d r y i n g  f r u i t  a n d  v e g e t a b l e  j u i c e s 0 P a r t i c l e  s i z e  i s  o b i o u s l y  

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

m o i s t u r e  m a y  b e  r e m o v e d .  I f  p a r t i c l e s  a r e  n o t  o f  u n i f o r m  s i z e ,  

l a r g e  p a r t i c l e s  m a y  c o m e  o u t  w e t ,  m a k i n g  i t  d i f f i c u l t  t o  p r o p e r l y  

l o c a t e  t h e  b o u n d a r y  b e t w e e n  d r y i n g  a n d  c o o l i n g  z o n e s .  T h e  s i z e  

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

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

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

d i s p e r s e d  i n t o  t h e  d r y i n g  c h a m b e r  b y  a  p r e s s u r e  n o z z l e ,  © r  t h e  

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

a n d  b e t t e r  C o n t r o l  i s  u s e d  c o m m e r c i a l l y  f o r  s p r a y - d r y i n g  m i l k ,  m i l k  

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

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

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

m a t e r i a l  t o  b e  d r i e d ,  t h e  m a n n e r  o f  s p r p y i n g  a n d  t h e  s u b s e q u e n t  

t r e a t m e n t  d u r i n g  t h e  d r y i n g  o p e r a t i o n .  T h e  s i z e ,  s h a p e ,  a n d  o p e r a 

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

s p r a y - d r i e d  p r o d u c t s »  S p r a y  d r y i n g  t e n d s  t o  p r o d u c e  l o w - d e n s i t y ,  

f i n e  p o w d e r s  w h i c h  d o  n o t  w e t  r e a d i l y ,  f l o a t i n g  a n d  c l u m p i n g  3 0  

w a t e r  c a n n o t  p e n e t r a t e  u n i f o r m l y  t h r o u g h o u t  t h e  m a s s »  " A g g l o m e r a t i o n "  

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

t e n d e d  t o  c a u s e  s n e e z i n g »  C o a r s e r  g r a n u l e s  w e r e  d e s i r e d  t o  a v o i d  

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

2 » 5 o 3 o 2  V a c u u m  " p u f f "  d r y i n g

F i v e - f o l d  o r a n g e  j u i c e  c o n c e n t r a t e  w a s  d r i e d  i n  a  f l o r i d a  

p l a n t  t o  a  p o w d e r  C o n t a i n i n g  a b o u t  1% m o i s t u r e  t h a t  w a s  r e p o r t e d  t o  

r e t a i n  S7% o f  t h e  o r i g i n a l  a s c o r b i c  a c i d  c o n t e n t  ( 6 ) 9 A  m i x t u r e  o f  

o r a n g e  j u i c e  c o n c e n t r a t e  a n d  c o r n  s y r u p  c o n t a i n i n g  a b o u t  6 u%  o r a n g e  

s o l i d s  a n d  40%  c o m  s y r u p  s o l i d s  c o u l d  b e  m a d e  t o  " p u f f  u p "  d u r i n g  

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

l o s t  w a t e r  r e a d i l y »  T h e  p r o d u c t ,  h o w e v e r ,  h a d  a b o u t  3%  m o i s t u r e  

c o n t e n t  a n d  w a s  v e r y  h y g r o s c o p i c »  M o i s t u r e  c o n t e n t  c o u l d  n o t  b e  r e d u c 

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

T h e  u s e  o f  i n - p a c k a g e  d e s s i c a n t s  s u c h  a s  c a l c i u m  o x i d e  f u r t h e r  

r e d u c e d  t h e  m o i s t u r e  c o n t e n t  t o  a b o u t  1 »5% o r  l e s s  d u r i n g  7 5  d a y s  

c o n d i t i o n i n g  a t  2 1 ° C o  T h e  p r o d u c t  t h e n  w a s  r e p o r t e d  t o  h a v e  

e x c e l l e n t  s t a b i l i t y  a t  r o o m  t e m p e r a t u r e  ( 6 ) o  A s c o r b i c  a c i d  r e t e n t i o n  

o f  t h i s  p r o d u c t  w a s  r e p o r t e d  t o  b e  9 0  t o  1 0 0 % ,  a n d  e v e n  a f t e r  6  

m o n t s  a t  3 8 °c  w a s  s t i l l  9 0 % .  h o t t e r  e t  a l  . ( 2 0 )  r e p o r t e d  t h a t  

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

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

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

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

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

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

d r y i n g  t e c h n i q u e s  i n t r o d u c e d  a d d i t i o n a l  c o s t s  t h a t  lo a d  e x c e e d e d  

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

w a s  n o t  c o m p e t i t i v e  i n  t h e  m a r k e t  0

2 . 5  , 3  . 3  B r e e z e - D r y i n g

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

b y  f r e e z e - d r y i n g ,  b u t  f e w  r e p o r t s  h a v e  b e e n  p u b l i s h e d .  I n  f r e e z e -

d r y i n g ,  w a t e r  v a p o r  i s  r e m o v e d  ^ f r o m  t h e  f r o z e n  j u i c e  b y  s u b l i m a t i o n
ไ

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

u c . So B e c a u s e  t h e  c i t r u s  j u i c e  r e m a i n s  f r o z e n  t h r o u g h o u t  d r y i n g  

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

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

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

d i f f i c u l t y  i n  m a i n t a i n i n g  h i g h  B r i x  c o n c e n t r a t e s  s o l i d l y  f r o z e n  f o r  

v a c u u m  s u b l i m a t i o n ,  f r e e z e - d r y i n g  o f  o r a n g e  j u i c e  w a s  m u c h  e a s i e r  

t o  c o n t r o l  a n d  m a i n t a i n  i f  b e g i n i n g  c o n c e n t r a t i o n s  w e r e  a b o u t  3 0 °  

B r i x  o r  l e s s .  A b o v e  3 Ü ü i 3 r i x ,  u n l e s s  c o n d i t i o n s  w e r e  p r e c i s e l y  

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

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

d r y i n g  i n s t e a d  o f  f r e e z e - d r y i n g o  B e c a u s e  o f  t h e  d i f f i c u l t y  o f

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

b o t h  h i g h  v a c u u m  a n d  r e f r i g e r a t i o n ,  f r e e z e - d r y i n g  a p p e a r e d  t o  b e  

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

o r a n g e  j u i c e ,  b u t  n o t  c o m m e r c i a l l y  p r a c t i c a l  0 A l s o ,  b e c a u s e  t h e  

l o w e s t  m o i s t u r e  C o n t e n t  a c h i e v e d  i n  t h i s  p r o c e s s  w a s  a b o u t  3 % ,  t h e  

p r o d u c t  s t i l l  r e q u i r e d  a n  i n - p a c k a g e  d e s s i c a n t  o r  s e c o n d a r y  d r y i n g o  

F r e e z e - d r y i n g  h a s  p r o v e d  p r a c t i c a l  f o r  c e r t a i n  f o o d s  s u c h  a s  c o f f e e  

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

o f  t h e  s o l i d s  i n  t h e s e  p r o d u c t s o  O r a n g e  j u i c e  a n d  o t h e r  c i t r u s  

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

r e l a t i v e l y  h i g h  ( 1 0 - 1 3 % )  s o l i d s  c o n t e n t s »  C o f f e e  a n d  t e a  m a y  b e  

C o n s u m e d  a t  อ « 5 - 2 . 5 %  s o l i d s ,  s o  t h e y  h a v e  a  m u c h  h i g h e r  v a l u e  o n  a  

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

d r y i n g ,  o r  o t h e r  r e l a t i v e l y  c o s t l y  d e h y d r a t i o n  p r o c e s s e s »  ( 6 )

2 f , 5 o 3 » 4  F o a m - M a t  D r y i n g

C i t r u s  j u i c e s ,  l i k e  o t h e r  l i q u i d  f o o d s  w i t h  h i g h  s u g a r  

C o n t e n t s ,  c a n  c a u s e  c o n s i d e r a b l e  p r o b l e m s  w i t h  m a n y  h i g h - t e m p e r a t u r e  

d e h y d r a t i o n  s y s t e m s »  S u c h  m a t e r i a l s ,  w h e n  h e l d  a t  m u c h  a b o v e  r o o m  

t e m p e r a t u r e ,  t e n d  t o  " s y r u p "  a s  t h e  v / a t e r  i s  r e m o v e d »  C o m b i n a t i o n s  

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

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

p r o d u c t s  u s u a l l y  r e q u i r e  t w o  s t a g e s  o f  d r y i n g :  ( 1 )  a n  e a r l y  s t a g e  t o  

r e m o v e  m o s t  o f  t h e  m o i s t u r e  ( a b o u t  7 5  t o  8 5 % ) »  b y  u s e  o f  t h e  h i g h e s t  

t e m p e r a t u r e s  p o s s i b l e  f o r  o p t i m u m  e f f i c i e n c y ,  a n d  ( 2 )  a  l a t e r  s t a g e
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t o  r e m o v e  r e s i d u a l  m o i s t u r e  ( t h e  l a s t  1 0  t o  1 5 % ) d u r i n g  c o o l i n g  t o  

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

e a s i l y  r e m o v e d  f r o m  t h e  d r y i n g  m e d i u m , ,  I n  t h e  l a t e  1 9 5 0 s  a  n e w  

p r o c e s s ,  c a l l e d  ’ ' f o a m - m a t ' *  d r y i n g ,  w a s  d e v e l o p e d  a t  t h e  U 0S 0 D e p a r t 

m e n t  o f  A g r i c u l t u r e  W e s t e r n  R e g i o n a l  L a b o r a t o r y  i n  A l b a n y ,  C a l i f o r n i a ,  

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

a p p e a r e d  t o  b e  i d e a l l y  s u i t e d  f o r  l i q u i d  f o r m ,  h i g h - s u g a r  f o o d s  0 T h e  

s t a r t i n g  m a t e r i a l  f o r  t h i s  p r o c e s s  i s  a  5 o r  6  f o l d  c i t r u s  j u i c e  

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

d e s c r i b e d  a b o v e ,  A  s t a b i l i z e r ,  m e t h y l  c e l l u l o s e ,  i s  a d d e d  t o  a b o u t  

0 , 5 %  ( s o l i d s  b a s i s ) ,  w h i c h  w o u l d  a m o u n t  t o  l e s s  t h a n  0 , 0 5 %  i n  t h e  

r e c o n s t i t u t e d  j u i c e .  I n  t h a t  p r o c e s s  t h e  l i q u i d  c o n c e n t r a t e  i s  m i x e d  

w i t h  a  f o a m i n g  a g e n t  s u c h  a s  m e t h y l  c e l l u l o s e ,  s o y a  a l b u m i n ,  c e r t a i n  

a l g i n s ,  e t c .  T h e  f o a m  i s  s p r e a d  i n  a  t h i n  l a y e r  «ท  a  d r y i n g  t r a y  o r  

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

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

d a m a g e  i s  s l i g h t  d u r i n g  t h e  d r y i n g  p r o c e s s 0 I n  19 6 4 , w h e n  r e l a t i v e  

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

c o m p a r e d ,  o p e r a t i n g  c o s t  p e r  k i l o g r a m  o f  d r y  p r o d u c t ,  f o r  น p l a n t  

m a n u f a c t u r i n g  1 , 8  m i l l i o n  k g  p e r  y e a r ,  w o u l d  b e  66 /6 f o r  f r e e z e - d r y i n g ,  

33 /5  f o r  p u f f - d r y i n g  a n d  22 /5 f o r  f o a m - m a t  d r y i n g  ( 6 )  0

2 , 6  D r y i n g  A i d

W h i l e  e n c a p s u l a t i o n  o r  " l o c k i n g - i n "  o r  c i t r u s  e s s e n t i a l  o i l s  

o n  a  d r y  c a r r i e r  i s  w e l l  k n o w n  ( 2 1 ,  2 2 ) t o n l y  s c a n t  i n f o r m a t i o n  i s
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a v a i l a b l e  r e g a r d i n g  s i m i l a r  p r o c e s s  f o r  w a t e r  s o l u b l e  e s s e n c e s o  

A p p r o x i m a t e l y  7 5%  o f  t h e  i n i t i a l  a r o m a  v o l a t i l e s  w a s  r e t a i n e d  i n  

t h e  o p t i m a l  m a l t o d e x t r i n  s u c r o s e  c a r r i e r ,  a s  a g a i n s t  50/O b y  t h e  b e s t  

m e t h o d  ( 23)0  E x t e n s i v e  w o r k  b y  T h i j s s e n  a n d  R u l k e n  ( 24 ) ,  F l i n k  a n d  

K a r e l  ( 25 )  i n d i c a t e d  t h a t  r e t e n t i o n  o f  v o l a t i l e  c o m p o u n d s  d u r i n g  

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

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

c a r b o h y d r a t e s  a n d  i n c r e a s i n g  t o t a l  s o l u b l e  s o l i d s  u p  t o  a b o u t  2 0% o  

K o n z i n i  a n d  M a l t i n i  ( 2 b )  h a d  a l r e a d y  a s c e r t a i n e d  t h a t  t h e  a d d i t i o n  

o f  s u c r o s e  t o  l e m o n  j u i c e  p e r m i t e d  i t  f r e e z e - d r y i n g  u n d e r  l e s s  d r a s t i c  

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

d e g r e e s »  M a l t i n i  ( 27)  r e p o r t e d  t h a t  t h e  a d d i t i o n  o f  s u c r o s e  i n  t h e  

p r o p o r t i o n  o f  J  t o  TT o f  t h e  t o t a l  s o l i d  r e s i d u e  p e r m i t t e d  r a i s i n g  

t h e  t e m p e r a t u r e s 0 T h e  s u b l i m a t i o n  t e m p e r a t u r e  a n d  m e l t i n g  t e m p e r a 

t u r e  b y  a b o u t  4 - 5 * C ,  w i t h  c o n s i d e r a b l e  o p e r a t i o n a l  a n d  e c o n o m i c  

a d v a n t a g e s  i n  f r e e z e - d r y i n g o  I n  c o n t i ' a s t ,  a d d i t i o n  o f  c i t r u s  f r u i t  

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

t h e  t h e r m o d y n a m i c  b e h a v i o r  o f  t h e  s y s t e m  t o  a n y  g r e a t  e x t e n t 0 

K o p e l m a n  e t  a l  (20 ) s t u d i e d  t h e  e f f e c t  o f  v a r i o u s  c o m b i n a t i o n s  o f  

c a r b o h y d r a t e s  ( m o n o - a n d  d i s a c h a r i d e s  a n d  m a l t o d e x t r i n s )  o n  r e t e n t i o n  

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

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

e q u i v a l e n t  o f  t h e  c o r n  s y r u p  s o l i d s  0 T h e s e  f i n d i n g  a r e  i n  a g r e e m e n t  

w i t h  t h o s e  r e p o r t e d  f a r  f r e e z e  d r y i n g  o f  m o d e l  s y s t e m s  ( 2 5 )
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A m o n g  t h e  d e t e r i o r a t i v e  r e a c t i o n s  l i m i t i n g  t h e  s t o r a g e  l i f e  

o f  d e h y d r a t e d  f r u i t  j u i c e s ,  t h e  m o s t  i m p a r t a n t  a r e  n o n - e n z y m a t i c  

b r o w i n i n g  a n d  l e s s  o f  a s c o r b i c  a c i d  ( 2 9 ) 0 T h e  s h e l f  l i f e  o f  c i t r u s  

p o w d e r s  i s  r e d u c e d  b y  w a t e r  a b s o r p t i o n ,  c a k i n g  a n d  n o n - e n z y m a t i c  

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

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

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

a c t i v i t y  ( 3 0 ) o T h e  t h i r d  e f f e c t  i s  a s s o c i a t e d  w i t h  t h e  M i l a r d  

r e a c t i o n  b e t w e e n  r e d u c i n g  s u g a r s  a n d  a m i n o  c o m p o u n d s ,  a c i d  c a r a m e l i z a -  

t i o n  o f  t h e  s u g a r s ,  a n d  d e g r a d a t i o n  o f  a s c o r b i c  a c i d  ( 3 1 ' )  o T h e  

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

f l a v o i *  a n d  e v o l u t i o n  o f  c a r b o n  d i o x i d e  a n d  s i m i l a r l y  t o  c a k i n g ,  i t  

i s  s t r o n g l y  a f f e c t e d  b y  s t o r a g e  t e m p e r a t u r e  ( 3 2 )  a n d  w a t e r  a c t i v i t y , ,

2 . 7 . 1  A s c o r b i c  a c i d  I ' e t e n t i o n

K a r e l  a n d  N i c k e r s o n  ( 3 3 )  d e t e r m i n e d  t h e  e f f e c t s  o f  w a t e r  a n d  

o f  o x y g e n  o n  b r o w n i n g  a n d  l o s s  © f  a s c o r b i c  a c i d  i n  d e h y d r a t e d  o r a n g e  

c r y s t a l s 0 T h e  r e s u l t s  s n o w e d  t h a t  o x y g e n  h a d  l i t t l e  e f f e c t  c n  t h e  

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

( a t  3 7 ° c ) 0 i n e  o b s e r v e d  d i f f e r e n c e s  i n  r a t e s  o f  a s c o r b i c  a c i d  

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

i n s i g n i f i c a n t .  W a t e r  c o n t e n t  a n d  w a t e r  a c t i v i t y ,  ©ท t h e  o t h e r  h a n d ,  

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

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

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



i s  i n  a g r e e m e n t  w i t h  d a t a  o f  L e a ,  ( 3 4 ) .  T h e  r e s u l t  a l s o  i n d i c a t e d  

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

s t u d y  d i d  n o t  r e q u i r e  p a c k a g i n g  u n d e r  v a c u u m ,  T h e  m a j o r  d e s t r u c t i o n  

o f  a s c o r b i c  a c i d  d u e  t o  i n c r e a s e d  i n  m o i s t u r e  C o n t e n t s  a r e  n o t  

a f f e c t e d  b y  a t m o s p h e r i c  o x y g e n , ,  P o d a  e t  a l  0 ( 3 5 )  f o u n d  h i g h  r e t e n 

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

ทณทน e t  a l .  ( 3 6 )  r e p o r t e d  t h a t  a s c o r b i c  a c i d  r e t e n t i o n  o f  m a n g e  w a s  

b e t t e r  i n  t h e  c a s e  o f  า 5 4,3 r i x  t h a n  2 0 ® B r i x „  T h i s  m i g h t  b e  e i t h e r  

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

a s c o r b i c  a c i d  c o u l d  r e a c t  u n u e r  a e r .  ช' c  a n d  a n a e r o b i c  c o n d i t i o n  t o  

p r o d u c e  b r o w n  p i g m e n t s  ( 3 7 )  o r  d u e  t o  b e t t e r  r e t e n t i o n  o f  t h e  a s c o r b i c  

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

t h e  b e t t e r  r e t e n t i o n  o f  c o l o u r ,  f l a v o r  a n d  a s c o r b i c  a c i d  ( 3 6 ) .

2  07 . 2  C a k i n g

I t  i s  w e l l  k n o w n  t h a t  t h e  h y g r o s c o p i c  c h a r a c t e r  a n d  c a k i n g  

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

t o  b e  a m o r p h o u s  s t a t e  o f  s u g a r s  ( 3 0 ) 0 P r e v e n t i o n  o f  c a k i n g  a n d  

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

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

s t a t e .  P a r  t h i s  r e a s o n ,  d u r i n g  s t o r a g e  o f  d r i e d  s u g a r  C o n t a i n i n g  

p r o d u c t s ,  a d e q u a t e  m o i s t u r e  a n d  t e m p e r a t u r e  c o n d i t i o n s  m u s t  b e  

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

c e r t a i n  d e s i r a b l e  p r o d u c t  p r o p e r t  i e s  o P l i n k  a n d  K a r e l  ( 3 ' 3 )  ,  O m a t e t e  

a n d  K i n g  ( 3 9 )  s h o w e d  t h a t  s u g a r  c r y s t a l l i z a t i o n  d u r i n g  s t o r a g e
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p r o m o t e s  t h e  l o s s  o f  v o l a t i l e  c o m p o u n d s  e n t r a p p e d  i n  f r e e z e - d r i e d  

c a r b o h y d r a t e  s o l u t i o n s .  A m o r p h o u s  3 u c r e s e  i s  t h e o r e t i c a l l y  u n s t a b l e  

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

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

l o n g  t i n e  ( 4 0 ) o T h e  s o r p t i o n  o f  w a t e r  i m p a r t s  m o b i l i t y  t o  t h e  

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

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

s t a t e  ( 4 1 ) 0 M a k o w e r  a n d  D y e  ( 3 0 )  s h o w e d  t h a t  t h e  r a t e  o f  c r y s t a l l i 

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

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

i n i t i a l  i n d u c t i o n  p é r i o d e

2 . 7  o3  O f f - f l a v o r

O f f - f l a v o r  c a n  b e  d e v e l o p e d  f r o m  t h e  o x i d a t i o n  o f  t h e  l i p i d  

f r a c t i o n  o r  a  c h a n g e  i n  t h e  e s s e n t i a l  o i l ,  l i m o n e n e ,  a n  i m p o r t a n t  

e s s e n t i a l  o i l  ( 4 2 )0 T h e  v o l a t i l e s  w h i c h  s h o w  t h e  m © 3 t  s i g n i f i c a n t  

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

a n d  d i a c e t y l 0 F u r f u r a l  h a s  b e e n  i d e n t i f i e d  i n  o r a n g e  j u i c e  p o w d e r  

a f t e r  s t o r a g e  b y  T a t u m  e t  a l  O ( 4 3 )  a n d  D i n s m o r e  a n d  N a g y  ( 44 )0  

o h a w  e t  a l e  ( 4 3 )  h a v e  s h o w n  t h a t  t h i s  c o m p o u n d  i s  f o r m e d  d u r i n g  

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

e t  a l e  ( 4 3 )  a n d  H u e l i n  e t  a l e  ( 4 6 ) h a v e  d e m o n s t r a t e d  t h a t  i t s  

o r i g i n  i s  t h e  d e g r a d a t i o n  o f  a s c o r b i c  a c i d e  E l ' O  d e  e t  a l e  ( 4 7 ) »  

S c a n l a n  e t  a l  O ( 4 8 )  d e m o n s t r a t e d  t h e  f o r m a t i o n  © f  d i a c e t y l  i n  

s o l u t i o n s  o f  s u g a r  a n d  a m i n o  a c i d s o  B l a i r  e t  a l .  ( 4 9 )  f o u n d
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t e r p i n e a l  i n  h i g h  c o n c e n t r a t e d  o r a n g e  j u i c e  a f t e r  s t o r a g e  o r  o v e r 

h e a t i n g .  B l a i r  e t  a l .  (49) a s c r i b e d  t h e  o r i g i n  o f  t h i s  s u b s t a n c e  

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

a s  f a r  a s  f l a v o r  c h a n g e  i s  c o n c e r n e d  ( 5 0 ) 0 A l t h o u g h  t h e  i n c r e a s e  

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

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

m o s t  s i g n i f i c a n t  i n c r e a s e  i n  o r a n g e  j u i c e  p o v / d e r  d u r i n g  s t o r a g e  o r  

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

h a v e  b e e n  f o u n d  t o  b e  f u r f u r a l  a n d  d i a c e t y l  ( 5 0 ) 0 D i a c e t y l  s e e m s  t e  

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

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

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

d e g r a d a t i o n ;  t h e  o r i g i n  o f  d i a c e t y l  m a y  b e  a l s o  a  n o n - e n z y m a t i c  

b r o w n i n g  r e a c t i o n  a n d /  o r  o x i d a t i o n  o f  a c e t o i n .

2o7o4 B r o w n i n g

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

o f  d e h y d r a t e d  f r u i t  j u i c e 3 ,  t h e  m o s t  i m p o r t a n t  a r e  n o n - e n z y m a t i c  

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

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

m a t e r i a l  h a d  a  d e c i s i v e  e f f e c t  o n  t h e  r a t e  o f  t h e s e  r e a c t i o n  (29)o 
M u c h  l e s s  i s  k n o w n  a b o u t  t h e o r e t i c a l  c r i t i c a l  m o i s t u r e  c o n t e n t s  f o r  

b r o w n i n g  a n d  o t h e r  a u t o c a t a l y t i c  r e a c t i o n s .  Salw i n  (51) s u g g e s t e d  

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

o p t i m u m  s t a b i l i t y .  R o c k l a n d  (52) s h o w e d  t h a t  s t a b i l i t y  m a y  b e
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r e l a t e d  t o  t h e  r a t e  o f  c h a n g e  i n  m o i s t u r e  c o n t e n t  w i t h  c h a n g e  i n  

w a t e r  a c t i v i t y , ,  H o d g e  ( 5 3 )  r e p o r t e d  t h a t  n o n - e n z y m a t i c  b r o w n i n g  

r e a c t i o n s  r e s u l t e d  i n  t h e  f o r m a t i o n  o f  w a t e r , ,  E s k i n  e t  a l  o ( 3 1 ) 

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

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

a c i d  c o m p o u n d s  o r  d u e  t o  d e t e r i o r a t i o n  o f  a s c o r b i c  a c i d .  K a r e l  a n d  

L a b u z a  ( 5 4 )  r e p o r t e d  t h a t  i n  m o d e l  s y s t e m s  c o n t a i n i n g  s u c r o s e  a n d  

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

l e a d i n g  t o  n o n - e n z y m a t i c  b r o w n i n g .  A l l  o f  t h e  w a t e r  p r e s e n t  i n  t h e  

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

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

n o  c r i t i c a l  m o i s t u r e  c o n t e n t  b e l o w  w h i c h  t h e r e  w a s  n o  b r o w n i n g  ( 3 3 ) 0  

T h e  m e c h a n i s m  o f  t h i s  r e a c t i o n  r e q u i r e s  t h e  p a r t i c i p a t i o n  o f  w a t e r  

a3 w e l l  a s  t h e  d i s s o l u t i o n  o f  s u c r o s e  i n  t h e  a q u e o u s  p h a s e  ( 5 5 )

D r a u d t  a n d  H u a n g  ( 56 )  d e t e c t e d  t h e  b r o w n i n g  i n t e r m e d i a t e s  i n  

t o  b e  s u g a r s  i n  c o m b i n a t i o n  w i t h  a m i n o  a c i d s .  S o m e  o f  t h e  n o n - e n z y m i c  

c o m p o u n d s  o r i g i n a t e d  f r o m  a c i d  c a t a l y s e d  d e g r a d a t i o n  o f  f r u c t o s e  ( 4 3 )  

a n d  f e w  f r o m  d e r e a c t i o n  o f  h e x o s e s  w i t h  a m i n o  a c i d s ,  A n o t h e r  r e a s o n  

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

a t  t h a t  t e m p e r a t u r e  ( 2 0 ) .

B r o w n i n g  d u e  t o  s u g a r  a m i n o  r e a c t i o n  ( 5 7 )  a p p e a r e d  t o  b e  v e r y  

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

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

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

( 3 6 )
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2 . 6  U s e s

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

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

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

a n d  a p p e a l  t o  d i f f e r e n t  c o n s u m i n g  g r o u p s 0 I n  g e n e r a l ,  l i m e  b e v e r a g e s  

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

u s e s  o f  l i m e  j u i c e  a r e :  a s  l i m e a d e ,  i n  i c e d  t e a ,  o n  s e a f o o d ,  i n  m i x e d  

d r i n k s  a n d  a s  a  f l a v o r  e n h a n c e r  o n  s u c h  f r u i t s  a s  a v a c a d o S o  A  m a j o r  

o u t l e t  f o r  l i m e  j u i c e  i s  i n  s y r u p s  a n d  c o n c e n t r a t e s  f o r  b e v e r a g e  u s e  0 

L i m e  j u i c e  i s  v e r y  p o p u l a r  a s  a  t h i r s t  q u e n c h e r  i n  t h e  p r e p a r a t i o n  

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

F a v o r i t e  m i x e d  d r i n k s  w h i c h  c o n t a i n  l i m e  j u i c e  i n c l u d e  g i n  r i c k e y ,  

g i n  a n d  t o n i c  g i m l e t ,  r u m  a n d  s o u r s o p ,  a n d  S c a r l e t t  O ' H a r a .  M a n y  

o t h e r  d r i n k s ,  s u c h  a 3  t h e  M a r g a r i t a  a n d  d a i q u i r i ,  m a y  c o n t a i n  e i t h e r  

l i m e  o r  l e m o n  j u i c e .

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

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

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

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

s o u f f l e s  a n d  p a r f a i t s .  M a n y  o l d  t i m e r s  i n  S o u t h  F l o r i d a  u s e  " O l d  

S o u r "  w h i c h  i s  f e r m e n t e d  l i m e  j u i c e  s e a s o n e d  w i t h  s a l t .  W h e n  u s e d  

o n  f i s h  a n d  s h e l l f i s h  d i s h e s ,  m e a t s  a n d  i n  s a l a d  d r e s s i n g ,  t h i s  

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