
C h a p t e r  V I

EXPERIM ENTAL R ESU LTS

E x p e r i m e n t a l  r e s u l t s  o f  v a c u u m  e v a p o r a t i o n  o f  o r a n g e  j u i c e  

a r o  a s  f o l l o w e d ;

6 . 1  T h e  M a s s  B a l a n c e s

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

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

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

6 . 1 . 1  O v e r a l l  m a s s  b a l a n c e

T a b l e  4 .  O v e r a l l  M a s s  B a l a n c e

r _ F e e d  r a t e H o t  p l a t e W e i g h t  f o r  t h e e n t i r e  p e r i o d  o f t h e  e x p . r u n 5kg

NO. l l t e r L n t e m p . 9° c F e e d 5 F
C o n e e n t d  

p
M e a s d .
C o n d T ^ m

C e d e d .  
C o n d , Ç c l o s s faloss

0 . 2 4 0 61.2 1 4 . 7 0 8.20 6.50 6.50 0 0

2 0.265 6 5 .1 1 4 . 7 2 5 . 0 0 9.70 9 .7 2 0 . 0 2 0 .13 6

3 0.290 65.8 13.20 4.80  - 8 . 4 0 8 . 4 0 0 0

น 0 . 3 1 8 6 6 . 1 9 .6 5 3 . 5 3 6 . 1 0 6 . 1 2 0 . 0 2 0 . 2  6

5 0. 3/44 68.7 16 .35 6 . 8 0 9 .2 5 9 . 5 5 0 . 3 5 1 .8 3

6 0.370 5 7 . 7 1 4 . 5 5 8 . 9 7 5.50 5 . 5 8 0 . 0 8 0 .52

7 0.265 6 4 . 2 1 4 . 4 0 6.25 8.05 8 . 1 5 0 . 1 0 0.69



6 . 1 . 2  C o m p o n e n t  m a s s  b a l a n c e

Tab le  5 . Component Mass B a lance

Run C o n c e n tra t io nB r ix S o l id  c o n te n t ,  k g
___________  _ _ . ...

N O . Feed , 
Cf

P ro d u c t i n  F e e d  
S E

in  P ro -  
duc 1 1Sp lo s s

1 9 16 1 . 3 2 3 1 . 3 1 0 0 . 0 1 3

2 9 2 6 1 . 3 2 6 1 . 3 0 0 0 . 0 2 6

3 11 ' 28.5 1 . 4 5 2 1 . 3 6 8 0.084

4 10 2 5 . 0 0 . 9 6 5 0.880 0.085

5 10 24 1 . 6 5 5 1 . 6 3 2 0 . 0 0 3

6 10.5 1 6 . 8 1 . 5 2 7 1 . 5 0 7 0.020

7 12.2 28
.

1 . 7 5 6 —k 0 --4 o 0 . 0 0 7

W ate r c o n te n t ,  kg

% loss in  Feed, 
พF

i n  P ro d u c t  
*p

c m

0 . 9 8 1 ^ . 3 7 7 6 . 8 9 0 6 . 5 0 6.487

1 . 9 6 1 3 . 3 9 4 3 . 7 0 0 9 . 7 0 9 . 6 9 4

5.78 11.748 3 . 4 3 2 8 . 4 0 8 . 3 1 6

8.80 8 . 6 8 5 2 . 6 4 5 6 . 1 0 6 . 0 4 0

0.18 1 4 . 7 2 5 5 . 1 6 8 9 . 2 5 . 9 . 5 5 7

1 . 3 1 1 3 . 0 2 2 7.485 5 . 5 0 5»537

0 .39 1 2 . 6 4 3 4 . 5 0 0 8 . 0 5 8 .143
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6 , 2  E v a p o r a t i o n / C o n c e n t r a t i o n  R a t i o

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

a r o  s h o w n  i n  T a b l e  6 a n d  p l o t t e d  i n  F i g u r e  16 .

T a b l e  6 „ E v a p o r a t i o n / C o n c e n t r a t i o n  R a t i o  ( e )

R u n

NO.
F e e d  r a t e  

l i t e r / m n

C o n c e n t r a t i o n  9 B r i x.
e

w e i g h t s  k g
ec

F cp F p

1 0 . 2 4 0 9 16.0 1.78 1 4 . 7 0 8 .2 1 . 7 9

2 0.265 9 26.0 2.89 1 4 . 7 2 5 . 0 2 .94

3 0.290 1 1 2 8 . 5 2 . 5 9 13.20 4.8 2 . 7 5

4 0 . 3 1 8 1 0 25.0 2.50 9.65 3 .5 2 2 .7 4

5 0.344 1 0 2 4 - , 0 2 . 4 0 16 .3 5 6 . 8 2 . 4 0

6 0.370 1 0 . 5 16 .8 1.60 1 4 . 5 5 8.98 1 .6 2

7 0.265 12 .2 2 8 . 0 2.30 1 4 . 4 0 6.25 2.30
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o  d e t e r m i n e d  b y  w e i g h t s  o f  f e e d  a n d  p r o d u c t  

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

0 J 25 0 . ^ 0

F e e d  f l o w - r a t e ,  l i t e r / m i n

F i g u r e  1 6 .  V a r i a t i o n  o f  E v a p o r a t i o n / C o n c e n t r a t i o n  
R a t io  w i t h  F e e d  F l o w - r a t e
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6 , 3  T h e  H o a t  B a l a n c e

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

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

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

T h e  r e s u l t s  a r e  s h o w n  i n  T a b l e  7 °

T a b l e  7 .  H o a t  B a l a n c e  A r o u n d  t h e  E v a p o r a t i n g  C h a m b e r

R u n

NOo

E h t h a l p y  o f  

f o o d , q ^  C a l x l O 3

■ ........ท.».-.. . 1,,,-----■ ■■ — — .

E n t h a l p y  o f  p r o 

d u c t s ,  C a l x i o 3

E h t h a l p y  o f  
c o n d e n s a t e , q ^  

C a l  X 1 0 3

A m o u n t  o f  
h e a t  t r a n s f e r 5
q 4  C a l *  1 0 3

1 5 5 8 . 6 342.7 4026.7 3 8 1 0 . 8

2 699.2 1 4 9 . 6 6016.7 5 4 6 7 . 1

3 620.4 1 5 1 .2 5208.0 4738.8

4 5 4 7 . 1 1 2 1 . 5 3 7 8 4 . 0 3 3 5 8 . 4

5 7 7 2 . 5 235.5 5 7 3 9 . 6 5202.6

6 9 5 9 . 4 374.4 3 4 1 2 . 1 2 8 2 7 . 1

7 803.5 2 0 0 . 7 4998.6 4395.8
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6 . 4  T e m p e r a t u r e  D i f f e r e n c e  a n d  H e a t  T r a n s f e r  C o e f f i c i e n t

F r o m  t h e  e x p e r i m e n t a l  d a t a s t h e  S e b a n - S h i m a z a k i 9ร c o r r e l a t i o n  

e q u a t i o n  a n d  t h e  F o u r i e r 9 ร e q u a t i o n s  t h e  t e m p e r a t u r e  d i f f e r e n c e s  f o r  

h e a t  t r a n s f e r  a n d  t h e  h e a t  t r a n s f e r  c o e f f i c i e n t  o n  t h e  h o t - w a t e r  s i d e  

x-irere c a l c u l a t e d .  T h e  r e s u l t s  a r e  s h o w n  i n  T a b l e  8 .

T a b l e  8 .  T e m p e r a t u r e  D i f f e r e n c e s  a n d  H e a t  T r a n s f e r  C o e f f i c i e n t  

o f  H o t - w a t e r

R u n
NOo C a l /  s e c o n d e

T v
°c \ Tv T Ts  -  T s°c

T -  Tร  V
°c

1 0 . 0 2 5 5 1 . 5 3 3 . 1 1 5 . 6 6 . 8 9 . 7

2 0 . 0 3 5 5 3 . 0 36.2 1 5 . 3 8 . 8 1 2 . 1

3 0 „ 0 4 0 5 2 . 5 3 5 . 3 1 3 . 3 8 . 7 13 .3

4 0 . 0 3 7 5 3 . 0 3 5 . 8 1 4 . 1 8 . 6 1 3 .1

5 0 . 0 3 5 5 3 . 5 3 4 . 2 1 2 . 1 6 . 9 1 5 .2

6 0 .0 ? v Z 5 5 . 0 3 1 . 7 16 .5 6 . 0 9 . 2

7 0 . 0 3 7 5 4 . 0 3 0 . 9 12 .9 7 . 8 1 0 . 2

h  d e n o t e d  h e a t  t r a n s f e r  c o e f f i c i e n t  o f  t h e  h o t - w a t e r  

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

T ^  d e n o t e d  a v e r a g e  t e m p e r a t u r e  o f  h o t - w a t e r  

T g d e n o t e d  p l a t e  t e m p e r a t u r e  ( h o t - w a t e r  s i d e )

T g d e n o t e d  p l a t e  s u r f a c e  t e m p e r a t u r e
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6 . 5  T h o  M a s s  F l o w - R a t e  o f  C o n c o n t r a t o d  J u i c e

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

c a l c u l a t e d  f r o m  t h e  t h e o r e t i c a l l y  d e r i v e d  e q u a t i o n  ร1 a n d  t h e  r e s u l t s  

a r e  c o m p a r e d  w i t h  t h e  e x p e r i m e n t a l  v a l u e s ,  a s  s h o w n  i n  T a b l e  9 »

T a b l e  9 .  C o m p a r i s o n  b e t w e e n  E x p e r i m e n t a l  M a s s  F l o w - r a t e  a n d  

T h e o r e t i c a l  M a s s  K L o w - r a t o  o f  C o n c e n t r a t e d  j u i c e

E x p e r i m e n t a l  R u n  N O . 1 2 3 4 5 6 7

ร 0ๆ ^ ท 0ท t J
c o n c e n t r a t e d

.1560 .08 56 .0945 . 0 9 5 8 . 1 0 1 3 .2050 . 1 1 8 9

j u i c o , f s o e j , T h e o r e t i c a l  
c m . j .0245 .0365 . 0 8 3 5 . 1 1 4 0 .1068 .2600 . 1 1 7 4

6 , 6  A n a l y s i s  o f  J u i c o  B e f o r e  a n d  A f t e r  P r o c e s s i n g

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

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

p r o c e s s i n g .  T h e  r e s u l t s  a r e  l i s t e d  i n  T a b l e  1 0 .
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T a b l e  1 0 .  A n a l y s i s  o f  J u i c o  B e f o r e  a n d  A f t e r  P r o c e s s i n g

R u n
N O .

B e f o r e  p r o c e s s i n g
■ 1

A f t e r  p r o c e s s i n g

B x p H a c i d i t y ,
f

v i t . c  
m g /1 0 0 m ] B x pH a c i d i t y ,

£
v i t . c  

m g / 1 0 0 m l

1 9 4 . 0 1 . 0 8 2 9 . 5 16 3 . 9 2 . 0 3
*

2 9 4 . 3 0 . 4 4 3 2 . 7 26 4 . 3 1 . 4 1 mm

3 1 1 4 . 2 0.63 2 4 . 5 2 8 . 5 4 . 2 1 . 8 8 mm

4 1 0 4 . 4 0 . 4 2 3 7 . 6 2 5 4 . 3 1 . 2 2 m

5 1 0 4 . 5 0 . 4 2 2 7 . 0 2 4 4 . 5 1 . 0 1 -

6 1 0 . 5 4 . 4 0 . 3 6 4 0 . 5 16.8 4 . 3 o . 6 o -

7 1 2 . 2 4 . 1 0 . 5 6 2 3 . 5 2 8 4 . 1 1 . 4 0

* v i t a m i n  c c o n t e n t s  a f t e r  p r o c e s s i n g  \wero u n t i t r a t a b l e

6 . 7  T h e  C h a r a c t e r i s t i c s  o f  C o n c e n t r a t e  J u i c e

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

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

a r e  s h o w n  i n  T a b l e  1 1 .



7b

T a b l e  1 1 .  T h e  C h a r a c t e r i s t i c s  o f  C o n c e n t r a t e  J u i c e

— ^ R u n  NO . 
C h a r a c t e r i s ' t i & s - - ^ 1 2 3 4 5 6

1
7

c o l o r g o o d g o o d g o o d g o o d g o o d g o o d g o o d

a p p e a r a n c e g o o d g o o d g o o d g o o d g o o d g o o d g o o d

t a s t e b i t t e r b i t t e r b i t t e r b i t t e r b i t t e r b i t t e r b i t t e r

a r o m a v e r y  b a d 1 v e r y
b a d

v e r y
b a d

v e r y
b a d

v e r y
b a d

v e r y
b a d

v e r y
b a d

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

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

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

t e n c y .  A ro m a  w a s  s o m e w h a t  w i t h  m e t a l l i c ,  b o i l e d  p u m p k i n ,  a n d  a  l i t t l e  

o r a n g e ,  w h i l e  t h e  t a s t e  w a s  q u i t e  b i t t e r .

S i n c e  t h e  l a s t  t w o  c h a r a c t e r i s t i c s  w e r e  u n a b l e  t o  b e  t o l e r a n t ,  

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

f o r  t h e  f i r s t  tw o  o n e s .

6 . 8  T h e  S t o r a g e  T o s t

T h e  v a r i a t i o n s  o f  q u a l i t y  ( w i t h  a n d  w i t h o u t  p r e s e r v a t i v e s ) ,  

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

w e r e  i n v e s t i g a t e d .  T h e  r e s u l t s  a r e  l i s t e d  i n  T a b l e s  1 2 , 1 3 , 1 4  a n d  1 5 »

The a d d i t io n  o f  p r e s e r v a t iv e  was pe rfo rm ed  b e fo re  p a c k in g .
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T a b l e  1 2 .  T h e  s t u d y  o f  K e e p i n g  Q u a l i t y

Meth อ
X Run
X nOo 

day X
1 2 3 ' 4 5 6 7 Denoted

.

1
2 + + + + +

-
+ -  no signs of

1* 3 + + + + + + + microorganism
+ + 4- + + + +

+ development of
5 + + + + + + +

1 _ 1̂ mm mm mold on the
1

2 + + + + + + + surface
1 *

2 3 + + + + + + +
4 + + + + + +

+ + + + + + + ■
j " ' '*

1
2

MB

+ + + + + + +

3* 3 + + + + + + +
k + + + + + 4* +

1 __ 5 + + + + + + +
I

1 *

1
2 mm mm

mm

4 3
4
5

Ma

.

MM rmt

mm

mm _

'
- I !

1

1 c o n c e n t r a t e  j u i c e  โ•ท.t h  n o  a d d i t i v e s  p a s t e u r i z e d  a t  70° c  p a c k e d  

i n  t i g h t e d  b o t t l e

2  c o n c e n t r a t e  j u i c e  w i t h  a d d e d  c i t r i c  a c i d  t o  p H  a r o u n d  3»7 a n d

1 0 0  p p m . s o d i u m  m e t a b i s u l f  i  t  o  ç P  a  s  t  e u r i z  e d  a n d  p a c k e d  b y  t h e  s a m e  

w a y  a s  1 1 2 3

3  a n d  4 *# t h o  s a m e  a s  2 *  e x c e p t  2 0 0  a n d  300 p p m . o f  s o d i u m  m e t a b i 

s u l f i t e  w e r e  u s e d  r e s p e c t i v e l y .
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T a b l e  1 3 »  T h e  C o l o r  O b s e r v a t i o n  o f  C o n c e n t r a t e - J u i c e  

T h e  s a m p l e s  w e r e  a d d e d  w i t h  c i t r i c  a c i d  t o  p H  a r o u n d  3 » 7  a n d  

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

Run NO 1 2 3 4 5 6 7
*' -^çoncn 
w e e k  " "— 16 26 2 8 .5 2 5 .0 2^ 1 6 .8 28

a c c e p - a c c e p - a c c e p - a c c e p - a c c e p - a c c e p - a c c e p -1 t a b l e t a b l e t a b l e t a b l e t a b l e t a b l e t a b l e

2 01 !» Cl ct Cl !» !»

3 93 c l พ 09 พ !» ท
h t l Cl r o j e c t CC CI Cl r o j e c t

5 « r e j e c t Cl 09 ท !» Cl

6 » Cl Cl r e j e c t 09 Cl !»

7 CO Cl โ! 09 r e j e c t C» !»

8 !» Cl Cl Of w« C! !»

9 Cl 51 (! C9 09 !» w

10 09 !» 01 I t 09 พ II

11 ît !» 19 Ct !» II โ»

12 f l 01 !» Cl Cl !» !»
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T a b l e  1 4 .  'T h e  A p p e a r a n c e  O b s e r v a t i o n  o f  C o n c e n t r a t e !  -  

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

R u n  N O . 1 2 3 4 5 6 ?
' \ c o n c n  
w e e k  X 16 26 2 8 . 5 2 5 . 0 2 4 16 .8 2 8

1 - . » M

2 4 "  % - - «a 4 -

3 -H- - - 4- 4- 4 4 -

4 4 4 4 + + 4- 4 4 4

5 + + -H- 4 4-4- 4-4 4 4 4-

6 4 4 4 4 4 4 4-4- -H- 4 4 4 4

7 -H- 4 4 4 4 4-4- -H- 4 4 4 4

8 4 4 4 4 -H- 4-4- -H- 4 4 4 4

9 -H- -H- •H* 44- 4-4 4 4 -H-

1 0 -H- 4 4 4 4 -H- 4 4 4 4 4 4

1 1 4 4 -H- 4 4 44- 44- 4-4 4 4

1 2 + + 4 4 4 4 -H- 44- 4 4 + +
.

-  n o  p r e c i p i t a t i o n

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

+ +  t w o  s e p a r a t e d  l a y e r s  w e r e  s e e n  

R e m a r k s  Ï  t h e  d e v e l o p e d  c l o u d  d i s a p p o a r e d  a s  t h e  b o t t l e  w a s

r e v e r s e d »
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The samples were ke p t a t  home r e f r ig e r a to r  w ith  no a d d it iv e  
and no p a s te u r iz a t io n .

T a b le  1 5 .  T h e  A p p e a r a n c e  a n d  C o l o r *  O b s e r v a t i o n  o f  C o n c e n 

t r â t  et . - J u i c e <1

Run NO 1 2 3 h 5 6 7
concn

1 6 26week 2 8 . 5 25 2^ 16.8 28

1 — r» « « พ* •พ

2 + - - - - 4- -

3 -H - + ■ f + + ++ Ml

k -H - -H - ++ +4- ++ 4-4- 4-

5 -H - + + ++ 4-4- 4-4- -H- ++
6
7 * *

+4- ++ -H - 4-f -H - -H - 4-f

-  denoted no p r e c ip i ta t io n

+ c loud beg ins to  develop 5 no p r e c ip i t a t io n  
++ two sepa ra tio ns  were seen 
*  c o lo r  s t i l l  a ccep tab le

* *  a f t e r  th e  end o f  th e  w e e k s  s h o r t - c i r c u i t  occured w th in  th e  
r e f r ig e r a to r  and i t  took 2 days to  r e q a ir ,  a l l  th e  samples became 
s o u r v ith  th in  la y e r  o f  molds on the  su rfaces gases were a lso  p ro 

duced, and th e  p r e c ip i ta te  was sca tte red»
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