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THE MODEL OF MEASURING WATER ACTIV ITY  IN  FOOD PRODUCTS 

FATJANOV, Y e . V . ,  ROGOV, I . A . ,  ALEINIKOV, A .K .

S e m ip a la t in s k  T e c h n o l o g i c a l  I n s t i t u t e  o f  Meat and M i lk  In d u s t r y ,  490011, G l in k a  street. 
USSR.

SUMMARY: One o f  th e  most im p or tan t  p a ra m e te rs  o f  f o o d  p ro d u c ts  i s  th e  index 

a c t i v i t y " .  How ever ,m ost  o f  methods used f o r  m eaur ing  Aw a r e  c h a r a c t e r i s e d  w i th  subs 

s h o r tc o m in g .  I t  i s  a l a r g e  d u r a t io n  o f  m easu r in g .  That i s  why m o d e l l in g  th e  p r ° ce 

m easu r ing  Aw e n a b l in g  to  e v a lu a t e  th e  i n f lu e n c e  o f  d i f f e r e n t  f a c t o r s  on dyn

»W«

ta”1'

5«

cl”1yc h a r a c t e r i s t i c s  o f  d e v i c e s  i s  th e  e s s e n t i a l  s t a g e  o f  im p ro v in g  methods and t e 

f a c i l i t i e s  o f  m easu r ing  Aw.

INTRODUCTION: Consumer and t e c h n o l o g i c a l  p r o p e r t i e s  o f  meat p ro d u c ts  a r e  p rede te rW 1 ^ 

a l a r g e  e x t e n t  by m o is tu r e  c o n t e n t .  But no t  so much t o t a l  m o is tu r e  c o n te n t  as th a t  in

in«'

and b in d in g  power i s  o f  i n t e r e s t .  A t p r e s e n t  th e  index  "w a te r  a c t i v i t y "  (Aw) has been
£ if”

i n c r e a s i n g l y  g r o w i n g  u s e  f o r  e v a l u a t i n g  b i n d i n g  p o w e r  in  f o o d  p r o d u c t s .  M i c r o o r g a n i s m 5 

a c t i v i t y  an d  k i n e t i c s  o f  b i o -  an d  p h y s i c a l  -  c h e m i c a l  p r o c e s s e s  r e s p o n s i b l e  f o r  unde^

changes o f  fo o d  p ro d u c ts  q u a l i t y  depend on th e  Aw v a lu e  ( T r o l l e r  and C h r i s t i a n ,  1 9 7 8 ? A

ibeinum” ¡f1957; Labuza , 1977 ).  A t  th e  same t im e  w a te r  a c t i v i t y  d e t e rm in e s  th e  n a tu re  o f  

h ea t -m a ss -e x ch a n ge  p r o c e s s e s  ( d r y in g ,  d i f f u s i o n ,  o sm os is ,  s o r p t i o n  e t c . )  

therm odynam ica l n a tu re .  To measure Aw h y g r o m e t r i c a l  methods c o n s i s t i n g  in  d e t e r m iP ^  ¡t* 

r e l a t i v e  h u m id i ty  o f  gaseous  medium in th e  c l o s e d  vo lum e b e in g  in  h yg ro th e rm a l  

th e  s t u d ie d  p rod u c t  a r e  p r a c t i s e d  on a l a r g e s t  s c a l e .  H ygrom ete rs  o f  v a r i o u s  tYPeS 

f o r  th e s e  pu rp oses  by means o f  a p p l y in g  s p e c i a l  m easu r ing  chambers a r e  w id e l y  used

a * -  j 
due t0 ,11*

b a ia ” c® nt«

h0 tl>
1979; Von E lb e ,  1986) . The g r e a t e s t  d is a d v a n ta g e  l i m i t i n g  th e  use o f  t h i s  index p

tor e s e a r c h  and d i r e c t l y  in  p r o d u c t io n  i s  a l a r g e  d u r a t io n  o f  m easu r ing  Aw by t h i s  and 

o t h e r  methods (a s  a r u l e ,  2 - 3  h o u r s ) .  At th e  sai t im e  th e  a u th o rs  o f  th is
wo

not know the  a t t e m p ts  o f  d e v e l o p in g  m a th em at ica l  m ode ls  o f  w a te r  a c t i v i t y  m easuring

u n c lu d in g  d e v i c e s  o f  h y g r o m e t r i c a l  t y p e ,  th e  use o f  wh ich , t o  our o p i n i o n , wi 11
o”

p o s s i b l e  t o  make th e  a n a l y s i s  o f  f a c t o r s  i n f l u e n c i n g  th e  d u r a t io n  o f  m easu r ing  and t 0  

th e  ways o f  i t s  r e d u c t i o n .  cl>

MATERIALS and METHODS: Cooked d o c t o r  sausage  (m o is tu r e  65 %) and f r e s h smo ked

sausage  (m o is tu r e  25 %) w ere  taken  as sam p les .  I n v e s t i g a t i o n  was c a r r i e d  ou t w ith  t ,̂e ¡¿i

sPe

VOLNA -  5 h yg ro m e te r  (A n ga rsk  EDBA) w i th  d i g i t a l  i n d i c a t i o n ,  two t y p e s  o f  s tandard

i n d i c a t o r  ( w i th  m echan ica i  f i l t e r  and w i th o u t  i t  ) b e in g  used . I n d i c a t o r s  

in  m easu r ing  chambers w i th  vo lum es o f  8 ml and 28 ml. T r a n s f e r  c h a r a c t e r i s t i c  was

we” e

d e te

oV1

y

d
by r e c o r d in g  h y g ro m e te r  s r e a d in g s  on a d iag ram  band. Uneven a g i t a t i o n  was Pr

c o n n e c t in g  th e  m easu r ing  chamber w i th  h u m id i ty  i n d i c a t o r  t o  th e  c o n t a in e r  w i th  the .
j i

sam ple . D u r ing  t h i s  p r o c e s s  th e  chamber w i th  th e  i n d i c a t o r  was h e ld  in  the me

r e l a t i v e  h u m id i ty  o f  30 %.

RESULTS and DISCUSSION: M easu r in g  Aw by d e v i c e s  o f  h y g r o m e t r i c a 1 typ e  i s  based 
s t a i o n a r y  h ea t -m a s s -e x c h a n g e .  D u r ing  t h i s  p r o c e s s ,  f i r s t  o f  a l l ,  m o is tu r e  exchange 0

/

o* .J

t
P

p rod u c t  s u r f a c e  w i th  a i r  in  th e  c l o s e d  vo lum e tak es  p l a c e .  S e c o n d ly , th e r e  ocCurS ^  P  

vapou r  d i f f u s i o n  in  a i r  medium o f  th e  m easu r ing  chamber. T h i r d l y ,  a d s o r p t i o n  o f  m °i s t ^ 0   ̂

a i r  by m o is tu r e  s e n s i t i v e  e iem en t  go e s  on. F o u r t h l y ,  i n t e r n a l  h ea t -m a ss -ex ch a n ge  be ^
ur1

P
s u r f a c e  and in n e r  l a y e r s  o f  a sample a l s o  ta k e s  p l a c e .  To s tu d y  th e  p r o c e s s  o f  ”'eaS 

by h y g r o m e t r i c a l  method we have d e v e lo p e d  a dynam ica l m a th em at ica l  model which is 

th e  f o l l o w i n g  assu m p t ion s :

-  th e  i n e r t i a l  m o is tu r e  t r a n s f e r  i s  n e g l i g i b l y  sm a ll  in  com par ison  w i th  m o is tuire 

from  th e  s u r f a c e  o f  a sam p le ;
f a-  th e  t im e  o f  b a la n c e  e s t a b l i s h m e n t  betw een  th e  boundary l a y e r  and th e  s u r fa c e  0 

i s  not taken  in t o  a c co u n t ;

5«1r

✓
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per a t u r e  ( 0 ) ,  p r e s s u r e ,  r a t e  o f  m o is tu r e  d i f f u s i o n  in  a i r  as w e l l  as m ass-exchange 

6 r i s t i c s  and w a te r  a c t i v i t y  o f  a sample in  th e  p r o c e s s  o f  m easu r ing  a r e  c o n s ta n t .
act 

The ■
i n t e n s i t y  o f  m o is tu r e  exchange  w i th  a i r  in  th e  vo lum e V o f  th e  chamber w i th'linn,.,

‘ “ Us m en t ioned  ab ove  p r a c t i c a l l y  d o e s n ' t depend o n ly  on th e  g r a d i e n t  o f  r e l a t i v e

on th e  s u r f a c e  o f  a boundary l a y e r .  

ARH = f ( RHb -  RHc) , 

and RHc a r e  r e l a t i v e  h u m id i ty  o f
„

Aw a t  th e  i n i t i a l  moment o f  t im e ,  in  th e  chamber t h e r e  ap p ea rs  th e  g r a d i e n t  o f

a boundary l a y e r  and in  th e  chamber.

( 1 )

W h ile

ty|js which g r a d u a l l y  lo w e r s ,  r e l a t i v e  h u m id i ty
9 ta d i

in  th e  boundary l a y e r  i s  p r o p o r t i o n a l  to
en t  :

RHb= K1 (Aw -  RHc -  R H i ) = Kl-ARH ( 2 )
§ Rp *

1 i s  th e  i n i t i a l  r e l a t i v e  h u m id i ty  in  th e  chamber. Thus, t r a n s f e r  fu n c t i o n  W1(S) is

*'Hated by th e  p r o p o r t i o n a l  l in k  

W l (S )  = K 1
* s <3 ) 
. was d e te rm in ed  b e f o r e  th e  r a t e  o f  th e  boundary l a y e r  m o is tu r e  exchange  w i th  the a i r  
’•He

S chamber i s  c o n s id e r a b l y  lo w e r  than th e  r a t e  o f  i t s  m o is tu r e  exchange  w i th  th e  sample 

P r o p o r t i o n a l  to  th e  c o e f f i c i e n t  o f  aqueous vapou r  d i f f u s i o n  in  th e  a i r

V
dRH/dt = K2RHC

ra n s f e r  fu n c t i o n  W2(S) d e s c r i b e s  th e  p r o p o r t i o n a l  l in k

**tI Ve
W2(S) = K2 K1-K2 F-K

(4>

(5 )

h u m id ity  in  th e  chamber i s  p r o r o r t i o n a l  t o  th e  amount o f  m o is tu r e  accum u la ted  in  i t s

^ d u r in g  th e  p r o c e s s  t
t

RHc= K3 S RHc( t ) d t , 
o

%V.
K3 ( R • 0 ) /V

at
is  th e  u n l v e r s i a l  gas  c o n s t a n t .  C o n s e q u e n t ly ,  t r a n s f e r  f u n c t i o n  W3(S) d e s c r i b e s

ln<3 l in k

theif , " c 6

W3(S) = K3/S

the

(7 )

c a s e  o f  h u m id i ty  i n d i c a t o r  b e in g  mounted a t  some d i s t a n c e  from th e  sample s u r fa c e ,  

° f  m echan ica l  and o t h e r  f i l t e r s ,  t r a n s f e r  fu n c t i o n  W4(S) must a p p rox im a te  th e  l in k

s ? u  - >S th e

W4(S) = e x p ( - s t l )  ( 8 )

t im e  o f  pure  t r a n s p o r t  l a g ,  s e c .  T r a n s f e r  fu n c t i o n  W4(S) r e f l e c t s

K  îh e

^r ° P e r t i e s  o f  m o is tu r e  s e n s i t i v e  e lem en t  o f  i n d i c a t o r  and d e s c r i b e s  a p e r i o d i c a l  

the f i r s t  o r d e r

W5(S) = K5/(T5S + 1 ) (9 )

t r U c tu ra l  scheme o f  th e  p r o c e s s  c o r r e s p o n d in g  to  th e  d e v e lo p e d  model i s  p r e s e n t e d  on 

ar> s fe r  fu n c t i o n  o f  th e  w h o le  p r o c e s s  a lo n g  th e  cana l "Aw -  RHe" has th e  form

W 1 (S ) -W 2 (S ) -W 3 (S )  , 4
U We ( S ) = ----------------------------------- W4 ( S ) • W5 ( S )

I- 1+W1 (S ) -W 2 (S ) -W 3 (S )

carnations th e  e g u a t io n  o f  th e  w ho le  p r o c e s s  has th e  form

[T  T5S2+ (T  + T 5 )S  + 1] R H e ( t )  = K5(Aw -  RH i) e x p ( - s t l )

t5>hsf

«  j

%  V/(R O F K) = 1 / ( K 1 K2 K3 )

(  10 )

( 11)

i lI f ‘ "coming (Aw) and ou tcom in g  (RHe) p a ra m e te rs  a r e  measured in  th e  same u n i t s ,

,, * ° n c o n s ta n t  K5 — 1. H av in g  d e s i g n a t e d  T l^ =  T-5T ; T2

N a t i o n s

T5 + T, we w r i t e  th e  e q u a t io n

X ? - 2 "bow s

( T 1 ^S^+ T2S + 1) R H e ( t )  = (Aw -  -RHi) e x p ( - s t l )  (12 )

a t y p i c a l  t r a n s f e r  c h a r a c t e r i s t i c  o f  th e  p r o c e s s  o f  m easur ing  Aw in  th e
lV i of

\  5 ap& b y g r o m e t r i c a l  t y p e .  As a r e s u l t  o f  p r o c e s s in g  e xp e rem en ta l  d a ta ,  t h i s  p r o c e s s

j 0Ximate<3 in  th e  common c a s e  by th e  d i f f e r e n t i a l  e q u a t io n  o f  th e  second  o r d e r .

° f  and T2 w ere  d e te rm in e d  g r a p h i c a l l y  by  t r a d i t i o n a l  methods.
n'ode i f

t o r  adequacy  by means o f  a com puter showed a good  c o in c id e n c e  w i th  e x p e r im e n ta l
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d a ta  ( t h e  d i v e r g e n c e  i s  no t  more than 5 %) w h i l e  s u b s t i t u t i n g  pa ram e te rs  o b t a in e d .  «j>l*

CONCLUSIONS: A n a l y s i s  o f  th e  model and e x p e r im e n ta l  r e s u l t s  o b t a in e d  makes i t  P° ^  

t o  c o n c lu d e  th a t  th e  la g  a f f e c t s  o n l y  when u s in g  m easu r ing  chambers o f  a l a r g e  v o l UItl

m o is tu r e  i n d i c a t o r s  w i th  low  dynam ica l c h a r a c t e r i s t i c s  ( e . g . f i 1t e r s ) .  The t im e  c° n >
0*-

r ed u ces  w h i l e  r e d u c in g  th e  chamber vo lum e and e n l a r g i n g  th e  e f f e c t i v e  e v a p o r a t i o n  area  

sam ple . D ur ing  t h i s  p r o c e s s  th e  t im e  c o n s ta n t  o f  th e  chamber w i th  a sample (T 2 )  1

s u b s t a n t i a l l y  changed when i n v e s t i g a t i n g  v a r i o u s  fo o d  p ro d u c ts  in  th e  same c o n d i t i o n s -  
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C o n d i t i o n s  o f  c a r r y i n g  ou t th e  ex p e r im en t  and the  model s p a ram ete rs

Food p rod u c t ! Chamber v o l u m e ¡ F i l t e r ¡W ater  a c t i v i t y ¡Model s pa ram ete rs ( sec '
f t *

! V, ml 
1

l a v a i l a b i - 1 i t yj ! Aw 
1 ! t l ! T l ! T2 ! T3__„

Ï 0»

Cooked ! 8 , 0 ! yes ! 0 ,965 ! 0 ¡1 8 ,5 ! 71 ,0 0
1

sausage ! 8 , 0 ! no ! 0 ,965 ! 0 ! 0 ! 54 ,0 1 54 , v

! 28 ,0 ! yes ! 0 ,965 ! 5 ,0 ¡30 ,8 ¡ 1 1 0 , 0 ! 1 09’ ~
1 0'1>

! 28 ,0 ! no ! 0 ,965 ! 0 ¡ 1 9 ,0 ! 57 ,0 ! 56 - 7

F resh ! 8 , 0 ! yes ! 0 ,852 ! 0 ¡ 2 1 , 6 ! 93 ,0 ! 92:7
1

0
1

smoked ! 8 , 0 ! no ! 0 ,852 ! 0 ! O ! 75 ,0 ! 75-° 1 O'1

sausage ! 28 ,0 ! yes ! 0 ,852 ! 9,2 ¡4 1 ,1 ! 153,0 ! 152, 7

! 28 ,0 ! no ! 0 ,852 ! 0 ¡3 4 ,7 ! 124,0 ¡123-1,

F i g . l .  S t r u c t u r a l  scheme o f  th e  p r o c e s s  

o f  m easu r in g  Aw by d e v i c e s  o f  

h y g r o m e t r i c a l  typ e
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