
6:16

E f f e c t  o f  S u g a r s  on T e x t u r e  o f  D r i e d  Meat
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SUMMARY:

tti<

To c l a r i f y  t he  r e a s o n  f o r  the  s o f t  t e x t u r e  o f  d r i e d  meat  w i t h  sug®r j

d r y i n g  r a t e  o f  the  s l i c e d  p o r k  and t he  d e n a t u r i n g  r a t e  o f  m y o f i b r i l l a r  p r o t e i n s  p r e P ar

t he  s l i c e d  p o r k  w e r e  co mpa r e d  d u r i n g  h e a t - d r y i n g  t r e a t m e n t  o f  t he  s l i c e d  p o r k  in t ^ e pr
e*e

ti?Y~ 0
o f  s u g a r s .  When s u g a r s  we r e  a d de d  to  t he  s l i c e d  p o r k ,  t he  d e n a t u r i n g  r a t e  d e l a y e d  1,10
t he  d r y i n g  r a t e .  From t h i s  r e s u l t ,  we a s s umed  t h a t  the  d r i e d  p o r k  wo u l d  b e  s o f t  9 

d e c r e a s e  i n  m o i s t u r e  o f  t h£  s l i c e d  p o r k  wo u l d  o c c u r  p r i o r  to t he  d é n a t u r a t i o n  o f  c ° n 

p r o t e i n s  d u r i n g  h e a t - d r y i n g  t r e a t m e n t  in t he  p r e s e n c e  o f  s u g a r s .

1.  INTRODUCTION

¡nce

t r a

mea

R e c e n t l y ,  t he  J a p a n e s e  co ns u me r  p r e f e r s  s o f t  t e x t u r e d  m u s c l e  f o o d ,  i n c l u d ’ 

t .  H o w e v e r ,  the  t e x t u r e  o f  d r i e d  meat  i s  g e n e r a l l y  s t i f f .  On t he  o t h e r  h a n<* ’

i

Cfr1

s t y l e  d r i e d  p o r k ,  " N i k u k a n " ,  wh i c h  c o n t a i n s  h i g h  c o n c e n t r a t i o n s  o f  s u c r o s e h »9

j  f  i ed
t e x t u r e .  I n t h i s  s t u d y ,  we c l a r i f i e d  the  r e a s o n  f o r  the  s o f t  t e x t u r e  o f  

c o n t a i n i n g  h i g h  c o n c e n t r a t i o n s  o f  s u g a r s .

2.  MATERIALS AND METHODS 

2 - 1 .  P r e p a r a t i o n  o f  h e a t - d r i e d  p o r k

m«5 ,
L e a n  and f r o z e n  ham was  s l i c e d  i n t o  3 mm t h i c k  p i e c e s .  The  s l i c e d  p o r k  was ¡ji11'

yt 9
w i t h  p i c k l i n g  s o l u t i o n  ( s l i c e d  p o r k : p i c k l i n g  s o l u t i o n  = 2 : 1 ,  w/w)  c o n t a i n i n g  0 . 75

j o J* 1
c h l o r i d e ,  0 . 2  % s o d i u m p y r o p h o s p h a t e ,  and 0 -  75 X g l u c o s e  o r  0 -  75 % s u c r o s e  una ^

s'
the it

c o n d i t i o n  f o r  16 h o u r s .  The  ad d e d  p i c k l i n g  s o l u t i o n  was  c o m p l e t e l y  a b s o r b e d  by  9

5 °  J
po r k .  I m m e d i a t e l y  a f t e r  m a s s a g i n g ,  t he  s 1 i c e d - m a s s a g e d  p o r k  was  h e a t - d r i e d  at

ide
c9"

a p p r o p r i a t e  i n t e r v a l s ,  a p a r t  o f  t he  meat  was  p a c k e d  i n  a p o l y v i n y l i d e n e c h l o r !  ,

b i ° che
p o 1 y e s t e r / p o 1 ye  t h y 1ene  pouch  and c o o l e d  in i c e - w a t e r ( 1 ) .  The  t e x t u r e  o r  

p r o p e r t i e s  o f  t he  h e a t - d r i e d  p o r k  was  then  m e a s u r e d .

2 - 2 .  P r e p a r a t i o n  o f  m y o f i b r i l

M y o f i b r i l  f r o m  h e a t - d r i e d  p o r k  was  p r e p a r e d  a c c o r d i n g  to  H a s h i m o t o  and * ra  

s u s p e n d e d  i n  0 . 1 6  M KC1 and 40 mM T r i s - H C l  ( pH 7 . 5 ) .

2 - 3 .  S o l u b i l i t y  o f  m y o f i b r i l

( pH 7 . 5 )  o r  8  M u r e a ,  2 % SDS,  2 % 2 - m e r c a p t o e t h a n o l  and 20 mM T r i s - H C l  ( pH 8 . 0 ) >  

5 ° C  o v e r n i g h t .  The  p r o t e i n  c o n c e n t r a t i o n  o f  t he  w h o l e  s u s p e n s i o n  b e f o r e  

s u p e r n a t a n t  a f t e r  c e n t r i f u g a t i o n  a t  3 , 0 0 0  X g f o r  30 min w e r e  m e a s u r e d .  S o l u b i l '  

r e l a t i v e  c o n c e n t r a t i o n  v a l u e  b e f o r e  and a f t e r  c e n t r i f u g a t i o n  ( 3 ) .

(2 >'

. c.'
v 1' rl t
iM

, KaP
i

tne
of

nd i f1
.  >“ ’ s

2 - 4 .  C a - A T P a s e  a c t i v i t y  o f  m y o f i b r i l  p r e p a r e d  f r o m h e a t - d r i e d  p o r k

C a - A T P a s e  a c t i v i t y  o f  m y o f i b r i l  p r e p a r e d  f r o m h e a t - d r i e d  meat  was  a s s a y e d  

medium o f  0 . 1  M KC1,  5 mM C a C l , ,  25 mM T r i s - m a l e a t e  ( pH 7 . 0 ) ,  1 mM ATP,  and 0 . 2
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ftyo f  j v .
^  D r i l l a r  p r o t e i n .  The  A T P a s e  r e a c t i o n  was  s t a r t e d  by  a d d i n g  ATP,  and i t  was  s t o p p e d

C e r t a ­
in ln i n t e r v a l s  by  a d d i n g  p e r c h l o r i c  a c i d  to make i t s  f i n a l  c o n c e n t r a t i o n  o f  5 %.

erated •
(. ' » o r g a n i c  o r t h o p h o s p h a t e  ( P i )  was  d e t e r m i n e d  by  t he  method o f  Y o u n g b r u g - Y o u n g b r u g

1 V jth
s t annous  c h l o r i d e  as  t he  r e a g e n t ,'5.

Shear tr f o r c e  v a l u e

The
k  s h e a r  f o r c e  v a l u e  o f  h e a t - d r i e d  p o r k  ( 1 . 5  X 5 mm) was  me a s u r e d  u s i n g  a F u d o -

2 te r  < 1 ).

P ro t ■
e >n c o n c e n t r a t i o n  

The r>
^  P r o t e i n  c o n c e n t r a t i o n  was  d e t e r m i n e d  by  t he  b i u r e t  method ( 5 ) ,  u s i n g  b o v i n e  a l b u m i n

, 9 Stand a rd .'7
Of

«U,

c ai

Sars

The

cU l a t i o n  o f  t he  c h a n g i n g  r a t e  c o n s t a n t  o f  some p r o p e r t i e s  and t he  a d d i t i o n a l  e f f e c t  

° n t he  c h a n g i n g  r a t e  c o n s t a n t

Hit

k  c h a n g i n g  r a t e  c o n s t a n t  ( k )  f o r  t he  d e c r e a s e  in m o i s t u r e  c o n t e n t  o f  s l i c e d  p o r k ,

C ti^ t i

Tr‘ s 'H c i

>on o f  C a - A T P a s e  a c t i v i t y  o f  m y o f i b r i l ,  o r  d e c r e a s e  in s o l u b i l i t y  w i t h  0 . 6  M KC1 , 40

'  d
( PH 7 . 5 )  w e r e  c a l c u l a t e d  u s i n g  the  r e l a t i o n :

n C
0 ~ In C t ) X l / t ,

0 and C* a r e  t he  v a l u e  b e f o r e  and a f t e r  t s e c o n d  o f  h e a t - d r y i n g  t r e a t m e n t .
The ad..

a i Ü o n a l  e f f e c t  ( e )  o f  s u g a r s  we r e  c a l c u l a t e d  u s i n g  t he  r e l a t i o n :
( l Qg v

\ r 0 -  l o g  k a ) X l / a ,
»

0 ant* k t a r e  t he  f i r s t  o r d e r  r a t e  c o n s t a n t s  f o r  the  d e c r e a s e  in m o i s t u r e  c o n t e n t  o f  

v S1>ce(i
Hh f, p ° r k ,  i n a c t i v a t i o n  o f  C a - A T P a s e  a c t i v i t y  o f  m y o f i b r i l ,  o r  d e c r e a s e  o f  s o l u b i l i t y

3 ' 6 M  K n
■ ^ 1 ■ 40 mM T r i s - H C l  ( pH 7 . 5 )  i n t he  a b s e n c e  and p r e s e n c e  o f  s u g a r s  ( a  M) ,

3. SL'LîS

Co
a n d  D I SCUSS I ON

nip a

10 iat Ur

r ' s o n  o f  some p r o p e r t i e s  o f  d r i e d  p o r k

e c o n t e n t ,  s o l u b i l i t y  w i t h  0 . 6  M KC1 ( pH 7 . 5 )  o r  8 M u r e a  2 % SDS,  2 %
j ^ th

ar|Ql ( pH 8 . 0 )  o f  m y o f i b r i l  p r e p a r e d  f r o m d r i e d  p o r k  and s h e a r  f o r c e  v a l u e  o f  f o u r

«0"t,
Porks

P u r c h a s e d  in a mar k e t  w e r e  c o mp a r e d .  As shown i n  F i g . l ,  t he  f o u r  d r i e d  p o r k s

v., ^  t h e .
same amount  o f  m o i s t u r e  ( 1 4 . 5  -  1 5 . 5  % ) ,  bu t  t h e y  s howed  d i f f e r e n t  s h e a r  f o r c e

5 * Sb
^UKi, Car  f o r c e  v a l u e s  o f  t he  f o u r  d r i e d  mea t s  seemed to be  a s s o c i a t e d  w i t h  the

U i t y w i t .
Wlth 0.6 M

nie
KC1 ( pH 7 . 5 )  o f  m y o f i b r i l ;  t he  h i g h e r  t he  s h e a r  f o r c e  v a l u e  o f  the

at
'b p i ,

h >U
the l o w e r  t he  s o l u b i l i t y .  T h e r e f o r e  we a s s ume d  t h a t  t he  d é n a t u r a t i o n  o f

ar
P c o t e i n  ha s  an i n f l u e n c e  upon t he  t e x t u r e  o f  t he  d r i e d  p o r k .  J e r k y  D,  shown in

9s ’- h i ñ e s e  s t y l e  d r i e d  p o r k ,  " N i k u k a n " ,  and  i t  c o n t a i n e d  h i g h  c o n c e n t r a t i o n s  o f

' *• p. Sh° Vn in T a b l e  1 ,
h«n

p, 6s ° f  some p r o p e r t i e s  d u r i n g  h e a t - t r e a t m e n t  o f  s l i c e d  p o r k  w i t h o u t  s u g a r

war
«4

l n s o l u b i l i t y  w i t h  0 . 6  M KC1 ( pH 7 . 5 )  and C a - A T P a s e  a c t i v i t y  o f  t he  m y o f i b r i l

*bVc, i .
ne s l i c e d  p o r k  and m o i s t u r e  c o n t e n t  o f  t he  s l i c e d  p o r k  d u r i n g  h e a t - d r y i n g  was

»1 8a^ d .
As shown in F i g . 2,  when s l i c e d  p o r k  was  h e a t - d r i e d  a t  5 0 ° C ,  m o i s t u r e  c o n t e n t

\ f . s 1 i con
11 hj- j a P o r k  and C a - A T P a s e  a c t i v i t y  and s o l u b i l i t y  w i t h  0 . 6  M KC1 ( pH 7 . 5 )  o f  the

eP a r e d  f r o m t he  s l i c e d  p o r k  c h a n g e d  a c c o r d i n g  to a f i r s t  o r d e r  r e a c t i o n  r a t e .  The

903
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o r d e r  o f  c h a n g i n g  r a t e s  was  the  r a t e  c o n s t a n t  o f  i n a c t i v a t i o n  o f  C a - A T P a s e  > t he  decre
ase

s o l u b i l i t y  > t he  d e c r e a s e  in m o i s t u r e  c o n t e n t .  T h i s  f a c t  s u g g e s t e d  t h a t  c o n t r á c t i l  

s t a r t e d  to  d e n a t u r e  i n  t he  e a r l y  p e r i o d  o f  t he  h e a t - d r y i n g  t r e a t m e n t ,  and then  the  

o f  t he  s l i c e d  p o r k  c o n t i n u o u s l y  s t a r t e d  to d e c r e a s e  d u r i n g  h e a t - d r y i n g .

From t h e s e  r e s u l t s ,  we a s s ume d  t h a t  t he  t e x t u r e  o f  t he  d r i e d  p o r k  w o u l d  be  * en 

d e n a t u r a t i o n  o f  the  c o n t r a c t i l e  p r o t e i n  o f  t he  s l i c e d  p o r k  c o u l d  b e  p r e v e n t e d  d » r  

h e a t - d r y i n g  p r o c e s s .

3 - 3 .  E f f e c t  o f  s u g a r s  on t he  c h a n g i n g  r a t e  o f  p r o p e r t i e s  o f  s l i c e d  p o r k  d u r i n g  hea  

and on t he  t e x t u r e  o f  t he  d r i e d  p o r k

pro'

moi®'

der­

ing
ili*

t-tre®
tlF

B i o c h e m i c a l  p r o p e r t i e s  o f  m y o f i b r i l  p r e p a r e d  f r o m t he  s l i c e d  p o r k  s uc h  as
Ca'

a c t i v i t y  and s o l u b i l i t y  w i t h  0 . 6  M KC 1 , 40 mM T r i s - H C l  ( pH 7 . 5 )  s o l u t i o n  and mo i s t u r e  

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

c o n c e n t r a t i o n s  o f  s u c r o s e  o r  g l u c o s e .

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

co®
t et'

«iis

u c r ° se

var>"

<f>f

s l oPe
3 )  o r  g l u c o s e  ( F i g .  4 ) ,  l i n e a r  r e l a t i o n s  w e r e  o b t a i n e d  f o r  a l l  i n d i c e s  e mp l o y e d .  A

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

( e )  o f  s u g a r  v e r s u s  h e a t - t r e a t m e n t  o f  t he  s l i c e d  p o r k .  The  o r d e r  o f  t he  e f f e c t  waS ,jt1
„..in6

v a l u e "  f o r  t he  i n a c t i v a t i o n  o f  m y o f i b r i l l a r  C a - A T P a s e  > t h a t  f o r  t he  d e c r e a s e  in  

o f  m y o f i b r i l  > t h a t  f o r  the  d e c r e a s e  o f  m o i s t u r e  c o n t e n t  o f  s l i c e d  p o r k .

Ju dg e d  f r om t he  " e  v a l u e " ,  i t  was s t r o n g l y  s u g g e s t e d  t h a t  the  a dded  s u g a r

S0J

tf*

d u r iní o¡
0®

r a * ’
h e a t - t r e a t m e n t  o f  s l i c e d  p o r k  e f f e c t i v e l y  d e l a y e d  t he  s p e e d  o f  t he  d e n a t u  ce>

s1
c o n t r a c t i l e  p r o t e i n  c o mp a r e d  w i t h  t h a t  o f  t he  d e c r e a s e  i n  m o i s t u r e  c o n t e n t  o f

the

p o r k .  In a d d i t i o n ,  the  e f f e c t  o f  s u c r o s e  was n e a r l y  t w o - f o l d  s t r o n g e r  t han t ha t  

f o r  t he  c h a n g e  in i n d i c e s  e mp l o y e d  ( s e e  T a b l e  2 ) .

When s l i c e d  p o r k  c o n t a i n i n g  no s u g a r ,  2 M g l u c o s e ,  o r  2 M s u c r o s e  w e r e  heat  

5 0 ° C ,  s h e a r  f o r c e  v a l u e s  o f  s l i c e d  p o r k  c o n t a i n i n g  no s u g a r  i n c r e a s e  r a p i d l y ,  then

il')lc0>

9*
.A

' dfl ti
t

th®

s l i c e d  p o r k  c o n t a i n i n g  2 M g l u c o s e ,  and t hen t h a t  o f  s l i c e d  p o r k  c o n t a i n i n g  2 M sU
cr® s®’

shown in F i g . 5.

From t h e s e  r e s u l t s ,  we a s s ume d  t h a t  t he  d r i e d  p o r k  wo u l d  b e  h a r d  s i n c e  the

*1’
»0

I * " * " ' ’ /

S l i c * d ,i
o f  c o n t r a c t i l e  p r o t e i n  wo u l d  o c c u r  p r i o r  to t he  d e c r e a s e  in m o i s t u r e  o f  the

r ie d  P°
r-K

d u r i n g  h e a t - d r y i n g  t r e a t m e n t  w i t h o u t  s u g a r ,  and t h a t ,  on t he  o t h e r  h a n d ,  t he  d 

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

d e n a t u r a t i o n  o f  c o n t r a c t i l e  p r o t e i n  d u r i n g  h e a t - d r y i n g  t r e a t m e n t  w i t h  s u g a r .
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(%) (kg)

1
f ou Comparison of some proper-ties of 

dried porks purchased in a market.

inyof ■ i*° ‘ s 1 ure content (Jl) .solubility of 
<PH 7 U  with 0 - 6 M KCl, 40 mM Tris-HCl 
2'it,er7'5> <® > or 8M urea> 2 * SDS, 2 * 
8 .0) ^ ‘oethanol . 20 mM Tris-HCl (pH
of . (W) , and shear force value (Q) 
Ver» Ur pork purchased in a market

compared.

Fig.2. Changes in moisture content of 
dried pork, solubility with 0.6 M KCl, 
40 mM Tris-HCl (pH 7.5), and Ca-ATPase 
of myofibril prepared from sliced pork 
during heat-drying at 50QC.

Preparation of heat-dried massaged 
sliced pork was done as described in 
section "2-1". Moisture content was 
measured using a part of the dried pork. 
Myofibril was prepared using the other 
part of the dried pork. Solubility was 
measured as described in section "2-3", 
and Ca-ATPase activity was measured as 
described in section "2-4".

</)

Initial concentration of glucose (M)

Fig.4. Logarithmic plot of the apparent 
rale constant for the changes of 
moisture content ,Ca-ATPase activity, 
and solubility as a function of glucose 
initial concentration.

Glucose was used instead of 
sucrose. Other conditions were same as 
in Fig. 3.

Dehydration time (min) at 50*C
Fig. 5. Change in stiffness of sliced 
pork containing no sugar, 2 M glucose, 
or 2 M sucrose during heat-drying at 
50°C

i*
Heat-dried preparation of -massaged 

sliced pork containing no sugar ( □  ) , 
2 M glucose ( O) , or 2 M sucrose ( A  ) 
were done as described in section "2-1". 
The shear force value of the dried pork 
was measured. Numbers in parenthesis 
indicate the final moisture content of 
the si iced pork.

Table 2. Additional effect of added sucrose and glucose on changing 
rate of three indicator upon heat-drying of sliced pork.

I n d i c a t o r A d d i t i o n a l E f f e c t  (e M " 1 ) e s / e c

G l u c o s e S u c r o s e

M o i s t u r e  c o n t e n t 0 . 1 5 0 . 2 7 1 . 8

C a - A T P a s e  a c t i v i t y 0 . 4 4 0 . 8 8 2 . 0

S o l u b i l i t y 0 . 3 5 0 . 7 0 2 . 0

The additional effect of sucrose and glucose on changing rate 
were estimated from the linear relations between the logarithm of the 
rate constant and the initial sugar concentration (M) as described in 
section ”2-7".
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