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Partial dew atering  o f  m eat (beef) p ieces w as achieved th rough  soak ing  them  in m ixed  concen tra ted  so lu tions (sucrose /sa lt o r  com  syrup/sal1' 

low  tem p era tu re  (10°C ). W ate r loss, su g ar gain and salt gain  k inetics , as w ell as su g ar/sa lt in te rac tio n s w ere stud ied . R esu lts show how 

presence o f  sugar can enhance w ater loss, and h inder salt en trance, w hich proves to  be particu larly  in teresting  as an alternative  to tradition^ 11 

processing . In fact, process tim e duration  can  be reduced, and salt en trance better contro lled .
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I N T R O D U C T I O N

V ario u s trad itio n a l food  p ro cess in g  o p era te  w ith  a d iffe re n ce  o f  c o n cen tra tio n  b e tw een  the food , w h o le  o r  in n ieces, soaked 1,1if#
co n cen tra ted  so lu tion . T h ese  are m ain ly  sa lting , e.g . ch eese  m ak ing , fish o r m eat cu ring  p ro cesses , can d y in g , and  sem i-candying  01 ,

Sa lting  and candy ing  consist in fu rthering  solu te  penetration  in to  the product, and lim it w ater loss, thanks to chem ica l o r  heat p r e - t r e a tm ^  

the p roduct, and use o f  low  in terface  concen tra tion  d ifference betw een  product and solu tion . F o r fish and m eat, th is im pregnation  stage >s ° 

fo llow ed by air-drying and /o r sm oking and/or ferm entation com plem entary  treatm ent.

R ecen tly , there  has been  in creas in g  in te rest in trea tm en ts  o f  food  item s in h igher c o n cen tra tio n  so lu tio n s ( 60  to 70  g o f  solu^ 1 

so lu tion ) so as to  obtain  a  s ig n ifican t w a ter rem oval w ith a  co n tro lled  so lu te  inco rpora tion . T h e  penetra tio n  o f  so lu te  in the food item 

e x p ec te d  fo r s ta b iliza tio n  (w a te r ac tiv ity  lo w ering , an tifu n g al, an tio x y d in g  ag en t), n u tr itio n a l in te res t (v itam in ic  o r  m ineral coropoli
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o rgano lep tic  in te rest (flavour, tex tu re).T hese  techniques have been refered  to as "O sm otic  deh y d ratio n " (Pon ting  e t a l., 1966), o r more recen

as "D ew atering  and Im pregnation  S oaking  Processes" (R aoult-W ack  e t a /.,1991a), so -called  "D IS processes". M ost app lication  to date c°nt

fruit and vegetab le  soaked in sugar concen tra ted  so lu tions, fo r tem pera ture  h igher than 30°C . T he com position  o f  the concen tra ted  solu°°n 

key-factor o f  D IS processes. Sucrose  o r  sodium  ch lo ride  as w ell as b lends sugar/sa lt are m ostly  used. So lu te  e ffic iency  as a  dew atering ^  

re la ted  to high so lubility  in w ater so as to  im plem ent h igh ly  concen tra ted  solu tions, and to low  m igra tion  speed in the food- and from  th' s ^  

o f  v iew , the use o f  so lu tes w ith h igher m o lecu la r w eigh t is favorab le.- so as to m ain tain  h igh in te rface  concen tra tion  d ifferen ce  between 

and solution. G enerally , both requ irem ents ( solute effic iency  as a dew atering  or im pregnation  agen t) are conflicting .
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s0iu‘l
U se o f  m ixed  b lends, e .g . sugar/sa lt ,(50/10 o r 45 /1 5  g o f  each  pe r 100 g so lu tion ) m ay p ro v id e  re sp ec tiv e  ad v an tag es o f  eaC^ £(

(Islam  and F link , 1982, L en art and F link , 1984). M o reover, in te rac tio n  effec ts  (sy nergetic  o r  a n tag o n is tic ) m ay be observed . For ¡nSl!i

presence o f  salt can h inder the form ation o f  a  sugar surface  cake layer (L enart and F link, 1984). Salt en tran ce  can also be lim ited by the PresC

o f  su g ar (B olin  e t a l., 1983; L en art and F link , 1984; Le M aguer, 1988). If the m o le c u la r  w eigh t o f  the  so lu tes is slig h tly  increaS'4 *
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instance, sa lt rep laced  by sim p le  sugars o r sim ple su g ars  replaced by po lyosides), it is possib le  to  decrease  so lu te  gain  fo r an equivalenI a

loss, w hich resu lts in a g rea te r w eight reduction  (Lerici e t a l., 1985). S im ilar observations w ere m ade  by Islam  and F link  (1982), repW  

by sugar.

idiT

T he ob jec tive  and o rig in a lity  o f  the p resent w ork is to study the in terest o f  sugar/sa lt b lends fo r D IS processing  o f  m ea l w itth subseq j 

w a ter loss at lo w  tem p era tu re , fo r w hich very little  w ork  has been done  so far .B esides, th is w ork is partia lly  devo ted  to fu r th e r  s tudy01 

a n d  sugar in teractions  in DIS processes thanks to experim ental design , which has not been done to date.

M A T E R IA L S  A N D  M E T H O D S

B eef is cu t in to  cubes (in itial side d im ension  12. K) 3 m ) o r p a ra lle lep ip e d s  filets (initial side d im ension  150 x 60 x 8 x 10 ‘9 m 3 foi *

study  and 70 x 70  x 8 x 10 ‘ 9  m 3 fo r ex p erim en tal design ). Let us den o te  by w w (t), w s t(t), w su (0 , and w fa t(t), the w eigh t fraction 1 
salt, sugar and fat respectively  in the product at tim e t.

Initial contents o f  the m eat studied are

W ater con ten t = 7 2 .0  % Salt con ten t = 0 .05  % Fat C o n ten t = 4.0
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Concentrated solutions were prepared by blending sugar (sucrose or corn syrup DE 38) and sodium chloride in variable proportions, 
j|Ccording to experimental design specification (see below). At t=0, filets or cubes were placed in containers previously filled up with syrup in 

XCess’ bought up to the desired temperature, and provided with hermetic lids. These containers were placed in an agitated and temperature 
°ntr°lled bath at 10°C. At time t, a container was taken. Three samples were removed from the syrup, quickly rinsed (3 seconds) and blotted 

ln order to remove some of the excess'of coating solution .Each sample was analysed. Water content was measured by dessication in an 
at 103°C for 24 hours. Salt content was estimated by measurement of free chloride ions with a millivoltmeter (Tacussel-BXl) in a sample 
§ mixed in 50 ml HN03 (0,3 N). For sugar content, sample extraction was achieved after ebullition in ethanol at 80°C, concentration in a 
lm r°tavapor, centrifugation and filtration (0,2 micron). Sugar content was measured by HPLC analysis with a silicon dioxide column with
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at Nino-;ac>d splicing (NH2) and a constant-flow pump (1,2 ml/min). Fat content was obtained by the Soxhlet method. Water loss ( noted WL),
gain (noted StG) and sugar gain (noted SuG), expressed in g/lOOg initial product, were inferred according to the following relations (Eqs 1 

10 3): un ,,  M(t) ,1X ... ...... M(t)

salt

An

WL = ww(0) - ww(t) 

SuG(t)= wsu(t)\f(M(t);M(0)

(1) StG = -wst(0) + wst(t) (2)

(3) Where M(t): weight of sample at time t
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experimental design - Doehlert network- (Doehlert, 1970) with response surface methodology was used, in order to take into account
achons. The center point of the experimental range was defined by C$t = 175 g/1 water; Csu = 950 g/1 water; t=4h54. Corresponding 

overall
Co c°ncentration of the solution is 53 g solute/100 g solution. Experimental kinetic studies were carried out for the concentrations
I rresP°ndirig to the center point, during 48 hours for filets and 24 hours for cubes. A second degree polynomial model was chosen ( Eq. 4) for 
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escription of the response variables Y (WL, StG, and SuG) as a function of the factor variable X:
salt

Wh,

concentration g /I water, CSt = [0;350]; X2 : sugar concentration g /I water, CSu = [0; 1900]; X3 : ln(t), t = 1 lh;24h| 
Y — lajXi + ZajiXi2 + LayXiXj (4)

ere aj represent the linear, ajj the quadratic , and ay the interaction effects of the factors. Factor levels were 5 for Xi, 7 for X2, 3 for 
experimental design consisted of a set of 15 experimental runs, including 3 repetitions at the center point. From experimental results,

v'4̂ odel Efficients were calculated by multiple linear regression and response surfaces were drawn, using statgraphics software (STSC Inc., 
he Egression and coefficient validity were controlled by statistical tests (determination coefficient R2, Fisher test).
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^ T r a n s f e r  K in e tic s

*§ures 1 presents the variations of WL, StG and SuG versus time for beef filets soaked in salt/sucrose blends for the center point
°ncentrat-

raPid UOn conditions- Changes in slopes allow the distinction of two phases. At first (phase 1: 0 to 10 hours) solute gain and water loss are 
and fluxes decrease progressively (phase 2 : 10 to 48 hours).WL, StG and SuG obtained for beef filets up to 48 hours are 35%, 3%

° resPectively. Figure 2 shows that for cubes, similar variations are observed as for filets but with shorter time duration (after 5 hours, 
"3l%,StG=4%, SuG=8%; after 24 hours, WL=45%, StG=4%, SuG=12%).
VVL e.,,

’ S u G  (%  in i t ia l  p r o d u c t) W L , S tG ,  S u G  (%  in i t ia l  p r o d u c t)

0
tim e  (h)

p*®-!-. Mass transfer kinetics of beef filets soaked at 10°C 
Ucrose solution (Cst = 175g/l water, Csu = 950 g/1 water).

Figure 2 : Mass transfer kinetics of beef cubes soaked at 10°C 
in salt/sucrose solution (Cst = 175g/l water, Csu = 950 g/1 water).

actOrs Effects

Eff(
rie . CCts ■ c°efficient value and signification level) inferred from the experimental design results for beef filet soaked in salt/sucrose solution

'given
ln Table 1, as an illustration.
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C o e f f i c i e n t WL StG SuG

l i n e a r
a1 5 . 3 7  * * * 2 . 7 1 - 1 . 7 9  * * *
a 2 1 0 . 3  * * * - 3 . 1 4  * * * 1 . 9 8  * * *
a 3 1 3 . 6  * * * 1 . 2 5 2 . 4 3
q u a d r a t i c
a l  1 - 4 . 2 7 - 0 . 5 7 1.02
a 2 2 - 1 0 . 8  * * * 2 . 1 5 - 3 . 6 7
a 3 3 - 0 . 4 8 3 .  .  -

i n t e r a c t i o n
a 1 2 - 9 . 5 5 - 3 . 4 3 - 1 . 0 4
a 1 3 - 3 . 1 1 . 4 3 . . .

a 2 3 7 . 3 5 - 1 . 0 5 - 0 . 7 5
c o n s t a n t
aO 2 5 . 3 2 . 7 9 5 . 9 5
R 2 0 . 9 7 3 0 . 9 7 0 . 9 0 3

gai
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Y = aO + a1 X1 + a2X2 + a3X3 + a11X12 + a22X22 + a33X32 + a3X3̂  + a12X1X2 + a13X1X3 + a23X2X3 
w here X1 = salt concentration; X2 = sugar concentration; X3 = In(time)
* * * , " , 'coeffic ient significant at P <0 .1% ; P<1% ; P < 5%  respectively.
------ non significant coefficient

cor
lov
19(

TA B LE 1: Experim ental design results: Factors effects

icti°nE ffect on w ater loss : tim e duration  and sugar concen tra tion  have p revalen t and sim ila r linear e ffect. T he positive  value  o f the intera< 

coefficien t show  that they have a  synergetic  action . T he overall effect o f  sugar concen tra tion  is enhanced  by the quadratic  term , which sug§eS 

a m axim um  fo r W L. On the con trary , the linear effect o f  salt concen tra tion  is low er, accom panied  how ever by an an tagon istic  action wifi1

concentra tion  (sa lt/sugar in teraction) T he response surface given in F igure 3 show s the influence o f  salt and sugar concentra tion  on WL 

(co rre sp o n d in g  to  c en te r  p o in t tim e d u ra tio n ). In the ran g e  o f  low  su g ar co n cen tra tio n s  (0  to 950  g/1 o f  w ater), a fav orab le  effect 

concen tra tion  on  W L  is o b served . F o r h igher sugar concen tra tion  how ever, sa lt co n cen tra tio n  e ffec t is w eak . S a lt/su g ar in teraction  is reve' 

thus high sugar concentra tion .

Coi
by
and
Pari
-W
ble,

•In

ofsa"
°bs

enh

abo
shri
'PV(

1188 38th ICoMST Clermont-Ferrand France 1992



Cti°"

gesis
su 4  
4h5J 
f sa|!

salt gain : S u g a r co ncen tra tion  has g rea t negative  e f f e c t , en h anced  by the q u ad ra tic  term  , w hich suggests a m in im u m  fo r salt 

ü j '  The antag °n is tic  e ffec t betw een  salt and sugar con cen tra tio n  is sim ilar to the positive  e ffec t o f  sa lt concen tra tion . T im e du ra tio n  e ffec t is 

incr^ F' 8Ure 4  sbow s the in flu en ce  o f  salt and su g ar co ncen tra tion  on sa lt gain  at 4h54. In the ran g e  o f  low  sugar c o n cen tra tio n s ,sa lt gain  

low p eS.*lnearly  as a function  o f  salt concen tra tion . F o r high sugar concentra tion , salt gain is independan t from  salt concen tra tion  and rem ains 
or instance, w hen C su =  0  and C st sa tu rated , StG  = 13.5%; w hen bo the at sa tu ration , S tG  = 0.7% .

conf ^ U m . m  gain; P revalen t facto rs are tim e dura tion  - g reat p ositive  linear e ffe c t en h an ced  by a p o sitif  q u ad ra tic  term - and sugar 

lo ntratl0n. - great positive  linear e ffec t enhanced by a negative quadratic  term . Besides, both factors are antagonistic . Salt concen tra tion  has a 

|  l900ne§dtlVe llnear e ffec t and Quadratic term . F igure 5 show  the in fluence o f  salt and sugar con cen tra tio n  on SuG  at 4h54. In the range  o f  0  to 

8/1 o f  w ater for C s u , sugar gain  varies from  0  to  8 % w ithout any salt, and from  0  to 6 ,7%  w hen the so lu tion  is saturated  w ith  salt.

DISCUSSION

T h ' '
q0 . 1!> study show s that subsequen t w ater loss (up to 45 g /100g  initial p roduct) can be ob ta in ed  w ith an im al foodstu ffs, at low  tem pera tu re.

by Fj’ld e ra b le  tlme reduction  can  be ob tained  through increasing  the specific surface  area o f  the p an ic les , but solute gain is higher, as underlined

| and p0U]lt~W ack e! a l- U " 2). In th is case  it can be pan icu larly  in te resting  to use high m o lecu la r w eigh t so lu te  fo r w hich solu te  en trance  is low

Part im inary study  bas show n  that it is poss ib le  to  d ecrease  so lu te  gain  un d er 1 %. S u g a r/sa lt in te rac tio n s  in m ixed  b len d s are  g reat,

Wh ar y f° r hlgh salt and su 8 ar concentra tion  levels. T hese  interaction effects are illustrated  by the fo llow ing  points :

en C su increases, W L  increases. T h e  increase  rem ains unch an g ed  w h a tev e r the sa lt co n cen tra tio n  leve l, w hich  m eans that w ith m ixed  
the

^  ’ e sPecific  favorab le  effect o f  salt concentra tion  on W L is hidden.

range o f  h igh sugar concentra tion , salt gain becom es a lm ost independant from  salt concen tra tion  and tim e duration..

°bsei
%ai

therefore,
rved

sugar m ay  h in d er salt en trance. T his effec t m ay be re la ted  to  the form ation  o f  a  concen tra ted  superficial sucrose  layer, w hich w as

on m o d el ge ls (R ao u lt-W ack  e t al., 1991), and  veg etab le  p roduct (B o lin  et al., 1983; L en art and F lin k ,1 9 8 4 ). T h is e ffec t m ay  be 

about by the lim ita tion  o f  ex ternal transfer due to high v iscosity  o f  the concen tra ted  so lu tion  (in fact, w hen  sugar concentra tion  is h igher than 

shri '  1 3 3 0 - 1 5 2 0  g /i° f  w a ter< a  m axim um  is observed  fo r W L  and SuG , even  w ithout any salt). T h is e ffec t m ay a lso  be en h anced  by the m atrix  

'nvoi 86 ° b served  in  the  c ase  o f  h‘g h d ew ate rin g  ra tes. L et us no te  th a t in o u r case , w h e re  p ro te ic  s tru c tu re s  and io n ic  c o m p o u n d s  are 

> additional m echanism s related  to sugar/protein biochem ical in teractions , and ionic in teractions m ay occur.

)00

C O N C L U S IO N

how the CSe Prelim inary study show the interest o f DIS processes for the treatm ent o f m eat product. As com pared to traditional processing, it shows 

sahing/sm oking/drying sequence could be reduced thanks to one single dew atering and im pregnation soaking operation. O f course, 

S°llJtion ° 8lCal Valldation shouId be carried out. The dewatering effect is to be related to high concentration levels implemented with m ixed salt/sugar 

Can be ■ ’ ^  Compared 10 salt solutions. M oreover, salt entrance can be better controlled thanks to the sugar/salt interactions. This encouraging results 

aiolec !mPr° Ved by the use o f higher concentrat'o n s (m ore than 53 g solute/100 g solution studied here), increased specific surface area, h igher solute 
31 and temperature. Results are to be published soon.
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