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Application of Weibull distribution model to describe the vacuum
pulse osmotic dehydration of sardine sheets
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1. Ini

Thel chydration ppegess enhanced by a vacuum
pulse is e which consists of submerping the food
inlo an o slution and applying sub-atmospheric
pressure Al A8 val follow ¢ _osmoll
debydration perio sphoric pressure. “Fl
the introduction of e il into the pores of the
focd through the hydrod pan, (Lito &
Chiralt, 1997), increasing the area
food and producing 2 greater scrlld—l]quld :ﬂth‘ml!.c
During the process, 1he solute and moisture concentri-
tions, and consequently, the mass, change, and finally there
will be an equilibrium state. A model, with an exponential
approgch to the equilibrivm value of water and salt
contenls was proposed by Zugsiramurdi and Lupin
(1950 to explain observed behavior on fish salting. This
model was applied to study the osmotic dehydration with
vacuum of codfish (Escriche, Scrra, Fito, & Rivero, 1998)
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oncentaions {0.050.27 8 MNaClig), l'-'-lnpl:m[
resion coclficients (57 = 0,99} and low mean reld
ioisture amd sult conlents, The seale parineiens (ol
t5 relutionship, Models for scale and shape paramets
spperaiure were found,
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d For predicting the motsture and salt conte irline sheals
38 "), and
r{=<10%)
e aud salt

nisture and

nd the esmotic dehydratig
prdine (Corzo & Brache
'El has been usedd
fan kinetics

45,

atmospheric pressure of
The probabilistic Weibull
scribe the behavior of rehydra-
#aisennl, Sanjuin, Melis, & Mullet,
e liveira, & Cunha, 199% AMachado,

i jekas, & Singl, 1998; Marabi, Livings, Jacobson,
Aoty 2003; ), microbial deuth kinetics {Heinz &
Knorf J906), pressure inactivation of bacteria (Buzrul,
fedpiie, & Lagoply, 2005, Chen & Hoover, 2004), thermal
resistance of bacteria (Corradini, Normand, & Peler, 2005;
Ferniindes, ﬂull'ldc Cunha, Ocie, & Marlince, 2002),
(Colludo, Femindez, Rodrigo, &
i rmal preservation (dMoiart, Couvert,
Guillard, & Ley . 2002; van Brockel, 2002), survival
curvas (Yang, Wa i, & Johnson, 2002) and water loss

during osmotic d:l%ﬁ;m (Cunha, Oliveira, Aboim,

Frins, & Pinheiro-T 01y In the liemiure, thee is
not information availa out using Weibull model for
the osmotic dehydratio fish. The objectives of this
study were 1) the detens 1 of the applicability of
Weibull frequency distribot del in predicting moist-
ure and sall contents of sardint sheets daring vacwam palse
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osmotic debydration; and 2) the determination of effects
of concentration and temperature on shape and scale
parameters of Weibull medel.

2. Materinls and methods

2.1, Sampfe preparation

The fresh sardine {Sardinella aurita) was acquired from

the fishermen from the same capture zone of Margarita
Tsland, Venezueld, who caught the fish within 1h before
selling them. S were 15-20cm Jong and weighed
30-35 pffish. Sardines were manually filleled with stainless-
steel kndves, and the filtets were cul inlo shee '
the muscle nearest Lo The samples weed SREaTs Wt

an dveragze length of =t (.4 rmuy rare width of
150 0.6mm, nnd avernetH G4 =0 2mm. Tho
moisture snd salt conteb determined for fresh

sardine hy quadruplicate o

~
rps with four sheets \
Four-marked comy 15 used to put
s of cach proup G tet ference Belween
proups were integ ulfadgusly into an

2.2 hmaric del fiere
Randoml ad.
A baskel
in it the
them,

GE G plution of a given ation anddgmperature,
A i padse at LLOKE Omin wi i an
o | dehydration § artied ou

toved at inte
brinc the dehydrated

i Smin, biotte i) ‘ nt
mluuun The mOIstusﬂ
asured. This procedure 194
pl ch expericnc® 18 the corresponding conditio;
necdl G o 5% 5xd geclorin]l desipn where th
T ¢ encentiation _' delydration time were 30,
32, 34, au "C 0.15, 21, 0.24 and 027g
WaClf, d 4h, nrspcc v .

The osmotic us prepared by mixing commer-
ctal grade salt with™d]
ratio wias always h]ghi.,r ; i
dilution af the medivm by water removal, which would
lzzed 1o Joepl reduction of the osmotic driving loree doring
the process. The concentration of the brine was monitored
throughout cach experiment. The brine was agitated
continnously with o magnetic stirrer 1o maintain a uniform
temperature throughout the experiment, thus cohancing
equilibrium conditions. The temperatures were also mani-
torcd using digilal thermometers within the accuracy
of +0.1°C,

The concentration of the brine (g NaClfg) was adjusted
initially and thereafter monitored throughout cach run by
the dMobr method (AOAC, 1990). The meisture content
of fresh and treated sardine sheets wag determined by
drying under vacuum {193 Pa) at 60°C until constant
weight (AOAC, 1990). The salt content of fresh and

pe L Oime group we
3 e the removal
3up were draine
, remove the ©
B content we

onbent

fln= e
0,¢l

Q:?'“ B

&=

he bring to sample

treated sardine sheets was determined by the Mohr method
(ADAC, 1950), .

25 Weibnll diseeibution modef

The Weibull model represents the distribution of the
breakine strenpth of maleeials and later 1o describe the
behavior of systems or events that have some degres of
varinhility (Cunba, Obveirn, Aboim, & Frins, 2001;
Cunha, Oliveira, & Oliveira, 1998}, such as the osmotic
dehydration kinetics. The probability density function of
the Weibull distribution may be described as (Hahn &
Shapiro, 196

L =10, “]

sewliere

where o 15 the scale paramate
he shape parameter and ¢ is the

I ene considers that (1) » cor
ameunt of a piven component X, cb
value (A5} 1o a final equilibrivm valug
time required to reach a certain value
the cantinuous random variable I, wif
function j{n), where fi¢) is the
funclion, then w{t) can be defined
haung i u(:rl.'lm fractional amou
er specified

eibull model, fi is
E (ime.

to the fractional
from an initial
nd that (2) the
epresented hy
i hility densily
1l distribation
e probability of
for, a1 least, a
miental conditions

F(f) = exp [— [ﬂﬂ] ;
(2

imp cumubative distritmtion.
wunt of moistere content  during
aotic debydration can be expressed os
905

L]

where Ff1} is the cojze
The fractionals
Vacuum pulse

1elh ,{i_ pr{ [-—] ] (3
‘- Xu{i ch
Iy X, und X, are the initial, ot 2 time ¢, and ot

equilibfiym moisture content, respectively, @, 15 the scale
p:’*r:lm{‘ll. afdiie Weibull model, [, is the shape parameter
{dimensiodless), and ¢ is the sampling time.

The fract amount of salt content during vacuum
pulse osmoll @_w:imlion cann be expressed as (Cunha
et b, 1998)

ug(-‘}ux =i 4{ [%]ﬂ'] @)

b= X

where X, X: and X, he imitial, at o time ¢, and a1
equilibrivim  sall uuul:@ spectively, &, is the scale
parameter of the Weihull , {1, is the shape parameter
{dimensionlessy and ris th livg Lime.

The parameters ol the m were estimated by non-
lincar regression. To evaluate the goodness of each model
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fit, two eriteria were used: the coefficient of determination

(K% and the mean relative crror (MRE) cxpressed as
106 Y — ¥l

- =5 —F_ 5

MRE = E 7o (5)

where ¥ is the caperimental value, Y is the predicted

vilue from the model and & is the pumber of experimenial

data points, A medel i5 considered acceptable if MRE

vihues are belpw [0% {Krokida & Marines-Kouris, 2003).

The predicted vilues from the Weibull model can be

expressed s

xw = Xm: + Ufuil Y 5@[‘

(6)

Statistical L
05 ¥ s
tions, five

used to fitti

A Estination of moisture and salt con

temperature of brine, The scale and shape paramelers of
Weibull redel and equilibrivm contents were eitimaled as
pacameters of Egs. (3) and (4). Analysis of variance was
catrred out fo find effects (p<0.03) of brive eoncentniion
and temperature on the parameters of Weibull model,
Mulliple comparison tests were performed using LSDYs test
atl the 95% confidence: level, Non-linear regression was

-used 1o fiting data of scale parameier 1o Arrhenius

equalion in order 1o estimate dependence of temperature.
Multiple lincar regression wos used to fitting models
of shape and scale paramelers as a fuoction of brine
concentration and temperature. Non-linear regression wis
data of smh': and shape paramelers to theso
p epend&nm: of concentyation

iz waos carried oul by
tware (SPSS Inc,

nd temperature SA]
using the SPSS 104
Chicago, 1L, USA).

Results and discussion

Moisture and sall contents of h were.
214340346 waterfy db and 0.0774 £ 2 MaClfp
db, respectively. Equi]ihn'.um moiskure L conlents.

Melee model {f“m?:o & Bracha, 2006)

fitting  fra amount of

otic dehydration

MERE
1E0A0+ 2715 65 4 (007 X 203
107,26 4 1057 ﬁlsﬂiﬂll e
94 964265 1.0l
i3 515
b.30
0,18 213
511
Sdb
T2
: (A58 + 0.0 4,06
nal el 49 us,+n 44 5| 140006 158
12 G045 40,24 0524 - 0,002 L6l
3 437440012 0470 4 0 6,01
36 23334167 D434+ 0.5 216
iR 24064213 D3 o 06004 B.08
0.24 i} 47304 111 (1495 & 0.006 6.2
k. e [0L,492 0,007 587
i AL 108 D455 £ 0010 547
36 3994048 DASS £ 0003 +.57
k] 44634206 0507 +0.007 404
027 an 342+ 1.76 D369 006 .22
iz 364134 0,462 0,006 LR
34 352149 0469 +0.012 a1l
36 16,244 18O C4Dr 0014 4,03
1K 158404 LT8R G407 & 0008 5.3

Watues of @ and | are means of foor replicites.
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Tablz 2
Seale {) and shape () parameters of Weibnll model far fractional amount of salt content dufing vacuiny pulse esmetic. dehydrtion
Canceniration {g Tempezeature e thi i, R MRE
allfe) "y
s n G017 4 130 (1525 £ 0.003 [ .ol
52 6694 4,90 D.536-+0.010 0.993 X33
H (5.29:42.37 0.550 40,004 0.4 342
k[ 64,37 40,57 - 053540003 0557 I
1 ALE5L 05324 (002 .50 168
NS 30 AEE8 4078 BI04 005 0.95% 148
k] JON0 4454 (378 4 0008 1.5 i Y
O 4 9310+1.12 01,557 40,003 0443 568
&i : 117204135 0,592 +0.004 0895 561
- 119,992,239 FRALESI AR 0504 157
VRl | ¢ 32074240 i a5
3% ems- 0524 £ 000 497
34 ,p 54302 0551 £0.001 4.05
Ia . 0634 E 0003 .99
15 9.6k *..‘-.lh (1555 40,02 .59 2.36
024 H9.8T 215 0531+ 0umh2 0,995 242
A2 (L5224 0.004 0996 614
37654101 (L5604 0006 0.994 2.0
115,14z D30 E00) (1% 027
; 0,625-0.001 (1555 148
027 0573400002 0,917 158
iz D.A1E+ 002 0.554 1.36
4 0.5954+6.003 LG57 342
1% 0,657 +0.001 IR-UE 141
” LGB0 000 0555 1.66

nad Jbase means of {0

Cand salt conlg o Weibull m
5 1 aned 2. Thetg@elticients of de
¢re higher than 8% for both fraction&da
and sall conte TIH: MRE wvalues ﬁ;:r mdels
than 10%. S £ a5 MEE values indicat
p_the experimemial datn. This supgests thal
{Eqs. (3} and{g)) are suitable for predicting
i salt contemt§iof sardine sheets during
atic deliydratio hoth brine concen-
pel .27 ¢ NaClfe el

n'l '

it

vi

n

i

jrikiel
Weils
the mai
VACULNT B
trations bam
between 30 and

32 Parometers of Weibn

The valies of seale {2) snd shape (f,) pammelers of
Weibull model for fructional amount of moisiure content
{Eq. (31 at different brine concentration and temperature
are shown in Table 1. Valoes of f, ranped from 0.400 to
0,665 and values of ey ranped from 1584 to 18040 (1)
such as was found for the kinetics of moisture uptake by
ready-toceat breakfost cereal (Machado et al., 1999), the
maodeling of water losses during osmotic dehydration of
apple (Cunba et al., 2000} and the rehydeation kinetics of
mushrooms (Garcia-Pascunl, Sanjudn, Melis, & Mulel,
2006}, Value of shape paurameter lower than 135 related 1o a
decreasing Weibull distribution fuaction, The paramelers
variation was subjeeted 1o analysis of variance across

concentration amd temperature offects. The results show

i by concentration,
1 general, the scale
mpisiure content de-
hsing concentration and
ts between temperature and
were observed:  the effect of
iperatire note pronounced for lower osmiotic

el it pirations (.15 and (.18g MNaClig) The
(L ol ®, could be compared to the effective
i on coeliiclent of diffusion model, since those (wo
paefineters are the kinetic constants for each models
sivgi-Toscunl el al., 2006),

The shfipe purameter for fractional amount of moisture
content dq.mﬂ.sed (pr=0.05) with increasing brine conoen-

were alll
interacii

creased  (p=<0
temperature, Interactiye
congentration (i

| 1L

tyation. Effgef of temperature on the shape parameter is
mixed amd s on concentration. The shape parameter
is related to ty of the mass transfer at the beginning,

fre value, the faster the water loss rale

];yracliw: effeels belween lemperaliore
and concentriatio

% 1) were observed: the effect of
lemperalure was roncunced for lower osmolic
medium concentrati

15 and 0.8 £ NaClig). High
salt concentration d s the proteins and reduces
their water holding ca (WIHC) during salting of
milkfish (Sannuveerappi,

i, & Joseph, 2004), cod
and salmon {Gallarli-Jorpet ®larh, 2006), However during
salting of cod with diluted br an incrense in the WHC

was ohserved (Baru, Rodrgucz-Baronn, Andreés, & Filo,

at the beginning.
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r\l protein tlL11.1llLr1tL0!1 "Ll
_‘]}dﬂ'ﬂ w:'lh at fnw hnru_

o {Tom Lthe ﬁsh {Df:ng.

grperature may be
dire to increi ins i
hipher compired
Sivertavik, N'-eisbn. e
dran, 2005), However, Sunki
observed Lthat proteins from Tadian carp appesred
denaturntion at refatively low temperstures {20°C),

A3 Parameters of Weibull neodel for saft content

The walues of scale () and shape (f) parnmeters
of Weibull model for froctional amount of salt content
{Eg. {4)) at different brine conceniration and temperatuee
are shown in Table 2. [0 shows values of f; lower than
U680 and volues of 2, higher than 48.6%. The parameters
virialion was subjected to amalysis of variance across
concentration amd lemperature effects. The results show
thut both e, and fi, were alfected by concentration,
temperalure and its interaction (Fig. 2}, Eilect of tempera-
ture oo the parameters i3 mixed and depends on

equation

3 0. Corzo, N, Hrecho f LW SE (2008) 1i05-1115

[ -

140 F
20
i

-

Ezale pmuameler for sall camten (hl

W L M 36 3

T sl comban

Temperature (7C)

l"m 2, Mulliple comparison test of scale &
(ol { IYing vaewnm pelse
f temperalurg, =)

e and shape parameter
end increased {p-<0.05) with
temperature.  Inlersctive
rature ond concentralion  wens

‘osmotic medium concentrations, and there arc
ences (p<0.05) at 015 & NaClfg. The fi, values
shan [, value indicating that the vacuum pulse
nyvorable to wiler loss than sall uptake. Porouos
s rep ent by osmotic solution during vacuum
1“'...[2'1]_“35- the pathway for solute uptake and waler loss,
ays for mass teansfer are helpﬂﬂ to solute
: absence of cell membranes in those
. Barrera, Chiralt, & Fiio, 2004).

uplake beca
spaces {Barual,

34, Modeling cffects )%mpemmm aind concentration ait

the paramieters A

Dependence on air fe
and shape parameters fo
content on temperature is

wres Dependence of the scale
ional amount of moisture
nted by the Arrbenins

O 18)

1ot T e
e il b
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Tuble 3
Aclivnion enerpy and frequency Factor viloss far scale parameters of Welbult madel for feacticnal amount of meistune ond sall content during vacuzm
palse parotic delydration of surdine sheais ot different brine consentrstions

Farneter Comcentration (g NaCllp)
o015 018 021 024 .27
)
In (2o} 29474213 3508 43,75 24314254 16774237 1667176
E {k}jmaol) BrA3 4540 105.23 29,52 TL36 4 6.42 51594604 S0.T5£4.45
s 544 AT [T ) 0390 947
MR O.BE’D 2055 L. 166 LG 2054
“‘ i
I (1 fah 17,964 10.6% —34T73£1.53 — 15844150 33354121 —=23.62+1.06

E (k1 fnd} .75 77274300
n (067
MEE ; e

63414309 49,04 2.0
al 097
2510

neter, A

where A corresponds Lo :
Fuctor [|:|i|1_1‘}, B, istheactivitinfenergy (k] 1
universil pas og U (R34 Yol K)
absolute tempeaeature (K, )
Then, the Bull maodels can ba

o [ ' [Elfau-.v

Koo = X
-rwﬁ'

[ = I‘ w

W e B and [
i Ccontent and
P is for salt cont
1o Aainbase to Bx
pa were determingd.
T & of the non-l

ar regression used to fittin
data 19 9) and (10) “@Eshown in Table 3. The
coellici mination ity [or mmsaum and
F=095 | mean relative
indicates that' of scile pm'amécrs hoth far
fractional awmount
funetion of temperature folow
ship, for al the concentrations (Table 31 ThiS resull was
according o that found by Cunha e ,ﬂ. {2001y, and
Garcia-l'ascual et al. (2006) for seale parameter. The
computed values of activation energy (£,) and natural
togarithm of frequency factar (In (1je,) are reported in
Table 3. Higher £, volue indicated preater lemperilure
sensitivity of parameters of Weibull models. Temperature
sensitivity of scale parametler (or fractional ameunt of
moisture conlent increased with increasing concentration
from 0.5 to 0.18g NaCl and then decreased with
increasiog concentntion, Sensitivity of seole parumeter
for (ractional amount of salt content did not exhibit a trend
with increasing concentration, Scale parameter for moist-
ure contenl was found to be greater lemperalure sensitive
{p=0.03) than that for salt contenl.

atle 4

(Qultipls linear repression for scals {am,) o
Weiball moded Tor fractional amount moizig
hrine concentration (L} and femperziuce (1) 5

g.) parameters of
s huneticn of

Eource of
variatinn

gall contenls as o

Estimate  Standard Stanidard
CEnGE error
Constant 11152%  0.23] T 0183
590 pHkBLE EB4* R3BD
i (ashT 0G

I B35

srabe (7)) and shape () parameters of
el mount salt eozlent @ a Tunction of brine
npeature (T)

i
Estinnte Standard Estinase  Searsdard

LTIFOr CrFOF

TRER B 1335 0,129 —1. 510 0Bl

£ Q.505* 06.222 TARTY 032

T N oogsst 0o 0009t 0,008
i é 940
EME ” Q 3.05%
*o-Value <0.000, BN = a+ 5(C) 4 d(1),

Dependence o
was performed to
this model as functi
termperature and air
in the stepwise linear
g and fi. The best models

mae=a+6T4+eaV,

miperafire and velosity: An analysis
ralize of Weibull parameters for
i the deying air conditions (air
. Several equations were {ested
ion procedure to peneralize

% (11

Infi=a;+bT+al {12)
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Then, the Weibull model eon be written as
X 2 I ERplzn Fbn T K
=N Pl [nxp(auw e Frp T o £ If.’}]

L]

(13)
X X i expels +b, Tes Kl
= exp ﬂ[ . l .
N = N { explay, + B, T + o )

(14)

bay anid €2, are the parameters for
.E?|5,~ Chy 2g, Pas and ¢z e the
‘Nou-linear regression was used
13} and (14 and the models,

Whers d iy, By, Cru
moisture content a
parameters for salt co
1o fitling database to
parameters were determin

The models as fitted
fumetion of brine concentri
corresponded Lo [Tahl—.‘_r. 4 and

Ina, = 2458 — II.]-SJ‘{C_._‘

metérs as a
mperature (1)

Veibull g

L&t

L5

b0t

(C) + 0.0010(T), 2

ln e = 1.494 - 4

0 A, = 0.506=2.493(C) — 0.0195(F

ln §, =J002 + 1.103(C) +

The 1)
viriul
respe

2.0% an
1t the 999 ¢
[he mean el
models the s¢
s for fractionnl amount
gan be calewlated when th
alse osmotic debydrated in
nge 0.15-024g NaClfe,
4 "l'ppl}ing A vaeunm
45 11n<| {Iﬁ_} thc

s fittedd explaing
L . gy [Ty 016
{Tables 4 and
lowg 0%, With |
pag of Weibull m
st 1 salt contend
satdl § are vacume
brine ions in the)
temiperatt he range 32
pulse at 17 10 min. In
coclficients o centration and

negatives, This ine seale and shape paranm
decreases with increate SEppeentration and lem-
perature. In Eqs. (17) and (T8N \ FERTAL
concentralion and temperature itre positives, dicates
that seale and shape parameters increase with incregse in
brine concentration and temperature. Effects of brine
concentralion and temperature were analyzed previously
in the scetions of parameters of Weibull model for moisture
and salt contents,

4, Caonclusions

Weibull frequency distribution model adequately pre-
dicts the moisture and salt contents of sardine sheets during
vacuntn pulse osmotic dehydration st brine concenlration
between 0,05 and 0,27 NaClfg, temparature batween 30
and 38°C, applying n vacuum pulse at 11.0 kPa fer 10 min.
Effects of brine concentration and temperature on the scale

and shape parameters for moisture loss and salt uplake is
mixed and depends on their interaction, The scals
parameter for fractional amount of moisture and sall
coment were (emperatore dependent according (o an
Arthenius-type cquation. Medels for scale and shape
parameters of Weibull models for fractional amount of
moisture and salt contents as a function of brioe
concentration and temperaiure were found,
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