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\Water Activity

Water activity isacritical factor that determines
snelf life, influence how fast or ganisms will grow
In a product, and may be the most important
factor in controlling spoilage.

By measuring water activity, it Is possibleto:

= predict which microorganismswill and will not be
potential sources of spoilage.

= have an insight on the activity of enzymes and vitamins
In foods that can have a major impact their color, taste,

and aroma.




\Water Activity: Concept

Thewater activity scale extendsfrom O (bonedry) to
1.0 (pure water)

Water Activity = a,, = p/p,

where p = water vapor pressureinsidethe food
P, = vapor pressure of purewater under the

same conditions of temperature, etc.

Relative humidity = p/p,

Each solute will affect the a,, uniquely
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Water activity (A,,) of food products

Fruits & Vegetables 0.97-1.00
M eats 0.95-1.00
Cheese 0.68-1.00
Jams & Jellies 0.75-0.94
Honey 0.54-0.75
Noodles 0.50
Dried Milk 0.20
Crackers 0.10




Some devices used to measure water
activity in semimoist foods

LUFF Aw-Wet Messer Fiber-dimensional hygrometer
(Germany)

NOVASINA Thermoconstanter Electrical conductivity of immobilized
(Switzerland) salt solutions

VAISALA Humicap (Finland) Electrical capacitance of polymer thin
film

technique

OTTAWA aw-Meter (Canada) Thermometric device suited to establish
compliance or non-compliance of test
sambles with a standard

NAGY aw-Kryometer (Germany) Cryoscopic measurements; initial
freezing point

DECAGON Aqualab (U.S.A)) Dew point by the chilled mirror




Procedure for calculation of
A In semimoist ioods

Solutions / \' Undissolved solids

Diluted
* Raoult

Electrolytes | Non-Electrolytes
* Pitzer (1973) * Norrish (1966)
* Pitzer & Mayorga (1973)

* Bromley (1973) /
\ Mixtures

*Ross (1975)
* Ferro Fontén & Chirife (1981)

i =




Prediction of Water Activity
By Mathematical Models

Has been limited to agueous

solutions of electrolyte and
non electrolyte solutes




Raoult’s L aw

Where
»> P Isthe system pressure
> P.Uisthe saturation vapor pressure of the pure solvent

» v, and x; arethe mole fraction of a particular component
In the vapor and liquid phases respectively

Theapplication of Raoult’s L aw to food systemsis not
practical because of solvent-solute interactions.




Raoult’s L aw

m Assumes water activity lowering due to
solute (range 0.95 to 1.0)

m All solute dissolved in all water
m No between solute Interaction

http://cour ses.che.umn.edu/02fscn4342-
1s/L ecture Folder/T opic% 207-3Color .pdf




Prediction of Water Activity
By Mathematical Models

Water activity can be estimated by
different theoretical and empirical models

considering the types of solutesin the
solution:

Electrolytes
Nonelectrolytes

Mixtures




Prediction of Water Activity
By Mathematical Models

Non-electrolytes solutions

Money and Born Equation
Grover Eguation
Norrish Equation

Teng and Lenzi




Prediction of Water Activity

Money and Born Equation

1.0
(1.0+0.27n)

wheren isthe number of moles of sugar per 100 g of water.

a'VV:

Thisempirical equation isusefor calculating A, of sugar
confections, such asjams, fondant creams and boiled sweets.




Prediction of Water Activity

Grover Egquation

ayw =1.04-0.1%;sici +0.0045%; (S Ci)2

where
C. Isthe concentration of component |

S Isthe sucrose equivalent for different ingredients
such aslactose (1.0), invert sugar (1.3), 45DE corn
syrup (0.8), and gelatin (1.3).

The Grover model isan empirical approach to estimated A,
In candy formulations.




Prediction of Water Activity

Norrish Equation

log (a,/x,,) = -Ki(1-X,,)?

X,, = molefraction of water
. = Norrish constant for ingredient |

Norrish equation takes into account a nonideal thermodynamic
approach to determinethe A, of binary mixtures.

Norrish Equation - accounts for water binding properties of the
solute and is mor e useful for large concentrations of solute.
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Example
Norrish Equation

= [hewater activity of a glucose-water solution (2.44:1
wt/wt) can be estimated by means of the Norrish eguation.
Themolefractionsare: X; =0.804 and X, = 0.196. The
Norrish constant for glucose.is 2.25. Substituting for the
valuesin the Norrisn equation resultsin an estimated
water activity of O.74.

log (a,/x,,) = -Ki(1-X,,)?




Example
Norrish Equation

m [ heexperimental water activity of this mixtureis
reported as0.78 (Teng and Seow, 1981).

m Theuseof Raoult’slaw gives a water activity
estimate of 0.80.




Prediction of Water Activity

Teng and Lenzi Equation

Where A, isthe polynomial coefficient, misthe
solute molality, and k isthe degree of the
polynomial




Prediction of Water Activity
By Mathematical Models

Electrolytes solutions

Pitzer Equation

Bromley Equation




Prediction of Water Activity

Pitzer Equation

D= 1= 2mze | F+2m (Vave/V) B # 2m° [(vivi) " /v] Cex IRAALSCAARIUTE
05 05 osmotic coefficient,
F=-03920"/(1+1207) 2 andiz_arethe
[=05%, miz charges of m and x
lons, v.,and v, are
o therespective
Bmx = Brmx(0) + Bma(1) exp (-2017) number of ions, M
ISthe solution
molality. B(0),
— — 1 M B(1), B,,,and C are
ayy = exp(-0.01802¢>| M| ) AN
coefficients.

‘Im1:| = Etmillzfrztmi




Example
Pitzer Equation

Table 3.2, Values for Pitzer and Bromley constants for some
electrolyvies.

Electrolytes - B’l_!.'r"' 211} C Bt

TN 0,076 0, 206054 OO1E7
LiCl 11.1484 03074 (OS54
] 0.0483 00,2122 —0.0008
HCI U175 02045 (b (IR
EOH 0.12498 0,300 00041
EH.PCk —1.0673 —4{1. 1142 —b. 1124
MatlH N.OEEd 02530 (. (g
MaF[=PTd, —0,0533 0.0396 .07 E5

s fTop, IN1), and Care Pitzer comelanis.
b B |5 the Bremley conatant,
{From Elirumle_'.". 1%72; Pitzer and Mayarga, 1973]




Example
Pitzer Equation

v/ An electrolyte 1:1 typeisin solution(e.g., a solution
of NaCl, 2.31 molal at 25°C).

v’ The Pitzer's B (0), B.(), and C . parametersfor
NaCl are 0.0765, 0.2664, and 0.00127, respectively.
The following can be defined for theions: z, = 1,
Zo;=1,vy,=1 and v =1.

v’ The osmotic coefficient isevaluated from equation:

@=-1000 Ina/(M _Sv,m,)




Example

Pitzer Equation
m,=2.31 mg=231 =231 7,z O=1.0
F=-0.211 Byac = 0.089 ® = 1.001

Water activity Isevaluated from Equation:

ayy = exp(—0.0lSOZQDZi Mi )

a,, = exp(-0.01802 x 1.001 X (2.31+ 2.31 a, = 0.92

The experimental water activity of thismixtureis0.92 (Teng
and Seow, 1981).




Prediction of Water Activity
Bromley Eguation

® =1+ 2303 [T, + (006 + 06B) T, + 05 B]] Where pisthe
05, . . 03, LEN L osmotic
T1=ﬂjll|1m11l{1 t2(1+ 07 )In(l+ 1) = (1 +1) 1/ ) Coeff|c|ent’zm
Ty=(1+2aD)/ @1 +al)) -In(l +al)/@a"]) and z arethe
chargesof m

3,=1-5|f"]1m1'¢l :

o and x ions, v,
B = By + By + OOy and v, arethe

respective number of ions. M
Isthe solution molality, | is
theionic strength. B, B, B,,
0., 0, aretheBromley
coefficients.

ayy = exp(—0.01802¢x| M| )




Example
Bromley Eguation

The Bromley B parameter isequal to 0.0574 for the
NaCl. Theionic strength 1=2.31 and the charge product
[Z\.Zc) U=1.0.

eSubstituting these values gives in the equations
presented above:

T,=-0.0615 T,=-0.0226 a=15
The osmotic coefficient (@ ) and the water activity are:
® = 1.0062 a, = 0919




Prediction of Water Activity
By Mathematical Models

Multicomponents M Ixtures
Ross Equation

Ferro-Fontan-Benmergui-Chirife
Equation

Ferro-Chirife-Boguet Equation
L ang-Steinberg Equation
Pitzer-Kim Equation




Procedure for calculation of
A In semimoist ioods

Solutions / \' Undissolved solids

Diluted
* Raoult

Electrolytes | Non-Electrolytes
* Pitzer (1973) * Norrish (1966)
* Pitzer & Mayorga (1973)

* Bromley (1973) /
\ Mixtures

*Ross (1975)
* Ferro Fontén & Chirife (1981)

i =




Prediction of Water Activity

Ross Equation

a,’=water activity of each component in the binary mixture




Prediction of Water Activity

Ferro-Fontan-Benmergui-Chirife Equation

|
ay = Mj(ay (1)) |

a,(I)= water activity of a binary solution of | at the same total ionic strength (I)
of the multicomponent solution. |, istheionic strength of component i in the
mixture, v, isthetotal of ions of the solutei in solution, m; isthe molality of the
solute, and z,, and z_ arethe charges of m and x ions.




Prediction of Water Activity

Ferro-Chirife-Boquet Equation

X, and X, arethemolar fractions of the solvent and solutes, K. isthe Norrish K
value for each solutein the mixture, C.isthe weight ratio of each soluteto the
total of solidsin the mixture, and M. isthe molecular weight of each component




Example
Ferro-Chirife-Boquet Equation

A solution of glucose (5.96% wt/wt) and sucrose
(46.01% wt/wt) has a measured water activity of
0.926 (Teng and Seow,198l). The K values of
glucose and sucrose are 2.25 and 6.47,
respectively. The K. and M, values ar e evaluated
from equations mentioned above.

K, =5.65 M, = 310.82

Then, the predicted water activity using Ferro-
Chirife-Bogquet equation i1s 0.923.




Prediction of Water Activity
Lang-Steinberg Equation

Log(l-a ) =(MW=-5aw)/5 bw

Wherea and b, arethe Smith equation constants for each component i in
the mixture. M isthe moisture content of the mixture, W isthetotal dry

material of the mixture, w, isthe dry material of each component i in the
mixture.

The model may predict water activities over the
range 0.30 to 0.95 of a multicomponent mixture




Example
Lang-Steinberg Equation

A mixture of starch (0.79 g/g of total sample) and
sucrose (0.09 g/g of total sample) hasa moisture
con- tent of 0.219 g of water/g of solids at an aw of
0.90. The Smith constants for each component are
(Lang and Stein- berg, 1981):

Starch: a, = 0.0989 b, =-0. 1485
Sucrose: a; = -0.5944 b =1.2573




Example
Lang-Steinberg Equation

Rearranging the data in terms of the L ang and
Steinberg mode!:

M=0.29gofwater/g of solid W=0.89g of solids
(& W) garen= 0.08 g of water (8 W)o,0r o = -0.06 g Of water

(bW:) g or n=-0-12g of water (W), 0r0=0-13g Of water

Replacing the above values in L ang-Steinber g equation
and taking thelog,, to base 10:




Prediction of Water Activity

Pitzer-Kim Equation

(p-l=(2m)_l{lF'-F)+Zi > jmm;j (Aj +IA%5)) +25i 3 | kamjrrkuijk}

F =dF /d
F =-0.392192/1+1.21 9-9) Atij = dAji /d

Where m isthe molality of a particular ion (i,j,or k). A; Isthe second
virial coefficient, 4, isthethird virial coefficient, and | istheionic
strength.




Example

Pitzer-Kim Equation

An agueous solution of NaCl (9.29% wt/wt) and LiCl (1.57%
wt/wt) has an experimental water activity of 0.9312 (Tsong and
Seow, 1981). Pitzer and Kim equation can be expressed as

B 1= Cm)-2IF + 2 23mim;(By+ Cy(Emz)l(ziz)"}

F}.S
F=-4
(1+81°)
whereB;, F and | are
evaluated by [=0.53mz7 and  lzmzsl = Zim; 20/ 2am;

Bmx - m(uJ + Bﬂmﬂ)ﬂxpl"ﬂf D'S}




Example
Pitzer-Kim Equation

| =2.198 F =-0.2087 By.c. = 0.0902 B, = 0.1652
Cpoq =0.00127  C,.4=00036 S m=4408 5 mz=4.408

The predicted values for the osmotic coefficient and water
activity arethefollowing:

®=1.0811 a,= 0.92




Prediction of Water Activity

Salwin-Slawson Equation

- Water Activity -
Where a, istheinitial water activity of component | used in the mixture, s
Isthe sorption isotherm slope of component | at the mixturetemperature,
and w;, isthe dry weight of component I.




Prediction of Water Activity
Roa-Tapia Model

Based on the concept proposed by Salwin and Slawson, and
thelinear relationship of Favetto and Chirife (1985).

Where a, M= water activity in equilibrium state o final of a
complex mixture, k = constant of Faveto and Chirife equation at

25°C[kg w/g mol], m = molality and i= number of solutesin a
complex mixture.




Prediction of Water Activity

By Computer Programs

Vega-Mercado H., Romanach B.,
Barbosa-Canovas G.V. &t al, Developed
an | nteractive Computer Program to
accurately predict the Aw of
multicomponent systems containing
fiber, proteinsand fats




Prediction of Water Activity

By Computer Programs

Program Capabilities

" Predict A, of model food systems by several well
accepted equations (Bromley, Pitzer, Norrisn,
Ferro-Cherife-Boguet, Ross, Ferro Benmer gui-
Cherife)

" Establish similarity levels between foods of
known a,, and composition to new products
wher e composition is available




Prediction of Water Activity

By Computer Programs

Program Capabilities

" Calculate deviation factors based on
previousy established similarity levels,
wher e the presence of fibers, fats and
proteinsistaken into account

" Programmed in MS-DOS QBASIC 1.0,
avallable from the authors
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Prediction of Water Activity

By Computer Programs

< The accuracy of the predicted a,, is affected
when the algorithm isapplied to food systems
which contain fats and proteins.

< Food products containing fats and proteins
snow a deviation factor of 1.0/, on aver age,
after oneiteration.

< Thediscrepancy in a,, values, a,, . and a,,.,
can be explained in terms of water bound on
proteins or associated with fatty mesomor phic
structures.




Procedure for calculation of
A In semimoist ioods

Solutions / \' Undissolved solids

Diluted
* Raoult

Electrolytes | Non-Electrolytes
* Pitzer (1973) * Norrish (1966)
* Pitzer & Mayorga (1973)

* Bromley (1973) /
\ Mixtures

*Ross (1975)
* Ferro Fontén & Chirife (1981)

i =




http://courses.che.umn.edu/02fscn4342-1s/default.ntml

http://fscn.che.umn.edu/Ted Labuza/PDF _files/Presentations/A
wé& Kinetics.pdf

http://fscn.che.umn.edu/Ted Labuza/PDF _files/Presentations/
AWTgKinetics.pdf

http://fscn.che.umn.edu/Ted Labuza/PDF _files/Presentations/
Multidomain.pdf

http://courses.che.umn.edu/02fscn4342-
15/l ecture Folder/Topic%202-Water%20bonding3col or . pdf




T hank you!!




