
Opgaven Statistiek 1 voor Scheikunde

Week 5

Opgave 1.
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In bovenstaande StatGraphics datafile worden meetgegevens gegeven van de verzadigde dampspanning van water (in kPa) tussen 0ºC en 370 ºC. Denk er aan dat 1 atm ( 105 Pa, (zie  de meting bij 100 ºC).

a) Fit de gemeten verzadigde dampspanningen van water met de vergelijking van Antoine:




waarin:


Ps:  Dampspanning (kPa)


T:  Absolute temperatuur (K)


A,B,C: Parameters

Bepaal met behulp van niet-lineaire regressie de waarden voor de constanten A, B en C. Er geldt T (K) = t ( ºC) + 273,15. Het vinden van de startwaarden voor deze vergelijking van Antoine wordt besproken in het dictaat

Voer de gebruikelijke controles uit op de fit van je model. Er blijkt 1 typefout in de dataset te zitten, zoek deze op. Als gegeven is dat er slechts 1 cijfer verkeerd is ingetypt, reconstrueer dan de waarde die er had moeten staan.

b) Gebruik de gefitte vergelijking om de dampspanning van water bij 99,5 ºC en 101,5 ºC te voorspellen. Ben je tevreden met deze voorspelling?

Opgave 2. 
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a) Plot y als functie van x. Kunt op grond hiervan tot een modelkeuze komen?

b) Beschouw de volgende modellen:
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Laat voor elk model zien dat er een  transformatie van de x en/of y bestaat waardoor het model lineair wordt. Maak een schets van de bovengenoemde drie modellen of beschrijf globaal het gedrag van de modellen (i.h.b. als 
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). Welk model lijkt op het oog het beste te passen? Controleer Uw keuze door een statistische analyse uit te voeren.

Opgave 3. 
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Bij het bestuderen van de unit-operation drogen is de sorptie-isotherm van het te drogen materiaal een belangrijk gegeven. De sorptie-isotherm geeft het verband tussen de relatieve vochtigheid aw van de lucht en het bijbehorende evenwichtsvochtgehalte Xw van het materiaal. Xw wordt uitgedrukt in kg water per kg droge stof.  Deze sorptie isothermen worden meestal bepaald met de zgn. exsiccator methode. Een aantal exsiccatoren worden gevuld met verschillende verzadigde zoutoplossingen. Iedere verzadigde zoutoplossing handhaaft een constante en goed bekende relatieve vochtigheid aw. In deze exsiccatoren brengen we monsters van het te onderzoeken materiaal. Na een aantal dagen zal zich een evenwicht instellen. Het vochtgehalte van het materiaal kan bepaald worden. Hiermee is een punt van de sorptie isotherm bepaald. 

In Brazilië zijn op deze wijze de desorptie isothermen bepaald van Annatto zaden. Annatto zaden zijn daar een bron van natuurlijke kleurstoffen. De Annatto zaden moeten worden gedroogd om ze houdbaar en transporteerbaar te maken. De kwaliteit en daarmee de opbrengst van de zaden wordt sterk bepaald door de uitvoering van dit droogproces. Vandaar het belang van een goede beschrijving van deze desorptie-isothermen bij verschillende temperaturen. De volledige tekst van het artikel, waarin dit onderzoek wordt beschreven, vind je bijgaand als pdf file.  

Een goede vergelijking om deze desorptie-isothermen modelmatig te beschrijven is de GAB-vergelijking, die er als volgt uitziet:
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waarin:


XW
: Evenwichtsvochtgehalte materiaal (kg water/kg droge stof).


aw
: Relatieve vochtigheid lucht (-).


CG
: Guggenheim constante (-).


k
: Factor (-).


Xw1
: Monolaag vochtgehalte (kg water/kg droge stof).

Onder andere bij 35 (C zijn voor Annatto zaden de volgende evenwichtspunten van de desorptie isotherm bepaald.


a) Bepaal voor de temperatuur van 35 (C met niet-lineaire regressie de waarden voor CG, k en Xw1 in de GAB-vergelijking, die de meetgegevens het beste beschrijven. 

b) Controleer de beschrijving van de meetgegevens door de afgeleide GAB-vergelijking. Eén van de parameters is niet zo nauwkeurig bepaald. Dit komt omdat deze constante bij bepaalde aw waarden uit de GAB-vergelijking wegvalt. Kun je dit laten zien ? Wat adviseer je dan om de meetmethode voor sorptie isothermen te verbeteren ?

Opgave 4.
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Deze opgave gaat over een onderzoek naar de opname van Ca++ door een plasmamembraam. Op grond van kinetische overwegingen besloten de onderzoekers het Michaelis-Mentenmodel te proberen:
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waarbij Y de opname van Ca++ in nmol/mg is en t de tijd in minuten.

a) Voer  een niet-lineaire regressie uit. Neem als startwaarden (1 = 1,0; (2 = 0,39; (1 = 0,5 en (2 = 0,046.

b) Herhaal dit met startwaarden (1 = 0,05; (2 =  0,09; (1 = 0,2 en (2 =0,2. Doe dit door opnieuw via het menu een nieuwe niet-lineaire regressie uit te voeren, waardoor de vorige analyse bewaard blijft. Wat kan je opmerken over de gevonden waarden voor de parameters? 

c) De bovengebruikte startwaarden waren willekeurig gekozen en leverden daardoor een slechte en langzame convergentie van het model op. Dit kan verbeterd worden door de betekenis van de parameters in het model te bekijken. Wat is de interpretatie van de parameters (1 en (2? Hoe kunnen we dit in verband brengen met de data?

d) Op grond van de data en de bovenstaande interpretatie van de parameters kiezen we nu voor de startwaarden (1 = 2,5; (2 = 2,5; (1 =0,5 en (2 = 0,046 en voeren weer een niet-lineaire regressie uit als bij a). Schrijf de gevonden waarden op en vergelijk ze met de bij a) gevonden waarden. Wat kan je hieruit concluderen?

e) Op grond van het bovenstaande proberen we nu een eenvoudiger model gebaseerd op één exponentiële functie. Om te voorkomen dat het model te eenvoudig is, gebruiken we geen exponentieel model maar een Weibullmodel: 
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Voer een analyse uit aan de hand van dit model. Neem als startwaarden (1 = 4,3; (2 = 0,5 en ( = 1,5. Was het terecht om een extra parameter ( op te nemen in het model?

f) Voer tenslotte een niet-lineaire analyse uit op het model 
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Neem als startwaarden (1 = 4,8 en (2 = 4. 

g) Het kijken naar significantie van model en parameters is niet voldoende. Onderzoek daarom nu de normal probability plot en de verschillende grafische weergaven van de residuen. Verandert dit je oordeel over het laatste model?
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ABSTRACT

Annatto is a vegetable colouring material used especially in food industry. The plant is
native to tropical America and is now grown in many other countries. Annatto colouring
matter should be principally bixin, which is the main constituent of the pigment
surrounding each individual seed. Its aplication is in colouring dairy products, margarine,
ice cream, bakery products, cosmetic, etc. In Latin America annatto is used as a
condiment and indigenous Brazilian population incoroporate the pigment in pottery and
use it as insect repelent applied direct to the skin. The demand for natural dyes rather than
chemical ones is growing all over the world and so is the price of the annatto seeds. In
Brazil, specially in the Amazon region, the annatto is found in plenty and nowadays it has
been cultivated by the local agricultors. In this work the hygroscopic behavior of annatto
seeds , type Red Piave, coming from Sdo Francisco do Para , Amazon, is analyzed. The
desorption isotherms were obtained at temperatures of 15°C, 35°C, 40°C and 80°C. The
range of relative humidities for each temperature was from 7% to 75%. The isosteric
heats were evaluated for the seeds. The analizys of the desorption isotherms showed that
the experimental data obtained fitted well the GAB model.

INTRODUCTION

The tendency observed in the international trade is to increase the consumption of natural products
and, talking specifically about dyes, the synthetic products are under increasing restrictions. These
restrictions have been applied to foods and more recently also to pharmaceuticals and cosmetics
(Northenberg, 1997). In this way, the annatto seeds (Bixa orellana L.) have found many applications in
colouring several products, due to its characteristics as a natural product, witht no toxicity, and having a
high dye power in a large color spectrum.

The bixin is the main constituent of the pigment of the annatto seeds and it is obtained by extraction
with vegetable oils and organic solvents. The pigment is located in the external layer of the annatto seed
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and corresponds to approximately 6% of its total mass. The main disadvantage of the annatto pigment is
its thermal and light instability, thus a degradation can occur under long time exposion of the seeds at
high temperature, in a drying process for example. The drying of the annatto seeds is a very important
part in the pre-treatment procedure, since it has to be adequately conducted to provide the dried seeds
with the desired good quality. This desired quality is measured by the bixin content in the dried seeds.
Bixin contents lower than 2% have no comercial value.

The knowledge of the correlation of the equilibrium moisture content of the annatto seeds to the air
relative humidity is relevant to control the drying process of the seeds. This correlation , often obtained
for a constant temperature is expressed as an absorption or desorption isotherm. As in a drying process
the moisture is removed from the product, the desorption isotherms are prefered.

The objectives of this work are: - obtain experimentally the desorption isotherms of annatto seeds, at
15°C, 35°C, 40°C and 80°C; - use non linear regression to fit the data to the GAB equation and determine
the three parameters of the models for each temperature; - evaluate the net isosteric heat of desorption
using the Clausius — Clapeyron equation.

WATER ACTIVITY AND SORPTION ISOTHERMS

The moisture content of biological materials, such as seeds, can interact with the various non-aqueous
components of the material and associate with the molecules of the substance at varying intensities. The
water activity was defined to take into account the interactions between the moisture content and the
surroundings and to stablish a degree of the susceptibility of altering the material.

The water activity is defined by the equation:

a=L (1)
po

where, p is the partial pressure of water vapor around the sample and po is the vapor pressure of pure
water, at the same temperature. Equation (1) is an approximate way to express the activity coefficient

proposed by Lewis et al.(1961). At low pressures, about 1 atm, the difference between £ and ? is
P 1
very low and equation (1) can be used to calculate a,, (VanNess and Abbot, 1982).
The water activity is also related to the relative humidity, REH, by :
REH
o T me— 2
100 @

The sorption isotherms are the graphic representation of the equilibrium moisture content of a
material, usually expressed as the ratio of the mass of water to the mass of dry product, as a function of its
water activity. The informations that come out from the curves obtained are very important to define the
drying process and the storage conditions of the product.

THE GAB EMPIRICAL MODEL

Several empirical and semi-empirical models have been proposed to describe the correlation between
the equilibrium moisture content and the water activity for food products (Boquet at al.,1979:Toledo,
1991). The three parameter model of GAB (Gunggenheim - Anderson - de Boer) has been used to fit the
data of food products with satisfactory results and is recommended by the European project COST 90.
The GAB model is usually written as equation (3) :
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X.CKa.

= (3)
(1-Ka.)[1- Ka(C -~ 1)]

where X represents the material moisture content, dry basis, X, C and K are the characteristic constants
of the model. X., corresponds to the moisture content of the monolayer, and, C and K are related to
thermal effects of sorption in this layer and in the multilayer, respectively (Myhara et al, 1996).
According to Chirife et al.(1992) the GAB isotherm equation is an extension of the two-parameter model
of BET (Brunauer — Emmett-Teller), as it considers modifications of the sorbate’s properties in the
multilayer region, introducing the third parameter.

ISOSTERIC HEAT OF SORPTION

The temperature influence on the water activities of food products at a fixed moisture content, can be
described by the Clausius — Clapeyron equation, in the form :

dina. g«
aury R

(4)

where (y is the net isosteric heat. :

The method for calculating qg involves the determination of the sorption isotherms and the graphic
solution of equation (4).

The isosteric heat of sorption is then obtained by :

Q.w:q;f"'AHv (S)

This procedure has been used in several works to calculate the isosteric heats of biological products
(Sanches et al. 1996; Park et al., 1996; among others).

MATERIAL AND METHODS

The type of annatto seeds used in this work is called Red Piave and is cultivated in Sdo Francisco do
Para — Amazon. The samples were gathered in 1996 and stayed in a chamber with controled relative
humidity and temperature. The atmosphere inside the chamber was set in 10°C and 90% of REH.

The desorption isotherms were obtained by the static gravimetric method. The samples of annatto
seeds were exposed to controled relative humidities atmospheres obtained by saturated salt solutions, at
fixed temperatures of 15°C, 35°C, 40°C and 80°C. 500ml glass containers with 80ml saturated solutions
were used, providing controled relative humidities in the range of 7 to 75%.

Samples of 1.00 + 0.05 g of annatto seeds were weighted in triplicate. These samples were put in small
polyethylene cups and set adequately inside the glass containers at controled REH. The glass containers
with the samples were left in an oven at the chosen temperatures. The mass of each sample was verified
every 48 hours until no variation in the mass was observed. The equilibrium was then, obtained, and the
equilibrium moisture content was determinated in a vacuum oven , at 65°C and 600 mm Hg, until
constant weight. During the period of the experiments, the samples were visually analyzed to verify any
change in the seeds color and/or growth of fungus. .

The experimental data obtained of equilibrium moisture content — relative humidity at the fixed
temperatures were fit to The GAB model, equation 3, and the parameters were determined by non-linear
regression, using Statgraphics® 5.0. The criteria to evaluate the result was the relative mean deviation,
given by the following equation:
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;' | Q.
P = 100 Z}"t' vﬂ‘ (6)
izl

n v,

where # is the number of points and v, and v, are the experimental and predicted values, respectively. The
tit is considered satisfactory for P < 10%.

The isosteric heats of sorption for the annato seeds at 15°C, 35°C, 40°C and 80°C were calculated
trom the graphic of Ina, versus 1/T, for which the angular coefficient is the value of the net isosteric heat
at a fixed moisture content, as given by equation 4,

RESULTS AND DISCUSSION
Desorption Isotherms

Table 1 shows the equilibrium data of moisture content and water activity for the annatto seeds at
15°C, 35°C, 40°C and 80°C.

Table 1 — Equilibrium data for the Annatto Seeds

15°C 35°C 40°C 80°C
A X(%db) aw X(%db) aw X(%db) A X(%db)
0.0957 4.02 0.0692 3.96 0.0626 2.84 0.052 1.05
0.113 432 0.1125 4.04 0.1121 339 0.1051 1.62
0234 6.06 0.230 511 0.230 435 0.2605 2417
0.333 7.00 0.3205 6.30 0316 543 05143 412
0.432 8.63 0415 7.83 0.400 6.77 06522 | 5.45
0.665 13.32 0628 11.21 0.615 10.74 0.7629 10.36
0.7413 | 1632 0.7487 17.62 0.7468 15.9 0.789 13.14

The data experimentally obtained and shown in Table 1, can be seen as desorption isotherms in
Figures 1 to 4 and the shape verified for the isotherms of the annatto seeds is sinusoidal. The influence of
temperature on the moisture desorption process can be seen in Figure 5. It is observed a decrease in the
value of equilibrium moisture content for an increase in the temperature, for a fixed value of water
activity. The same behavior was found for several vegetable products (Sanches et al., 1996; Myhara et al., -
1996). The curves of Figure 5 show that, for a value of @, equal to 0.6, the equilibrium moisture contents
of the seeds are 12 %db and 10 %db at 15°C and 35°C, respectively, and below 10 %db at 40°C and
80°C. This value of a, is low enough to prevent bacterian growth and also to maintain the moisture
content of the product at the desired range of values (Myhara et al., 1996). The moisture content of 10
%db is the limit recommended by the Agriculture Ministry for annatto seeds of class I, for commercial
purposes (Rasera, 1991). At this level of moisture content, the quality of the seeds is maintained at the
post harvest period of sotckage, even at the room temperatures in the warehouses in the Amazon region,
since the mean local room temperature is around 35°C in this region.

Analyzing Figures | to 5 we can also observe that for water activities higher than 0.6, small
increments in a, will lead to sensible increase in the values of equilibrium moisture content. This
behavior reiterates the choice of this value for a guarantee that the product will be adequately conserved.
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Figure 1: Desorption isotherm for annatto seeds at 15°C
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Figure 2: Desorption isotherm for annatto seeds at 35°C
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Figure 3: Desorption isotherm for annatto seeds at 40°C
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Figure 4: Desorption isotherm for annatto seeds at 80°C
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Figure 5: Temperature influence on the desorption data of annatto seeds

In Table 2 the values obtained for the constants of the GAB model are shown, as well as P (%) and the
correlation coefficient, 1.

Table 2 — The GAB model fit for the annatto seeds

t Xm C K r P
() (%db) (%)
15 5.602 20316 0.89¢6 0.99975 0.48
35 4323 59.481 1.007 0.99759 3.11
40 4274 20.262 0.987 0.99879 322
80 1.646 36.579 1.109 0.9984 4.89

The values of X,, are below 5.602% for the range of temperatures analyzed. At this level of
moisture content the product can be conserved for long periods. The range of the corresponding water
activities are: at 15°C, 0 to 0.225, at 35°C, 0 to 0.15, at 40°C, 0 to 0.20 and at 80°C, 0 to 0.10. These
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ranges are typical of strongly adsorbed moisture. The fit of the data to the GAB model is als_o shown in
Figures 1 to 4. The values of P (%) and r obtained indicate the excellent fit of the data to equation 3.

Results of Sorption Isosteric Heats

The graphics of Clausius-Clapeyron equation are shown in Figure 6, according to the experimental
desorption isotherms obtained for the annatto seeds.
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Figure 6: Relation between a,, and T — data of annatto seeds
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Figure 7 - Net isosteric heat of sorption for annatto seeds

A decrease in the angular coefficients of the lines are verified for an increase in the product moisture
content, resulting in a decrease in the values of the net isosteric heats of sorption with increasing moisture
content of the samples. Also, an-increase in the temperature leads to a decrease in the values of water
activity, which will give lower values of net isosteric heats, evaluated by equation 5. For the range of
moisture contents studied here, the range obtained for the net isosteric heat is from 24.20 KJ/mol to 2.13
Kl/mol, as shown in Figure 7. The sharp increase observed for the isosteric heat of sorption with

decreasing moisture content indicates the high increase in the interaction energy between the sorbate and
the sorption sites.
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NOTATION

ve  experimental value - P relative mean deviation %

VPP predicted value - p partial pressure of water vapor kPa

Afl. water vaporization enthalpy kJ/mol Qs isosteric heat of sorption kJ/mol

f; fugacity of i component - Qa net isosteric heat of sorption  kJ/mol
fi,  fugacity of pure i - R universal gas constant kJ/mol. K
p,  vapor pressure of pure water kPa T regression coefficient -

a activity coefficient of i component - t temperature °’C

a,  water activity - T absolute temperature K

C Guggenheim constant - REH relative humidity %

K The GAB model parameter - X equilibrium moisture content ~ %db

Xm  monolayer moisture content %db
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