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ABSTRACT 

A model descnbmg the kmettcs of pectm extracuon ts presented The 
effect of degradatton on the yteM of pectm has been taken mto account It 
ts apphed to extractton experiments wtth apple pressmgs and 0 5% nttnc 
actd at temperatures of 60°C, 70°C and 80°C m laboratory extractton 
equtpment The suggested theorettcal model provtdes an opportumty to 
predtct the yteM of pectm, the quanttty of depolymertzed pecttc substances 
and the opttmum duratton of extractton 

INTRODUCTION 

Pectic substances are widespread as building components in the tissue 
structure of higher plants They have an increasing slgntficance in 
modem technology It has been estabhshed that pectic substances can be 
successfully used for the treatment of gastric and intestinal disease and in 
cases of heavy metal poisomng. Great hope In the prevention and treat- 
ment of arteriosclerosis is also laid on the use of pectin-enriched foods 

Therefore, the apphcatlons of pectac substances m people's hves are 
constantly increasing. Of special Importance here is the problem of 
expanding the production of pectin A key issue m pectin technology is 
the process of extracting the pectin from the plant raw material Despite 
the great variety of research in this direction, a complete theoretical 
model of this complex physlcochemacal process has not so far been given 
in the hterature (Kertezs, 1951, Doesburg, 1965, Kratchanov et al ,  
1986, Kmg, 1987, Sheluhma et a l ,  1987) On the other hand, the 
insufficient knowledge about the influence of temperature and ac id i ty  o n  
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the pectin yield dunng a continuous extraction has misled some authors 
m designing the methods for studying the process For instance, 
E1-Nawawl & Shehata (1987) carried out 120-mm extraction of pectin 
from orange peels to achieve the optimum temperature and acidity, 
overlooking the fact that at the extreme values of these parameters (e g 
temperature 90-110°C and pH <1 5) the degradation of pectin 
becomes a very rapid process Tins certainly makes the validity of the 
optimal values found by them for the quoted parameters rather doubtful 
A knowledge of the extraction process kinetics would allow us to progn- 
osticate tins process and optimize the yield and quahty of the obtained 
pectin. Besides, it would give quantitative information as to the effect of 
temperature, pH, duration, type of extractant and other factors on the 
values of the thermodynamic parameters of the process The present 
work is an attempt to create a model of pectin extractaon 

THEORETICAL DEVELOPMENT 

The extraction process takes place in two stages, transformation of the 
insoluble pectin from the plant tissue (conditionally called 'protopectln') 
Into soluble pectin and diffusion of the pectin from the plant tissue into 
the solution (Kertezs, 1951) In these two stages, part of the obtained 
pectm is degraded to low molecular components which is undesirable in 
practice 

Taking tins Into account the extraction process can be discussed from 
the point of view of mathematical formalism m the following way. Let A 0 
be the tmtlal polyuromc acid content of the raw material. The trans- 
formation of the 'protopectm' into soluble pectin is done with a rate 
constant K 1 (including also the diffusion constant). As a result of 
acid-thermal hydrolysis the dissolved pectin could degrade and a low 
molecular product be obtained, the process of degradation taking place 
with a rate constant K 2. If by y(t)  we mark the quantity of dissolved 
pectin that will be obtained as a result of precipitation with alcohol after 
a time t (this process will be called 'obtaining the pectin') and by z(t)  the 
quantity of protopectm m the plant tissue at a time t, then the transition 
of the 'protopectm' into soluble pectin can be described by the dif- 
ferential equation 

dz(t) 
- - =  - g  1 . Z ( t )  (1) 

dt 
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The quantity of dissolved pectin y(t) is regarded as a process of 
accumulation of y(t) and simultaneous degradation. This can be 
described by the differential equation 

dy(t------Z'=K, Z( t ) -Kz  y(t) (2) 
dt 

Since the processes described by eqns (1) and (2) take place simulta- 
neously and are the basis of the extraction process, It is necessary to 
solve them jointly as a system of differential equations 

dz(t) 
= - K1 z ( t )  

dt 

dy(t) 
- K ,  z ( t ) -  K z  y ( t )  

dt 

(3) 

After solving the system (3) by the classical methods (the first equation 
by separation of the variables and the second, after replacing z(t), are 
solved using an integrating multiplier k~--e K2 ') we get the following 
dependences describing the changes with time of the 'protopectm' z(t), 
the obtained pectin y(t) and the degraded quantity of pectin q(t) 

z(t)=Ao e -~ ' '  (4) 

y(t)=A( ' K, (e -h' ' - e  -h '  ') (5) 
K2-K1 

K, _/, , K1 - h, '/ 
q(t)=Ao 1 - ~ - - e  ' + - - e  - (6) ) Kj - K2 K 2  - K1 

As a consequence, from eqn (5) we get eqn (7) describing the kinetic 
process where the process of degradation has been stopped, i e such 
extraction conditions are at hand under whach the pectin macromolecule 
is not depolymerlzed (K2 = 0 )  

y(t)=A(, ( 1 - e  -h' ') (7) 

It is of practical interest to find out at what moment of time, tmax, the 
concentration, Ymax, reaches its maximum value That is why we seek the 
maximum of y(t) from eqn (5) following the classical mathematical 
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procedure and we get 

ln(K1/K2)  
/'max = (8)  

K1 - K2 

K )(l¢2/K~)/(1 - K2/KI) 

Ymax = Zo  " ~'-gll ] (9) 

MATERIALS AND ANALYTICAL METHODS 

Apple pressmgs (1988 crop) prepared by the Pectin Plant m Pernlk were 
used m the experiments They had the followmg parameters" anhydro- 
uromc acid content (AUA), 14 1%, degree of esterlficatlon (DE) of 
pectin, 74"8%, laboratory yield of pectm, 7 5% with 55 6% AUA, gel 
strength (GS), 225°TB. The AUA content and the DE were determmed 
tltnmetrlcally by the Owens et al (1952) method and the gel strength of 
the pectm was determmed using standard 65% sugar jelhes by the 
classical method of Tarr-Baker (Bender, 1949). The laboratory yield of 
pectm was determined after twofold extraclaon of 100 g apple pressmgs 
with 2 hters of 0 5% mtrlc acid at 85°C for 30 mm. The collected filtrates 
were coagulated with an equal volume of 95% ethanol and the coagulate 
was filtered, washed with 70% ethanol and dried m vacuo at 40°C to a 
constant weight The extraction kinetics was carried out with 0 5% mtrlc 
acid at 60°C, 70°C and 80°C up to 120 mm, determining the pectm yield 
(Klrtchev & Kratchanov, 1980) every 10 mm. 

DETERMINATION OF THE 
APPLICABILITY OF THE SUGGESTED THEORETICAL 

MODEL FOR PECTIN EXTRACTION 

On the basis of the experimental data from Table 1, the rate constants K~ 
and K 2 were determined from eqn (5) using the classical algorithm of 
Newton-Rhaffson for flndmg the parameters of nonlinear regresslonal 
dependence described by eqn (5) m accordance with Brandt (1970) 

The realization of the numerical method was done using the NONLIN 
program compiled m FORTRAN IV by Johnson (1980) m wbach the 
sub-program FUNCTION was adapted from the specific functional 
dependence (5) The NONLIN program was tested and run on a CM-4 
computer. The milaal approxlmaUons of the rate constants K 1 and K 2 m 
the different examples were determined graptucally m accordance with 
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Brandt (1970). The calculated values of the rate constants K 1 and K2, 
tm~,, Ymax, Ql0 are presented in Table 2. 

The statistical dispersion analysis of the regressIonal dependence (5) 
and the adequacy check of the obtained analytical dependences were 
done m accordance with the classical procedures described by Brandt 
(1970). The respective data are given m Tables 3, 4 and 5 The adequacy 
check of the regresslonal equations was done using the statistical 
criterion of Fisher. The data in Table 3 indicate that 
Fexpenmental>Ftheoretlcal with a probablhty of p = 9 9 %  wbach gives us 
grounds to accept the adequacy estimate of the model for the kinetic 
process at 60°C The coefficient of regressional dependence R = 0 9954 

TABLE 2 
Parameters of Pectm Extraction from Apple Pressmgs 

Temperature g I × 104 S- ! Qlo K 2 x 104 s-I tma~ (mm) Ymax (%.) 
(°c) 

60 2 57 - -  1 39 86 8 6 83 
70 3 75 1459 1 23 73 8 8 19 
80 5 63 1 502 1 19 584  931 

TABLE 3 
Stausucal D~sperslon Analysis of the Kinetic Model of Pectin Extraction from Apple 

Pressmgs at 60°C 

No Duratton YteM Theoretwal Differences 
(mm) y, (%) y, (%) between the 

measured and 
theorettcal ytelds (%) 

1 10 2 15 193 0219  SS= 24 2803 
2 20 366  343  0228  SS R= 02213  
3 30 464  458  0 6 4 2 x 1 0 - ~  SS D= 24 059 
4 40 5 44 5 43 0 147 x 10-  l MSR = 0 0264 
5 50 596  603  - 0 7 3 1 x 1 0  -~ MSD= 120294 
6 60 638  6 4 4  - 0 6 3 2 x 1 0 - '  R--  09954  
7 70 653  669  - 0 1 6 3  Fe=489  
8 80 666  681 - 0 1 5 3  VD= 2 
9 90 672  683  - -011  VR---- 9 

10 100 678  676  0 1 5 1 X 1 0  -1 
11 110 675  664  0114  
12 120 6 64 6 46 0 181 

F T (VD, Va, a = 0  04)= F T (2 9 ,001)  
= 8 0 2  
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TABLE 4 
Statistical Dispersion Analys~s of the Kmenc Model  of Pectin Extraction from Apple  

Pressmgs at 70°C 

No Duranon YteM Theorettcal Dtfferences 
(mm) y, (%) y, (%) between the 

measured and 
theorencal ytelds (%) 

1 10 2 8 4  273  0 106 SS= 29 1321 
2 20 471  4 7 2  - 0 1 3 1 x 1 0  -1 SSR = 0126  
3 30 6 1 7  6 1 3  0 3 8 7 x 1 0 - 1  SSD = 29 0061 
4 40 7 21 7 09 0 122 MSR = 0 014 
5 50 771 7 7 0  0 1 2 6 x 1 0 - 1  MSo= 14 50305 
6 60 801 804  - 0 2 8 8 x  10 - I  R = 09978  
7 70 805  818  - 0 1 2 7  Fe-- 1035 93 
8 80 795  816  - 0 2 1 3  VD = 2 
9 90 795  804  - - 0 8 5 8 X 1 0  -1 VR---- 9 

10 100 787  783  0 4 3 5 X 1 0  - l  
11 110 766  756  0101  FT(VD, VR, a ) = F T ( 2 9 , 0 0 1 )  
12 120 738  725  0 1 2 7  = 8 0 2  

TABLE 5 
Stanstlcal Dispersion Analysis of the Kmetlc Model of Pectin Extraction from Apple  

Presslngs at 80°C 

No Duratton Yield Theorettcal Dtfferences 
(ram) y, (%) y, (%) between the 

measured and 
theorencal yzelds (%) 

1 10 4 0 2  3 89 0 128 SS = 21 3831 
2 20 6 8 4  6 4 0  0 4 3 8  SSR = 0 1808 
3 30 8 20 7 94 0 267 SSD-- 21 2023 
4 40 866  881 - 0 1 5 1  MSo = 1060115 
5 50 880  921 - 0 4 1 5  MSR= 00904  
6 60 8 9 0  9 3 0  - 0 4 0 2  R =  09958  
7 70 8 9 0  9 1 8  - 0 2 7 6  Fe= 11727 
8 80 885  891 - 0 6 2 4 x  10 -1 VD = 2 
9 90 863  8 56 0683  X 10-1 V R= 9 

10 100 8 32 8 16 0 160 
11 110 791 773  0 1 7 7  FT(VD, VR, a = O 0 1 ) = 8 0 2  
12 120 7 50 7 30 0 203 
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shows that 99% of the experimental dispersion data are described by 
eqn (5). 

The data in Table 4 show that Fexpe,ment~ d > Ftheoreuc ~ when p--99%, 
whtle R -- 0 9978 in&cates that 99.56% of the experimental dispersion 
values are described by eqn (5) at 70°C. The data in Table 5 also show 
that Fexp~.t~d > Ftheoreucal when p -- 99% while R = 0.9958 indicates that 
99"58% of the expertmental dispersion values are described by eqn (5) at 
80°C. 

The results from the statistical analysis presented m Tables 3, 4 and 5 
give grounds to the claim that the kinetic model (5) of pectin extraction 
suggested here ]s a reliable one and can be used for the descriptaon and 
opttmlzation of the process. On the basis of the rate constants K~ and K 2 
determined by the above methods, we calculated also the change m the 
quanlaty of unextracted 'protopectm' z(t) as well as in the quantity of the 
degraded pectin q(t) for the different extraction temperatures. Figures 1, 
2 and 3 glve graphical presentations of the values of y(t), z(t) and q(t) 
obtained using eqns (4), (5) and (6). 

The analyacal calculations and the graplucal drawings were done 
using the KIN program with the PLOT sub-program borrowed from 

Fig. 1. 
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Johnson (1980) The data m Table 2 indicate that m the temperature 
interval mvesngated (60-80°C) the values of K2 decrease slowly with the 
increase m temperature The temperature coefficient, however, is close 
to unity while m other cases the hydrolysis of heteropolysacchandes is 
accelerated with an increase in temperature Tins seemmg anomaly m 
the change of K 2 is connected with its indirect determmaUon, 1 e by the 
pectin yield In practice it is rather difficult to study the depolymerizatlon 
of pectin m the extraction mixture directly On the other hand, the 
molecular heterogeneity of extracted pectin, winch also depends m a 
specific but so far unknown way on the temperature, also has an impact 
on the value of K2 Checking tins hypothesis requires that fractional 
extraction of the pectin macromolecules be carried out and that their 
molecular characteristics and quantity be determined during the extrac- 
non process It would also be useful to develop a new direct method for 
determining K2 Despite all tins, the results quoted above mdlcate that 
the suggested theoretical model descnbes adequately the process of 
pectin extracnon and could be used m studying the optunal conditions 
for obtaining pectin from various raw materials 

Our results provide an acceptable explanation of the unexpected 
observation made by EI-Nawawl & Shehata (1987) that at pH < 1 5 
and a temperature of over 90°C the yield of extracted pectm drops 
sharply Under  these extreme conditions the extraction of pectin should 
obviously take place for a considerably shorter time than 120 mm The 
shape of the curves m Figs 1-3 leads to the conclusion that at a tempera- 
ture of over 90°C the maxunum yield would be obtained m a tune of 
20-40 mm. The effect of pH could be predicted m the same way. 
Therefore, the opnmal values of the parameters of pectm extraction 
deduced from E1-Nawawl & Shehata ( 1987) are not sufficiently proven. 

In relation to usmg the model suggested m tins article for predeter- 
mining the yield of pectin during industrial extraction processes, some 
measurements were made of the gel strength of pectic preparations 
obtained at an extraction temperature of 80°C (described m Table 1) 
The results are shown m Fig 4 It can be seen that prolonged pectin 
extraction at 80°C results m a 10% change in the gel strength of the 
obtained pectic preparations The function (curve 1) passes through a 
maximum m relation to time winch comodes  with the maximum value of 
the yield. Tins coincidence is more clearly expressed by curve 2 winch 
represents the pectin yield indicated as 200°TB pectin. The increase in 
the gel strength with time is due to the decrease m the DE of the pectin 
and probably to the fact that highly molecular pectin is slowly extracted. 
A surular observation of a shght effect of the extraction tune on pectin 
gel strength was described m a previous publication (Kratchanov et a l ,  
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1986) Compared with the curve m Fig 3 indicating a relaUvely mtensive 
depolymerizaUon of the pectin during extraction, these data require the 
assumption that the rate of depolymerlzatlon of pectin molecules 
depends on their molecular weight --  the low molecular pectin fractions 
are more quickly depolymerlzed than the tugh molecular pectin 

CONCLUSIONS 

A kinetic model of pectin extraction is proposed taking Into account the 
impact of dissolved pectin molecule degradation. The  maximum yield 
and the opttmal extracUon time were determined using mathemaucal 
methods 

The  apphcablhty of the model for descnbmg the aod  extraction of 
apple pectin with 0 5% mtrlc acid was tested under laboratory condi- 
tions It was established that the rate constant of extraction varied from 
2 57 × 1 0  - 4  s - l  at 60°C to 5 63 x 1 0  - 4  s - l  at 80°C, while the maxtmum 
yield (9 31%) was obtained at 80°C over a penod of 68 mln. The 
proposed theoretical model describes adequately the pectin extraction 
process m an acid medium and offers opportumtles for optmuzmg the 
extraction conditions 
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