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Nonenzymatic Degradation of Citrus Pectin and Pectate during
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The underlying mechanisms governing nonenzymatic pectin and pectate degradation during thermal
treatment have not yet been fully elucidated. This study determined the extent of nonenzymatic
degradation due to p-elimination, acid hydrolysis, and demethylation during prolonged heating of
citrus pectins and its influence on physicochemical properties. Solutions of citrus pectins, buffered
from pH 4.0 to 8.5, were heated at 75, 85, 95, and 110 °C for 0—300 min. Evolution of methanol and
formation of reducing groups and unsaturated uronides were monitored during heating. Molecular
weight and viscosity changes were determined through size exclusion chromatography and capillary
viscometry, respectively. Results showed that at pH 4.5, the activation energies of acid hydrolysis,
p-elimination, and demethylation are 95, 136, and 98 kJ/mol, respectively. This means that at this
pH, acid hydrolysis occurs more rapidly than g-elimination. Furthermore, the rate of acid hydrolysis
is diminished by higher levels of methyl esterification. Also, citrus pectin (93% esterified) degrades
primarily via -elimination even under acidic conditions. Acid hydrolysis and $-elimination caused
significant reduction in relative viscosity and molecular weight.

KEYWORDS: Nonenzymatic degradation; f-elimination; acid hydrolysis; demethylation; pectin degrada-
tion; citrus pectin

INTRODUCTION removal of the H atom at C-5 and the glycosidic residue at C-4
of galacturonic acid residues, leading to the formation of an

The textural properties of plant-derived food products have .
prop P P unsaturated compound that absorbs at 235@)mAn increase

been closely associated with the ability of pectins to form gels . . .
and aggregates, thus modulating consistency of fluid products'” absqrb_anc_e at 235 nm may be used to monitor the formation
(1) and firmness of particulate food®)( However, pectin  Of A-éliminative degradation products (7). o
solubilization and degradation occur during the processing of ~Previous studies have shown that at pt8, -elimination
fruits and vegetables. This is caused by both enzyme-catalyzed®ccurs at a significant rate (7). Demethylation at pH 8—11 has
and nonenzymatic mechanisms. In many cases, enzymes ardlso been reported to occur significantg).(However, char-

completely inactivated by an initial heat treatment, such as the acterization of these reactions under acidic conditions has not
hot break process for tomatoes or pasteurization in juices. P€en evaluated. It is relevant to determine degradation rates

However, as the product is subjected to further thermal under acidic conditions because most food products formulated
processing, pectin breakdown may occur via nonenzymatic with pectins or those that inherently contain pectins are acidic
mechanisms. This leads to a decrease in pectin molecular weightin nature (e.g., citrus and grape juices, tomato products, yogurt,
resulting in a loss of pectin functionality. For this reason, much €tc.). However, there is limited information in the literature on
of the research describing textural modifications during industrial the rates off-eliminative degradation and demethylation of
processing centers on characterization of pectin changes througiP€ctins and the subsequent influence on physicochemical
the study of changes in molecular weight profil8s @lthough properties under acidic cond|t|on_s. leeW|se_, the extent (_)f
many studies have attempted to characterize pectin solubilization-€limination as compared to acid hydrolysis under acidic
and degradation, only a few have presented data on the extenfonditions has not been directly shown. Literature related to
to which various nonenzymatic degradation mechanisms occur.demethylation reactions under various conditions of industrial

Chemicalg-elimination is one of the mechanisms of nonen- Processing of plant-derived food products is also limit8yl (
zymatic degradation in pectins. The rate of this reaction is Smidsrod et al. 10) reported that at the pH range of acid
accelerated with increasing degrees of methylation, temperaturefoods (pH 2.5-4.5), pectate degraded more rapidly than pectin
and pH @—6). This trans-elimination reaction results in the and thatincreases in pH resulted in decreased degradation rates.

Similarly, Krall and McFeeters9) reported that when pectin
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also reported that higher degrees of pectin methyl esterification  Determination of Unsaturated Uronides.The extent of3-elimina-
resulted in lower rates of reducing sugar formation. However, tion was monitored by measuring the formation of unsaturated uronides
in both studies actual data differentiatifigelimination or acid during heating, as indicated by absorbance changes at 235 nm according
hydrolysis reactions were not shown. If the mechanism of to the method of Kravtchenko et allZ). The absorbance spectrum

. : S from 500 to 200 nm was monitored. Unsaturated uronides have an
g(r)l{;eggy;ﬁtr:zrizgrea?natsgu\::viﬁ ?!Té;?gogl’;y:ﬁrsessr?ﬁlg :Igto beextinction coefficient of 5200 M' cm™. All results obtained were

; . . correlated with the formation of reducing sugars during heating.
closely followed by a proportionate increase in unsaturated Determination of Methanol. The evolution of methanol was

uronide formation. On the other hand, if acid hydrolysis occurs, monitored following the assay described by Anthon and Barf.
there should be a significant increase in the evolution of reducing Briefly, 30 4L of pectin solution was added to 9@ of phosphate
sugars without a significant formation of unsaturated uronides. buffer (pH 7.5, 0.2 N); 1QuL of alcohol oxidase was then added to
Therefore, it should be possible to discriminate the two reactions oxidize the methanol to formaldehyde. The resulting formaldehyde was
by looking at end products. reacted with Purpald to produce a stable colored product that was
The dynamics betweef-elimination and acid hydrolysis ~ guantified at 550 nm against a methanol standard curve.
reactions in food systems, as affected by various conditions of Determination of Relative Viscosity. The relative viscosity of

pH, temperature, and pectin methylation level, has not been fully S2MPles heated for up to 210 min was measured using a standard
P ! . ’ . 7 Cannon-Fenske capillary viscometer setup supported in a Canon-Fenske

examlnec_i. This St”‘?'y aimed to follow these nonen_zymghc visometer holder in a 30C water bath. The viscometer holder kept

degradation mechanisms under a controlled system using Citrusye yiscometer in a vertical position. A 10 mL sample was pipetted

pectin and citrus pectate as model compounds. We alsOjntg the viscometer, and the time, in seconds, for the fluid to pass
determined the influences @i-eliminative degradation, acid  through demarcation lines was recorded. Results were reported relative
hydrolysis, and demethylation on the physicochemical changesto the time water at 30C passes through the demarcation lines.

in citrus pectin during prolonged heating under acidic conditions.  Determination of Molecular Weights. Changes in the molecular
Ultimately, the goal of this study was to improve the quality of Wweight profile of the heated pectin solutions were determined using
food products containing pectins by understanding the mechanicshigh-performance size exclusion chromatography equipped with a

of pectin solubilization and degradation and how they may be multiangle laser light scatter detector, HPLC-MALLS (DAWN DSP-
minimized F, Wyatt Technology Corp., Santa Barbara, CA) and a refractive index

detector (ANSPEC Co., Tokyo, Japan). The chromatography was
conducted with three Waters colums, namely, Ultrahydrogel 250, 1000,
MATERIALS AND METHODS and 2000 with exclusion limits of & 10%, 1 x 10f, and 7x 10° g/mol,
Materials. Citrus pectin and citrus pectate [degree of esterification "€Spectively. The columns were maintained at a constant temperature
(DE) about 93, 69, 24, and5%, respectively], alcohol oxidase (from ~ ©f 40 °C. Injections of 10QuL aliquots of sample were made using an
Pichia pastori3, and Purpald (4-amino-3-hydrazino-5-mercapto-1,2,4- autom_atlc sampler. _The elpent used was 0.01 N sodium nitrate _(pH
triazole; catalog no. 162892) were obtained from Sigma Chemical Co., 6-8) With 0.01% sodium azide at a constant flow rate of 0.6 mL/min,

St Louis, MO. Dextran T40 and T200 were obtained from Pharmacia, esulting in 30 bar pressure. Dextrans T40 and T200 were used to verify
Uppasala, Sweden. the accuracy of the system. A value of 0.15 mL/g refractive index

Pectin and Pectate Heat TreatmentsTo investigate the influence ~ increment was used. Data collected were processed using ASTRA
of nonenzymatic mechanisms of degradation on the physicochemical Software, version 4.73.04 (Wyatt Technology Corp.) and were expressed
properties of citrus pectins during prolonged heating, 1% solutions of @S Weight-average molecular weight.
citrus pectin (93% esterified) and citrus pectaté&¥o esterified) were
made at pH 4.5 and 8.5 using 100 mM Tris—acetate buffer. The RESULTS
treatment at pH 8.5 was used as a positive control for the occurrence

of s-elimination. The presence of Tris does not affect the reaction rates. . .
The resulting solutions were heated at 75, 85, 95, andC1fi screw- Prolonged Heating.When heated at pH 4.5 and 5, solutions

capped test tubes for 0—300 min. The pH of the solution was Of CItrus pectate (degree of methyl esterificatfos%) produced
determined at the actual heating temperatures using a Tris-compatible"®ducing sugars more rapidly than a solution of citrus pectin
double-junction Ag/AgCl reference combination eletrode. Samples were (degree of methyl esterificatior 93%), an indication that at
taken every 30 min and subsequently analyzed for reducing sugars,this pH, citrus pectate is hydrolyzed more rapidly than citrus
unsaturated uronides, methanol content, molecular weight, and relativepectin (Figure 1A). Pectin solutions with intermediate levels
viscosity. To investigate the effect of pH, 1% solutions of citrus pectin - of methyl esterification showed intermediate rates of reducing
(93% esterified) and citrus pectate 3% esterified) were made. The  gygar formation (Figure 2). The hydrolysis of the pectate
pH of the solutions were adjusted to from pH 4 to pH 7. The resulting  5oution did not lead to the accumulation of comparable amounts
solutions were heated at 9 for 2 h inscrew-capped tubes. Samples ¢ ey cing sugars and unsaturated uronides, indicating that the
were taken and analyzed for the formation of reducing sugars and formation of reducing sugars was mainly due to hydrolytic

unsaturated uronides. breakd liminati I trast, wh th te of
The effect of methylation levels on the degradation rates of citrus reakdown, nofi-elimination. In contrast, whereas the rate o

pectins at pH 4.5 was also investigated. Solutions of 1% citrus pectin 'éducing sugar formation in the pectin solution was much lower
with 93, 69, 24, and<5% DE were made using 100 mM sodium acetate, than for the pectate, similar amounts of reducing sugars and
pH 4.5. The resulting solutions were heated in screw-capped tubes atunsaturated uronides were formed, indicating that the pectin
95 °C for 2 h. Samples were obtained every 30 min and analyzed for breakdown was primarily due f®-elimination. When the same

the formation of reducing sugar and reduction in molecular weight. experiment was performed at pH 8.5, the relative stabilities of
Heating experiments and analytical assays were conducted in triplicate.the pectate and pectin were reversed, with citrus pectin

Determination of Reducing Sugars.The reducing sugars were degrading more rapidly than citrus pectaglre 1B). Again,

measured following a modification of the assay described by Milner the pectin solution produced equal amounts of reducing sugars
and Avigard (1). Briefly, 100uL of copper reagent consisting of 23.3 and unsaturated uronides, whereas the pectate solution did not.

g of NaCl, 5.4 g of sodium acetate, and 0.5 g of CuSB,0O at pH ST . . .
4.8 was added to 100L of sample. The mixture was heated for 15 These results indicate that at both acid and alkaline pH pectin

min at 100°C. Subsequently, 0.8 mL of FokrCiocalteu reagent ~ (93% DE) breakdown is due fé-elimination reaction. Under
(diluted 1:40 with distilled water) was added, and the absorbance of @lkaline conditions pectin is less stable than pectate.

the resulting solution at 750 nm was determined. A standard curve Heating pectin solutions also led to an accumulation of
was made using galacturonic acid. methanol, indicating pectin de-esterification. The rate of metha-

Degradation of Citrus Pectin and Citrus Pectate during
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Figure 1. Formation of reducing sugars (solid symbols) and unsaturated
uronides (open symbols) during the thermal treatment of citrus pectin 1T (K"
(triangles) and citrus pectate (circles) at 95 °C at pH 4.5 (A) and Figure 3. Evolution of methanol during thermal treatment of citrus pectin
pH 8.5 (B). at pH 4.5 as affected by increasing heating temperatures (A). An activation
0.2 energy of 98 kJ/mol was obtained from the corresponding Arrhenius
plot (B).
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Figure 4. Effect of pH on the formation of reducing sugars (solid symbols)
and unsaturated uronides (open symbols) during thermal treatment of
citrus pectin (triangles) and citrus pectate (circles) at 95 °C for 120 min.

Figure 2. Formation of reducing sugars during thermal treatment of citrus
pectins with various degrees of methyl esterification at 95 °C at pH 4.5.

nol formation was monitored during heating at pH 4.5 over the

temperature range from 75 to 110 (Figure 3A). An Arrhenius pH values, indicating thaé-elimination can occur at pH 4.5,
plot of these rates is linear and continuous over this temperatureanhough the rate is very lowF{gures 1and4).

range Figure 3B). The extent of demethylation of citrus pectin The rates of reducing sugar and unsaturated uronide formation
under the conditions studied resulted in only abot8% of during the heating of pectin at pH 4.5 increased as the
the total methyl ester ayailable. The activation eneli'g;,yl()as:ed temperature was increasdgdgure 5A). An Arrhenius plot of
on the Arrhenius plotRigure 3B) yielded 98 kJ/mol. Previous  these rates is linear and continuous over the temperature range
demethylation studies carried out from pH 8 to 11 and from 15 {,om 75 to 110°C (Figure 6). There is an approximately 3.5-
to 45°C reportedE, values of 42-49 kJ/mol, describing the  fo|d increase ing-eliminative reaction rate for every 10 degree
reaction as pseudo-first-order (8). rise in temperature (fg). The activation energy ( for the

The effect of pH on the degradation rates of citrus pectin S-elimination reaction was determined to be 136 kJ/mol. Several
and citrus pectate during heating at@5is illustrated in more authors who describggtelimination at pH 6.8-11 found similar
detail inFigure 4. Pectate hydrolysis, measured as the formation values ofQ.o andE, (5, 9, 14). For example, Sila et al14)
of reducing sugars, did not occur at pH value6.0. Below reportedE, values of 122.6 (£11.0) kJ/mol in their study of
pH 6.0, the degradation rate for pectate increased with decreasnonenzymatic depolymerization of carrot pectin. When pectate
ing pH. At all pH values the level of unsaturated uronides was is heated at pH 4.5, the rates of reducing sugar and unsaturated
low and did not show any correlation with the formation of uronides did not increase proportionatelyigure 5B). An
reducing groups. These results indicate that pectate degrade#rrhenius plot of these rates is linear and continuous over the
primarily by acid hydrolysis and that this reaction only occurs temperature range from 75 to 12Q (Figure 6). The E, for
at pH values of<6.0. The effect of pH on pectin breakdown acid hydrolysis was determined to be 95 kJ/mol.
showed the opposite trend. Reducing sugar formation increased Effect of #-Elimination and Acid Hydrolysis on Physico-
with increasing pH, and the formation of reducing groups chemical Properties of Citrus Pectin and Citrus Pectate.
correlated with the formation of unsaturated uronides. This Effect on Relative Viscositieating a solution of citrus pectin
suggests that citrus pectin degrades primarily throughea to 95°C at pH 4.5 for 210 min resulted in a 20% decrease in
limination reaction. Unsaturated uronides were detected at all relative viscosity (Figure 7). Under similar conditions, citrus
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Figure 5. Formation of reducing sugars (solid symbols) and unsaturated

uronides (open symbols) during thermal treatment of citrus pectin (A)

and citrus pectate (B) at pH 4.5 as affected by increasing heating

temperatures. Negligible amounts of unsaturated uronides (<0.1 nmol/

uL) were determined at all time—temperature conditions for citrus pectate.
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Figure 6. Arrhenius plot for S-elimination of citrus pectin (a) and acid
hydrolysis of citrus pectate (@) at pH 4.5 heated from 75 to 110 °C.
Slopes (k) were obtained from panels A and B of Figure 5, respectively.
The plot gave activation energies of 136 kJ/mol for 3-elimination and 95
kd/imol for acid hydrolysis.
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Figure 7. Time course for change in relative viscosity in 1% citrus pectin
(circles) and 1% citrus pectate solutions (triangles) during thermal treatment
at 95 °C and pH 4.5 (open symbols) and pH 8.5 (solid symbols).
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occurs more rapidly thaf-elimination of pectin under the same
conditions (Figure 1A).

When heated at 95C at pH 8.5 for 210 min, a solution of
1% citrus pectin resulted in a 60% decrease in relative viscosity.
Under similar conditions, a 1% solution of citrus pectate
underwent about a 20% reduction in relative viscostig(re
7), which is a reversal of the trend when the solutions were
heated at pH 4.5. At pH 8.5, citrus pectin degrades much more
quickly than citrus pectate becauBeelimination occurs sig-
nificantly more quickly than acid hydrolysis (Figure 1B).

The rates of loss in relative viscosities of pectin and pectate
solutions heated at 95C at pH 4.5 and 8.5Higure 7) are
consistent with the trends in the formation of reducing sugars
and unsaturated uronides (Figure 1).

Effect on Molecular WeightChanges in molecular weights
were monitored through HPLC-MALLS. The changes in mo-
lecular weight of pectin and pectate during heating t6Q5t
pH 4.5 and 8.5 are shown irigure 8. At pH 4.5, there is a
rapid decrease in the molecular weight in citrus pectate. After
30 min of heating at 98C and pH 4.5, there is a 40% decrease
in the molecular weight of citrus pectate, from 6.4710* to
4.16 x 10* g/mol. Under similar conditions, the molecular
weight of citrus pectin decreased by only about 10% from 3.56
x 10*to 3.20x 10* g/mol. After 300 min of heating at 95C
and pH 4.5, there were 80 and 40% decreases in the molecular
weight in citrus pectate and citrus pectin, respectively. During
heating at 95C and pH 8.5, citrus pectin degraded much more
rapidly than citrus pectate. After only 30 min of heating at 95
°C and pH 8.5, the molecular weight of citrus pectin decreased
by about 80% from 3.56< 10* to 8.27 x 10° g/mol. Under
similar conditions, the molecular weight of citrus pectate
decreased by only about 20%, that is, from 7:41.0* to 5.5
x 10* g/mol. After 300 min of heating at 95C and pH 8.5,

pectate underwent about a 40% reduction in relative viscosity. there are approximately 85 and 70% decreases in the molecular
The relatively greater loss in viscosity in the pectate versus the weights of citrus pectin and citrus pectate, respectively. These

pectin solution at this pH is consistent with the resultBigure

molecular weight changes were consistent with the kinetics of

1A. Under these conditions, the decrease in relative viscosity pectin breakdownRigure 1) and relative viscosity changes

in citrus pectin may be attributed fBeliminative degradation,

(Figure 7) at both pH levels.

whereas the decrease in relative viscosity in citrus pectate is A summary of changes in citrus pectin and pectate due to
due to acid hydrolysis. At pH 4.5, acid hydrolysis of pectate nonenzymatic degradative reactions is givemable 1.
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Table 1. Summary of Changes Due to Nonenzymatic Degradation of Citrus Pectin and Citrus Pectate during Prolonged Heating

pH effects on reaction rates at 95 °C

(nmol of reduced groups or effect of pH and heat (95 °C)
unsaturated uronides (x10~3)/min) on loss of relative viscosity and mol wt
viscosity loss % wt av mol wt loss (%)
degree of mechanism of
esterification nonenzymatic E, critical pH

(%) degradation (kJ/mol) pH45 pH 85 for reaction pH 4.5 pH 8.5 pH 4.5 pH85

pectate <5 acid hydrolysis 95 5.9 30 <6.0 40 20 80 70

pectin 93 [-elimination 136 90 1.2 >6.0 20 60 40 85

DISCUSSION perature dependent than it is pH dependent. Under similar

conditions, pectate degraded via acid hydrolysis. The lack of
correlation between the formation of reducing groups and
unsaturated uronides suggests tikigQre 5B). TheE; of the
reaction is calculated to be 95 kJ/mdtigure 6). The E,

The formation of reducing sugars and unsaturated uronides
may be used to determine whetheliminative degradation
or acid hydrolysis occurred in a given pectin system. An increase

n reducmg sugars W'th cqncom|tant fqrmatlon of unsaturated between pectin and pectate varied largely, with acid hydrolysis
uronides indicateg-eliminative degradation. On the other hand, S X ;
of pectate much greater thgfelimination of pectin. This

an increase in reducing sugars alone indicates degradation by : -
acid hydrolysis. In past studies, only the formation of either indicates t_hat at pH 4.5, the hydr_olyt_lc breakdo_vvn of pectate
more readily occurs than thgelimination of pectin.

reducing sugars9j or unsaturated uronide$4) was determined i . -
to follow nonenzymatic reaction rates. The present study follows At PH 4.5, approximately 2% of the pectins are demethylated

both reactions and therefore ascertains the conditions undern solutions heated at 9% (Figure 3). Renard and Thibault
which acid hydrolysis op-elimination predominates. (9) studied demethylation at pH values from 8 to 11 ar@5
Kravtchenko et al. (12) reported that the determination of @nd reported an activation energy of 42—48 k/mol. In the

unsaturated uronides at 235 nm is a good estimafeatimina- present study an activation energy c,)f about 98 kJ/ ”!‘?' was
tion. However, it was noted that at high temperatured 10 calculated for the demethylation reaction at pH 4.5. THiss

°C) and long times, the amount of unsaturated uronides may 2 times greater than that previously report&. (The higher
be overestimated because browning products may interfere with@ctivation energy obtained may be due to the fact that the range
their detection at 235 nm. Also, if only reducing sugars are Of PH values evaluated was lower and the temperature range
determined, an accurate measurgdedlimination may not be was much higher than in previous stuo_hes. Demethylatlon_ma_y
obtained because acid hydrolysis also produces the samd’€ viewed as a base-catalyzed reaction, the rate of which is
product. This study points out that pectins degrade primarily depepdent on the amount of avalllable hydroxyl groups for the
through B-elimination under alkaline and acidic conditions. €action to proceed. Results of this work suggest that demeth-
During pectin degradation, the rate of reducing sugar formation Ylation is dependent on both pH and temperature conditions.
is always accompanied by a proportionate increase in unsatur-Renard and Thibault (9) noted that any increase is temperature
ated uronidesl A previous Study Suggests that pect|n degradey\”” Increase the rate qf—ehmlnatlon, Whel’eas any Increase In
via acid hydrolysis below pH 3.8}]. However, this suggestion ~ PH increases the rate of demethylation.
comes from data showing a difference in the rate of reducing These results have direct application to processes during
sugar formation from pectin as compared to pectate. In the which products are heated initially to inactivate enzymes and
present study, the production of both reducing sugars andthen thermally concentrated for prolonged times. For example,
unsaturated uronides was monitored to determine the mechanisnprevious studies on tomato paste processing indicate that
of degradation. significant nonenzymatic viscosity loss occurs the during
This study points out that at pH 4.5, citrus pectin is more concentration from about 5 to 3Brix, which takes about-36
stable than citrus pectatgigure 1). This finding is corroborated ~ h (3). Under similar time and temperature conditions, solutions
by the results on the changes in relative viscosity and molecularof 1% citrus pectate showed about a 40% decrease in relative
weight (Figures 7 and 8, respectively). Furthermore, the viscosity, mainly due to acid hydrolysis. Because the rate of
degradation of citrus pectate decreased as the degree oficid hydrolysis at pH 4.5 is slower at higher levels of
methylation increased. Krall and McFeeters (8) previously methylation (Figure 1), it may be possible to preserve the
reported that pectin hydrolyzed more slowly than pectate below consistency of pectin-containing products under similar condi-
pH 3.5. These authors also reported that increased methylatiortions. Indeed, citrus pectin (DE 93%) heated at pH 4.5 showed
levels decreased hydrolysis rates under acidic conditions. Inonly a 20% decrease in relative viscosifyiqure 7). These
contrast, we found that pectate undergoes acid hydrolysis belowresults suggest that in order to minimize loss in pectin viscosity
pH 6.0. The pH levels we report here are the pH levels at the during prolonged heat treatment of pH 6.0 or lower products,
actual heating temperature. The pH was measured throughouit may advantageous if the methyl esterification of pectin is
the duration of the heating experiments. conserved. This condition may be achieved through high-
At pH 4.5, B-elimination of pectin increased with increasing temperature (about 985 °C) treatments targeting enzyme
heating temperature, generatingiyof 136 kJ/mol to describe  inactivation such as blanching (15). Another specific process
the temperature dependence of this reactiigure 6). This operation that may result in greater pectin methylation is the
value was similar to previously reported activation energies for hot break process in tomato paste production. During this
B-elimination (5,9, 14) at pH levels between 7 and 11. The process, polygalacturonase and pectin methylesterase enzymes
fact that theE,; was similar at pH values ranging from pH 4.5 are quickly inactivated, resulting in more intact pectins (16).
to 11.0 suggests thdt-eliminative degradation is more tem-  Furthermore, it was found that at pH 4.5 there is only about
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2% demethylation occurring during heating of citrus pectin at  (3) Hurtado, M. C.; Greve, L. C.; Labavitch, J. M. Changes in cell

95 °C for 300 min Figure 2). Therefore, an initial high degree wall pectins accompanying tomataycopersicon esculentum
of methyl esterification should retard acid hydrolysis during Mill.) paste manufacturel. Agric. Food Chen002,50, 273—
prolonged heating at pH 4.5. 278.

(4) Von Vollmert, B. Uber den alkalischen Pektinabbadakromol.
Chem.1950,5, 110—127.

(5) Albersheim, P.; Neukom, H.; Deuel, H. Splitting of pectin chain
molecules in neutral solutionérch. Biochem. Biophy<.960,

Conversely, in citrus pectin solutions with pt6.0, at which
p-eliminative degradation is more significant than acid hydroly-
sis (Figure 4, citrus pectate (DE5%) proved to be more stable

than pectin, maintaining higher relative viscosity and molecular 90, 46.

weight during heating. In products with pH6.0, such as carrots (6) BeMiller, J. N.: Kumari, G. V.f-elimination in uronic acids:
and green beand, 18), f-elimination may be the dominant evidence for an ElcB mechanisr@arbohydr. Res1972, 25,
nonenzymatic mechanism of pectin degradation. Results of this 419—428.

study suggest that it may be best to maintain low levels of (7) Kiss, J.5-eliminative degradation of carbohydrates containing
methyl esterification in such relatively low acid products in order uronic acid residuesAdy. Carbohydr. Chem. Biochert974,

to maintain viscosity. One way that this may be achieved is 29, 229-303.

through low-temperature (about-6@0 °C) blanching regimes (8) Renard, C.; Thibault, J. F. Degradation of pectins in alkaline
(14,15), which activate pectin methyl esterase, thereby resulting conditions: kinetics of demethylatiotarbohydr. Res1996,

286, 139—150.

in pectins with low degrees of methyl esterification. Any ) Krall, S. M.. McFeeters, R. F. Pectin hydrolysis: effect of

decre:?\se n processipg.temperature during concentrqtion may temperature, degree of methylation, pH, and calcium on hy-
result in decreasefl-eliminative rates because the reaction has drolysis rates Agric. Food Cheml1998.46. 1311—1315
a strong temperature dependence. Either low-temperature blanch-(lo) Smidsrod. O.- Haug A Larsen. B. The influence of pH on the

ing or lower concentration process temperatures may result in rate of hydrolysis of acidic polysaccharidégta Chem. Scand.
more intact pectins in products with pH6.0. The study implies 1966,20, 1026—1034.
that improved firmness observed in low-temperature-blanched (11) Milner, Y.; Avigard, G. A copper reagent for the determination
pH =6.0 fruit and vegetable pieces may indeed be due at least of hexuronic acids and certain ketohexos€arbohydr. Res.
in part to a decrease jfteliminative degradation. 1967,4, 359—-361.

The nonenzymatic degradation of pectin during prolonged (12) Kravtchenko, T. P.; Penci, M.; Voragen, A. G. J.; Pilnik, W.
heating depends not Only upon inherent pectin properties (for EnZymatiC and chemical degradation of some industrial peCtinS.
example, degree of methyl esterification and molecular weight) Carbohydr. Polym1993,20, 195—205.

Anthon, G. E.; Barrett, D. M. Comparison of three colorimetric

but also on processing regime applied, in particular, temperature. (13) ) L . .
P greg bp b P reagents in the determination of methanol with alcohol oxidase.

It may be necessary to characterize specific pectin systems that Application to the assay of pectin methylesterasagric. Food
exist in various fruit and vegetable commaodities to determine Chem.2004.52 3749—3753 '
which nonenzymatic degradative mechanisms predominate. In (14 gjla D. N.: Smout. C. F. E.- Van Loey, A.; Hendrickx, M. E.

particular, knowledge of the initial pH of the product will allow Non-enzymatic depolymerization of carrot pectin: toward a
processors to optimize final viscosity by implementing either a better understanding of carrot texture during thermal processing.
hot break operation to maintain pectin methyl esterification and J. Food Sci2006,71, E001—009.

therefore reduce acid hydrolysis in products with gB.0 or a (15) Anthon, G. E.; Barrett, D. M. Characterization of the temperature
low-temperature-blanch operation and lower concentration tem- activation of pectin methylesterase in green beans and tomatoes.
peratures to reduce pectin methyl esterification and therefore J. Agric. Food Chem2006,54, 204—211.

S-elimination in products with pH=6.0. (16) Lin, H.; Qin, X.; Aizawa, K.; Inakuma, T.; Yamauchi, R.; Kato,

K. Chemical properties of water-soluble pectins in hot- and cold-
break tomato pastefood Chem2005,93, 409.
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