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Abstract Enzymatic browning is a major factor affecting
the quality of sugarcane juice, mainly due to the activities
of polyphenol oxidase (PPO) and peroxidase (POD). Effect
of bentonite (0-1%, w/v) on the activities of these
enzymes, when employed alone and also in combination
with acidulants, was determined. Bentonite alone could
reduce the activities of PPO and POD enzymes to 160 and
24.2 u/mL, respectively. The PPO and POD activity was
completely inhibited below pH 4.1 when ascorbic acid was
used alone or in combination with bentonite. However,
PPO and POD activity was inhibited to 60 and 51 u/mL,
respectively, at pH 3.7 when citric acid was used individ-
ually and to 112 and 15.36 u/mL, respectively, when
employed along with bentonite. In addition, color changes
at 4 and 10 °C were measured during the storage of sug-
arcane juice.
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Introduction

Sugarcane (Saccharum officinarum L.) is a commercial
crop, mostly used for manufacturing of jaggery and crys-
tallized sugars. Fresh extracted sugarcane juice is gaining
popularity as a delicious beverage. Sugarcane is cultivated
in more than 110 countries in tropical and subtropical
regions of the world. Sugarcane juice contains water
(75-85%), non-reducing sugars (sucrose, 10-21%),
reducing sugars (glucose and fructose, 0.3-3%), organic
substances (0.5-1%), inorganic substances (0.2-0.6%) and
nitrogenous bodies (0.5-1%). Sugarcane juice of 100 mL
provides 40 kcal of energy, 10 mg of iron and 6 pg of
carotene. It is rich in enzymes and has many medicinal
properties (Krishnakumar and Devadas 2006), often used
as a remedy for jaundice in folk medicine.

Enzymatic browning is a major factor contributing to
quality loss in foods and beverages (Mc Evily et al. 1992).
Mechanical stress during processing, results in cellular
delocalization of enzymes and their substrates, leading to
biochemical deteriorations, such as enzymatic browning,
off-flavor development, and texture breakdown (Varo-
quaux 1991). Enzymatic browning is usually caused by the
enzyme polyphenol oxidase (PPO, EC 1.10.3.1), which, in
the presence of oxygen, converts phenolic compounds into
dark colored pigments (Zawistowski et al. 1991). The
contribution of other enzymes such as peroxidase (POD,
EC 1.11.1.7) to total browning may also be relevant (Rolle
and Chism 1987).

Normally, PPO is separated from its phenolic substrates
in its native state in the plant tissue, which are located in
the vacuole, so that browning only occurs when cells are
damaged and compartmentation is lost (Vaughn et al.
1988).
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Peroxidase is an iron-containing enzyme capable of
oxidizing phenolics to quinones in the presence of
hydrogen peroxide. Like PPO, the physiological role of
peroxidase in plants is not well understood but it has
been implicated in a number of primary and secondary
metabolic functions including lignin biosynthesis, ripen-
ing and senescence, ethylene biosynthesis, hormone bal-
ance and membrane integrity. According to Bucheli and
Robinson (1994), it appears that although cane juice
exhibits significant peroxidase activity which can cause
enzymatic browning, this enzyme does not contribute to
color formation under normal extraction conditions,
possibly because of insufficient levels of hydrogen
peroxide.

The simplest method of inactivating PPO along with all
other enzymes present is, application of heat, since
enzymes being proteins are therefore easily denatured by
heat. The color of the sugarcane juice was found to
decrease with increasing temperature. PPO activity was
found to decrease with increasing temperature with com-
plete inactivation in juice extracted at 100 °C. Contrarily,
POD was observed to be less sensitive to the heat treatment
and almost half of the activity still remained in juice
extracted at 100 °C (data not shown). This is consistent
with previous reports on POD, which indicated that it is a
relatively heat-stable enzyme (Burnette 1977).

The other widely used method for controlling the
enzymatic browning is, the application of acids, especially
the ones which naturally occur in tissues such as citric,
malic, phosphoric and ascorbic acids. In general, their
action is to lower the tissue pH and thus to decrease the rate
of enzymatic browning. The optimum pH of phenolase lies
within the range 6—7 and below pH 3 there is no enzymatic
activity (Eskin et al. 1971).

Adsorption is another method and bentonite is found
to be most efficient in color and turbidity removal (Er-
dogan et al. 1996). Also, bentonite is used in the clari-
fication of apple juice (Koyuncu et al. 2007). According
to FDA, bentonite is used in food at levels not to exceed
current good manufacturing practice. Current good man-
ufacturing practice results in no significant residue in
foods (FDA 2016). Hitherto practically there is no liter-
ature available on the effect of bentonite in combination
with acidulants on enzymes present in sugarcane juice.
Hence the present study, first of its kind, is taken up, to
evaluate the effectiveness of bentonite along with
acidulants (citric acid and ascorbic acid) on major
enzymes like PPO and POD in sugarcane juice, in order
to improve the quality.

Materials and methods
Materials

Sugarcane (Saccharum officinarum) was procured from
local market, Mysuru, Karnataka. o-dianisidine and
hydrogen peroxide, ascorbic acid (99.9%) were obtained
from Sigma-Aldrich, USA. Pyrocatechol was obtained
from Loba chemicals, Mumbai, India. Bentonite and citric
acid (99.7%) were procured from Hi-media, Mumbai,
India. The stock solution of o-dianisidine was prepared
freshly in methanol and solutions of hydrogen peroxide and
other reagents were dissolved in distilled water. The
common reagents used were all analytical grade (Merck,
Mumbai, India).

Juice extraction

The canes were de-waxed after soaking in water for about
an hour. Juice extracted from the canes was filtered through
two layered muslin cloth. The filtered juice was treated
with bentonite at different concentrations (0, 0.2, 0.4, 0.6,
0.8 and 1% w/v). pH was adjusted by the addition of
acidulants viz., citric acid and ascorbic acid at different
concentrations. The treated juice was centrifuged at
8000 rpm for 15 min and supernatant obtained was used
for enzyme assay. Effect of heating (90 °C for 3—4 min),
pH, titratable acidity, total soluble solids and ascorbic acid
concentration was evaluated for the treated juice. Treated
juice was then filled into 260 mL glass bottles and color
changes during 10 days of storage at 4 and 10 °C were
measured. Individual measurements were replicated three
times and average values are reported.

PPO activity measurement

Polyphenol oxidase activity was assayed spectrophoto-
metrically by adding 1 mL of reaction mixture, consisting
of 0.9 mL of 0.5 M pyrocatechol in 0.1 M sodium acetate
buffer (pH 6.5), and 0.1 mL of prepared enzyme. The
changes in absorbance at 420 nm were recorded up to
3 min using UV-visible spectrophotometer (Shimadzu
UV-160A, Japan) from the time enzyme extract was added.
The enzyme activity was determined by measuring the
slope of the reaction line at zero time (initial rate). The
enzyme activity unit was defined as the change in absor-
bance per minute per milligram of protein extracted
(specific activity) or the change in absorbance per minute
per gram of tissue (Gonzlez et al. 2000).
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POD activity measurement

Peroxidase activity was determined at 25 °C by measuring
the initial rate of increase in absorbance at 437 nm. The
reaction was started by adding 0.1 mL of enzyme extract,
2.7 mL of 0.2M sodium phosphate buffer (pH 6.0),
0.1 mL of freshly prepared hydrogen peroxide 30% (v/v),
and 0.1 mL of 20 mM o-dianisidine. The changes in
absorbance at 437 nm were recorded up to 3 min from the
time juice containing enzyme was added using UV-visible
spectrophotometer. One unit of the activity was defined as
the amount of enzyme that caused an absorbance change of
0.001 per min under standard conditions (Dogan et al.
2007).

Color measurement

The color values of sugarcane juice treated with bentonite
(0, 0.4 and 0.8% w/v) along with acidulants (ascorbic acid,
citric acid) were measured using a color meter (Hunter Lab
Instruments, USA). Color was indicated using the CIE L*
and a* coordinates, since greenness (a) and lightness
(L) were the most appropriate parameters to indicate visi-
ble color change in sugarcane juice. Illuminant D65 and 2°
observer angle were used. The instrument was calibrated
using a standard white reflector plate (Mao et al. 2007).

Total soluble solids and titratable acidity

The total soluble solids were measured as © brix by using
hand held refractometer (Erma, Japan), which was adjusted
to 0° brix with distilled water before analyzing the samples.
titratable acidity was determined by quantifying the vol-
ume of 0.1 N NaOH, and expressed as citric acid or as
ascorbic acid percentage (Ranganna 1986).

Ascorbic acid analysis

Ascorbic acid was analysed by titrimetric method using 2,
6 Dichlorophenol-indophenol dye. An aliquot of oxalic
acid extract of the sample was titrated against the stan-
dardized dye to a pink end point which persists for at least
15 s (Ranganna 1986).

Statistical analysis

Mean and standard deviation were calculated with repli-
cation using the Microsoft Excel (Office Edition 2007). All
the analyses have been done in triplicates and the data
obtained were analyzed at a 5% level of significance.
Student’s ¢ test was used to analyze and compare the effect
of citric and ascorbic acid on PPO and POD assay. Cor-
relation coefficient was calculated to determine the
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dependence of the random variables from the experimental
data.

Results and discussion

In order to ascertain the level of bentonite requirement for
the pretreatment of sugarcane juice for controlling the
enzymatic browning, its concentration was varied over a
range. To increase the efficacy of the pretreatment, this
adsorbent was employed along with acidulants, namely,
ascorbic acid and citric acid. The results are discussed in
the following sections.

Effect of adsorbent concentration

Currently, polyelectrolytes, bentonite, kaolin, gelatin,
casein, agars, activated silica, phosphoric acid, aluminum
polychloride, magnesium oxide are used as clarifying or
fining agents. These compounds are reported to alter the
stability, turbidity, colour and flavour of juices. Floccula-
tion and agglutination of previously formed coagulants are
improved by the addition of these clarifying agents (Prati
and Moretti 2010) as they are high molecular weight
compounds. Apple juice was clarified by flocculation and
precipitation using bentonite and gelatin, which are com-
monly used clarifying agents in industries (Benitez and
Lozano 2007).

The effect of bentonite concentration on PPO and POD
enzyme activity was studied at different concentrations
(0-1%, w/v) and the results are shown in Fig. 1. Increase in
bentonite concentration caused a progressive reduction in
PPO and POD enzyme activity. PPO activity decreased to
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Fig. 1 Effect of adsorbent concentration on PPO and POD activity
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420 u/mL (by 56%) and 290 u/mL (by 38%) after adding
bentonite at 0.2 and 0.4% w/v concentration, above which
there was no perceivable reduction in enzyme activity.
Therefore, 0.4% w/v of bentonite was employed in further
experimentation, unless otherwise mentioned. The activity
of POD did not reduce to a large extent when compared to
that of PPO, by the addition of bentonite at different
concentrations.

Effect of acidulant concentration

Ascorbic acid is the most significant inhibitor of phenolase
because it has no detectable flavour at the concentration
used which would interfere with the acceptability of the
final processed product (Taeufel and Voigt 1964). In
addition to the advantage of vitamin value, it has no cor-
rosive action upon metals (El-shimi 1993). The effect of
ascorbic acid on PPO and POD activity is shown in
Table 1. PPO activity was inhibited completely below pH
4.3 by addition of ascorbic acid, whereas POD activity was
inhibited completely only below pH 3.9. Thus, maintaining
sugarcane juice at pH 3.9 by the addition of ascorbic acid
not only inhibited PPO but also completely inhibited POD
activity.

Another acidulant, without toxic effect is citric acid,
which is a phenolase Cu-chelating agent, and the inhibition
of PPO was attributed to the chelating action. Earlier
studies have used 10% citric acid that aided in clarification
of sugarcane juice in addition to inhibition of growth of
pathogenic microorganisms (Prati and Moretti 2010). Citric
acid was found to be effective in extending shelf life, by
inhibiting PPO activity thereby maintaining quality of
chestnut slices during storage (Jiang et al. 2004). The effect
of citric acid on the activity of PPO and POD in sugarcane
juice is shown in Table 1. PPO and POD activity was
inhibited to 60 u/mL (by 84%) and 50.5 u/mL (by 32.6%),
respectively at the lowest pH 3.7, when citric acid was used
as acidulant. Thus, it can be inferred that when compared to

citric acid, ascorbic acid is preferable for inhibiting effec-
tively both PPO and POD enzyme activity in sugarcane
juice. The finding that both the enzyme activities decreased
at lower pH is in agreement with the earlier report (Kuni-
take et al. 2014).

PPO and POD activity at different pH adjusted by the
addition of citric and ascorbic acid have been assayed and
analyzed. Activity of PPO and POD showed very good
correlation with pH (correlation coefficient ~ 0.99 for
both the assays) in case of citric acid. Activity of PPO and
POD also showed good correlation with pH (correlation
coefficient 0.95 and 0.97 respectively) in the case of
ascorbic acid.

Effect of heating on ascorbic acid concentration

Ascorbic acid in citrus juice concentrates was found to
decrease with increasing temperature (Burdurlu et al.
2006). It is desirable to know the stability of the acidulant
in sugarcane juice during processing (heating). Hence,
thermal stability of ascorbic acid (which is generally
known to be heat sensitive) was studied by measuring the
concentration of ascorbic acid present before and on
heating (90 °C for 3-4 min). As given in Table 2, con-
centration of ascorbic acid did not vary significantly on
heating the sugarcane juice (concentration of ascorbic acid
before heating—after heating; pH 5.3 (control)
0.35 + 0-0.21 £ 0.1; pH 4.3: 4.8 £ 0.14.8 = 0.3; pH
4.1: 7.86 £0.8-758 £02; pH 3.9: 122 +£0.9;
11.5 £ 1.2; pH 3.7: 19.1 £ 1.1-17.2 & 0.5 mg/100 mL).
However, the concentration of ascorbic acid decreased
during storage in transparent glass bottles, from initial
19.05 mg/100 mL to 15.41 and 15.07 mg/mL after storage
for 10 and 20 days, respectively (data not shown).
Titratable acidity decreased with an increase in pH
following the general trend (Fig. S1). It was observed that,
there was not much difference in pH and titratable acid
value in acidulants treated juice before and after heating.

Table 1 Effect of acidulants on

. pH Ascorbic acid
enzyme activity

Citric acid

PPO activity (u/mL)

POD activity (u/mL) PPO activity (u/mL) POD activity (u/mL)

5.3 (control) 750 £ 0.9
4.9 420 £+ 0.5*
4.6 220 £ 0.0*
43 50 + 1.2%
4.1 0

39 0

3.7 0

74.04 £ 1.2 990 &+ 1.9 75 £ 24
50.44 £+ 1.1%*

36.32 £ 2.1%

10.70 £ 0.0* 350 £+ 2.1% 57 £ 2.1%
0 290 £+ 1.1% 56 £ 1.1%*
0 160 + 0.9* 50 £+ 1.0%*
0 60 £ 0.5% 51 £+ 1.2%

Values are mean + SD of triplicates

*Significantly different (p < 0.05) from control
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Table 2 Effect of bentonite in
combination with ascorbic acid
and citric acid on PPO and POD
enzyme activity

System details

E

nzyme activity in u/mL

Ascorbic acid

Citric acid

PPO POD PPO POD
pH 5.3 (control) 924 + 0.4* 41.12 + 0.5* 924 £ 0.4* 41.12 £+ 0.5%
0.4% w/v Bentonite; pH 5.3 160 £ 0.2 24.16 £ 0.1 924 + 0.89 41.12 £ 0.14
0.4% w/v Bentonite, pH 4.3 0 2576 £ 0 160 £ 0.89 22.88 + 0.17
0.4% w/v Bentonite, pH 4.1 0 1328 £ 0 160 £ 0 21.92 4+ 0.01
0.4% w/v Bentonite, pH 3.9 0 0 126 £+ 0.1 18.88 + 0.10
0.4% w/v Bentonite, pH 3.7 0 0 112+ 0 15.36 £ 0.19

Values are mean + SD of triplicates

*No acidulant

Also, total soluble solid of sugarcane juice was ~ 19° Brix
and on addition of bentonite and acidulants (ascorbic acid,
citric acid) it showed ~ 20° Brix and ~ 18° Brix,
respectively.

Effect of adsorbent in combination with acidulant

The effect of adsorbent (bentonite, 0.4% w/v) when
employed in combination with the acidulants (ascorbic acid
and citric acid) on PPO and POD activities is shown in
Table 2. Complete inhibition of PPO activity was observed
at pH 4.3 itself, whereas inhibition of POD activity was
observed only at pH 3.9. Thus pH 3.9 was found to be most
suitable for inhibiting the enzyme activity in sugarcane
juice.

PPO activity reduced to 160 u/mL (by 83%) and 112 u/
mL (by 88%) at pH 4.3 and 3.9 respectively when ben-
tonite was employed in combination with citric acid.
Similarly POD activity reduced to 22.88 and 15.36 u/mL at
pH 4.3 and 3.9, respectively. Further, it may be noted that
bentonite alone could act effectively in reducing enzyme
activity.

PPO and POD activity in case of ascorbic acid and
bentonite combination resulted in correlation coefficient of
0.93 and 0.94, respectively with pH. Significant difference
between both the assay parameters was not observed, when
the activities of PPO and POD (with pH in case of citric
acid and ascorbic acid) were analyzed by the Student’s
t test (teq < twp for p = 0.7 level of significance and df =

8). Although there was no significant variation with the
change in acidifying agent in the media, only in case of
ascorbic acid (at pH 3.9) complete inhibition of both the
enzymes was observed, whereas there was residual enzyme
activity in case of citric acid. This may be due to the
blockage of initiation and/or propagation of free radical
species that are required for the phenolic browning to
occur, by ascorbic acid by virtue of its effective antioxidant
capacity.

@ Springer

Color measurement

Color changes in sugarcane juice over a period of 10 days
of storage were determined by measuring changes in L*
(lightness) and a* (browning) coordinates. Both these
parameters are frequently used in monitoring browning of
sugarcane juice. Usually, a decrease in L* value and an
increase in a* value are indicative of browning (Mao et al.
2007; Rojas-Grau et al. 2008).

Fresh sugarcane juice appeared olive-green and showed
clear signs of browning during storage. Browning was
observed in the control with a rapid decrease of ‘L’ value
from the 1st day of storage as shown in Fig. 2. Bentonite
(0-0.8% w/v) combined with acidulants treated juice
showed reduced browning with an increase in L* value
when compared to the control juice. Concentration of 0.8%
(w/v) bentonite showed an increase in L* value when
compared to 0.4% (w/v) concentration. However, bentonite
when combined with ascorbic acid maintained higher L*
values than citric acid during all storage time.

Browning in sugarcane juice is indicated by a rapid
increase of ‘a’ value as shown in Fig. 3. Bentonite com-
bined with acidulant showed negative ‘a’ value when
compared to control (which showed positive ‘a’ value).
Browning reaction, however, did not appear to take place
in sugarcane juice subjected to pretreatment with adsorbent
and acidulant during storage at 4 and 10 °C, in spite of
minimal PPO and POD activity.

Conclusion

Bentonite (0.4% w/v) was found to be effective in reducing
PPO and POD activity in sugarcane juice by 69 and 39%,
respectively. PPO activity was inhibited completely below
pH 4.3 by addition of ascorbic acid, whereas POD activity
was inhibited completely below pH 3.9. By the addition of
citric acid, PPO and POD activity was inhibited by 84 and
32.6%, respectively at the lowest pH 3.7. Bentonite was
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Fig. 2 Lightness (L*) of sugarcane juice treated with bentonite stored at a 4 °C and b 10 °C compared to control. A ascorbic acid, B bentonite,
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Fig. 3 Browning (a*) in sugarcane juice treated with bentonite during storage at a 4 °C and b 10 °C compared to control. A ascorbic acid,

B bentonite, C citric acid

found to be more effective in presence of acidulant and
complete inhibition was observed in the presence of
ascorbic acid. Whereas, in combination with citric acid,
PPO and POD activity reduced by 88 and 63%, respec-
tively at pH 3.7. These results gain importance when
compared to presently practiced heat treatment process
which causes thermal damage besides being energy
intensive.
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