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A study was conducted to determine the effect of sugarcane maturation on the contents of chlorophyll,
tannin, and polyphenol oxidase (PPO) activity and on color change of sugarcane juice. The maturation
period of the cane studied was between 3 and 10 months after planting. Different parts of the cane,
namely, the top, middle, and bottom portions, were analyzed. Results obtained indicated that there
were significant (P < 0.01) decreases in total chlorophyll a and b and tannin contents during maturity
followed by slower rates of decrease of both parameters at the end of maturity stages. There were
no significant differences (P > 0.05) in chlorophyll and tannin contents between the middle and bottom
portions. On the other hand, the top portion of the stem had a significantly (P < 0.01) lower
concentration of chlorophyll and a significantly (P < 0.01) higher content of tannin. PPO activity of
sugarcane juice was determined using chlorogenic acid as a substrate. There was a highly significant
difference (P < 0.01) in PPO activity of cane juice during maturity. PPO activity was high at the early
development stage, decreased during maturation, and then remained relatively constant at the end
of maturity. PPO activity was higher when chlorogenic acid was used as substrate. There were also
significant differences (P < 0.01) in juice color (L*, a*, b* values) from different portions at different
maturity stages. At the early stages, the color of extracted juice was dark, and then the juice turned
to yellowish green during maturity. The decrease in green color or the increase in the yellow color
could be associated with the decline in chlorophyll. The overall color change (∆E) at maturity indicated
that the color of the middle and bottom portions was lower than that of the top portion.
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INTRODUCTION

In many parts of the world sugarcane juice is mainly used
for sugar production. However, in Malaysia freshly extracted
sugarcane juice is a very popular beverage among the population
for its sweet taste, favorable flavor, and color. The juice is
extracted from a cane variety grown especially for juice
production known as “Tebu Kuning” (or Yellow Cane) (1).
Sugarcane juice is currently sold in retail amounts by small
operators at public eateries or in supermarkets.

Sugarcane juice contains a series of coloring matters such as
chlorophyll and polyphenolic compounds (2), and these deter-
mine the color and in turn the acceptability of sugarcane juice.
Previous work (3, 4) has shown that sugarcane juice tended to
change color immediately after extraction. It has been suggested
that the color development was due to an enzymatic browning
reaction brought about by the enzyme polyphenol oxidase (PPO)

acting upon the phenolic compounds (5). According to an earlier
publication (6), the color of sugarcane juice is related to the
concentration of phenolic compounds; it becomes darker when
they react with the PPO enzyme. Chlorophyll might also
contribute to the attractive fresh greenish appearance of
sugarcane juice. In an earlier work (4) it was found that the
change in the color of sugarcane juice was partly due to the
decrease in chlorophyll content.

To date there is practically no published information regarding
the changes in chlorophyll, tannin, and PPO activity and color
development of sugarcane juice of the yellow cane variety
during development and maturation. Therefore, this study was
conducted to determine the effects of maturation on the above
components. Results of this study may be useful to the growers,
juice processors, and vendors in their effort to curb the
objectionable color development process.

MATERIALS AND METHODS

Sample Source and Sampling.Sugarcanes were obtained from a
farm in Semenyih, Selangor. Eight hundred sugarcane plants were
tagged randomly 1 month after planting. Three stems were harvested
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monthly starting from 2 months after tagging. The harvested stems were
immediately transported to the laboratory at the Faculty of Food Science
and Biotechnology, Universiti Putra Malaysia. Then each stem was
divided into top, middle, and bottom according to the node number.
The experiment was performed in triplicate.

Extraction of Juice. Before extraction of juice, the canes were
cleaned and washed to remove dirt and foreign particles from the
surfaces. A three-roller power crusher was used to extract the juice.
The juice was then filtered using a four-layer muslin cloth and chilled
immediately at 4°C to slow physical and chemical changes.

Determination of Chlorophyll. Chlorophyll was determined by
using a spectrophotometric method (7), and the amount of chlorophyll
was calculated on the basis of spectrophotometric equations (8). Fifty
milliliters of freshly extracted sugarcane juice was filtered under half
atmospheric pressure vacuum on a Büchner funnel through fiberglass
(0.45 µm). The residue was then placed in a 15 mL centrifuge tube,
and 15 mL of prechilled (4°C) acetone (99%) was added. The mixture
was shaken thoroughly and allowed to stand overnight in a dark place.
The next day, the sample was centrifuged using a refrigerated centrifuge
(Beckman, model J2-21 M/E) at 4000 rpm for 10 min. The supernatant
was decanted into a spectrophotometer quartz cuvette, and the absor-
bance was measured at 664, 647, and 630 nm. The formulas used to
calculate the amount of chlorophyll were

whereV is the volume of acetone in mL (15 mL),V is the volume of
sugarcane juice in L, chlorophylls a andb are the chlorophylls
substituted forC in the above equation, andC is the value of chlorophyll
a plus the values of chlorophyllb.

Determination of Tannin Content. One milliliter of sugarcane juice
was diluted with 100 mL of distilled water and then filtered. Folin-
Denis reagent was used as reagent, and total polyphenolic content was
determined according to the AOAC method (9). Tannic acid was used
as the standard, and solutions containing 0-10 mL aliquots were
prepared to plot the calibration curve. The samples were measured for
blue intensity using a U-2000 Hitachi spectrophotometer at 760 nm.

Determination of PPO Activity. The enzyme extraction method
used was based on the same method reported earlier (10). One hundred
milliliters of prechilled sugarcane juice was added to 100 mL of 0.02
M phosphate buffer (pH 6.8) containing 1.5% polyvinylpyrrolidone
(PVP) and 0.5% Triton X-100. The suspension was filtered through
four layers of cheesecloth and the filtrate centrifuged at 12000 rpm for
15 min at 4°C in a refrigerated centrifuge (Beckman, model J2-21).
Enzyme activity was determined by measuring the increase in the
absorbance at 410 nm using a spectrophotometer (U-2000 Hitachi).
The reaction mixture contained 3.5 mL of 0.20 M phosphate buffer
(pH 6.8), 1 mL of 0.05 M catechol, and 0.5 mL of enzyme solution in
a final volume of 5 mL. The rate of the reaction was calculated from
the initial linear slope of activity curves. The enzyme unit was defined
as the change in absorbance of 0.001 per minute under the condition
of the assay (10). PPO activity was measured immediately after the
extract was obtained.

Determination of Juice Color. The color of sugarcane juice was
determined by using a Hunter Lab Colorimeter Ultra-Scan, model SN
7877. The values were extracted as lightnessL*, rednessa*, and
yellownessb* readings (11). The overall color change during maturity
was calculated using the equation∆E ) [(∆L)2 + (∆a)2 + (∆b)2]1/2

(12).
Statistical Analysis.Data were analyzed by the analysis of variance

and Duncan’s multiple-range test using a Statistical Analysis System
(SAS) (13) program.

RESULTS AND DISCUSSION

Chlorophyll. There was a major change in chlorophyll during
the early stage of cane development. As shown inFigure 1,
chlorophyll content decreased significantly from 160 to 48.64

µg/L from the third to the fourth month. This was followed by
a slower decrease up to the seventh month (41.53µg/L). From
then on the values continued to decline further until the end of
the maturity stages. The juice obtained from the top portion of
the stem had a significantly (P < 0.05) lower concentration of
chlorophyll (45.14µg/L) than the middle (52.11µg/L) and
bottom portions (53.12µg/L). No significant difference (P>
0.05) was found between the middle and bottom portions.

Tannins. Polyphenols are often found in plants and are
common constituents of many fruits, vegetables, and some
beverages (14). Tannin was one of the polyphenol groups
believed to contribute to the color and astringent sensation in
fruits and fruits juices (11,15).

The results obtained indicated that there was highly significant
difference (P < 0.01) in the tannin content of yellow cane juice
from different portions when harvested at the different maturity
stages (Figure 2). Tannin content decreased rapidly up to the
seventh month and then decreased slowly at the end of the
maturity stage. At 3 months old, tannin content was 0.24%,
whereas at the end of the maturity stage, tannin content
decreased to 0.025%. It was observed that a significant (P <
0.01) decrease in tannin content started 4 months after planting
(0.32%) until 7 months (0.098%). This was followed by a
continued decline at the end of the maturity stages. This result
revealed that tannin content was present in relatively high
quantities in the immature canes, and even when the canes
attained maturity, the amount of polyphenolic substances present
remained high.

PPO Activity. The results obtained in this work indicated
that there was a highly significant difference (P < 0.01) in PPO

Figure 1. Changes in chlorophyll content of sugarcane juice harvested
at different stages of maturity.

Figure 2. Changes in tannin content of sugarcane juice harvested at
different stages of maturity.

chlorophylla ) 11.85 OD 664- 1.54 OD 647- 0.08 OD 630

chlorophyllb ) 21.03 OD 647- 5.43 OD 664- 2.66 OD 630

µg of chlorophyll/L) CV/10V
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activity of yellow cane juice taken from different portions when
harvested at different maturity stages. The top portion of the
stem had the highest (P < 0.01) activity compared to the middle
and bottom portions. As can be seen inFigure 3, there was an
initial increase in PPO during the first 3 months (3-5 months)
of sugarcane development. PPO was high at the early develop-
ment stage, decreased during maturation, and then remained
relatively constant at the end of the maturity stages. There was
a high negative correlation (r ) -0.85;P < 0.0001) between
PPO activity and cane maturity. Results from the present study
further indicated that PPO activity was higher when chlorogenic
acid was used as substrate compared with catechol.

Color of Juice. A significant difference (P< 0.01) was
observed in the color of juice at different stages of maturity.
As can be seen inFigure 4, theL* (lightness) values were low
during the third, fourth, and fifth months, indicating that the
juice had a dark color at the early stages of maturity. The
average values were 27.56, 24.91, and 25.50, respectively (Table
1). TheL* value increased during the maturity stages until it
reached a maximum value of 29.93 at the seventh month, and
after that it decreased slowly until the end of maturation (L*
value) 28.71 at 10 months). The change inL* values might
be due to the decrease in the intensity of green color (due to
chlorophyll) as the plants became mature. There were also
significant differences (P< 0.01) in the juice color within the
stem portions (top, middle, and bottom). The juice from the
bottom portion gave the highest averageL* value (29.12)
followed by the middle portion (28.09) and the top portion
(25.73) (Table 1).

With reference toFigures 5 and 6, there were highly
significant differences (P < 0.01) observed in thea* value
(redness) andb* value (yellowness) of sugarcane juice from
different portions when harvested at different maturity stages.
Thea* andb* values increased significantly at the early stages
of maturity, resulting in brown and dark colored juices. The
increase ina* values seemed to correspond with tannin content.
When tannin content was high at the early stages of maturity,
the juice was brown, as reflected by the higha* value. The

Figure 3. Changes in PPO activity of sugarcane juice harvested at different
stages of maturity.

Figure 4. Changes in Hunter L* values of sugarcane juice harvested at
different stages of maturity.

Table 1. Mean Values and Standard Deviation for Juice Color (Hunter
L*, a*, b* Values) of Yellow Sugarcane during Development and
Maturationa

Hunter values

main effect L* a* b*

maturity stage (months)
3 27.56 ± 1.57c 3.10± 0.50e 5.27 ± 0.63f

4 24.91 ± 0.81d 4.65 ± 0.81a 7.01 ± 0.13a

5 25.50 ± 0.85c 4.60 ± 0.65a 6.71 ± 0.60abc

6 27.84 ± 1.70c 4.35 ± 0.60b 6.73 ± 1.5ab

7 29.93 ± 2.14a 4.00 ± 0.64c 6.62 ± 1.88cb

8 28.94 ± 2.11b 3.65 ± 0.59d 6.24 ± 1.90d

9 28.59 ± 2.2b 2.79 ± 0.49f 6.36 ± 2.05cd

10 28.71 ± 2.55b 2.49 ± 1.10g 5.75 ± 1.60e

portion of stem
top 25.73 ± 1.05c 3.96 ± 0.93a 6.79 ± 0.90a

middle 28.09 ± 1.75b 3.77 ± 0.97b 6.20 ± 1.25b

bottom 29.12 ± 2.55a 3.38 ± 1.12c 6.01 ± 1.67b

a Means within the same column followed by the same superscript letter are
not significantly different at 1% level (P < 0.01). Each value represents the average
for nine different samples.

Figure 5. Changes in Hunter a* values of sugarcane juice harvested at
different stages of maturity.

Figure 6. Changes in Hunter b* values of sugarcane juice harvested at
different stages of maturity.
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decrease in tannin content was accompanied by a decrease in
a* value, resulting in a decrease in browning, and the juice
became less brown and lighter. When PPO was high at 4-5
months, thea* value was also high. The decrease in PPO activity
during maturity was accompanied by a decrease ina* value,
resulting in a decrease in browning. However, PPO has a low
positive correlation with higha* value (r ) 0.55; P < 0.02)
but has a high negative correlation (r ) 0.86;P < 0.0001) with
L* value during maturation.

The juice obtained from the top portion was darker and brown
compared to that obtained from the middle and bottom portions.
FromFigure 3, the reason for the more intense dark color could
be attributed to a higher enzyme activity in the top portion,
especially in younger plants. It is also possible that the younger
plant contains high amounts of substrate polyphenols as
observed inFigure 2. Results of this study showed a strong
correlation (r) 0.97;P < 0.0001) between PPO activity and
tannin content during maturation. This correlation indicated that
the PPO activity was high when the tannin content was also
high. It could be that the levels of phenolic compound present
determined the extent of PPO activity during maturation. The
availability of phenolic compound may determine the extent of
the browning reaction in cane juice (5).

The juices obtained from the middle and bottom portions had
a yellowish green color. From the lightnessL* value, it could
be presumed that some biochemical degradation of coloring
compounds such as tannin occurred during maturation. This was
confirmed by the decrease in tannin content during maturation
as shown inFigure 2. There were also significant differences
(P < 0.01) in PPO activity of sugarcane juice within the cane
portions (top, middle, and bottom).Table 1 shows significant
differences (P< 0.01) in average juice color values within the
cane or stem portions (top, middle, and bottom). The overall
color change (∆E) (Figure 7) during maturity indicated that
the changes in color of the middle and bottom portions were
smaller compared to that of the top portion.
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Figure 7. Total color change of sugarcane juice extracted from different
portions of cane during the maturity period.
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