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Abstract

The enzymes peroxidase (EC 1.11.1.7), polyphenol oxidase (EC 1.10.3.1) and catalase (EC 1.11.1.6) are fundamental in the
development of Dioscorea dumetorum yam tissues. Enzymological studies on activities of peroxidase, polyphenol oxidase and
catalase in white trifoliate yam tubers stored for three (3) days under room temperature (28+2°C) and 72-85%RH, and at
refrigeration (5£1°C) and 85-100%RH conditions were fitted in a second order polynomial model. The model showed that
at day three (3) of yam storage, a 750units activity of peroxidase relates to 1200units of polyphenol oxidase activity in white
trifoliate yam tubers stored at 28+2°C and 72-85%RH. Similarly, day three (3) of yam storage, a 7.5 units of catalase activity
relates to 1000units of peroxidase activity in white trifoliate yam tubers stored at 28+2°C and 72-85%RH. Also, day three (3)
of yam storage, a catalase activity of 2 units corresponded to 400 units for both peroxidase and polyphenol oxidase activities
in white trifoliate yam tubers at 5£1°C and 85-100%RH. This data describes the mechanism of association of these enzymes
as may be linked to the production of biomolecules that affect biochemical changes and physical properties in post-harvest
white trifoliate yam tuber.
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suggests that lignification of the cell wall could be as a result
of collective roles of enzymes such as peroxidase, polyphenol
oxidase and catalase. Recently, activities of peroxidase,
polyphenol oxidase and catalase were shown to be in phase
with dramatic tissue hardening in white trifoliate yam tuber
atambient conditions [6]. Again, lignified parenchyma cell has

Introduction

Large amount of trifoliate yam (D. dumetorum) tubers can
be produced in the yam zones of the world. However, these
tubers have demonstrated post-harvest tissue hardening
in the most dramatic manner [1-3]. In stored trifoliate yam

tubers, physical changes of the tubers are attributed to
lignification [1,3-5]. Peroxidases and polyphenol oxidases are
known regulators of lignin biosynthesis in vegetables [6-8].
Besides, peroxidases and catalases regulate the availability
of hydrogen peroxide (H,0,) in the cell wall, which serves
as the basis for cell wall rigidity during stress [9,10]. This
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been shown to be the cause of dramatic tissue cohesion and
hardening in post-harvest trifoliate yam tubers [3]. However,
how these enzymes relate during stress in bringing about the
sudden changes in chemical and physical properties in white
trifoliate yam tuber are unknown. Therefore, modelling to fit
a second order polynomial of these enzymes shall highlight
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their associations as linear, square and interactive. As a
result, the purpose of this study is to model and predict how
enzymes such as peroxidase, polyphenol oxidase and catalase
act together at post-harvest of stored white D. dumetorum
yam tubers.

Materials and Methods

Plant Materials

Wholesome, mature D. dumetorum yam tubers
(characterized by dry vines and withered leaves), (white
cultivar) were simultaneously harvested in early/January
(2013), after 11 months of planting from an Experimental
farm (Plant Genetic Resource Research Institute, Bonsu) in
Ghana [2]. Care was taken during harvesting, cleaning and
transportation not to injure the tubers [2]. Harvesting of the
tubers was done between the hours of 8.00am- 9:30 am [2].
During harvesting, soil temperatures of the yam mounds
were estimated to be 22 + 2°C and with a corresponding dry
season RH (40%) [2]. Samples were randomly selected and
cleaned, kept cold in an ice chest containing ice gels [2].
They were transported (within 3hrs) to the laboratories [2].
The samples were divided into the following treatments: (i)
stored at room temperature (28 + 2°C, 72-85% RH) and (ii)
under refrigeration conditions (5 = 1°C, 85-100% RH) for a
period of 0, 1, 2 and 3 days [2]. Day of harvest and arrival at
the laboratory was taken as day zero [2].

Enzyme Extraction and Assay

The enzymes in the tuber were extracted from three
randomly selected tubers of each cultivar [2]. Samples (2g)
were homogenized with 10 ml of cold phosphate buffer
pH 6.8 (0.2 M) in prechilled mortar and pestle; and were
centrifuged at 4°C for 15 min at 15,000rpm [2]. The clear
supernatant were taken as the enzyme source and kept
frozen [2].

Peroxidase Assay: The peroxidase activity was done
following the method Kar M, et al. [11] with the following
modifications Otubuah BTN, et al. [2] in a final volume of 5 ml
of the assay mixture comprised: 1ml of 12.5 mM phosphate
buffer, 2ml of 5mM pyrogallol, 1ml of 5mM H,0,, and 1 ml of
the diluted enzyme extract (1ml of enzyme stock dissolved in
9 ml phosphate buffer pH 6.8 (0.2M)). This was incubated for
5 min at 25°C after which the reaction was stopped by adding
0.5 ml of 5% (v/v) H,SO,. The amount of purpurogallin
formed was determined by taking the absorbance at 420nm
using a 1cm path-length cuvette in a spectrophotometer
(Cecil Instruments, Cambridge- England, C= 3041). To
the blank, the phosphate buffer pH 6.8 (0.2M) solution
was added as the enzyme solution. The specific activity of
peroxidase (nmoles purpurogallin/mg protein/min) was
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calculated using the extinction coefficient [2.47 mMlcm™]
for purpurogallin [12].

Polyphenol Oxidase Assay: The polyphenol oxidase activity
was done following the method Boerjan W, et al. [11] with
the following modifications Otubuah BTN, et al. [2] in a
final volume of 5 ml of the assay mixture comprised: 1ml
of 12.5 mM phosphate buffer, 3ml of 5mM pyrogallol and
1ml of enzyme stock dissolved in 9 ml phosphate buffer
pH 6.8 (0.2M). This was incubated for 5 min at 25°C after
which the reaction was stopped by adding 0.5 ml of 5%
(v/v) H,SO, The absorbance of the purpurogallin formed
was taken at 420 nm using a 1cm path-length cuvette in a
spectrophotometer (Cecil Instruments, Cambridge- England,
C= 3041). To the blank, the phosphate buffer pH 6.8 (0.2M)
solution was added as the enzyme solution. The specific
activity of polyphenol oxidase (nmoles purpurogallin/mg
protein/min) was calculated using the extinction coefficient
[2.47 mMcm™] for purpurogallin [12].

Catalase Assay: Catalase activity was assayed by the method
Sinha AK [13] with the following modifications [2]. The
diluted enzyme (1ml) extract (1ml of enzyme stock dissolved
in 9 ml phosphate buffer pH 6.8 (0.2M)) was added to the
reaction mixture containing 1ml of 0.1 M phosphate buffer
(pH 7.0), 4 ml of 5mM H_0, and then incubated for 5 minutes
at 25°C. The reaction was terminated by the addition of 0.5
ml of 5% (v/v) H,SO, and the absorbance was read at 610
nm using a 1cm path-length cuvette in a spectrophotometer
(Cecil Instruments, Cambridge- England, C= 3041). To the
blank, the phosphate buffer pH 6.8 (0.2M) solution was
added as the enzyme solution. Specific catalase activity was
expressed in terms of nmoles H,0, consumed/mg protein/
min using the extinction coefficient [40 mM “cm™] for H,0,
[11].

Protein Assay: The extraction of soluble proteins was
followed as described Zhou B, et al. [14] with modifications
described by Otubuah BTN, et al. [2]. Fresh sample of white
cultivar (2g) was homogenized in 10 ml of cold phosphate
buffer pH 6.8 (0.2M) and centrifuged at 15000 rpm for 15
min at 4°C. Protein concentrations were determined by a
modified method using bovine serum albumin (BSA) as a
standard [15]. 1ml of the extract (10 times diluted with buffer
solution), 5ml of alkaline reagent (made of 48ml of reagent
A (20g NaCO, in 1L of 0.1M NaOH) and 2ml of reagent B (5g
CuS0,.5H,0 in 1L of 10g/L Na, K-tartrate) was added and
properly vortexed. This was left to stand for 10 minutes.
Folin-Ciocalteu reagent (0.5ml) diluted with distilled water
(1:3) was added and rapidly mixed. The absorbance was
read after 30 minutes (at room temperature) at 750nm. The
calibration equation for BSA was y= 0.172x + 0.1655 (R*=
0.998). Proteins were expressed as mg BSA equivalent/mg
dry weight.
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Statistical Analysis

Response surface regression analysis was used to model
the enzyme data to fit a second order polynomial (Y = b +b,
x,+bx +b x x +b  x* +b x?) where b, b,b b, andb, are
coefficients for the square, interactive and linear terms of the
equation. The dependent and independent variables of the
second order polynomial was Y, x, and x,. Also, a significant
difference was set at p < 0.05. R? and lack of fit was used to
evaluate the adequacy of the models. All data analyses were
done using Minitab (version 15) and Microsoft Office Excel
(2010).

Results and Discussion

Relating Enzyme Activities Such as Peroxidase,
Catalase and Polyphenol Oxidase in White
Trifoliate Yam at 28+2°C and 72-85%RH

From the study, specific activity of polyphenol oxidase
increased to about 400 units in day two (2) of storage
when peroxidase activity was lower than 250 units (Figure
A). Again, an increase in polyphenol oxidase activity was
observed at 750 units of peroxidase activity (Figure 1A).
These imply, increasing peroxidase activity above 250 units
competitively activated polyphenol oxidase activity during
the storage period. However, main effect of storage duration
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on specific polyphenol oxidase activity was high compared
to peroxidase activity. An interactive effect of peroxidase
activity was observed to act complementarily on polyphenol
oxidase activity (Figure 1A) (Table 1). This suggests that,
long term effect of peroxidase activity dramatically increases
polyphenol oxidase activity in white trifoliate yam at room
temperature. This explains the observation that lignification
has a faster rate in stored trifoliate yam tubers [4]. Again,
activities of enzymes were shown to be in phase with dramatic
tissue hardening in white trifoliate yam tuber at ambient
conditions [17]. Moreover, peroxidase and polyphenol
oxidase in strawberry cultivars ‘Elsanta and Madame Moutot’
were shown to be moderately correlated (0.64 and 0.76) [16].
Also, the study showed that immediately after harvest, a unit
activity of catalase increased peroxidase activity by 89 folds.
Similarly, a unit activity of catalase increased polyphenol
oxidase activity 62 folds. But, peroxidase activity was 0.7
faster than polyphenol oxidase activity in freshly harvested
tubers. These observations were more dramatic in tubers
stored for three (3) days at ambient conditions where a unit
activity of catalase increased peroxidase activity by 122
folds. Again, a unit activity of catalase increased polyphenol
oxidase activity by 147 folds. Once more, a 1.2 fold increase
in polyphenol oxidase activity was observed to be linked to
a unit peroxidase activity in three (3) days stored trifoliate
tubers at ambient condition. This finding confirms report
suggesting that peroxidase responded earlier to abiotic
shock than polyphenol oxidase as related to tissue hardness

[2].
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Figure 1: Surface plot of (A) specific polyphenol oxidase activity versus specific peroxidase activity, storage duration of white
trifoliate yam stored at room temperature (B) specific peroxidase activity versus specific catalase activity, storage duration
of white trifoliate yam stored at room temperature (C) specific polyphenol oxidase activity versus specific catalase activity,
storage duration of white trifoliate yam stored at room temperature.
*Specific activity of peroxidase (nmoles purpurogallin produced/mg protein/min)
*Specific activity of polyphenol oxidase (nmoles purpurogallin produced/mg protein/min)
*Specific activity of catalase (nmoles H,0, consumed/mg protein/min)
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Regression Coefficients PPO* Activity PPOS Activity POD® Activity
B,: constant -37.707 -130.052 -147.1
B,: time -103.457* 121.959 254.27*
B,: CAT Activity ) 281.461 370.67
B POD Activity 1.365* ) )
B,: PPO Activity () () )
” 13.31 -8.758 -66.61*
» ) -5.982 14.42
B, 0.543 ) )
B,, @ () )
B, ) -79.88 -118.22
B, -0.003* ) )
BDD @ ) ()
R? (%) 97.57 85.93 63.88
Lack of fit (p) 0.095 0 0.117

Table 1: Regression coefficients, coefficient of determination (R2), Lack of fit and analysis of variance of regression models fitted
for enzymatic profile of stored white trifoliate yam at refrigeration using response surface plot.

*Significant at p< 0.05. (-) means such parameter was not included in the model for predicting the activation and inhibition of
enzymes as enzyme activity increases. PPO4 was based on peroxidase (POD) activity (Figure 1A), PPO5 was based on catalase
(CAT) activity (Figure 1B) and POD6 was based on catalase (CAT) activity (Figure 2C).

Furthermore, interactive effects of storage duration by
peroxidase activity influenced polyphenol oxidase activity
negatively (Figure 1A, Table 1), implying that at a particular
storage duration and peroxidase activity, polyphenol oxidase
activity was hindered slightly. Additionally, the highest specific
peroxidase activity also corresponded to the highest specific
activity of catalase in day three (3) of storage, suggesting that
peroxidase and catalase activities competitively act together
(Figure 1B). This explains why catalase and peroxidase
competed for hydrogen peroxide when plants were stressed
[17]. Subsequently, the coefficients of the main effects of
catalase activity and storage duration revealed that storage
duration influences peroxidase more than catalase activity
(Figure 1B) (Table 2). In addition, interactive effects of
storage duration by catalase activity acted positively on
peroxidase activity in white trifoliate yam stored at room
temperature storage (28+2°C). It also been observed that the
specific activity of polyphenol oxidase increases as storage
duration increases at lower catalase activity (< 2.5unit)
suggesting competitive increase in polyphenol oxidase

activity when catalase activity was insignificant (< 2.5unit).
However, as catalase activity (= 2.5unit) increased in day
three (3) of storage, polyphenol oxidase activity decreased
gradually in white trifoliate yam stored at room temperature
(Figure 1C). Subsequently, coefficients of the main effects of
catalase activity and storage duration revealed that storage
duration influences polyphenol oxidase activity more than
catalase activity (Figure 1C, Table 1). In addition, interactive
effect of time (storage duration) by catalase activity acted
positively on polyphenol oxidase activity in white trifoliate
yam stored at room temperature (28+2°C); implying that ata
particular storage duration and catalase activity, polyphenol
oxidase activity might either increase steadily or remain
unchanged (Figure 1C, Table 1). The sharp increases in
enzymic activities such as peroxidase, polyphenol oxidase
and catalase due to their working together as demonstrated
suggest correspondingly high increase in synthetic potential
for the production of biomolecules that can affect biochemical
changes and physical properties of white D. dumetorum yam
tissues shortly after harvest

Regression Coefficients POD! Activity PPO? Activity PPO3 Activity
B : constant 70.113* 88.16 154.7
B,: time 46.058 252.83* 366.6*
B,: CAT Activity 38.013 -38.1 )
B_: POD Activity ) ) -1.321
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B,: PPO Activity ) ) )
” 341 196.46* -116.98
» 52.235* -100.15 “)
B, Q)] ) -0.057
BAD ) ) ()
B,, -17.163* 12.15 )
B, “) “) 0.003
B, () Q) Q)
R% (%) 99.83 99.56 99.45
Lack of fit (p) 0.014 0.399 0.542

Table 2: Regression coefficients, coefficient of determination (R2), Lack of fit and analysis of variance of regression models fitted
for enzymatic profile of stored white trifoliate yam at room temperature using response surface plot.

*Significant at p< 0.05. (-) means such parameter was not included in the model for predicting the activation and inhibition of
enzymes as enzyme activity increases. POD1 was based on catalase (CAT) activity (Figure 1A), PPO2 was based on catalase (CAT)
activity (Figure 1B) and PPO3 was based on peroxidase (POD) activity (Figure 1C)

Relating Enzyme Activities Such as Peroxidase,
Catalase and Polyphenol Oxidase in White
Trifoliate Yam at 5+1°C and 85-100%RH

Once more, when white trifoliate yam was stored at
5+1°C and 85-100%RH, specific activity of polyphenol
oxidase decreased gradually to about 90 units at day
three (3) of storage when peroxidase activity was below
100units (Figure 2). Conversely, polyphenol oxidase activity
was observed to rise sharply during storage period (day
0-3) when peroxidase activity increased from 100 units
to 400 units (Figure 2A). However, main effect of storage
duration on specific polyphenol oxidase activity was low
compared peroxidase activity. Besides, these effects on
polyphenol oxidase activity were significant (p<0.05).
Again, interactive effect of peroxidase activity significantly
(p<0.05) acted negatively on polyphenol oxidase activity
during refrigeration in white trifoliate yam (Figure 2A,
Table 2), suggesting that long term effect of peroxidase
activity less than 100 units gradually reduces polyphenol
oxidase activity in refrigerated white trifoliate yam. On
the contrary, interactive effects of storage duration by
peroxidase activity influenced polyphenol oxidase activity
positively (Figure 2A, Table 2); implying that at a particular
storage duration and peroxidase activity, polyphenol oxidase
activity might be increased steadily. Hence, the link between
peroxidase and polyphenol oxidase could be argued that
peroxidases produce hydrogen peroxide or use hydrogen
peroxide as a co-substrate for which the end product of
diaoxygen is also a co-substrate for polyphenol oxidase and
this explains the biochemical basis for the enzymes acting
together during storage. Similarly, the biochemical bases
for competiveness of peroxidase and catalase are due to

Bernard TN O, et al. Predictive Modelling of Peroxidase, Polyphenol Oxidase and Catalase in Post-

hydrogen peroxide bioavailability [10,17,18]. Furthermore,
the potency of hydrogen peroxide formation and breakdown
by peroxidases and the subsequent hydrogen peroxide
breakdown by catalases influences diaoxygen gradient
which directly determines polyphenol oxidase activities,
and indirectly determines catalase and peroxidase activities
respectively. Again, specific polyphenol oxidase activity
increases gently during refrigeration period (0-3 days)
as catalase activity increases (0-2 units) simultaneously,
implying that activities of catalase and polyphenol oxidase
are competitively increased (Figure 2B). On the contrary,
specific polyphenol oxidase activity had increased in day
two (2) then it decreased gradually in day three (3) (Figure
2C). Subsequently, the coefficients of the main effects of
catalase activity and storage duration revealed that storage
duration influences peroxidase more than catalase activity
(Figure 2B) (Table 2). In addition, interactive effects of
storage duration and storage duration by catalase activity
acted negatively on polyphenol oxidase activity in white
trifoliate yam stored at refrigeration storage (4°C) (Table 2).
On the other hand, it was evident that specific peroxidase
activity increases gradually up to day two (2) to about 120
units then decreases gently to about 30 units in day three
(3) when catalase activity was low (Figure 2C). Furthermore,
maximum peroxidase activity was observed at day two (2)
when catalase activity was at a maximum (2 units), implying
that activities of catalase and peroxidase act together at a
slower phase at refrigeration. Again, least peroxidase activity
was observed in freshly harvested white trifoliate yam when
catalase activity was low (Figure 2C). These observation
explain why a decrease in enzymes’ activities particularly
peroxidase and catalase in white trifoliate yam tubers at
refrigeration (521°C) and 85-100%RH was comparable to no
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changes in tissue hardness, indicating that very low enzyme activity acted negatively on peroxidase activity in white
profiles corresponded to no increase in tissue hardness (2). trifoliate yam stored at refrigeration (4°C) (Figure 2B). The
But, coefficients of the main effects of catalase activity and combined effect of the enzymes as discussed explains the
storage duration revealed that storage duration influences prolonged dramatic hardening of the yam tissues at room
peroxidase more than catalase activity (Figure 2B, Table 2). temperatures than under refrigeration conditions.

Therefore, interactive effect of storage duration and catalase
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Figure 2: Surface plot of (A) specific polyphenol oxidase activity versus specific peroxidase activity, time of white trifoliate
yam stored at refrigeration temperature (B) specific polyphenol oxidase activity versus specific catalase activity, time of white
trifoliate yam stored at refrigeration temperature (C) specific peroxidase oxidase activity versus specific catalase activity, time
of white trifoliate yam stored at refrigeration temperature.

*Specific activity of catalase (nmoles H,0, consumed/mg protein/min)

*Specific activity of peroxidase (nmoles purpurogallin produced/mg protein/min)

*Specific activity of polyphenol oxidase (nmoles purpurogallin produced/mg protein/min)

In summary, activities of enzymes such as peroxidase,
polyphenol oxidase and catalase as storage duration of
trifoliate yam was prolonged, appeared to be in phase with
one another suggesting dramatic working together of these
enzymes at post-harvest storage of white trifoliate yam
tubers at 28+2°C and 72-85%RH. This meant that as storage
duration of the yam tuber was increased from day zero (0) to
three (3), activity profiles of the enzymes’ such as peroxidase,
polyphenol oxidase and catalase were related such that an
increasing activity profile of an enzyme such as catalase
can competitively initiate an increase in activity profiles of
other enzymes such as peroxidase and polyphenol oxidase
whiles peroxidase activities can competitively activate a
dramatic increase in activity profile of polyphenol oxidase.
Again, similar observations were made under refrigeration
conditions but were not dramatic compared to the enzymes
at ambient conditions. This explains the dramatic working
together or otherwise of these enzymes at post-harvest
storage as may be related to chemical and physical changes
in white trifoliate yam tissues.
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