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ABSTRACT

Background: Food and agricultural wastes are produced in huge amounts yearly, putting extra effort into

their removal or valorization. One of these wastes is the zucchini heads (ZH) which, in this study, was

used as a source to isolate peroxidase using three-phase portioning (TPP).

Results: Different parameters of TPP were optimized to ensure obtaining the maximal activity recovery

and purity of the enzyme. The purity of the isolated enzyme was performed using the protein homogene-

ity module of dynamic light scattering. This was followed by the determination of the optimal pH and

temperature of the isolated ZH peroxidase. It was found that sodium citrate at a concentration of 15%,

pH 8, 1-butanol as the upper alcoholic phase, and an alcohol/crude extract ratio of 0.75:1 were the best

conditions for ZH peroxidase isolation. The obtained activity recovery and purification fold were 159%

and 10.05, respectively. The isolated ZH peroxidase displayed a high purity as emphasized via dynamic

light scattering. The optimum pH and temperature were 8 and 25°C.

Conclusions: The present study was the first to isolate and purify peroxidase from ZH using TPP in one

step.
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1. Introduction

Peroxidase enzymes are a family of oxidoreductase enzymes
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and inorganic substrates [1]. They exhibit wide distribution in liv-
ing organisms, including plants, animals, and microorganisms, and
play important roles in many physiological processes such as
defense against pathogens, lignin biosynthesis, and hormone meta-
bolism. Plant peroxidase and polyphenol oxidase are responsible
for the browning reaction taking place in different fruits after cut-
ting some parts of them [2]. Structurally, peroxidases are heme-
containing enzymes that contain a prosthetic group composed of
a central iron atom coordinated to a protoporphyrin IX molecule.
The heme group provides peroxidase with the redox ability to cat-
alyze the oxidation of various substrates [3]. Peroxidases can be
classified into several classes based on their structural features,
including plant peroxidases, animal peroxidases, and fungal perox-
idases. They can also be classified based on their mechanisms of
action, such as classical peroxidases, catalases, and peroxiredoxins.
In plants, peroxidases play a critical role in lignification, a process
that strengthens cell walls and provides structural support for the
plant. In animals, peroxidases are involved in the immune response
and can help protect against oxidative stress [4,5]. Concerning its
active site, it has a large pocket that accepts a wide range of sub-
strates rendering it a versatile enzyme [6]. Given the fact that per-
oxidase can accept various substrates, it has a range of applications
in biotechnology, including the bioremediation of environmental
micropollutants and the development of analytical biosensors [7].
Peroxidases can be used to break down pollutants in wastewater,
soil, and air, making them a superior tool for environmental green
cleaning [8]. Additionally, peroxidases can be used in the develop-
ment of biosensors for the detection of various analytes, including
glucose [9], cholesterol [10], and hydrogen peroxide [11].

Indeed, commercial peroxidase can be purchased from various
industrial companies. This peroxidase is conventionally isolated
from horseradish using ion-exchange chromatography [12,13].
However, its high cost urged scientists to search for cheaper
sources, particularly food wastes [14]. For example, Almulaiky
[15] isolated and purified peroxidase enzyme from Coleus forskohlii
using ion-exchange and gel filtration techniques with 11-fold
purification. Similarly, Ziziphus jujuba fruit was another source
for peroxidase with 18.9-fold enhancement of activity with a
recovery of 20% [16]. In a similar fashion, peroxidase was also
extracted and purified from Arabian balsam using the same tech-
niques and immobilized onto carboxymethycellulose/Fe;04 hybrid
for enhanced activity and reusability for 15 catalytic cycles [17].

TPP (Three-phase partitioning) is a valuable bioseparation tech-
nique, offering efficiency, cost-effectiveness, and user-friendly
operation. With its ability to yield high activity as well as purity
of isolated biomolecules and facilitate the recovery of desired
enzymes, TPP has proven to be an indispensable tool in the field
of bioseparation. Furthermore, many reports emphasized the
replacement of TP with the traditional chromatographic tech-
niques for isolating and purifying enzymes in particular [18,19].
This is the first study to isolate peroxidase from zucchini heads
using TPP.

2. Materials and methods

The multi-process workflow of the current study was illustrated
in Fig. 1. However, the details of each step are explained below.
2.1. Reagents

Sodium dihydrogen phosphate, disodium hydrogen phosphate,
ammonium sulfate, and potassium sodium tartrate were pur-

chased from Merck (99%) whereas sodium citrate, sodium acetate,
and t-butanol were purchased from HiMedia (97%) and
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lactalbumin from Sigma (99%). Phosphate buffer used was pre-
pared at pH 7 and 100 mM concentration.

2.2. Plant preparation and processing

Fresh zucchini was purchased from the local market of Aleppo
City, Syria. The zucchini heads (ZH) were excised from the rest of
the plant and washed twice with distilled water. Then, 10 g of
the ZH together with 100 ml of cold phosphate buffer (pH 7) was
homogenized using a commercial blender. It should be noted here
that the buffer used was cold and the blending process has been
conducted in intermittently to avoid enzyme denaturation. After-
ward, filtration and subsequent centrifugation at 5000 rpm for
20 min were done and the supernatant was stored at 4°C to be
used later.

2.3. Preparation of TPP

In a 15 ml test tube, 5 ml of the crude extract was mixed with
different salt concentrations. Then, various volumes of alcohol
were added to the tube and vigorously mixed and settled for 3 h.
After that, a brief centrifugation step was conducted to ease the
separation of the three layers (3000 rpm for 5 min). The enzymatic
activity was measured for the bottom layer (aqueous phase). How-
ever, many parameters were optimized to achieve maximum sep-
aration efficiency involving different salt types, salt concentrations,
pH degrees, different alcohol types, and varying the alcohol/crude
extract ratios [20].

2.4. Determination of peroxidase assay

We followed the method described by Yuzugullu Karakus et al.
[21]. In brief, approximately 2.4 ml of phosphate buffer (pH 7) was
added to a cuvette, followed by the addition of 300 pl of 5.3% pyro-
gallol, and 200 pl of 0.6% hydrogen peroxide. The reaction was ini-
tiated with the addition of 100 pl of the corresponding enzyme
source (total volume of 3 ml) at 420 nm for 4 min which was
monitored.

2.5. Determination of protein content

The concentration of protein of the crude extract and the iso-
lated enzyme was performed according to the modified Lowry
method [22]. A concentration range of 0.1-0.4 mg/ml of lactalbu-
min was utilized for plotting the standard curve.

2.6. Assessment of purity

To check the efficiency of the isolated ZH peroxidase, the pro-
tein homogeneity module of dynamic light scattering (DLS) was
used. DLS protein homogeneity is a well-known method for evalu-
ating the purity as well as homogeneity of the isolated proteins,
expressed recombinant protein, and the produced monoclonal
antibody [23]. The purity of the isolated enzyme was compared
to the crude extract.

2.7. Determination of optimum pH and temperature

Various temperatures (15-35°C) were tested for the potential
influence on the isolated ZH peroxidase. Likewise, to determine
the optimal pH of the isolated enzyme, a pH range of 5-9 was
examined. The temperature and pH effects were analyzed by mon-
itoring change in enzymic activity.
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Fig. 1. The designed workflow of this multi-step study.
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Fig. 2. Effect of salt concentration on the ZH peroxidase separation efficiency. The salt type was potassium sodium tartrate, pH of 7 and alcohol/crude extract ratio of 1.
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Fig. 3. Effect of salt type on the ZH peroxidase activity recovery. The salt concentration was set at 15% w/v, pH at 7, and alcohol/crude extract ratio at 1.
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Fig. 4. Effect of pH on ZH peroxidase activity recovery. The salt type was sodium citrate (15% w/v) and the alcohol/crude extract ratio at 1.
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Fig. 5. Effect of alcohol/crude extract ratio on ZH peroxidase activity recovery. The salt type was sodium citrate (15% w/v), and the pH at 7.

2.8. Data analysis

The activity recovery and purification fold were calculated
according to the following formulas:

activity of isolated peroxidase

— 100
activity of crude extract X

Activity recovery % =

Specific activity of isolated peroxidase

Purity fold = Specific activity of crude extract

The results of the current study were processed and analyzed
via Microsoft Excel® 2019. The same program was utilized for
the graphical representation of results as well as the regression
analysis.
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Fig. 6. Effect of alcohol type on ZH peroxidase separation efficiency. The salt type
was sodium citrate (15% w/v), with pH of 8 and alcohol/crude extract ratio of 0.75.
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Fig. 7. Standard curve established for calculation of protein content.

3. Results
3.1. Effect of salt concentration

The first step was to screen the best concentration of salt that
gives maximum enzymatic recovery via salting-out. It turned out
that at a concentration of 15% w/v sodium citrate, ZH peroxidase
recovery was maximum (98%). However, after this concentration,
the recovery declines gradually (Fig. 2).

3.2. Effect of salt type

As shown in Fig. 3, sodium citrate was the best salt fractionating
ZH peroxidase with an activity recovery of 152%, followed by
ammonium sulfate and sodium acetate (141% and 139%).

Intensity (%)
FcY
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3.3. Effect of pH

A pH range from 6 to 9 was examined. As the pH increases,
activity recovery increases till to reach maximum at pH 8 (123%).
Afterward, the pH decreases to 111% as depicted in Fig. 4.

3.4. Effect of alcohol/crude extract ratio

The next step was to evaluate the influence of changing the
ratio between the upper layer (alcohol) and the lower layer (aque-
ous). It was found that at the ratio of 0.75, the highest activity
recovery was attained (127%). Raising the ratio above this value
posed a negative impact on the fractionation yield as shown in
Fig. 5.

3.5. Effect of alcohol type

Two types of alcohols were tested, i.e. t-butanol (standard alco-
hol in TPP) and 1-butanol. Unexpectedly, 1-butanol had a slightly
higher positive impact on the activity recovery of ZH peroxidase
than the standard alcohol t-butanol (159% vs 156%) as depicted
in Fig. 6.

3.6. Determination of protein content

After detecting the optimal conditions for isolating ZH peroxi-
dase using TPP, all these conditions were combined to get the high-
est yield of enzyme isolation efficiency. A standard curve from
lactalbumin was established to infer the corresponding protein
concentration (Fig. 7). The standard curve had a coefficient of cor-
relation (R?) of 0.9921 denoting the near-optimal correlation. The
protein content of the combined optimized yield with activity
recovery was utilized for calculating specific activity and purifica-
tion fold of ZH peroxidase as summarized in Table 1.
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Fig. 8. DLS protein homogeneity of the crude ZH extract (a) and the isolated enzyme (b).
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Table 1
Specific activity, activity recovery, and purification fold of the isolated ZH peroxidase.
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Enzyme Activity recovery

Specific activity Purification fold

ZH peroxidase 159% £ 3

5600 U/mg + 64 10.05+0.8

Results were performed in duplicate and expressed as mean * standard deviation.
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Fig. 9. Optimum pH (a) and temperature (b) of the isolated ZH peroxidase.

3.7. Assessment of purity

It is well-known that as the purification fold increases, the like-
lihood of increasing the actual purity of the enzyme increases
accordingly. This is what has been obtained during the assessment
of the purity of the isolated ZH peroxidase using DLS (Fig. 8). The
crude extract displayed three peaks with different diameters,
indicative of the heterogeneity of the sample composition. On
the flip side, the isolated ZH peroxidase exhibited only a single
peak with high intensity. Moreover, this single peak had a very nar-
row polydispersity index indicating the high purity of the isolated
enzyme.

3.8. Optimal pH and temperature

The optimal pH and optimal temperature of the isolated ZH per-
oxidase were analyzed (Fig. 9). The pH of ZH peroxidase gradually
increases until it reaches a threshold at pH 8 (2075 U/L) reflecting
the slightly alkaline properties. Nonetheless, a substantial drop in
activity was observed after this optimal value. Similarly, the influ-
ence of temperature on the activity of isolated ZH peroxidase
exhibited a bell-like curve where a temperature of 25°C was the

35

Table 2
Activity recovery and purification fold of some plant sources for peroxidase isolation
using TPP.

Enzyme source Activity recovery  Purification Reference
% folds
Amsonia orientalis 162% 125 [21]
Ipomoea palmata 81% 18 [20]
Citrus sinenses 93.96% 18.20 [33]
Orange peels 91.84% 24.28 [34]
Momordica 170% 4.84 [35]
charantia
Zucchini heads 159% 10.05 Current
study

optimum temperature. This classified the isolated ZH peroxidase
as a sensitive enzyme.

4. Discussion

Food and agricultural wastes involve a large group of residual
materials generated during/after agricultural activities such as cof-
fee pulp from the coffee industry, husks from the cereal industry,
and peels from the starch-based industry [24]. Indeed, huge
amounts of these wastes are generated year after year requiring
downstream processing for simultaneous removal of the concomi-
tating adverse effects and valorization of such wastes. Agro-
industrial wastes have been valorized to be a rich resource for
enzymes, biofuels, vitamins, antioxidants, antimicrobials, and ani-
mal feed [25].

TPP is a powerful bioseparation technique that offers numerous
benefits for isolating biomolecules, particularly enzymes, from
crude extracts. It has consistently proved its efficacy in terms of
achieving high yields of isolated biomolecules. One of the key
advantages of TPP as a fractionation method is its ability to operate
under mild conditions, making it highly efficient and cost-effective.
Moreover, TPP has the potential for the recycling of chemicals
used, minimizing waste, and thus can be considered a green tool.
Additionally, TPP is a time-saving technique that offers a rapid
approach to bioseparation which precedes the routinely used chro-
matographic counterparts [26]. TPP is fractionating components
within crude extracts into three phases, i.e. lipids and nonpolar
substances can be effectively separated and moved to the t-
butanol layer, while certain proteins aggregate at the interface
layer retaining the lower layer (aqueous phase) rich in the polar
biomolecules. This unique characteristic of TPP contributes signif-
icantly to the recovery of the desired enzyme, enhancing the over-
all efficiency of the separation process [27]. Notably, TPP has
successfully been utilized to isolate a wide range of enzymes from
diverse sources and waste materials. Prominent examples include
the isolation of lipase [28], bromelain [29], papain [30], and other
proteases [31], all of which have demonstrated improved activity
and purity through the application of TPP.

TPP parameters had to be optimized to get the highest possible
enzyme recovery and purification fold. This involves precipitating
salt type, salt concentration, pH, and ratio between alcohol and
crude extract in addition to the type of alcohol used. When all
optimized conditions were combined, an activity recovery and
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purification fold of 159% and 10.05 of ZH peroxidase were obtained
in the bottom phase whereas other proteins and phenolic com-
pounds were accumulated in the middle and upper phases, respec-
tively. This denotes that almost all of the enzyme has been moved
to the aqueous phase reflecting the high separation efficiency. In
addition, the best-extracting salt (sodium citrate) had a slight acti-
vating action of peroxidase activity which account for the extra in
the percentage over 100%. An optimized alcohol/crude extract ratio
of 0.75 indicates the low nonpolar moieties in the extract needed
to be fractioned to concentrate the enzyme in the bottom layer
[32]. Several researchers reported the application of TPP to isolate
and purify peroxidase from different sources. For example, Vetal
and Rathod [33] upon applying the optimized TPP setup for perox-
idase separation from orange peels, the obtained recovery percent-
age of the enzyme was 93% after 180 min. Yuzugullu Karakus et al.
[21] purified peroxidase enzyme from the flowering plant Amsonia
orientalis via the TPP tool. However, 162% activity recovery was
found after only 30 min with more than 18-fold purity. Moreover,
TPP can be coupled with an ultrasonicator instrument to further
reducing the time of enzyme fractionation. This approach was
employed to purify peroxidase enzyme from orange peels with
activity recovery and purification fold of 91% and 24.28 within only
6 min [34]. Indeed, our findings exhibited acceptable agreement
with these reports. Table 2 summarizes the isolation of peroxidase
from different sources using TPP.

5. Conclusions

This was an unprecedented study utilizing the TPP tool to iso-
late peroxidase from ZH. The optimized conditions for the isolation
were as follows: 15% sodium citrate for salting-out, pH 8, alcohol/
crude extract ratio of 0.75, and 1-butanol as the upper alcoholic
phase. This yielded an activity recovery of 159% along with a purifi-
cation fold of 10.05. This suggested the potential high purity of the
isolated enzyme. Moreover, an assessment of the purity was con-
ducted by DLS protein homogeneity measurement which con-
firmed a highly purified enzyme. The optimal pH and
temperature of the isolated ZH peroxidase were 8 and 25°C,
respectively. Further consideration of the isolated ZH peroxidase
for the possible applications should find its way.
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