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Abstract

This research aimed to construct a hands-on activity for undergraduate students to understand
how to detect and compare amylase activity from various sources by using a simple method.
The amylolytic activity of extracts from 10 kinds of vegetables, Chinese white vegetable,
tomato, cucumber, pumpkin, pea eggplant, carrot, cabbage, morning glory, Chinese broccoli,
and yard long bean as well as 10 kinds of fruit, rose apple, pineapple, papaya, water melon,
apple, cantaloupe, mango, jackfruit, orange and pomelo were performed by measuring the
size of the clear zone around a hole that contained those extracts on 1% (w/v) starch agar,
incubated for 30 min at room temperature and with added iodine solution. The results
showed that all samples represented amylolytic activity but that the extracts from pomelo,
orange, yard long bean, cabbage, and morning glory showed the 5 highest activities. Students
can also use their knowledge to test their samples containing amylolytic activity following
the role of pH and temperature. After teaching by this constructivist model, students had
gained better understanding, assessed by using 10 open-ended questions as pre- and post-
tests. Students were allowed to detect their sample extracts and compare with other student
groups after class.
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Introduction

Amylases are a group of enzymes that hydrolyse the glycosidic bond in large molecules
of amylose and amylopectin to small molecules, dextrin, maltose and/or glucose. The
amylases are essential for any living organisms, including both prokaryotes and
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eukaryotes, because amylase completely catalyzes starch to glucose to use as a primary
bio-energy source. These enzymes have considerable application in biotechnology, food,
detergents, waste management and pharmaceutical products [1, 2, 3, 4]. In general,
amylases are found in various sources, for example, animal (saliva and intestine) and
microorganisms (fungi and bacteria) [1, 4, 5].

Amylase has normally been studied from saliva. Generally, these enzymes are used to
study properties of enzymes, optimal pH and temperature as well as effects of metal ions.
Some people cannot digest proteins and lipids as well as carbohydrates from their food
such as meat, oil and sticky rice. The symptoms of this condition are diarrhea, stomach
cramps and gas. Combizym, Gaszym, Polyzym and Enzyplex are commercial digestive
medicines for patients who have lost some enzyme activity. Besides amylase, these
commercial medicines may contain other groups of enzymes e.g. lipase, protease. Most
enzymes in medical application are produced from microorganisms, for instance,
Aspergillus oryzae; however, there has been a report of allergic reaction after taking
medicine from 4. oryzae [6].

Figure 1 shows a comparison of the view of constructivist and traditional learning
models. Constructivist learning is regarded as being better than traditional learning since
the learner can manage the basis of their knowledge with strong patterns [7]. The
constructivist learning model is a learning view that shows students can create their new
knowledge on the basis of an interaction between prior knowledge and new knowledge
that they receive [8]. The constructivism focuses on the learners, the ways people learn,
quality experiences and lifelong learning process, rather than on teaching [9]. Laboratory
practical learning integrated with constructivist learning can assist students to understand
science [10, 11].
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Figure 1. Comparison of knowledge retention by constructivist and traditional teaching
methods.

Generally, amylase activity has been detected by the degradation of starch to dextrin and
maltose with the iodine reaction. Thus, ways have been developed to determine
proteolytic and lipolytic activity from various kinds of fruit and vegetables by using
specific substrates such as milk (protein) and oil (lipid) in order to reinforce
undergraduate students understanding of this concept [12, 13, 14]. In a short period of
time, students have been taught to study the effect of pH and temperature on amylases by
selecting the fruit and vegetables as a source of amylase.
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Materials and Methodology

Materials

Rice starch and Agar were purchased from a department store or local markets.
Combizym and Saliva were used as a positive control of amylase activity. Conversely,
distilled water or buffer was used as a negative control of amylase activity.

Vegetable and fruit samples

One hundred grams of fresh weight from each vegetable; Chinese white vegetable,
tomato, cucumber, pumpkin, pea eggplant, carrot, cabbage, morning glory, Chinese
broccoli and yard long bean, as well as from each fruit; rose apple, pineapple, papaya,
water melon, apple, cantaloupe, mango, jackfruit, orange and pomelo were homogenized
with 10 ml of distilled water, filtered by Whatman No.1 paper and stored at 4°C until use.
The pH of crude extracts and filtrate from each fruit and vegetable was measured with pH

paper.

Detection of amylolytic activity

50 pL of each fruit or vegetable filtrate was added into a 5 mm-hole on starch agar (2.0%
agar and 1% starch, pH 7.0) and incubated at room temperature for 30 min. Diameters of
the clear zone around the hole were measured when iodine solution was presented (Figure
2). Amylase activity in this research is the value of the diameter of the clear zone
surrounding the hole (X) minus the diameter of the hole (Y) (Figure 3).

Optimum pH and optimum temperature

The fruit or vegetable containing the highest amylolytic activity was homogenized with
10 ml of buffer at pH 4 - 9 before loading into the hole of starch agar. Samples were
loaded on starch agar at pH 4 - 9 and then incubated at 4, 10, 25, 40, 60 and 80°C,
respectively. Diameters of the clear zone around the hole were measured.
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Figure 2. Schematic representation for detection of amylolytic activity.
a) Starch agar, b) hole in starch agar, and c) amylolytic activity after iodine solution was presented.
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Figure 3. Calculation of amylase activity for this experiment.
Results and Discussion

In this study, twenty kinds of fruit and vegetables were selected for enzyme activity
assay. Distilled water was used as a negative control, and Combizym, a medicine
containing multi enzymes including lipase, amylase, and protease) and saliva were also
used as another positive control. The crude extracts of each sample are shown in Figures
4 and 5.

1

W
ail

1 2 3 4 5 6 7 8 9 10
Figure 4. Preparation of crude extracts. a) Vegetable samples and b) crude extracts.

1; Chinese white vegetable, 2; tomato, 3; cucumber, 4; pumpkin, 5; pea eggplant, 6; carrot, 7; cabbage, §;
morning glory, 9; Chinese broccoli, and 10; yard long bean.
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Figure 5. Preparation of crude extracts. a) Fruit samples and b) crude extracts.
1; rose apple, 2; pineapple, 3; papaya, 4; water melon, 5; apple, 6; cantaloupe, 7; mango, 8; jackfruit, 9; orange
and 10; pomelo.

The pH and clear zone diameter of each sample extracted in distilled water was
determined. Almost all samples showed acidic pH of 4.0 - 6.0, except for carrot (pH 7.0).
The samples were then characterized for amylase activity. The amylolytic activity was
detected using the method described above (Figure 3). The reaction can be detected after
30 min, which gives the highest clear zone diameter (data not shown). All samples
showed amylolytic activity; the 5 highest activity crude extracts were pomelo, orange,
yard long bean, cabbage and morning glory, respectively (Table 1).

Table 1. pH and clear zone diameter of each crude extract from fruit.

Samples pH Average of

Clear zone

Diameter*
(mm)
Rose apple 5 1.70
Papaya 5 2.80
Cantaloupe 6 1.40
Pine apple 4 2.90
Water melon 5 1.80
Mango 4 1.60
Orange 5 6.90
Pomelo 5 12.00
Jackfruit 5 4.10
Apple 4 3.20
Combizym 6 9.00
Distilled water 6 0.00

*Data are means from three independent experiments.
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Table 2. pH and clear zone diameter of each crude extract from vegetables.

Samples pH Average of
Clear zone
Diameter*
(mm)
Chinese white 6 1.50
vegetable
tomato 5 1.40
cucumber 6 1.20
pumpkin 6 1.50
pea eggplant 6 2.40
carrot 7 2.10
cabbage 6 6.20
morning glory 6 5.70
Chinese 6 1.80
broccoli
yard long bean 6 6.40
Combizym 6 9.00
Distilled water 6 0.00

*Data are means from three independent experiments.

Pomelo showed the widest diameter of clear zone, approximately 12.0 mm, compared to
distilled water, a negative control. All positive controls, Combizym and saliva showed
equal diameter of clear zone, 9.0 mm. Figure 6 shows amylolytic activity from various
samples. Pomelo and cabbage showed highest amylase activity for fruit and vegetables,
respectively. They were thus selected to study the optimal pH and optimal temperature.
The optimal pH and optimal temperature of amylase activity from pomelo were 5 and
27°C, respectively (Figure 7). The optimal pH and optimal temperature of amylase from
cabbage were 7 and 40°C, respectively (Figure 8).

ny

Figure 6. Amylolytic activity of some crude extract.
1) pomelo, 2) morning glory, 3) orange, 4) Combizym and 5) Distilled water.
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Figure 7. Amylase activity of pomelo crude extract at different pH (a) and

temperature (b).
Data are means from three independent experiments with vertical bars representing standard errors of the means.

a) pH

12 -

10 -

Amylase actlvity (mm)




As. J. Food Ag-Ind. 2009, 2(03), 402-411 409

b) Temperature

Amylase actlvity (mm)

10 27 40 60 80 100

Temperature ("C)

Figure 8. Amylase activity of cabbage crude extract at different pH (a) and
temperature (b).
Data are means from three independent experiments with vertical bars representing standard errors of the means.

Before reinforcing students to learn this concept by a constructivist learning
model, students’ prior knowledge was investigated by 10 open-ended questions as a pre-
test. Teachers gave the important basic concepts for the laboratory exercise, such as the
concept of enzymes, factors affecting enzyme function and rules of general laboratory
practice. The subject group was 24 third-year undergraduates and the lab activity was
performed in groups (4 students each) to promote cooperative learning. The teachers
acted as facilitators to give students some information for constructing the ideas on their
own. After the experiment, students were encouraged to discuss the detection and
properties of amylase from fruit and vegetables using their plans, and the teacher asked
them to make another plan to test the amylase activity from other sources. After class,
students were assessed by a post-test. Some of the questions in the pre- and post-tests are
given below.

+ Briefly describe what amylolytic enzymes are.

+ Explain as best you can, how amylase can catalyze starch.

+ How can you know which fruit have amylolytic activity?

+ What are the advantages of detection of amylolytic enzyme by starch agar?

The findings showed students had higher post-test scores than pre-test scores. This
indicates that students can construct the concepts of amylase and its properties by using
their prior knowledge following the constructivist learning model as expected. Moreover,
students can make their plans for investigating other sources by using this laboratory
model. Not only was learning by the constructivist model better evaluated than the traditional
model but also the learner maintained a better attitude and enjoyed the class more than the
learner in the traditional model [7].

Conclusion

This work has provided the basic concepts for students to have a better understanding of
how to choose raw materials containing amylolytic enzymes in the food industry.
Amylase is widely used by animals, plants and microorganisms, and could be developed
into other industrial applications, for example, agriculture, detergents, leather, textiles,
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pharmaceutical products and environmental treatment [15]. At high pH, some industries
(e.g. detergent and leather) need tolerant enzymes in alkaline conditions [16]. The
amylase activity in some plants (maize and malt) has optimal pH between 4.5 and 6.5 and
optimal temperature between 50 and 90°C, respectively [17]. In future work, the
purification and characterization of fruit and vegetable producing amylase activity will be
investigated.

Even though this technique uses less time to detect amylase activity, it should be very
helpful for students for completing other applications in the future such as comparison
between the diameter of clear zones and units of enzyme used, or study of inhibitors of
amylase activity using this model.
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