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Abstract /1

Purple Sweet Potato (PSP) in Malaysia is an abandoned crop. Even though

it has various health benefits and nutritional values, consumers, especially

Malaysians, still lack purple sweet potato consumption. It has a high dietary fibre Article History

content, a low glycemic index, and contains proteins, minerals, polyphenols, and Received: 30 September
anthocyanin. The National Health Morbidity Survey (Malaysia) in 2019 reported 2022

that 94% of Malaysian adults lack fiber consumption in their dietary patterns. Accepted: 05 December
As aresult, it may become an alternative crop for individuals who consume less 2022

nutrients and fibre as a result of dietary choices and health issues. This one-

of-a-kind crop also contains anti-oxidative, hepatoprotective, anti-inflammatory, Keyword_s

anti-tumor, anti-diabetic, anti-microbial, anti-obesity, and anti-aging qualities. égtr:?ucri’]?;;r_'s

Due to the lack of a commercial food product based on this crop, it has become Cracker:

an unpopular crop among Malaysians. Purple sweet potato makes only a few Malaysia;

Malaysian sweets and traditional snacks. Nonetheless, Malaysian customers Purple Sweet Potato.

continue to ignore it. Thus, Purple Sweet Potato Cracker was made, and
a proximate analysis was conducted to examine its physicochemical content.
It was found that the newly developed PSP crackers were high in fiber, vitamins,
and minerals, as well as in calcium (1332.08 mg/kg) and contained anthocyanins
of 6.68 mg/L. Besides that, this special cracker is free from food preservatives
without coloring agents and additives. The processing of Purple Sweet Potato
Cracker carries important features for small-medium entrepreneurs, which will
contribute to the Malaysian economy perspectives, as it has a good potential
to be marketed in domestic and international commercial food outlets.
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Introduction

Sweet potatoes are widely grown for their nutritive
and health-promoting properties.’? It also has a
large influence on food security. The FAO?® also
recommends sweet potato as a nutritious food
because beneficial metabolites such as (-carotene,
anthocyanins, vitamins (B1, B2, C, and E), and
minerals are present (Ca, Mg, K, and Zn).4%

Sweet potato has recently become a research
focus due to its unique nutritional and physiological
properties. Aside from that, it contains anthocyanins,
bioactive carbohydrates, proteins, lipids, conjugated
phenolic acids, and minerals.® As a consequence,
increasing the nutritious value of sweet potatoes
in food formulation and production may be feasible.
Sweet potato root or tuber contains a lot of starch
and has processing properties similar to cereals.”®
Fresh sweet potato root may also be processed
to enhance its uses and shelf life, particularly for the
obese population, since research has shown that
it is an anti-obesity meal.® The root also contains
a high level of a-amylase.”®

Sweet potato roots come in a variety of distinct
colours. Orange-fleshed sweet potato, yellow-
fleshed sweet potato, and purple-fleshed sweet
potato are three of the most common. Purple-fleshed
sweet potato roots are particularly appealing due
to their high anthocyanin and other polyphenol
content.’® The anthocyanins are generally quantified
as 3-sophoroside-5-glucoside peonidin or cyanidin
and their acylated derivatives10. The root also
includes mono- and dicaffeoylquinic acids, as well
as caffeoyl-hexosides, in addition to anthocyanins.
These polyphenols contribute to the antioxidant
and other biological characteristics of the root. The
sweet potato root contains both soluble and insoluble
dietary fibres.® Dietary fibre and polyphenol levels
may lead to impaired starch digestion.'"® As a result,
sweet potato is the primary focus of this research.

Various individuals in many nations dislike
purple sweet potato. The potato produces only
a few products, thus resulting in the purple sweet
potato's unfamiliarity to the community, especially
the young generation. Even though it has various
health benefits and functional properties, all the
information regarding the benefits of the purple
sweet potato is still unknown to many people.
It is seen as not well exposed to them. As a result,
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it is essential to emphasise the advantages and
nutritional characteristics of the purple sweet potato
and its products. This potato's value-added culinary
items might boost and encourage its consumption
among people.

Purple sweet potato contains high energy content,
various vitamins, minerals, and anthocyanins.
Anthocyanins have been associated to a lower risk
of premature ageing, cognitive decline, polyps, gout,
stomach acid, coronary heart disease, and cancer.
In addition, it also acts as an anti-inflammatory,
anti-diabetic, and anti-obesity. It shows that PSP is
good for daily consumption and could be part of the
local crop that can benefit human health. Crackers
are popular snack foods among people, including
Malaysians. Manufacturers use many plant sources
to produce crackers. Despite this, there has been
minimal attempt to employ purple sweet potato
as the principal component in cracker manufacture.
As a result, the main focus of this study was purple
sweet potato crackers.Therefore, it is important
to analyze the cracker's nutritional contents and
anthocyanins level.

Materials and Methods

The Universiti Teknologi MARA (UiTM) and
the UiTM Faculty of Health Sciences approved
this experimental project (approved number
REC/12/2020 (MR/456). The research was carried
out at Universiti Teknologi MARA (UiTM) Puncak
Alam, Selangor.

Preparation of Purple Sweet Potato Cracker
The cracker was prepared with modifications'2by the
researcher. The purple sweet potato was purchased
at Seksyen38 Shah Alam, Selangor, Malaysia.
The purple sweet potatoes were first scrubbed
before being peeled and boiled till tender. The
fleshes were mashed with the masher and their
weight was calculated using the conventional
procedure.' All of the ingredients were mixed, and
the dough was chilled for 10 minutes. To make the
cracker, the dough was flattened using a dough
sheeter and cut into a rectangular form (4 cm long
and 4 cm wide). The crackers were then cooked
in a preheated oven for 15 minutes at 170 °C.
The crackers were allowed to cool for 30 minutes
after cooking before being packaged in plastic
bags and stored at room temperature in an airtight
container.
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Physicochemical Characteristics of Purple
Sweet Potato Cracker

The sweet potato cracker was tested for its
physicochemical properties to determine the
moisture content, carbohydrate, protein, ash, water
activity,crude fiber, crude fat, andenergy according
to the method of AOAC (1995). All experiments were
conducted three times (N=3).

Physical Properties of Purple Sweet Potato
Cracker

Water Activity

Water activity has extraordinary significance on
nourishment as it controls the beginning and
seriousness of mold action.™ A RotronicHygro Lab
water action estimating gadget has beenutilizedto
investigate water activity. A water activity examination
of the purple sweet potato cracker sample has been
conducted. The cracker sample was set into three
separate cups and executed after the samples
in the plastic cups were measured three times.
The water analysis has been performed in the
same vein.

Color Analysis

A Hunter colorimeter Konica Minolta Chroma Meter
CR-410 machine based on the CIE scale was
utilised in triplicate in the colour evaluation, including
L *, a *, and b *colour space analyses. The L*
value represents brightness (0)/white (100), the
a* value represents green (-)/red (+), and the b*
value represents blue (-)/yellow (+) (CIE, 2019).
Three samples were obtained from cracker samples
for this study. Each of these samples was evaluated
and subjected to a colour assessment in triplicate
(N=3), and the findings were recorded.

pH

A microprocessor pH meter (pH 211, Hanna
Instrument, USA) was used to measure pH changes.
It has a combination glass electrode that has already
been calibrated at pH 4.0 and 7.0. The pH values
of the newly developed PSP cracker have been
determined using 5 grams of samples that were
once homogenized with 5 ml of distilled water (T-18
Homogenizer, Miccra) at 3000 rpm for 2 minutes.
By placing the probe into the centre of the fluid,
the pH was calculated. All tests were carried out
in triplicate (N=3).
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Texture Analysis

The texture properties of purple sweet potato
crackers were evaluated using a TA. XT Plus
Texture Analyzer (Texture Technologies Corp.,
Scarsdale, NY) (Stable Micro Systems Ltd.) (DAD).
TPA was used to measure texture on a TA-25
MUF1/P36R probe and a TA-90 platform, with
a pretest speed of 5 mm/s, a test speed of 1
mm/s, a post-test speed of 2 mm/s, and a distance
of 10 mm. Hardness, which measures the peak force
(g9) during the first compression cycle, is one of the
textural characteristics discovered by force and area
measurements. Textural properties were analysed
by the newly built PSP cracker (HPLC DAD). All
of the studies were carried out in triplicate (N=3).

Anthocyanins Biomarker Analysis in Purple
Sweet Potato Cracker

The analysis of anthocyanin determination,
identification, and quantification was done using
HPLC-MS.*?

Statistical Analysis

All experiments were done in triplicate, and the data
were given as the mean and standard deviation.
The Statistical Package for the Social Sciences
(SPSS Statistics, Version 21.0, Chicago, IL) was
used to analyse the data, and p0.05 was considered
statistically significant. The data is displayed as the
meant standard deviation.

Results and Discussion

Proximate Analysis of Newly Developed PSP
Cracker

This section describes the proximate analysis and
results obtained for the newly developed PSP
cracker. Table 1 displays the findings of the cracker's
proximate analysis. The proximate analysis results of
the cracker were carried out to obtain the percentage
of moisture content, ash, crude fiber, protein, total
fat, carbohydrate, energy, dietary fiber, and pH
in the cracker.

Moisture Content

The processing procedure is critical in the preparation
of any crackers since it affects the moisture content
of the finished products. The higher the moisture
level, the fewer the dry components in the cracker.
The cracker with high moisture content will easily
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allow the presence of organisms that result in the
cracker's taste and odor changes. It can cause
deterioration and mold growth in the cracker.
This could affect the shelf life of the cracker.'®
The moisture content of the newly developed PSP
cracker was 4.7 g/100g (dry basis), in corroboration
with other researchers."”

Table 1: Proximate Result of the Newly
Developed PSP Cracker

Proximate analysis Newly Developed

PSP Cracker

Moisture Content g/100g 4.7+ 0.052

Ash g/100g 2.7+0.03°

Crude Fiber g/100g 60.3 +0.132

Protein g/100g 8.7+0.05°

Total Fat g/100g 15.0+0.042
Carbohydrate g/100g 68.9+ 0.542

Energy kcal/100g 445 (1869kJ) +0.632
Dietary Fiber g/100g 11.4+ 0.432

pH 5.51+ 0.162

All analyses are the standard deviations
of measurements taken in triplicate. Differences
that are statistically significant (p<0.05) are denoted
by values denoted by comparable superscript
characters.

However, the newly designed PSP cracker's
moisture content did not surpass the 6.0% standard
specified by the US Department of Agriculture
for crackers.The lower moisture content of food
products, especially crackers, will ensure good
quality'’® and convenience in the packaging. Besides
that, the air circulation in the oven during the baking
process and oven temperature also influence the
moisture content of crackers.' The controlled oven
temperature was the main concern when baking
the newly developed PSP cracker to ensure a good
circulation of hot air in the oven,resulting in the PSP
cracker's good quality.

Furthermore, the thickness of the cracker also
determines the moisture content. The standardization
of size and thickness of the newly developed PSP
cracker was carefully focused on the production
stage in this study as it will also influence
the cracker's moisture content and shelf life.
Many previous studies used cookies for their sample
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research compared to the cracker. According to
a study on the nutritional properties of cookies
prepared from orange-fleshed sweet potato cookies
supplemented with sclerotium of edible fungus, the
moisture content ranged from 12.04 to 15.33 g/100
g.2° which was higher than the newly created PSP
cracker. Besides, cookies made from wheat-hog
plum bagasse composite show a moisture content
of 8.81g18 which also had high moisture content
compared to the newly developed PSP cracker.
The moisture content of the PSP cracker indicates
that it was suitable for storage and packaging
purposes.

Ash

The newly designed PSP cracker has an ash level
of 2.7g/100g. Higher ash concentration indicates that
the cracker has a considerable quantity of minerals.
Sweet potatoes, for example, are high in calcium,
zinc, and iron.?" Furthermore, P, Na, K, Mg, and Cu
were also minerals in sweet potatoes.?? The ash
content of PSP crackers was similar with previous
studies?*?® and the common ash content in sweet
potato food products ranged from 1.1-4.9/100 g.

However, a study has reported that 3.31 % of ash
was found in a cracker from a combination of sweet
potato and cassava flours using moringa oleifera
and sweet potato leaves.® The amount of ash was
higher than the PSP cracker in this study as it might
be due to the usage of leaves for the flour, while
the PSP cracker is made from sweet potato roots.
Other researchers that used sweet potato flour in
their product formulation observed that biscuits with
40% to 50% sweet potato flour had significantly
higher ash, fibre, and total flavonoid content.?

Crude Fiber

The purple sweet potato flesh has a lot of fibre.
In newly developed PSP crackers, the crude fibre
content was 60.3 g/100g.The US Departments
of Health and Human Services and Agriculture
suggest 30 grammes of dietary fibre per day to be
considered a healthy diet. As a result, the dietary
fibre content of the newly created PSP cracker
exceeded the prescribed level. This discovery
is consistent with previous research revealing
that vegetables and fruits are abundant in fibre,
which may help food products perform better.?7-28
The newly designed PSP cracker was expected
to have a high nutritious fibre content due to the
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intake of purple sweet potato roots. As a result,
this PSP cracker might become one of the people's
everyday snack foods.

The crude fibre level of crackers prepared from
composite flour of modified sukun, sweet powder
purple, mocaf, and saga seeds ranged from 3.13%
to 6.68% when compared to recently released PSP
crackers.?® When compared to fresh or cooked
veggies, the fibre content of modified flour is reduced
owing to the flour process. This study relates to
cooked purple sweet potato flesh used to make
the cracker, which explains why the crude fibre
content of the PSP cracker in this study was high.
Furthermore, crude fibre levels in orange-fleshed
sweet potato cookies enriched with edible fungus
sclerotium were observed to be rather low, ranging
from 1.01 to 3.68%.%°

Food can be labelled as a "source of fibre" if it
includes at least 3 g of fibre per 100 g of product, and
"rich in fibre" if it has at least 6 g of fibre. As a result,
this PSP cracker might be classified as a high-fiber
cracker. It might also be a nice commercial add-on
as part of a healthy food option. It is also consistent
with the Malaysia Food Act and Regulations, which
provide that food can be claimed as (1) high fiber
when the overall TDF content is greater than 6%
and (2) a source of fiber when it contains more than
3% TDF. As a result, in this study, PSP crackers
containing 53% boiling purple sweet potato flesh
were certified as a high-fiber snack. Orange sweet
potato puree was utilised in the brownies, which also
have a high fibre level of 75%.%'

Protein

The protein content of the newly developed
PSP cracker is 8.7 g/100 gram. According to the
US Department of Agriculture National Nutrient
Database, sweet potato has 1.57g of protein.
This study found that wheat flour, chia seeds,
cream, and milk all contributed to the high protein
content of PSP crackers. All of the substances
utilised included protein. Even though various flours,
for example, have varied protein amounts, it is vital
to understand the intended use of flour."® There
are flours with a low protein level and flours with
a high protein content, which may affect the final food
product. Crackers are frequently high in protein, but
cookies and cakes are low in protein. Despite its high
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protein level, wheat flour contributes to the texture
and suppleness of the cracker.*?

Furthermore, gluten protein in wheat flour has been
demonstrated to improve the baking performance
of any dough, including cookies.* Protein levels in
crackers prepared from composite flours of modified
sukun, sweet powder purple, mocaf, and saga
seeds ranged from 1.65% to 12.64%, according to
a recent research.?® The protein level of the newly
created PSP cracker in this study is considered
high because boiling purple sweet potato flesh was
used without any extra composite flour components.
When compared to the newly formed PSP cracker,
a recent study on the impact of guar gum on the
qualities of gluten-free crispy waffles manufactured
from sweet purple potato flour discovered a lower
protein content of 7.67 g/100g.3*

Crude Fat

Based on Table 3, the crude fat content of the newly
developed PSP cracker was 15g/100g. The higher
fat content in the PSP cracker could be attributed
to the composition of the ingredients used, such
as unsalted butter, cream, and milk.Many previous
studies focused on developing cookies and other
pastry products such as bread and brownies
and little on crackers. The fat contents of purple
sweet potato starch were 0.06%.35 Nevertheless,
the cracker’s fat content was in line with the findings
of the previous study ranged from 9.58% to 15.22%
in their cracker.?®

As the Ministry of Health recommends,the daily
calorie intake for Malaysians is 1,500 calories for
women and 2,000 for men.*® Nevertheless, according
to a study bythe United Nations, 2910 calories / per
day was the average amount of calories consumed
by Malaysians. Adults' DRI for fat is 20 to 35%
of total calories received from fat.3* Chia seeds
are a good source of poly unsaturated fatty acid*®
and contain the essential fatty acid called linolenic
and linoleic acid.*® Therefore, the consumption
of chia seeds in PSP crackers could substitute for
the high fat in other food products and benefit people
with its advantages.

Carbohydrate
Carbohydrates are crucial for human growth
because they give energy. WHO (1990, 2003)
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recommends that total carbohydrate consumption
range between 55% and 75% of total energy. It is
based on protein energy percentages ranging from
10 to 15% and fat energy percentages ranging from
15 to 30%.It has also been reported that adults
require approximately 110 to 140 g of glucose
per day. The newly developed PSP cracker had a
carbohydrate value of 68.9 g/100g.

The formulation of 70% purple sweet potato and
30% soybean included 38.06% carbs, according to
a study on the physical and nutritional quality profiles
of purple sweet potato and soy-based snack bars
for pregnant women.** The snack bars' decreased
carbohydrate content may be owing to the absence
of wheat flour intake in this trial compared to PSP
crackers, as wheat flour was coupled with purple
sweet potato flesh. Furthermore, egg rolls made from
wheat and purple flesh sweet potato composite flour
contain 65.54% carbohydrates (40% wheat flour and
60% purple sweet potato flour).** The amount of carbs
discovered was nearly identical to the carbohydrate
content of the PSP cracker. Furthermore, a prior
study revealed that the innovative cookies prepared
from orange-fleshed sweet potato biscuits enhanced
with edible mushroom sclerotium contained 62.34
to 67.22% carbs.*®®

Despite this, the carbohydrate amount of PSP
crackers was comparable to the previous trial,
at 68.92 g/100g of the carbohydrate content of the
gluten-free crispy waffle prepared from sweet purple
potato flour.** PSP cracker carbohydrate content
ranged from 62.20 to 68.43%, which was equivalent
to biscuits prepared from orange sweet potato puree
and wheat flour mixes.*

Table 2: Total sugar content of the Newly
Developed PSP Cracker

Total sugar g/100g

Fructose 6.59 + 0.052
Glucose 0.40+ 0.032
Sucrose 0.20 £+0.137
Maltose 5.99 + 0.052

All analyses are the standard deviations of measure-
ments taken in triplicate. Differences that are
statistically significant (p<0.05)are denoted by values
denoted by comparable superscript characters.
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Sugar Content

The boiled PSP flesh has been used in the
newly developed PSP cracker instead of flour.
The sweetness of the boiled flesh could increase the
cracker's taste as only a little granulated sugar has
been added to the formulation. It also contributed to
the natural sweetness of the cracker. The granulated
sugar also influenced the crunchiness of the cracker,
although in a small amount. Table 2 shows the overall
sugar content of the newly designed PSP cracker.

Fructose was the most abundant sugar (6.59g/100g)
in the newly developed PSP cracker. On the
other hand, glucose and sucrose were present in
relatively low quantities, which were 0.40g/100g
and 0.2g/100g. Fructose is the simplest type
of monosaccharide in carbohydrates. This finding
contradicts previous studies that reported sucrose
was the highest content in yellow sweet potato
‘amala’, a thick Nigerian paste.*® It would be due to
the differences in the process whereby the newly
developed PSP cracker used boiling and baking
techniques. In contrast, the ‘amala’ only used the
stirring technique to combine the yellow sweet potato
flour with hot water.

Other researchers reported that the steaming
process of PSP increased the sugar content
of PSP snack bars with soybeans by 15.08%
in 100g.%° They also discovered that purple sweet
potato and soybean did not significantly increase
blood glucose because they have a very low
glycemic index and are thus suitable for pregnant
women suffering from gestational diabetes mellitus.

Furthermore, the maltose content of the newly
developed PSP cracker was 5.99g/100g.In cracker
production, sugar is important as it adds volume,
gives colors, and influences the cracker's texture.
Similar to this newly developed PSP cracker, even
though strong flour has been used in the formulation,
little sugar consumption increases the crunchiness
of the cracker texture as it weakens the gluten
structure.®? Sugar is one of the important ingredients
for baking products because it enhances the color
quality of cookies besides providing energy.*

Energy

The energy content of the newly developed PSP
cracker was 445 kcal/100g or 1869 kJ, as shown
in Table 1. Cookies made with sprouted sorghum,
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pigeon pea, and orange-fleshed sweet potato flour
blends had an energy content ranging from 440.69
to 460.83 kcal.*” Another study on purple sweet
potato flour in waffles showed a higher energy value
of 481.77 Kcal/100g.%*

Furthermore, the energy level found in the newly
developed PSP cracker seems to be consistent with
other researchers, which found the energy content
cookies made with sprouted sorghum flour, pigeon
pea flour, and orange-fleshed sweet potato flour
were 440.69- 460.83 kcal which is still considered
to have lower energy value.*” The lower calorie
levels are appropriate for health-promoting foods
that need less energy.*® Thus, the newly developed
PSP cracker could be part of the alternative snack
for health-promoting purposes.

Physical Properties of the Newly Developed
Purple Sweet Potato Cracker

Color of the Newly Developed PSP Cracker

As the original purple sweet potato is in purple,
the purple dough was also produced during the
production of the PSP cracker. The actual color
of its flesh influenced the final product of the cracker.
It can be seen from the initial production stage until
the baking process is completed. However, slight
color changes can be significantly observed before
and after baking. The comparison of the PSP cracker
color during the production stage. Table 3 displays
the colour outcomes of Hunter L, a, and b values
of PSP crackers.

The colour parameter contains L, a*, and b* values.
The L value indicated the brightness level of the
sample; the higher the L value, the brighter the
sample (a* value indicated red-green chromatic).
The cracker colour is red when it is positive; green
when it is negative (b* value indicated blue-yellow
chromatic).Figure 1 showed the changes in color
before and after the baking process. During the
initial stage, the color of the boiled PSP flesh in the
crumbled form was darker than the cracker dough.
This was due to the addition of wheat flour, milk,
cream, and unsalted, which changed the dough
color to a lighter look. After the baking process,
the cracker was slightly darker than the unbaked
cracker. Maillard's reaction occurred during the
baking process and involved the cracker's protein
content, particularly amino acids, as well as heat
circulation in the oven, allowing the newly developed
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PSP cracker to darken. It is also due to the color
fading in food processing.*®

The changes in the cookie's color were influenced
by the differences in purple sweet potato flour
color and Maillard reaction scaramelization
during the baking process.%2° The interaction
of carbonyl compounds resulting from the breakdown
of carbohydrates or lipids with amino compounds
in the substances employed resulted in Maillard
tanning. Then, continued the caramelization process
once the cookies were heated at a high temperature
in the oven. They also claimed that anthocyanins
were related to the quality of redness of their sweet
potato cookies. Table 3 displays the findings of the
present study's colour analysis.

Table 3: The color value of the newly
developed PSP cracker

PSP L* a* b*
Cracker

47.08+0.03* 11.87+0.02® 1.61+0.03°

Newton, (L*) = lightness, (A*) = redness and
(B*) = yellowness of hunter color analysis;
All analyses are the mean of triplicate measurements
+ standard deviations. Statistically significant
differences (p<0.05) are denoted by values denoted
by comparable superscript characters.

The newly developed PSP cracker's L value
(lightness) was 47.08. This indicated that the PSP
cracker had a medium brightness. The cracker's
Hunter's value (redness) was 11.87, a high score
due to the use of 53% boiling purple sweet potato
flesh in the recipe. This is because of the purple
sweet potato's purplish tint. The cracker's Hunter
b value (yellowness) was 1.61. As the amount
of purple sweet potato used in this trial was half
of the total components, it was natural for the cracker
to become deeper and reddish.

The more purple sweet potato flour added, the lighter
the result becomes.*+?° A deeper sweet bun crumb
was developed by combining wheat and purple
sweet potato flour. Purple sweet potato decreased
the L* and b* of Chinese steamed bread crumb and
crust while raising the a* and whiteness index.%'
They claimed that the anthocyanin content of purple
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sweet potato Chinese steam bread was to blame
for the changes. They also emphasised that colour
variations in steam bread are not always a bad thing
in terms of customer acceptability.

Another study on purple sweet potato and soy-
based snack bars discovered that the purple
colour was created by the main component, sweet
potato.*> The amount of purple sweet potato flour
used had a significant influence on the colour
of the food items***2 and the greater the anthocyanin
level, the more purple sweet potato flour used.
When different percentages of purple sweet potato
flour were employed, the colour of the instant
noodles changed. These data suggest that eating
boiling purple sweet potato flesh altered the colour
of the cracker, especially on the top. The texturing
results of the newly built PSP cracker are discussed
in the next section.

Texture of the Newly Developed PSP Cracker

Texture properties are the most influential factors
of baked products on customers’ acceptability and
mouth feel, especially for biscuits and crackers.
In this study, hardness and fractur ability reflected
the crunchiness of the newly developed PSP cracker.
One of the physical features of crackers is hardness.
Itis correlated with breaking force, as this study used
a Texture analyzer to determine the hardness of PSP
crackers. Besides that, breaking force is the pressure
to break the product. The harder the product was,
the greater the breaking-force value. The results
of force values are expressed as grams. Hardness
is determined by determining the maximum force
required to cut through the sample until it reaches its
base. Besides that, hardness also refers to the full
force required for a probe to penetrate the product.®

Table 4: The Force value of the newly
developed PSP cracker

PSP Cracker Force (g) Distance (mm)

6.1£0.112 3.807+0.05°

All analyses are the mean of triplicate measurements
+ standard deviations. Statistically significant
differences (p<0.05) are denoted by values denoted
by comparable superscript characters.
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The force value for the hardness was used in this
study to measure the crunchiness of the newly
developed PSP cracker. Table 4 summarises
the force value result for the newly developed
PSP cracker.

The newly developed PSP cracker had a force value
of 6.1 g and a distance of 3.807 mm. A study by by
Wang, Zhang, Mujumdar (2012) showed that the
hardness value for the peeled orange sweet potato
flour composite cookies ranged from 10.142 g
to unpeeled orange sweet potato flour-based
cookies at 8.879g. The fracturability of cookies
inversely correlates with their crispness.>® The lower
the fracturability (less fracture force), the higher
the crispness, and the higher the fracturability
(high fracture force), the lower the crispness.
The greater the force, the lower the crispness.5®

Therefore, the results of the force value for the newly
developed PSP cracker were considered slightly
low as it was 6.0 g compared to previous study,”
thus giving high fracturability and crispness of the
cracker. This finding is very important as part of the
cracker characteristics because textural properties
are very important factors in cracker and biscuits
development as they influence consumers eating
quality and overall acceptability. It was also important
in the packaging design and transportation of food
products.®

Physical Properties Measurements of the Newly
Developed PSP Cracker

The width of the newly created PSP cracker
was measured using a ruler by arranging two
crackers edge to edge to obtain an average value
in millimetres. The thickness was determined
by stacking two crackers on top of each other
and calculating the average value in millimetres.
Divide the breadth by the thickness to get the spread
factor. The weight of the cracker was determined
using a computerised weighing scale (in grams). The
volume of the cracker was calculated by multiplying
the area by the thickness. The weight ratio of volume
was used to calculate density after determining
volume. Measurement was repeated three times.%
The cracker area (diameter) was 16 mm, thus, the
volume of the newly developed cracker was 8 mm.?
The width of the newly developed PSP cracker was
16 mm and 4 grams in weight. The thickness value
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of the cracker was 2.0 mm. It could be considered
a lower thickness value. The higher the thickness
value, the crispness is lower and vice versa.
The width of a cracker was also 16 mm, and the
spread ratio was 80% (16mm /2 mm x 10).

The spread ratio of the biscuit prepared from
bambara nut, and cowpea-substituted wheat flour
was 76%.% An increase in the spread ratio might be
due to substantially higher oil content in the biscuit
mixture. This could improve the attribute and add
value to the products by preventing the biscuit from
breaking during transportation, selling and marketing
purposes. The ingredients used in the PSP cracker
formulation also contained higher oil content as
it consumed milk, cream and unsalted butter.
This influenced the spread ratio of PSP crackers,
which is approximately like the Bambara nut
and cowpea biscuits. However, because it is
tough to break for eating, it increases the worth
of the crackers.

pH and Water Activity

pH is significant in food-processed items because
it can alter flavour, consistency, and shelf-life. It also
works as an indicator of either acidity or alkalinity
of food products. This current study's pH for
the novelty PSP cracker was 5.51, as tabulated
in Table 5 below.

Table 5: pH value and water activity of the
newly developed PSPcracker

PSP Cracker pH Aw

5.51+0.082 0.54+0.032

All analyses are the standard deviations of measure-
ments taken in ftriplicate. Differences that are
statistically significant (p<0.05)are denoted by values
denoted by comparable superscript characters.

The pH values from 5.90 to 6.20 were considered
low acid to near neutral.®® Therefore, the crackers
in this study have low acidity. At low pH, within pH
1 -3, the anthocyanins content was very stable and
highly colored.®' Nevertheless, the anthocyanins
pigment was unstable at high pH values because the
chemical structure of anthocyanins will change when
pH is raised. At this stage, it may exhibit a variety
of distinct hues depending on the pH. Examples
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include red (pH 1), purple (pH 7), blue (pH 10), green
(pH 11), and yellow (pH 13).The yellow tint, on the
other hand, indicates the development of chalcones
as a result of anthocyanin degradation.5? Because
it is close to pH 7, the purple sweet potato crackers
have a purple tint.

On the other hand, orange sweet potato products
called panettones have pH values ranging from
4.21 to 4.28.% The panettones have more acidic®
and the organic acids in the foods influenced the
product's odor, flavor, color, quality, and stability.
For the panettones, they further stated that with the
increasing pH of the products, a greater sweetness
had been detected

Water activity, also known as Aw, is critical in food
products because it regulates the onset and severity
of mould activity. High water content means high
water activity and vice versa. Food with high water
content may have fast deterioration due to the
changes in biological and chemical aspects of the
food. Water activity is crucial for quality properties
and shelf life in baked products, especially crackers,
biscuits and cookies. It will influence also influence
the storage and packaging type for the products.
Therefore, it is important to conduct water activity
analysis on any food products. In this study, water
activity analysis has been conducted on the newly
developed PSP cracker.

The Aw should be low in water content, less than
0.6% on baked products, especially crackers and
cookies.%® They also stated that the related food
products were normally thin in size. It is in line with
the newly developed PSP cracker, which also had a
thin size. The air in biscuits or crackers is also water
in the component materials.®” Therefore, before
producing the newly developed PSP crackers, the
aspects of shaping the form and size and the baking
process are crucial to avoid air in the baked crackers.

Table 5 showed the water activity value for newly
developed PSP cracker in this study. The Aw was
0.54, and previous study suggested that the value
should be less than 0.6.%¢ Less water activity value
shows that the newly developed PSP cracker has
low water activity and might have a longer shelf life.
This is also due to the baking process, reducing
the water content in the crackers.
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A study on orange sweet potato cookies found higher
Aw,ranging from 0.23 to 0.33, as they incorporated
orange sweet potato flour in the formulation.5®
The lower aw values measured normally related to
the high fiber content of the ingredients.®® The fiber
absorbs some water and reduces the aw in food
products. In this study, the newly developed PSP
cracker was produced from 53% of the cooked
purple sweet potato flesh from the total ingredient
list. Thus, it could contribute to the high-water activity
in the crackers.

Furthermore, the water activity of a given sample
decreases or increases depending on the type
of ingredient used, demonstrating that the use
of dairy products such as milk and butter causes
a high-water activity (Aw) level.”® Previous research
on rice flour with a water activity of 0.92 0.01 and
quinoa flour with a water activity of 0.894 0.001 to
manufacture gluten-free cakes revealed this.”""2
Because of the material used, both studies had
a high-water activity. Nevertheless, the value
of the Aw in the newly developed PSP crackers
is considered acceptable as the value is still within
the recommended rate, which was less than 6.0.

Besides that, based on the recommended Aw point
for crackers and biscuits, there are no microbial
organisms below the 0.60 threshold,” as a higher
water activity value of >0.8 facilitates the growth
of microbial organisms. Furthermore, pathogenic
bacteria cannot grow in water with a water activity
of 0.85-0.86.74.

Anthocyanins Biomarker Content

Many researches have concentrated on the
anthocyanin content of purple sweet potato
to examine its importance in human health.
The purple sweet potato is considered a healthy
food additive to the high anthocyanins level.”
The purple colorthat contains anthocyanins
pigment in the roots makes this potato high value-
added. The human diet's suggested daily intake
of anthocyanins is approximately 180-215mg/day in
the United States of America.” This level was nine
times higher than the other flavonoids, including
genistein, quercetin, and apigenin. Each content was
suggested to be around 20-25mg/day. In contrast,
the suggested consumption of anthocyanins
in food sources was between 250-400mg/d.””
The suggested anthocyanins daily intake doubles as
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compared to other study.” As this anthocyanin has
been found beneficial for human health, 250-400mg/
day is considered the best daily intake.

Furthermore, researchers have done many types
of research and found various significant advantages
of anthocyanins from purple sweet potatoes.
For example, anthocyanins can reduce the rate
of free radical cell death caused by smoking, air
pollution, and other pollutants.”® Anthocyanins can
also help you avoid ageing, memory loss, polyps,
gout, stomach acid, coronary heart disease,
cancer, and degenerative illnesses including
atherosclerosis.”® Anthocyanins also aid in the
prevention of aging, memory loss, polyps, gout,
stomach acid, coronary heart disease, cancer, and
degenerative diseases such as atherosclerosis.
According to research,’” anthocyanins can also
be antimutagenic and anticarcinogenic against
mutagens and carcinogens contained in food and
processed foods, avoiding liver function disruptions,
antihyper tension, and blood sugar levels. Aimost all
of the nutrients found in purple sweet potatoes aid
in the prevention of coronary heart disease.

Since this present study employed purple sweet
potato as the major ingredient for the cracker,
the anthocyanin concentration in the newly designed
PSP cracker was also assessed. Table 6 summarises
the anthocyanins level results.

Table 6: The Anthocyanins level of the newly
developed PSP cracker

PSP Anthocyanins  Total Polyphenol
Cracker (mg/g) (mgl/g)
6.68+0.04 30.83+0.01

All analyses are the mean of triplicate measurements
+ standard deviations.

Statistically significant differences (p0.05) are
denoted by values denoted by similar superscript
letters.

The newly improved PSP cracker contained 6.68
mg/g anthocyanins. A piece of the cracker was
approximately 4 grams, thus, the total anthocyanins
in a piece of PSP cracker were 26.72 mg.
The value of anthocyanins in PSP crackers was
higher than the purple wheat crackers, which
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was 21.6 mg/100g.80As suggested, normal
anthocyanins daily intake is up to 250-400mg/day.
The recommended consumption of newly developed
PSP crackers was 9 to 14 pieces per day.

Based on the previous research,® there are six types
of anthocyanidins. The anthocyanins were mostly
measured in purple sweet potatoes were called
3-sophoroside-5-glucoside of peonidin or cyanidin
and its acylated derivatives.'® This current study
found anthocyanidins (Cy), known as cyanidin-3-
galactoside, in this cracker. Furthermore, the total
polyphenol content of the newly developed PSP
cracker was 30.83 mg/g.lt is slightly lower than the
polyphenol content in purple sweet potato cookies,
which was 34.65 mg.®® It might be due to the
temperature differences during the baking process,
as cookies only took shorter times than crackers.

Nevertheless, the anthocyanins content in newly
developed PSP crackers was higher compared
to a cracker from PSP flour produced by Sittisak
et al., (2019). 1.82 mg/100g was found in their
cracker. This could vary due to the different
geographical locations of the purple sweet potato.

Due to its properties and nutritional properties,
many scholars, recommended that purple sweet
potatoes are a good local crop for the source
of stable anthocyanins, which could be an alternative
for natural colorant and biologically active food
material.®? Besides that, purple sweet potato
contains anthocyanin, a natural anti-aging nutritional
supplement that is also the safest and most powerful
free radical scavenger ever discovered.® As a
consequence, transforming the purple sweet potato
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into the newly produced purple sweet potato cracker
may become one of the people's everyday snacks.

Conclusion

PSP crackers, which have recently been invented,
include a variety of nutrients that can help persons
or consumers. In this study, the newly created PSP
crackers had a high dietary fibre content (60.3
g/100 g), high protein (8.7 g/100 g), 68.9 g/100g
of carbohydrates, 445 kcal/100g or 1869 kJ of energy
content, and 6.68 mg/g of anthocyanins level, this
cracker would be a type of snack for Malaysians
in the future, as proved by many researchers.
It also has high mineral contents and fiber crackers,
and convenient for consumers for traveling as
its size is small and easier to bring everywhere.
The anthocyanins and other nutrients in the newly
developed PSP cracker suggest the potential
for purple sweet potato products to contribute
beneficially to healthy eating. Therefore, the new
PSP crackers produced from Malaysia’s local crop
may become alternative snacks for consumers.
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