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ABSTRACT

Introduction: Three selected dietary supplements (DS), barley grass (BG), wheatgrass (WG), and Chlorella vulgaris 
(CV), are commercially available. However, more information is needed about the antioxidant properties of the 
three DS and their potential health benefits on adults’ health and well-being. Thus, this study aimed to determine 
the antioxidant properties and adults’ knowledge, attitudes and practices  (KAP) of the three selected DS. Meth-
ods: In phase 1, an experimental study was conducted on antioxidant analysis, total phenolic content (TPC) and 
DPPH radical scavenging activity for the three DS. For phase 2, a cross-sectional survey (n=338) was conducted 
for the three DS through an online platform where convenience sampling was performed. Results: In phase 1, BG 
(2.83±0.50mg GAE/g DW) had the highest TPC, followed by WG (2.02±0.20mg GAE/g DW) and CV (1.74±0.65mg 
GAE/g DW); DPPH radical scavenging activity, BG (198.23±0.15µg/mL) and WG (177.25±0.17µg/mL) had low-
er IC50 compared to CV (1185.84±0.28µg/mL). Significant differences (p<0.05) were found between IC50 of the 
three DS and standards, butylated hydroxytoluene (24.51±0.37µg/mL) and quercetin (26.04±0.55µg/mL). While in 
phase 2, poor knowledge (51.5%), moderate attitude (39.6%), and poor practice (43.2%) levels were observed in 
most of the participants. Moreover, working adults reported higher scores in knowledge (3.70±1.51) compared to 
students (3.33±1.63, p=0.037). Males had higher scores (29.27±2.42) in attitude compared to females (28.49±2.68, 
p=0.030). Besides, participants who were single and completed tertiary education with 4-6 years of working expe-
rience showed better practice scores. The overall knowledge (r=0.134, p=0.013) and attitude (r=0.273, p<0.001) 
scores correlated significantly with practice scores. Conclusion: Participants’ poor knowledge, moderate attitude, 
and inadequate practice in phase 2 caution against over-reliance on supplements, emphasizing the importance of an 
active lifestyle and balanced diet for optimal health and longevity.
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INTRODUCTION

People have been searching for ways to improve their 
health conditions to live fulfilling and happier lives. 
Apart from practising and adopting healthy diets and 
physical activity, people have also been practising 
dietary supplements (DS), nutraceuticals (N), and 
functional foods (FF) to have better well-being of health. 
However, people are widely exposed to FF, N, and DS, 
but sometimes people need help to differentiate the 
variation between these products as most marketers use 
jargon to explain them.

FF can be defined as food products or beverages 
containing known or unknown biologically active 
compounds that provide clinically tested health benefits 
for managing or treating some chronic diseases (1). A 
few examples of FF in the market are fortified yoghurts 
and orange juices with enriched vitamins C and D (1). By 
contrast, DS is a single substance usually taken alone or 
in mixtures in which the body needs or lacks the specific 
micronutrient (such as calcium). Precisely, the Food and 
Drug Administration (FDA) defined DS as products that 
are taken orally containing a “dietary ingredient” (such 
as vitamins) which can supplement the diet (2). Finally, 
N is a food that provides medical or health benefits, 
including disease prevention and/or treatment (3). It is 
made from food or part of the food (such as a garlic 
capsule) (4).

Over the past few years, the demand for DS use has 
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gradually increased globally, reaching over 90 million 
US dollars (5). Besides, 75% of individuals in developing 
countries take one or more DS (6). In European countries, 
the DS intake prevalence was higher in northern than 
in the southern countries (7). Meanwhile, South Korea 
showed a high demand for taking DS, where 60% of 
people was higher than in other countries (7), whereas, 
in Malaysia, 25% of adults consumed DS (8). 

In recent years, Malaysia has undergone rapid 
urbanization resulting in rapid dietary and DS intake 
changes. As a result, the consumption of dietary 
supplements grew steadily from RM 2.2 billion in 2015 
to RM 3.7 billion in 2020 (9). In 2014, the prevalence 
rate of DS intake showed an increment from 23.8% to 
28%, while food supplements increased from 24.8% 
to 34% as compared to the previous Malaysian Adult 
Nutrition Survey (MANS) in 2003 (8), which showed 
that Malaysia’s DS markets had increased positively 
(10). In 2021, the prevalence of DS use was very high, 
approximately 55.4%, with vitamin C supplements 
(38.4%) being the most popular dietary supplement (9).

Since ancient times, plants have been well-known 
for high concentrations of phytochemicals (such as 
anthocyanins), which may protect against damage 
from free radicals. Here, phytochemical refers to the 
collective term for plant chemicals with varied structures 
and functions. Common sources of phytochemicals 
originating from the plant include fruits, vegetables, and 
whole grains. Phytochemicals possess great antioxidant 
potential; thus, they have recently received significant 
attention and interest from the public (11). Among them, 
BG, WG, and CV powders which belong to DS have 
gained the interest of researchers as they possess high 
antioxidant properties (12–14). 

BG comes from the leafy part of the barley plant, produced 
from the plant Hordeum vulgare. Briefly, it takes ten days 
to grow into the plant, is capable of growing in various 
climatic conditions and contains abundant sources of 
nutritional value primarily harvested at a young age (13). 
Also, it is usually cultivated at 12 to 14 inches from the 
above-ground plant (15). BG is well known as a good 
source of phytonutrients and antioxidants as it contains 
high amounts of carotenoids and significant amounts of 
vitamins B1, B2, B3, B5, B6, and B12. It also contains 
folate, sometimes known as vitamin B9, and vitamins C 
and E (13,15).

WG originated from the plant Triticum aestivum. It is 
a thick, dry grass that looks like a straw in bright green 
colour and is widely grown throughout temperate 
regions of North America and Europe (16). It is also 
known as green blood because its high chlorophyll 
content gives wheatgrass products an unusual green hue 
(17). It is well-known as a potent health food because 
of its excellent benefits as it is packed with antioxidants 
and vitamins A, C, and E and minerals (E.g., magnesium). 

Besides, WG is well known as a complete vegan protein 
as it contains all the essential amino acids and thus can 
provide a balanced diet (14). WG is widely consumed 
as a superfood in the western world, containing more 
vitamin C than oranges and more vitamin A than carrots, 
and also it has powerful antioxidant properties (14, 
17). Additionally, the potential therapeutic nutrients of 
wheatgrass are phenolic compounds and flavonoids 
such as ferulic acid, gallic acid, caffeic acid, and syringic 
acid (14).

CV powder is mainly found and extracted from fresh 
unicellular green algae called Chlorella vulgaris. It is 
a microscopic organism between 2 to 10µm, with a 
structure almost like a plant (18). Its structure comprises 
the cell wall, mitochondria, and chloroplasts, which can 
carry out photosynthesis (18). CV powder is a nutritious 
DS containing high vitamins, proteins, minerals, 
antioxidants and chlorophyll (18). In addition, a great 
variety of carotenoids (lutein, β-carotene, zeaxanthin, 
and α-carotene) can be found in CV (19). It is also often 
used as a DS to protect against metal toxicity, such as 
arsenic (20). BG, WG, and CV display a tremendous 
therapeutic effect since these DS have specialities that 
could benefit individuals’ health and needs. These DS 
are usually consumed as powder, capsules, or tablets.

According to the World Health Organization, 
approximately 41 million people yearly, about 71% 
deceased from non-communicable diseases (NCDs) (21). 
Cardiovascular diseases account for most NCD deaths 
which are about 17.9 million people annually, followed 
by cancer-related diseases (9.3 million), respiratory 
diseases (3.9 million), and diabetes (1.5 million) (21). 
In Malaysia, ischemic heart disease is currently the 
primary leading cause of mortality reported in 2020, 
accounting for 17.0% of all deaths (22). Furthermore, as 
reported by the National Health and Morbidity Survey 
(NHMS) 2019, cardiovascular diseases (CVDs) such as 
stroke and coronary heart disease are the leading cause 
of death in Malaysia (23). Hence, NCDs in Malaysia is 
known as an alarming issue in which actions must be 
taken seriously. The beneficial effects of various plant 
materials, such as tea as a traditional herbal medicine 
for treating many diseases, including (CVDs) and 
diabetes mellitus, have been known since ancient times 
(24). Diabetes mellitus is the most prevalent metabolic 
disorder and is becoming a serious worldwide public 
health threat because it induces serious complications 
in several organs (24). It has been documented that 
antioxidants and several bioactive compounds present 
in DS materials may work against CVDs and diabetes 
mellitus. The possible mechanism behind this is that an 
antioxidant can be considered as a substance capable 
of repairing systems such as iron-transporting proteins 
by inhibiting a specific oxidizing enzyme that may react 
with oxidizing agents (24).

There are many types of DS with various health benefits, 
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known as “miracle cure” and “memory booster”, which 
have created confusion for consumers who may not 
fully understand the purpose and application of the 
specific DS. Usually, DS has been massively advertised 
and commercialized as a miraculous product for some 
diseases, including NCDs. Hence, extensive advertising 
may lead to an accumulation of misleading information 
(24). For instance, in Malaysia, only three types of DS are 
available, with general information having nutritional, 
functional, and disease risk reduction benefits (25). In 
short, the claims of DS need to show beneficial effects 
in promoting good health and well-being (physical and 
mental), enhancing body structure/ function, relieving 
physiological discomfort, and/or reducing the risk of 
health-related conditions or diseases (25).

Additionally, the three selected DS (BG, WG, and CV) 
were chosen to be included in this study, as they are being 
promoted as the trios’ products for the effect of “cleanse, 
fix and restore,” following their antioxidant properties. 
They are also often promoted as “truly miracle foods” 
that help to reduce the stress of a modern lifestyle (13). 
However, more information about the contents (such as 
nutritional values) and properties claimed in these DS 
in Malaysia is needed. Thus, the antioxidant level of the 
three selected DS should be examined.

In Malaysia, there is yet to be a study done explicitly 
on the three selected DS as little is known about their 
effects (such as health benefits). Since these DS are not 
well-known enough, most consumers need to learn 
about their applications and benefits. Hence, the KAP 
towards three selected DS are also limited and needs 
to be better understood in Malaysia. Sien et al. (26) 
reported that data on DS in Asian countries is limited. 
There is abundant DS yet to be fully understood based 
on their safety, practice, food interaction, and usage 
in Malaysia. Therefore, this study aimed to determine 
the antioxidant properties and adults’ KAP of the three 
selected DS.

MATERIALS AND METHODS

Study design
The current study comprised two phases: I and II. In the 
first phase, antioxidant activity analysis of three selected 
DS to verify the product claims on the label, such as 
supporting damaged and ageing cells and removing 
heavy metals, radiation, and chemical substances, 
was conducted. Hence, this study was carried out 
to compare and determine the concentration and 
antioxidant activity. The second phase of the study 
consisted of an online survey regarding the knowledge, 
attitudes and practices (KAP) on the three selected DS 
among Malaysian adult consumers.

Study sample
The BG, WG, and CV powders used in the study were 
commercial products purchased from various organic 

stores in the Selangor district, Malaysia. Among various 
brands, only one brand was sourced and chosen in this 
study. The products were purchased in powder form 
with weights of 100g for BG, WG, and 180g for CV 
powder. 

Sample preparation 
The extraction method has been selected from the 
previously published study with slight modifications (27). 
First, 50 g of each plant powder was briefly subjected to 
successive maceration using methanol (500 mL each) 
for 48 h at room temperature (27±1°C). Following the 
extraction step, filtration was carried out using a Bucker 
funnel and Whatman No.1 filter paper. Afterwards, the 
extracts were dried in a rotary evaporator under reduced 
pressure until dry. Moreover, a small amount of methanol 
(1 mL) was added to the dried extract from the rotary 
evaporator to collect the plant extracts. Subsequently, 
the plant extracts were dried using nitrogen gas before 
storing them in the fridge at 4°C and protected from light 
and humidity before further analysis.

Antioxidant activity analysis

Total phenolic content (TPC)
The TPC was determined per Mediani et al. (28) method 
with slight modifications. Hence, gallic acid was used 
as a standard curve to determine the TPC of the three 
selected DS (BG, WG, and CV) extracts. Followed by an 
aqueous sodium carbonate solution (7.5 %) and Folin-
Ciocalteu reagent (FCR) (1:10) were prepared. Briefly, 
the plant extracts (5mg) of each selected DS were 
taken, mixed with 1000 μl of methanol and vortexed. 
Afterwards, 20μl of each sample of selected DS was 
transferred to each well of 96 well plates, followed by 
adding 100 µl of FCR and incubating for 5 minutes at 
room temperature. After that, 80 µl of 7.5 % sodium 
carbonate was added to each well. In total, 200 ul was 
required for each well of the 96 well plates. Later, the 
plate was incubated in the dark for 30 minutes at room 
temperature before the absorbance was measured at 
765 nm using a microplate reader Tecan Infinite F200 
Pro plate reader (Tecan, Männedorf, Switzerland). All 
measurements were performed in triplicates, and the 
control would act as a blank. Then, The results were 
expressed in milligrams (mg) of gallic acid equivalents 
(GAE) per gram of dry weight (mg GAE/g DW). However, 
the concentration of gallic acid was expressed in mg/
µl for better understanding. All measurements were 
performed in triplicates.

DPPH radical scavenging activity
This assay was conducted by Mediani et al. (28) with 
slight modifications to get better results. Briefly, 100 
µl of sample extract was taken first from the prepared 
stock, followed by serial dilution. Then, 50 µl of sample 
extract (1000-15 µg/mL) and controls - quercetin and 
butylated hydroxytoluene (BHT) were added with the 
100 µl of DPPH in the 96-well microplate. Next, the 
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the correct answer. The total score was calculated by 
summing up the scores of all items, in which the total 
score ranged from 0 to 10. Higher scores indicated that 
a participant knew about three selected DS. In this study, 
Cronbach’s alpha value for the knowledge items was 
0.728, indicating good internal consistency reliability.

The attitude section consisted of 10 items, using a 
4-point Likert scale (1-strongly disagree, 2- disagree, 
3-agree and 4-strongly agree). In addition, negative 
statements were reversely scored (4 - strongly disagree, 
3 - disagree, 2 - agree, and 1 - strongly agree). The total 
score was calculated by summing up the scores of 10 
items, in which the total score ranged from 1 to 40. 
Higher scores indicated a positive attitude level towards 
the three selected DS. In this study, Cronbach’s alpha 
value for the attitude items was 0.707, indicating good 
internal consistency reliability.

The practice section consisted of 10 items with a 
5-point Likert scale (1-never, 2 rarely, 3- sometimes, 
4-often, and 5-always). Negative statements were scored 
reversely (5-never, 4- rarely, 3-sometimes, 2-often, and 
1-always). The total score was calculated by summing 
up all the 10 items, in which the total score ranged from 
1 to 50. Higher scores indicated a good level of practice 
with three selected DS. In this study, Cronbach’s alpha 
value for the practice items was 0.710, indicating good 
internal consistency reliability.

Content validity
The supervisory committee conducted content validity in 
the Faculty of Medicine and Health Science of Universiti 
Putra Malaysia to ensure the appropriateness, ambiguity, 
and accuracy of each item in the KAP questionnaire. As 
a result, a total of 12 questions (four questions each on 
knowledge, attitude, and practice sections) out of 30 
questions were asked for amendment before proceeding 
with the pre-testing of the questionnaire. 

Ethical approval
This study was approved by Ethics Committee for 
Research Involving Human Subjects, Universiti Putra 
Malaysia (reference no.: JKEUPM-2022-121). 

Pre-testing
Before going to the actual data collection, a pre-testing 
of the questionnaires by 30 adults who had experience 
taking any or three selected DS to determine the face 
validity of the KAP questionnaire. Cronbach’s alpha 
value of ≥ 0.70 indicated good internal consistency 
reliability of the KAP questionnaire (32).

Data collection procedure
The data collection was administered through Google 
Forms from March 2022 to June 2022.  The Google 
Forms were distributed via Facebook, Instagram, email, 
and WhatsApp. Adults who agreed to participate in the 
study were required to click the “I agree to participate 

mixture was left to stand in the dark for 30 minutes at 
room temperature before the absorbance was measured 
at 517nm using a microplate reader Tecan Infinite 
F200 Pro plate reader (Tecan, Männedorf, Switzerland). 
Finally, the results were expressed in IC50 value (µg/
mL), indicating the sample concentration required to 
scavenge 50% DPPH free radicals. All measurements 
were performed in triplicates.

The percentage (%) scavenging was calculated using the 
formula:

% Scavenging = [(A0 – A1) / A0] x 100

Where A0= absorbance of the control solution, A1= 
absorbance of extract/standard

Knowledge, attitudes, and practices (KAP) of the three 
selected dietary supplements (BG, WG, and CV)

Subjects
The target population of this study was Malaysian 
adults. The inclusion criteria were Malaysians aged 18 
to 60 taking either any type or three selected dietary 
supplements. The exclusion criteria were pregnant and/
or lactating women and individuals with NCDs.

Sample size determination
In this study, the determination of sample size used a 
Pearson correlation sample size formula was used (29), 
with the standard normal deviate for Zα = 1.96; standard 
normal deviate for Zβ = 0.84, r = the relationship 
between knowledge level and consumers’ attitudes on 
three selected DS = 0.156 (30). A total of 320 participants 
were needed in this study. 

Sampling
A convenience sampling method was used in this 
studyData were collected through google forms via 
online platforms such as email, WhatsApp, Instagram, 
and Facebook to minimize face-to-face interactions with 
the participants and reduce the spread of COVID-19. 
 
KAP questionnaire
The KAP questionnaire was adapted with slight 
modifications from the literature (31). The KAP 
questionnaire consisted of four sections, including (A) 
socio-demographic characteristics, (B) knowledge of 
three selected DS, (C) attitudes of three selected DS, and 
(D) practices of three selected DS. Socio-demographic 
characteristics including sex, age, ethnicity, marital 
status, level of education, employment status, working 
experience, number of family members, and monthly 
household income were self-reported.

For knowledge section, it consisted of 10 items with the 
options “Yes”, “No”, and “Do not know”. Zero-point 
was given to those who answered incorrectly and did 
not know the answer, whereas one point was given for 
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GAE/g DW), followed by WG (2.02±0.20mg GAE/g 
DW) and CV (1.74±0.65mg GAE/g DW). It could be 
observed that there were no significant differences 
(p>0.05) among the three samples. 

DPPH radical scavenging activity 
The DPPH free radical scavenging activity ranged between 
177.25µg/mL and 1185.84µg/mL among the three DS 
samples. The IC50 standards used in the study were 
quercetin (26.04µg/mL) and butylated hydroxytoluene 
(BHT) (24.5µg/mL). It could be observed that the lowest 
IC50 was WG (177.25+0.17µg/mL), followed by BG 
(198.23µg/mL) and CV (1185.84+0.28µg/mL). This data 
indicated that WG and BG had a higher concentration 
of radical scavenging capacity to adequately inhibit 
the DPPH radicals, where the least radical scavenging 
capacity was CV among the samples. The possible reason 
for these differences may be due to the nature of their 
raw ingredients. However, no significant differences 
were observed in the scavenging activity between BG 
and WG. However, there was a significant difference in 
the DPPH radical scavenging activity in the CV (p<0.05) 
compared to BG and WG. The standard curve of BG, 
WG, and CV can be viewed in Figure 2.

Phase 2: KAP regarding the three selected DS (BG, WG, 
and CV)

Socio-demographic characteristics of participants
The socio-demographic characteristics of participants 
are shown in Table II. A total of 338 Malaysian adults 
(19.5% males and 80.5% females) with a mean age of 
24.45±5.74 years participated in the study. The majority 
were Chinese (83.7%), 92.6% were single, currently 
attaining or attained tertiary education (95.0%), 58.9% 
were students, and some of the students graduated with 
less than three years of working experience (82.5%). In 
addition, most were in the B40 and M40 groups (79.0%) 
and lived with 4 to 6 family members (80.2%). 

Knowledge of participants’ current usage of any 
type or three selected DS (BG, WG, and CV)
Table III shows the participants’ knowledge, attitude and 
practice scores and classification regarding the three 
selected DS (BG, WG, and CV). The mean knowledge, 

in the study” button and would proceed to fill up the 
questionnaire. The information sheet and informed 
consent form were attached to the first page of Google 
Forms. The participants had the right to decide their 
participation and withdrawal at any time if they felt 
uncomfortable with any items in the questionnaire. 

Statistical analysis
Data were analysed using the IBM SPSS Statistics 26.0 
(IBM Corp., Armonk, NY). Before analyzing the data, 
the skewness test of normality was used to assess 
the normality of the continuous data. A skewness 
value within ± 2.0 was considered the normal data 
distribution. All variables in the study were expressed in 
descriptive statistics, in which categorical variables were 
expressed in the form of frequencies and percentages, 
and the continuous variables were expressed in the 
form of means and standard deviations for normally 
distributed data as well as the median and interquartile 
range for non-normally distributed data. A one-way 
analysis of variance (ANOVA) test was used to compare 
the concentration of antioxidant levels between three 
selected DS. In addition, a post hoc test was conducted 
when the ANOVA’s F-statistic was significant (p<0.05).

Similarly, the ANOVA test and independent-samples 
t-test were used to compare the KAP of the participants 
towards three selected DS between different socio-
demographic characteristics. Besides, Pearson 
correlation tests were used to determine the relationships 
between knowledge and attitude with practice towards 
three selected DS among adult consumers. Statistical 
significance was set at p<0.05.

RESULTS

Phase 1: Antioxidant activity analysis

Total phenolic content (TPC)
It has been previously documented that the phenolic 
compounds found in plants, fruits, and microalgae have 
beneficial health effects that contribute to the antioxidant 
capability within the human diet, which are much 
higher than the vitamins (33). Therefore, TPC content 
is an essential indicator of determining the amounts of 
antioxidants in any sample (36). In this study, the TPC 
of these 3 DS was conducted using the Folin-Ciocalteu 
assay by constructing a standard curve with gallic acid 
(GA), considering the relationship between absorbance 
and concentration. The generated GA standard curve 
was linear y = 0.001x + 0.056; R2 = 0.9985.

Using the linear equation obtained from the standard 
curve, the TPC of each sample was determined and 
presented (Table I). The values are presented as 
milligram gallic acid equivalent/g dry weight extract (mg 
GAE/g DW). The range of TPC in samples was between 
1.74 and 2.83mg GAE/g DW. In this study, it could be 
observed that the highest TPC was BG (2.83±0.50mg 

Table I: Antioxidant profile – Total phenolic content and DPPH rad-
ical scavenging activity from barley grass, wheatgrass and Chlorella 
vulgaris powders

Samples

(powders)

Extraction/ 
fractionation 

yield (g)

Total Phenolic 
Content

(mg GAE/g DW)

DPPH Radical 
Scavenging Activ-
ity, (IC50, µg/ml)

Barley grass 15.85 2.83±0.50a 198.23±0.15a

Wheatgrass 15.50 2.02±0.20a 177.25±0.17a

Chlorella vulgaris 14.75 1.74±0.65a 1185.84±0.28b

Quercetin - - 26.04±0.55c

BHT - - 24.51±0.37c

Abbreviations: BHT: Butylated hydroxytoluene, GAE: Gallic acid equivalent
Standard: Butylated hydroxytoluene (BHT) and quercetin
Data is represented as mean ± standard deviation (n=3)
Mean values of different superscript letters (a, b and c) are significantly different (p<0.05)
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regarding the three selected DS (BG, WG, and CV). 
There was a significant difference in knowledge scores 
between students and working participants (p=0.037). 
Higher knowledge scores toward the three selected DS 
were observed in those working (3.70±1.51) compared 
to students (3.33±1.63).

In terms of the comparison in attitude scores between 
different socio-demographic characteristics of the 
participants regarding the three selected DS (BG, WG, 
and CV), there was a significant difference in attitude 
scores between males and females (p=0.030), in which 
males (29.27±2.42) scored higher in the attitude scores 
compared to females (28.49±2.68).

In terms of the comparison in practice scores between 
different socio-demographic characteristics of the 
participants regarding the three selected DS (BG, WG, 
and CV), there were significant differences in practice 
scores between marital status (p=0.043) and working 
experiences (p=0.016). More specifically, in marital 
status, those who were single (33.03±3.21) showed 
a higher practice score than those who were married 
(31.43± 4.03). Besides, those with 4-6 years of working 
experience (33.14±2.97) and ≤3 years of working 
experience (33.06±3.28) showed higher practice 
scores as compared to those with ≥10 years of working 
experience (30.38±3.86). There was also a significant 
difference in practice scores between secondary and 
tertiary education (p<0.001). Participants with tertiary 
education (33.08±3.20) scored higher in practice 
than those who completed secondary education 
(32.18±4.75). 

Relationships between knowledge and attitude with 
practice
Table V showed the results of Pearson’s correlation which 
indicated significant positive relationships between 
knowledge and practice scores (r=0.134, p=0.013) as 
well as attitude and practice scores (r=0.273, p<0.001). 
The result of this study indicated that for participants 
with higher knowledge and attitude scores, their practice 
scores were also higher. 

Table II: Socio-demographic characteristics of participants (n = 338)

Variables n % Mean±SD

Age (years) 24.45±5.74

18-20 27 8.0

21-23 156 46.2

24-26 109 32.2

≥27 46 13.6

Sex

Male 66 19.5

Female 272 80.5

Ethnicity

Chinese 283 83.7

Malay 37 10.9

Indian 11 3.3

Bumiputera Sarawak 3 0.9

Bumiputera Sabah 4 1.2

Marital status

Single 313 92.6

Married 23 6.8

Divorced 2 0.6

Level of education

Secondary education 17 5.0

Tertiary education 321 95.0

Employment status

Student 199 58.9

Working 139 41.1

Working experience (years) 2.58±5.0

≤3 279 82.5

4-6 35 10.4

7-9 8 2.4

≥10 16 4.7

Number of family members

≤3 42 12.4

4-6 271 80.2

7-9 21 6.2

≥10 4 1.2

Monthly household income a

B40 (≤RM4,850) 134 39.6

M40 (RM4,851–RM10,959) 133 39.4

T20 (≥RM10,960) 71 21.0

Abbreviations: RM, Ringgit Malaysia
a Classified according to the Department of Statistics Malaysia 

attitude and practice scores were 3.48±1.59, 28.64±2.65 
and 32.94±3.29, respectivelyMore than half of the 
participants in this study (51.5%) had poor knowledge 
levels, 39.6% with a moderate attitude level, and 43.2% 
with a poor level of practice towards three selected DS.

Comparison of knowledge, attitude, and practice 
scores of the participants regarding the three 
selected dietary supplements (BG, WG and CV)  
between socio-demographic characteristics of the 
participants
Table IV compares knowledge scores between different 
socio-demographic characteristics of the participants 

Table III Knowledge, attitude and practice scores and classification of 
the participants regarding any type of three selected dietary supple-
ments (BG, WG, and CV) (n =338)

Variable Mean±SD Minimum Maximum n (%)

Knowledge score 3.48±1.59 0.0 9.0

Good (7-9) 5 (1.5)

Moderate (4-6) 159 (47.0)

Poor (0-3) 174 (51.5)

Attitude score 28.64±2.65 21.0 36.0

Good (30.01-36.0) 85 (25.1)

Moderate (27.01-30.0) 134 (39.6)

Poor (21.0-27.0) 119 (35.2)

Practice score 32.94±3.29 22.0 42.0

Good (37.6-42.0) 101 (29.9)

Moderate (33.0-37.5) 91 (26.9)

Poor (22.0-32.9) 146 (43.2)
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DISCUSSION

Antioxidant activity profile 
In phase 1, an antioxidant activity analysis was 
conducted on the three selected DS (BG, WG, and 
CV). According to the findings, phenols are more 
soluble in polar solvents, so the selected DS extracts are 
highly concentrated with these compounds (35). Thus, 
methanolic extraction was used in this study on the 
selected dietary supplements, which showed to be more 
significantly efficient and more phenolic compounds and 
other types of antioxidant properties than hexane and 

Table IV: Comparison of knowledge, attitude and practice scores of the participants regarding the three selected dietary supplements (BG, WG, 
and CV) between different socio-demographic characteristics (n =338)

Variables
Knowledge 
Mean±SD

p-value Attitude 
Mean±SD

p-value Practice 
Mean±SD

p-value

Age (years) 0.710 0.131 0.142

18-20 3.56±1.25 28.19±3.08 33.11±3.08

21-23 3.53±1.58 28.74±2.74 33.28±3.25

24-26 3.34±1.61 28.91±2.47 32.78±3.42

≥27 3.61±1.78 27.91±2.36 32.04±3.10

Sex 0.536 0.030* 0.620

Male 3.59±1.92 29.27±2.42 32.76±3.90

Female 3.46±1.50 28.49±2.68 32.98±3.13

Ethnicity 0.973 0.326 0.350

Chinese 3.50±1.58 28.52±2.61 33.07±3.30

Malay 3.35±1.81 29.14±2.88 32.08±3.08

Indian 3.64±1.43 29.18±2.36 32.91±3.42

Bumiputera Sarawak 3.67±0.58 30.00±0.00 30.67±2.10

Bumiputera Sabah 3.75±1.90 30.25±4.35 33.25±4.11

Marital status 0.992 0.059 0.043*

Single 3.48±1.59 28.71±2.62 33.03±3.21a

Married 3.52±1.62 27.48±2.83 31.43±4.03a

Divorced 3.50±2.12 30.50±0.71 35.50±2.12

Level of education 0.900 0.162 <0.001**

Secondary education 3.53±1.67 27.76±3.05 32.18±4.75

Tertiary education 3.48±1.59 28.69±2.62 33.08±3.20

Employment status 0.037* 0.096 0.805

Student 3.33±1.63 28.84±2.79 32.97±3.23

Working 3.70±1.51 28.35±2.41 32.88±3.38

Working experience (years) 0.220 0.145 0.016*

≤3 3.56±1.57 28.68±2.63 33.06±3.28b

4-6 3.09±1.60 28.94±2.36 33.14±2.97c

7-9 2.88±1.64 28.88±3.44 33.00±1.93

≥10 3.25±1.88 27.19±2.97 30.38±3.86bc

Number of family members 0.404 0.953 0.071

≤3 3.24±1.56 28.52±2.92 32.36±3.62

4-6 3.49±1.59 28.64±2.60 33.11±3.23

7-9 3.67±1.62 28.76±2.47 32.71±2.78

≥10 4.50±1.00 29.25±4.43 29.50±4.67

Monthly household income (RM) 0.378 0.423 0.232

≤RM4,850 3.38±1.73 28.77±2.69 33.15±3.35

RM4,851–RM10,970 3.47±1.52 28.41±2.43 33.04±3.23

≥RM10,971 3.70±1.41 28.83±2.94 32.35±3.25

*Independent T-test and **One-way ANOVA were significant at p<0.05.              a Significant difference between single and married in marital status,
b Significant difference of ≤3 years and ≥10 years in working experience,               c Significant difference between 4-6 years and ≥10 years in working experience at p<0.05.

acetate extraction (36). In addition, past investigations 
showed that aqueous extraction could dissolve more 
polar compounds, for example, phenolic compounds 
with low and medium molecular weights and medium 
polarity (37).

Besides, it was reported that young BG consists of 
various phenolic compounds, such as flavones, from the 
significant leaf antioxidants catechins and coumarins 
(38). Based on Table II, the TPC of BG was significantly 
higher than WG and CV. The findings of this study were 
similar to a study, revealing a higher TPC in BG juice 
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than in WG and rice juices (39).

Lower IC50 was observed in both BG (198.23µg/mL) 
and WG (177.25μg/mL), showing both have a higher 
radical scavenging activity. The obtained IC50 of BG 
and WG from this study were within the range reported 
by others, such as plant extracts, IC50 of Desmostachya 
bipinnate and Hordeum vulgare (40). In this manner, 
the results depicted that BG and WG are more potent 
in the radical scavenging activity following these studies 
(41). On the other hand, it could be observed that CV 
had a higher IC50 and lower radical scavenging activity. 
CV has a lower antioxidant capacity than BG and WG, 
possibly due to the lower amounts of phenols, tannins, 
flavonoids and terpenoids (43). However, due to the 
lack of data comparing BG, WG and CV, more research 
is required to investigate the relationship between free 
radical scavenging activities among three selected DS.

Generally, the antioxidant activity in BG, WG and 
CV can be easily influenced and affected by light, 
cultivation timing, and cultivars (43). Besides, various 
studies have found that heat treatment can affect and 
alter the chemical structure of polyphenols, affecting the 
functions and capacities of the antioxidant properties 
(43). For example, a study reported that dry WG 
powder had a decreased total phenolic content and 
total flavonoid content compared to fresh WG due 
to thermosensitivity (44). In addition, factors such as 
algal species, geographical factors and seasonal and 
environmental variations could partially influence the 
antioxidant activity of CV (45).

KAP regarding the three selected dietary supplements 
(BG, WG and CV)
Results of this study showed that the participants had 
poor knowledge (51.5%), moderate attitude (39.6%) and 
poor practice (43.2%) toward the three selected DS (BG, 
WG and CV). Thus, participants in this study needed 
to have a better knowledge and understanding of the 
three selected DS. This data could be explained that 
the participants needed to learn about the functionality 
and benefits of the three selected DS but might know of 
other DS. 

Subsequently, poor knowledge can be observed among 
the participants due to their inability to differentiate 
the differences and functions of the three selected DS, 
which the participants might not be willing to purchase 

for consumption. Furthermore, most participants come 
from something other than healthcare professional 
backgrounds, so they need to possess better knowledge 
and understanding of certain phytochemicals (such 
as flavonoids) and their functionalities. Therefore, the 
participants will only choose to consume the well-known 
and available DS in the current market in Malaysia. 
Moreover, price is also another factor in choosing DS. 
In the current study, we have also considered the prices 
of the DS as a predominant factor. Therefore, we are 
trying to use quite similar price products for this study; 
for example, BS and WS are similar (both RM 68.25 per 
100 gm), while CV is relatively costlier (RM 184 per 200 
gm). Therefore, consumers are more willing to stick to 
the current DS because of used to them and understand 
the functions and benefits (46). However, some 
healthcare professionals must possess the knowledge 
and experience of the three selected DS. They could not 
consult or advise consumers on the usage and benefits 
of these products (7). This leads to consumers needing 
more confidence to approach healthcare professionals 
for further clarification. Therefore, healthcare 
professionals should take the initiative to understand 
more about different DS available in the market to 
enhance their knowledge, advise consumers about the 
benefits and usage methods, and be complemented 
their daily lifestyles.

In terms of attitude, most of the participants in this study 
had moderate attitudes toward the three selected DS. The 
results were moderately positive in the attitude, but they 
needed to be a better understanding of the three selected 
DS. Due to a lack of understanding and perceptions of 
the exact functionalities and health benefits of some 
newly introduced DS, many healthcare professionals 
do not recommend incorporating them into individuals’ 
diets and lifestyles. Besides, the possible interactions 
with certain medications or in case of overdosage is a 
severe concern for consumers (47). In terms of practice, 
most participants demonstrated a poor practice level, 
which their poor knowledge could influence. 

Comparing the knowledge scores of the three selected 
DS between different socio-demographic factors, this 
study showed that higher knowledge scores regarding 
the three selected DS were observed in those working 
compared to students. The higher score in those working 
adults might be attributed to the stressed working 
environment or hectic working schedules. Therefore, 
they may be unable to meet daily requirements of 
nutrients (such as skipping meals). Thus, they might 
consume DS to ensure enough nutrients to stay healthy 
and meet daily nutrient requirements. Subsequently, the 
prevalence of DS consumption among working adults is 
increasing. 

In this study, females were the majority of the subjects. 
However, the results showed that males had a higher 
score in attitude towards the three selected DS than 

Table V: Correlations between knowledge scores and practice scores 
and between attitude scores and practice scores among participants 
regarding the selected dietary supplements (BG, WG and CV) (n 
=338)

Variables Practice scores p

Correlation coefficient (r)

Knowledge scores 0.134* 0.013

Attitude scores 0.273** <0.001

* Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).
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women. This may be due to the low number of male 
participants, causing differences in scoring in this 
study. Therefore, it can be observed that males had a 
higher score in attitudes. Furthermore, women were 
more concerned with their health. Therefore, they were 
keener to consume or purchase DS to improve their 
health status than males (48). It was also reported that 
women were more willing to invest in their health and 
beauty; hence, they were interested in trying different 
DS (48). 

Furthermore, comparing the practice score towards 
the three selected DS and the socio-demographic 
characteristics showed significant differences (p<0.05) in 
marital status, education level and working experiences. 
Participants who were single and graduated from tertiary 
education with or without 4-6 working experiences tend 
to be more concerned about their health status. Previous 
study showed that individuals with higher educational 
levels and working experiences tend to be willing to 
invest in their health (49). Another reason is that working 
adults might have earned more income from their work, 
therefore, are more willing to invest in their health (49).

In addition, it was found that there was a relationship 
between knowledge and practice scores and attitude 
and practice scores. Knowledge can influence one 
behaviour as the intention is often influenced by how 
one perceives knowledge (50). It is also believed that 
educational background could determine an individual’s 
knowledge level. A KAP study of Malay elderly on salt 
intake and its relationship with blood pressure described 
that Malay elderlies with better knowledge scores are 
more prone to reduce salt intake, thus improving their 
salt-related practices (50). Therefore, knowledge and 
attitude scores are related to the practices of individuals 
to either try or buy the three selected DS. 

There are a few limitations to this study. In phase 1, TPC 
and DPPH radical scavenging activity may not provide 
sufficient information to validate the exact antioxidant 
activities of the three selected DS. More in vitro assays 
are needed, such as ferric reducing antioxidant power 
(FRAP) assay and superoxidase dismutase (SOD) activity 
assay, besides high-performance liquid chromatography 
HPLC analysis that offered different mechanisms 
needed. Also, only one brand was used in this study, 
which cannot represent the overall brands in comparing 
the other brands’ exact amount of antioxidant activities. 
In phase 2, convenience sampling was used, and the 
results of this study could not be generalized to the 
whole population of adults in Malaysia.

Furthermore, the self-reported questionnaire used in this 
study could lead to biased findings, in which participants 
might provide socially desirable answers and experience 
recall bias. Besides, this study involved more Chinese 
than other ethnicities, which was not comparable to the 
ethnic distribution in Malaysia. Also, gender imbalance 

was observed in this study. 

CONCLUSION

The present study investigated three types of DS available 
in the supermarkets. Results concluded that, in phase 1, 
the antioxidant activity of the three selected DS could 
provide the potential benefits to be incorporated into 
daily diet and lifestyle to improve general well-being 
and health. While in phase 2, most participants showed 
poor knowledge, moderate attitude, and poor practice 
towards the three selected DS. Over-relying on DS is not 
recommended. However, practising an active lifestyle 
and proper diet can achieve optimal health-being and 
longevity. 
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