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Abstract
The exploitation of food waste for functional food production provides an alternative
approach for food quality enhancement and environmental protection. Psyllium husk and
lemon peels are good sources of dietary fibre. Soluble fibre has been claimed to control
blood cholesterol and sugar levels while insoluble fibre could reduce risks of colon cancer.
Thus, this study aims to develop crackers using psyllium husk and oven-dried lemon peel
powder as functional ingredients. The control was prepared without psyllium husk and
lemon peel powder. Proximate composition, sensory quality, and physicochemical
properties of crackers were determined. The psyllium crackers contained 63.01%
carbohydrate, 20.62% fat, 5.75% crude fibre, 4.30% ash, 3.61% protein, and 1.71%
moisture content. Sensory attributes (appearance, aroma, taste, crunchiness, hardness,
bitterness, and overall acceptance) of sample and control were evaluated by 50 panellists
using a 9-point hedonic scale. The acceptance Index of psyllium crackers and control were
83% and 77%, respectively. A total of 68% of the panellists preferred the psyllium
sample while 32% preferred the control. The addition of psyllium husk and lemon peel
powder significantly increased the dietary fibre content of the sample (15.10%) as
compared to the control (5.95%). Psyllium husk could be used as a potential substitute for
oat in crackers for cost-effectiveness and the product provides a good source of dietary
fibre. The utilization of agricultural waste such as psyllium husk and lemon peels in
functional food production warrants further exploration.

1. Introduction

foods.

Functional foods are foods that provide health
benefits beyond basic nutrition. The global functional
food market size was valued at USD 173.26 billion in
2019 and is expected to reach USD 309.00 billion by
2027 with a compound annual growth rate of 7.5%
during the forecast period of 2020 to 2027 (Precedence
Research, 2020). The consumer demand for functional
foods is growing steadily worldwide due to the increased
health consciousness among consumers. For the past few
decades, there was a paradigm shift in consumers’
perception of health care, switching from disease
treatment to disease prevention. Many consumers are
willing to pay a higher price for healthy products
including food supplements and functional foods to
protect themselves from various diseases. However, food
supplements such as nutraceuticals in the form of
capsules and pills are not appetizing nor aesthetically
pleasing. Thus, the concept of functional foods is widely
accepted as consumers can take in health-promoting
ingredients or bioactive compounds through delicious

The Ministry of Health Malaysia has introduced The
Healthier Choice Logo initiative in 2017 to facilitate the
consumers to make a smarter choices for healthier
products. The initiative also aims to encourage the local
food industry to manufacture products with better health
benefits through reformulation or new product
development, and to provide an environment that
supports healthy nutritional practices. One of the
ultimate objectives of these efforts is to reduce the
number of non-communicable chronic diseases such as
cardiovascular diseases, cancers, diabetes, osteoporosis,
and obesity among the population.

*Corresponding author.
Email: thedst@tarc.edu.my

Cultivation
activities
and
agro-industrial
manufacturing have generated a vast amount of food loss
and waste every year. According to FAO (2012),
approximately 1.3 billion tons of food are lost or wasted
globally along the food supply chain, representing onethird of the edible portion of the total volume of food
that is produced for human consumption. Plant-derived
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food wastes constitute 63% of the total food wastes
(Pfaltzgraff et al., 2013). Extensive research have been
conducted to recover valuable bioactive compounds such
as phenolic, flavonoids, phytosterols, citrulline, vitamins,
essential amino acids, and dietary fibre, from plant food
wastes by using various bioprocesses. These bioactives
are widely utilized for pharmaceutical and cosmetic
products. Since plant food wastes are excellent and
renewable sources of health-promoting bioactive
compounds, exploitation of plant-derived food wastes
such as fruit peels, seeds, and pomace for functional food
production provides an economical approach for food
quality enhancement, improvement of population health,
and environmental protection.
Psyllium husk is produced by milling off the dry
outer coat of the Plantago ovata seeds. The psyllium
husk was reported to contain 77.24% total dietary fibre
and high mineral content including 805 mg potassium,
104 mg calcium, 62.3 mg sodium, and 19.7 mg
magnesium per 100 g (Chong et al., 2019). The uses and
functions of the psyllium husk were reviewed and
summarized by Belorio and Gomez. (2020). Psyllium
husk has been used as a food ingredient for rheological
modification, dietary fibre enrichment, gluten
replacement, staling prevention, fat replacement, and
gelling agent. It has also been used as a health
supplement for cholesterol reduction, hunger control,
lipid absorption control, and blood glucose control
(Belorio and Gomez, 2020; Soukoulis et al., 2018; Phan
and Burton, 2018)
The lemon (Citrus limon) peel, seeds, and residue
pulp are by-products of lemon juice processing and
constitute about 50% of the whole fruit with high
potential use. Lemon peel has high dietary fibre (63.9%)
(Garcia Beltran et al., 2019) and the total amount of
monoterpene in the peels of sour lemon is reported to
range from 91.72 to 97.91% (Resketi et al., 2021).
Numerous studies have been performed on the chemical
composition, antimicrobial, antifungal, antiviral,
antitoxic, anticancer, antioxidant, and radical scavenging
abilities of the essential oil of lemon peel of various
cultivars of lemon (Espina et al., 2011). Bacteriostatic
effects resulting from monoterpene compounds, mainly
limonene, have been reported in citrus peels. Research
has shown that citrus essential oils show both
antimicrobial (Moreira et al., 2005; Sharma and Tripathi,
2006) and antifungal properties (Chee et al., 2009;
Dambolena et al., 2008). Lemon peels are rich in
minerals (calcium, potassium, and magnesium) and
antioxidants such as D-limonene and vitamin C,
flavonoids that boost our immune system and reduce the
risk of various diseases. It may even have several
anticancer properties (Rao, 2016). Pectin in lemon peels
eISSN: 2550-2166

may promote heart health by lowering blood cholesterol
levels and other risk factors for heart disease. Lemon
peels have been reported as a good source of pectinderived oligosaccharides with promising prebiotic
properties (Gómez, et al., 2014).

This study aimed to develop high fibre crackers
using psyllium husk and lemon peels as functional
ingredients as these food wastes are good sources of
dietary fibre. Soluble fibre has been claimed to control
blood cholesterol and sugar levels while insoluble fibre
could promote bowel health and possibly reduce risks of
colon cancer. Crackers are popular snack foods in the
human diet and are generally well accepted by
consumers due to their sensory attributes, long shelf-life,
convenience, and affordability. Therefore, crackers are
chosen as the vehicle to deliver health-promoting and
bioactive ingredients to consumers.
2. Materials and methods
2.1 Sample preparation
All ingredients were purchased from local stores.
Psyllium husk powder (Supplier: Love Earth) was
purchased from Alpro Pharmacy. The lemon peels were
dewaxed using the boiling water method. The lemon
peels were placed in boiled water for 1 min, then rinsed
with tap water and scrubbed to remove the wax residue.
The lemon peels were oven-dried at 55oC for 5 hrs, then
ground and sieved (pore size of 150μm). The dry
ingredients (wheat flour, psyllium husk powder, tapioca
starch, lemon peels powder, sesame seeds, and salts)
were mixed by using a stand mixer at medium speed
(Table 1). Then, water and melted unsalted butter were
added, mixed, and kneaded. The control was prepared
without psyllium husk and lemon peel powder. The
dough was rolled out, cut into desired shapes, pricked
with a fork, and baked in a preheated oven at 150oC for
20 mins. The crackers were cooled and stored in a dry
container for further analysis.
Table 1. Formulation of control and sample crackers
Amount used (%)
Ingredients
Control
Sample
Wheat flour
29.0
20.0
Tapioca starch
26.0
26.0
Psyllium Husk Powder
6.0
Lemon Peels powder
3.0
Unsalted Butter
15.5
15.5
Water
21.0
21.0
Salt
1.50
1.50
Sesame
4.0
4.0
Sugar
3.0
3.0

2.2 Sensory evaluation
A sensory questionnaire was designed to obtain
demographic information and the responses of panellists
© 2022 The Authors. Published by Rynnye Lyan Resources

Soh and Thed./ Food Research 6 (Suppl. 1) (2022) 95 - 100

Acceptance Index = (Mean overall acceptability score/9)
× 100
2.3 Physicochemical analysis
Proximate analysis on crackers was done in triplicate
for moisture (Hot air oven method), protein (Kjeldahl
method), ash, total dietary fibre (Fibretec method), and
fat contents (Soxhlet method) according to AOAC
Standard methods.
The colour profile of the control and sample was
measured by using the Lovibond spectrocolorimeter and
recorded as L*, a* and b* values. The L* value (0-100)
indicates the degree of lightness, a* value indicates the
chromaticity on green (negative) to red (positive), and b*
value indicates the chromaticity on blue (negative) to
yellow (positive). Triplicate readings for each sample
were measured to obtain the average value.
The hardness of control and sample was determined
using a texture profile analyser (Model TA-XT2, Stable
Micro Systems, UK) with a blade probe. Calibration was
done before the test started by following the instruction
of the software. The hardness of the cracker was
measured by the peak force that occurred during the first
compression. The texture analyser was set with test
speed 2.0 mm/s, probe distance 5 mm, and trigger force
25 g for hardness measurement of crackers.
2.4 Data analysis
Data collected were analysed using IBM statistical
software SPSS version 25.0. Independent t-test and Oneway Analysis of variance (ANOVA) using the Tukey test
were used to compare mean values between sample and
control at a 95% level of confidence.
3. Results and discussion

The mean sensory scores of the control and sample
crackers were displayed in Table 2. The scores for
crunchiness and overall acceptance of the sample
(psyllium husk crackers with lemon peels powder) were
significantly higher than that of the control. No
significant difference in sensory scores was observed in
eISSN: 2550-2166

other attributes. Overall, the sample had a higher
acceptance index (83%) than the control (77%) (Figure
1). A total of 68% of the 50 panellists preferred the
psyllium husk sample while only 32% preferred the
control. The bitterness of the sample was reduced by the
addition of 3% sugar and it was acceptable to the
panellists. Although bitterness by itself is often
undesirable, it can create well-rounded and desirable
palates in combination with other tastes. The bitterness
was mainly caused by limonin from the limonoid terpene
group and naringin from the flavonoid phenolic group in
the fruit peels of citrus fruits such as lemons and limes
(Hasegawa et al., 1996). Citrus limonoids have been
shown to display numerous pharmacological activities
including anticancer, antimicrobial, antioxidant, and
antidiabetic among others (Gualdani, et al., 2016).
Table 2. Comparison on the mean sensory scores of the control
and sample
Sensory attributes
Control
Sample
Appearance
6.68±1.2a
6.98±1.2a
Aroma
6.86±1.0a
7.12±1.1a
a
Taste
6.88±1.2
7.12±1.3a
a
Crunchiness
6.76±1.2
7.52±1.2b
Hardness
6.70±1.2a
7.16±1.3a
a
Bitterness
6.28±1.6
6.52±1.6a
a
Overall Acceptance
6.96±1.1
7.50±1.3b
Acceptance Index
77%
83%
Values are expressed in mean±standard deviation. Values with
different superscript within the same row are significantly
different (p<0.05).

The proximate composition of the control and
sample are shown in Table 3. The dietary fibre (DF)
content of the sample (15.10 g DF/100 g) was more than
2 folds higher than that of the control (5.95 g DF/100 g)
due to the addition of psyllium husk and lemon peel
powder. Based on the conditions for nutrient contents for
use of nutrition claims of Food Regulations 1985
Malaysia (Regulation 18c - Fifth A Schedule Table II,
updated in Jan 2014), psyllium cracker met the
nutritional claim of “high in fibre” as it contains more
than 6 g dietary fibre per 100 g (Ministry of Health,
2014). The sample also contained a significantly higher
amount of ashes than the control. The increase in ashes
is attributed to the presence of high mineral content in
psyllium husk (Chong et al., 2019).
The incorporation of psyllium husk into crackers
caused the crumb to become darker (lower L-value),
more reddish (higher a-value), and less yellowish (lower
b-value) as shown in Table 4. The addition of psyllium
husk in the crackers was considered a promising factor
that affects the tonality of baked products and it was
acceptable by the panellists. The natural pigments
present in psyllium husk caused the darkening of colour
© 2022 The Authors. Published by Rynnye Lyan Resources
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on 7 sensory attributes (appearance, aroma, taste,
crunchiness, hardness, bitterness, and overall acceptance)
of crackers. The control and sample were evaluated by
50 panellists (age 16-29; male 26% and female 74%)
using a 9-point hedonic scale (1: dislike extremely to 9:
like extremely). All samples were labelled with 3-digit
random digits based on a random permutation table. A
preference test was also conducted on the sample and
control. The acceptance Index of crackers was calculated
using the formula below.
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Figure 1. Sensory scores for various attributes of the crackers
Table 3. Proximate composition (%) of control and sample
Control
Sample
a
Moisture Content
6.28±0.07
1.71±0.19b
a
Ash
2.95±0.04
4.30±0.01b
a
Protein
6.27±0.13
3.61±0.39b
a
Fat
20.72±0.85
20.62±0.80a
a
Carbohydrates
61.85±0.08
63.01±0.07b
Crude Fibre
1.93±0.71a
5.75±0.25b
a
Dietary Fibre
5.95±0.15
15.10±0.20b
Values are expressed in mean±standard deviation. Values with
different superscript within the same row are significantly
different (p<0.05).
eISSN: 2550-2166

in the sample (Sudha et al., 2007).
Table 4 shows the hardness of control and sample.
Hardness is defined as the maximum peak force during
the first compression cycle. The peak force during the
cutting test was recorded as the apparent hardness (N) of
the crackers. Sample cracker is significantly harder and
less crumbly than the control due to the addition of
psyllium husk with high dietary fibre content. Sharma
and Gujral (2014) and Korus et al. (2017) found that the
strongly hydrophilic components in dietary fibre absorb
a lot of water, which at its constant content in the cracker
© 2022 The Authors. Published by Rynnye Lyan Resources
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recipe leads to a harder dough. The consequence of hard
dough may be a reduction in the volume of crackers and
an increase in their hardness.
4. Conclusion
The psyllium husk cracker enhanced with lemon peel
powder was developed and it has achieved an acceptance
index of 83% (scored 7.5 out of 9.0). A total of 68% of
the panellists preferred the sample while 32% preferred
the control. The addition of psyllium husk and lemon
peel powder significantly increased the dietary fibre
content of the sample (15.10%) as compared to the
control (5.95%). Psyllium husk could be used as a
potential substitute for oat in crackers for costeffectiveness and the product provides a good source of
dietary fibre. Food waste reduction should be seen as a
means toward achieving other global goals,
including improving food security and nutrition,
reducing greenhouse gas emissions, lowering pressure on
water, energy, and land resources, and increasing
economic growth.
Conflict of interest
The authors declare no conflict of interest.
Acknowledgements
The authors would like to thank Tunku Abdul
Rahman University College for the financial and
technical support.
References
Belorio, M. and Gomez, M. (2020). Psyllium: a useful
functional ingredient in food systems. Critical
Reviews in Food Science and Nutrition, 62(2), 527538.
https://
doi.org/10.1080/10408398.2020.1822276
Chee, H.Y., Kim, H. and Lee, M.H. (2009). In vitro
antifungal activity of limonene against Trichophyton
rubrum. Mycobiology, 37(3), 243–246. https://
doi.org/10.4489/MYCO.2009.37.3.243
Chong, R.W.W., Ball, M., McRae, C. and Packer, N.H.
(2019). Comparing the chemical composition of
dietary fibres prepared from sugarcane, psyllium
eISSN: 2550-2166

husk and wheat dextrin. Food Chemistry, 298,
125032.
https://doi.org/10.1016/
j.foodchem.2019.125032
Dambolena, J.S., López, A.G., Cánepa, M.C., Theumer,
M.G., Zygadlo, J.A. and Rubinstein, H.R. (2008).
Inhibitory effect of cyclic terpenes (limonene,
menthol, menthone and thymol) on Fusarium
verticillioides MRC 826 growth and fumonisin B1
biosynthesis. Toxicon, 51(1), 37–44. https://
doi.org/10.1016/j.toxicon.2007.07.005
Espina, L., Somolinos, M., Lorán, S., Conchello, P.,
García, D. and Pagán, R. (2011). Chemical
composition of commercial citrus fruit essential oils
and evaluation of their antimicrobial activity acting
alone or in combined processes. Food Control, 22
(6),
896–902.
https://doi.org/10.1016/
j.foodcont.2010.11.021
FAO. (2012). Towards the Future We Want: End Hunger
and Make the Transition to Sustainable Agricultural
and Food Systems. Retrieved from FAO website:
http://www.fao.org/3/i3028e/i3028e.pdf
Garcia Beltran, J.M., Espinosa, C., Guardiola, F.A.,
Manuguerra, S., Santulli, A., Messina, C.M. and
Esteban, M.A. (2019). Effects of dietary dehydrated
lemon peel on some biochemical markers related to
general metabolism, welfare and stress in gilthead
seabream (Sparus aurata). Aquaculture Research, 50
(11), 3181-3191. https://doi.org/10.1111/are.14272
Gómez, B., Yáñez, R., Parajó, J.C. and Alonso, J.L.
(2014) Production of pectin-derived oligosaccharides
from lemon peels by extraction, enzymatic
hydrolysis and membrane filtration. Journal of
Chemical Technology and Biotechnology, 91(1), 234
-247. https://doi.org/10.1002/jctb.4569
Gualdani, R., Cavalluzzi, M.M., Lentini, G. and
Habtemariam, S. (2016). Review the chemistry and
pharmacology of citrus limonoids. Molecules, 21
(11), 1530. https://doi:10.3390/molecules21111530

Hasegawa, S., Berhow, M.A. and Fong, C.H. (1996).
Analysis of Bitter Principle in Citrus. In Linskens,
H.F. and Jackson, J.F. (Eds). Fruit Analysis, p. 5980. Berlin, Heidelberg: Springer.
Korus, A., Gumul, D., Krystyjan, M. and Korus, J.
(2017). Evaluation of the quality, nutritional value
© 2022 The Authors. Published by Rynnye Lyan Resources

FULL PAPER

Table 4. Colour and hardness measurement for control and sample
Colour
Formulation
Hardness (N)
L*- value
a*- value
b*- value
Control
72.80±5.89a 5.43±3.20a 21.17±0.45a 2.26±0.20a
Crackers
Sample
43.80±2.71b 8.53±1.02a 18.93±1.00b 3.19±0.21b
Crackers
Values are expressed in mean±standard deviation. Values with different superscript within the same row are significantly
different (p<0.05).

FULL PAPER

100

Soh and Thed./ Food Research 6 (Suppl. 1) (2022) 95 - 100

and antioxidant activity of gluten free biscuits made
from corn-acorn flour or corn-hemp flour
composites. European Food Research and
Technology, 243(8), 1429-1438.
Ministry of Health Malaysia. (2014). Food Regulations
1985. Conditions for Nutrient Contents for Use of
Nutrition Claims, p. 228. Malaysia: Ministry of
Health.

Science,
22,
28–42.
j.cofs.2018.01.004

https://doi.org/10.1016/

Sudha, M.L., Vetrimani, R. and Leelavathi, K. (2007).
Influence of fiber from different cereals on the
rheological characteristics of wheat flour dough and
on biscuit quality. Food Chemistry, 100(4), 1365–
1370.
https://doi.org/10.1016/
j.foodchem.2005.12.013

Moreira, M.R., Ponce, A.G., Del Valle, C.E. and Roura,
S.I. (2005). Inhibitory parameters of essential oils to
reduce foodborne pathogen. LWT Food Science and
Technology, 38(5), 565–570. https://doi.org/10.1016/
j.lwt.2004.07.012
Pfaltzgraff, L.A., Cooper, E.C., Budarin, V. and Clark,
J.H. (2013). Food waste biomass: a resource for high
-value chemicals. Green Chemistry, 15(2), 307-314.
https://doi.org/10.1039/c2gc36978h
Phan, J, and Burton, R.A. (2018). New insights into the
composition and structure of seed mucilage. Annual
Plant Reviews Online, 1(1), 1–41. https://
doi.org/10.1002/9781119312994.apr0606
Precedence Research. (2020). Functional Food Market
Size Wort Around USD 309 Bn by 2027. Retrieved
from
GlobeNewswire
website:
https://
www.globenewswire.com/newsrelease/2020/11/20/2130656/0/en/Functional-FoodMarket-Size-Worth-Around-USD-309-Bn-by2027.html
Rao, N., Sharma, M. and Sharma, A. (2016).
Development of product rich in dietary fiber and
antioxidant prepared from lemon peel. Global
Journal of Biology, Agriculture and Health Sciences,
5(2), 120-123.
Resketi, M.A., Yeganeh, S. and Khalili, K.J. (2021).
Dietary sour lemon (Citrus limon) peel essential oil
supplementation for reduction of deltamethrininduced stress in rainbow trout (Oncorhynchus
mykiss). Journal of World Aquaculture Society, 52
(1), 105-123. https://doi.org/10.1111/jwas.12749
Sharma, N. and Tripathi, A. (2006). Effects of Citrus
sinensis (L.) Osbeck epicarp essential oil on growth
and morphogenesis of Aspergillus Niger (L.) Van
Tieghem. Microbiological Research, 163(3), 337–
344. https://doi.org/10.1016/j.micres.2006.06.009
Sharma, P. and Gujral, H.S. (2014). Cookie making
behavior of wheat– barley flour blends and effects
on antioxidant properties. LWT Food Science and
Technology, 55(1), 301-307. https://doi.org/10.1016/
j.lwt.2013.08.019
Soukoulis, C., Gaiani, C. and Hoffmann, L. (2018). Plant
seed mucilage as emerging biopolymer in food
industry applications. Current Opinion in Food
eISSN: 2550-2166

© 2022 The Authors. Published by Rynnye Lyan Resources

