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Abstract

Beverages with herbs are gaining popularity as functional drinks due to their potential
health benefits and natural ingredients. Among various medicinal plants, turmeric, pandan,
and lemongrass are known for their bioactive compounds, antioxidant properties, and
distinctive flavors and aromas. Combining these ingredients in a ready-to-drink
formulation presents an opportunity to create a beverage with both health benefits and
sensory appeal. This study was conducted to determine the sensory qualities and
physicochemical properties of beverages with turmeric, lemongrass, and pandan. The
experimental designs used were Plackett-Burman variable screening and central
composite design. Optimization variables include honey (40, 80, 120 mL), pandan (40, 80,
120 g), and lemongrass (20, 50, 80 g). Plackett-Burman variable screening revealed that
the sweeteners, pandan, lemongrass, and lemon juice had a significant effect on the
sensory qualities of the beverage. A central composite design analysis reveals that honey
influences the sweetness, flavor, general acceptability, total soluble solids, and titratable
acidity of the beverage. Pandan influenced the aroma acceptability of the beverage, and its
interaction with honey had a significant effect on the total soluble solids of the product.
Lemongrass did not alter the sensory qualities or physicochemical properties of the
beverages. Acceptability profile of the sensory attributes indicates that the beverage with
120 mL of honey, 120 g of pandan, 50 g of lemongrass, 800 mL of water, 40 g of
turmeric, and 16 mL of lemon juice was the optimum formulation, and the ideal extraction
method is boiling the herb for 15 min. Overall, the study demonstrates that a ready-to-
drink herbal beverage with desirable sensory and physicochemical characteristics can be
successfully developed using optimized levels of turmeric, pandan, lemongrass, honey,
and lemon juice.

1. Introduction

Consumers today are increasingly health-conscious

term "curcuminoids" refers to these bioactive
compounds, with "curcumin" being the most well-known

and actively seek products that promote a healthy
lifestyle. They prefer a food-based approach to
enhancing their health, performance, stamina, mood, and
overall well-being. Throughout history, herbs have
formed the basis of nearly all medical therapies until the
advent of synthetic medications in the nineteenth century
(Djeridane et al., 2007). The therapeutic effectiveness of
these plants is attributed to the presence of specific
chemical compounds known as phytochemicals, which
have distinct physiological effects on the human body.

Turmeric (Curcuma longa) is one of the most
extensively researched dietary sources of
phytochemicals. It contains various components that
have been shown to positively impact human health. The
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and widely studied (Chattopadhyay et al., 2004). Herbal
formulations containing turmeric are beneficial for
treating obesity, contributing to both weight loss and the
reduction of weight gain (Wei and Xu, 2003). The
antioxidant curcumin has also been shown to protect the
cardiovascular system (Alwi ef al., 2008). Additionally,
it can inhibit carcinogenesis in several types of cancer,
including colorectal, pancreatic, gastric, prostate,
hepatic, breast, oral, and leukemia (Park and Conteas,
2010).

Lemongrass (Cymbopogon citratus) is an aromatic
plant that contains various physiologically active
compounds, with citral being the most significant. Citral
is known for its ability to enhance digestion and provide
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Table 1. Different treatments of beverages using the Plackett-Burman variable screening design.

Treatment Sweetener Turmeric Pandan  Lemongrass Lemon l?ecoctif)n Dummy
(2 (2 (2 (mL) time (min)
1 Coconut sugar (80 g) 40 40 8 16 15 -1
2 Coconut sugar (80 g) 40 8 40 15 +1
3 Coconut sugar (80 g) 8 40 8 0 20 +1
4 Honey (80 mL) 40 8 8 16 20 +1
5 Coconut sugar (80 g) 8 40 16 20 -1
6 Honey (80 ml) 8 40 40 16 15 +1
7 Honey (80 ml) 40 40 40 20 -1
8 Honey (80 ml) 8 8 8 0 15 -1

relief from spasms, muscle cramps, rheumatism, and
headaches (Russo, 1992). In 2005, researchers from Ben
Gurion University in Israel found that lemongrass could
induce apoptosis, or programmed cell death, in cancer
cells. Their in vitro studies demonstrated that citral—a
compound found in lemongrass—could trigger this
process in cancerous cells while leaving normal cells
unaffected, even when using a concentration equivalent
to one gram of lemongrass steeped in hot water (Dudai et
al., 2005).

Pandan (Pandanus amaryllifolius) leaves are well-
known for their antioxidant properties, which can be
attributed to the presence of several beneficial
compounds, including quercetin (Miean and Mohamed,
2001), carotenoids, chlorophyll derivatives (Ferruzzi et
al., 2002), tocopherols, tocotrienols (Lee et al., 2004),
and polyphenols. This underscores the significance of
pandan leaves as they contain a diverse array of
bioactive compounds and serve as a valuable source of
natural extracts, particularly green colorants, widely used
in the food industry (Wissgott and Bortlik, 1996).
Furthermore, the lectin known as “Pandanin,” derived
from pandan extract, has demonstrated antiviral
properties against various human viruses, including
herpes simplex virus type-1 and the influenza virus (Ooi
et al., 2004).

Processing turmeric, lemongrass, and pandan leaves
can create a ready-to-drink beverage that quenches thirst
while providing beneficial phytochemicals for a healthy
lifestyle. However, many consumers tend to avoid
beverages containing herbal ingredients like lemongrass,
turmeric, and pandan, as these are often associated with
cooking rather than drinking. Hence, this study was
conducted to develop a beverage that has acceptable
sensory qualities and stable physicochemical properties.

2. Materials and methods
2.1 Preparation of materials

All laboratory materials were washed and air-dried.
Lemongrass and pandan leaves were properly sorted and
washed with potable water, then cut into small pieces
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(approximately 1 x 1 inch) to facilitate extraction. The
turmeric rthizomes were crushed with a mortar and
pestle, and boiled water was used for the decoction.
Honey and coconut sugar were measured according to
the concentrations of different treatments using a
graduated cylinder and a weighing balance, respectively.
The lemons used were squeezed and strained to remove
the seeds. The polyethylene terephthalate (PET) bottles
were washed and sterilized before filling.

2.2 Experimental design

The levels of sweetener, turmeric, lemongrass,
pandan leaves, lemon, and decoction time were screened
using the Plackett-Burman statistical design (Table 1).
The first three factors that influenced the acceptability of
beverages were studied further following the central
composite design (Table 2).

Table 2. Different treatments of beverages using the central
composite design (CCD).

Treatment Honey (mL) Pandan (g) Lemongrass (g)
1 40 40 20
2 40 40 80
3 40 120 20
4 40 120 80
5 120 40 20
6 120 40 80
7 120 120 20
8 120 120 80
9 40 80 50
10 120 80 50
11 80 40 50
12 80 120 50
13 80 80 20
14 80 80 80
15 80 80 50
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2.3 Beverage processing

The turmeric, lemongrass, and pandan leaves were
mixed and boiled for 15 and 20 min as indicated in the
experimental design. Then, the mixture was filtered with
a cheesecloth. The sweetener (honey or coconut sugar)
was added to the beverage, and it was allowed to cool
down before adding the lemon juice. The beverage was
then bottled using a polyethylene terephthalate (PET)
bottle (Figure 1).
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Figure 1. Process flow of beverage with turmeric, pandan, and
lemongrass.

2.4 Sensory evaluation

The sensory evaluation employed the Incomplete
Block Design (IBD), as outlined by Cochran and Cox
(1957). The variable screening was based on a Type I
plan with the following parameters: ¢ = 8 (number of
treatments), k = 4 (number of samples presented to
panelists), » = 7 (number of replications), b = 14 (number
of blocks), and £ = 0.86 (efficiency factor). A total of
twenty-eight panelists participated in the screening
process; these panelists were trained food technology
students who were already familiar with the beverage.

For the optimization phase, a Type I plan was also
applied, with parameters adjusted to # = 15 (number of
treatments), k£ = 7 (number of samples), » = 7 (number of
replications), b = 15 (number of blocks), and £ = 0.92
(efficiency factor). In this stage, sixty panelists evaluated
the samples. Hedonic scores were used to rate the
samples, ranging from 1 (disliked extremely) to 9 (liked
extremely).

https://doi.org/10.26656/fr.2017.10(3).089
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2.5 Total soluble solids determination

Two drops of the sample were placed on the prism of
the ATAGO handheld refractometer (ATC-1E) at 20°C,
then the daylight plate was closed over the sample, and
then the TSS was determined through the focusable,
cushioned rubber eyepiece and expressed as °Brix
(Ranganna, 1999).

2.6 pH determination

The switch of the Milwaukee (pH600) pocket-sized
pH meter was switched on, then the probe (small glass
bulb on the tip of the tester) was placed into the sample.
The pH was shown in the easy-to-read LCD display. The
pH meter was calibrated prior to sample pH
measurement using buffer solutions of pH 4.0 and 7.0
(Ranganna, 1999).

2.7 Titratable acidity determination

Approximately 5 mL of the sample was diluted with
water to 50 mL mark and titrated with 0.1 N NaOH using
3 drops of phenolphthalein solution as indicator. The
volume of NaOH was noted, and acidity was calculated
as percent citric acid using the standard formula
(Hamilton and Simpson, 1971).

2.8 Statistical analysis

The study employed a Plackett-Burman variable
screening analysis to identify the most significant factors
affecting the sensory qualities of the beverage. For
optimizing the selected variables, a Central Composite
Design (CCD) was employed. Statistical analyses
included analysis of variance (ANOVA) to assess the
significance of the parameter estimates, ensuring that
statistically significant factors and their interactions were
identified. Statistica software was used to generate
acceptability profiles and contour plots, which helped
visualize and interpret the optimization results (TIBCO
Software Inc., 2018).

3. Results and discussion
3.1 Variable screening

The Plackett-Burman variable screening design was
used to screen variables critical to the sensory quality of
the beverage. As shown in Figure 2, honey, as a
sweetener, had a higher acceptability score than coconut
sugar, as it did not impart a brown color to the beverage
(Figure 3). As a substitute for table sugar in beverages,
honey enhances nutritional value, providing higher
ascorbic acid content and antioxidant activity compared
to sugar-based alternatives (Sharma et al., 2016). The
complex chemical composition of honey, which varies
based on botanical sources, contributes to its therapeutic
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potential (Saha, 2015). Honey's applications extend to
the food industry, particularly in bakery, confectionery,
and beverage products (Aparna and Rajalakshmi, 1999).
Research has demonstrated honey's efficacy as an
alternative medicine for gastrointestinal, cardiovascular,
and inflammatory conditions, as well as its potential as
an anticancer, antidiabetic, and weight management
agent (Saha, 2015). Additionally, honey acts as a
prebiotic compound, stimulating the growth of beneficial
probiotics (Saha, 2015).
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Figure 2. Acceptability profile of beverage during variable
screening.

The levels of turmeric did not significantly affect the
sensory attributes, as indicated by the parameter
estimates (Table 3); however, its presence served as a
colorant to the beverage, as shown in Figure 3. Turmeric
is gaining popularity as a natural yellow colorant in food
products due to increased consumer awareness of health
issues associated with synthetic colorants (Joshi et al.,
2011; Manoharan et al, 2012). The main pigments
responsible for turmeric's color are curcuminoids,
particularly curcumin (Akram et al., 2010). Studies have
shown that turmeric-derived colorants can be
successfully incorporated into various food products,
including ice cream and sweet and savory items, with
high acceptability scores (Joshi ef al., 2011; Manoharan
et al., 2012). Water-soluble and fat-soluble formulations
have been developed, enabling versatile applications in

Esprela / Food Research 10 (3) (2026) 270 - 279

various food matrices (Joshi et al., 2011).

T T T T Ts Te T Ts

Figure 3. Plackett-Burman variable screening treatments.

Panelists showed a preference for beverages that
contained a higher amount of pandan leaves, primarily
due to the aroma they imparted. Pandan leaves contain
the aromatic compound 2-acetyl-1-pyrroline, which is
also found in fragrant rice varieties such as Basmati and
Jasmine (Laksanalamai and Ilangantileke, 1993).
Research has indicated that 2-acetyl-1-pyrroline can
transfer from pandan leaves to non-aromatic rice when
subjected to microwave heating, thereby increasing
consumer acceptability (Jeevaratnam and Dharmasena,
2019). Additionally, a study by Yahya (2012) noted that
pandan leaves are often used to enhance the flavor of
rice.

Flavor acceptability decreased when the level of
lemongrass was increased. This is possible because the
pungent characteristic of lemongrass is typically
associated with savory dishes rather than beverages. The
presence of lemon juice resulted in a significant increase
in the general acceptability rating of the beverage due to
the balance between the taste of acid and sweetness.
Studies have demonstrated that lemongrass derivatives,
when combined with lime juice, can produce mixed
beverages with antioxidant properties and sensory appeal
(Kieling and Prudéncio, 2018). The addition of honey
and calamansi to lemongrass tea has also been found to
enhance market competitiveness (Salubre ef al., 2024).

Decoction time and dummy had no significant effect
on the sensory attributes of the beverage. The
insignificant effect of the dummy illustrates that all-
important variables were all accounted for during the
screening process.

Table 3. Summary of parameter estimates of the different variables in Plackett-Burman variable screening.

Variables Color Aroma Sweetness Flavor General Acc.
Mean 6.65179 6.812500 7.044643 6.78571 7.06250
(1) Sweetener -2.48214%** -0.982143*** -0.839286* -1.96429%** -1.62500%**
(2) Turmeric -0.23214 0.089286 0.339286 0.25000 0.16071
(3) Pandan Leaves 0.01786 0.553571* 0.232143 0.50000 0.12500
(4) Lemongrass -0.30357 -0.160714 -0.160714 -0.67857* -0.58929
(5) Lemon -0.08929 0.267857 0.267857 0.57143 0.62500%*
(6) Decoction Time -0.12500 0.517857 -0.196429 -0.14286 -0.26786
(7) Dummy -0.19643 0.196429 -0.125000 0.32143 0.12500

- Significant at Probability < 0.001; ** -
https://doi.org/10.26656/{r.2017.10(3).089

Significant at Probability < 0.01 ; * -

Significant at Probability < 0.05
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3.2 Optimization

In the Plackett-Burman variable screening, honey,
pandan, lemongrass, and lemon had a significant effect
on the sensory qualities of the beverage. The predictor
variables considered for optimization were the first three
significant factors only. Although lemon has a significant
effect, it was held constant at a perceptible level (16ml
per formulation) to limit the cost of the beverage. Honey
was used as a sweetener instead of coconut sugar to
avoid the browning of the beverage.

3.2.1 Color acceptability

The panelist described the color as golden yellow
due to the presence of turmeric, which imparts a yellow
color to the beverage. As shown in Table 4, the levels of
honey, pandan, and lemongrass had no significant effect
on the color acceptability of the beverage, as illustrated
also in the acceptability profile (Figure 4). Color
acceptability ranged from 6.68 to 7.43, which falls under
“like moderately” in the hedonic scale (Table 5). The
distinct yellow color of the beverage is due to the
presence of turmeric, which is consistent with the studies
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Figure 4. Acceptability profile of beverage with different
levels of honey, pandan and lemongrass.
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conducted by Sun et al. (2023) and Yusufali et al.
(2024). They discovered that adding turmeric to
pineapple juice significantly enhanced antioxidant
capacity and phenolic compounds, with a 10% turmeric
concentration yielding the best overall quality, as
determined by sensory panels. However, higher
concentrations of turmeric were associated with
decreased palatability, resulting in reduced mouthfeel
and sweetness (Sun et al, 2023). Hence, turmeric was
held constant at 40g per 800 mL of water. It is evident
that the color of beverages can significantly impact
consumer perception, with studies showing that color
affects perceived sweetness, thirst-quenching ability, and
overall acceptability (Clydesdale et al., 1992).

3.2.2 Aroma acceptability

The aroma acceptability of the beverage ranged from
5.96 to 7.32, which is described as “like slightly to like
moderately” in the hedonic scale (Table 5). The scent
was identified as that of pandan leaves. The notable
pandan aroma in beverages is due to the compound 2-
acetyl-1-pyrroline (2AP) (Yahya et al., 2010). This
hydrophilic compound has an odor threshold value as
low as 0.1 ppb in water (Buttery et al., 1988). The
estimates for the effects of pandan on the aroma
acceptability of the beverage were significant, both
linearly and quadratically (Table 4). The linear parameter
estimate for pandan was negative, indicating that as the
amount of pandan increased, the aroma acceptability
decreased. However, there was a specific point
(approximately 80 g) beyond which further increases in
pandan led to an improvement in acceptability,
demonstrating a positive quadratic effect (Figure 4).

The response surface plot (Figure 5a) illustrates that
the acceptability rating of aroma at a constant level of
honey increased when the level of pandan increased. On
the other hand, when lemongrass was constant (Figure
5b), the most acceptable aroma was found at both very

Table 4. Parameter estimates of the sensory attributes of beverage during optimization.

Parameter Color Aroma Sweetness Flavor General Acceptability
Honey (mL) 0.023058™ 0.019144"™ 0.078584*** 0.082624*** 0.069115%**
Honey (mL)"2 -0.000126™ -0.000115™ -0.000295** -0.000396*** -0.000294**
Pandan (g) -0.006064™ -0.039353* -0.027622"™ -0.036528* -0.019397"
Pandan (g)"2 0.000074™ 0.000253* 0.000185™ 0.000218%* 0.000119™
Lemongrass (g) 0.021574™ 0.027646™ 0.019771™ -0.002451™ -0.002156™
Lemongrass (g)"2 -0.000205™ -0.000265™ -0.000207"™ -0.000068™ 0.000013™
Honey (mL)*Pandan (g) -0.000047™ 0.000036™ -0.000126™ -0.000050™ -0.000047"
Honey (mL)*Lemongrass (g) 0.000041™ 0.000033™ -0.000123"™ -0.000022"™ -0.000086"
Pandan (g)*Lemongrass (g) -0.000041™ -0.000048™ 0.000167™ 0.000134™ 0.000108™

ns — not significant; *** - Significant at Probability < 0.001; **
<0.05

https://doi.org/10.26656/fr.2017.10(3).089

- Significant at Probability < 0.01; * - Significant at Probability
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Table 5. Mean acceptability scores of beverages with honey, pandan, and lemongrass.

Honey Lemongrass General
Treatments (mL) Pandan (g) @ Color Aroma  Sweetness  Flavor Acceptability
1 40 40 20 6.96 6.29 5.75 6.00 593
2 40 40 80 6.68 6.25 5.50 5.61 5.75
3 40 120 20 6.82 6.50 5.43 5.75 5.68
4 40 120 80 7.18 6.46 6.75 6.46 6.68
5 120 40 20 6.68 6.29 7.07 6.89 6.96
6 120 40 80 7.43 6.64 7.00 6.86 7.04
7 120 120 20 7.07 6.96 6.71 6.79 7.07
8 120 120 80 6.79 6.86 6.68 6.93 7.00
9 40 80 50 6.96 5.96 5.29 5.14 5.61
10 120 80 50 7.07 6.82 7.32 7.18 7.18
11 80 40 50 7.39 7.32 7.14 7.21 7.18
12 80 120 50 7.29 6.64 7.00 7.07 6.93
13 80 80 20 7.14 6.43 6.68 7.00 7.14
14 80 80 80 6.93 6.25 6.50 6.46 6.61
15 80 80 50 7.21 6.46 6.57 6.64 6.54
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3.2.3 Sweetness acceptability

Honey had a significant impact on the sweetness of
the product, as indicated by the parameter estimates
(Table 4) and the acceptability profile (Figure 4) of the
beverage. The sweetness acceptability ranged from 5.29
to 7.32, denoting a “like slightly to like moderately”
descriptive rating. The positive linear effect was highly
significant, indicating that the acceptability scores for
sweetness increased with higher levels of honey, but
only up to about 120 mL (Figure 6a). Beyond this point,
as the honey amount exceeded 120 mL, the sweetness
scores began to decline, suggesting a substantial negative
quadratic effect. Additionally, Figure 6b shows that

A

Lemongr ~0 @ 5
) w0 Honey (mL) s

SWEETNESS 66 |

f beverage at constant (a) 120 mL honey, (b) 50 g lemongrass.

acceptance scores for sweetness rise as honey
concentration increases. The monosaccharides fructose
and glucose make up 38% and 30%, respectively, of the
honey's total sugar content (Bogdanov et al., 2008). The
significance of sweetness as a natural preference
explains why sweet foods are by far the most popular
delights (Saulo, 2005).

3.2.4 Flavor acceptability

Parameter estimates revealed that honey and pandan
significantly influenced the flavor acceptability of the
beverage (Table 4), with mean scores ranging from 5.14
to 7.21 (Table 5), indicating a “neither like nor dislike to
like moderately” descriptive rating on the hedonic scale.
Honey contains sugars as its primary compounds that
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Figure 6. Surface plot of the sweetness acceptability of beverage at constant (a) 80 g pandan, (b) 50 g lemongrass.
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contribute to its taste. It also contains amino acids (0.05
— 0.1%) and organic acids (0.17 — 1.17%), which
contribute to the product’s flavor profile (Bogdanov et
al., 2008). Pandan, on the other hand, has 2-acetyl-1-
pyrroline as the major flavor component. Apart from
2AP, other volatile compounds reported included ethyl
formate, 3-hexanol, 4-methylpentanol, 3-hexanone, 2-
hexanone,  trans-2-heptenal, B-damascenone,  4-
ethylguaiacol and 3-methyl-2-(5H)-furanone (Yahya et
al., 2010). Increasing the level of honey increased the
flavor acceptability, but only up to a point
(approximately 100 mL), as further increases produced a
less acceptable flavor. Pandan’s negative linear effect
indicated that as the level increased, it produced a less
acceptable beverage. However, when it exceeds 80g, the
acceptability of the flavor increases due to a significant
positive quadratic effect. Figures 7a and 7b clearly
illustrate that at the extreme levels of pandan and the
average level of honey, the flavor acceptability of the
beverage increased. The results are consistent with the
studies conducted by Leite et al. (2021) and Anggraeni et
al. (2016), wherein the addition of honey to fruit-based
drinks enhances their phenolic compound content and
antioxidant properties while improving sensory
acceptance and also improving the physicochemical and
organoleptic properties of tea-based beverages. Pandan
leaf extract also effectively masks the beany flavor in
soy-based products (Natisri ef al., 2014). These findings
highlight the potential of honey and pandan as natural
flavor enhancers and functional ingredients in various
beverage applications.

3.2.5 General acceptability

The positive linear effect of honey (Table 4) was
highly significant, indicating that as the level of honey

Lemongrass (g) 30 10 Yy —60

Pandan (g)

Esprela / Food Research 10 (3) (2026) 270 - 279

increased, general acceptability also increased. The same
results were found in the study conducted by Eidt et al.
(2023), which showed that honey-based fermented
beverages have high consumer acceptance, with one
study reporting an 86% acceptance index. However, the
negative quadratic effect was significant, implying a
limitation when honey is used in the production of the
beverage. The mean general acceptability of the
beverage ranged from 5.61 to 7.18, indicating a
preference for “like slightly to like moderately” on the
descriptive hedonic scale (Table 5). The surface plot of
general acceptability in Figures 8a and 8b showed that
the level of honey that produced the most acceptable
beverage did not exceed approximately 120 mL at any
level of lemongrass and pandan.

3.3 Physicochemical properties analyses
3.3.1 Total soluble solids

The total soluble solids of herbal beverages, which
ranged from 10 to 16°Brix, were significantly affected
by the quadratic effect of honey and its interaction with
pandan, as shown in Table 6. The acceptability profile
presented in Figure 9 demonstrates that TSS increased
when the levels of honey and pandan increased. This is
likely due to the presence of 2.38 mg/g fructose and 1.77
mg/g glucose in pandan, which is believed to be the
precursor of 2-acetyl-1-pyrroline formation
(Cheetangdee and Chaiseri, 2006). For honey, sugars
account for 95-99.9% of the solids content and are
largely responsible for much of the physical nature of
honey, including its hygroscopicity, granulation
properties, energy value, and viscosity (White, 1975).

3.3.2 Titratable acidity

The presence of acids in honey influenced the
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0 .
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Figure 7. Surface plot of the flavor acceptability of beverage at constant (a)120 mL honey, (b) 50 g lemongrass.
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Figure 8. Surface plot of the general acceptability of beverage at constant (a) 80 g pandan, (b) 50 g lemongrass.
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Table 6. Parameter estimates of the physicochemical properties of beverage.

Parameter Total soluble solids Titratable acidity (%) pH

Honey (mL) 0.008477™ 0.001069%** 0.000475™
Honey (mL)"2 0.000329%** -0.000003"™ -0.000002"
Pandan (g) -0.001162™ 0.000269™ -0.001095™
Pandan (g)"2 0.000027™ -0.000001™ 0.000008™
Lemongrass (g) -0.001177" -0.000245™ 0.001486™
Lemongrass (g)"2 -0.000008™ 0.000004™ -0.000023"
Honey (mL)*Pandan (g) 0.000135%** -0.000001"™ -0.000008"™
Honey (mL)*Lemongrass (g) 0.000049™ -0.000001™ 0.000010™
Pandan (g)*Lemongrass (g) -0.000007" -0.000001™ 0.000003"™

ns — not significant; *** - Significant at Probability < 0.001; ** - Significant at Probability < 0.01; * - Significant at Probability

<0.05

19

Total soluble
solids

L
40 80 120 40 30 120 20 s0 80
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Figure 9. Total soluble solids profile of herbal beverage with different levels of honey, pandan, and lemongrass.
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Figure 10. Titratable acidity profile of beverage with different levels of honey, pandan, and lemongrass.

titratable acidity of the beverage (Table 6). The TA
increased when the honey increased, as shown in Figure
10. The titratable acidity, which ranged from 0.24 to
0.28, was attributed to the presence of the following
acids, which were found in minor amounts: formic,
acetic, citric, lactic, maleic, malic, oxalic, pyroglutamic,
and succinic, as studied by Mato et al. (2003). Although
gluconic acid, a byproduct of glucose oxidation by
glucose oxidase, is the primary acid in honey, it is
present as its internal ester, lactone, and does not
contribute to honey's titratable acidity.

3.3.3pH

The pH range of the beverage differs by only 0.02
(pH 3.56 — 3.58), indicating that the varying levels of
honey, pandan, and lemongrass did not significantly
affect the pH (Table 6). There was no clear correlation
between a product's titratable acidity and its pH;
however, in general, the pH increases when the acidity
decreases and vice versa. The exact relationship varies
from sample to sample and depends on the buffering
capacity of the product's ingredients (Price ef al.,2020).

Conflict of interest

The authors declare no conflict of interest.

https://doi.org/10.26656/fr.2017.10(3).089

Acknowledgements

The author expresses gratitude for the financial
support received from the Department of Science and
Technology (DOST) through the Science Education
Institute (SEI) under the Accelerated Science and
Technology Human Resource Development Program
(ASTHRDP). Additionally, the author acknowledges the
support and guidance of Dr. Roberta D. Lauzon, as well
as the faculty and staff of the Department of Food
Science and Technology at Visayas State University,
Baybay City, Leyte, Philippines.

References

Akram, M., Ahmed, A., Usmanghani, K., Hannan, A.,
Mohiuddin, E. and Asif, M. (2010). Curcuma longa
and Curcumin: A Review Article. Romanian Journal
of Plant Biology, 55(2), 65-70.

Alwi, 1., Santoso, T., Suyono, S., Sutrisna, B., Suyatna,
F.D., Kresno, S.B. and Ernie S. (2008). The Effect of
Curcumin on Lipid Level in patients with acute
coronary syndrome. Acta Medica Indonesiana, 40
(4),201-210.

Anggraeni, O.C., Widyawati, P.S. and Budianta, D.W.
(2016). Effect of honey concentration on

© 2026 The Authors. Published by Rynnye Lyan Resources



278

physiochemical  properties and  organoleptic
properties of functional beverage beluntas (Pluchea
indica Less) and black tea proportion 25:75% (w/w).
Journal of Food Technology and Nutrition, 15(1), 30
-35.

Aparna, A.R. and Rajalakshmi, D. (1999). Honey—its
characteristics, sensory aspects, and applications.
Food Reviews International, 15(4), 455—-471. https://
doi.org/10.1080/87559129909541199

Bogdanov, S., Jurendic, T., Sieber, R. and Gallmann, P.
(2008). Honey for nutrition and health: a review.
Journal of the American College of Nutrition, 27(6),
677-689. https://
doi.org/10.1080/07315724.2008.10719745

Buttery, R.G., Turnbaugh, J.G. and Ling, L.C. (1988).
Contribution of volatiles to rice aroma. Journal of
Agricultural and Food Chemistry, 36(5), 1006—-1009.
https://doi.org/10.1021/jf00083a025

Chattopadhyay, 1., Biswas, K., Bandyopadhyay, U. and
Banerjee, R.K. (2004). Turmeric and curcumin:
Biological actions and medicinal applications.
Current Science, 87, 44-53.

Cheetangdee, V. and Chaiseri, S. (2006). Free amino
acid and reducing sugar of pandan leaves. Kasetsart
Journal (Natural Science), 40(1), 67-74.

Clydesdale, F.M., Gover, R. and Fugardi, C. (1992). The
effect of color on thirst quenching, sweetness,
acceptability and flavor intensity in fruit punch
flavored beverages. Journal of Food Quality, 15(1),
19-38. https://doi.org/10.1111/j.1745-
4557.1992.tb00973.x

Cochran, W.G. and Cox, G.M. (1957). Experimental
designs. 2" ed. New York, USA: John Wiley and
Sons.

Djeridane, A., Yousfi, M., Nadjemi, B., Boutassouna, D.,
Stocker, P. and Vidal, N. (2007). Antioxidant
activity of some Algerian medicinal plants extracts
containing phenolic compounds. Journal of
Agricultural and Food Chemistry, 97(4), 654—660.
https://doi.org/10.1016/j.foodchem.2005.04.028

Dudai, N., Weinstein, Y., Krup, M., Rabinski, T. and
Ofir, R. (2005). Citral is a new inducer of caspase-3
in tumor cell lines. Planta Medica, 71(5), 484-848

Eidt, G., Koehler, A., Cortivo, P., Ayub, M., Flores, S.H.
and Arthur, R.A. (2023). Development and
consumer acceptance testing of a honey-based
beverage fermented by a multi-species starter
culture. Food Bioscience, 56(1), 103182. https://
doi.org/10.1016/j.fbi0.2023.103182

Ferruzzi, M.G., B6hm, V., Courtney, P.D. and Schwartz,
S.J. (2002). Antioxidant and antimutagenic activity
of dietary chlorophyll derivatives determined by

https://doi.org/10.26656/fr.2017.10(3).089

Esprela / Food Research 10 (3) (2026) 270 - 279

radical scavenging and bacterial reverse mutagenesis
assays. Journal of Food Science, 67(7), 2589-2595
https://doi.org/10.1111/j.1365-2621.2002.tb08782.x

Hamilton, L.F. and Simpson, S.G. (1971). Quantitative
chemical analysis. 12" ed. New York, USA:
McGraw-Hill.

Jeevaratnam, V. and Dharmasena, N. (2019). The Effect
of Microwave Heating of Pandanus Leaves with
Vacuum Dried Non-Aromatic Milled Rice on
Consumer Acceptability of Cooked Rice. Journal of
Food Processing and Technology, 10(9), 1000809.
https://doi.org/10.35248/2157-7110.19.10.809

Joshi, P., Jain, S. and Sharma, V.K. (2009). Turmeric
(Curcuma longa) a natural source of edible yellow
colour. International Journal of Food Science and
Technology, 44(12), 2402-2406. https://
doi.org/10.1111/5.1365-2621.2009.01914.x

Kieling, D.D. and Prudéncio, S.H. (2018). Blends of
lemongrass derivatives and lime for the preparation
of mixed beverages: antioxidant, physicochemical,
and sensory properties. Journal of the Science of
Food and Agriculture, 99(3), 1302-1310. https://
doi.org/10.1002/jsfa.9305

Laksanalamai, V. and Ilangantilek, S. (1993).
Comparison of aroma compound (2-acetyl-1-
pyrroline) in leaves from Pandan (Pandanus
amaryllifolius) and Thai fragrant rice (Khao Dawk
Mali-105). Cereal Chemistry, 70(4), 381-384.

Leite, 1.B., Magalhdes, C.D., Monteiro, M. and Fialho, E.
(2021). Addition of Honey to an Apple and Passion
Fruit Mixed Beverage Improves Its Phenolic
Compound Profile. Foods, 10(7), 1525. https://
doi.org/10.3390/foods10071525

Manoharan, A.P., Ramasamy, D., Dhanalashmi, B.,
Gnanalashmi, K.S. and Thyagarajan, D. (2012).
Studies on Sensory Evaluation of Curcumin Powder
as Natural Color for Butterscotch Flavor Ice Cream.
Indian Journal of Drugs and Diseases, 1(1), 43—46.

Mato, I, Huidobro, J.F., Simal-Lozano, J. and Sancho,
M.T. (2003) Significance of nonaromatic organic
acids in honey. Journal of Food Protection 66(12),
2371-2376. https://doi.org/10.4315/0362-028x-
66.12.2371

Miean, K.H., and Mohamed, S. (2001). Flavonoid
(myricetin, quercetin, kaempferol, luteolin and
apigenin) content of edible tropical plants. Journal of
Agricultural and Food Chemistry, 49(1), 3106-3112.
Retrieved from https://pubs.acs.org/doi/10.1021/
jf000892m

Natisri, S., Mahattanatawee, K. and Thaiudom, S.
(2014). Improving the Flavor of Soy Ice Cream by
Adding Lemongrass or Pandan Leaf

© 2026 The Authors. Published by Rynnye Lyan Resources


https://doi.org/10.1080/07315724.2008.10719745
https://doi.org/10.1080/07315724.2008.10719745
https://doi.org/10.1021/jf00083a025
https://doi.org/10.1016/j.foodchem.2005.04.028
https://doi.org/10.1111/j.1365-2621.2002.tb08782.x
https://doi.org/10.35248/2157-7110.19.10.809
https://doi.org/10.3390/foods10071525
https://doi.org/10.3390/foods10071525
https://doi.org/10.4315/0362-028x-66.12.2371
https://doi.org/10.4315/0362-028x-66.12.2371
https://pubs.acs.org/doi/10.1021/jf000892m
https://pubs.acs.org/doi/10.1021/jf000892m

279

Extracts. Chiang Mai University Journal of Natural
Sciences, 13(1), 469- 482.

Ooi, L.S., Sun, S.S. and Ooi, V.E. (2004). Purification
and characterization of a new antiviral protein from
the leaves of  Pandanus amaryllifolius
(Pandanaceae). The International Journal of
Biochemistry and Cell Biology, 36(8), 1440-1446.
https://doi.org/10.1016/j.biocel.2004.01.015

Park, J. and Conteas, C.N. (2010). Anti-carcinogenic
properties of curcumin on colorectal cancer. World
Journal of Gastrointestinal Oncology, 2(4), 169-176.
https://doi.org/10.4251/wjgo.v2.14.169

Price, R.E., Longtin, M., Conley-Payton, S., Osborne,
J.A., Johanningsmeier, S.D., Bitzer, D. and Breidt, F.
(2020). Modeling buffer capacity and pH in acid and
acidified foods. Journal of Food Science, 85(1), 918-
925. https://doi.org/10.1111/1750-3841.15091

Ranganna, S. (1999). Handbook of analysis and quality
control for fruit and vegetable products, p. 312 —
315. New Delhi, India: Tata Mec-Graw Hill
Publishing Company Ltd.

Russo, E.B. (1992). Headache treatment by native people
of Ecuadorian Amazon: a preliminary cross-
disciplinary assessment. Journal of
Ethnopharmacology, 36(3), 193-206  https:/
doi.org/10.1016/0378-8741(92)90044-R

Saha, S.K. (2015). Honey-the natural sweetener become
a promising alternative therapeutic: a review. South
Indian Journal of Biological Sciences, 1(2), 103-114.

Salubre, J.M., Pelegrino, J., Wabinga, J. and Leopoldo, J.
(2024).  Product development and market
acceptability of lemon grass Dbottled tea
(Cymbopogon citratus). Journal of Interdisciplinary
Perspectives, 2(8), 408-421. https://
doi.org/10.69569/jip.2024.0299.

Saulo, A.A. (2005) Sugars and Sweeteners in Food.
Retrieved from College of Tropical Agriculture and
Human Resources, University of Hawai’i at Manoa
website: https://www.ctahr.hawaii.edu/oc/freepubs/
pdf/FST-16.pdf

Sharma, S., Forestry, B.U., Vaidya, D., Rana, N.S. and
Forestry, N.S. (2016). Honey as Natural Sweetener
in Lemon Ready-to-Serve Drink. [International

Journal of Bio-resource and Stress Management, 7
(2), 320-325.

Sun, X., Follett, P.A., Wall, M.M., Duff, K.S., Wu, X.,
Shu, C., Plotto, A., Liang, P. and Stockton, D.G.
(2023). Physical, Chemical, and Sensory Properties
of a Turmeric-Fortified Pineapple Juice Beverage.
Foods, 12(12), 2323 - 2336. https://doi.org/10.3390/
foods12122323

TIBCO Software Inc. (2018). Statistica: Data analysis

https://doi.org/10.26656/fr.2017.10(3).089

Esprela / Food Research 10 (3) (2026) 270 - 279

software system. Ver. 13. Retrieved from TIBCO
Software Inc. website: https://docs.tibco.com/
products/tibco-data-science-statistica-13-5-0

Wei, K. and Xu, X. (2003). Herbal composition and
method for controlling body weight and
composition. (US Patent No. US6541046B2).
Washington, DC, USA: US Patent and Trademark
Office.

White, J.W. (1975). Composition of honey. Chapter 5. In
Crane, E. (Ed.), Honey. A Comprehensive Survey, p.
157-206. New York, USA: Crane, Russak and
Company, Inc.

Wissgott, U. and Bortlik, K. (1996). Prospects for new
food. Trends in Food Science and Technology 7(9),
289-302. https://doi.org/10.1016/0924-2244(96)
20007-X

Yahya, F. (2012). Extraction of aroma compound from
Pandan leaf and use of the compound to enhance rice
flavour. England: University of Birmingham, PhD.
Dissertation.

Yahya, F., Lu, T., Santos, R.C.D., Fryer, P.J. and
Bakalis, S. (2010). Supercritical carbon dioxide and
solvent extraction of 2-acetyl-1-pyrroline from
Pandan leaf: The effect of pre-treatment. The
Journal of Supercritical Fluids, 55(1), 200-207
https://doi.org/10.1016/j.supflu.2010.05.027

Yusufali, Z., Follett, P., Wall, M. and Sun, X. (2024).
Physiochemical and Sensory Properties of a
Turmeric, Ginger, and Pineapple Functional
Beverage with Effects of Pulp Content. Foods, 13
(5), 718-730. https://doi.org/10.3390/foods13050718

© 2026 The Authors. Published by Rynnye Lyan Resources


https://doi.org/10.1016/j.biocel.2004.01.015
https://doi.org/10.4251/wjgo.v2.i4.169
https://doi.org/10.1016/0378-8741(92)90044-R
https://www.ctahr.hawaii.edu/oc/freepubs/pdf/FST-16.pdf
https://www.ctahr.hawaii.edu/oc/freepubs/pdf/FST-16.pdf
https://doi.org/10.1016/0924-2244(96)20007-X
https://doi.org/10.1016/0924-2244(96)20007-X
https://doi.org/10.1016/j.supflu.2010.05.027

