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ABSTRACT

This research was undertaken to investigate the effect of Roselle (Hibiscus sabdariffa. L) extract on the physical properties and stability of extra
virgin olive oil emulsions. Four different emulsions were prepared with methanolic Roselle extract (0.01 and 0.02%) and 0.02% BHT (commercial
antioxidant) as well as without the extract/ antioxidant (control). The physical properties were studied in terms of pH, droplet size distribution,
microstructure, viscosity and stability towards phase separation and lipid oxidation (under accelerated oxidation at 60°C for 10 days). The
emulsions with Roselle extract was found to exhibit lower polydispersity and more uniform droplet size as compared to control and BHT emulsions.
The highest viscosity was observed for the emulsion with 0.02%. The BHT emulsion was the most unstable towards phase separation after 15 days
of storage at 5°C. A protective effect of Roselle extract against lipid oxidation in the emulsions was clearly observed at 0, 2, 8 and 10 days of
accelerated storage (at 60°C) with considerably low total oxidation values (5.4 to 13). All emulsions showed insignificant deterioration with peroxide
value < 20 meg/kg after oxidation period. This study provided important preliminary data on possibility of applying Roselle extract (which is known
to content a significant amount of bioactive compounds) in producing functional food emulsions with acceptable properties and stability.
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ABSTRAK

Penelitian ini bertujuan untuk mempelajari pengaruh penambahan ekstrak Rosela terhadap sifat fisik dan stabilitas emulsi minyak zaitun.
Empat macam emulsi digunakan sebagai sampel, yaitu emulsi dengan penambahan ekstrak metanol Rosela (0.01 dan 0.02%), 0.02% BHT
(kontrol positif), dan emulsi tanpa penambahan ekstrak maupun antioksidan (kontrol negatif). Sifat-sifat fisik yang diamati adalah pH, distribusi
ukuran droplet, struktur mikroskopis, viskositas, stabilitas terhadap pemisahan fase, dan oksidasi lipid (metoda akselerasi pada suhu 60°C selama
10 hari). Emulsi dengan ekstrak rosela menunjukkan polidispersitas yang lebih rendah dan ukuran droplet yang lebih seragam dibandingkan kontrol
positif dan negatif. Viskositas tertinggi diperoleh pada emulsi dengan penambahan 0.02% ekstrak Rosela. Emulsi dengan BHT paling tidak stabil
terhadap pemisahan fase setelah 15 hari pada penyimpanan 5°C. Efek proteksi ekstrak rosela terhadap oksidasi lipid pada emulsi terlihat nyata
pada hari ke 0, 2, 8, dan 10 pada penyimpanan terakselerasi (60°C), dengan nilai total oksidasi yang relatif rendah (5.4-13). Seluruh emulsi
menunjukkan kerusakan yang signifikan dengan bilangan peroksida < 20 meq/kg diakhir perioda penyimpanan. Hasil penelitian ini merupakan data
awal yang penting mengenai potensi penggunaan ekstrak rosela (yang telah diketahui mengandung banyak senyawa aktif) untuk meningkatkan
karakteristik dan stabilitas sistem emulsi pangan fungsional.

Kata kunci: antioksidan, emulsi, ekstrak rosela, stabilitas, properti

INTRODUCTION been reported to have higher anthocyanin content and

antioxidant activities compared to an aquoues extract. The

Hibiscus sabdariffa L. or literally known as Roselle closely  effectiveness of Roselle as antioxidant in food system such as
resembles cranberries in flavour. The calyx is commonly used in  beef frankfrukter and beef patties has also been proven
production of jam, jellies, pickle and cordial in Malaysia due to  previously (Chew, 2003; Tee et al. 2002). Roselle extract (RE)
its acidic flavour (Reap, 2010). Roselle calyxes contain high  has been found to successfully inhibited lipid oxidation in beef
level of anthocyanin which contributes to higher antioxidant pattis stored at 4°C for 14 days (Mohd-Esa et al. 2010).
activity of Roselle than that of synthetic antioxidant such as  Besides, Tee et al. (2002) showed that RE incoporated into
butylated hydroxytoluene (BHT) (Ismail et al. 2008; Mohd-Esa et cooked refrigerated beef frankfurter have stronger antioxidant
al. 2010). Moreover, a methanolic extract of Roselle calyx has  property than a-tocopherol. Based on these studies, the
application shall be extended to a more complex food system
such as oil-in-water emulsions. Lipid oxidation in such system
Paper Presented at International Qonference on “Future of Food Factors’, has been proven to be more complicated due to occurrence of
October 3-4, 2012, Jakarta, Indonesia. interfacial ingredients (Di Mattia et al. 2009). In formulating
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with medicinal benefits such as extra virgin olive oil (EVOO) is
recently of interest. Unfortunately, lipid oxidation in EVOO
emulsion seems to be signficant in spite of the presence of
natural antioxidant compounds from EVOO itself (Di Mattia et al.
2009). On the other hand, synthetic antioxidant such as BHT
has been proven to be very effective to overcome the problem.
However, the use of synthetic antioxidants has raised many
questions regarding to their toxicity effect (Magsood and
Benjakul, 2010). Previous study showed that synthetic
antioxidants could promote carcino-genesis in food and long-
time consumption of BHT might even result in endotoxemia
which reduce liver antioxidant capacity (Engin et al. 2011).
Therefore, more attentions have been given on the use of
natural ingredient with antioxidant properties in parallel with the
increasing demand for natural food additive (Cheng et al. 2007).
In relation to this, Roselle is said as one of excellent source of
natural antioxidant to be used in functional food emulsions yet
no related studies are available. The objective of the present
study was to determine the effect of RE on the physical
properties and stability of EVOO emulsions.

MATERIALS AND METHODS

Preparation of roselle extract and emulsion samples

Roselle calyx was blended with methanol at ratio 1:2 and
held for 2 hours at room temperature. The extract was obtained
through filtration with filter paper (Whatman No. 1) and the
methanol was evaporated using a rotary evaporator at 55°C.
Four different emulsions were prepared with methanolic RE
(0.01 and 0.02%) and 0.02% BHT (commercial antioxidant) as
well as without the extract/antioxidant (control). The emulsions
were prepared by homogenizing EVOO and adjusted citric acid
(pH 5) containing sodium caseinate (0.5%). Roselle extract was
solubilized in the citric acid (pH 5) aqueous phase prior to
homogenization. 20 g of EVOO was added simultaneously with
carboxymethyl cellulose solution (1.25%). Homogenization was
carried out by means of a high-speed homogenizer (Yellow Line
DI 25 Basic, IKA Werke GmbH & Co, Germany) for 300 s on
batches of 100 g.

Physical properties and stability analysis

The pH value of sample was determined using a pH meter
(Jenway 3010; Jenway Ltd, Essex, UK) equipped with an
electrode (J95,924001, Jenway Ltd., Essex, UK). The droplet
size was measured by a laser diffraction method in terms of
surface-weighted (ds2) and volume-weighted (ds3) mean
diameters using a particle size analyzer (Mastersizer 2000,
Malvern Instruments Ltd, Worcestershire, UK) (lbrahim et al.
2007; 2009). The viscosity was measured using a rotational
viscometer (Rheomat RM 180, Rheometric Scientific Inc.) with
the measuring probe no. 3 and the shear rate of 200 Pa s (Day
et al. 2007). The emulsion stability towards phase separation
was evaluated under centrifugation force (3500 rpm for 30 min).
Centrifugation produced layers of an aqueous phase at the
bottom, an emulsion phase in the middle and oil phase on top.
The height of the separated layers was measured and
converted to relative percentage as follows: % layers = (height
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of the separated layer/the total height of the emulsion) x 100%
(lbrahim et al. 2009). To determine emulsion stability towards
lipid oxidation, the samples were incubated at 60°C in the
incubator for 10 days to accelerate the lipid oxidation of
emulsion. Sampling was carried out at 2 day intervals for
determination of peroxide value (PV) and p-Anisidine value (AV)
according to the standard iodometric AOAC Method 965.33
(AOAC, 2000) and the method described in Ibrahim et al.
(2005), respectively. Total oxidation (Totox) value was
calculated as 2PV + AV.

Experimental design and data analysis

Experiments were arranged using a one-way arrangement
structure and the treatments were assigned based on a
completely randomized design. A one-way ANOVA with Tukey’s
Multiple Comparisons statistical analysis was applied on a
triplicate data in order to determine any significant differences at
a = 0.05 using a Minitab (Release 16) (Minitab Inc., USA)
statistical software package.

RESULTS AND DISCUSSION

Physical properties of emulsions

Of all emulsions, emulsion with 0.02% Roselle extract
(0.02RE) possessed the significant (p < 0.05) lowest pH value
(Table 1). Previous researcher showed that pH of Roselle
extract was in range of pH 2.30-2.38 when extracted using
different kind of extraction method (Chumsri et al. 2008).
Although quantity of Roselle extract incorporated in emulsion
was very low (only 0.01-0.02%) but the pH of Roselle extract
was comparatively low or high acidic to cause a lower pH in the
respective emulsions compared to those emulsions without the
extract. According to Al-Kahtani and Hassan (1990), compound
which contributes to the acidity of Roselle was natural
constituents of organic acid such as malic, citric and 3-indoly!
acetic acid. This contributed to lower pH of Roselle extract.

Table 1. pH and droplet size distribution of freshly prepared emulsions
Volume Weighted mean

Sample pH DI4,3], um D[50], ym
0.02RE 5.96 ¢+ 0.04 7.162+1.66 6.632+1.36
0.01RE 6.06 bc+ 0.06 7.092+0.02 6.792+0.08
NAE 6.16 20+ 0.02 8.012+£0.24 7482+0.23
BHTE 6.252+0.03 8.142+1.40 7662+1.25

Data are reported as mean from three independent replications (n = 3) for each
sample. #¢ means with different letter are significantly different (p < 0.05).
NAE, control EVOO emulsion (without antioxidant), 0.02RE, 0.01RE and
BHTE are EVOO emulsions containing 0.02% Roselle extract, 0.01% Roselle
extract and Butylated hydroxytoluene, respectively

In the present investigation, homogenizer used was the high
speed homogenizer. It was only capable of generating fairly low
energy inputs to disrupt and mix oil and water phase, therefore,
it was unable to produce small droplet size. Addition of Roselle
extract to emulsion showed that there was no significant
difference between control and BHT emulsion in terms of D [50]
and surface and volume weighed mean D[4,3] (Table 1).
However, it is worth mentioning that emulsions containing
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Roselle extract had oil droplets with smaller size as recorded for
volume-weighted mean, D[4.3] and average size of 50% droplet
species, D[50].

Figure 1 shows that the droplet size distribution for all
emulsions were bimodal. Factors that may contribute to bimodal
distribution are time of homogenization process during emulsion
preparation and speed of homogenizer. Homogenization time
used for preparation of the studied emulsions was 6 minutes
which was comparatively short. Thus, the portion of emulsion
droplet in contact with the most intensive disruptive force
produced by homogenizer in this short time was comparatively
small represented by the first maximum whereby the droplet
size was smaller than the second maximum. Meanwhile, the
second maximum shows most droplet sizes of all emulsions
were approximately 10 um which was in the range of droplet
diameter of typical emulsion system i.e. 1-100 um (McClement,
2004). As seen in Figure 1, all emulsions have almost the same
volume of droplet with the smallest size range (the first
maximum) while there were volume of droplets with the largest
size range (the second maximum). Roselle extract (RE) added
emulsions showed the droplet size distributions that skewed to
the left indicating a smaller range of droplet size compared to
Butylated hydroxytoluene emulsion (BHTE) and control
emulsion (NAE). This was compatible with the average droplet
sizes showed in Table 1, whereby the RE emulsions had
smaller droplets. This probably due to surface activity exhibited
by bioactive compounds of Roselle extract which in turn caused
the droplet easily break down when agitation mechanism was
applied during homogenization. Roselle extract has been
reported to be rich in phenolic antioxidants which possess
surface activity (Richards et al. 2002; Di Mattia et al. 2009) due
to its chemical structure. Therefore, it favours the formation of
small and uniform oil droplets.

Size (um)

—— Volume (%) 0.02 RE  —=— Volume (%) 0.01 RE
—=— Volume (%) NAE —— Volume (%) BHTE

Figure 1. Droplet size distribution of emulsions. Data points are
presented in average of two replications. See Table 1 for
abbreviation of the samples

The microstructure of all emulsions showed no marked
difference (Figure 2) which is in parallel with the insignificant
difference in their droplet size distribution. Polydispersity
characteristic was demonstrated in the micrograph with the
existence of a mixture of droplet with different sizes. Droplet of
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BHT emulsion was densely packed in smaller size, it had high
tendency to aggregate together and cause flocculation as
shown in deep dark background of the micrograph. According to
McClement (2004), flocculation occurs when two or more
droplets come together to form an aggregate in which the
droplets retain their individual integrity. A few larger droplets are
observable for all emulsions in the respective micrographs. This
may due to the coalescence phenomenon when emulsion was
exposed to higher temperature during transportation of emulsion
to be analyzed. Beside, increasing kinetic energy during trans-
portation also increased frequency of contact between droplets.
Therefore, coalescence occurred and this contributed to larger
oil droplets. Micrographs in Figure 2 show that 0.02 RE have
more uniform size of droplet compared with NAE and BHTE due
to the reason as explained before.

NAE

BHTE

Figure 2. Micrographs of freshly prepared emulsions with 20 X
magnifications. See Table 1 for abbreviation of the samples

45
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3.0 A
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1.0 A
0.5
0.0

Viscosity, Pa s-1

3
Time (minute)
—+—0.02RE —=—0.01RE —a—NAE ——BHTE

Figure 3. Viscosity of emulsions as a function of time. Data points are
presented in average of three replications. See Table 1 for
abbreviation of the samples

Figure 3 shows the flow of viscosity at 200 s as a function
of time. The viscosity flow of all emulsions showed gradual
decreases with time. This is due to the aggregated droplets
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which were holding by a weak force were gradually disrupted
and collapsed because of the shearing of the materials, hence
decrease the resistance to flow and consequently cause the
reduction of the apparent viscosity over time (McClements,
2004). Besides, when time increase, particle rotate will more
align with the rotational flow of probe causing the emulsion
viscosity decreased gradually. Emulsion with 0.02RE showed
the highest viscosity. Roselle extract is an acidic phenolic
antioxidant (pH 2.30-pH 2.38) (Chumsri et al. 2008) which can
contribute to the low pH of emulsion, causing the reduction in
electrostatic repulsion in between droplet molecules, contribute
to formation flocculated droplets which can increase the
viscosity which was in parallel with the study of Chumsri et al.
(2008).

Emulsion stability towards phase separation

For centrifugation assay, two layers were formed for all
freshly prepared emulsions. There was formation of emulsion
(or cream) (top layer) and aqueous (top layer) phases. This was
probably due to synerisis phenomenon. However, the extent of
phase separation of all emulsions was not pronounced which
might be due to the presence of CMC in the emulsions (Ibrahim
et al. 2009). Table 2 shows that the control emulsion exhibited
the highest synerisis (lowest percentage of the emulsion phase).
This may be due to the weak structure with a low viscosity in
continuous phase. This led to very high droplet mobility.
According to Dickinson and Leser (2007), low viscosity emulsion
was more prone to creaming and synerisis due to differential
creaming speeds of individual small and large droplets, making
them to stick together. RE emulsion showed lower phase
separation due to higher viscosity of the emulsions.

Table 2. Phase separation of emulsions after centrifugation
Emulsion Phase (%)

Sample Freshly Prepared Stored Emulsions
Emulsions (5°C, 15 Days)
0.02RE 73.50£0.90 65.40£3.13
0.01RE 73.30£2.00 63.20£3.18
NAE 71.10£2.56 63.40+1.15
BHTE 73.40+0.69 60.00£3.75

Data are reported as mean from three independent replications (n = 3) for each
sample. See Table 1 for abbreviation of the samples

After 15 days of storage at 5°C, all emulsions showed
increases in phase separation. This was attributed with
coalescence that continuously occurred upon storage which
resulted in separation of emulsion with time until a balance
condition was reached (based on density). Balance condition
means that the phases were in equilibrium. When comparing all
emulsions, RE emulsion showed lower phase separation after
15 day after centrifugation suggesting that Roselle extract
caused higher stability to the emulsion compared to BHT.

Total oxidation (Totox) value

The Totox value combines evidence about the past history
and the present state of an oil, and is used frequently in the food
industry (Shahidi and Wanasundara, 2002) and it is a
summation of anisidine value (AV) and twice peroxide value
(PV). Figure 4 shows that the Totox value of 0.02RE emulsion
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was lower at day 0, 2 and 8 compared to other emulsions. This
indicates antioxidant activities of RE in delaying total oxidation.
Data from a previous researcher who studied on palm oil quality
in terms of chemical and sensory characteristics revealed that
oil sample with a Totox value of 3.48 corresponded to an overall
quality rating of 3.3 on a 1-5 hedonic scale (1=very poor; 5=very
good). Overall quality for second oil (Totox value = 8.68) was
1.3 (poor) for the result obtained from the same sensory panels
(Idris et al. 1992). However, according to Rosell (1986), oil
samples with a Totox value above 10 was unacceptable. From
the result obtained, after 6 days of incubation time, the emulsion
showed an unacceptable flavour. The sharp decrease of Totox
value at day 2 and 10 was due to the decrease in PV at
corresponding day because Totox value was the summation of
twice PV and AV at the same day. RE emulsion showed higher
protective effect at the day mentioned above which is much
probably due to the presence of bioactive compounds such as
anthocyanins.

20 -
o 15
=
Z 10 -
o
L
5 4
0 T r T . T .
0 2 4 6 8 10
Time (day)

—&—0.02RE —=—0.01RE —a—NAE —«—BHTE

Figure 4. Total oxidation (Totox) value of emulsions within 10 days of
accelerated oxidation period. Data are pointed as mean from
three independent replications (n = 3) for each sample. See
Table 1 for abbreviation of the samples

CONCLUSION

This study provided important preliminary data on possibility
of applying Roselle extract (which is known to content a
significant amount of bioactive compounds) in producing food
emulsions with acceptable properties and stability. Moreover,
one can preserve the benefit from extra virgin olive oil in the
form of functional emulsion and also grant the ability of Roselle
extract to form more stable emulsion upon normal storage.
Further study should be done to increase amount of Roselle
extract added to emulsion to increase the stability of the
emulsion more significantly.
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