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Abstract:

Hibiscus sabdariffa drink (Zobo) was produced using different methods of production (boiling method, hot soaking method
and, maceration and pasteurization method) and different concentrations (1.5%, 5% and 8.5%) of Hibiscus sabdariffa calyx.
Hibiscus sabdariffa drink, thus produced was stored at ambient (28+ 20C) and refrigeration (4 + 20C) temperatures. pH,
titratable acidity, bacterial counts and fungal counts were determined every 48 h. There was an inverse relationship in the
pH and total titratable acidity of the samples. Zobo produced by maceration and pasteurization method had the best
microbiological quality, 1.1x102, 1.6x102 and 1.9x102. While Hibiscus sabdariffa drink produced by boiling method was
least in microbiological quality, 4.8x104, 6.3x104 and 7.1x104 for 1.5%, 5% and 8.5% calyx concentration respectively. At
refrigeration condition, growth was slowed down in the Hibiscus sabdariffa drink produced by the different methods.
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1. Introduction

Hibiscus sabdariffa drink (Zobo) is a non-alcoholic local beverage made from different varieties of dried, acid-succulent calyces of
the flower Hibiscus sabdariffa by boiling and filtration (Ogiebor et al., 2008; Kolawole and Okeniyi, 2007). Hibiscus sabdariffa L. is
a herbaceous plant, cultivated largely in tropical and subtropical areas of both hemispheres. It belongs to the malvaceae family
(Oguntona, 1998; Bola and Aboaba, 2004; Morton, 1987) and is known by different names in different part of the world (Morton
1987; ASNAPP, 2003 ; Morton and Roselle, 1987; Glew et al., 1997; Lorenzo et al., 2000 ; McClintock.and El Tahir, 2004 ; Babalola
et al., 2001 ; Nyarko et al., 2006 ; Cisse et al., 2009a; Cisse et al., 2009b).

Hibiscus sabdariffa L is a plant that has been used in traditional medicine as an antiseptic and various medicinal uses of infusions of
the calyces have been reported such as being a diuretic, cholerectic, febrifugal, hypertensive, anti-helminthic, antimicrobial,
decreasing viscosity of the blood and stimulating intestinal peristalsis (Sharaf 1962; Kerharo 1972; Morton 1987; Delgado-Vargas and
Paredes-Lopez 2003).

In production of Hibiscus sabdariffa drink (Zobo), commonly the extraction operation is carried out at temperatures between 25 and
100°C followed by removal of the calyx through filtration. After filtration, sweetener and other ingredients, such as other fruit juices,
flavourants and fruit pieces are added (Cissé et al. 2009a). The sweetening agent is preferably a natural sweetening agent, but may be
an artificial sweetening agent or a combination of natural and artificial sweetening agents (Appel, 2003).

Hibiscus sabdariffa drink (zobo) is well known in the tropical areas such as the West Indies, Taiwan and Malaysia as a fruity
refreshing beverage (Francis, 1989). In the West Indies, sorrel is a prized drink during the Christmas holidays (McCaleb, 1996). Also,
zobo is a common drink in Nigeria as it is been drunk in the different parts of the country.

However, there is no standard method for production of Hibiscus sabdariffa drink (zobo), the method employed varies from
one locality to another and procedures depend on the producers own knowledge and experience which consequently result in zobo of
heterogenous quality. The aim of this work is to determine the method of zobo production that will give a product of high
microbiological quality which is an important contributory factor to the keeping quality of the drink.
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2. Materials and Methods

2.1. Preparation of Samples

Hibiscus sabdariffa drink was produced using three different methods of calyx extraction. First method was according to Kimura et
al., 1996 (boiling method). Dry calyces of H. sabdariffa was boiled in water for 5 min, allowed to cool and filtered with sterilized
sieve cloth. Granulated sugar was added to the cooled and filtered drink and was bottled. The second method was hot soaking method
where dry calyces of H. sabdariffa was added to boiled water at 100°C and allowed to stand for 1h. The calyces were removed by
filtration using a sterilized sieve cloth and granulated sugar was added before bottling (Ilondu and Iloh, 2007). The third method was
cold maceration and pasteurization method, dry calyces of H. sabdariffa was macerated in cold water(25°C) for 4 h and filtered with
sterile cloth (Suliman ef al., 2011). Granulated sugar was added before being bottled and was pasteurized in a batch process at 72°C
for 5 min (Perry and Staley, 1997; Ukwuru and Uzodinma, 2010; Braide et al., 2012). Three concentrations of the drink were
produced using each of the methods. The concentrations of the calyx of Hibiscus sabdariffa used were 1.5% as in commercial practice
(Bolade, et al., 2009), 5.0% (Sdyago-Ayerdi et al.,2007) and 8.5% (Appel,2003).

The different samples were dispensed into previously sterilized plastic bottles and were stored at ambient temperature of 28+ 2°C and
refrigeration temperature of 4 + 2°C. pH, total titratable acidity (physic — chemical properties), fungal and bacterial growth were
detected every 48 h for 8§ days.

2.2. Isolation and Enumeration of Microorganisms

Pour plate method was used for microbiological analysis. (Osuntogun and Aboaba, 2004). The total numbers of viable
microorganisms (colonies) developed were enumerated and expressed as colony forming unit per milliliters (cfu/ml) by the methods
of Harrigan and McCance (1990).

2.3. pH and Total Titratable Acidity

pH was determined with a pH meter which was standardized with standard buffer solution 4.0 and 7.0. The pH was measured by
inserting directly the electrodes into 10 ml beaker containing the sample. The total titratable acidity (TTA) of the drink (expressed as
percentages of citric acid) was determined by titrating 10ml of the samples against 0.1 N NaOH (AOAC, 2004).

3. Results
Days of

Storage Storage pH Calyx Concentration Calyx CZ:‘ctntra tion
Condition 1.5% 5.0% 8.5% 1.5% 5.0% 85%
Ambient 0 3.10° 3.00° 3.00° 0.07* 0.09° 0.11°
2 3.10° 3.00" 2.90° 0.07* 0.09° 0.11°
4 2.90° 2.80° 2.70 0.07* 0.11%" 0.11°
6 2.90° 2.70° 2.70° 0.11° 0.14° 0.14™
8 2.90° 2.70° 2.70° 0.11° 0.14° 0.19°
Refrigeration 0 3.10° 3.00° 3.00° 0.07* 0.09° 0.11°
2 3.10° 3.00" 3.00" 0.07* 0.09° 0.11°
4 3.10° 3.00° 3.00° 0.07° 0.09° 0.11°
6 3.00° 3.00° 2.90° 0.07* 0.11" 0.14™
8 3.00° 2.90" 2.90" 0.07" 0.11%" 0.14™

Table 1: Physio- chemical properties of stored H.sabdariffa drink produed using boiling method

Means with the same superscript within the same column are not significantly different (p< 0.05)

Storage Days of pH TTA
Condition Storage Calyx Concentration Calyx Concentration
1.5% 5.0% 8.5% 1.5% 5.0% 8.5%
Ambient 0 3.10° 3.00° 3.00" 0.07* 0.09° 0.11°
2 3.10° 3.00° 3.00° 0.07* 0.09° 0.11%
4 2.90" 2.90° 2.90" 0.07* 0.09° 0.11*
6 2.90" 2.80° 2.80" 0.11* 0.11" 0.14*
8 2.90" 2.80* 2.80" 0.11* 0.14° 0.14*
Refrigeration 0 3.10° 3.00° 3.00" 0.07* 0.09° 0.11*
2 3.10° 3.00° 3.00° 0.07* 0.09° 0.11%
4 3.10° 3.00° 3.00" 0.07* 0.09° 0.11*
6 3.10° 3.00° 3.00" 0.07* 0.09° 0.14*
8 3.10° 3.00° 2.90* 0.07° 0.09° 0.14°

Table 2: Physico — chemical properties of stored H. sabdaffa drink produced using hot soaking method.
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Means with the same superscript within the same column are not significantly different (p< 0.05)

Storage Days of pH TTA
Condition Storage Calyx Concentration Calyx Concentration
1.5% 5.0% 8.5% 1.5% 5.0% 8.5%
Ambient 0 3.20° 3.00° 3.00° 0.07° 0.09° 0.09°
2 3.20° 3.00° 3.00° 0.07° 0.09° 0.09°
4 3.20° 3.00° 2.90° 0.07° 0.09° 0.11°
6 3.20° 2.90° 2.90° 0.09° 0.11° 0.11°
8 3.10° 2.90° 2.90° 0.09° 0.11° 0.11°
Refrigeration 0 3.20° 3.00° 3.00° 0.07° 0.09° 0.11°
2 3.20° 3.00° 3.00° 0.07° 0.09° 0.11°
4 3.20° 3.00° 3.00° 0.07° 0.09° 0.11°
6 3.20° 3.00° 3.00° 0.07° 0.09° 0.11°
8 3.20° 3.00° 3.00° 0.07° 0.09° 0.11°

Table 3: Physico — chemical properties of stored zobo produced using cold maceration and pasteurization method

Means with the same superscript within the same column are not significantly different (p< 0.05)

Storage Days of Total Bacterial Counts (cfu/ml) Fungal counts (cfu/ml)
Condition Storage Calyx Conc. Calyx Conc.
1.5% 5.0% 8.5% 1.5% 5.0% 8.5%
Ambient
0 - 0.3x10" 0.5x10" - - -
2 1.1x10" 1.5x10" 3.8x10' 0.2x10" 0.6x10" 1.1x10"
4 2.4x10° 3.2x10° 3.7x10° 1.0x10" 1.3x10" 1.4x10"
6 3.5x10° 4.8x10° 5.6x10° 0.4x10° 1.2x10° 1.8x10°
8 4.8x10" 6.3x10" 7.1x10* 7.0x10° 1.0x10° 1.3x10°
Refrigeration
0 - 0.3x10" 0.5x10" - - -
2 - 0.3x10" 0.7x10" - - -
4 - 0.5x10" 1.0x10" - - -
6 0.2x10" 0.7x10" 1.4x10" - - -
8 0.2x10" 1.0x10" 1.7x10" - - -

- = not detected
Table 4: Microbiological quality of stored zobo produced using boiling method

Storage Days of Total bacterial counts (cfu/ml) Fungal counts (cfu/ml)
Condition Storage
Calyx | Conc. Calyx | Conc.
1.5% 5% 8.5% 1.5% 5% 8.5%

Ambient

0 0.2x10" 0.4x10" 0.4x10" - - -

2 0.6x10" 1.4x10" 3.1x10" 0.1x10" 0.7x10" 1.0x10"

4 1.3x10" 2.5x10° 1.3x10? 0.3x10" 1.1x10" 1.3x10"

6 2.0x10? 6.0x10° 5.6x10° 7.0x10" 1.0x10? 1.7x10?

8 7.0x10° 1.4x10° 4.7x10* 2.0x10° 4.0x10? 7.0x10?
Refrigeration

0 - 0.4x10' 0.4x10' - - -

2 - 0.5x10' 0.6x10' - - -

4 - 0.7x10' 1.0x10' - - -

6 0.2x10" 0.8x10" 1.4x10" - - -

8 0.2x10" 1.0x10" 1.7x10" - - -

- =not detected
Table 5: Microbiological quality of stored zobo produced using hot soaking method
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Storage Days of Total bacterial counts (cfu/ml) Fungal counts (cfu/ml)
Condition Storage Calyx Conc. Calyx Conc.
1.5% 5% 8.5% 1.5% 5% 8.5%

Ambient

0 - - - - - -

2 - 0.1x10" 0.3x10" - - -

4 0.2x10" 0.3x10" 1.1x10" - 0.3x10" 0.8x10"

6 2.0x10" 1.3x10° 1.7x10° 0.2x10" 1.2x10° 1.8x10°

8 1.1x10° 1.6x10° 1.9x10° 1.0x10" 1.5x10° 2.1x10"

Refrigeration

0 - 0.4x10" 0.4x10" - - -

2 - 0.5x10" 0.6x10" - - -

4 - 0.7x10" 1.0x10° - - -

6 0.2x10" 0.8x10" 1.4x10" - - R

8 0.2x10" 1.0x10" 1.7x10" - - R

- =not detected.
Table 6: Microbiological quality of stored zobo produced using cold maceration and pasteurization method

4. Discussion

Processing method, calyx concentration and storage condition are very important determinant of the quality and shelf- life of H.
sabdariffa drink (Omemu et al., 2006; Cisse et al., 2009). Three methods of production of H. sabdariffa drink were studied; boiling,
hot soaking and, cold maceration and pasteurization methods. Hibiscus sabdariffa drink of three different concentrations (1.5%, 5%
and 8.5%) of H. sabdariffa calyx was produced using each of the methods.

The pH of the freshly produced samples was between 3.0 — 3.1 and TTA, 0.07 — 0.11 for Hibiscus sabdariffa drink produced by
boiling(Table 1). For Hibiscus sabdariffa drink produced by hot soaking method, the pH of the freshly produced samples was between
3.0-3.1 and TTA, 0.07 — 0.11(Table 2). While the pH of the freshly produced samples of Hibiscus sabdariffa drink produced by cold
maceration and pasteurization method was between 3.0 — 3.2 and TTA, 0.07 — 0.09(Table 3). These observations are similar to 3.2
reported by Egbere et al.,(2007) for Hibiscus sabdariffa drink of 10% concentration of H. sabdariffa calyx. The pH of Hibiscus
sabdariffa drink with lowest concentration of H. sabdariffa calyx(1.5%) was high compared to pH of higher concentrations of H.
sabdariffa calyx (i.e 5% and 8.5%). There was no detected difference in the pH of Hibiscus sabdariffa drink with 5% and 8.5%
concentrations of H. sabdariffa calyx.

The TTA recorded is comparable to 0.02 - 0.08 reported by Omemu et al., (2006), 0.06 reported by Amoo (2000) and Bolade et al.,
2000 who reported between 0.15 — 0.22 for concentrations used in commercial production. The Hibiscus sabdariffa drink samples
stored at 28+2°C and 4+2°C were observed for 8 days. There was no significant change in the pH during storage in all the samples.
The TTA of zobo samples containing 5% and 8.5% concentration of H. sabdariffa calyx produced by boiling and hot soaking method
changed significantly (p< 0.05) during storage.

The increase in TTA of Hibiscus sabdariffa drink samples at ambient and refrigeration temperatures during storage, is similar to what
was reported by Omemu et al., (2006). TTA increased with increase in the period of storage Ashaye and Adeleke (2009) and
Nwokocha et al., (2012).The TTA recorded for the Hibiscus sabdariffa drink samples during storage were similar to 0.15 and 0.23%
reported by Nwafor and Ikenebomeh (2009) for Hibiscus sabdariffa drink from different ratio of dried red colour calyces and water
ratio, and boiling durations. The inverse relationship observed in TTA and pH agrees with the report of Egbere et al., (2007).

The total bacterial counts for Hibiscus sabdariffa drink produced by boiling method ranged from NIL - 0.5x10' (Table 4), Hibiscus
sabdariffa drink produced by hot soaking method ranged from 0.2x10' — 0.4x10'(Table 5) and total bacterial count for Hibiscus
sabdariffa drink produced by cold maceration and pasteurization method was NIL(Table 6). There was no fungal growth in the fresh
Hibiscus sabdariffa drink samples produced by either of the methods. (Ukwuru and Uzodinma, 2010).

Progressive bacterial and fungi growth was observed during storage but the rate of growth differ under different storage conditions. At
48 h following production under ambient condition, there was an increase in the microbial growth in all the Hibiscus sabdariffa drink
samples produced by the three methods except in Hibiscus sabdariffa drink with 1.5% concentration of H. sabdariffa calyx produced
by cold maceration and pasteurization method. This agrees with the earlier reports of Osuntogun and Aboaba (2004) and Omemu et
al.,(2006) that Hibiscus sabdariffa drink (zobo) has a short shelf- life of about 24 h when not refrigerated. Increase in the
concentration of the H. sabdariffa calyx, seemed to increase the microbial load as the calyx of H. sabdariffa naturally carries
microorganism (Omemu et al., 2006)

At the end of the storage period Hibiscus sabdariffa drink produced by boiling method (Table 4) had the highest total bacteria count of
4.8 x 10*cfu/ml for 1.5% H. sabdariffa calyx concentration, 6.3 x 10* cfu/ml for 5% H. sabdariffa calyx concentration and 7.1 x 10*
cfu/ml for 8.5% H. sabdariffa calyx concentration. The reason for this observation could have been as a result of the effect of heat on
natural antimicrobial compound in the H. sabdariffa calyx(Mazza and Brouillard, 1987; Baranac et al. 1997a; Kopjar et al., 2009).
Hibiscus sabdariffa drink produced by hot soaking method (Table 5) had the total bacteria count of 7.0 x 10’°cfu/ml for 1.5% H.
sabdariffa calyx concentration, 1.4 x 10" cfu/ml for 5% H. sabdariffa calyx concentration and 4.7 x 10* cfu/ml for 8.5% H. sabdariffa
calyx concentration. While Hibiscus sabdariffa drink produced by cold maceration and pasteurization method had very low total
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bacterial count of 1.1 x10* cfu/ml for 1.5% H. sabdariffa calyx concentration, 1.6 x 10°cfu/ml for 5% H. sabdariffa calyx
concentration and 1.9 x 107 cfu/ml for 8.5% H. sabdariffa calyx concentration. The low bacteria count recorded for cold maceration
and pasteurization method is an indication of elongation of zobo shelf life by the method (Egbere et al., 2007).

The fungi count of Hibiscus sabdariffa drink produced by boiling method was the highest at the end of the storage period. The fungi
count of the Hibiscus sabdariffa drink produced using this method being 7.0x10’cfu/ml for 1.5% concentration of H. sabdariffa calyx,
1.0x10°cfu/ml for 5% concentration of H. sabdariffa calyx and 1.3x10°cfu/ml for 8.5% concentration of H. sabdariffa calyx this is
followed by Hibiscus sabdariffa drink produced by hot soaking method which had 0.2x10cfu/ml for 1.5% concentration of H.
sabdariffa calyx, 0.4x10°cfu/ml for 5% concentration of H. sabdariffa calyx and 0.7x10°cfu/ml for 8.5% concentration of H.
sabdariffa calyx. Hibiscus sabdariffa drink produced by maceration and pasteurization method had the lowest fungi count of
1.0x10'cfu/ml for 1.5% concentration of H. sabdariffa calyx, 1.5x10'cfu/ml for 5% concentration of H. sabdariffa calyx and
2.1x10'cfu/ml for 8.5% concentration of H. sabdariffa calyx (Egbere et al., 2007; Mazza and Brouillard, 1987; Baranac et al. 1997a;
Kopjar et al., 2009).

5. Conclusion
Cold maceration and pasteurization method produced H. sabdariffa drink with better microbiological quality followed by hot soaking
method.
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