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Abstract: In recent years, polyphenols have gained attention for their health-pro-

moting properties in foods and beverages. Chamomile, a medicinal plant rich in 

polyphenols, is an ideal ingredient for functional foods. However, the stability 

of its bioactive ingredients during storage must be assessed. This study examines 

the effects of acidified aqueous chamomile extracts (pH 3 and pH 6) and storage 

temperatures (5°C and 20°C) on total phenolic content, antioxidant capacity, tur-

bidity, and color over 6 weeks. Results indicate that phenolic content and anti-

oxidant capacity in pH 3 extracts were stable at both temperatures, while pH 6 

extracts showed significant changes at room temperature. Turbidity was higher 

in pH 3 extracts but remained acceptable. Storage temperature significantly af-

fected the color, with extracts at room temperature changing from green-yellow 

to yellow, and slightly darker at pH 6. Therefore, acidifying extracts to pH 3 and 

storing them at 5°C is ideal for retaining phenolic content and color.  

Keywords: Chamomile infusions, Phenols, Antioxidant, Stability, Beverages.   

 

1. Introduction 

Recently many studies have focused on the biologically active ingredients 

especially polyphenols in food and beverages because of their benefit for human 

health comprising antioxidant and anti- inflammatory activities. According to 

several researchers a high level of bioactive ingredients, including phenolic com-

pounds, are commonly found in medicinal herbs [1], [2], [3]. Furthermore, as 

reported by World Health Organisation, more than 80% of the population of the 

world mostly depends on traditional medicinal plants for health [4]. Thus, these 

compounds would be ideal ingredients for functional beverages. Moreover, in-

clusion of bioactive ingredients in functional foods especially functional bever-

ages is developing quickly in the market field [5], [6] and traditional products, 

including organic plant compounds are increasingly of interest to consumers [7].  

Chamomile (Matricaria chamomilla L.) is an herbal flowering plant annually indigenous to Europe and is 

a daisy family (Asteraceae or Compositae) member. It has been in use traditionally as a medicinal plant mostly 
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due to its anti-inflammatory, antispasmodic, sedative and anti-microbial properties [8], [9], [10], [11]. [12] also 

suggested that chamomile has uses for many different healing purposes such as wounds treatment, ulcers, ec-

zema, gout, skin irritations, bruises, burns, canker sores, neuralgia, sciatica, rheumatic pain, hemorrhoids, mas-

titis and other diseases. These properties are mainly because phenolic compounds are found in chamomile in 

accordance to [13], [14], [15] stated that there are significant variations in total phenolic content of herbal extracts. 

The range of results was between not detected to 46.46 mg/g of herbs and the highest contents of phenolic com-

pounds (> 30 mg/g of herb) was among the processed tea, lemon balm, mate, green tea, black tea and peppermint 

which order from high to low. These results were in agreement with [2] who found the similar total phenol 

content in the same herbal extracts (green tea > black tea> peppermint > chamomile > fennel).  

 [15] mentioned that it is important to take into account that many factors may have an impact on the total 

content of phenolic components present in different herbal extracts, such as the preparation approach (concen-

tration, processing of plant, temperature and time of extract), the characteristics of the cultivation (soil, climate, 

stresses) and the analysis method. Chamomile flowers are one of the oldest and most widely used in herbal tea 

and beverages. Therefore, it can be used in the beverages as a source of bioactive ingredients to improve nutri-

tional value. 

Meantime, before inclusion to the food products as functional juice, determination of the stability of the 

bioactive ingredients and other characteristics such as colour of medicinal plant extracts during all processing 

steps required to their incorporation into beverages and foods and possible storage conditions is extremely im-

portant. This is because they may have an effect on the potency and acceptance of the food product by the 

consumer. There are many factors affect the stability of bioactive ingredients and other attributes in the medici-

nal plant extracts such as the plant material preservation after harvesting it (drying, freezing, etc.), the method 

of preparing the extraction of plants, heat treatment of the food and beverages including these plants extracts 

and storage condition of the foods and beverages [16]. 

Previous researchers have studied the stability of bioactive ingredients and colour of the acidified feverfew 

infusions (2.9 ≤ pH ≤ 6) during storage at 5°C and 22°C and have found that parthenolide had more stability at 

infusions at pH6 stored at 22°C. However, there was a significant reduction in phenol content and progressive 

browning at this condition of storage. Acidified infusions (pH ≤ 4.6) retained colour, total phenolic content and 

parthenolide during at 5°C and 22°C [17]. Therefore, storage condition can significantly affect phenolic content 

so it is important to study it.   

Recent studies have shown that total phenolic content, formation of turbidity and colour of aqueous cham-

omile extracts affected significantly by extraction temperature and type of drying fresh chamomile flower. The 

amount of total phenol increased with increasing the temperature of extraction from 57°C to 100 °C. Colour and 

turbidity level also develop with increasing temperature from 57°C to 90°C but extracts became slightly darker 

and forming high level of turbidity at 100°C. Researchers have found that increasing in drying temperature of 

fresh chamomile flower from 40°C to 80°C led to a considerable decrease in amount of total phenolic compound 

and extracts prepared from chamomile flowers oven-dried at 80°C were the darkest colour [16]. However, there 

has been no data published on the stability of these bioactive ingredients in the aqueous chamomile extracts 

incorporated into acidic beverages during storage. Before incorporation into functional foods., it is important to 

have knowledge on factors affecting the phenolic content and antioxidant capacity of chamomile extracts during 

storage such as temperature and pH of beverages other characteristics have impact on the quality of extracts are 

colour and turbidity formation during storage.  

The main objectives of this study were to assess the impact of pH on the colour change, degradation of total 

phenolic content and antioxidant capacity and formation of turbidity of acidified chamomile infusions during 

storage time at both 5 and 20 °C temperatures. The purpose of this study to determine ideal storage conditions 
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to maintain the total phenolic contents and colour of chamomile infusions and remain their effectiveness when 

the extracts incorporate into acidic beverages. 

2. Materials and Methods 

Materials: Dried chamomile flowers were purchased from the All in All Ingredients, Dublin, UK. Folin-

Ciocalteu phenol reagent and Gallic acid were purchased from Sigma-Aldrich, UK. Sodium Carbonate 

anhydrous was purchased from Fisher Scientific, Leicestershire, UK. Citric acid, tri-Sodium citrate, Acetic acid 

(C2H4O2), Sodium Acetate Trihydrate (C2H4NaO2.H2O), TPTZ (2,4,6-tripyridyl-s-triazine),hydrochloric acid 

(HCl) , Ferric Chloride Hexahydrate (FeCl3.6H2O), Ascorbic Acid, potassium sorbate, and Benzoic acid were 

purchased from BDH Laboratory Supplies, England.  

Extraction: 2.5 g of chamomile flowers were immersed in 100 ml of distilled water in a Duran bottle and 

were put in water bath (Nickel Electro, Boro Labs Limited, Berks, UK) for 20min at 90 °C. Whatman no. 1 filter 

paper (Whatman Ltd, England) was used to filter the chamomile extract under vacuum after heating. Finally, 

the extract was put on ice to cool quickly as described by [16]. Extraction was done in triplicate. 

Beverage preparation: Different concentrations of citric acid and tri-sodium citrate were used to adjust the 

pH of the extracts to obtain a pH of 3 and 6 and a final concentration of 0.06 M to be the similar to the citric 

content in fruit beverages. The pH of the beverages was determined with a pH meter (Orion star A111). 250 ppm 

of benzoic acid and 300 ppm of potassium sorbate was added as preservatives to reduce microbial deterioration 

during storage [17].  

Experimental design: There were two treatments were applied to beverage pH (3 and 6) which were storage 

in the fridge (5°C) and at room temperature (20°C) for 6 weeks.  

Total phenols: The total phenolic content of the extracts was determined by the Folin–Ciocalteu method 

according to [18]. The standard curve has the equation y = 0.0021x + 0.0639, R² = 0.9954, which y is absorbance 

at 760 nm and x is concentration of gallic acid (mg/L). All analysis was done in triplicate. 0.2 ml of extract, 

standard or blank (water) was added to 6.0 ml distilled water to a 10ml volumetric flask. 0.5 ml Folin-Ciocalteu 

reagent was added to the volumetric flask. After 3 minutes, 1.5 ml of the 20% Sodium Carbonate solution was 

added. Volumetric flask was filled to 10ml with water and vortexed (Whirilimixer) to mix. The mixture was left 

to stand for 2 hours at room temperature. The absorbance was measured at 760 nm on UV-Vis 

Spectrophotometer (Cecil 1021). The total phenol content was measured as gallic acid equivalents (mg GAE)/g 

dry weight of plant material [19]. All analysis was done in triplicate. 

Colour: The colour of chamomile extract was determined using Colour Quest spectrophotometer (Hunter 

lab, Virginia, U.S.A). The Hunter Lab scale was expressed in L*(lightness), a*(redness-greenness) and 

b*(blueness-yellowness). Before doing measurements of colour, the Hunter Quest spectrophotometer was 

calibrated with a black calibration plate. The colour difference is expressed in Hue angle (h°) and is defined as 

red–purple: 0°, yellow: 90°, bluish-green: 180°, and blue: 270°. Chroma (C) is a measure of the intensity or colour 

saturation. Chroma and hue angle were calculated by these equations [20]. 

Hue angle (h°) = arctan (
𝑏∗

𝑎∗
)                                           (1) 

Chroma (C°) = [(𝑎 ∗)2 + (𝑏 ∗)2 ]1/2                                                              (2) 

Turbidity: Turbidity was measured using a UV–visible spectrophotometer (Cecil 1021) at 800 nm. The 

percent transmittance (T %) was recorded and 100-T% was used as a measure of turbidity [21], [22]. 

Total antioxidant capacity (FRAP test): The total antioxidant power of chamomile extracts was measured 

by using the ferric reducing antioxidant power (FRAP) assay. The ferric reducing-antioxidant assay (FRAP) is 

based on the reduction at low pH of ferric 2, 4, 6-tris (pyridin-2-yl)-1, 3, 5-triazine [FeIII-TPTZ] to the ferrous 

complex followed by spectrophotometric analysis [23], [24]. The stock solutions were prepared which included 
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300 mmol acetate buffer (3.1 g Sodium Acetate Trihydrate (CH3COONa) dissolved in 500m l of water and then 

16 mL Acetic Acid (CH3COOH) added), pH 3.6, 10 mmol TPTZ (2,4,6-tripyridyl-s-triazine) dissolved in 40 mmol 

HCl and kept in fridge, and 20mmol FeCl3.H2O solution. Working FRAP reagent was prepared freshly by adding 

25 mL acetate buffer, 2.5 mL TPTZ solution, and 2.5 mL FeCl3·6H2O solution as described by [25]. 10µl of 

standard, blank or extract was added into a 96-well microplate and 300µl of FRAP reagent was added. The 

absorbance was measured immediately in the GENio Pro™ microplate reader (Columbus/Columbus pro 

washer) at 600nm at room temperature with Magellan software. The calibration curve was prepared from the 

equation y = 0.0011x - 0.0185, R² = 0.9969 where x was absorbance and y was ascorbic acid concentration (µmol). 

The standard curve was linear between 0 and 1000 µmol ascorbic acid. Results were expressed in µmol Fe (II)/g 

of extract and compared with that of ascorbic acid. Antioxidant activity was calculated and expressed as ascorbic 

acid equivalents (µmol/L) according to [26]. 

Statistical analysis: All of extractions and analysis of this experimental study was done in triplicate. Data 

from experiment results were expressed as mean ± standard deviation (SD). The means were compared by using 

the student’s t-test (two-tailed) in Microsoft Excel in order to determine the significant differences between 

several storage parameters. Results with p ≤ 0.05 were considered significantly different. 

3. Results and Discussion: 

Colour of chamomile extracts and the effect of storage pH and temperature: Storage condition may affect 

the quality features of functional beverages. Unfavourable change in colour and loss of bioactive components 

may be a result of bad storage conditions of beverages [16]. Therefore, in this study, the effect of storage 

conditions such as pH and temperature on the colour of chamomile extracts was examined. At pH 3 and 6 the 

colour of chamomile extracts did not change significantly during 6 weeks storage in the fridge (5°C) but colour 

of extracts at room temperature (20°C) did change significantly. As shown in figure 1a, after 35 days of storage 

at room temperature (20°C) the lightness of chamomile extracts at pH 3 Did not decrease significantly (p>0.05) 

from 86.24 ± 0.03 to 84.66 ± 2.6 and at pH 6 decreased significantly (p<0.05) from 88.64 ± 0.005 to 83.68 ± 1.8 and 

became slightly darker. The reduction of lightness at 5°C at pH 3 and 6 were not significant (p>0.05) (figure 1b). 

The temperature of storage had a significant (p<0.05) impact on hue angle (h) of these chamomile extracts. The 

reduction of hue angle of chamomile extracts at pH 3 and 6 at room temperature storage (20°C) was higher 

(p<0.05) than fridge storage (5°C). There may be correlation between total phenol in the extracts and hue angle. 

As [27] pointed out that a raise in total phenol of the chamomile extract at high extraction temperature follow a 

hue angle reduction. Initially extracts were yellow-green colour with a hue angle of 96.68 ± 0.9 and 96.58 ± 0.1 

changed to yellow colour with a hue angle of 92.79 ± 2 and 91.44 ± 1.5 at pH 3 and 6, respectively and after 35 

days at room temperature storage (20°C) whereas the hue angle of the extracts at pH 3 and 6 stored at fridge 

(5°C) only changed from 96.68 ± 1.8 and 96.52 ± 0.2 to 95.39 ± 1.8 and 94.30 ± 2 is shown in figures 1c and 1d. This 

change in hue angel might be due to the degradation or/and oxidation of phenol content in the extracts. The 

chroma (saturation) of chamomile extracts at pH6 in both storage temperatures (5 and 20°C) was little higher 

(p>0.05) than those at pH3 during the storage time. The chroma of the extracts at pH 3 and 6 which stored at 

room temperature (20°C) increased slightly (p>0.05) from 34.52 ± 0.06 and 34.40 ± 0.1 to 36.30 ± 4.9 and 37.92 ± 

5.1 respectively. However, the chroma of extracts at pH 3 and 6 remained stable during storage time (35 days) 

at fridge (5°C) as shown in figures 1e and 1f. [17] stated that browning of feverfew infusions at pH 6 stored at 

22°C is due to phenol degradation and [28] also stated that lightness, hue angle and chroma of feverfew infusions 

were affected by extraction temperature. Infusions were brown colour at extraction temperature 20-70°C and it 

changed to yellow colour at 80-100°C extraction temperature as result of activity of polyphenol oxidase. This 

enzyme caused oxidation of some of non-tannin phenolic content at or below 70°C and formed brown colour 

with low amount of total phenol content. However, inactivation polyphenol oxidase occurred at or over 70°C 
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and caused light colour and high total phenol amount in the infusions. Other studies found that extraction 

condition and post-harvest processing affected the colour also [27]. In addition, [29] have shown that drying of 

chamomile flower at 80-95°C result in forming undesirable colour (caramel colour). [30] found that the colour 

of strawberry nectars is stable for long time at a storage temperature of 4°C. 

a. 

 

b. 

 

c. 
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d. 

 

e. 

 

f. 

 
Figure 1: Colour of chamomile extracts at pH 3 and 6 during storage at fridge (5°C) and room temperature 

(20°C), a and b lightness, c and d hue angle, e and f chroma. 

Effect of storage pH and temperature on the total phenolic content of chamomile extracts: The content of 

total phenols in the chamomile extract was 2.5g, whilst the amount of total phenol content of chamomile extract 

was 15.5 mg/ g of dry weight of chamomile extract. This result is in agreement with [16], [31], who stated that 

the content of total phenol in a range of chamomile herb is 12.7-24.5 mg/g of dry weight. On the other hand, [32] 
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stated that the content of total phenolic compounds in Chamomilla recutita was 14.2 mg/ g of dry chamomile 

herb. [31] also found total phenolic content in the Jordanian chamomile (Matricaria chamomilla) is more than 20 

mg/g of dry weight of extracts.  

In this study, the effect of pH and temperature of storage on chamomile extract were determined. The 

phenolic content of chamomile extracts at pH 3 and 6 stored at fridge (5°C) did not change significantly (p>0.05) 

after 35 days of storage (figure 2a). However, the phenolic content of the extract at pH 6 stored at room 

temperature (20°C) decreased significantly (p<0.05) from 357.5 ± 0.3 to 319.5 ± 2.5 mg/L GAE. There was not a 

significant change (p>0.05) in the phenolic content of the extract at pH 3 at room temperature storage (20°C) 

after 35 days of storage as shown in figures 2a and 2b. [17] found that reduction in total phenolic content in 

feverfew infusions at pH 6 was more than feverfew infusions at pH 2.9 and 4.6 stored at 22°C for 56 days and 

this reduction in total phenol compounds which coincided with browning of infusions was due to residual 

enzymatic activity. Furthermore, [28] showed that browning of feverfew infusions and lower polyphenols at 

extraction temperatures of 20–70°C caused by polyphenol oxidase enzyme. In plants, there are different 

optimum pH levels for polyphenol oxidase activity but nonetheless it is at or near neutral level [33], [34]. The 

chamomile was extracted at 90 C but it is possible that there was still some polyphenol oxidase activity. In 

addition, [35] found that lowering pH of the extraction of green tea causes an increase in flavanosls (type of 

polyphenol) concentration. Moreover, [36] stated that the Green tea catechins (type of natural phenol and 

antioxidant) is more stable at low pH solutions. Therefore, it is important for food industries filed to acidify the 

chamomile beverage to around pH3 and store in the fridge to retain colour and total phenolic content during 

storage time.  

a.                                 b. 

 

Figure 2: Total phenolic content of chamomile extracts and effect of pH levels and storage condition on it 

during storage time, (a) at room temperature (20°C) and (b) at fridge (5°C) at day 0 (dark bar ) and day 35 

(light bar). 
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extracts have a low level of turbidity under 10% mark as a low level at 800 nm at the range of extraction 

temperature 57-90°C [27]. This is similar to the level found in the present study. Turbidity of chamomile extracts 

at pH3 were higher than chamomile extracts at pH6 (p<0.05) in both storage conditions room temperature (20°C) 

and fridge storage (5°C) all the time during storage time (35 days) as shown in figure 3. High turbidity in the 
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extracts at pH3 might be as a result of denaturation of protein. As supported by [37], Chamomile extracts contain 

protein. Other factor of forming turbidity in the extracts may be due to reaction between protein and other 

chemical compounds but it needs further experimental researches to be more accurate. [21] found that the level 

of turbidity in sugar beet protein and saponin solutions increase at pH2 as a result of the interaction between 

protein and saponin and forming acid beverage floc (ABF). Although there was no significant different in total 

phenol content between extracts at pH3 and 6 in this study, [38] reported that the presence of polyphenols and 

pectins mainly lead to the turbidity of a juice. In the present study, turbidity of chamomile extracts at pH 3 and 

6 during storage time (35 days) at both fridge and room temperature storage was not significantly different 

(p>0.05). There may be correlation between turbidity and total antioxidant capacity of chamomile extracts. 

Consumers may decide on quality of beverages such as tea by the level of turbidity of the beverages. Therefore, 

beverages with high level of turbidity may be understood as a low quality and unfavourable beverage [39]. 

a.                                       b. 

 
Figure 3: Turbidity of chamomile extracts and effect of pH and storage condition, (a) at room temperature 

(20°C) and (b) at fridge (5°C) during storage time. 
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capacity is proportional. [40] have shown that there are a considerable relationship between total phenolic 

content and antioxidant capacity and pointing that the main contributor to the antioxidant properties of 30 

plants of industrial interest including Matricaria recutita (chamomile) are phenolic compounds. [40] also found 

that the ferric reducing power, measured by the FRAP assay, correlated strongly with total phenolic content. 

This is in agreement with report of [41] that ferric reducing power can be related to total phenolic content. [42] 

concluded that the exhibition of strong antioxidant activity in aqueous leaves extract of L. leonurus may result 

of the high content of phenolics, flavonoid and proanthocyanidins antioxidant compounds.  

a.                                          b. 

 

Figure 4: Total antioxidant capacity of chamomile extracts and effect of pH level and storage condition, (a) 

at room temperature (20°C) and (b) at fridge (5°C) during storage time at day 0 (dark bar) and day 35 (light 

bar). 

4. Conclusion 

The effect of two different pH levels (pH3 and pH6) and storage temperatures (room temperature (20°C) 

and fridge (5°C)) on the colour, total phenolic content, antioxidant capacity and turbidity of chamomile extracts 

was studied. Acidification of aqueous chamomile extracts to pH3 was resulted in total phenolic content and 

antioxidant capacity remained stable during fridge and room temperature but antioxidant capacity and total 

phenolic content at pH6 significantly decreased during storing at room temperature. The turbidity of chamomile 

extracts at pH3 was higher than turbidity at pH6 all the time during storage. However, the level of turbidity of 

chamomile extracts at pH3 was not as high as the level indicated low level (10%) of turbidity. Temperature of 

storage did not affect the level of turbidity. There was a significant different (p<0.05) between colour of 

chamomile extracts stored at room temperature and extracts stored at fridge as the colour of extracts at room 

storage changed from green-yellow to yellow but the darkness of extracts was higher in pH6 rather than pH3 at 

the end of storage. Therefore, according to these results of this study, acidifying aqueous chamomile extracts to 

pH3 and store at fridge is might be an optimal storage conditions for chamomile extracts to maintain the total 

phenolic content and capacity of antioxidant, acceptable turbidity level and desirable colour and chamomile 

extracts can be incorporate into model beverages as a functional food. 
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