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Abstract 

 

Introduction: Aqueous herbal formulations in Malawi are 
stored in various containers for different durations which 
risk potentially unfavorable variations in their 
chemical profiles and pharmaceutical activities. This 
work aimed at evaluating the extent of changes in total 
phenolic content (TPC) and Antioxidant potential of 
selected aqueous herbal formulations during storage in 
plastic bottles and clay pots as done by some practitioners 

in Malawi.  
Methods: Stability of antioxidant potential was 
determined by both electron transfer (ferric reducing 
assay) and proton donation (hydrogen peroxide 
scavenging assay).  
Results: Increases in TPC, antioxidant potential were 
influenced by storage duration and not container material. 
This  study  showed  that  the  monitored  aqueous  herbal  
formulations  are  not  stable  during storage and that 

the best combined medicinal effect can be achieved on 
day four of storage. Clay pots are capable of losing water 
from their aqueous formulations which limits storage 
duration and increasing chemical concentrations, a case 
which can allow overdosing of some chemicals.  
Conclusion: Storage duration has to be limited to ensure 
maximum antioxidant potential of formulations. Further 
studies are in controlled wider environmental conditions 

of storage than room conditions. Users, practitioners and 
policy makers can use results from this work to determine 
best storage practices. 
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1. Introduction 

 

The use of herbal medicine in Malawi and 

other countries is well known and 

acknowledged. In Ethiopia, more than 80% 

of the population use herbal medicine 

(Mekuria et al., 2017). Payyappallimana 

(2009) reported high usage of traditional 

medicine in Benin (80%), Rwanda (70%), 

Uganda (60%) and Tanzania (60%). 

Medicinal plants have been reported to 

have antimicrobial and anti-oxidant 

properties from their natural molecular-

structural make up. Phenolic compounds 

are partly responsible for these and other 

therapeutic properties (Liu et al., 2003). In 

Malawi, aqueous herbal formulations are 

amongst other containers stored in clay pots 

and plastic bottles (Mtewa, 2017) and there 

is no work yet in Malawi done to show the 

contribution of storage container material 

and duration towards TPC and antioxidant 

potential of the formulations.  
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1.1 Antioxidant activity  

The presence of phenolic compounds is 

reported to have a positive influence for 

formulations to have antioxidant activities     

(Liu et al., 2003; Gulcin et al., 2004; 

Umamaheswari and Chatterjee, 2008; 

Baiano et al., 2009; Siah et al., 2011; 

Ramani et al., 2012; Thupurani et al., 2012; 

Wang et al., 2012). This is so because they 

are naturally effective hydrogen donors 

which inhibit lipid oxidation and chelating 

metal ions (Thupurani et al., 2012; 

Nagavani and Rao, 2010). At low levels, 

reactive oxygen species (ROS) exert 

beneficial effects on cellular responses and 

immune functions (Ebrahimzadeh et al., 

2010) but according to other work (Pooja et 

al., 2010), ROS in the body leads to among 

other things, DNA lesions, loss of 

functional enzymes, increased cell 

permeability, disturbed signaling over cells 

and eventually, necrotic cell death or 

apoptosis. They tend to attack healthy cells’ 

DNA as well as proteins and fats, leading 

to their deterioration (Ahmed et al., 2012).  

 

Literature data have supported a central 

role for hydrogen peroxide (H2O2) and 

ROS as important factors governing 

chronic degenerative diseases and lifespan 

in living organisms (Huang et al., 2005). 

H2O2 is a non-radical form of ROS work 

(Pooja et al., 2010) that is formed in living 

organisms by superoxide dismutase and it 

is not by itself very reactive but it can cross 

biological membranes due to its high 

diffusing nature, generating hydroxyl 

radicals which are toxic to cells work 

(Ebrahimzadeh et al., 2010; Pooja et al., 

2010) and can damage a number of 

biomolecules. H2O2 is biologically 

converted into water and oxygen by 

catalase. The oxidation is inhibited in the 

presence of antioxidants where they react 

with H2O2 directly or they may react with 

intermediates formed from enzymes and 

H2O2 (Huang et al., 2005).  

 

It is reported that antioxidant compounds 

act by several mechanisms such as 

inhibiting the generation of and the 

scavenging activity by reactive oxygen 

species (ROS) (Pooja et al., 2010). Other 

mechanisms reported by the same authors 

are the reducing power, metal chelation, 

acting as anti-oxidative enzymes and by 

inhibiting oxidative enzymes. An increase 

in the rate of production or a decrease in 

the rate of removal of free radicals 

increases the levels of reactive oxygen 

species causing oxidative stress resulting 

into tissue damage (Keser et al., 2012). 

Such imbalance in the antioxidant 

protection mechanism can be caused by 

exogenous factors like smoking, ionizing 

radiation, certain pollutants, organic 

solvents and pesticides and endogenous 

factors such as normal aerobic respiration, 

stimulated polymorphonuclear leukocytes 

and macrophages (Gulcin et al., 2004).  

 

1.2 Changes in total phenolic compounds 

and antioxidant trends from other 

formulations  

During storage, changes occur in the 

amounts of phenolic compounds and hence 

in the antioxidant activities of herbal 

formulations. Previous research (Siah et al., 

2011) showed that the longer the steeping 

time for plant tissues in Centella asiatica 

tea below 100°C, the more the total 

phenolic compounds are evolved from the 

plant tissues into the solution which 

increases the antioxidant activity of the 

formulation. The increase in antioxidant 

activity was attributed to strong tendency of 

polyphenols to undergo polymerization 

reactions. Other research (Siah et al., 2011) 

further reported that after an initial increase 

in antioxidant activity, further steeping 

caused a decrease which was attributed to 

molecular complexity and steric hindrances 

on the structures formed when phenolic 

compounds exceedingly polymerize. The 

molecular complexity reduces the 

availability of hydroxyl groups in reactions 

with radicals, causing a decrease in 

antioxidant activities. Similar trends were 

reported for total phenolic compounds and 

antioxidant activity in bottle stored white 
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wine increased for the first 3 months and 

then remained unchanged for 6 more 

months due to oxidative transformation of 

phenolic compounds (Kallithraka et al., 

2009). Increasing concentrations with 

increasing storage duration for total 

phenolic content and antioxidant activity 

were reported (Dourtoglou et al., 2006) in 

olives formulation at room temperature 

which was attributed to increased 

polyphenol biosynthesis and evolution 

during storage.  

 

To the contrary, other research (Markowski 

et al., 2007) reported decreasing 

concentrations with increasing storage 

duration in apple fruits’ total phenolic 

content and antioxidant activities during 

storage and attributed this decrease to 

oxidative changes of phenolics. Reductions 

in total phenolic content and antioxidant 

activities were also reported in strawberries 

inoculated with Cinerea botrytis, a fungus 

(Wang et al., 2012). This was attributed to 

the use up of formed antioxidants in 

inhibiting the development of the fungi. 

However, at elevated temperatures above 

100°C, phenolic compounds get degraded 

(Siah et al., 2011).  

 

1.3 Objective of the research  

The aim of this work was to determine 

changes in TPC and antioxidant activities 

during storage, comparatively in plastic 

bottles and clay pots, some of the most 

common formulation containers in Malawi.  

 

1.4 Justification of the research  

Generally, the study of possible 

deterioration of stored herbal formulations 

is said to have attracted little attention in 

the scientific community (Adebayo and 

Mumeen, 2012). Research has been 

conducted vastly on the chemical 

composition and antioxidant activities of 

different plant materials of pharmaceutical 

importance. However, the findings may not 

reflect the chemistry of actual, ready-to–use 

herbal aqueous formulations, prepared from 

these plant materials because preparation 

protocols and handling introduce external 

factors that can potentially change major 

characteristics of pharmaceutical value. 

According to Adebayo and Mumeen 

(2012), aqueous herbal formulations as 

natural products are often prone to 

deterioration, especially during storage, 

leading to loss of active components, 

production of metabolites with no activity 

and in extreme cases, production of toxic 

metabolites. Chemical constituents in 

herbal formulations may change depending 

on, among other factors, storage time 

(Zidorn et al., 2005; Mtewa, 2017) and 

reactions due to contact between storage 

container materials and their herbal 

contents (Adebayo and Mumeen, 2012). 

The use of water for maceration of fresh 

raw plant material poses another risk as 

water can be a source or vehicle for 

chemical or microbial cross-contamination 

(FDA, 2013) and microbial activity is one 

of the primary modes of deterioration of 

many foods (Panutat and Vatanyoopaisarn, 

2005) and formulations. Herbal 

practitioners in Zomba, Malawi, store 

herbal formulations in clay pots, plastic 

bottles and other containers for days. The 

practitioners do not have knowledge about 

formulation stability and scientific findings 

that could help them identify potentially 

adverse or beneficial changes that occur in 

their formulations during storage for 

considerations to change their practices for 

the better. This work will be a mile stone in 

this scientific domain because it is giving 

new knowledge for this part of the world 

which can be used to explore other areas of 

research about the study area in this region 

and beyond.  

 

2. Methods and Materials  

 

2.1 Preparation of traditional medicinal 

formulations  

Participant observations and discussions 

were used in the sampling of raw plants and 

preparation of formulations with two 

practising herbalists who were members of 

the Malawi Traditional Healers Umbrella 
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Organization (MTHUO) and had consented 

to take part in the studies. Random 

sampling of raw plants from the fields was 

used in collection. The sample collection 

points were Domasi (15◦ 16’ 29.28” S, 

35◦23’ 55.68” E) and Mpondabwino 

(15◦23’ 49.92” S, 35◦19’ 36.48” E). The 

formulations were prepared as according to 

the herbalists’ practice and stored each 

aqueous formulation was stored in both 

covered clay pot and covered plastic bottle 

under the same environmental conditions 

(Room temperature).  

 

Crushed fresh P. guajava roots (2 g), put in 

tap water (1 l). To the mixture, edible table 

salt (Cerebos iodated, 1 g) was added with 

stirring. The mixture was heated until slight 

signs of boiling. The formulation was ready 

for analysis after 5 minutes from the heater. 

 

Crushed fresh tender leaves of P. guajava 

(75 g) were put in tap water (1 l). The 

formulations were shaken in plastic bottles 

and stirred in clay pots and allowed to stand 

for 5 minutes after which they were ready 

for analysis.  

 

Maize-mill pound maize grains (500 g) 

were had the husks removed by winnowing 

and the grains were transferred into a 

plastic bucket containing water (5 l), stored 

for 3 days whilst covered. Stale corn water 

(Madzi a mphale) from this storage bucket 

was used to as the main medium in the 

preparation of medicinal samples. Crushed 

fresh roots of C. frutescens (5 g) were put 

in the already prepared stale corn water (1 

l) and then heated to simmering. The 

samples were ready for analysis after 5 

minutes from the heater.  

 

Crushed fresh tender leaves of M. 

azedarachta (100 g) were put in tap water 

(1 l). The samples in plastic bottles were 

shaken and those in clay pots were stirred 

and allowed to stand for 5 minutes after 

which they were ready for analysis. 2.2 

Determination of Total phenolic Content 

(TPC) Total phenolic content was 

determined using Folin-Ciocalteu phenol 

reagent (Sigma Aldrich Chemie) on UV-

Vis spectrophotometer (Jenway) according 

to a procedure described in literature 

(Rebelo et al., 2009; Song et al., 2010). 

Aqueous samples (1.0 ml) were reacted 

with 0.2 mol/L Folin-Ciocalteu reagent (5 

ml) for 4 minutes. Saturated sodium 

carbonate (4 ml, 75 g/L (5:2 standard 

Na2CO3 to distilled water)) was added into 

the reaction mixture. Absorbance was read 

at 760nm using a UV/Vis 

spectrophotometer after incubation for 2 

hours at room temperature. For each of the 

5 days of monitoring, fresh sample extracts 

and standards were prepared. Gallic acid 

(1mg/ml) was used as a calibration standard 

and was prepared at different sets of 

concentration used to draw calibration 

curves from 500mg in a 0.5 l methanol. On 

day one, gallic acid was prepared to 0, 50, 

100 and 150 µg/ml as its concentrations. 

Day two, gallic acid was prepared to 100, 

150, 250, 350, 500 µg/ml. On day 3, gallic 

acid was prepared to 100, 250, 350, 550 

and 650µg/ml. On day 4, gallic acid was 

prepared to 150, 250, 350, 550, 650 and 

700µg/ml. On day 5, it was prepared to 

150, 250, 350, 550, 650 and 700µg/ml. 

Gallic acid was subjected to the same 

procedure as the samples.  

 

2.3 Determination of antioxidant activity in 

herbal formulation samples  

Antioxidant activities in the medicinal 

samples were determined as assay of Fe3+ 

reducing power and scavenging of 

hydrogen peroxide. The two methods are 

different as reducing power assay involves 

electron transfer and hydrogen peroxide 

scavenging involves proton donation. The 

significance of undertaking both methods 

was to validate the findings. Both methods 

were undertaken on all formulation samples 

to see how storage duration affects the 

antioxidant activities and at the same time, 

compare between those effects in plastic 

bottle stored formulations and plastic bottle 

stored formulations. Samples (150 ml) were 

drawn into beakers (250 ml capacity) and 
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then sieved using 212 µm laboratory test 

sieve. The filtrates were collected and 

centrifuged at 3000 rpm for 10 minutes. 

The supernatant was discarded and the 

residues collected and filtered further using 

filter paper with 20 to 25 µm pore size 

(Whatman paper number 41) to suck the 

little amount of water remaining. The 

residues were carefully transferred into 50 

ml pre-weighed glass beakers and were 

kept frozen in the refrigerator at -5°C. The 

frozen samples were put in a freeze drier 

which was set at -41°C for about 15 hours 

to obtain sample extracts in powder form. 

Samples were used in the determination of 

assay of reducing power and hydrogen 

peroxide scavenging activity. Ascorbic acid 

was used as a standard antioxidant.  

 

2.3.1 Determination of antioxidant activity 

by assay of reducing power  

The Assay of reducing power was 

determined according to method in 

literature (Moein et al., 2008; Sim et al., 

2010; Singhal et al., 2011; Tariq and 

Reyaz, 2012), slightly modified by 

lyophilizing aqueous samples to get powder 

forms which were later extracted using 

methanol to suit the procedure instead of 

getting powder form by oven-drying leafy 

samples which are a different matrix from 

the formulations. In addition, the sample 

and reacting reagents’ volumes were all 

increased by a factor of 3. Both of these 

modifications could not have any adverse 

effect on the test results. The method 

checks the reduction of Fe3+ to Fe2+. The 

dried sample powders were weighed and 

extracted with methanol at concentrations 

of 25, 50, 75 and 100 µg/ml. Methanolic 

extracts prepared above at respective 

concentrations (3 ml) were mixed with 0.2 

M phosphate buffer of pH 6.6 (7.5 ml) and 

1% potassium ferricyanide [K3Fe(CN)6] 

(7.5 ml), then the mixtures were incubated 

at 50°C for 20 minutes. 10% trichloroacetic 

acid (TCA) (7.5 ml) which was prepared by 

adding 22.7 ml of distilled water to 5 g of 

TCA, was added to terminate the reaction. 

The mixture was centrifuged at 3000 rpm 

for 10 minutes. The upper layer of solution 

(7.5 ml) was mixed with distilled water (7.5 

ml) and 0.1% FeCl3 (1.5 ml). Blank was 

prepared as above without adding the 

extracts or standard. Absorbance of the 

samples and standard was measured at 700 

nm using a UV/Vis spectrophotometer 

against a blank.  

 

2.3.2 Determination of antioxidant activity 

by hydrogen peroxide scavenging activity 

Scavenging activities of the samples on 

hydrogen peroxide were determined by 

percentage according to literature methods 

(Thupurani et al., 2012; Nagavani and Rao, 

2010; Kesser et al., 2012), slightly 

modified by raising the concentrations of 

the samples and all reacting reagents by a 

factor of 3. This modification could not 

negatively affect the test results in any way. 

Hydrogen peroxide solution (40mM) was 

prepared in Phosphate buffer (pH 7.4). 

Freeze dried samples were extracted using 

methanol and a concentration of 100 µg/ml 

was prepared.10 ml of extracts at this 

concentration were added to a 40 mM 

hydrogen peroxide solution (6 ml). After 10 

minutes, the mixtures were introduced into 

a UV/Vis spectrophotometer and 

absorbance of hydrogen peroxide was 

measured at 230 nm against a blank 

solution, containing the phosphate buffer 

solution without hydrogen peroxide. 

Hydrogen peroxide was taken as a control. 

Percent scavenging of hydrogen peroxide 

was calculated as follows: % H2O2 

scavenged = [(Ac-As)/Ac] x 100 

………………………... (1)  

 

Where Ac is the absorbance of the control, 

As is the absorbance of the sample.  

 

3. Results and Discussion 

 

3.1 Total Phenolic content (TPC)  

Total phenolic content was expressed as 

milligram gallic acid equivalents per 

milliliter of ready to use herbal formulation 

samples (Table 1). Standard clay pots used 

lost their aqueous formulations through 
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leaching after day 5. Generally increasing 

amounts of total phenolic content were 

observed with no significant differences 

(p> 0.05) between different containers for 

all formulations as storage duration 

increased. However, storage duration 

brought a significant difference in total 

phenolic content from day 1 to day 5. The 

results show that total phenolic content in 

herbal formulation is affected by storage 

duration and is not affected by storage 

container material (plastic or clay). Kinetic 

balances between rates of reactions 

involving the evolved phenolic compounds 

and the actual evolution process from plant 

matrices influence the slowing down of the 

increases in TPC and an actual reduction 

observed over storage duration. For 

example, flavonoids, one of the most 

common phenolic compounds, could 

chelate with ionic metals available in the 

herbal solutions like Zn2+ Pb2+, Mn2+, 

Al3+, Cu2+, Fe2+ and Fe3+ optimally at 

pH values between 6 and 3 (Malesev and 

Kuntic, 2007) thereby, bringing some 

depletions in the solutions which were 

noticed at later storage days (4 to 5). 

 

Another reason for the noticed slowing 

down of the increases is that some phenolic 

compounds changed to other compounds in 

other reactions during storage including 

involvement in antioxidant activities as 

reported elsewhere (Kucukboyaci et al., 

2012). The increasing trends in this study 

are in agreement with other work on olives 

herbal formulations (Dourtoglou et al., 

2006) where TPC increases for the first 5 

days of storage due to their biosynthesis 

and evolution during storage. 

 

The  results  in  the  current  study are  also  

very  similar  to  those  reported  for  other  

aqueous formulations (Siah et al., 2011) 

which showed that increasing soaking time 

in herbal formulations cause by  increasing  

storage  duration,  increases  the  amount  

of  total phenolic compounds evolved from 

plant tissues. Further increase in steeping 

time, which coincided  with  4
th   

and  5
th 

day  in  the  current  study,  reduces  the  

amount  of  total  phenolic compounds  in  

the  formulations  due  to  complex  

molecular  changes  that  come  about  

when phenolic compounds polymerize 

exceedingly (Siah et al., 2011). The results 

are also similar to those reported by other 

researchers (Kallithraka et al., 2009) who 

indicated that such reduced or no further 

increases in total phenolic content in herbal 

formulations is due to oxidative 

transformation of the compounds to other 

structures, which was later confirmed by 

others (Markowski et al., 2007; Begic-

Akagic et al., 2011). It was also reported 

(Balaswamy et al., 2013) that the release of 

bound phenols from cell walls and the 

dissociation of dimmers into monomers 

during storage bring about increased total 

polyphenolic compounds. 

 

However, the results obtained in this 

study were in contrast to results reported 

(Wang et al., 2012) on other aqueous 

formulations from strawberries inoculated 

with fungi for 5 days. The difference from 

the current study is as reported (Wang et 

al., 2012) that most phenolic compounds 

formed could be used up as antioxidants to 

inhibit the activity of the inoculated fungi 

in the formulation matrix. The increases in 

phenolic content slowed down at days 4 

and 5 due to lowering of pH a condition 

which according literature (Settharaksa et 

al., 2012), destroys most active phenolic 

compounds. Lowering of phenolic content 

towards the 5
th 

day in the current study is 

also partly attributed to oxidation reactions 

over time mediated by an active 

polyphenoloxidase system (Begic-Akagic 

et al., 2011) and antioxidant activities as 

they are single oxygen quenchers and 

hydrogen donors (Sharma et al., 2013). 

Total phenolic content in P. guajava roots 

and C. frutescens roots formulations was 

much lower than that in P. guajava leaves 

and M. azedarachta leaves formulations. 

This could be due to formulation 

preparation method which involved boiling 

in the former. High boiling temperatures 
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are attributed to the relatively lower 

phenolic content (Siah et al., 2011; 

Settharaksa et al., 2012; Chen et al., 2007; 

Su et al., 2007) in the roots’ formulations 

which might have, to some extent, 

denatured phenolic structures into other 

structures from 80◦C. However, previous 

research (Ruanma et al. , 2010)  

indicated that high temperatures can have 

both positive and negative effects on 

phenolic contents. On one hand, it assists in 

the decomposition of complex phenolic 

compounds to release free phenolics. In 

this study, the high temperatures during 

roots’ formulations preparations did not 

completely denature phenolic compounds 

because they were still observed to be 

evolved over subsequent storage days. Low 

contents of phenolic and polyphenolic 

compounds do not translate to poor 

medicinal properties (Dubey et al., 2009) 

which are dependent on a lot other more 

factors. 

 

3.2 Ferric reducing potential 

Assay of reducing power measured the 

change in colour that occurred due to the 

reduction of some components in the 

formulations, to the ferrous form. Figures 

1 to 4 show trend results of absorption at 

700nm of the formulations with increasing 

storage duration. Standard clay pots used 

lost their aqueous formulations through 

leaching after day 5. 

 

All formulation samples generally showed 

an increasing potential to reduce iron III to 

iron II both dose dependently as reported in 

literature (Vyas et al., 2010) for P. guajava 

leaves formulations and time dependently. 

This increasing potential was observed to 

also be increasing by each consecutive day 

of storage in both  clay pot  and  plastic 

bottles  with  no  significant  differences  

between  containers but significantly 

different between day 1 and day 5. The 

reducing ability of all the samples could be 

dependent on the presence of reductants to 

show antioxidant potential by donating a 

hydrogen atom to break free radical chain 

reactions (Nagavani and Rao, 2010). These 

reductants were responsible for the 

reduction of the Fe
3+ 

ferricyanide 

complexes to ferrous forms of iron. 

According to Sharma et al., (2013), the 

presence of hydrophilic polyphenolic 

compounds which were increasing as well 

in the formulations was responsible for the 

increasing reducing potential of the 

formulations. 

 

From the results, absorbance at 700nm 

was increasing with increasing 

concentration from 25µg/ml to 100µg/ml 

each day. The increasing trend with 

concentration was also reported forother 

aqueous formulations by Sharma et al., 

(2013) in L. siceraria leaves’ extracts and a 

similar observation was also reported in 

Leucas indica species formulations 

(Ramani et al., 2012). An increasing trend 

in both time and dose dependent was 

reported (Gulcin et al., 2004) in Urtica 

dioica L. stored for 100 hours. These 

increases in absorbance indicate higher 

reducing potential of the samples (Gulcin et 

al., 2004; Saric et al., 2012). Maximum 

reducing potential represents high amounts 

of reductants in the samples. For samples 

from P. guajava leaves, the maximum 

reducing power was on day 5 in both 

containers. All samples from P. guajava 

roots had a maximum reducing potential on 

day 5 except its 75 µg/ml concentration 

which had a maximum on day 4 (0.139 

absorbance). Samples from M. azedarachta 

had maximum reducing potential on day 5 

except the 25 µg/ml and 100 µg/ml 

concentration samples in plastic bottle 

(0.123 and 0.260 absorbance respectively). 

For the 75 µg/ml concentrated sample in 

clay pot, maximum reduction took place on 

days 4 and 5. In C.   frutescens   samples,   

maximum   reduction   potential   was   

observed   in   25 µg/ml concentrated 

formulations in clay pot on day 4 and the 

75 µg/ml concentration in plastic bottle on 

day 4 at 0.123 absorbance.  In plastic 

bottle, maximum potentials were observed 

on both day 4 and 5 for a 50 µg/ml and 100 
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µg/ml concentrated samples at 0.092 and 

0.194 absorbance respectively. 0.190 

absorbance was the maximum absorbance 

for the 100µg/ml concentrated sample in 

clay pot. This means taking the herbal 

formulations on the 4
th  

and 5
th  

days 

after preparation could count for more 

antioxidants being taken into the body by 

patients. The reducing potential in this case 

serves as a significant indicator of 

antioxidant activity that the samples have 

as reported by in literature (Gulcin et al., 

2004; Sharma et al., 2013). There were no 

significant differences between results in 

clay pots and plastic bottle in all 

formulations which suggests that container 

material has no significant influence on 

iron reducing potential. 

 

                      3.3 Hydrogen peroxide scavenging assay 

Percentage of hydrogen peroxide 

scavenged by the samples in clay pots and 

plastic bottles showed a general increasing 

trend over storage duration as shown in 

Figure 5. Standard clay pots used lost their 

aqueous formulations through leaching 

after day 5. 

 

Formulations prepared from P. guajava 

leaves showed an increasing trend in the 

amount of hydrogen peroxide scavenged. 

On day 1, the samples were able to 

scavenge an average of 65.06% which 

increased to 70.46% on day 5 in clay pot 

and in plastic bottle, the increase was from 

an average of 64.73% to 69.65%. 

Maximum scavenged hydrogen peroxide 

was on day 4 (70.74%) and 3 (70.86%) in 

clay pot and plastic bottle respectively. In 

samples prepared from P. guajava roots, an 

increase from 55.19% on day 1 was 

observed to 64.40% on day 5 in clay 

samples and from 55.68% to 64.23% in 

plastic bottle was observed. Maximum 

scavenging was observed on day 4 at 

64.91% and 64.85% in clay pot and 

plastic bottle respectively. On days 3, 4 

and 5, P. guajava leaves and M. 

azedarachta leaves formulations were 

similar in activity with ascorbic acid as a 

standard antioxidant used. Amount of 

hydrogen peroxide scavenged by samples 

from M. azedarachta increased from 

62.67% on day 1 to 69.32% on day 5 in 

clay pot and from 62.90% on day one to 

69.38% on day 5 in plastic bottle. 

Maximum scavenging was observed on 

day 4 at 69.36% and 69.47% in clay pot 

and plastic bottle respectively. Samples 

from C. frutescens roots were able to 

scavenge an average of 54.08% on day 1 

to 61.58% on day 5 of hydrogen peroxide 

in clay pot and in plastic bottle, the 

scavenged amount increased from 53.58% 

on day 1 to 61.97% on day 5. Maximum 

scavenging of hydrogen peroxide was 

observed on day 5 at 61.58% and 61.97% 

in clay pot and plastic bottle respectively. 

Hydrogen peroxide evolves hydroxyl 

radicals (Thupurani et al., 2012) about 

which react with Fe
2+ 

and Cu
2+ 

ions 

naturally present in formulations to form 

hydroxyl radicals, the cause to many of its 

toxic effects (Nagavani and Rao, 2010). 

Phenolic compounds in the samples (table 

1) are responsible for the scavenging of 

hydrogen peroxide by donating electrons 

to neutralize it into water (Umamaheswari 

and Chatterjee, 2008; Nagavani and Rao, 

2010). The scavenging capacity of the 

samples shown is also attributed to 

structural features of their active 

components which determine their electron 

donating abilities (Gulcin et al., 2004). The 

results show that these reactions are 

increasing in the first days of storage with 

maximum activity on around the 4
th 

day, 

giving rise to an increasing scavenging 

potential indication in the samples. The 

mechanism involves the elimination of 

O2
•- 

where the super reactive hydroxyl 

radical (•OH) may be formed from the 

Fenton reaction (eq. 2) in the presence of 

metal ions (Sarteser et al., 2009) like iron 

inherent in the sample matrix. 
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Table 1: Changes in total phenolic content (TPC) as µgGAE/ml formulation during 

storage

 
The results are means +/- standard deviation, n=3. p.n.a means parameter not analyzed. 

 

Figure 1: Absorbance (700nm) against storage days; Trends in ferric reducing 

potential for C. frutescens roots formulations 
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Figure 2: Absorbance (700nm) against storage duration; Trends in ferric reducing 

potential for M. azedarachta leaves formulations 

 
 

Figure 3: Absorbance (700nm) against storage duration; Trends in ferric reducing 

potential for P. guajava leaves formulations 

 
 

 

Figure 4: Absorbance (700nm) against storage duration; Trends in ferric reducing 

potential for P. guajava roots formulations 
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Figure 5: Trends in %H2O2 scavenged during storage, where (L) is leaf and (R.) is root 

 
 

Graphical Abstract 

 

Fe
+2 

+    H2O2                     

  Fe
+3 

+ OH
- 

+ •OH 

……………….  (2) 

(Fenton reaction adapted from literature 

(Fu et al., 2011). 

 

A similar concentration dependent 

increasing trend was also reported in 

Lagenaria siceraria leaves’ extracts from  

 

 

10µg/ml to 100µg/ml (Sharma et al., 2013). 

The quenching of H2O2 was dose  

dependent and time dependent. It is also 

reported that the quenching of H2O2 is dose 
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dependent (Liu et al., 2003). The results in 

clay pots and plastic bottles were not 

significantly different (P> 0.05) from each  

other  which  shows  that  container  

material  had  no  significant  influence  

on  the scavenging of hydrogen peroxide in 

the herbal formulations. The trends in 

hydrogen peroxide scavenging confirm that 

storage duration significantly affect 

antioxidant activity. The results show that 

antioxidant activity is influenced by the 

presence of phenolic compounds. This is in 

agreement with previous work on herbal 

tea infusions (Fu et al., 2011) and on 

selected Chinese medicinal plants (Song et 

al., 2010). High correlation was also 

previously reported between antioxidant 

activity and phenolic content in other 

herbal formulations (Rusak et al., 2008; De 

Oliveira et al., 2012).  
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Research highlights  

 

This work has shown that storage of 

aqueous formulations in clay pots 

contributes to losses of water which leaves 

solute levels high in formulations. It also 

showed that days 3 to 4 of storage at room 

temperature can be a good starting point for 

standardization studies for aqueous herbal 

formulations. This work has also 

established that the general practice in 

some Malawian areas in the storage of such 

formulations (Mtewa, 2017) is not far from 

ideal, traditional medicine just needs a 

good understanding between the science 

and the general communities. There is need 

for more funding in herbal medicine in 

Malawi and Africa in general from 

governments and other organizations. 

 

 

Limitations to the study 

A limitation to this work was on the use of 

one environmental condition, the room 

temperature and pressure of the tropics, 

which may not give results for areas with 

naturally different environmental 

conditions. Further studies would be 

helpful in controlled wider conditions. The 

use of clay pots is disadvantageous as it 

loses its formulations through leaching 

which limits its duration of use but this did 

not affect results interpretation because the 

focus of the conclusion was within the 

studied storage days. 

 

Recommendations 

 

Users and practitioners should take the 

likes of the formulations in this study 

between their 3rd and 5th days of storage 

regardless of the container material being 

used for maximum gain in total phenolic 

compounds and antioxidant potential 

activities. 
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Conclusion 

 

Storage container material has no direct 

influence on the amount of total phenolic 

content and antioxidant activity levels in 

aqueous herbal formulations. However, 

storage duration of between 3 to 5 days 

gives high amounts of total phenolic 

compounds and antioxidant activity levels, 

showing their expected direct high 

correlation. 
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