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Abstract: Natural antimicrobial compounds extracted from medicinal plants has 

brought a lot of attention to researchers worldwide since synthetic antimicrobial 

agents can lead to health issues. Natural antimicrobials from extracted plant has 

characteristic to inhibit the growth of pathogenic microorganism that can cause 

diseases. Even so, the yield of natural antimicrobial agent depend on the employment 

of suitable extraction technique. In this systematic review, ultrasound assisted with 

Soxhlet extraction conducted on Psidium guajava L. was studied. Highest extraction 

efficiency obtained by using combination of ultrasound assisted with Soxhlet 

extraction in which utilised by 95.00 % of ethanol and highest concentration of 

quercetin produce in fresh leaves were found in this research with (40.96±1.29) % 

and (63.90±8.50) %, respectively. Therefore, the revised outcome of this systematic 

analysis give possible value of Psidium guajava L. as an antimicrobial agent which 

can be applied in food processing. Based on four databases implemented in this 

research (PubMED, Tandfonline, Google Scholar and Science Direct), the search 

strategy was built with the search terms (“Psidium guajava L.”, “antimicrobial 

activity”, “ultrasound-assisted extraction”, and “Soxhlet extraction”). The unified 

data was analysed using PRISMA rules, and 504 papers were separated after the 

identical articles were eliminated. 401 papers were eventually excluded when they 

did not match the inclusion requirements and 103 articles were re-evaluated for 

eligibility again. Optimum condition for ultrasound-assisted with Soxhlet extraction 

were evaluated by varying ultrasound-assisted extraction temperature and time and 

also altering the temperature of Soxhlet extraction. The findings of this systematic 

review has shown that the optimum condition of extracts Psidium guajava L. is at 60 

°C of sonication temperature and 35 minutes of extraction time. Whereas the 

extraction that undergoes in Soxhlet will be at 45 °C. Best solvents between methanol 

and ethanol which applied in Soxhlet extraction were studied. Thus, according to the 

systematic study, ethanol was chosen as the suitable solvent in extraction of Psidium 

guajava L. due to high production of total phenolic compound was produce 
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(40.50±0.88) mg GAE/g. In short, ultrasound assisted with Soxhlet extraction can 

enhance the production of antimicrobial activity from extracts of Psidium guajava L. 

 

Keywords: Psidium guajava L., Antimicrobial activity, Ultrasound-assisted 

extraction, Soxhlet extraction, Minimum Inhibitory Concentration 

 

1. Introduction 

Currently, most researchers are aware about the benefit of modern therapeutic agent which derived 

from medicinal plant extracts in Malaysia. Over the past decades, herb plants have drawn great attention 

medicinal practitioners in seeking novel pharmaceutical agents [1]. Malaysia is one of the country in 

Asia that is popular with application of traditional medicine practices to cure various diseases. 

According to the World Health Organization, most of the world population depends on medicinal herbs 

as their primary medicines. Phytochemical compounds from plant-derived are currently being applied 

as a single structure medical agents to cure and enhance health of the people. Malaysia have more than 

1300 medicinal plant species and their therapeutic properties have become a great attention to the 

development of the country for various field such as pharmaceutical, food industry, and textiles. 

Example of medicinal plants that growth rapidly in Malaysia are Psidium guajava L. (Guava leaves), 

Carica papaya (Papaya), Zingiber officinale Rosc. (Ginger) and etc. [2] 

Malaysia consist of various biodiversity where medicinal plant materials were commonly applied 

in traditional uses for medication and food preservation due to the antimicrobials characteristic that 

derived from the medicinal plants. Antimicrobial compounds obtained from plant extracts are able to 

inhibit the growth of microorganism and thus Malaysia have been enlisted as one of the country that can 

further develop the studies in antimicrobial activity from medicinal plant extracts as many medicinal 

herbs are grow in Malaysia [3]. Previous study showed that wide application of herbal plants have 

been used due to its antimicrobial property that can cease the percentage of drug-resistance pathogens 

[3] 

According to [4], the significance of Psidium guajava L. has been scientifically discovered and is 

also play important role in medicinal field. The properties of antispasmodic and antimicrobial activities 

from Psidium guajava L. are being investigated to be used in the treatment of diarrhea and dysentery 

[5]. High concentration of flavonoids have been found in Psidium guajava L. as this compound does 

consist of antimicrobial and antioxidant properties. Psidium guajava L. is used in this study because this 

plant is easy to obtain and widely available in large quantities. This plant herb is suitable to grow 

naturally in Malaysia forest. Therefore, the potential of antimicrobial activity and total flavonoid 

contents from Psidium guajava L. extracts are studied. 

Extraction method using ultrasound- assisted Soxhlet extraction is studied to obtain desired plant 

materials. Ultrasound was applied to reduce the number of cycle that required by conventional Soxhlet 

extraction to complete the process. Ultrasound-assisted Soxhlet extraction is an advanced method for 

extraction technique to replace conventional Soxhlet extraction due to the application of high frequency 

pulse to produce local hotspots associated with high shear stress and temperature [6]. The use of 

ultrasound in ultrasound-assisted Soxhlet application is to travel the waves through the solvent which 

generates cavitational bubbles in which this principle is capable to damage the cell walls of the plant 

and thereby facilitate releasing of bioactive compound [7]. In addition, the application of this plant 

extracts is tested on raw chicken meat in order to scientifically proved the presence of antimicrobial 

activity and flavonoid contents in Psidium guajava L. 

The purpose of this research studies is to show existing scientific data on optimization of extracts Psidium 

guajava L. by using combination of ultrasound-assisted extraction for food preservation. At the end of this 

study, all findings were summarized and tabulated to relate the research discovery with main aims of the 

studies. 
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Synthetic preservatives have been used to overcome this problem as it can enhance shelf-life of 

food. However, due to the ingredients used in synthetic preservatives might give negative effect to 

human health, thus consumer demand another approach that safer to consume. Due to this issue, the 

researchers have been investigated the use of natural antimicrobial agent that derived from plant 

herbs [8]. SLR (systematic literature review) was implemented in this research study in order to identify 

and evaluate natural antimicrobial agent in Psidium guajava L. Based on the studies, natural agent from 

plant herbs provide the ability to increase shelf-life of food and enhance food quality [9]. 

From previous study, conventional Soxhlet extraction is commonly used in extraction of bio-active 

compound, but this method required some limited considerations. Soxhlet extraction is time consuming 

and the sample also exposed to a high temperature for a period of time that can cause thermal destruction 

of bioactive compound. Extraction method of ultrasound-assisted with Soxhlet extraction was reviewed 

in this SLR for the purpose to find optimum conditions for extraction of Psidium guajava L., thus 

enhance its extraction rate. 

2. Materials and Methods 

Illustration of the procedure for the search study and selection process is shown in Figure 1. A 

systematic review is implemented for the review study on optimization extracts of Psidium guajava 

L.by using ultrasound-assisted with Soxhlet extraction in application of food preservation according to 

PRISMA. According to [10], five stages in methodology were suggested to guide the review design, 

which are search strategy, inclusion criteria, exclusion criteria, study selection and data organization 

and reporting.  

2.1 Search strategy 

The searching process was conducted based on four objectives to recover relevant articles from 

databases namely Pubmed, Tandfonline and Google Scholar. Search methods have been tailored to 

accommodate the topic heading and keywords of each database. The search terms include “Psidium 

guajava L.” and “antimicrobial activity”, “Psidium guajava L.” and “ultrasound-assisted extraction”, 

“Soxhlet extraction” and “Psidium guajava L.”, and “raw meat” and “Psidium guajava L.”. At first 

stage which is in identification, the potential articles obtained from PubMED, Tandfonline and Google 

Scholar were 778. Then, during the screening process 504 of articles were removed. 
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Figure 1: Flowchart of search strategy and selection process [10] 

2.2 Inclusion criteria  

The inclusion criteria was defined as follows: content of the selected paper, publication of the 

timeline and language. A timeline from 2000 to 2020 was chosen since it is compatible with the 

definition of the maturity of analysis without diminishing the merit of publishing before 2000 [11]. In 

addition, during this timeline release, major paper such as [12], [13], [14], [15] and [16] consist of a 

significant methodological principles of combination ultrasound-assisted with Soxhlet extraction that 

should be considered inthis studies. During this timeline, the number of related publications is higher 

as more important issues are studied and more evidence-driven subjects were investigated. This study 

covered the extraction method ultrasound-assisted with Soxhlet extraction that explored the 

antimicrobial activity of Psidium guajava L. From the databases, this analysis included that Psidium 

guajava L. has the properties of antimicrobial activity that can be used as food preservation in food 

processing. The articles published in English have been taken into account. The importance of choosing 

publications in language that easily to understand can reduce complexity, increase burdens of the study 

and also time consuming [17]. 

2.3 Exclusion criteria 

Next, by reviewing titles and abstracts as well as findings and methodology pages can 

independently screened relevant articles. The research omitted literature reviews on antimicrobial 

activity and phenolic compound from other plant species. Whereas the analysis from research on the 

antioxidant of Psidium guajava L. or bioactive chemical components of guava were eliminated in this 
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review. Moreover, study that were not related to the extracts Psidium guajava L. in which utilized by 

ultrasound-assisted with Soxhlet extraction were also excluded. 

2.4 Study selection  

The prime literature scan was executed by authors. Initially, all duplicate articles were filtered out 

by a computer and followed by hand scan to ensure that no duplicate articles were present. By screening 

the title, abstract, and recovery of the full article from the database scan, possible related papers were 

selected. Subsequently, due to inclusion and exclusion requirements, the following irrelevant papers 

were dismissed. Then, full-text papers were downloaded and checked for eligibility. At this stage, the 

study that were not correlated with antimicrobial activity on raw meat were excluded. Thus, total of 

papers that being eliminated in eligibility step were 91 article. 

2.5 Data organization and reporting  

The author separately evaluated the characteristics of the remaining posts which mainly focus on 

the abstract, process and key outcomes. At this point, author evaluated the papers qualitatively by 

categorizing them into three categories which were poor, moderate, or high quality. If the articles 

achieved high quality categories, it will be included in qualitative synthesis. This report only collected 

data from selected studies that meet the objectives. In particular, the information which collected from 

each analysis was organized according to details on the name of the author, year of publication, and 

parameters involved. The inclusion studies were documented according to PRISMA guidance. On top 

of that, the author also implemented standard deviation technique that was conducted in Excel for the 

calculation of variation within data set where the command to obtain standard deviation for the 

population is = STDEVP [18]. 

3. Results and Discussion 

This chapter addressed the results of the systematic review study which focused on the research 

subject, based on methodology outlined in this section. All 16 findings were reported and further 

research was outlined in Tables 1-8. 

3.1 Comparison of extraction efficiency for extracted Psidium guajava L. based on ultrasound-

assisted with Soxhlet extraction 

The studies of extraction efficiency for extracted Psidium guajava L. have produced a wide range 

of extraction yields efficiency for combination of ultrasound-assisted with Soxhlet extraction that 

utilized by different types of solvent [19] [14] [20] [21] All results for extraction efficiency shows a 

huge increment after undergoes Soxhlet treatment for this combination method as the ultrasound 

Soxhlet extraction give higher yield under milder extraction conditions [22]. According to the studies 

conducted by [23], the highest percentage of extraction efficiency was obtained when 95.00 % ethanol 

was used as solvent (40.96±1.29) %, while for 95.00 % of methanol gave (17.30±1.20) %. Meanwhile 

the lowest extraction efficiency among all 95.00 % ethanol for ultrasound-assisted extraction was 

achieved at 6.92±0.57 %. But, once the sample continue to be extracted by Soxhlet, the efficiency 

percentage rise to 21.00±1.00 % which almost fourth times higher than first extraction stage and it has 

been proved through the studies by [21]. Extraction of Psidium guajava L. that utilised by ultrasound-

assisted extraction was chosen to be combined with conventional Soxhlet due to its characteristic that 

can easily integrated with other extraction technique in order to enhance the extraction efficiency and 

this finding was also demonstrated in the studies done by [24]. This finding shows that extraction 

technique and extraction efficiency of Psidium guajava L. extracts were interconnected. From the study, 

this combination method was suitable to be applied in extraction of Psidium guajava L. due to the 

capability of ultrasound-assisted with Soxhlet extraction that exhibit an enhancement in extraction 

efficiency. 

3.2 Optimization of combination ultrasound-assisted with Soxhlet extraction 
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The optimum condition of combination ultrasound-assisted with Soxhlet extraction for extracts 

Psidium guajava L. was analysed in this extensive SLR analysis. The optimization of sonication 

temperature and frequency were further investigated in this section. The best solvent used in Soxhlet 

extraction was explored by evaluating the effects of methanol and ethanol to extracts Psidium guajava 

L. 

3.2.1. Effect of extraction temperature of ultrasound-assisted extraction on polyphenol yield from 

Psidium guajava L. 

From the studies done by [16] [25] the performance effect of extraction temperature show highest 

flavonoids contents that were extracted from Psidium guaja L. was obtained at 60 °C. While according 

to the research conducted by [15], the maximum yield of phenolic compound was observed at 80 °C. 

This could be caused by increasing in electrical acoustic intensity that was produce during the extraction 

where it is able to slightly increase the extraction yield. Although, low extraction temperature only give 

small effect extraction yield, but too high of temperature also could lead to decrease in yield of phenolic 

compounds due to the degradation of some thermolabile. Because of the sono-chemical impact on the 

molecular and microstructure of the cell wall, the extraction process by ultrasound-assisted extraction 

has been enhanced. High sonication temperature provides the mechanical effect that result in cell wall 

destruction and gives greater solvent penetration into the cellular materials [26]. Based on the 

comprehensive SLR analysis on the optimum temperature of ultrasound-assisted extraction, 

temperature of 60 °C is chosen as the ideal condition to extract guava leaves due the highest yield of 

bioactive compound that were accessed in studies done by [16] [25] The extraction temperature 

employed in this method was able to produce high yield because of the pulse of high frequency (20kHz) 

used in ultrasound-assisted extraction that produce local hotspots with high shear stress and temperature 

on a macroscopic scale by generating cavitation bubbles [27]. 

3.2.2. Effect of extraction time of ultrasound-assisted extraction on polyphenols yield from Psidium 

guajava L 

Several researchers [16], [15], [23] reported that increasing extraction time could increase total 

phenolic yield. However, based on the studies demonstrated by [15], a notable drop of the total phenolic 

yield was observed as the extraction time was further increased to 45 min. It was assumed that extended 

of extraction time could lead to more oxygen exposure and rise the probability of oxidation of phenolic 

compounds [28]. Apart from that, at initial stage, the extraction yield can be improved as ethanol 

concentration was maintained and increased the extraction. Even so, further increase in ultrasonic time 

did not indicate any improvement in the overall phenolic content after more than 40 minutes [12]. In 

both studies of [15] and [16] proved that, the highest reading of total phenolic yield percentage was 

evaluated at 35 min of extraction time. 

Extraction time of 35 minutes was selected as the optimum condition for extraction time in 

ultrasound-assisted extraction to produce high yield of phenolic compounds in Psidium guajava L. as 

it is compatible with finding of research done by [16] and [15]. The phenolic content and antimicrobial 

ability of plants extracts rely mostly on extraction compositions and circumstances. Generally, the 

findings show that the solvent extraction has had the most proclaim effect on the quality extracts, 

accompanied by the extraction duration and then by their interaction [29]. 

3.2.3. Effect of extraction temperature of Soxhlet extraction on polyphenols yield from Psidium 

guajava L. 

The effect of extraction temperature of Soxhlet on polyphenols extraction yield from Psidium 

guajava L. with ethanol as solvent was analyzed in this research studies. Total phenolic compound was 

evaluated through this integrative studies in order to identify the optimum condition for Soxhlet 

extraction temperature. Based on the comprehensive SLR analysis, the highest yield was produced at 

temperature of 45±5 °C [16] followed by 40±5 °C [30] and 35±5 °C [15] with total phenolic compound 
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of 176±10 mg GA/100 g, 172±10 mg GA/100 g and 136±2.54 mg GA/100 g respectively. As the 

temperature and time increased, the overall phenolic content also increased. Even so, according to [30] 

yield of total phenolic compound will be decreased as it was subjected to higher temperatures. This may 

be attributed to an increase in the rate of mass transfer at high temperatures, resulting in greater 

solubility in solvent [20]. 

Hence, the finding that can be concluded based on analysis of SLR research was the extraction 

temperature of 45±5 °C was assumed as optimum temperature for Soxhlet extraction in order to extracts 

Psidium guajava L. This temperature condition was chosen due to high yield of phenolic contents 

produced and it was proved by [16] Theoretically, plant tissues are mitigated under elevated tempertures 

and the weak connection damage the membrane of the cells [31]. Futhermore, the heat under the 

temperature of the degradation  phenolic compounds may facilitate solute extraction by enhancing the 

cell walls penetrablility to the solvent as it lead to the increase of diffusion coefficients and decreasing 

the viscosity of the solvent during extraction [32]. 

3.2.4. Effect of different solvents in Soxhlet extraction on polyphenols extraction yield from Psidium 

guajava L. 

The correlation between effects of methanol and ethanol as solvent used on extraction yield of 

polyphenols from Psidium guajava L. were evaluated in this research studies. Evaluation effect of these 

solvents to the yield of total phenolic compound was to determine the suitable solvent for Psidium 

guajava L. extracts which could give the highest extraction yield. The research study reported by [15], 

[33] and [13], state ethanol solution shows higher yield of total phenolic compounds when the extraction 

temperature was remained constant at 40±5 °C. According to [13], a significant difference for yield of 

total phenolic compound that used ethanol and methanol as extraction solvent with value of 120±2.39 

and 90±2.07 mg GAE/g. Then, the yield of overall phenolic compound have 9 mg GAE/g difference 

between ethanol and methanol in which the value of the phenolic compound produced by these solvent 

were 40.50±0.88 mg GAE/g and 31.50±1.60 mg GAE/g respectively [33] 

Ethanol was chosen as the best solvent to extract Psidium guajava L. due to high yield of total 

phenolic compound was produced. This finding is in line with the previous research by [13]. This was 

due to the characteristic of ethanol as a good solvent for polyphenols extraction and it was also safe to 

be consume by human. On top of that, its characteristic as a polar solvent and ability to break down 

water-soluble molecules make ethanol to be a good solvent compared to methanol [34]. 

3.3 Analysis of antimicrobial activity 

Antimicrobial activity and total flavonoid contents obtained from extraction of Psidium guajava L. 

utilized by ultrasound-assisted extraction combined with Soxhlet were further discussed in this SLR 

research studies. Reactivity of Gram-positive bacteria and Gram-negative bacteria against extracts 

Psidium gujava L. were analyzed to identify antimicrobial activity guava leaves. 

3.3.1. Minimum inhibitory concentrations (MICs) 

Staphylococcus aureus (S. aureus) and Escherichia coli (E. coli) were some of the bacteria that 

could cause foodborne illness. In studies conducted by [35], [36] and [37], E. coli seems to have bigger 

measure of inhibition zone as Gram-negative bacteria has a resistant characteristic against antibiotic 

due to their impermeable cell wall structure. These type of bacteria composed of three layers that was 

structured in an envelope. The outer membrane (OM) of at first layer which act as a defensive and have 

special characteristic can differentiates Gram-negative bacteria from Gram-positive bacteria [38]. [39] 

also stated that Gram-positive bacteria is more susceptible to the antimicrobial agent in extract Psidium 

guajava L. The major source of resistance to a wide class of antibiotics is the outer membrane of Gram-

negative bacteria. Any modification of Gram-negative bacteria in the outer membrane, such as 

modifying the hydrophobic properties or mutations in porins and other components, may produce 
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resistance [39]. Minimum inhibitory concentrations (MICs) were classified as the lowest antimicrobial 

concentration that will slow down the growth of visible S. aureus and E. coli. A wide range of MIC 

between S. aureus and E. coli with concentration of 0.418 mg/ml and 250 mg/ml respectively were 

compared in the studies done by [37], [36], [35], E. coli exhibit higher MIC compared to S. aureus 

which means that more antimicrobial needed to inhibit growth of E. coli as this bacteria able to resist 

antimicrobial property in extracts Psidium guajava L. [37]. 

Table 1: Analysis of ultrasound-assisted extraction to extract Psidium guajava L 

Authors and 

Year 

Method  Solvents Outcomes  

Ida Madiha 

et al., (2017) 

Combination of 

ultrasound-

assisted with 

Soxhlet 

extraction 

Methanol 

(95%)  

Extraction of Psidium guajava L give 

13.71% of extraction efficiency  

Porwal et al., 

(2012) 

Combination of 

ultrasound-

assisted with 

Soxhlet 

extraction 

Ethanol  

(95%) 

Extraction of Psidium guajava L give 

14.08% of extraction efficiency 

Safdar et al., 

(2017) 

Combination of 

ultrasound-

assisted with 

Soxhlet 

extraction 

Methanol 

(95%) 

 

Ethanol 

 (95%) 

Extraction of Psidium guajava L give 

13.3% of extraction efficiency  

 

Extraction of Psidium guajava L give 

15.8% of extraction efficiency 

Shekar et al., 

(2016) 

Combination of 

ultrasound-

assisted with 

Soxhlet 

extraction 

Methanol 

(95%) 

 

Ethanol 

 (95%) 

Extraction of Psidium guajava L give 

11.3% of extraction efficiency  

 

Extraction of Psidium guajava L give 

12.26% of extraction efficiency 

Table 2: Effect of extraction temperature of ultrasound-assisted extraction 

Authors and 

Year 

Method  Extraction 

Temperature (°C) 

Outcomes  

Zeng et al., 

(2020) 

Combination of 

ultrasound-

assisted with 

Soxhlet 

extraction 

20-40 

 

30-60 

 

40-80 

 

80-100 

 Increment of temperature resulting in 

increase of extraction yield 
 Highest flavonoid content was 

observed at 60 °C 
 Significant increase in temperature 

lower the extraction yield 

 Increase temperature to a maximum 

value at 100 °C, declined the 

production of phenolic compound 
Li et al. 

(2019) 

Combination of 

ultrasound-

assisted with 

Soxhlet 

extraction 

20-40 

 

30-60 

 

40-80 

 

80-100 

 Performed minimized effect in 

Anthocyanins yield 

 Increasing in temperature will 

enhance extraction yield 

 A maximum increase of phenolic 

compound was evaluated at 80 °C 
 A vast increment of temperature 

diminished the yield 

Luo et al., 

(2018) 

Combination of 

ultrasound-

assisted with 

20-60 

 

60-80 

 Highest extraction yield was obtained 

at 60 °C 
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Soxhlet 

extraction 

 

80-100 
 Decreasing of the extraction yield due 

to increase of temperature 
 A minor decrease in extraction  yield 

was obtained at this temperature 

range 

Table 3: Effect of extraction time of ultrasound-assisted extraction 

Authors and 

Year 

Method  Extraction 

Time (min) 

Outcomes  

Zeng et al. 

(2020) 

Combination of 

ultrasound-

assisted with 

Soxhlet 

extraction 

15-25 

 

35-45 

 A significant increment of total phenolic 

yield was obtained during 15 – 25 min 

 There was no significant high yield 

obtained, but the highest yield was produced 

at 35 min. 

Li et al. 

(2019) 

Combination of 

ultrasound-

assisted with 

Soxhlet 

extraction 

5-35 

 

35-45 

 The extraction yield was increased over the 

time 
 A maximal extraction yield was observed at 

35 min and depleted when the extraction 

time was further continue to 45 min. 

Liu et al. 

(2014) 

Combination of 

ultrasound-

assisted with 

Soxhlet 

extraction 

0-8 

 

 

5-10 

 The yield of total phenolic compound 

increase over the time and slightly decline at 

8 min and above. 
 Highest yield was obtained at 5 min. 

Table 4: Effect of extraction temperature of Soxhlet extraction 

Authors and 

Year 

Method  Extraction 

Temperature (°C) 

Outcomes  

Zeng et al. 

(2020) 

Combination of 

ultrasound-

assisted with 

Soxhlet 

extraction 

40±5 Extraction of Psidium guajava L. using 

ethanol produce 176±10 (mg 

GA/100g) of total phenolic compound 

Li et al. 

(2019) 

Combination of 

ultrasound-

assisted with 

Soxhlet 

extraction 

45±5 Extraction of Psidium guajava L. using 

ethanol produce 172±10 (mg 

GA/100g) of total phenolic compound 

Castro-

Vargas et al. 

(2010) 

Combination of 

ultrasound-

assisted with 

Soxhlet 

extraction 

35±5 Extraction of Psidium guajava L. using 

ethanol produce 156±2.54 (mg 

GA/100g) of total phenolic compound 

Table 5: Effect of different solvent of Soxhlet extraction 

Authors and 

Year 

Method  Types of Solvents Outcomes  

Li et al. 

(2019) 

Combination of 

ultrasound-

assisted with 

Soxhlet 

extraction 

Methanol  

 

 

 

Ethanol  

Extraction of Psidium guajava L. using 

methanol produce 90±2.07 (mg 

GA/100g) of total phenolic compound 

 

Extraction of Psidium guajava L. using 

ethanol produce 120±2.39 (mg 

GA/100g) of total phenolic compound 
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Do et al., 

(2014) 

Combination of 

ultrasound-

assisted with 

Soxhlet 

extraction 

Methanol  

 

 

 

Ethanol 

Extraction of Psidium guajava L. using 

methanol produce 31.5±1.60 (mg 

GA/100g) of total phenolic compound 

 

Extraction of Psidium guajava L. using 

ethanol produce 40.5±0.88 (mg 

GA/100g) of total phenolic compound 

Seo et al., 

(2014) 

Combination of 

ultrasound-

assisted with 

Soxhlet 

extraction 

Methanol  

 

 

 

Ethanol 

Extraction of Psidium guajava L. using 

methanol produce 90±2.07 (mg 

GA/100g) of total phenolic compound 

 

Extraction of Psidium guajava L. using 

ethanol produce 120±2.39 (mg 

GA/100g) of total phenolic compound 

Table 6: Antimicrobial studies on Psidium guajava L 

Authors and 

Year 

Method  Study Population Outcomes  

Munda et al. 

(2019) 

Agar well 

diffusion and 

minimum 

inhibitory 

concentrations 

(MIC) 

S. aureus and E. 

coli  

The MIC value of Psidium guajava L. 

against S. aureus and E. coli ranged 

from 0.418-100 mg/ml and 1.974- 250 

mg/ml respectively 

Ara Farhana 

(2017) 

Agar well 

diffusion and 

minimum  

inhibitory 

concentrations 

(MIC) 

S. aureus and E. 

coli 

Gram-positive bacteria is more 

susceptible to the tested of extract 

  

Psidium guajava L. compared to 

Gram-negative bacteria 

Dhiman et al. 

(2011) 

Agar well 

diffusion and 

minimum 

inhibitory 

concentrations 

(MIC) 

S. aureus and E. 

coli 

The inhibition zone at concentration of 

3 (μg/ml) cannot be measured due to 

insufficient concentration of extract 

Psidium guajava L., while All tested 

samples are able to inhibit S. aureus 

and E. coli  

 

3.4 pH values  

The normal pH of meat can range from 5.2 to 5.7 [40]. From the study by [16], the pH values of the 

control sample and PGLE samples that were obtained started from days 0 to days 16 seem to rise from 

5.84 ± 0.02 to 6.59 ± 0.02 and from 5.82 ± 0.03 to 5.68 ± 0.02 respectively. Psidium guajava L. extract 

(PGLE) on raw meat has a strong antibacterial activity because PGLE can function against pathogenic 

bacteria and indirectly extend shelf life of the meat The studies of PGLE on raw meat [16] showed 

increment of pH value for sample which treated by PGLE as it keep rising up until at days 12 and 

decreased back to normal pH at days  This might be due to the susceptibility of microorganism in meat 

against antimicrobial agent in Psidium guajava L. that contributed in delaying the bacterial growth and 

prolong shelf life of meat [41]. The finding of the comparison pH value for sample that was treated with 

PGLE with control sample were compatible with the studies by [42], as antimicrobial activity from 

Psidium guajava L. are able to preserve the shelf life of meat.  
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3.5 Color values 

In meat industry, the color plays the uttermost role in both consistency and customer choice. 

Redness, yellowness and lightness of meat products are known to be one of the most illuminating 

standards where customers judge their acceptability. The changes in color parameters of meat that being 

treated with PGLE during storage at 4 °C were analysed using the research studies conducted by [16]. 

Redness is the most vital parameter among the color values in determining meat oxidation, as a drop 

redness lowers the market acceptability of meat products. [16], reported that lightness of control sample 

displayed a huge decrease over the days from 54.97±0.06 to 35.41±0.02. Meanwhile redness of treated 

sample exhibit insignificant reduction of color started from days 0 to days 16. [43] found that the 

interdependence between lipid oxidation and color oxidation in meat may lead to a decrease in red 

colour intensity during storage. Changes of L* values of meat products are primarily due to the moisture 

and fat content where the water and free fat on the surface influences light reflection and thus, these 

variables make the meat lighter in color. In particular with redness and lightness, the yellowness had a 

decreasing tendency with further increased the storage time and this decline was more notable for 

control when compared to treated samples [44]. [16] concluded that antimicrobial agents that contain 

in extracts of Psidium guajava L. are able to preserve raw meat. 

Table 7: Analysis of pH values for Psidium guajava L extracts on raw meat 

Authors and 

Year 

Method  Study Population Outcomes  

Zhang et al. 

(2016) 

The pH of meat 

sample is 

measure with 

pH meter  

100g sample of 

meat from 

Luoyang, China  

The best pH result of treatment sample 

with Psidium guajava L. extracts 

reached a level of just 5.68±0.02 relative 

to that assessed for control sample, 

6.59±0.02 

Table 8: Analysis of color values for Psidium guajava L extracts on raw meat 

Authors and 

Year 

Method  Study Population Outcomes  

Zhang et al. 

(2016) 

The color of 

meat sample is 

measured with 

Color 

Difference 

Meter (WSC-S)  

100g sample of 

meat from 

Luoyang, China  

The meat sample that treated with 

Psidium guajava L. extracts displayed an 

extreme red color compared to control 

sample. 

 

4. Conclusion 

Based on the studies, extraction temperature, frequency and type of solvent used are significantly 

influenced on the phenolic compounds. On top of that, extracts of Psidium guajava L. has the ability to 

inhibit the growth of pathogenic bacteria which could lead to various foodborne illnesses as guava 

leaves contain natural antimicrobial agent that exhibit antimicrobial properties against Staphylococcus 

aureus and Escherichia coli. The discovery of this study revealed that Escherichia coli was more 

resistance to ethanolic extracts of Psidium guajava L. compared to Staphylococcus aureus. A slight 

decrease in pH value and color intensity of meat indicate the presence of antimicrobial agents in treated 

sample. Hence, Psidium guajava L. can be applied in food processing industry that act as natural 

antimicrobial agents to preserve food. 
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