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Abstract 

The antimicrobial activity of guava leaves on chicken meatballs and chicken 

chips and the comparative analysis of their water activity and monolayer 

moisture content were investigated. The objectives of this study were to 

determine the effects of guava leaf slurry and essential oils on the microbial load 

of chicken meatballs and chicken chips and to evaluate the products' water 

activity and monolayer moisture content. Five kilograms of boneless breast 

muscle from broiler chickens were ground, mixed with nonmeat ingredients 

manually for 5 minutes, and rolled into meatballs. Each meatball was rolled in 

succession in an already whisked raw whole egg and coated with wheat flour 

inside a round mixing bowl. The frozen breast muscle was slightly thawed and 

cut into thin slices of approximately 2 mm in thickness via a very sharp knife. 

Slices of chicken breast muscle were coated with a mixture of the prepared 

marinade. The coated chicken flat chips and chicken meatballs were chilled for 

2 hours for the marinade to penetrate the muscles before they were fried in 

vegetable oil (canola oil) to produce chicken meatballs and chicken chips. 

Guava leaf slurry and essential oils were used for the antimicrobial tests. The 

results revealed that chicken chips and meatballs had 0.466 and 0.764 for water 

activity and 17.50 and 15.80 for monolayer moisture respectively, whereas the 

microbial load of chicken meatballs coated with guava leaf slurry was minimal 

to quantify until day 10, whereas from day 15, a microbial load of 3.3x105 

CFU/ml was enumerated and increased to 4.9x105 on day 25. Chicken chips 

coated with guava leaf slurry were also found to be too small to quantify until 

day 25. In conclusion, the slurry and essential oil of guava leaves inhibited 

microbial growth in chicken meatballs and chicken chips. 
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1.0  INTRODUCTION 

The guava leaf, scientifically known as Psidium 

guajava, is classified within a complex taxonomic 

system that organizes the plant on the basis of 

morphological attributes. Guava, which belongs to the 

Myrtaceae family, originates from tropical American 

regions. Guava leaves exhibit particular 

characteristics, such as oblong shapes, smooth 

surfaces, and marked veins. In terms of taxonomy, it 

is categorized under the order Myrtales and subfamily 

Myrtoideae [1-5]. The bioactive compounds present in 

guava leaves, such as tannins, flavonoids, and 

phenolic compounds, are believed to be responsible 

for their antimicrobial effects [6]. Guava leaf extract 

has demonstrated significant antibacterial activity 

against both gram-positive and gram-negative 

bacteria, including Staphylococcus aureus, 
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Salmonella typhi, Shigella boydii, and Enterococcus 

feacalis [7].  

 

The use of guava leaves as antimicrobial agents is 

promoted by their traditional use, safety profile, 

availability, and ease of accessibility, making them a 

viable option for natural meat preservation [8]. 

Recently, the attention given to guava leaves has 

increased. This might be related to its potential 

antimicrobial characteristics. Various studies have 

proposed that guava leaves contain a vast array of 

bioactive molecules, namely, quercetin and tannins, in 

addition to flavonoids, which have effects on bacteria, 

fungi, and viruses [9-11]. These attributes render 

guava leaf extract an intriguing natural contender 

against artificially concocted antimicrobial forms, 

revealing particular relevance within the realm of food 

production, wherein foodborne pathogen-related 

maladies present significant issues [12]. Empirical 

evidence frequently highlights the ability of guava leaf 

extract to thwart growth among diverse pathogenic 

bacteria, including Escherichia coli, Staphylococcus 

aureus, and Salmonella spp. [13-15]. Moreover, the 

extract is also has antioxidant and anti-inflammatory 

properties due to the presence of compounds such as 

β-caryophyllene and limonene in guava leaf essential 

oils [12, 16]. 

 

A shift in inclination among consumers towards safer 

and more natural means of food preservation has been 

observed, catalyzing the transition to the use of natural 

antimicrobial agents in meat storage. The integration 

of plant-origin antimicrobials into meat products 

delineates an auspicious route for increasing food 

safety and prolonging shelf-life, concurrently 

preserving the nutritional value of the products. Plants 

have long been recognized for their antimicrobial and 

antioxidant properties, making them a potential 

solution for combating microbial growth and 

oxidative deterioration in meat. Yucca baccata 

butanoic extract (YBE) contains saponins that inhibit 

microbial growth, extending the shelf-life of chicken 

and beef [17]. Moringa oleifera leaf extract (MLE) 

has been explored and found to reduce spoilage 

bacteria and pathogens such as E. coli, Salmonella, 

and Staphylococcus in ground beef without affecting 

sensory attributes [18]. The unique composition of 

banana plant extracts, which are rich in antimicrobial 

compounds such as dopamine and gentisic acid, has 

led to their use as natural preservatives in meat 

products [19]. Herbs and spices such as parsley, dill, 

basil, oregano, sage, coriander, rosemary, marjoram, 

tarragon, bay, thyme, and mint, which are commonly 

used, have antimicrobial traits documented, and these 

traits can impede the proliferation of pathogens and 

spoilage microorganisms within meat [20].  

 

Earlier research endeavors have indicated that extracts 

derived from cranberry and pomegranate, whether 

utilized independently or in tandem with essential oils 

such as those from thyme and oregano, manifest 

significant antimicrobial properties against an 

assortment of pathogens typically present in pork 

meatballs [21]. Recent investigation have revealed 

that extracts from the Cynara scolymus plant, 

commonly known as artichoke, exhibit significant 

antimicrobial capabilities that strongly hinder the 

proliferation of diverse foodborne pathogens. The 

implemented natural extract has revealed encouraging 

outcomes relative to the prolongation of minced meat 

product shelf-life by efficaciously diminishing 

microbial contamination metrics [22]. Earlier research 

endeavors have highlighted the probable antimicrobial 

attributes of Amaranthus tricolor extract, highlighting 

its efficacy against Staphylococcus aureus. This 

extract has potential as a natural substitute for 

maintaining the quality of cooked pork commodities 

during storage [23]. Additionally, previous 

investigations have shown that the use of diverse plant 

powders, including apple, onion, blackcurrant berries, 

garlic, tomato, and rhubarb petioles, has a notable 

ability to impede microbial proliferation within 

minced pork and is applicable to both uncooked and 

cooked varieties [24]. Ethanolic extracts of Thymus 

daenensis and Camellia sinensis have demonstrated 

antimicrobial and antioxidant effects, making them 

effective natural preservatives for chicken meat 

during frozen storage [25]. 

 

Water activity, a key parameter influencing the 

stability and safety of food products, plays a vital role 

in determining the overall quality and shelf-life of 

meatballs and chicken chips. Understanding the water 

activity of these products is essential to avoid potential 

hazards related to microbial growth and spoilage [26, 

27]. Additionally, monitoring water activity can help 

determine the optimal storage conditions to keep the 

product fresh properly [28]. The food industry has 

been constantly evolving to meet the demands of 

consumers for healthier and more convenient food 

options [29]. One area of interest in this evolution is 

the use of monolayer moisture technology in food 

products [30, 31]. Monolayer moisture refers to the 

minimum amount of moisture required for a food 

product to maintain its quality and freshness [32, 33]. 

Monolayer moisture also denotes the quantum of 

moisture present in a foodstuff wherein all potential 

binding sites within the food matrix are saturated with 

water molecules, resulting in a monolayer 

https://doi.org/10.4314/njt.v44i1.16
http://creativecommons.org/licenses/by-nc-nd/4.0/


ANTIMICROBIAL ACTIVITY OF GUAVA LEAF ON CHICKEN MEATBALLS AND … 144 
 

 © 2025 by the author(s). Licensee NIJOTECH.                                                                  Vol. 44, No. 1, March 2025 
This article is open access under the CC BY-NC-ND license.                                                                  https://doi.org/10.4314/njt.v44i1.16  
http://creativecommons.org/licenses/by-nc-nd/4.0/ 

configuration of water [34, 35]. This concept has 

critical importance in the comprehension of the 

physicochemical properties prevalent within 

foodstuffs, which impinge upon various attributes, 

including water activity, structural robustness, and 

microbial inhibitive capabilities. Empirical 

investigations have revealed that sustaining an ideal 

level of monolayer moisture within foodstuffs can 

augment their sensory properties and prolong their 

shelf-life sustainably [36, 37]. Moreover, the 

interrelationship between monolayer moisture and 

foodstuff quality remains intricate, and involves a 

myriad of interactions including moisture content, 

protein denaturation, and lipid peroxidation, among 

other variables. Hence, elucidation of the fundamental 

of monolayer moisture is indispensable for the 

optimization of the manufacturing and quality 

regulation of meat products such as chicken meatballs 

and chicken chips. 

 

Despite these promising findings, considerable 

research gaps remain regarding the specific microbial 

growth inhibition effects of guava slurries and 

essential oils on meat products such as chicken chips 

and chicken meatballs. This research aimed to 

determine the effects of guava leaf slurry and essential 

oils on the microbial load of chicken meatballs and 

chicken chips. Additionally, comparative analyses of 

water activity and monolayer moisture content 

between chicken chips and chicken meatballs have not 

received the needed attention. This study aims to 

evaluate the water activity and monolayer moisture 

levels of chicken chips and meatballs and their 

implications for the stability of these products. 

 

2.0  MATERIALS AND METHODS 

2.1  Procedure for the Preparation of Chicken 

Meatballs 

Five kilograms of boneless breast muscle from broiler 

chickens were procured from a reputable meat shop in 

Ibadan, Nigeria. The raw meat was thoroughly rinsed 

with running water. The boneless breast muscle of the 

broiler chickens was ground and mixed with nonmeat 

ingredients (Table 1) manually for 5 min. The mixture 

was rolled into meatballs of approximately 50 g each 

using a cookie scoop. Each meatball was rolled in 

succession in an already whisked raw whole egg and 

coated with wheat flour inside a round mixing bowl. 

The coated meatballs were separately set onto a plastic 

packaging film lined with parchment paper and chilled 

for 2 hours before cooking. The marinated meatball 

samples were fried in vegetable oil (canola oil) by 

deep-frying under low-medium heat to an internal 

temperature of 74 ℃ with the aid of a digital food 

thermometer probe, cooled, drained, dried, and 

weighed. The process was repeated three more times 

to produce replicates for the experiment. 

 

2.2  Procedure for the Preparation of Chicken 

Chips 

Five kilograms of procured boneless breast muscle 

from broiler chickens were thoroughly rinsed with 

running water. The muscle was allowed to freeze to 

facilitate easy cutting into slices. The frozen breast 

muscle was slightly thawed and cut into thin slices of 

approximately 2 mm in thickness via a very sharp 

knife. Slices of chicken breast muscle were coated 

with a mixture of the prepared marinades (Table 1). 

The coated chicken flat chips were packed into a 

plastic packaging film lined with parchment paper and 

chilled for 2 hours for the marinade to penetrate the 

sliced muscles before cooking. The marinated slices 

of chicken chips were fried in vegetable oil (canola 

oil) by deep-frying under low-medium heat to an 

internal temperature of 74 ℃ with the aid of a digital 

food thermometer probe. The fried slices were 

removed from the oil, cooled, drained, dried with a 

paper towel, and weighed. Three replicates were 

produced to obtain reliable data from the experiment. 

 

Table 1: Dried nonmeat ingredient compositions of 

chicken meatballs and chicken chips 
Ingredients Composition (g/100g) 

Onion powder 

Ginger paste 

Garlic paste 

Bread crumbs 

Chili pepper 
Maggi Seasoning 

Curry Powder 

Skim milk Powder 
Wheat flour 

Salt 
Egg white 

3.0 

1.0 

1.0 

30.0 

2.5 
1.5 

2.0 

15.0 
28.0 

1.0 
15.0 

 

2.3  Gathering of Psidium guajava Leaves 

The acquisition of P. guajava foliage involved 

sourcing samples from fully-developed trees in their 

indigenous surroundings at the Afolu Farm 

Settlement, in Ise Ekiti, Ekiti State, Nigeria 

(longitude: 5.3945°E and latitude: 7.4453°N). The 

collected leaves were identified at the University 

Herbarium of Plant Science and Biotechnology 

Department, Bamidele Olumilua University of 

Education, Science and Technology, Ikere Ekiti. 

 

2.4  Essential Oil Extraction 

One hundred grams of identified P. guajava leaves 

were rinsed thoroughly, air-dried, and pulverized. 

This mixture was subjected to hydrodistillation for 4 

hours with the aid of a Clevenger apparatus. A total of 

0.56% of the collected essential oil was dried over 
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anhydrous sodium sulfate and stored in sealed vials at 

4℃ until further use. 

 

2.5  Application of Guava Leaf Essential Oils to 

Chicken Meatballs and Chicken Chips 

Five grams (5g) samples of chicken meatballs and 

chicken chip products were lightly coated with the 

essential oils of guava leaves. The coating was 

performed with a small artistic brush. The samples 

were wrapped in aluminium foil paper and stored at 

refrigeration and room temperature for 25 days. The 

microbial load was enumerated at five-day intervals. 

The control samples were left untreated with the 

essential oil of guava leaves. 

 

2.6  Preparation of Guava Leaf Slurry 

Fresh guava foliage was washed and cleaned 

thoroughly with deionized water to remove dirt and 

other contaminants collected from the field. Five 

hundred grams of rinsed guava leaves were milled into 

a slurry without the addition of water in a ball-bearing 

mill (IQ Mill-2070, Frontier Lab, Japan). The slurry 

was kept in the freezer before use. 

 

2.7  Application of Guava Leaf Slurry to 

Chicken Meatballs and Chicken Chips 

The chicken meatball and chicken chip products were 

coated at a ratio of 2 to 4 (slurry to product) with the 

prepared guava leaf slurry and immediately 

transferred into the dehydrator to dehydrate the 

moisture present in the slurry before being stored at 

refrigeration and room temperature for 25 days. The 

samples to be stored were wrapped in triplicate with 

aluminum foil paper. The control samples were not 

coated with a slurry of guava leaves. 

 

2.8  Adsorption procedure for chicken meatballs 

and chicken chips 

A structured experimental process utilizing the 

gravimetric method [38] was used to determine the 

sorption isotherms of chicken meatballs and chicken 

chips. This technique involves subjecting food 

samples to various relative humidities ranging from 

8.5 to 98.2% RH created by different saturated salt 

solutions [39] within a controlled setting and then 

quantifying the resulting weight fluctuations as 

moisture is adsorbed. The exposure of the sample to 

progressive increases in humidity continued until 

equilibrium was attained. Guggenheim-Anderson-de 

Boer (GAB) models were employed to fit the 

experimental data, providing insights into the sorption 

parameters of the samples' water activity and 

monolayer moisture content specific to chicken 

meatballs and chips. The equilibrium moisture content 

was determined at 25℃ as the methodical execution 

of triplicate experiments was maintained. 

 

Table 2: Salt solutions used for the sorption 

isotherms 
Salt Aw (100C) 

Zinc bromide (ZnBr₂) 0.085 
Potassium Hydroxide (KOH) 0.123 

Lithium Iodide (LiI) 0.206 

Magnesium Chloride (MgCl₂) 0.335 

Sodium Iodide (NaI) 0.418 

Trisodium tribromide Br3Na3 0.622 
Potassium Iodide (KI) 0.721 

Potassium Chloride (KCL) 0.868 

Potassium Nitrate (KNO3) 0.960 
Potassium Sulfate (K2SO4) 0.982 

 

2.9  Determination of Equilibrium Moisture 

Content 

When investigating the equilibrium moisture content 

(EMC) of chicken meatballs and chicken chips, a 

meticulous methodology was used to affirm the 

precision and dependability of the outcomes. The 

samples of known moisture content were 

subsequently positioned in a regulated setting with 

predetermined temperature and humidity parameters 

until equilibrium was attained. The moisture content 

was determined via samples of chicken meatballs and 

chicken chips that were dried to a fixed weight in an 

oven maintained at 105°C. The moisture content and 

equilibrium moisture content of the chicken meatballs 

and chicken chips were quantified in triplicate via 

computations with slight modifications, as described 

in equations (1) and (2). 

 

MC =
𝑊𝑖−𝑊𝑓

   𝑊𝑖  
 X 100 [40]                                         (1) 

Where, MC = moisture content, wi = initial weight, wf 

= final weight 

 

EMC =
𝑊𝑦

   𝑊𝑢  
(Me + 1) − 1 [41]                               (2) 

Where, EMC is the equilibrium moisture content, 𝑊𝑦 

is the weight of the sample at equilibrium (g), 𝑊𝑢 is 

the initial sample weight (g), and Me is the initial 

moisture content of the sample (g). 

 

2.10 Determination of Water Activity and 

Monolayer Moisture 

The methodology employed in this research involved 

the use of the GAB model to determine water activity 

and monolayer moisture content in chicken meatballs 

and chicken chips [42]. The reorganization of GAB 

models into second-degree polynomials was used for 

more accurate determination of water activity and 

monolayer properties. 

 

GAB Equation =
𝑀

𝑀𝑚
=

𝐴𝐵𝑎𝑤

(1−𝐵𝑎𝑤)(1−𝐵𝑎𝑤+𝐴𝐵𝑎𝑤)
 [43]        (3) 

https://doi.org/10.4314/njt.v44i1.16
http://creativecommons.org/licenses/by-nc-nd/4.0/


ANTIMICROBIAL ACTIVITY OF GUAVA LEAF ON CHICKEN MEATBALLS AND … 146 
 

 © 2025 by the author(s). Licensee NIJOTECH.                                                                  Vol. 44, No. 1, March 2025 
This article is open access under the CC BY-NC-ND license.                                                                  https://doi.org/10.4314/njt.v44i1.16  
http://creativecommons.org/licenses/by-nc-nd/4.0/ 

𝑎𝑤/𝑀 = 𝐴𝑎𝑤2 + 𝐵𝑎𝑤 + 𝐶                           (4) 

Where, 𝑎𝑤 = water activity, Mm = GAB Monolayer 

 

𝑀𝑜 − 𝑀𝑜𝑛𝑜𝑙𝑎𝑦𝑒𝑟 𝑣𝑎𝑙𝑢𝑒 = 1
√𝑏2⁄ − 4𝑎𝑐      (5) 

 

2.11 Enumeration of the Total Viable Counts 

The antimicrobial effects of guava leaves on chicken 

chips and meatballs were determined as follows: 

Samples of processed chicken meatballs and chips 

were wrapped in aluminum foil and stored in a 

refrigerator 2-4℃ and at room temperature (20-25℃) 

for 25 days. The total bacterial load was enumerated 

at five-day intervals. The agar medium was prepared 

by melting it and then cooling it to approximately 45-

50℃ to avoid thermal destruction of the organisms. 

Samples of both processed chicken chips and 

meatballs (10 g) were macerated in 90 ml of distilled 

water in a conical flask in triplicate and were 

adequately mixed and used as stocks. The pour plate 

approach for enumerating microbial load represents 

an extensively utilized procedure within the field of 

microbiology, as the formulation of agar plates 

incorporates diluted samples (serial dilutions of 10-1 to 

10-10) to promote the proliferation and subsequent 

tallying of viable bacterial entities [44, 45]. This 

method facilitates accurate quantification of microbial 

populations extant within the sample. One milliliter of 

each of the serially diluted samples was mixed with 

agar before being poured into Petri dishes and gently 

swirled to ensure even distribution of the microbes. 

The plates were then incubated at 37°C for 1 day and 

upside down to prevent condensation from dripping 

onto the agar surface, which could disrupt colony 

growth. After an appropriate incubation period, 

colonies were counted and recorded for further 

analysis. 

 
𝐶𝐹𝑈

𝑚𝑙
=

Colonies formed

Dilution factor X ml plated
     [44]        (6) 

 

2.12 Statistical Analysis 
IBM SPSS Statistics 20 was used to conduct the 

statistical analysis, particularly one-way ANOVA 

with post hoc multiple comparisons with Hochberg’s 

GT2 at an alpha level of 0.05. [46] 

 

3.0  RESULTS AND DISCUSSION 
The samples of the produced chicken meatballs and 

chicken chips used for this study are shown in Figures 

1 and 2.  

 

The equilibrium moisture contents of the sorption 

isotherms of the chicken chips and chicken meatballs 

ranged from 7.78-27.89 and from 5.99-25.12 

respectively, across the water activity experiments 

(Table 3). 

 

 
Figure 1:  Samples of chicken meatballs produced 

for the study 

 

 
Figure 2:  Samples of chicken chips produced for 

the study 

 

The outcomes of this research yielded notable 

perspectives pertinent to determinants impacting the 

equilibrium moisture content within meat 

commodities. The elevated equilibrium moisture 

content discerned in chicken chips, contrast to 

meatballs, can be attributed to various primary 

elements, including the product surface area, 

structural variations, and processing methodologies. 

Compared with chicken chips, the use of minced 

chicken breast muscle for the production of meatballs 

may have caused chicken meatballs to lose the 

capacity to absorb moisture at an equilibrium state. 

The processing methodology adopted for chicken 

chips, which involves cutting chicken breast muscle 

into thin slices of approximately 2 mm in thickness, 

may also have engendered structural variation in the 

product, rendering it susceptible to increase moisture 

uptake [47]. 

 

Figure 3 shows the adsorption isotherm curves of 

chicken chips and chicken meatballs. The equations of 

the line of the second-order polynomial for chicken 

chips and chicken meatballs were y = -0.0242x2 + 

0.0497x + 0.0091 and y = -0.0258x2 + 0.0533x + 

0.0113 whereas, the fitness of the curve for chicken 
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chips and chicken meatballs, as denoted by R² was 

0.9495 and 0.9677, respectively. 

 

 
Figure 3:  Adsorption isotherm curves of chicken 

meat balls 

 

Table 4 shows the results of the sorption analysis of 

chicken chips and chicken meatballs fitted with the 

GAB model. The water activity and monolayer 

moisture content analyses of the chicken chips and 

chicken meatballs revealed that the chicken chips had 

0.466 water activity and 17.5 monolayer moisture 

content, whereas the chicken meatballs had 0.764 and 

15.80 water activity and monolayer moisture content. 

An examination of the sorption isotherms of chicken 

meatballs and chicken chips, clearly revealed, that the 

differences in water activity can be attributed to the 

varying structural compositions of the two products. 

Chicken meatballs, being a denser and more tightly 

packed product, have higher water activity, as they 

offer more opportunities for water molecules to 

interact and move within the product [48]. In contrast, 

chicken chips, with their more porous and less dense 

structure, limit water retention, free water availability, 

and movement of water molecules, resulting in lower 

water activity. This underscores the importance of 

comprehending the structural properties of food 

products terms of their water activity, as it directly 

impacts their value, safety, and life. 

 

Sorption isotherm analysis, clearly revealed that the 

monolayer moisture content in chicken chips is greater 

than that in meatballs. The unique composition of 

chicken chips, with a relatively high surface area to 

volume ratio, allows for increased interaction with 

moisture molecules, leading to increased monolayer 

moisture content [49]. Understanding the differences 

in monolayer moisture content between these two 

popular snack foods is crucial for food scientists and 

manufacturers to optimize processing methods and 

packaging to maintain the standard of the product. 

 

 

Table 3: Sorption isotherms of chicken chips and chicken meatballs 
Water activity (aw) (150C) Adsorption 

Chicken Chips Chicken Meat Balls 

EMC (M) aw/ M EMC (M) aw/ M 

0.085 7.78±0.05a 0.0109 5.99±0.02a 0.0142 

0.123 7.86±0.03a 0.0156 6.87±0.05b 0.0179 

0.206 11.34±0.02b 0.0181 10.05±0.03c 0.0205 

0.335 12.24±0.03c 0.0274 11.13±0.01d 0.0301 

0.418 16.53±0.05d 0.0253 14.41±0.02e 0.0290 

0.622 21.95±0.01e 0.0283 18.84±0.05f 0.0330 

0.721 23.4±0.05f 0.0308 21.02±0.07g 0.0343 

0.868 25.24±0.02g 0.0344 22.45±0.03h 0.0387 

0.96 27.58±0.04h 0.0348 24.52±0.03i 0.0392 

0.982 27.89±0.03i 0.0352 25.12±0.02j 0.0391 

EMC = M = Equilibrium moisture content 

 

Table 4: Sorption analysis of chicken meatballs and 

chicken chips fitted with the GAB model 
Sample name Water 

activity (aw) 

Monolayer moisture 

content (Mo) (g H20/g 

Solid) 

R2 

Chicken Chips 0.466 17.5 0.949 

Chicken 

Meatballs 

0.764 15.80 0.968 

 

The microbial load of chicken chips and chicken 

meatballs coated with slurry and essential oil from 

guava leaves and stored at refrigeration temperature 

for 25 days was so minimal to quantify (Table 5), 

whereas at room temperature (20-25℃) for the same 

number of days, the microbial load varied across 

products. The microbial load of chicken meatballs 

coated with guava leaf slurry was minimal to quantify 

until day 10, whereas from day 15, a microbial load of 

3.3x105 CFU/ml was enumerated and increased to 

4.9x105 on day 25. The number of chicken chips 

coated with guava leaf slurry was also minimal until 

day 25 (Table 6). Furthermore, the microbial load of 

chicken chips and chicken meatballs coated with the 

essential oil of guava leaves was too low to quantify 

throughout the 25 days of storage at room temperature 

(Table 6) 

 

The findings of this research shed light on the impact 

of storage temperature on the microbial load in 

chicken chips and meatballs. These results 

demonstrate that higher storage temperatures lead to 
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increased bacterial growth in both products [50, 52]. 

This poses a significant food safety risk, as high levels 

of microbial contamination can result in foodborne 

illnesses [53, 54]. 

 

The results of the experiment further revealed that the 

microbial load of the uncoated chicken products was 

significantly greater than that of the chicken chips. 

The use of guava leaf slurry as a coating on chicken 

products significantly affects the microbial load 

during storage at room temperature. The results 

revealed that, compared with chicken chips, chicken 

meatballs presented a greater microbial load when 

coated with guava leaf slurry as the number of days of 

storage increased. This difference can be attributed to 

various factors, such as surface area, coating 

penetration into the meat [55], and the overall 

composition of the products. Additionally, it is 

important to consider the influence of the water 

activity of these products, as this factor also influences 

microbial growth [56, 57]. 

 

The results of the present study revealed interesting 

findings regarding the microbial load in chicken 

meatballs and chips coated with guava leaves. 

Compared with those of the control samples, the 

microbial counts of both types of food products 

significantly decreased after the application of the 

guava leaf slurry coating. These findings that the 

antimicrobial properties of guava leaves effectively 

inhibited the growth of bacteria in the food products. 

However, the reduction in microbial load was more 

pronounced in the chicken chips than in the meatballs. 

This difference could be attributed to the surface area 

and texture of the two food products, which may have 

influenced the interaction between the guava leaf 

coating and the microbes present. 

 

 

Table 5: Microbial loads of chicken chips and chicken meatballs coated with slurries and essential oils from 

guava leaves and stored at refrigeration temperatures (2-4℃) for 25 days 
Days Products coated with guava leaf slurry and stored at refrigeration temperature 

Chicken meatballs Chicken chips 

 Control 

Log-4  cfu/ml 

Treatment 

Log-4  cfu/ml 

Control 

Log-4  cfu/ml 

Treatment 

Log-4  cfu/ml 

5 SMTQ SMTQ SMTQ SMTQ 

10 SMTQ SMTQ SMTQ SMTQ 

15 SMTQ SMTQ SMTQ SMTQ 

20 SMTQ SMTQ SMTQ SMTQ 

25 SMTQ SMTQ SMTQ SMTQ 

 Products coated with essential oil of guava leaves and stored at refrigeration temperature 

5 SMTQ SMTQ SMTQ SMTQ 

10 SMTQ SMTQ SMTQ SMTQ 

15 SMTQ SMTQ SMTQ SMTQ 

20 SMTQ SMTQ SMTQ SMTQ 

25 SMTQ SMTQ SMTQ SMTQ 

SMTQ = so minimal to quantify 

 

Table 6: Microbial load of chicken chips and chicken meatballs coated with slurry and essential oil from guava 

leaves and stored at room temperature (20-25℃) for 25 days 
Days Products coated with guava leaf slurry and stored at room temperature 

Chicken meatballs Chicken chips 

 Control 

Log-4  cfu/ml 

Treatment 

Log-4  cfu/ml 

Control 

Log-4  cfu/ml 

Treatment 

Log-4  cfu/ml 

5 4.2X105 ± 2.0a SMTQ 3.2 X105 ± 2.0a SMTQ 

10 6.4 X105 ± 1.0b SMTQ 4.5 X105 ± 1.0b SMTQ 

15 8.7 X105 ± 2.0c 3.3 X105 ± 1.0a 5.5 X105 ± 2.0c SMTQ 

20 1.15 X105 ± 1.0d 3.4 X105 ± 1.0a 7.7 X105 ± 1.0d SMTQ 

25 1.54 X105 ± 4.0e 4.9 X105 ± 2.0b 1.12 X105 ± 2.0e 3.15X105 

 Products coated with essential oil of guava leaves and stored at room temperature 

5 4.2X105 ± 2.0a SMTQ 3.2 X105 ± 2.0a SMTQ 

10 6.4 X105 ± 1.0b SMTQ 4.5 X105 ± 1.0b SMTQ 

15 8.7 X105 ± 2.0c SMTQ 5.5 X105 ± 2.0c SMTQ 

20 1.15 X105 ± 1.0d SMTQ 7.7 X105 ± 1.0d SMTQ 

25 1.54 X105 ± 4.0e SMTQ 1.12 X105 ± 2.0e SMTQ 

SMTQ = so  minimal to quantify 

 

4.0  CONCLUSION 

Considering the outcomes of the present study on the 

comparative microbial load in chicken meatballs and 

chips with guava leaf coatings, the use of guava leaf 

coatings has a significant effect on reducing microbial 

contamination in these food products. The results 

clearly show that guava leaf coating not only inhibits 

the growth of pathogens but also improves the overall 
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microbial quality of the products. This is a promising 

development in the field of food hygiene and security, 

particularly for consumers who are concerned about 

the safety of their food choices. The potential for 

further research and development in the use of natural 

antimicrobial agents, such as guava leaves, holds great 

promise for enhancing the standard value and safety 

of food products in the future. Future studies should 

delve deeper into the mechanisms by which guava leaf 

coating exerts antimicrobial effects and explore its 

applications in diverse food products to ensure a safer 

food supply for consumers. 

 

5.0  CONFLICT OF INTEREST 

The authors declare that no conflicts of interest exist. 

 

REFERENCES 

[1]  Feng, C., Feng, C., Lin, X., Liu, S., Li, Y., and 

Kang, M. “A chromosome‐level genome 

assembly provides insights into ascorbic acid 

accumulation and fruit softening in guava 

(Psidium guajava)”, Plant Biotechnology 

Journal, 19, 717 - 730. 2020. https://doi.org/ 

10.1111/pbi.13498. 

[2] Kumar, M., Tomar, M., Amarowicz, R., 

Saurabh, V., Nair, M., Maheshwari, C., Sasi, 

M., Prajapati, U., Hasan, M., Singh, S., 

Changan, S., Prajapat, R., Berwal, M., and 

Satankar, V. “Guava (Psidium guajava L.) 

Leaves: Nutritional Composition, Phytochem-

ical Profile, and Health-Promoting Bioacti-

vities”, Foods, 10. 2021. https://doi.org/10.33 

90/foods10040752. 

[3] Rodríguez-Palafox, E., Vásquez-López, A., 

Márquez-Licona, G., Lima, N., Lagunes-Fortiz, 

E., and Tovar‐Pedraza, J. “First Report of 

Colletotrichum siamense Causing Anthracnose 

of Guava (Psidium guajava) in Mexico”, Plant 

disease. 2021. https://doi.org/10.1094/PDIS-

03-21-0530-PDN. 

[4] Arévalo-Marín, E., Casas, A., Landrum, L., 

Shock, M., Alvarado-Sizzo, H., Ruíz-Sánchez, 

E., and Clement, C. “The Taming of Psidium 

guajava: Natural and Cultural History of a 

Neotropical Fruit”, Frontiers in Plant Science, 

12. 2021. https://doi.org/10.3389/fpls.2021.714 

763. 

[5] Landrum, L. “Psidium guajava L.: taxonomy, 

relatives and possible origin”, 1-21. 2021. 

https://doi.org/10.1079/9781789247022.0001. 

[6] Ndako, J., Oludipe, E., Dojumo, V., Fajobi, V., 

Echemita, R., Ndako, P., Junaid, S., and Omole, 

A. “Optimizing Antibacterial Activity of 

Psidium guajava Extracts using Solvent 

Fractionation method and its Efficacy against 

Foodborne Pathogens”, International Confere-

nce on Science”, Engineering and Business for 

Sustainable Development Goals (SEB-SDG), 

1: 1-9. 2023. https://doi.org/10.1109/SEB-

SDG57117.2023.10124522 

[7] Oncho, D., Ejigu, M., and Urgessa, O. 

“Phytochemical constituent and antimicrobial 

properties of guava extracts of east Hararghe of 

Oromia, Ethiopia”, Clinical Phytoscience, 7: 1-

10. 2021. https://doi.org/10.1186/s40816-021-

00268-2. 

[8] Gutierrez-Montiel, D., Guerrero-Barrera, A., 

Chávez-Vela, N., Avelar-gonzález, F., and 

Ornelas-García, I. “Psidium guajava L.: From 

byproduct and use in traditional Mexican 

medicine to antimicrobial agent”, Frontiers in 

Nutrition, 10:1-18. 2023. https://doi.org/10.338 

9/fnut.2023.1108306. 

[9] Silva-Vega, M., Bañuelos-Valenzuela, R., 

Delgadillo-Ruiz, L., Gallegos-Flores, P., Meza-

López, C., Valladares-Carranza, B., and 

Echavarria-Chairez, F. “Chemical characteri-

zation of alcoholic extract of guava leaf 

(Psidium guajava) and its effect as a mobility 

inhibitor for Escherichia coli O157:H7”, 

Abanico Veterinario, 10:1-13. 2020. https://do 

i.org/10.21929/abavet2020.26. 

[10] Huang, Z., Luo, Y., Xia, X., Wu, A., and Wu, 

Z.  “Bioaccessibility, safety, and antidiabetic 

effect of phenolic-rich extract from fermented 

Psidium guajava Linn. Leaves”, Journal of 

Functional Foods, 86:1-14. 2021. https://doi.or 

g/10.1016/j.jff.2021.104723. 

[11] Ruksiriwanich, W., Khantham, C., 

Muangsanguan, A., Phimolsiripol, Y., Barba, 

F., Sringarm, K., Rachtanapun, P., Jantanasaku-

lwong, K., Jantrawut, P., Chittasupho, C., 

Chutoprapat, R., Boonpisuttinant, K., and 

Sommano, S. “Guava (Psidium guajava L.) 

Leaf Extract as Bioactive Substances for Anti-

Androgen and Antioxidant Activities”, Plants, 

11(3514):1-14. 2022. https://doi.org/10.3390/ 

plants11243514. 

[12] Souza, W., Lucena, F., Castro, R., Oliveira C, 

Quirino M., and Martins, L. “Exploiting the 

chemical composition of essential oils from 

Psidium cattleianum and Psidium guajava and 

its antimicrobial and antioxidant properties”, 

Journal of Food Science, 86(10). 2021. 

https://doi.org/10.1111/1750-3841.15889. 

[13] Ali, M., Mohammed, W., El-Rahim, A., 

Hassan, Y., and Kahwa, I. “Antimicrobial 

activities of leaf extracts of both guava 

(Psidium guajava) and kafour (Eucalyptus 

camaldulensis) against Escherichia coli”, 

https://doi.org/10.4314/njt.v44i1.16
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/%2010.1111/pbi.13498
https://doi.org/%2010.1111/pbi.13498
https://doi.org/10.33%2090/foods10040752
https://doi.org/10.33%2090/foods10040752
https://doi.org/10.1094/PDIS-03-21-0530-PDN
https://doi.org/10.1094/PDIS-03-21-0530-PDN
https://doi.org/10.3389/fpls.2021.714%20763
https://doi.org/10.3389/fpls.2021.714%20763
https://doi.org/10.1079/9781789247022.0001
https://doi.org/10.1109/SEB-SDG57117.2023.10124522
https://doi.org/10.1109/SEB-SDG57117.2023.10124522
https://doi.org/10.1186/s40816-021-00268-2
https://doi.org/10.1186/s40816-021-00268-2
https://doi.org/10.338%209/fnut.2023.1108306
https://doi.org/10.338%209/fnut.2023.1108306
https://doi.or/
https://doi.org/10.3390/%20plants11243514
https://doi.org/10.3390/%20plants11243514
https://doi.org/10.1111/1750-3841.15889


ANTIMICROBIAL ACTIVITY OF GUAVA LEAF ON CHICKEN MEATBALLS AND … 150 
 

 © 2025 by the author(s). Licensee NIJOTECH.                                                                  Vol. 44, No. 1, March 2025 
This article is open access under the CC BY-NC-ND license.                                                                  https://doi.org/10.4314/njt.v44i1.16  
http://creativecommons.org/licenses/by-nc-nd/4.0/ 

Journal of Pharmacognosy and Phytochem-

istry, 9, 1935-1939. 2020. 

[14] Hemeg, H., Moussa, I., Ibrahim, S., Dawoud, 

T., Alhaji, J., Mubarak, A., Kabli, S., Alsubki, 

R., Tawfik, A., and Marouf, S. “Antimicrobial 

effect of different herbal plant extracts against 

different microbial population”, Saudi Journal 

of Biological Sciences, 27, 3221 - 3227. 2020. 

https://doi.org/10.1016/j.sjbs.2020.08.015. 

[15] Ratnakaran, P., Barve, A., Patnekar, K., Patil, 

N., Udmale, N., Ramchandran, S., and Durve-

Gupta, A. “Phytochemical and antimicrobial 

activities of leaf extract of Guava (Psidium 

guajava L.)”, International Journal of Applied 

Research, 6, 106-110. 2020. 

[16] Alam, A., Jawaid, T., Alsanad, S., Kamal, M., 

and Balaha, M.  “Composition, Antibacterial 

Efficacy, and Anticancer Activity of Essential 

Oil Extracted from Psidium guajava (L.) 

Leaves”, Plants, 12(2):1-14.  246. 2023.   

https://doi.org/10.3390/plants12020246. 

[17] Gutiérrez-García, G., Quintana-Romero, L., 

Morales-Figueroa, G., Esparza-Romero, J., 

Pérez-Morales, R., López-Mata, M., Juárez, J., 

Sánchez-Escalante, J., Peralta, E., Quihui-Cota, 

L., ans Soto-Valdez, H. “Effect of Yucca 

baccata butanolic extract on the shelf life of 

chicken and development of an antimicrobial 

packaging for beef”, Food Control, 127. 

108142. 2021. https://doi.org/10.1016/J.FOOD 

CONT.2021.108142. 

[18] Abdallah, R., Mostafa, N., Kirrella, G., 

Gaballah, I., Imre, K., Morar, A., Herman, V., 

Sallam, K., and Elshebrawy, H. “Antimicrobial 

Effect of Moringa oleifera Leaves Extract on 

Foodborne Pathogens in Ground Beef”, Foods, 

12(4):766. 2023. https://doi.org/10.3390/foods 

12040766. 

[19] Mostafa, H.  “Banana plant as a source of 

valuable antimicrobial compounds and its 

current applications in the food sector”, Journal 

of Food Science. 86:3778–3797. 2021. 

https://doi.org/10.1111/1750-3841.15854. 

[20] (Vlaic) R., Mureșan. V, Mureșan, A., Mureșan, 

C., Tanislav, A., Pușcaș, A., (Petruț), G., and 

Ungur, R. “Spicy and Aromatic Plants for Meat 

and Meat Analogues Applications”, Plants. 

11(7): 960. 2022.  https://doi.org/10.3390/plant 

s11070960. 

[21] Mantzourani, I., Daoutidou, M., Dasenaki, M., 

Nikolaou, A., Alexopoulos, A., Terpou, A., 

Thomaidis, N., and Plessas, S. “Plant Extract 

and Essential Oil Application against Food-

Borne Pathogens in Raw Pork Meat”, Foods, 

11(6), 861. 2022. https://doi.org/10.3390/foods 

11060861. 

[22] Demir, T., and Ağaoğlu, S. “Antioxidant, 

Antimicrobial and Metmyoglobin Reducing 

Activity of Artichoke (Cynara scolymus) 

Powder Extract-Added Minced Meat during 

Frozen Storage”, Molecules, 26(18): 5494. 

2021. https://doi.org/10.3390/molecules26185 

494 

[23] Guo, L., Wang, Y., Bi, X., Duo, K., Sun, Q., 

Yun, X., Zhang, Y., Fei, P., and Han, J. 2020 

“Antimicrobial Activity and Mechanism of 

Action of the Amaranthus tricolor Crude 

Extract against Staphylococcus aureus and 

Potential Application in Cooked Meat”, Foods, 

9(3): 359.2020.  https://doi.org/10.3390/foods9 

030359. 

[24] Koskar, J., Meremäe, K., Püssa, T., Anton, D., 

Elias, T., and Rätsep, R. “Microbial Growth 

Dynamics in Minced Meat Enriched with Plant 

Powders”, Applied Sciences, 12(21): 1-14. 

2022. https://doi.org/10.3390/app122111292. 

[25] Mosavinezhad, K., Shakerian, A., Chaleshtori, 

R., and Rahimi, E. “Antimicrobial and 

Antioxidant Effects of Thymus daenensis and 

Camellia sinensis Ethanolic Extracts of 

Chicken Meat During Frozen Storage”, Journal 

of Medicinal Plants and By-products, 9: 17-27. 

2020. https://doi.org/10.22092/JMPB.2020.121 

747. 

[26] Subbiah, B., Blank, U., and Morison, K. “A 

review, analysis and extension of water activity 

data of sugars and model honey solutions”, 

Food chemistry, 326, 126981. 2020. https://do 

i.org/10.1016/j.foodchem.2020.126981. 

[27] Barbosa‐Cánovas. G., Fontana, A., Schmidt, S., 

and Labuza, T. “Water Activity in Foods: 

Fundamentals and Applications”, 155-171. 

2020. https://doi.org/10.1002/9780470376454. 

[28] Petrova, Z., Kuznietsova, І., Myrynin, А., and 

Novikova, Y. “Research of Water Activity 

Indicator for Mulotorphone Granules”, 

Thermophysics and Thermal Power 

Engineering, 44(1), 14-19. 2022. https://doi. 

org/https://doi.org/10.31472/ttpe.1.2022.2. 

[29] Manaf, Y., and Yusof, Y. “Emerging Trends in 

Sustainable Food Processing Industry”, IOP 

Conference Series: Earth and Environmental 

Science, 757. 2021. https://doi.org/10.1088/175 

5-1315/757/1/012076. 

[30] Knani, S., Mabrouk, N., Alanazi, S., and 

Kechaou, N. “Study of moisture adsorption 

isotherms characteristics of banana and 

thermodynamic properties using statistical 

physics formalism”, Drying Technology, 40, 

https://doi.org/10.4314/njt.v44i1.16
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.sjbs.2020.08.015
https://doi.org/10.3390/plants12020246
https://doi.org/10.1016/J.FOOD%20CONT.2021.108142
https://doi.org/10.1016/J.FOOD%20CONT.2021.108142
https://doi.org/10.3390/foods%2012040766
https://doi.org/10.3390/foods%2012040766
https://doi.org/10.1111/1750-3841.15854
https://doi.org/10.3390/plant%20s11070960
https://doi.org/10.3390/plant%20s11070960
https://doi.org/10.3390/foods%2011060861
https://doi.org/10.3390/foods%2011060861
https://doi.org/10.3390/molecules26185%20494
https://doi.org/10.3390/molecules26185%20494
https://doi.org/10.3390/foods9%20030359
https://doi.org/10.3390/foods9%20030359
https://doi.org/10.3390/app122111292
https://doi.org/10.22092/JMPB.2020.121%20747
https://doi.org/10.22092/JMPB.2020.121%20747
https://doi.org/10.1002/9780470376454
https://doi.org/10.1088/175%205-1315/757/1/012076
https://doi.org/10.1088/175%205-1315/757/1/012076


 151 Alamuoye and Alamuoye (2025) 

 

 © 2025 by the author(s). Licensee NIJOTECH.                                                                  Vol. 44, No. 1, March 2025 
This article is open access under the CC BY-NC-ND license.                                                                  https://doi.org/10.4314/njt.v44i1.16  
http://creativecommons.org/licenses/by-nc-nd/4.0/ 

3425 - 3433. 2022. https://doi.org/10.1080/0 

7373937.2022.2053706. 

[31] Kalanova, D., and Kuliev, N. “Water-sorption 

ability of fruit and vegetable stabilizers”, E3S 

Web of Conferences, 390:1-5. 2023.  https://doi. 

org/10.1051/e3sconf/202339002032. 

[32] Arslan-Tontul, S. “Moisture sorption isotherm, 

isosteric heat and adsorption surface area of 

whole chia seeds”. Lwt - Food Science and 

Technology, 119, 108859. 2020. https://doi.org/ 

10.1016/j.lwt.2019.108859. 

[33] Alhussaini, M., Hassan, H., and Ahmedzeki, N. 

“Experimental Investigation of Moisture 

Sorption Isotherms for Mefenamic Acid 

Tablets”, Iraqi Journal of Chemical and 

Petroleum Engineering. 2020. https://doi.org/1 

0.31699/ijcpe.2020.4.2. 

[34] Romani, S., Rocculi, P., Tappi, S., and Rosa, M. 

“Moisture adsorption behaviour of biscuit 

during storage investigated by using a new 

Dynamic Dewpoint method”, Food chemistry, 

195, 97-103. 2016. https://doi.org/10.1016/j. 

foodchem.2015.06.114. 

[35] Durakova, A., Vasileva, A., and Choroleeva, K. 

”Sorption characteristics of ready-made 

mixtures containing oatflakes, apples, and 

cinnamon”, E3S Web of Conferences. 286:1-8. 

2021. https://doi.org/10.1051/e3sconf/2021286 

03003. 

[36] Puri, R., and Khamrui, K. “Effect of 

Temperature on Sorption Isotherms and 

Thermodynamics of Intermediate Moisture 

Category Indian Milk Product Cham-cham”, 

Journal of Food Processing and Preservation, 

40, 999-1009. 2016. https://doi.org/10.1111/JF 

PP.12680. 

[37] Kaur, G., Sidhu, G., and Kaur, P. “Moisture 

Sorption Isotherms Characteristics for Shelf-

Life Prediction of Peanuts (Arachis Hypogaea 

L.)”, Journal of the science of food and 

agriculture, 2023. https://doi.org/10.1002/jsfa. 

12475. 

[38] Mallek-Ayadi, S., Bahloul, N., Kechaou, N. 

“Mathematical modelling of water sorption 

isotherms and thermodynamic properties of 

Cucumis melo L. seeds”, LWT, 2020. 

131:109727. 

[39] Greenspan, L. “Humidity fixed points of binary 

saturated aqueous solutions”, Journal of 

Research of the National Bureau of Standards 

Section A: Physics and Chemistry, 81A(1):89. 

1997. Available from: https://nvlpubs.nist.gov/ 

nistpubs/jres/81A/jresv81An1p89_A1b.pdf 

[40] Horwitz, W; and Latimer G. W. AOAC. 

International. Official methods of analysis of 

aoac international (18th ed. 2005 revision 3). 

AOAC International 2010. 

[41] Tantala, J., Rachtanapun, C., Tongdeesoontorn, 

W., Jantanasakulwong, K., and Rachtanapun, P. 

“Moisture Sorption Isotherms and Prediction 

Models of Carboxymethyl Chitosan Films from 

Different Sources with Various Plasticizers”, 

Advances in Materials Science and Engineer-

ing, 1-18. 2019. https://doi.org/10.1155/2019/ 

4082439. 

[42] Mustafa, M. “Optimal decay rates for the 

viscoelastic wave equation”, Mathematical 

Methods in the Applied Sciences, 41:192 - 204. 

2018. https://doi.org/10.1002/mma.4604 

[43] Van der Berg, C. “Description of water activity 

of foods for engineering purposes by means of 

the GAB model of sorption”, In: Engineering 

and Foods, Mckenna, B.M.; Ed.; Elsevier 

Applied Science Publishing: New York, NY, 

USA, 11:11–321. 1984. 

[44] Christen, J., and Parker, A. “Systematic 

Statistical Analysis of Microbial Data from 

Dilution Series”, Journal of Agricultural, 

Biological and Environmental Statistics. 

25:339 - 364. 2020. https://doi.org/10.1007/s1 

3253-020-00397-0. 

[45] Erkmen, O. “Pure culture techniques” 

Laboratory Practice in Microbiology, 41-50. 

2021. https://doi.org/10.1016/B978-0-323-910 

17-0.00002-0. 

[46] IBM SPSS Statistics 20, 2011 

[47] Tian, X., Aheto, J., Huang, X., Zheng, K., Dai, 

C., Wang, C., and Bai, J. “An evaluation of 

biochemical, structural and volatile changes of 

dry-cured pork using a combined ion mobility 

spectrometry, hyperspectral and confocal 

imaging approach”, Journal of the Science of 

Food and Agriculture, 101(14): 5972-5983. 

2021. https://doi.org/10.1002/jsfa.11251. 

[48] Renshaw, R., Dimitrakis, G., Robinson, J., and 

Kingman, S. “The relationship of dielectric 

response and water activity in food”, Journal of 

Food Engineering, 244:80-90. 2019. 

https://doi.org/10.1016/J.JFOODENG.2018.08

.037. 

[49] Pantuso, F., Castro, M., Larregain, C., 

Coscarello, E., and Aguerre, R. “Kinetic 

Approach to Multilayer Sorption: Equations of 

Isotherm and Applications”, Food Engineering, 

2019.  https://doi.org/10.5772/INTECHOPEN. 

82669. 

[50] Hossain, I., Shikha, F., and Naher, N. “Effect of 

storage temperatures on the quality parameters 

of fish condiment prepared from Thai pangus 

(Pangasianodon hypophthalamus)”, Journal of 

https://doi.org/10.4314/njt.v44i1.16
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1080/0%207373937.2022.2053706
https://doi.org/10.1080/0%207373937.2022.2053706
https://doi.org/%2010.1016/j.lwt.2019.108859
https://doi.org/%2010.1016/j.lwt.2019.108859
https://doi.org/1%200.31699/ijcpe.2020.4.2
https://doi.org/1%200.31699/ijcpe.2020.4.2
https://doi.org/10.1016/j.%20foodchem.2015.06.114
https://doi.org/10.1016/j.%20foodchem.2015.06.114
https://doi.org/10.1051/e3sconf/2021286%2003003
https://doi.org/10.1051/e3sconf/2021286%2003003
https://doi.org/10.1111/JF%20PP.12680
https://doi.org/10.1111/JF%20PP.12680
https://doi.org/10.1002/jsfa.%2012475
https://doi.org/10.1002/jsfa.%2012475
https://nvlpubs.nist.gov/%20nistpubs/jres/81A/jresv81An1p89_A1b.pdf
https://nvlpubs.nist.gov/%20nistpubs/jres/81A/jresv81An1p89_A1b.pdf
https://doi.org/10.1155/2019/%204082439
https://doi.org/10.1155/2019/%204082439
https://doi.org/10.1002/mma.4604
https://doi.org/10.1007/s1%203253-020-00397-0
https://doi.org/10.1007/s1%203253-020-00397-0
https://doi.org/10.1016/B978-0-323-910%2017-0.00002-0
https://doi.org/10.1016/B978-0-323-910%2017-0.00002-0
https://doi.org/10.1002/jsfa.11251
https://doi.org/10.1016/J.JFOODENG.2018.08.037
https://doi.org/10.1016/J.JFOODENG.2018.08.037
https://doi.org/10.5772/INTECHOPEN.%2082669
https://doi.org/10.5772/INTECHOPEN.%2082669


ANTIMICROBIAL ACTIVITY OF GUAVA LEAF ON CHICKEN MEATBALLS AND … 152 
 

 © 2025 by the author(s). Licensee NIJOTECH.                                                                  Vol. 44, No. 1, March 2025 
This article is open access under the CC BY-NC-ND license.                                                                  https://doi.org/10.4314/njt.v44i1.16  
http://creativecommons.org/licenses/by-nc-nd/4.0/ 

the Bangladesh Agricultural University, 17(3): 

417–423. 2019. https://doi.org/10.3329/jbau.v1 

7i3.43225. 

[51] Qiu, Y., Zhou, Y., Chang, Y., Liang, X., Zhang, 

H., Lin, X., Qing, K., Zhou, X., and Luo, Z. 

“The Effects of Ventilation, Humidity, and 

Temperature on Bacterial Growth and Bacterial 

Genera Distribution”, International Journal of 

Environmental Research and Public Health, 

19. 2022. https://doi.org/10.3390/ijerph19221 

5345. 

[52] Lott, T., Wiedmann, M., and Martin, N. “Shelf-

life storage temperature has a considerably 

larger effect than high-temperature, short-time 

pasteurization temperature on the growth of 

spore-forming bacteria in fluid milk”, Journal 

of dairy science, 106(6): 838-3855. 2023. 

https://doi.org/10.3168/jds.2022-22832. 

[53] Bari, M., and Yeasmin, S. “Foodborne Diseases 

and Responsible Agents”, 195-229. 2018.  

https://doi.org/10.1016/B978-0-12-814956-0.0 

0008-1. 

[54] Herod, A., Goodridge, L., and Rohde, J. 

“Recalls of Foods due to Microbial 

Contamination Classified by the Canadian 

Food Inspection Agency, 2000 to 2017”, 

Journal of food protection, 1901-1908. 2019. 

https://doi.org/10.4315/0362-028X.JFP-19-23 

5. 

[55] Becerril, R., Nerín, C., and Silva, F. 

“Encapsulation Systems for Antimicrobial 

Food Packaging Components: An Update”, 

Molecules, 25. 2020. https://doi.org/10.3390/ 

molecules25051134. 

[56] Kamel, D., Gomma, N., Osman, D., and 

Hassan, A. “Effect of Water Activity on 

Growth of Certain Lactic Acid Bacteria”, 

Journal of Food and Dairy Sciences, 3(3): 97-

102. 2018. https://doi.org/10.21608/jfds.2018. 

77762. 

[57] Peleg M “A New Look at Models of the 

Combined Effect of Temperature, pH, Water 

Activity, or Other Factors on Microbial Growth 

Rate”, Food Engineering Reviews, 14:31-44. 

2021. https://doi.org/10.1007/s12393-021-092 

92-x. 

  

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.4314/njt.v44i1.16
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.3329/jbau.v1%207i3.43225
https://doi.org/10.3329/jbau.v1%207i3.43225
https://doi.org/10.3390/ijerph19221%205345
https://doi.org/10.3390/ijerph19221%205345
https://doi.org/10.3168/jds.2022-22832
https://doi.org/10.1016/B978-0-12-814956-0.0%200008-1
https://doi.org/10.1016/B978-0-12-814956-0.0%200008-1
https://doi.org/10.4315/0362-028X.JFP-19-23%205
https://doi.org/10.4315/0362-028X.JFP-19-23%205
https://doi.org/10.3390/%20molecules25051134
https://doi.org/10.3390/%20molecules25051134
https://doi.org/10.21608/jfds.2018.%2077762
https://doi.org/10.21608/jfds.2018.%2077762
https://doi.org/10.1007/s12393-021-092%2092-x
https://doi.org/10.1007/s12393-021-092%2092-x

