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Abstract
In the present study, we developed a general-purpose preservative using natural extracts 
to reduce the residual toxicity and negative health effects of chemical preservatives. This 
study was conducted to improve the yield of optimized extracts of Psidium guajava, Ecklonia 
cava, and Paeonia japonica (Makino) Miyabe & Takeda extracts, which have already proven 
to exert antibacterial effects and verify their effectiveness in meat products. Ultrasonic 
extraction, a well-known eco-friendly extraction method, was performed to confirm the 
extraction yield, content of bioactive compounds in the extract, and antimicrobial activity and 
thus improve the extraction yield of the ethanol extract. In addition, ultrasound extraction 
was applied to sausages to confirm quality characteristics, including sensory evaluation. The 
extraction yield increased by 56.8% (P. guajava), 182.0% (E. cava), and 235.0% (Paeonia 
japonica) compared to the ethanol obtained through ultrasonic extraction of three types 
of natural products. Furthermore, a 32.53% increase in the extraction yield for the mixture 
extract was obtained through ultrasonic extraction. The MIC and MBC results for foodborne 
pathogens to measure the antimicrobial activity demonstrated that extracts obtained through 
ultrasonic extraction exhibited increased antimicrobial activity against certain pathogens. 
Total plate counts, Coliform, and Escherichia coli were not detected in all treatments in the 
sausage storage experiment (4 weeks). Although no significant difference was noted in 
the VBN of sausages among all treatments during the storage period (4 weeks), TBARS 
during storage was significantly lower in the natural extract treatments. Among the sensory 
characteristic evaluations, the overall acceptance scores were significantly higher for P. 
guajava, E. cava, and Paeonia japonica (Makino) Miyabe & Takeda extracts than for the 
grapefruit seed extract. Altogether, the extraction yield of P. guajava, E. cava, and Paeonia 
japonica (Makino) Miyabe & Takeda extracts was improved by about 32.53%, and almost the 
same effect was confirmed in the sausage application test.
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INTRODUCTION
The shelf life of meat products is greatly influenced by microbial spoilage and lipid peroxidation [1]. 
Several food additives are added during meat processing to extend the shelf life of meat, preserve 
flavor, and improve qualities such as taste and appearance [2]. In addition, these additives prevent 
the oxidation of unsaturated fatty acids and high concentrations of proteins following their exposure 
to light during storage [3,4]. Synthetic additives are popular due to their cost-effectiveness, stability, 
and efficiency [5]. Chemical preservatives and antioxidants, such as butylated hydroxytoluene (BHT) 
and butylated hydroxyanisole (BHA), are used to reduce lipid oxidation and enhance antibacterial 
activity, thus extending shelf life [6]. However, the carcinogenic and teratogenic potential of certain 
chemical preservatives has led to regulatory restrictions. Thus, multiple studies are in progress to 
reduce the application of synthetic additives; however, the search for innovative materials is still 
limited.

Grapefruit seed extract is a representative natural preservative used in meat products [7]. 
According to Reagor et al. [8], grapefruit seed extract has demonstrated substantial antibacterial 
activity against foodborne pathogens in several food products. Although grapefruit seed extract has 
been widely used, toxicity has been detected, indicating the need for alternative natural extracts. 
Thus, efforts are being made to identify materials with different antioxidant and antibacterial 
properties from other natural products.

Fruits and vegetables, rich in antioxidant phytonutrients, are increasingly utilized to prevent 
lipid oxidation and prolong shelf life [9]. Ecklonia cava, a brown alga, is known for its antioxidant, 
anticancer, and antihypertensive properties due to carotenoids, fucoidans, and phlorotannins 
[10]. Psidium guajava, common in subtropical regions, contains leaves with higher antioxidant 
activity than its fruits. In addition, it has compounds such as terpenoids, flavonoids, tannins, and 
quercetin [11,12]. Paeonia japonica, valued for its medicinal uses and functional food applications, 
exhibits significant antioxidant and antibacterial activities. Previous research on natural materials 
such as E. cava, P. guajava, and Paeonia japonica has already revealed the optimal mixing ratio of 
extracts applicable to meat products [4]. However, the yield of the extract is still poor and thus the 
economic feasibility is not high, warranting more studies to improve the yield and develop natural 
preservatives with excellent antioxidant and antibacterial properties.

Therefore, we developed a natural extract mixture that can be used universally by improving the 
yield of extracts from P. guajava, E. cava, and Paeonia japonica. In addition, in order to confirm the 
applicability of natural extracts as preservatives for meat products, we conducted experiments using 
a sausage model, which has been used as a natural preservative experimental model in many studies 
[4,5]. Thus, we investigated the potential of the mixture.

MATERIALS AND METHODS
Part 1. Effect of natural extract mixtures
Preparation of extracts and ultrasonic extraction
P. guajava and E. cava (Yeongcheon, Korea) and Paeonia japonica (Makino) Miyabe & Takeda 
( Jechon, Korea) were purchased from a local market. For ethanol extraction, the sample was ground 
using a grinder (CGoldenwall), and the sample and ethanol of each concentration (20%, 40%, 60%, 
and 80%) were mixed well at a ratio of 1:10 (v/v), and the extraction was performed by stirring at 
120 rpm for 24 h. After extraction, the supernatants were obtained using centrifugation (1500×g, 
10 min) and filtered using Whatman filter paper. Finally, the solvents were removed using a rotary-
vacuum evaporator (EYELA N-3000, Shanghai Eyela) and lyophilized. For ultrasonic extraction, 
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the sample was mixed with ethanol and extracted using MX sonic (MX-12S2, Mirae Ultrasonic). 
The extraction conditions are as follows: 1,080 W, 80% amplitude, 20 kHz, and 30℃. After 24 h 
extraction, the supernatants were centrifuged, filtered, evaporated, and lyophilized as previously 
mentioned. Additionally, through preliminary research [4], a study on the production of a mixture 
of three natural products was conducted, and the optimal combination ratio was successfully found 
(P. guajava:E. cava:Paeonia japonica = 39.68:58.40:1.92). In this study, ultrasonic extraction of the 
extract produced with this mixture ratio was also conducted under the same conditions as above.

Total polyphenol compound contents of extracts
The total polyphenol compound contents of ethanol extracts were determined using the Folin-
Ciocalteu method [13]. The Folin-Ciocalteu reagent was added to the extract, and 2% sodium 
carbonate was mixed with the extract. After incubation for 2 h, the absorbance was measured at 760 
nm. The results of total polyphenol content were calculated according to the standard curve using 
gallic acid.

Bacterial strains and growth conditions
Three bacteria (Salmonella spp., gram-negative; Escherichia coli, gram-negative; Listeria monocytogenes, 
gram-positive) associated with foodborne illness from meat products were selected. Five strains 
each of Salmonella spp. (Enteritidis NCCP 14645, Typhimurium NCCP 12219, Typhimurium 
NCCP 16207, Montevideo NCCP 10140, and Kentucky NCCP 11686) and Escherichia coli 
(NCCP 13717, NCCP 13718, NCCP 13719, NCCP 13720, and NCCP 13721) were used. Before 
conducting the experiment, aliquots of approximately 100 μL of the frozen culture were activated 
in 10 mL of TSB (Becton Dickinson) and incubated at 37℃ for 24 h. Next, the bacterial cultures 
were subcultured under the same conditions. The cultures were centrifuged (1,912×g, 15 min) and 
washed twice with 0.85% sterile saline (Cleancer, JW Pharmaceutical). L. monocytogenes strains 
(NCCP 10920, NCCP 10943, ATCC 13932, ATCC 51774, and ATCC BAA 839) were activated 
in 10 mL of TSB containing 0.6% yeast extract (TSBYE) and incubated at 30℃ for 24 h. The 
subsequent experiment method was the same as above. A mixture of the same strains was used as 
inoculum for experiments.

Evaluating antimicrobial activity of natural extracts 
The minimum inhibitory concentration (MIC), defined as the lowest concentration of plant 
extracts with no visible growth, was determined using the serial dilution method. Samples were 
two-fold serially diluted, and 90 μL aliquots of each sample were placed in individual wells of a 
96-well microplate. The samples were diluted using TSB for Escherichia coli and Salmonella spp., 
and TSBYE for L. monocytogenes. The wells were filled to a total volume of 100 μL, including the 
inoculum, to obtain a final concentration in the well of approximately 6 to 7 log colony-forming 
units (CFU)/mL. Next, microbial growth was assessed by measuring the turbidity of each well 
at 600 nm using a microplate reader (BioTek) after incubation for 24 h at 37℃ (TSB) or 30℃ 
(TSBYE).

The minimum bactericidal concentrations (MBC) of plant extracts were determined based 
on bacterial growth by streaking the samples on agar plates. Samples from 96-well microplates, 
which had completed turbidity measurements from the MIC experiment, were used for the MBC 
experiment. Samples were collected from the microplate wells and streaked on tryptic soy agar (TSA) 
or TSA containing 0.6% yeast extract (TSAYE) and incubated at 37℃ or 30℃, respectively, for 24 h. 
The lowest concentration in the plate with no growth was considered the MBC.
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Part 2. Experiment with sausages during storage
Preparation of sausages
Pork ham muscles and pork back fat were ground using a chopper equipped with a 3 mm plate. The 
ground pork was homogenized using a silent cutter, with salt (1.5%) and phosphate (0.3%) added. 
Sausage batter was prepared by combining the ground pork ham (50%), pork back fat (25%), and 
ice water (25%). Natural extracts, which were differently extracted mixtures of P. guajava, E. cava, 
and Paeonia japonica, blended with the meat mixture using a silent cutter, after which the meat 
batter was encased in collagen casings (25 mm). Afterward, the sausages were heated at 85℃ for 30 
min in a smoke chamber (MAXi3501 Chamber, Kerres). Each sausage portion was vacuum-sealed 
and secondary sterilization at 85℃ for 15 min in a water bath. Then, it was rapidly cooled using 
iced water and set aside at 4℃ during 4 weeks for storage analysis. The sausages were formulated 
as described according to Woo et al. [4]. The mixing ratio of natural preservatives for sausages was 
as follows: T0: no preservatives, T1: 0.2% sorbic acid, T2: 0.5% grapefruit seed extract, T3: 0.5% 
natural extract, T4: 0.5% sonicated natural extract.

Microbial counts 
Microbiological analysis was conducted at 0, 1, 2, 3, and 4 weeks during storage at 4℃. Samples 
were suspended in sterile saline (0.85%) and homogenized in a stomacher (MiniMix® 100, 
Interscience) for 1 min. Aliquots were serially diluted and 1 mL of each dilution was placed on 
3M Petrifilm plates (3M) for total plate counts, coliforms, and Escherichia coli. The total plate count 
plates were incubated for 24 to 48 h at 37℃. Coliform and Escherichia coli plates were incubated for 
24 h at 37℃. Colonies were counted and results are expressed as Log CFU/g of the sample.

pH
A homogenate was prepared with 5 g of sausage and 20 mL of distilled water. The pH was 
measured using a pH meter (Mettler-Toledo GmbH).

Color
CIE L* (lightness), a* (redness), and b* (yellowness) values were measured using a CR-410 
colorimeter (Minolta). The colorimeter was calibrated with a white plate (Illuminate C Observer 2°).

Thiobarbituric acid reactive substances
Sausage samples (10 g) were blended with 50 mL of distilled water and 200 µL of 0.3% BHT 
at 10,000 rpm for 60 s. The mixture was combined with 47.5 mL of distilled water, 2.5 mL of 
4 N HCl, and 1 mL of antifoam agent. The solution (5 mL) was mixed with 5 mL of 0.02 M 
2-thiobarbituric acid in a test tube. The samples were heated in a water bath at 100℃ for 30 min. 
The absorbance was measured at 538 nm using an ultraviolet/visible (UV/Vis) spectrophotometer. 
TBARS values, indicating malonaldehyde content, were calculated as mg per kg of meat.

Volatile basic nitrogen
The volatile basic nitrogen (VBN) content was determined using the micro diffusion method 
described by Pearson [14]. To begin, 5 g of the sample was homogenized with 20 mL of distilled 
water. The homogenate was filtered using Whatman No. 1 filter paper. From this filtrate, 1 mL 
was mixed with 1 mL of potassium carbonate solution in the outer section of the VBN cell. 
Concurrently, 1 mL of 0.01 M boric acid and 50 µL of a mixed indicator solution (consisting of 
0.066% methyl red in ethanol and 0.066% bromocresol green in ethanol in a 1:1 ratio) were placed 
in the inner section. The setup was incubated at 37℃ for 90 min. Following incubation, the solution 
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in the inner section was titrated with 0.02 M sulfuric acid.

Sensory evaluation
Forty-eight adults from the Korea Food Research Institute (KFRI, Wanju, Korea) were selected for 
the study. The panelists, aged 20 to 50 years (28 women and 20 men), evaluated the samples. The 
evaluation method was followed from the previous study [4]. The overall sausage samples were rated 
on a 9-point hedonic scale (from 1 point = “extremely dislike” to 9 point = “extremely like”) and other 
sensory properties were assessed using the RATA (Rate-All-That-Apply) method (3-point scale). This 
study received approval from the Institutional Review Board of KFRI (KFRI-2024-03-001). 

Statistical analyses
The quantified results are expressed as means ± SD. One-way and two-way analyses of variance 
were performed for statistical analyses using the IBM SPSS statistical software (SPSS ver. 
20.0, IBM). The significance of variations among the mean values was assessed using Duncan’s 
multiple range test, with a confidence level of p < 0.05. An independent sample t-test (p < 0.05) 
was performed to determine significant differences in the sensory preference scores. A principal 
component analysis (PCA) biplot was constructed using the SIMCA 17 software (Umetrics).

RESULTS AND DISCUSSION
Part 1. Effect of natural extract mixtures
Yields and total polyphenol compound content of natural extracts
The extraction yields are presented in Table 1. The extraction was performed according to ethanol 
concentrations using three natural materials (P. guajava, E. cava, and Paeonia japonica), and yields 
were compared by performing hydrothermal extraction as a control. First, in the case of E. cava, 
among the ethanol extracts, the 80% extract displayed the highest yield of 37.50% (p < 0.05), 
whereas the yield of the hydrothermal extract was 52.00%, which was the highest yield compared 
to the ethanol extract (p < 0.05). Second, in the case of P. guajava, the extraction yield decreased 
with an increase in ethanol concentration, and hydrothermal extraction resulted in a yield of 
37.00%. Lastly, in the case of Paeonia japonica, 40% extract exhibited the highest yield at 12.07% 
in ethanol extract (p < 0.05). The hydrothermal extract resulted in a high yield of 55.10%, similar 
to the previous E. cava and P. guajava extracts. Thus, the overall extraction yield was higher in 
hydrothermal extraction than in ethanol extraction. The dry yield is higher in water extraction than 
in solvent extraction, and the effect is greater in hydrothermal extraction than in water extraction 
[15,16]. However, the extracted content of bioactive compounds is higher in solvent extraction than 
in hot water extraction. Chakma et al. [17] reported that when extracting from stevia leaf, water 
extract exhibited a higher extraction yield than ethanol extract. In contrast, in the case of phenolic 
contents and flavonoid contents, the ethanol extract demonstrated significantly higher contents. 
This high bioactive compound content exerted a positive effect on antioxidant and antibacterial 
activity [17]. 

Therefore, we additionally performed ultrasonic extraction to increase the extraction yield while 
increasing the content of bioactive compounds through ethanol extraction. Ultrasonic extraction 
is an eco-friendly extraction method based on the cavitation effect; it can improve the extraction 
yield and dramatically reduce extraction time and amount of solvent [18]. We have previously 
confirmed that the 50% ethanol extract exhibited excellent antibacterial activity [4]. Therefore, in 
this study, among the 40% and 60% ethanol extracts, the 40% ethanol extract, which had a relatively 
high yield, was selected and ultrasonic extraction was performed. Thus, the extraction yield of all 
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three natural materials increased when ultrasonic extraction was performed. Compared to the 40% 
ethanol extract, the ultrasonic extraction extract displayed an increase of 182.0% in the yield in E. 
cava, 56.8% in P. guajava, and 235.0% in Paeonia japonica. Ultrasonic extraction is known to induce 
expansion and compression of the matrix due to the cavitation effect, which increases the extraction 
yield by increasing the permeabilization of the desired compound of the cell wall [19].

To mix three types of natural materials and use them as a natural preservative, an extract was 
prepared using a previously set mixing ratio (P. guajava:E. cava:Paeonia japonica = 39.68:58.40:1.92) 
[4], and the effect of increasing yield due to ultrasonic extraction was confirmed (Table 1). The 40% 
ethanol extraction yield of the three types of mixture was confirmed to be 19.13%, and ultrasonic 
extraction confirmed the increased yield by 70.04% to 32.53%. Similar to individual extraction, the 
effect of increasing yield due to ultrasonic extraction was confirmed in the three mixtures.

Next, the polyphenol compound content of each extract was analyzed using the Folin-Ciocalteu 
reagent, and the results are shown in Table 1. The ethanol extract had a higher polyphenol content 
than the hydrothermal extract in three types of natural materials (P. guajava, E. cava, and Paeonia 
japonica). This result is consistent with that reported in previous studies indicating that solvent 
extraction is more advantageous than hydrothermal extraction in extracting bioactive compounds 
[17]. Overall, the P. guajava extract had the highest polyphenol content, whereas the Paeonia 
japonica extract had the lowest content. Ultrasonic extraction significantly enhanced the polyphenol 
content in the E. cava extract, with no significant difference in the P. guajava extract, and it 

Table 1. Yields and total polyphenol compound content of natural extracts

Natural plant Method Yields (%) Total polyphenol compound 
(GAE mg/μg)

A: Psidium guajava L. HE 37.00 ± 3.00b 17.87 ± 0.47d

20E 35.00 ± 4.58b 21.54 ± 0.39c

40E 32.50 ± 1.91bc 23.66 ± 0.20b

60E 29.25 ± 2.63cd 24.88 ± 0.45a

80E 24.50 ± 3.70d 23.91 ± 0.36b

40EU 49.25 ± 3.50a 23.41 ± 0.92b

B: Ecklonia cava HE 52.00 ± 1.73b 9.20 ± 0.23f

20E 25.67 ± 2.52d 15.21 ± 0.51b

40E 21.50 ± 2.12e 14.19 ± 0.23e

60E 14.00 ± 1.00f 17.06 ± 0.29b

80E 37.50 ± 0.71c 18.01 ± 0.41a

40EU 57.33 ± 2.08a 16.21 ± 0.10c

C: Paeonia japonica HE 55.10 ± 0.42a 1.56 ± 0.08d

20E 10.47 ± 0.46d 3.95 ± 0.10c

40E 12.07 ± 0.23c 7.49 ± 0.20b

60E 8.73 ± 0.58e 7.58 ± 0.10b

80E 6.53 ± 0.23f 8.39 ± 0.05a

40EU 40.40 ± 0.72b 3.56 ± 0.05c

A+B+C 40E 19.13 ± 1.28 -

40EU 32.53 ± 1.17*** -
Average value measured through actual three repeated experiments. 
a–fMeans within a column with different letters are significantly different (p < 0.05) according to Duncan’s test.
***Means significant difference between 40E and 40EU in A + B + C (p < 0.001).
HE, hydrothermal extracts; 20E, 20% ethanol extracts; 40E, 40% ethanol extracts; 60E, 60% ethanol extracts; 80E, 80% ethanol 
extracts; 40EU, 40% ethanol extraction followed by ultrasound-assisted extraction. 
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significantly decreased the polyphenol content in the Paeonia japonica extract. This is attributed to 
the differences in the natural materials used.

Antimicrobial effect of natural extracts
Methanol, ethanol, and acetone are commonly used to extract bioactive compounds from plant 
materials, either alone or mixed with water, depending on the intended use of the extract. In 
this study, ethanol and water, which are relatively safe for human consumption, were selected as 
extraction solvents instead of organic solvents, such as acetone or methanol, which are often used in 
extracts. Table 2 compares the antimicrobial activity of ethanol (four different concentrations; 20%, 
40%, 60%, and 80%) and hydrothermal extracts dissolved in water to identify the optimal extraction 
concentration. The three selected plants (P. guajava L., E. cava, and Paeonia japonica) demonstrated 
inhibitory activity against both gram-negative and gram-positive bacteria at all levels of ethanol. 
In addition, ethanol extracts exhibited similar to or stronger antimicrobial activity compared to 
hydrothermal extracts. The antimicrobial activity of these plant extracts varied slightly depending on 
the concentration of ethanol used for extraction.

Among all plants tested in the study, P. guajava L. extracted with ethanol had a measured MIC 
range of 0.13 to 1.00 and an MBC range of 0.50 to 2.00 against the three bacteria. A previous 
study by Sanches et al. [20] reported that when P. guajava L. leaves were extracted with 50 to 90% 
ethanol, the flavonoid mixture in the extract was effective in inhibiting the growth of bacteria [20]. 
In this study, P. guajava L. was extracted with a wider range of ethanol concentrations to determine 
its antimicrobial activity against three different bacteria, with the 20% ethanol extract displaying 
an antimicrobial activity against all bacteria at the lowest concentration. For E. cava, the ethanol 

Table 2. MIC and MBC of natural extracts against foodborne pathogens
Bacteria Escherichia coli Salmonella spp. Listeria monocytogenes

Natural plant Method MIC (%) MBC (%) MIC (%) MBC (%) MIC (%) MBC (%)
A: Psidium guajava L. HE 1.25 5.00 0.31 0.31 2.50 10.00

20E 0.50 0.50 0.25 0.25 1.00 1.00

40E 0.50 0.50 0.25 0.25 1.00 1.00

60E 0.50 1.00 0.25 0.25 1.00 1.00

80E 1.00 1.00 0.25 0.25 1.00 2.00

40EU 1.00 1.00 0.25 0.25 1.00 1.00

B: Ecklonia cava HE 0.25 0.25 0.25 0.50 0.50 16.00

20E 0.25 0.25 0.25 0.25 0.25 2.00

40E 0.25 0.25 0.25 0.25 0.25 2.00

60E 0.25 0.25 0.25 0.25 0.25 1.00

80E 0.13 0.25 0.13 0.25 0.25 1.00

40EU 0.13 0.25 0.25 0.25 0.50 1.00

C: Paeonia japonica HE 8.00 8.00 8.00 16.00 16.00 16.00

20E 1.00 2.00 1.00 4.00 8.00 8.00

40E 0.50 2.00 0.50 2.00 8.00 8.00

60E 0.50 2.00 0.50 4.00 8.00 8.00

80E 0.50 2.00 1.00 4.00 8.00 8.00

40EU 1.00 4.00 2.00 4.00 8.00 8.00
Average value measured through actual three repeated experiments. 
MIC, minimum inhibitory concentration; MBC, minimum bactericidal concentration. HE, hydrothermal extracts; 20E, 20% ethanol extracts; 40E, 40% ethanol extracts; 60E, 60% 
ethanol extracts; 80E, 80% ethanol extracts; 40EU, 40% ethanol extraction followed by ultrasound-assisted extraction.
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extract displayed inhibitory activity at lower concentrations against gram-negative bacteria than 
gram-positive bacteria, with MBC values of 1.00 to 2.00 for gram-positive bacteria and 0.25 to 0.50 
for gram-negative bacteria. Differences in the active ingredients of E. cava in the extract that occur 
depending on ethanol concentration may result in differences in antibacterial effects against gram-
negative and gram-positive bacteria [21]. Eckol from E. cava extract exerts an antibacterial effect 
on both gram-positive and gram-negative bacteria, whereas the tannins, phenols, and flavonoids 
are particularly effective in inhibiting the growth of Listeria [21,22]. These results demonstrated 
that E. cava was effective in inhibiting the activity of all bacteria at the lowest concentration in 
the 80% ethanol extract. Compared to the other plants used in the study, the ethanol extract of 
Paeonia japonica exhibited an antimicrobial activity at relatively high concentrations. Similar to E. 
cava, the inhibitory effect was more active against gram-negative bacteria, with the highest effect 
against Escherichia coli. This is consistent with reports that the ethanol extract of Paeonia japonica 
had the strongest antibacterial effect against Escherichia coli [6]. The Paeonia japonica ethanol extract 
displayed an MBC value of 8.00 against gram-positive bacteria and 2.00 to 4.00 against gram-
negative bacteria. Therefore, the lowest concentration of 40% ethanol extract of the plant exhibited 
an antimicrobial activity against all bacteria. The concentration of ethanol showing optimal 
antibacterial activity varies depending on the type of plant extract. The ethanol concentration 
suitable for the maximum recovery of the effective bioactive components of each plant could vary. 
Previous studies have reported that a combination of P. guajava L., E. cava, and Paeonia japonica 
extracts may have universal effectiveness in controlling different pathogens [4]. Combinations of 
multiple extracts can be applied to food at lower effective concentrations and minimize the damage 
to undesirable sensory characteristics of the food [23]. Therefore, when extracting a combination 
of three plant materials, it is considered suitable to use 40% ethanol based on Paeonia japonica, 
which has relatively low antibacterial activity. In the above study, the MBC values were set at 
concentrations at which microorganisms did not grow; thus, the variation in MBC values with 
ethanol concentration was insignificant. The 40% ethanol extract of P. guajava L. and E. cava had 
the same MBC value for gram-negative bacteria compared to the respective optimal concentrations 
(20% and 80%), but increased MBC values against gram-positive bacteria.

Table 3 compares the antimicrobial activity measurements of plants extracted by the optimized 
process. First, the method of extracting three types of plants individually with 40% ethanol and 
subsequently mixing them, and the method of mixing three types of plant raw materials in a certain 
ratio and extracting them with 40% ethanol, demonstrated the same MBC value. The method of 
mixing raw materials, followed by extracting them with ethanol can sufficiently recover ingredients 
useful for antibacterial effects. The optimized extraction process was 40% ethanol extraction, 
followed by ultrasound-assisted extraction. Ultrasonically assisted extraction is used to extract 
bioactive compounds from several food matrices and can be considered an efficient alternative to 

Table 3. MIC and MBC of mixture of natural extracts against foodborne pathogens
Bacteria Escherichia coli Salmonella spp. Listeria monocytogenes

Natural plant Method MIC (%) MBC (%) MIC (%) MBC (%) MIC (%) MBC (%)
A+B+C 40E 0.25 0.50 0.25 0.50 0.50 1.00

40EU 0.50 0.50 0.50 1.00 0.50 2.00

A40E+B40E+C40E 0.50 0.50 0.50 0.50 0.25 1.00
Average value measured through actual three repeated experiments.
A, Psidium guajava L; B, Ecklonia cava; C, Paeonia japonica; A+B+C, Sample of mixing three types of plant raw materials in a certain ratio; A40E+B40E+C40E, Sample of extracting 
three types of plants individually with 40% ethanol and then mixing them; MIC, minimum inhibitory concentration; MBC, minimum bactericidal concentration. 40E, 40% ethanol 
extracts; 40EU, the optimized process, 40% ethanol extraction followed by ultrasound-assisted extraction.
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conventional solvent extraction methods that can increase yields in a short time [24,25]. Single 
extracts of P. guajava L. and E. cava using the optimized process were effective in inhibiting the 
growth of gram-positive bacteria compared to conventional 40% ethanol extracts (same MIC 
values, reduced MBC values). However, the effect of the optimized process on Paeonia japonica was 
relatively small. Although ultrasonic extraction can increase yields, it has been reported to reduce the 
purity of active ingredients in certain plants [24]. A comparison of the antimicrobial effectiveness 
of samples extracted by the optimization process with samples extracted by 40% ethanol extraction 
using a mixture of the three plant materials in a certain ratio indicated the same MBC values for 
Escherichia coli for both extraction methods. However, the MBC values for Salmonella spp. and 
L. monocytogenes were more than twice as high when the optimized extraction method was used. 
Considering that the sample was diluted two-fold, the difference in the MBC values between 
Salmonella spp. and L. monocytogenes can be sufficiently considered. The results indicate that the 
optimization process increases the yield of the three plant extracts compared to the traditional direct 
solvent extraction method; however, the antibacterial effect is similar.

Part 2. Experiment with sausages during storage
Microbiological analysis
The total plate counts and coliforms in sausages using natural extracts during 4 weeks of storage 
are depicted in Table 4. According to Alirezalu et al. [5], bacteria are key spoilage microorganisms 
responsible for the deterioration of meat and meat products during storage. The specific species of 
bacteria that contaminate meat influence the spoilage characteristics of muscle foods stored under 
different environmental conditions [26]. However, total microbes, coliforms, and Escherichia coli 
were not detected during the storage period in the treatments using natural extracts, including 
sausage in natural preservative extract. Fu et al. [27] reported that combinations of different plant-
derived compounds could exhibit additive, synergistic, or antagonistic effects, depending on the 
microorganism type. Woo et al. [4] also reported that the use of natural preservatives, consisting of 
mixed extracts from E. cava, P. guajava, and Paeonia japonica (Makino) Miyabe & Takeda, exhibited 
effective antibacterial activity, which is consistent with our findings. T3 and T4, which used natural 
extracts, showed the same antimicrobial activity in stored sausages despite a difference in extraction 
yield of about 1.5 times. Consequently, the extraction yield does not seem to have a significant effect 

Table 4. Microbial counts of sausages using natural extract during storage periods (Log CFU/g)
Storage
period

(weeks)
T0 T1 T2 T3 T4

Total plate counts 0 ND ND ND ND ND

1 ND ND ND ND ND

2 ND ND ND ND ND

3 ND ND ND ND ND

4 ND ND ND ND ND

Coliform / Escherichia coli 0 ND ND ND ND ND

1 ND ND ND ND ND

2 ND ND ND ND ND

3 ND ND ND ND ND

4 ND ND ND ND ND
T0, no additives; T1, 0.2% sorbic acid; T2, 0.5% grapefruit seed; T3, 0.5% natural preservative extracted using 40% ethanol; T4, 
0.5% natural preservative extracted using 40% ethanol and ultrasound treatment; ND, not detected.
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on antimicrobial activity, simplifying the considerations for setting optimal extraction conditions.

pH and color
The pH value of meat and meat products is a crucial factor as it can directly affect their quality, 
which is related to sensory properties [28]. The pH values of sausage with additives during storage at 
4℃ for 4 weeks are shown in Table 5. The additives increased the initial pH of the sausages, except 
grapefruit seed extract (T2), which induced a significant decrease in the pH of the sausage. The 
pH value of sausages at 0 week significantly decreased at the end of storage (p < 0.05), excluding 
T2 which did not significantly differ from 0 week to the end of storage. The sausages with natural 
preservatives extracted using 40% ethanol (T3) and with natural preservatives extracted using 40% 
ethanol and ultrasound treatment (T4) did not exhibit significant difference at week 0 and week 
4. The pH value of T2 was affected by grapefruit seed extract, which consists of several phenolic 
acids, including trans-ferulic acid and trans-2-hydroxycinnamic acid [29]. The natural extracts used 
in T3 and T4 could have similar phenolic compounds and flavonoid composition, considering the 
result of the pH and antimicrobial effects described above. The decreased pH during storage can be 
attributed to the oxidation of proteins and lipids in the sausages, as well as the growth of lactic acid 
bacteria and the accumulation of its metabolites [2,30]. Nevertheless, the reduction in pH values of 
all treatments for 4 weeks was less than 0.1, which was smaller than the difference between T2 and 
the other treatments at week 0. Thus, the use of grapefruit seed extract more strongly affected the 
pH of the sausage than the storage for 4 weeks. 

Table 5. pH and color of sausages added with natural extract during storage time

Traits Storage periods 
(weeks)

Treatments
T0 T1 T2 T3 T4

pH 0 6.33 ± 0.03cA 6.40 ± 0.02aA 6.18 ± 0.02d 6.36 ± 0.02bA 6.36 ± 0.03bcA

1 6.29 ± 0.02cB 6.36 ± 0.02aB 6.15 ± 0.02d 6.32 ± 0.02bB 6.33 ± 0.01abAB

2 6.29 ± 0.01cB 6.34 ± 0.01aB 6.18 ± 0.02d 6.30 ± 0.01bcB 6.32 ± 0.02bBC

3 6.31 ± 0.03bcAB 6.35 ± 0.02aB 6.16 ± 0.02d 6.32 ± 0.01abB 6.29 ± 0.01cD

4 6.28 ± 0.01cB 6.34 ± 0.02aB 6.17 ± 0.02d 6.32 ± 0.02abB 6.30 ± 0.01bcCD

CIE L* 0 73.04 ± 1.14aC 72.44 ± 1.56abC 71.66 ± 0.82b 66.90 ± 1.10cAB 63.23 ± 1.10d

1 74.17 ± 0.97aBC 74.51 ± 1.10aB 73.95 ± 1.02a 67.21 ± 1.12bAB 64.32 ± 0.47c

2 75.63 ± 3.87aAB 73.81 ± 0.56abBC 73.20 ± 1.12b 65.40 ± 1.39cC 62.95 ± 1.64d

3 74.61 ± 0.96aBC 73.12 ± 2.14bBC 73.78 ± 0.74ab 66.11 ± 1.07cBC 61.96 ± 0.92d

4 77.06 ± 2.00aA 77.69 ± 1.41aA 71.60 ± 5.48b 68.04 ± 1.97bA 61.67 ± 9.74c

CIE a* 0 4.62 ± 0.44abA 4.67 ± 0.40bA 4.55 ± 0.37aA 4.10 ± 0.15bA 3.38 ± 0.12cA

1 3.90 ± 0.32aB 3.71 ± 0.34bB 4.08 ± 0.24aBC 3.63 ± 0.20cB 2.95 ± 0.15dB

2 3.91 ± 0.2aB 3.57 ± 0.27bB 4.09 ± 0.38aBC 3.20 ± 0.19cCD 2.70 ± 0.17dC

3 3.62 ± 0.29bB 3.67 ± 0.52bB 4.26 ± 0.19aAB 3.14 ± 0.19cD 2.94 ± 0.14cB

4 3.91 ± 0.25aB 3.89 ± 0.31aB 3.75 ± 0.55aC 3.36 ± 0.14bC 2.79 ± 0.21cBC

CIE b* 0 9.64 ± 0.39bAB 9.26 ± 0.43bB 9.71 ± 0.30bC 13.25 ± 0.43aA 13.71 ± 0.69a

1 9.55 ± 0.57dAB 9.44 ± 0.42dB 10.31 ± 0.27cB 13.30 ± 0.29bA 14.32 ± 0.60a

2 9.89 ± 0.31cdA 9.43 ± 0.39dB 10.27 ± 0.40cB 13.08 ± 0.34bA 13.68 ± 0.76a

3 9.19 ± 0.50dB 9.31 ± 0.63dB 10.55 ± 0.28cAB 12.45 ± 0.41bB 13.65 ± 0.39a

4 9.77 ± 0.52dA 10.01 ± 0.39dA 10.90 ± 0.49cA 12.94 ± 0.40bA 13.71 ± 0.66a

A–D‌�Means within a column with different letters as upper case and a-dmeans within a row with different letters as lower case are significantly different (p < 0.05) according to Duncan’s test.
T0, no additives; T1, 0.2% sorbic acid; T2, 0.5% grapefruit seed; T3, 0.5% natural preservative extracted using 40% ethanol; T4, 0.5% natural preservative extracted using 40% 
ethanol and ultrasound treatment. 
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The color values of sausages during storage are depicted in Table 5. The addition of natural 
preservatives significantly decreased the L* and a* values and significantly increased the b* value (p 
< 0.05). The color difference in the sausage resulting from this natural additive was reinforced by 
ultrasonic extraction. The instrumental color value of meat is susceptible to color pigments in the 
added natural extracts [31]. Furthermore, color pigments, including carotenoids and chlorophyll, 
can be additionally extracted from plant sources by ultrasound treatment [32]. After 4 weeks, the 
L* value of the sausage without any preservative increased from the value at week 0, whereas, the L* 
values of sausages with natural preservatives at 4 weeks were not significantly different from those 
at week 0 (p > 0.05). The a* value of all sausages decreased for 4 weeks because of the oxidation 
of myoglobin and the formation of metmyoglobin during storage [5]. These color changes in the 
sausages can affect their sensorial acceptability. 

Volatile basic nitrogen
The VBN value of meat products increases due to protein degradation, which can occur by 
denaturation during processing and microbial activity during storage [33]. Its changes for 4 
weeks are presented in Fig. 1. No significant difference was noted between the VBN values of 
preservative-free and preservative-added sausages at week 0. Moreover, the VBN values of all 
treatments remained significantly unchanged from the initial value to the value at weeks 4 (p > 0.05). 
It can be attributed to the effective inhibition of endogenous enzymes and microbial growth during 
storage due to excessive cooking of sausage [34]. The VBN values of T3 and T4 at 4 weeks (5.88 
mg% and 6.16 mg%, respectively) were higher than the value of T0 (5.23 mg%). This could be 
influenced by the nitrogen in plant extracts, which can form ammonia and other volatile nitrogen 

Fig. 1. Volatile basic nitrogen (VBN) of sausages added with natural extract during storage time. T0, no 
additives; T1, 0.2% sorbic acid; T2, 0.5% grapefruit seed; T3, 0.5% natural preservative extracted using 40% 
ethanol; T4, 0.5% natural preservative extracted using 40% ethanol and ultrasound treatment.
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compounds. It has been previously reported that the mean nitrogen content in P. guajava leaf is 
1.92% [35] and the protein content of E. cava is 11.30% [36]. Nevertheless, the highest VBN value 
in this study was less than 10 mg%, ensuring the freshness of meat [34].

Thiobarbituric acid reactive substances
The TBARS values of sausages using natural extract and subsequently subjected to refrigerated 
storage for 0, 1, 2, 3, and 4 weeks are shown in Fig. 2. Storage duration greatly affects lipid oxidation 
in meat and meat products. The primary benefit of incorporating natural antioxidants in meat 
products is the reduced risk of rancidity. According to Woo et al. [4], lipids generate secondary 
oxidants such as aldehydes on oxidation. Malondialdehyde (MDA) is one such aldehyde that 
interacts with thiobarbituric acid. Consequently, the TBARS assay was utilized to measure lipid 
oxidation. Compared to the control and T1, all treatments containing natural extracts displayed 
lower TBARS values. Natural extract treatment groups T3 and T4 displayed lower TBARS levels 
than the T2 grapefruit seed extract. This suggests that the preservative synthesized from the natural 
extract we are studying has a higher content of antioxidants than the commercialized grapefruit 
seed extract preservative. Woo et al. [4] demonstrated that the optimal mixing ratio had an excellent 
antioxidant ability, and the same antioxidant effect was confirmed in the treatment that improved 
the extract yield. Kohsaka [37] suggested that consumers perceive rancidity in meat products at 
malondialdehyde levels of 0.5 mg/kg. Tarladgis et al. [38] found that trained panels considered 
TBA values of 0.5 to 1.0 mg/kg in cooked meat products to be acceptable during storage. Greene 
and Cumuze [39] reported that inexperienced panelists detected off-flavors at TBA values between 
0.6 and 2.0 mg/kg. In this study, the TBARS level was 0.2 mg/kg during refrigerated storage in the 

Fig. 2. Thiobarbituric acid reactive substances (TBARS) of sausages added with natural extract during 
storage time. T0, no additives; T1, 0.2% sorbic acid; T2, 0.5% grapefruit seed; T3, 0.5% natural preservative 
extracted using 40% ethanol; T4, 0.5% natural preservative extracted using 40% ethanol and ultrasound 
treatment.
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treatment group with natural extract added; therefore, no rancid odor was produced. Altogether, 
natural preservatives have better antioxidant ability than synthetic preservatives in sausages 
containing a large amount of fat.

Sensory evaluations 
A sensory evaluation was conducted to assess the impact of preservatives for sausage products on 
their flavor characteristics. Fig. 3 presents the sensory evaluation scores based on Table 6, including 
the average and standard deviation scores of sausage samples. T0 had the highest overall acceptance 
score, whereas T2 had the lowest score (Fig. 3A). The RATA scores showed that the sensory 
characteristics of each sausage were identified using a PCA biplot (Fig. 3B). The biplot explains 87% 
of the total variation, with PC1 (58% of the variance) and PC2 (29%). The goodness-of-fit of the 
PCA model was assessed using the R2 value (R2 = 0.876). The biplot provides graphic information 
on the relationships between variables. The relative positions of variables and observations, 

Fig. 3. Results of sensory evaluation. (A) overall acceptance scores for the sausages prepared with various 
preservative extraction and (B) principal component analysis (PCA) biplot based on rate-all-that-apply (RATA) 
intensities. Different represent statistical significant difference at p<0.05. The abbreviations for the sample 
names are as follows: T0, no additives; T1, 0.2% sorbic acid; T2, 0.5% grapefruit seed; T3, 0.5% natural 
preservative extracted using 40% ethanol; T4, 0.5% natural preservative extracted using 40% ethanol and 
ultrasound treatment.

Table 6. The results of sensory evaluation for the sausages prepared with various preservative extraction

Sample
Overall 
accep- 
tance

Appear- 
ance Odor Taste Mouthfeel

Brown- 
ness Meaty Pork Smoky Salti-

ness
Sour-
ness

Bitter-
ness

Savory/
Umami Meaty Juici- 

ness
Chewi-
ness

Tender-
ness

Mouth 
coating

T0 5.89 ±  
1.79a

1.02 ± 
 0.58b

1.72 ± 
0.90a

1.37 ± 
1.05a

1.28 ± 
1.04ab

1.72 ± 
1.02a

1.63 ± 
1.14a

0.41 ± 
0.68a

0.43 ± 
0.65c

1.59 ± 
1.04b

1.76 ±  
1.1ab

1.17 ± 
1.04bc

1.5 ±  
1.13ab

1.74 ± 
1.14ab

T1 5.40 ±  
1.91ab

1.06 ±  
0.63b

1.71 ± 
1.00a

1.35 ± 
1.05a

1.06 ± 
0.93b

1.58 ± 
1.03a

1.63 ± 
1.02a

0.52 ± 
0.85a

0.75 ± 
0.8bc

1.67 ± 
1.04b

2.08 ±  
1.18a

0.96 ±  
1.05c

1.63 ±  
1.23a

2.19 ±  
1.14a

T2 3.83 ±  
1.93c

1.06 ±  
0.65b

1.46 ± 
1.05a

1.48 ± 
1.13a

1.58 ± 
1.15a

1.40 ± 
1.20a

0.98 ± 
1.02b

0.42 ± 
0.71a

2.40 ± 
1.10a

1.08 ± 
0.98b

1.17 ±  
1.02c

1.04 ± 
1.09bc

0.79 ±  
0.94c

1.02 ±  
1.07c

T3 4.74 ±  
2.07b

2.72 ±  
0.51a

1.53 ± 
1.07a

1.30 ± 
1.07a

1.72 ± 
1.16a

1.83 ± 
1.00a

1.28 ± 
1.18ab

0.57 ± 
0.85a

1.00 ± 
1.01b

1.28 ± 
1.05ab

1.30 ± 
1.15bc

1.60 ± 
1.13ab

0.77 ±  
0.90c

1.53 ±  
1.15b

T4 4.75 ±  
1.97b

2.69 ±  
0.72a

1.6 ±  
1.01a

1.23 ± 
1.04a

1.71 ± 
1.03a

1.65 ± 
1.16a

1.50 ± 
1.09a

0.42 ± 
0.68a

0.71 ± 
0.90bc

1.44 ± 
1.01ab

1.75 ± 
1.19ab

1.71 ±  
1.23a

1.15 ±  
1.17bc

1.67 ±  
1.23b

T0, no additives; T1, 0.2% sorbic acid; T2, 0.5% grapefruit seed; T3, 0.5% natural preservative extracted using 40% ethanol; T4, 0.5% natural preservative extracted using 40% 
ethanol and ultrasound treatment. 
a-cmeans within a column with different letters are significantly different (p < 0.05) according to Duncan’s test.
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which are also plotted on the same diagram, can be interpreted [40]. In the score plot, the overall 
acceptance was located in the positive direction of T1. Variables, such as umami, mouthfeel, meat 
flavor, juice, and softness, were positioned in the same direction and in similar locations on the 
plot. Among the samples, T0, T1, and T4 were located in the same direction of overall acceptance, 
whereas T2 was in the opposite direction and positioned the farthest away. Strong smoke flavor, 
pork flavor, and bitterness may have a negative impact on the overall acceptance. T2, in particular, 
had a strong bitterness among the samples. Additive-free conditions resulted in a high score of 
overall acceptance. In contrast, preservatives should be added when selling the commercial product 
to avoid safety issues. Sorbic acid is commonly used as a preservative in sausages and received a 
high overall acceptance score in this study. However, as a chemical additive, it has raised health 
concerns among consumers [41]. A grapefruit seed extract, a natural additive, is generally used as 
a food preservative derived from natural sources in processed meat products [29,42]. In this study, 
however, it negatively affected the sensory characteristics of the pork sausage. Based on the results, 
considering both sensory characteristics and overall acceptance scores, T4 sample has the potential 
as a substitute for sorbic acid, instead of a grapefruit seed extract.

CONCLUSION
This study was conducted to improve the extraction yield of optimized extracts of P. guajava, E. 
cava, and Paeonia japonica (Makino) Miyabe & Takeda extracts, which have proven antibacterial 
effects. The extraction yield was able to be improved by 32.53% through ultrasonic extraction, and 
the storage properties were also improved in the sausage model. The sausage with no additives 
or with sorbic acid, which is a synthetic chemical additive, displayed high scores in sensory 
characteristics. However, an alternative is required due to consumer demands or safety reasons. As 
an alternative, the 0.5% natural preservative extracted using 40% ethanol and ultrasound treatment 
has been demonstrated to be superior to other substitutes, including a grapefruit seed extract 
and 0.5% natural preservative extracted using 40% ethanol treatment, in terms of quality and 
antimicrobial activity during storage.

REFERENCES
 
1.	 Munekata PES, Rocchetti G, Pateiro M, Lucini L, Domínguez R, Lorenzo JM. Addition of 

plant extracts to meat and meat products to extend shelf-life and health-promoting attributes: 
an overview. Curr Opin Food Sci. 2020;31:81-7. https://doi.org/10.1016/j.cofs.2020.03.003

2.	 Yu HH, Kim YJ, Park YJ, Shin DM, Choi YS, Lee NK, et al. Application of mixed natural 
preservatives to improve the quality of vacuum skin packaged beef during refrigerated storage. 
Meat Sci. 2020;169:108219. https://doi.org/10.1016/j.meatsci.2020.108219

3.	 Yong HI, Kim TK, Choi HD, Jung S, Choi YS. Technological strategy of clean label meat 
products. Food Life. 2020;1:13-20. https://doi.org/10.5851/fl.2020.e5

4.	 Woo SH, Park MK, Kang MC, Kim TK, Kim YJ, Shin DM, et al. Effects of natural extract 
mixtures on the quality characteristics of sausages during refrigerated storage. Food Sci Anim 
Resour. 2024;44:146-64. https://doi.org/10.5851/kosfa.2023.e66

5.	 Alirezalu K, Hesari J, Nemati Z, Munekata PES, Barba FJ, Lorenzo JM. Combined effect 
of natural antioxidants and antimicrobial compounds during refrigerated storage of nitrite-
free frankfurter-type sausage. Food Res Int. 2019;120:839-50. https://doi.org/10.1016/
j.foodres.2018.11.048

6.	 Lee MG, Khan MI, Seo HJ, Shin JH, Kim MY, Kim JD. In vivo and in vitro antimicrobial 



https://doi.org/10.5187/jast.2024.e109 https://www.ejast.org  |  287

Lee et al.

effects of natural antibiotics present in crude extracts of various medicinal plants. KSBB J. 
2017;32:22-8. https://doi.org/10.7841/ksbbj.2017.32.1.22

7.	 Kim T, Kim JH, Oh SW. Grapefruit seed extract as a natural food antimicrobial: a review. Food 
Bioprocess Technol. 2021;14:626-33. https://doi.org/10.1007/s11947-021-02610-5

8.	 Reagor L, Gusman J, McCoy L, Carino E, Heggers JP. The effectiveness of processed 
grapefruit-seed extract as an antibacterial agent: I. an in vitro agar assay. J Altern Complement 
Med. 2002;8:325-32. https://doi.org/10.1089/10755530260128014

9.	 Manessis G, Kalogianni AI, Lazou T, Moschovas M, Bossis I, Gelasakis AI. Plant-derived 
natural antioxidants in meat and meat products. Antioxidants. 2020;9:1215. https://doi.
org/10.3390/antiox9121215

10.	 Wijesinghe WAJP, Jeon YJ. Exploiting biological activities of brown seaweed Ecklonia cava for 
potential industrial applications: a review. Int J Food Sci Nutr. 2012;63:225-35. https://doi.org/
10.3109/09637486.2011.619965

11.	 Biswas B, Rogers K, McLaughlin F, Daniels D, Yadav A. Antimicrobial activities of leaf 
extracts of guava (Psidium guajava L.) on two gram-negative and gram-positive bacteria. Int J 
Microbiol. 2013;2013:746165. https://doi.org/10.1155/2013/746165

12.	 Lestari DA, Sulastri N, Rajebi O, Yuniarsih N. Potency of guava leaf extract (Psidium guajava L.) 
as a cosmetic formulation: a narrative literature review. Arch Clin Med Case Rep. 2022;3:285-
9. https://doi.org/10.37275/amcr.v3i3.211

13.	 Lee JH, Kim TK, Kang MC, Kim BK, Choi YS. Protective effects of edible insect protein 
extracts from Protaetia brevitarsis against H2O2-induced oxidative stress in mouse C2C12 
myoblast cells. Food Biosci. 2023;52:102396. https://doi.org/10.1016/j.fbio.2023.102396

14.	 Pearson D. Application of chemical methods for the assessments of beef quality. III.—
Methods related to fat spoilage. J Sci Food Agric. 1968;19:553-6. https://doi.org/10.1002/
jsfa.2740191001

15.	 Shin HY, Kim H, Jeong EJ, Kim JE, Lee KH, Bae YJ, et al. Bioactive compounds, anti-oxidant 
activities and anti-inflammatory activities of solvent extracts from Centella asiatica cultured in 
Chungju. Korean J Food Nutr. 2020;33:692-701. https://doi.org/10.9799/ksfan.2020.33.6.692

16.	 Wang WH, Li WL, Chen CY, Chang MY, Huang SL, Shih CH, et al. Antioxidant ability of 
Chenopodium formosanum extracted using an ethanol-ammonium sulfate two-phase system. 
Chem Biol Technol Agric. 2022;9:14. https://doi.org/10.1186/s40538-022-00283-6

17.	 Chakma A, Afrin F, Rasul MG, Maeda H, Yuan C, Shah AKMA. Effects of extraction 
techniques on antioxidant and antibacterial activity of stevia (Stevia rebaudiana Bertoni) leaf 
extracts. Food Chem Adv. 2023;3:100494. https://doi.org/10.1016/j.focha.2023.100494

18.	 Zhang M, Li Y, Shuai X, Qiao J, Wei C, Ma F, et al. Ultrasound-assisted extraction of phenolic 
compounds from macadamia (Macadamia integrifolia) green peel: purification, identification 
and antioxidant activities. LWT-Food Sci Technol. 2023;189:115552. https://doi.org/10.1016/
j.lwt.2023.115552

19.	 Iqbal A, Schulz P, Rizvi SSH. Valorization of bioactive compounds in fruit pomace from agro-
fruit industries: present insights and future challenges. Food Biosci. 2021;44:101384. https://
doi.org/10.1016/j.fbio.2021.101384

20.	 Sanches NR, Garcia Cortez DA, Schiavini MS, Nakamura CV, Dias Filho BP. An evaluation 
of antibacterial activities of Psidium guajava (L.). Braz Arch Biol Technol. 2005;48:429-36. 
https://doi.org/10.1590/S1516-89132005000300014

21.	 Silva A, Silva SA, Lourenço-Lopes C, Jimenez-Lopez C, Carpena M, Gullón P, et al. 
Antibacterial use of macroalgae compounds against foodborne pathogens. Antibiotics. 
2020;9:712. https://doi.org/10.3390/antibiotics9100712



Sausage with naturally derived preservatives

288  |  https://www.ejast.org https://doi.org/10.5187/jast.2024.e109

22.	 Choi JG, Kang OH, Brice OO, Lee YS, Chae HS, Oh YC, et al. Antibacterial activity 
of Ecklonia cava against methicillin-resistant Staphylococcus aureus and Salmonella spp. 
Foodborne Pathog Dis. 2010;7:435-41. https://doi.org/10.1089/fpd.2009.0434

23.	 Tiwari BK, Valdramidis VP, O’Donnell CP, Muthukumarappan K, Bourke P, Cullen 
PJ. Application of natural antimicrobials for food preservation. J Agric Food Chem. 
2009;57(14):5987-6000. https://doi.org/10.1021/jf900668n

24.	 Stanisavljević I, Stojičević S, Veličković D, Veljković V, Lazić M. Antioxidant and 
antimicrobial activities of Echinacea (Echinacea purpurea L.) extracts obtained by classical and 
ultrasound extraction. Chin J Chem Eng. 2009;17:478-83. https://doi.org/10.1016/S1004-
9541(08)60234-7

25.	 Ryu D, Koh E. Optimization of ultrasound-assisted extraction of anthocyanins and phenolic 
compounds from black soybeans (Glycine max L.). Food Anal Methods. 2019;12:1382-9. 
https://doi.org/10.1007/s12161-019-01462-2

26.	 Tajik H, Farhangfar A, Moradi M, Razavi Rohani SM. Effectiveness of clove essential oil and 
grape seed extract combination on microbial and lipid oxidation characteristics of raw buffalo 
patty during storage at abuse refrigeration temperature. J Food Process Preserv. 2012;38:31-8. 
https://doi.org/10.1111/j.1745-4549.2012.00736.X

27.	 Fu Y, Zu Y, Chen L, Shi X, Wang Z, Sun, S, et al. Antimicrobial activity of clove and 
rosemary essential oils alone and in combination. Phytother Res. 2007;21:989-94. https://doi.
org/10.1002/ptr.2179

28.	 Kim YJ, Kim TK, Yun HJ, Kim J, Cha JY, Lee JH, et al. Effects of grafted myofibrillar 
protein as a phosphate replacer in brined pork loin. Meat Sci. 2023;199:109142. https://doi.
org/10.1016/j.meatsci.2023.109142

29.	 Roy S, Zhang W, Biswas D, Ramakrishnan R, Rhim JW. Grapefruit seed extract-added 
functional films and coating for active packaging applications: a review. Molecules. 2023;28:730. 
https://doi.org/10.3390/molecules28020730

30.	 Jin SK, Choi JS, Kim GD. Effect of porcine plasma hydrolysate on physicochemical, 
antioxidant, and antimicrobial properties of emulsion-type pork sausage during cold storage. 
Meat Sci. 2021;171:108293. https://doi.org/10.1016/j.meatsci.2020.108293

31.	 Cunha LCM, Monteiro MLG, Lorenzo JM, Munekata PES, Muchenje V, de Carvalho FAL, 
et al. Natural antioxidants in processing and storage stability of sheep and goat meat products. 
Food Res Int. 2018;111:379-90. https://doi.org/10.1016/j.foodres.2018.05.041

32.	 Kumar G, Upadhyay S, Yadav DK, Malakar S, Dhurve P, Suri S. Application of ultrasound 
technology for extraction of color pigments from plant sources and their potential bio‐
functional properties: a review. J Food Process Eng. 2022;46:e14238. https://doi.org/10.1111/
jfpe.14238

33.	 Kim S, Kim G, Moon C, Ko K, Choi Y, Choe J, et al. Effects of aging methods and periods 
on quality characteristics of beef. Food Sci Anim Resour. 2022;42:953-67. https://doi.
org/10.5851/kosfa.2022.e63

34.	 Bekhit AEDA, Holman BWB, Giteru SG, Hopkins DL. Total volatile basic nitrogen (TVB-N) 
and its role in meat spoilage: a review. Trends Food Sci Technol. 2021;109:280-302. https://doi.
org/10.1016/j.tifs.2021.01.006

35.	 Singh S, Singh V. Nutritional status of soils and leaves of guava (Psidium guajava) orchards 
of Agra district, Uttar Pradesh. Ann Plant Soil Research 2022;24:355-9. https://doi.
org/10.47815/apsr.2022.10175

36.	 Choi Y, Hosseindoust A, Goel A, Lee S, Jha PK, Kwon IK, et al. Effects of Ecklonia cava as 
fucoidan-rich algae on growth performance, nutrient digestibility, intestinal morphology and 



https://doi.org/10.5187/jast.2024.e109 https://www.ejast.org  |  289

Lee et al.

caecal microflora in weanling pigs. Asian Australas J Anim Sci. 2017;30:64-70. https://doi.
org/10.5713/ajas.16.0102

37.	 Kohsaka K. Freshness preservation of food and measurement. Food Ind. 1975;18:105-11.
38.	 Tarladgis BG, Watts BM, Younathan MT, Dugan L Jr. A distillation method for the 

quantitative determination of malonaldehyde in rancid foods. J Am Oil Chem Soc. 1960;37: 
44-8. https://doi.org/10.1007/BF02630824

39.	 Greene BE, Cumuze TH. Relationship between TBA numbers and inexperienced panelists’ 
assessments of oxidized flavor in cooked beef. J Food Sci. 1982;47:52-4. https://doi.
org/10.1111/j.1365-2621.1982.tb11025.X

40.	 Jolliffe IT. Graphical representation of data using principal components. In: Jolliffe IT, editor. 
Principal component analysis. Springer; 2002. p. 78-110.

41.	 Geiker NRW, Bertram HC, Mejborn H, Dragsted LO, Kristensen L, Carrascal JR, et al. Meat 
and human health—current knowledge and research gaps. Foods 2021;10:556. https://doi.
org/10.3390/foods10071556

42.	 Yu HH, Chin YW, Paik HD. Application of natural preservatives for meat and meat products 
against food-borne pathogens and spoilage bacteria: a review. Foods. 2021;10:2418. https://doi.
org/10.3390/foods10102418


