
1 

TITLE PAGE  1 

- Journal of Animal Science and Technology - 2 
Upload this completed form to website with submission 3 

 4 
ARTICLE INFORMATION Fill in information in each box below 

Article Type Research article  

Article Title Impact of naturally derived preservatives in sausage during refrigerated 
storage  

Running Title (within 10 words) Sausage with naturally derived preservatives 

Author Jae Hoon Leea, Min Kyung Parka, Yea-Ji Kim, Tae-Kyung Kim, 

Ji Yoon Cha, Su-Kyung Ku, Seung-Hye Woo, Heeyoung Lee1, 

Jung-Min Sung, Min-Cheol Kang*, Yun-Sang Choi* 
Affiliation 1Food Processing Research Group, Korea Food Research Institute, 

Wanju, 55365, Republic of Korea 
2Food Standard Research Center, Korea Food Research Institute, 
Wanju 55365, Republic of Korea 

Special remarks – if authors have 
additional information to inform the 
editorial office 

aThese authors contributed equally to this work 

ORCID (All authors must have ORCID) 
https://orcid.org 

Jae-Hoon Lee (https://orcid.org/0000-0002-7440-6842) 

Min Kyuug Park (https://orcid.org/0000-0002-3619-9491) 
Yea-Ji Kim (https://orcid.org/0000-0003-0937-5100) 
Tae-Kyung Kim (https://orcid.org/0000-0002-6349-4314)  
Ji Yoon Cha (https://orcid.org/0000-0002-1694-4343) 
Su-Kyung Ku (https://orcid.org/0000-0002-9158-8254) 
Seoung-Hye Woo (https://orcid.org/0000-0002-6805-4553) 
Heeyoung Lee (https://orcid.org/0000-0001-6115-9179) 
Jung-Min Sung (https://orcid.org/0000-0003-1464-2648)  
Min-Cheol Kang (https://orcid.org/0000-0002-9658-9045) 
Yun-Sang Choi (https://orcid.org/0000-0001-8060-6237) 

Conflicts of interest  
List any present or potential conflict s of 
interest for all authors. 
(This field may be published.) 

The authors declare no potential conflict of interest. 

Acknowledgements 
State funding sources (grants, funding 
sources, equipment, and supplies). 
Include name and number of grant if 
available. 
(This field may be published.) 

This research was supported by the Main Research Program (E21200-
04) of the Korea Food Research Institute (KFRI) and funded by the 
Ministry of Science and ICT (Korea). This research was also partially 
supported by the Livestock Industrialization Technology Development 
Program (321079-3) of the Ministry of Agriculture, Food, and Rural 
Affairs (Republic of Korea). 

Author contributions 
(This field may be published.) 

Conceptualization: Lee JH, Park MK, Kim YJ, Kang MC, Choi YS. 
Data curation: Lee JH, Park MK, Kim YJ, Sung JM, Choi YS. 
Formal analysis: Lee JH, Park MK, Kim YJ, Kim TK, Cha JY, Ku SK, 
Woo SH, Kang MC, Lee H. 
Validation: Lee JH, Park MK, Sung JM, Choi YS. 
Investigation: Choi YS. 
Writing - original draft: Lee JH, Park MK, Kim YJ, Kim TK, Cha JY, Ku 
SK, Woo SH, Lee H, Sung JM, Kang MC, Choi YS.  
Writing - review & editing: Lee JH, Park MK, Kim YJ, Kim TK, Cha JY, 
Ku SK, Woo SH, Lee H, Sung JM, Kang MC, Choi YS. 

Ethics approval (IRB/IACUC) 
(This field may be published.) 

This manuscript does not require IRB/IACUC approval because there 
are no human and animal participants. 

 5 

ACCEPTED

https://orcid.org/0000-0002-7440-6842


2 

CORRESPONDING AUTHOR CONTACT INFORMATION  6 
For the corresponding author 
(responsible for correspondence, 
proofreading, and reprints) 

Fill in information in each box below 

First name, middle initial, last name Yun-Sang, Choi 

Email address – this is where your proofs 
will be sent 

kcys0517@kfri.re.kr 

Secondary Email address   

Postal address Research Group of Food Processing, Korea Food Research Institute, 
Wanju 55365, Korea 

Cell phone number  

Office phone number  82-63-219-9387 

Fax number 82-63-219-9076 

 7 
CORRESPONDING AUTHOR CONTACT INFORMATION  8 

For the corresponding author 
(responsible for correspondence, 
proofreading, and reprints) 

Fill in information in each box below 

First name, middle initial, last name Min-Cheol Kang 

Email address – this is where your 

proofs will be sent 

mckang@kfri.re.kr 

Secondary Email address   

Postal address Research Group of Food Processing, Korea Food Research Institute, 
Wanju 55365, Korea 

Cell phone number  

Office phone number  82-63-219-9457 

Fax number 82-63-219-9076 

 9 
 10 

11 

ACCEPTED



3 

Abstract 12 

In the present study, we developed a general-purpose preservative using natural extracts to reduce the residual 13 

toxicity and negative health effects of chemical preservatives. This study was conducted to improve the yield of 14 

optimized extracts of Psidium guajava, Ecklonia cava, and Paeonia japonica (Makino) Miyabe & Takeda 15 

extracts, which have already proven to exert antibacterial effects and verify their effectiveness in meat products. 16 

Ultrasonic extraction, a well-known eco-friendly extraction method, was performed to confirm the extraction 17 

yield, content of bioactive compounds in the extract, and antimicrobial activity and thus improve the extraction 18 

yield of the ethanol extract. In addition, ultrasound extraction was applied to sausages to confirm quality 19 

characteristics, including sensory evaluation. The extraction yield increased by 56.8% (P. guajava), 182.0% (E. 20 

cava), and 235.0% (P. japonica) compared to the ethanol obtained through ultrasonic extraction of three types of 21 

natural products. Furthermore, a 32.53% increase in the extraction yield for the mixture extract was obtained 22 

through ultrasonic extraction. The MIC and MBC results for foodborne pathogens to measure the antimicrobial 23 

activity demonstrated that extracts obtained through ultrasonic extraction exhibited increased antimicrobial 24 

activity against certain pathogens. Total plate counts, Coliform, and Escherichia coli were not detected in all 25 

treatments in the sausage storage experiment (28 days). Although no significant difference was noted in the VBN 26 

of sausages among all treatments during the storage period (28 days), TBARS during storage was significantly 27 

lower in the natural extract treatments. Among the sensory characteristic evaluations, the overall acceptance 28 

scores were significantly higher for P. guajava, E. cava, and P. japonica (Makino) Miyabe & Takeda extracts 29 

than for the grapefruit seed extract. Altogether, the extraction yield of P. guajava, E. cava, and P. japonica 30 

(Makino) Miyabe & Takeda extracts was improved by about 32.53%, and almost the same effect was confirmed 31 

in the sausage application test. 32 

 33 

Keywords: Preservative, natural extract, sausage, microorganism, antimicrobial activity, antioxidant 34 
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Introduction 38 

The shelf life of meat products is greatly influenced by microbial spoilage and lipid peroxidation [1]. Several food 39 

additives are added during meat processing to extend the shelf life of meat, preserve flavor, and improve qualities 40 

such as taste and appearance [2]. In addition, these additives prevent the oxidation of unsaturated fatty acids and 41 

high concentrations of proteins following their exposure to light during storage [3,4]. Synthetic additives are 42 

popular due to their cost-effectiveness, stability, and efficiency [5]. Chemical preservatives and antioxidants, such 43 

as butylated hydroxytoluene (BHT) and butylated hydroxyanisole (BHA), are used to reduce lipid oxidation and 44 

enhance antibacterial activity, thus extending shelf life [6]. However, the carcinogenic and teratogenic potential of 45 

certain chemical preservatives has led to regulatory restrictions. Thus, multiple studies are in progress to reduce 46 

the application of synthetic additives; however, the search for innovative materials is still limited. 47 

Grapefruit seed extract is a representative natural preservative used in meat products [7]. According to Reagor et 48 

al. [8], grapefruit seed extract has demonstrated substantial antibacterial activity against foodborne pathogens in 49 

several food products. Although grapefruit seed extract has been widely used, toxicity has been detected, indicating 50 

the need for alternative natural extracts. Thus, efforts are being made to identify materials with different antioxidant 51 

and antibacterial properties from other natural products. 52 

Fruits and vegetables, rich in antioxidant phytonutrients, are increasingly utilized to prevent lipid oxidation and 53 

prolong shelf life [9]. Ecklonia cava, a brown alga, is known for its antioxidant, anticancer, and antihypertensive 54 

properties due to carotenoids, fucoidans, and phlorotannins [10]. Psidium guajava, common in subtropical regions, 55 

contains leaves with higher antioxidant activity than its fruits. In addition, it has compounds such as terpenoids, 56 

flavonoids, tannins, and quercetin [11,12]. Paeonia japonica, valued for its medicinal uses and functional food 57 

applications, exhibits significant antioxidant and antibacterial activities. Previous research on natural materials 58 

such as E. cava, P. guajava, and P. japonica has already revealed the optimal mixing ratio of extracts applicable 59 

to meat products [4]. However, the yield of the extract is still poor and thus the economic feasibility is not high, 60 

warranting more studies to improve the yield and develop natural preservatives with excellent antioxidant and 61 

antibacterial properties. 62 

Therefore, we developed a natural extract mixture that can be used universally by improving the yield of extracts 63 

from P. guajava, E. cava, and P. japonica.  In addition, in order to confirm the applicability of natural extracts as 64 

preservatives for meat products, we conducted experiments using a sausage model, which has been used as a natural 65 

preservative experimental model in many studies [4,5]. Thus, we investigated the potential of the mixture. 66 
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 67 

Materials and Methods 68 

Part 1. Effect of natural extract mixtures 69 

Preparation of extracts and ultrasonic extraction 70 

P. guajava and E. cava (Yeongcheon, Korea) and P. japonica (Makino) Miyabe & Takeda (Jechon, Korea) were 71 

purchased from a local market.  72 

For ethanol extraction, the sample was ground using a grinder (Cgoldenwall, Zhejiang, China), and the sample and 73 

ethanol of each concentration (20%, 40%, 60%, and 80%) were mixed well at a ratio of 1:10 (v/v), and the 74 

extraction was performed by stirring at 120 rpm for 24 h. After extraction, the supernatants were obtained using 75 

centrifugation (1500×g, 10 min) and filtered using Whatman filter paper. Finally, the solvents were removed using 76 

a rotary–vacuum evaporator (EYELA N-3000, Shanghai, China) and lyophilized.  77 

For ultrasonic extraction, the sample was mixed with ethanol and extracted using MX sonic (MX-12S2, Mirae 78 

Ultrasonic Tech., Bucheon, Korea). The extraction conditions are as follows: 1080 W, 80% amplitude, 20 kHz, 79 

and 30℃. After 24 h extraction, the supernatants were centrifuged, filtered, evaporated, and lyophilized as 80 

previously mentioned. Additionally, through preliminary research [4], a study on the production of a mixture of 81 

three natural products was conducted, and the optimal combination ratio was successfully found (P. guajava:E. 82 

cava:P. japonica = 39.68:58.40:1.92). In this study, ultrasonic extraction of the extract produced with this mixture 83 

ratio was also conducted under the same conditions as above. 84 

 85 

Total polyphenol compound contents of extracts 86 

The total polyphenol compound contents of ethanol extracts were determined using the Folin–Ciocalteu method 87 

[13]. The Folin–Ciocalteu reagent was added to the extract, and 2% sodium carbonate was mixed with the extract. 88 

After incubation for 2 h, the absorbance was measured at 760 nm. The results of total polysaccharide content were 89 

calculated according to the standard curve using gallic acid. 90 

 91 

Bacterial strains and growth conditions 92 

Three bacteria (Salmonella spp., gram-negative; Escherichia coli, gram-negative; Listeria monocytogenes, 93 

gram-positive) associated with foodborne illness from meat products were selected. Five strains each of Salmonella 94 

spp. (Enteritidis NCCP 14645, Typhimurium NCCP 12219, Typhimurium NCCP 16207, Montevideo NCCP 10140, 95 
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and Kentucky NCCP 11686) and E. coli (NCCP 13717, NCCP 13718, NCCP 13719, NCCP 13720, and NCCP 96 

13721) were used. Before conducting the experiment, aliquots of approximately 100 μL of the frozen culture were 97 

activated in 10 mL of TSB (Becton, Dickinson and Company, Sparks, Philadelphia, PA, USA) and incubated at 98 

37°C for 24 h. Next, the bacterial cultures were subcultured under the same conditions. The cultures were 99 

centrifuged (1912 × g, 15 min) and washed twice with 0.85% sterile saline (Cleancer, JW Pharmaceutical, Dangjin, 100 

Republic of Korea). Listeria monocytogenes strains (NCCP 10920, NCCP 10943, ATCC 13932, ATCC 51774, 101 

and ATCC BAA 839) were activated in 10 mL of TSB containing 0.6% yeast extract (TSBYE) and incubated at 102 

30°C for 24 h. The subsequent experiment method was the same as above. A mixture of the same strains was used 103 

as inoculum for experiments. 104 

 105 

Evaluating antimicrobial activity of natural extracts  106 

The minimum inhibitory concentration (MIC), defined as the lowest concentration of plant extracts with no visible 107 

growth, was determined using the serial dilution method. Samples were two-fold serially diluted, and 90 μL 108 

aliquots of each sample were placed in individual wells of a 96-well microplate. The samples were diluted using 109 

TSB for E. coli and Salmonella spp., and TSBYE for L. monocytogenes. The wells were filled to a total volume of 110 

100 μL, including the inoculum, to obtain a final concentration in the well of approximately 6 to 7 log colony-111 

forming units (CFU)/mL. Next, microbial growth was assessed by measuring the turbidity of each well at 600 nm 112 

using a microplate reader (BioTek) after incubation for 24 h at 37°C (TSB) or 30°C (TSBYE). 113 

The minimum bactericidal concentrations (MBC) of plant extracts were determined based on bacterial growth by 114 

streaking the samples on agar plates. Samples from 96-well microplates, which had completed turbidity 115 

measurements from the MIC experiment, were used for the MBC experiment. Samples were collected from the 116 

microplate wells and streaked on tryptic soy agar (TSA) or TSA containing 0.6% yeast extract (TSAYE) and 117 

incubated at 37°C or 30°C, respectively, for 24 h. The lowest concentration in the plate with no growth was 118 

considered the MBC. 119 

 120 

Part 2. Experiment with sausages during storage 121 

Preparation of sausages 122 

Pork ham muscles and pork back fat were ground using a chopper equipped with a 3 mm plate. The ground pork 123 

was homogenized using a silent cutter, with salt (1.5%) and phosphate (0.3%) added. Sausage batter was prepared 124 
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by combining the ground pork ham (50%), pork back fat (25%), and ice water (25%). Natural extracts, which were 125 

differently extracted mixtures of P. guajava, E. cava, and P. japonica, blended with the meat mixture using a silent 126 

cutter, after which the meat batter was encased in collagen casings (25 mm). Afterward, the sausages were heated 127 

at 85°C for 30 min in a smoke chamber (MAXi3501 Chamber, Kerres, Postfach, Germany). Each sausage portion 128 

was vacuum-sealed and and secondary sterilization at 85°C for 15 min in a water bath. Then, it was rapidly cooled 129 

using iced water and set aside at 4°C during 28 days for storage analysis. The sausages were formulated as 130 

described according to Woo et al. [4]. The mixing ratio of natural preservatives for sausages was as follows: T0: 131 

no preservatives, T1: 0.2% sorbic acid, T2: 0.5% grapefruit seed extract, T3: 0.5% natural extract T4: 0.5% 132 

sonicated natural extract. 133 

 134 

Microbial counts  135 

Microbiological analysis was conducted at 1, 7, 14, 21, and 28 days during storage at 4°C. Samples were suspended 136 

in sterile saline (0.85%) and homogenized in a stomacher (MiniMix®  100, Interscience, St Nom, France) for 1 137 

min. Aliquots were serially diluted and 1 mL of each dilution was placed on 3M Petrifilm plates (3M, St. Paul, 138 

MN, USA) for total plate counts, coliforms, and E. coli. The total plate count plates were incubated for 24 to 48 h 139 

at 37°C. Coliform and E. coli plates were incubated for 24 h at 37°C. Colonies were counted and results are 140 

expressed as log CFU/g of the sample. 141 

 142 

pH 143 

A homogenate was prepared with 5 g of sausage and 20 mL of distilled water. The pH was measured using a pH 144 

meter (Mettler-Toledo GmbH, Schwerzenbach, Switzerland). 145 

 146 

Color 147 

CIE L* (lightness), a* (redness), and b* (yellowness) values were measured using a CR-410 colorimeter (Minolta 148 

Ltd., Tokyo, Japan). The colorimeter was calibrated with a white plate (Illuminate C Observer 2°). 149 

 150 

Thiobarbituric acid reactive substances (TBARS) 151 

Sausage samples (10 g) were blended with 50 mL of distilled water and 200 µL of 0.3% BHT at 10000 rpm for 60 152 

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. 153 
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The solution (5 mL) was mixed with 5 mL of 0.02 M 2-thiobarbituric acid in a test tube. The samples were heated 154 

in a water bath at 100°C for 30 min. The absorbance was measured at 538 nm using an ultraviolet/visible (UV/Vis) 155 

spectrophotometer. TBARS values, indicating malonaldehyde content, were calculated as mg per kg of meat. 156 

 157 

Volatile basic nitrogen (VBN) 158 

The VBN content was determined using the micro diffusion method described by Pearson [14]. To begin, 5 g of 159 

the sample was homogenized with 20 mL of distilled water. The homogenate was filtered using Whatman No. 1 160 

filter paper. From this filtrate, 1 mL was mixed with 1 mL of potassium carbonate solution in the outer section of 161 

the VBN cell. Concurrently, 1 mL of 0.01 M boric acid and 50 µL of a mixed indicator solution (consisting of 162 

0.066% methyl red in ethanol and 0.066% bromocresol green in ethanol in a 1:1 ratio) were placed in the inner 163 

section. The setup was incubated at 37°C for 90 min. Following incubation, the solution in the inner section was 164 

titrated with 0.02 M sulfuric acid. 165 

 166 

Sensory evaluation 167 

Forty-eight adults from the Korea Food Research Institute (KFRI, Wanju, Korea) were selected for the study. The 168 

panelists, aged 20 to 50 years (28 women and 20 men), evaluated the samples. The evaluation method was followed 169 

from the previous study [4]. The overall sausage samples were rated on a 9-point hedonic scale (from 1 point = 170 

“extremely dislike” to 9 point = “extremely like”) and other sensory properties were assessed using the RATA 171 

(Rate-All-That-Apply) method (3-point scale). This study received approval from the Institutional Review Board 172 

of KFRI (KFRI-2024-03-001).  173 

 174 

Statistical analyses 175 

The quantified results are expressed as means ±standard deviation. One-way and two-way analyses of variance 176 

were performed for statistical analyses using the IBM SPSS statistical software (SPSS Ver. 20.0, IBM, IL, USA). 177 

The significance of variations among the mean values was assessed using Duncan’s multiple range test, with a 178 

confidence level of p < 0.05. An independent sample t-test (p < 0.05) was performed to determine significant 179 

differences in the sensory preference scores. A principal component analysis (PCA) biplot was constructed using 180 

the SIMCA 17 software (Umetrics, Umea, Sweden). 181 

 182 
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Results and Discussion 183 

Part 1. Effect of natural extract mixtures 184 

Yields and total polyphenol compound content of natural extracts 185 

The extraction yields are presented in Table 1. The extraction was performed according to ethanol concentrations 186 

using three natural materials (P. guajava, E. cava, and P. japonica), and yields were compared by performing 187 

hydrothermal extraction as a control. First, in the case of E. cava, among the ethanol extracts, the 80% extract 188 

displayed the highest yield of 37.50% (p < 0.05), whereas the yield of the hydrothermal extract was 52.00%, which 189 

was the highest yield compared to the ethanol extract (p < 0.05). Second, in the case of P. guajava, the extraction 190 

yield decreased with an increase in ethanol concentration, and hydrothermal extraction resulted in a yield of 37.00%. 191 

Lastly, in the case of P. japonica, 40% extract exhibited the highest yield at 12.07% in ethanol extract (p < 0.05). 192 

The hydrothermal extract resulted in a high yield of 55.10%, similar to the previous E. cava and P. guajava extracts. 193 

Thus, the overall extraction yield was higher in hydrothermal extraction than in ethanol extraction. The dry yield 194 

is higher in water extraction than in solvent extraction, and the effect is greater in hydrothermal extraction than in 195 

water extraction [15,16]. However, the extracted content of bioactive compounds is higher in solvent extraction 196 

than in hot water extraction. Chakma et al. [17] reported that when extracting from stevia leaf, water extract 197 

exhibited a higher extraction yield than ethanol extract. In contrast, in the case of phenolic contents and flavonoid 198 

contents, the ethanol extract demonstrated significantly higher contents. This high bioactive compound content 199 

exerted a positive effect on antioxidant and antibacterial activity [17].  200 

Therefore, we additionally performed ultrasonic extraction to increase the extraction yield while increasing the 201 

content of bioactive compounds through ethanol extraction. Ultrasonic extraction is an eco-friendly extraction 202 

method based on the cavitation effect; it can improve the extraction yield and dramatically reduce extraction time 203 

and amount of solvent [18]. We have previously confirmed that the 50% ethanol extract exhibited excellent 204 

antibacterial activity [4]. Therefore, in this study, among the 40% and 60% ethanol extracts, the 40% ethanol extract, 205 

which had a relatively high yield, was selected and ultrasonic extraction was performed. Thus, the extraction yield 206 

of all three natural materials increased when ultrasonic extraction was performed. Compared to the 40% ethanol 207 

extract, the ultrasonic extraction extract displayed an increase of 182.0% in the yield in E. cava, 56.8% in P. 208 

guajava, and 235.0% in P. japonica. Ultrasonic extraction is known to induce expansion and compression of the 209 
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matrix due to the cavitation effect, which increases the extraction yield by increasing the permeabilization of the 210 

desired compound of the cell wall [19]. 211 

To mix three types of natural materials and use them as a natural preservative, an extract was prepared using a 212 

previously set mixing ratio (P. guajava:E. cava:P. japonica = 39.68:58.40:1.92) [4], and the effect of increasing 213 

yield due to ultrasonic extraction was confirmed (Table 1). The 40% ethanol extraction yield of the three types of 214 

mixture was confirmed to be 19.13%, and ultrasonic extraction confirmed the increased yield by 70.04% to 32.53%. 215 

Similar to individual extraction, the effect of increasing yield due to ultrasonic extraction was confirmed in the 216 

three mixtures. 217 

Next, the polyphenol compound content of each extract was analyzed using the Folin–Ciocalteu reagent, and the 218 

results are shown in Table 1. The ethanol extract had a higher polyphenol content than the hydrothermal extract in 219 

three types of natural materials (P. guajava, E. cava, and P. japonica). This result is consistent with that reported 220 

in previous studies indicating that solvent extraction is more advantageous than hydrothermal extraction in 221 

extracting bioactive compounds [17]. Overall, the P. guajava extract had the highest polyphenol content, whereas 222 

the P. japonica extract had the lowest content. Ultrasonic extraction significantly enhanced the polyphenol content 223 

in the E. cava extract, with no significant difference in the P. guajava extract, and it significantly decreased the 224 

polyphenol content in the P. japonica extract. This is attributed to the differences in the natural materials used. 225 

 226 

Antimicrobial effect of natural extracts 227 

Methanol, ethanol, and acetone are commonly used to extract bioactive compounds from plant materials, either 228 

alone or mixed with water, depending on the intended use of the extract. In this study, ethanol and water, which 229 

are relatively safe for human consumption, were selected as extraction solvents instead of organic solvents, such 230 

as acetone or methanol, which are often used in extracts. Table 2 compares the antimicrobial activity of ethanol 231 

(four different concentrations; 20%, 40%, 60%, and 80%) and hydrothermal extracts dissolved in water to identify 232 

the optimal extraction concentration. The three selected plants (P. guajava L., E. cava, and P. japonica) 233 

demonstrated inhibitory activity against both gram-negative and gram-positive bacteria at all levels of ethanol. In 234 

addition, ethanol extracts exhibited similar to or stronger antimicrobial activity compared to hydrothermal extracts. 235 

The antimicrobial activity of these plant extracts varied slightly depending on the concentration of ethanol used for 236 

extraction. 237 
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Among all plants tested in the study, P. guajava L. extracted with ethanol had a measured MIC range of 0.13 to 238 

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 239 

that when P. guajava L. leaves were extracted with 50 to 90% ethanol, the flavonoid mixture in the extract was 240 

effective in inhibiting the growth of bacteria [20]. In this study, P. guajava L. was extracted with a wider range of 241 

ethanol concentrations to determine its antimicrobial activity against three different bacteria, with the 20% ethanol 242 

extract displaying an antimicrobial activity against all bacteria at the lowest concentration. For E. cava, the ethanol 243 

extract displayed inhibitory activity at lower concentrations against gram-negative bacteria than gram-positive 244 

bacteria, with MBC values of 1.00 to 2.00 for gram-positive bacteria and 0.25 to 0.50 for gram-negative bacteria. 245 

Differences in the active ingredients of E. cava in the extract that occur depending on ethanol concentration may 246 

result in differences in antibacterial effects against gram-negative and gram-positive bacteria [21]. Eckol from E. 247 

cava extract exerts an antibacterial effect on both gram-positive and gram-negative bacteria, whereas the tannins, 248 

phenols, and flavonoids are particularly effective in inhibiting the growth of Listeria [21,22]. These results 249 

demonstrated that E. cava was effective in inhibiting the activity of all bacteria at the lowest concentration in the 250 

80% ethanol extract. Compared to the other plants used in the study, the ethanol extract of P. japonica exhibited 251 

an antimicrobial activity at relatively high concentrations. Similar to E. cava, the inhibitory effect was more active 252 

against gram-negative bacteria, with the highest effect against E. coli. This is consistent with reports that the ethanol 253 

extract of P. japonica had the strongest antibacterial effect against E. coli [6]. The P. japonica ethanol extract 254 

displayed an MBC value of 8.00 against gram-positive bacteria and 2.00 to 4.00 against gram-negative bacteria. 255 

Therefore, the lowest concentration of 40% ethanol extract of the plant exhibited an antimicrobial activity against 256 

all bacteria. The concentration of ethanol showing optimal antibacterial activity varies depending on the type of 257 

plant extract. The ethanol concentration suitable for the maximum recovery of the effective bioactive components 258 

of each plant could vary. Previous studies have reported that a combination of P. guajava L., E. cava, and P. 259 

japonica extracts may have universal effectiveness in controlling different pathogens [4]. Combinations of multiple 260 

extracts can be applied to food at lower effective concentrations and minimize the damage to undesirable sensory 261 

characteristics of the food [23]. Therefore, when extracting a combination of three plant materials, it is considered 262 

suitable to use 40% ethanol based on P. japonica, which has relatively low antibacterial activity. In the above study, 263 

the MBC values were set at concentrations at which microorganisms did not grow; thus, the variation in MBC 264 

values with ethanol concentration was insignificant. The 40% ethanol extract of P. guajava L. and E. cava had the 265 
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same MBC value for gram-negative bacteria compared to the respective optimal concentrations (20% and 80%), 266 

but increased MBC values against gram-positive bacteria. 267 

Table 3 compares the antimicrobial activity measurements of plants extracted by the optimized process. First, the 268 

method of extracting three types of plants individually with 40% ethanol and subsequently mixing them, and the 269 

method of mixing three types of plant raw materials in a certain ratio and extracting them with 40% ethanol, 270 

demonstrated the same MBC value. The method of mixing raw materials, followed by extracting them with ethanol 271 

can sufficiently recover ingredients useful for antibacterial effects. The optimized extraction process was 40% 272 

ethanol extraction, followed by ultrasound-assisted extraction. Ultrasonically assisted extraction is used to extract 273 

bioactive compounds from several food matrices and can be considered an efficient alternative to conventional 274 

solvent extraction methods that can increase yields in a short time [24,25]. Single extracts of P. guajava L. and E. 275 

cava using the optimized process were effective in inhibiting the growth of gram-positive bacteria compared to 276 

conventional 40% ethanol extracts (same MIC values, reduced MBC values). However, the effect of the optimized 277 

process on P. japonica was relatively small. Although ultrasonic extraction can increase yields, it has been reported 278 

to reduce the purity of active ingredients in certain plants [24]. A comparison of the antimicrobial effectiveness of 279 

samples extracted by the optimization process with samples extracted by 40% ethanol extraction using a mixture 280 

of the three plant materials in a certain ratio indicated the same MBC values for E. coli for both extraction methods. 281 

However, the MBC values for Salmonella spp. and L. monocytogenes were more than twice as high when the 282 

optimized extraction method was used. Considering that the sample was diluted two-fold, the difference in the 283 

MBC values between Salmonella spp. and L. monocytogenes can be sufficiently considered. The results indicate 284 

that the optimization process increases the yield of the three plant extracts compared to the traditional direct solvent 285 

extraction method; however, the antibacterial effect is similar. 286 

 287 

Part 2. Experiment with sausages during storage 288 

Microbiological analysis 289 

The total plate counts and coliforms in sausages using natural extracts during 28 days of storage are depicted in 290 

Table 4. The total plate counts and coliforms in sausages using natural extracts during 28 days of storage are 291 

depicted in Table 4. According to Alirezalu et al. [5], bacteria are key spoilage microorganisms responsible for the 292 

deterioration of meat and meat products during storage. The specific species of bacteria that contaminate meat 293 
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influence the spoilage characteristics of muscle foods stored under different environmental conditions [26]. 294 

However, total microbes, coliforms, and E. coli were not detected during the storage period in the treatments using 295 

natural extracts, including sausage in natural preservative extract. Fu et al. [27] reported that combinations of 296 

different plant-derived compounds could exhibit additive, synergistic, or antagonistic effects, depending on the 297 

microorganism type. Woo et al. [4] also reported that the use of natural preservatives, consisting of mixed extracts 298 

from E. cava, P. guajava, and P. japonica (Makino) Miyabe & Takeda, exhibited effective antibacterial activity, 299 

which is consistent with our findings. T3 and T4, which used natural extracts, showed the same antimicrobial 300 

activity in stored sausages despite a difference in extraction yield of about 1.5 times. Consequently, the extraction 301 

yield does not seem to have a significant effect on antimicrobial activity, simplifying the considerations for setting 302 

optimal extraction conditions. 303 

 304 

pH and color 305 

The pH value of meat and meat products is a crucial factor as it can directly affect their quality, which is related to 306 

sensory properties [28]. The pH values of sausage with additives during storage at 4°C for 4 weeks are shown in 307 

Table 5. The additives increased the initial pH of the sausages, except grapefruit seed extract (T2), which induced 308 

a significant decrease in the pH of the sausage. The pH value of sausages at 0 week significantly decreased at the 309 

end of storage (p < 0.05), excluding T2 which did not significantly differ from 0 week to the end of storage. The 310 

sausages with natural preservatives extracted using 40% ethanol (T3) and with natural preservatives extracted using 311 

40% ethanol and ultrasound treatment (T4) did not exhibit significant difference at week 0 and week 4. The pH 312 

value of T2 was affected by grapefruit seed extract, which consists of several phenolic acids, including trans-ferulic 313 

acid and trans-2-hydroxycinnamic acid [29]. The natural extracts used in T3 and T4 could have similar phenolic 314 

compounds and flavonoid composition, considering the result of the pH and antimicrobial effects described above. 315 

The decreased pH during storage can be attributed to the oxidation of proteins and lipids in the sausages, as well 316 

as the growth of lactic acid bacteria and the accumulation of its metabolites [2,30]. Nevertheless, the reduction in 317 

pH values of all treatments for 4 weeks was less than 0.1, which was smaller than the difference between T2 and 318 

the other treatments at week 0. Thus, the use of grapefruit seed extract more strongly affected the pH of the sausage 319 

than the storage for 4 weeks.  320 

The color values of sausages during storage are depicted in Table 5. The addition of natural preservatives 321 

significantly decreased the L* and a* values and significantly increased the b* value (p < 0.05). The color 322 
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difference in the sausage resulting from this natural additive was reinforced by ultrasonic extraction. The 323 

instrumental color value of meat is susceptible to color pigments in the added natural extracts [31]. Furthermore, 324 

color pigments, including carotenoids and chlorophyll, can be additionally extracted from plant sources by 325 

ultrasound treatment [32]. After 4 weeks, the L* value of the sausage without any preservative increased from the 326 

value at week 0, whereas, the L* values of sausages with natural preservatives at 4 weeks were not significantly 327 

different from those at week 0 (p > 0.05). The a* value of all sausages decreased for 4 weeks because of the 328 

oxidation of myoglobin and the formation of metmyoglobin during storage [5]. These color changes in the sausages 329 

can affect their sensorial acceptability.  330 

 331 

VBN 332 

The VBN value of meat products increases due to protein degradation, which can occur by denaturation during 333 

processing and microbial activity during storage [33]. Its changes for 4 weeks are presented in Figure 1. No 334 

significant difference was noted e between the VBN values of preservative-free and preservative-added sausages 335 

at week 0. Moreover, the VBN values of all treatments remained significantly unchanged from the initial value to 336 

the value at weeks 4 (p > 0.05). It can be attributed to the effective inhibition of endogenous enzymes and microbial 337 

growth during storage due to excessive cooking of sausage [34]. The VBN values of T3 and T4 at 4 weeks (5.88 338 

mg% and 6.16 mg%, respectively) were higher than the value of T0 (5.23 mg%). This could be influenced by the 339 

nitrogen in plant extracts, which can form ammonia and other volatile nitrogen compounds. It has been previously 340 

reported that the mean nitrogen content in P. guajava leaf is 1.92% [35] and the protein content of E. cava is 11.30% 341 

[36]. Nevertheless, the highest VBN value in this study was less than 10 mg%, ensuring the freshness of meat [34]. 342 

 343 

TBARS 344 

The TBARS values of sausages using natural extract and subsequently subjected to refrigerated storage for 0, 7, 345 

14, 21, and 28 days are shown in Fig. 2. Storage duration greatly affects lipid oxidation in meat and meat products. 346 

The primary benefit of incorporating natural antioxidants in meat products is the reduced risk of rancidity. 347 

According to Woo et al. [4], lipids generate secondary oxidants such as aldehydes on oxidation. Malondialdehyde 348 

(MDA) is one such aldehyde that interacts with thiobarbituric acid. Consequently, the TBARS assay was utilized 349 
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to measure lipid oxidation. Compared to the control and T1, all treatments containing natural extracts displayed 350 

lower TBARS values. Natural extract treatment groups T3 and T4 displayed lower TBARS levels than the T2 351 

grapefruit seed extract. This suggests that the preservative synthesized from the natural extract we are studying has 352 

a higher content of antioxidants than the commercialized grapefruit seed extract preservative. Woo et al. [4] 353 

demonstrated that the optimal mixing ratio had an excellent antioxidant ability, and the same antioxidant effect 354 

was confirmed in the treatment that improved the extract yield. Kohsaka [37] suggested that consumers perceive 355 

rancidity in meat products at malondialdehyde levels of 0.5 mg/kg. Tarladgis et al. [38] found that trained panels 356 

considered TBA values of 0.5 to 1.0 mg/kg in cooked meat products to be acceptable during storage. Greene and 357 

Cumuze [39] reported that inexperienced panelists detected off-flavors at TBA values between 0.6 and 2.0 mg/kg. 358 

In this study, the TBARS level was 0.2 mg/kg during refrigerated storage in the treatment group with natural extract 359 

added; therefore, no rancid odor was produced. Altogether, natural preservatives have better antioxidant ability 360 

than synthetic preservatives in sausages containing a large amount of fat. 361 

 362 

Sensory evaluations  363 

A sensory evaluation was conducted to assess the impact of preservatives for sausage products on their flavor 364 

characteristics. Figure 3 presents the sensory evaluation scores based on Table S1, including the average and 365 

standard deviation scores of sausage samples. T0 had the highest overall acceptance score, whereas T2 had the 366 

lowest score (Fig. 3A). The RATA scores showed that the sensory characteristics of each sausage were identified 367 

using a PCA biplot (Fig. 3B). The biplot explains 87% of the total variation, with PC1 (58% of the variance) and 368 

PC2 (29%). The goodness-of-fit of the PCA model was assessed using the R2 value (R2 = 0.876). The biplot 369 

provides graphic information on the relationships between variables. The relative positions of variables and 370 

observations, which are also plotted on the same diagram, can be interpreted [40]. In the score plot, the overall 371 

acceptance was located in the positive direction of T1. Variables, such as umami, mouthfeel, meat flavor, juice, 372 

and softness, were positioned in the same direction and in similar locations on the plot. Among the samples, T0, 373 

T1, and T4 were located in the same direction of overall acceptance, whereas T2 was in the opposite direction and 374 

positioned the farthest away. Strong smoke flavor, pork flavor, and bitterness may have a negative impact on the 375 

overall acceptance. T2, in particular, had a strong bitterness among the samples. Additive-free conditions resulted 376 

in a high score of overall acceptance. In contrast, preservatives should be added when selling the commercial 377 
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product to avoid safety issues. Sorbic acid is commonly used as a preservative in sausages and received a high 378 

overall acceptance score in this study. However, as a chemical additive, it has raised health concerns among 379 

consumers [41]. A grapefruit seed extract, a natural additive, is generally used as a food preservative derived from 380 

natural sources in processed meat products [29,42]. In this study, however, it negatively affected the sensory 381 

characteristics of the pork sausage. Based on the results, considering both sensory characteristics and overall 382 

acceptance scores, T4 sample has the potential as a substitute for sorbic acid, instead of a grapefruit seed extract. 383 

 384 

Conclusion 385 

This study was conducted to improve the extraction yield of optimized extracts of Psidium guajava, Ecklonia cava, 386 

and Paeonia japonica (Makino) Miyabe & Takeda extracts, which have proven antibacterial effects. The extraction 387 

yield was able to be improved by 32.53% through ultrasonic extraction, and the storage properties were also 388 

improved in the sausage model. The sausage with no additives or with sorbic acid, which is a synthetic chemical 389 

additive, displayed high scores in sensory characteristics. However, an alternative is required due to consumer 390 

demands or safety reasons. As an alternative, the 0.5% natural preservative extracted using 40% ethanol and 391 

ultrasound treatment has been demonstrated to be superior to other substitutes, including a grapefruit seed extract 392 

and 0.5% natural preservative extracted using 40% ethanol treatment, in terms of quality and antimicrobial activity 393 

during storage. 394 
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Table 1. Yields and total polyphenol compound content of natural extracts 516 

 517 
Average value measured through actual three repeated experiments. HE, hydrothermal extracts; 20E, 20% 518 
ethanol extracts; 40E, 40% ethanol extracts; 60E, 60% ethanol extracts; 80E, 80% ethanol extracts; 40EU, 40% 519 
ethanol extraction followed by ultrasound-assisted extraction.  520 

a-fmeans within a column with different letters are significantly different (p < 0.05) according to Duncan’s test. 521 

*** means significant difference between 40E and 40EU in A+B+C (p < 0.001). 522 

 523 

 524 

 525 

  526 

Natural plant Method Yields (%) Total polyphenol compound (%) 

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*** - 
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Table 2. MIC and MBC of natural extracts against foodborne pathogens 527 

Average value measured through actual three repeated experiments. MIC, minimum inhibitory concentration; 528 
MBC, minimum bactericidal concentration. HE, hydrothermal extracts; 20E, 20% ethanol extracts; 40E, 40% 529 
ethanol extracts; 60E, 60% ethanol extracts; 80E, 80% ethanol extracts; 40EU, 40% ethanol extraction followed 530 
by ultrasound-assisted extraction. 531 

  532 

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 
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Table 3. MIC and MBC of mixture of natural extracts against foodborne pathogens 533 

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, 534 
Paeonia japonica; A+B+C, Sample of mixing three types of plant raw materials in a certain ratio; 535 
A40E+B40E+C40E, Sample of extracting three types of plants individually with 40% ethanol and then mixing 536 
them; MIC, minimum inhibitory concentration; MBC, minimum bactericidal concentration. 40E, 40% ethanol 537 
extracts; 40EU, the optimized process, 40% ethanol extraction followed by ultrasound-assisted extraction. 538 

 539 

 540 

  541 

ACCEPTED



24 

Table 4. Microbial counts of sausages using natural extract during storage periods 542 
 (Unit: log CFU/g) 543 

 544 

T0, no additives; T1, 0.2% sorbic acid; T2, 0.5% grapefruit seed; T3, 0.5% natural preservative extracted using 545 
40% ethanol; T4, 0.5% natural preservative extracted using 40% ethanol and ultrasound treatment. N.D., Not 546 
detected.547 

 Storage 

period 

(days) 

T0 T1 T2 T3 T4 

Total plate 

counts 

0 N.D. N.D. N.D. N.D. N.D. 

7 N.D. N.D. N.D. N.D. N.D. 

14 N.D. N.D. N.D. N.D. N.D. 

21 N.D N.D. N.D. N.D. N.D. 

28 N.D N.D. N.D. N.D. N.D. 

Coliform/ 

E Coli. 

0 N.D. N.D. N.D. N.D. N.D. 

7 N.D. N.D. N.D. N.D. N.D. 

14 N.D. N.D. N.D. N.D. N.D. 

21 N.D. N.D. N.D. N.D. N.D. 

28 N.D. N.D. N.D. N.D. N.D. 
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Table 5. pH and color of sausages added with natural extract during storage time 548 

Traits 

Storage 

Periods 

(week) 

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 

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 549 
using 40% ethanol and ultrasound treatment. A-Dmeans within a column with different letters as upper case and a-dmeans within a row with different letters as lower 550 
case are significantly different (p < 0.05) according to Duncan’s test. 551 

 552 

 553 
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 554 

Figure 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% 555 

grapefruit seed; T3, 0.5% natural preservative extracted using 40% ethanol; T4, 0.5% natural preservative extracted using 40% ethanol and ultrasound treatment.556 
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 557 
Figure 2. Thiobarbituric acid reactive substances (TBARS) of sausages added with natural extract during 558 

storage time. T0, no additives; T1, 0.2% sorbic acid; T2, 0.5% grapefruit seed; T3, 0.5% natural preservative 559 

extracted using 40% ethanol; T4, 0.5% natural preservative extracted using 40% ethanol and ultrasound 560 

treatment. 561 

  562 
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 563 

Figure 3. Results of sensory evaluation. (A) Overall acceptance scores for the sausages prepared with various 564 

preservative extraction and (B) PCA biplot based on rate-all-that-apply (RATA) intensities. Different represent 565 

statistical significant difference at p<0.05. The abbreviations for the sample names are as follows: T0, no 566 

additives; T1, 0.2% sorbic acid; T2, 0.5% grapefruit seed; T3, 0.5% natural preservative extracted using 40% 567 

ethanol; T4, 0.5% natural preservative extracted using 40% ethanol and ultrasound treatment.568 
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Table 6. The results of sensory evaluation for the sausages prepared with various preservative extraction 

Sample 

Overall 

acceptanc

e 

Appear-

ance 
Odor Taste Mouthfeel 

Brown-

ness 
Meaty Pork Smoky Saltiness Sourness 

Bitter-

ness 

Savory/ 

Umami 
Meaty Juiciness 

Chewin

ess 

Tender-

ness 

Mouth 

coating 

T0 
5.89±1.79

a 

1.02±0.

58b 

1.72±0.

90a 

1.37±1.

05a 

1.28±1.

04ab 

1.72±1.0

2a 

1.63±1.1

4a 

0.41±0.

68a 

0.43±0.6

5c 

1.59±1.

04b 

1.76±1.1a

b 

1.17±1.

04bc 

1.5±1.1

3ab 

1.74±1.1

4ab 

T1 
5.40±1.91
ab 

1.06±0.

63b 

1.71±1.

00a 

1.35±1.

05a 

1.06±0.

93b 

1.58±1.0

3a 

1.63±1.0

2a 

0.52±0.

85a 

0.75±0.8
bc 

1.67±1.

04b 

2.08±1.1

8a 

0.96±1.

05c 

1.63±1.

23a 

2.19±1.1

4a 

T2 
3.83±1.93
c 

1.06±0.

65b 

1.46±1.

05a 

1.48±1.

13a 

1.58±1.

15a 

1.40±1.2

0a 

0.98±1.0

2b 

0.42±0.

71a 

2.40±1.1

0a 

1.08±0.

98b 

1.17±1.0

2c 

1.04±1.

09bc 

0.79±0.

94c 

1.02±1.0

7c 

T3 
4.74±2.07
b 

2.72±0.

51a 

1.53±1.

07a 

1.30±1.

07a 

1.72±1.

16a 

1.83±1.0

0a 

1.28±1.1

8ab 

0.57±0.

85a 

1.00±1.0

1b 

1.28±1.

05ab 

1.30±1.1

5bc 

1.60±1.

13ab 

0.77±0.

90c 

1.53±1.1

5b 

T4 
4.75±1.97
b 

2.69±0.

72a 

1.6±1.0

1a 

1.23±1.

04a 

1.71±1.

03a 

1.65±1.1

6a 

1.50±1.0

9a 

0.42±0.

68a 

0.71±0.9

0bc 

1.44±1.

01ab 

1.75±1.1

9ab 

1.71±1.

23a 

1.15±1.

17bc 

1.67±1.2

3b 

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-d means within a column with different letters are significantly different (p < 0.05) according to Duncan’s test. 
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