
 

1 

 

 

TITLE PAGE  1 
- Korean Journal for Food Science of Animal Resources - 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 Psychobiotic Effects of Multi-Strain Probiotics Originated from Thai Fermented 

Foods in a Rat Model 

Running Title (within 10 words) Psychobiotic Bacteria from Thai Fermented Foods 

Author Vijitra Luang-In 1,*, Teeraporn Katisart 2, Ampa Konsue 3, Sutisa Nudmamud-

Thanoi 4, Arjan Narbad 5, Worachot Saengha 1, Eakapol Wangkahart 6, 

Supaporn Pumriw 7, Wannee Samappito 8 and Nyuk Ling Ma 9 

Affiliation 1 Natural Antioxidant Innovation Research Unit, Department of 
Biotechnology, Faculty of Technology, Mahasarakham University, 
Khamriang, Kantarawichai, Maha Sarakham 44150, Thailand; 
vijitra.l@msu.ac.th; worachot207@gmail.com 

2 Department of Biology, Faculty of Science, Mahasarakham University, 
Maha Sarakham 44150, Thailand; tkatisart@gmail.com 

3 Applied Thai Traditional Medicine, Thai Traditional Medicine Research Unit, 
Faculty of Medicine, Mahasarakham University, Maha Sarakham 44000, 
Thailand; ampa.ice.kon@gmail.com 

4 Centre of Excellence in Medical Biotechnology, Department of Anatomy, 
Faculty of Medical Science, Naresuan University, Phitsanulok 65000, 
Thailand; sutisat@nu.ac.th 

5 Quadram Institute Bioscience, Norwich Research Park, Colney, Norwich 
NR4 7UA, UK; arjan.narbad@quadram.ac.uk 

6 Research Unit of Excellence for Tropical Fisheries and Technology, 
Division of Fisheries, Department of Agricultural Technology, Faculty of 
Technology, Mahasarakham University, Khamriang, Kantarawichai, Maha 
Sarakham 44150, Thailand; wangkahart@yahoo.com 

7 Department of Food Technology, Faculty of Agricultural Technology, 
Kalasin University, Na Mon District, Kalasin 46230, Thailand; 
aom_mju2011@hotmail.com 

8 Department of Food Technology, Faculty of Technology, Mahasarakham 
University, Mahasarakham, 44000 Thailand; wannee.s@msu.ac.th 

9   Faculty of Science and Marine Environment, Universiti Malaysia 
Terengganu, Kuala Nerus, Terengganu, 21030, Malaysia; 

    nyukling@umt.edu.my 

Special remarks – if authors have additional 

information to inform the editorial office 
 

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

 

Vijitra Luang-In (https://orcid.org/0000-0002-5009-5058) 

Teeraporn Katisart (https://orcid.org/ 0000-0003-0342-715X) 

Ampa Konsue (https://orcid.org/ 0000-0002-1327-8234) 

Sutisa Nudmamud-Thanoi (https://orcid.org/ 0000-0001-9356-1162) 

Arjan Narbad (https://orcid.org/ 0000-0003-2968-7558) 

Worachot Saengha (https://orcid.org/ 0000-0002-5975-0864) 

Eakapol Wangkahart (https://orcid.org/0000-0002-4100-7570) 

Supaporn Pumriw (https://orcid.org/0000-0002-5009-5058) 

mailto:vijitra.l@msu.ac.th
mailto:ampa.ice.kon@gmail.com
mailto:sutisat@nu.ac.th
mailto:arjan.narbad@quadram.ac.uk
mailto:wannee.s@msu.ac.th
https://orcid.org/0000-0002-5009-5058
https://orcid.org/0000-0003-0342-715X
https://orcid.org/0000-0001-9356-1162
https://orcid.org/0000-0003-2968-7558
https://orcid.org/
https://orcid.org/


 

2 

 

 

Wannee Samappito (https://orcid.org/0000-0002-8542-2952) 

Nyuk Ling Ma (https://orcid.org/0000-0002-1301-4730) 
 

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 financially supported by Mahasarakham University (Fast 
Track 2020) and Thailand Research Fund through the MRG Grant for the 
Development of New Lecturer (grant no. MRG6180280) and Office of the Higher 
Education Commission, Thailand awarded to V.L. We would like to thank 
Department of Biotechnology, Faculty of Technology, Mahasarakham University 
(MSU), Thailand and Central Laboratory at MSU for research facilities, and also 
Mr. Sippakorn Makkarom and Miss Ketnipha Choeichom for partial contribution 
to research experiment. 
 

Author contributions 

(This field may be published.) 
Conceptualization: Luang-In V 
Methodology: Katisart T, Konsue A, Pumriw S, Samappito W, Saengha W, 
Wangkahart E 
Software: Luang-In V 
Investigation: Nudmamud-Thanoi S, Narbad A, Luang-In V 
Writing - original draft: Luang-In V 
Writing - review & editing: Luang-In V, Nudmamud-Thanoi S, Narbad A. 

Ethics approval (IRB/IACUC) 

(This field may be published.) 
Approved by the Animal Ethics Committee at Khon Kaen University, Khon Kaen, 
Thailand (IACUC-KKU-60/62) 

 5 
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 Vijitra Luang-In 

Email address – this is where your proofs will 
be sent 

vijitra.l@msu.ac.th 

Secondary Email address  Vijitra.luangin@gmail.com 

Postal address Natural Antioxidant Innovation Research Unit, Department of Biotechnology, 
Faculty of Technology, Mahasarakham University, Khamriang, Kantarawichai, 
Maha Sarakham 44150, Thailand 

Cell phone number +66(0)956614369 

Office phone number  +66(0)43-754-085 ext. 1833 

Fax number +66(0)43-754-086 

 7 

  8 

https://orcid.org/0000-0002-8542-2952
mailto:vijitra.l@msu.ac.th


 

3 

 

 

Authors and affiliation information should be listed on a separate Title Page. 9 

Abstract (within 250 words) 10 

This work aimed to investigate the psychobiotic effects of six bacterial strains on the mind and 11 

behavior of male Wistar rats. The probiotic (PRO) group (n = 7) were rats pre-treated with 12 

antibiotics for 7 days followed by 14-day probiotic administration, antibiotics (ANT) group (n = 13 

7) were rats treated with antibiotics for 21 days without probiotics. The control (CON) group (n = 14 

7) were rats that received sham treatment for 21 days. The six bacterial strains with probiotic 15 

properties were mostly isolated from Thai fermented foods; Pedicoccus pentosaceus WS11, 16 

Lactobacillus plantarum SK321, L. fermentum SK324, L. brevis TRBC 3003, Bifidobacterium 17 

adolescentis TBRC 7154 and Lactococcus lactis subsp. lactis TBRC 375. The probiotics were 18 

freeze-dried into powder (6×109 CFU/5 g) and administered to the PRO group via oral gavage. 19 

Behavioral tests were performed. The PRO group displayed significantly reduced anxiety level 20 

and increased locomotor function using a marble burying test and open field test, respectively and 21 

significantly improved short-term memory performance using a novel object recognition test. 22 

Antibiotics significantly reduced microbial counts in rat feces in the ANT group by 100 fold 23 

compared to the PRO group. Probiotics significantly enhanced antioxidant enzymatic and non-24 

enzymatic defenses in rat brains as assessed using catalase activity and ferric reducing antioxidant 25 

power assay, respectively. Probiotics also showed neuroprotective effects with less pyknotic cells 26 

and lower frequency of vacuolization in cerebral cortex. This multi-strain probiotic formulation 27 

from Thai fermented foods may offer a potential to develop psychobiotic-rich functional foods to 28 

modulate human mind and behaviors. 29 

Keywords: antioxidant; anxiety; memory; probiotics; Thai fermented foods 30 
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 31 

Introduction 32 

Scientific evidence during the past decade has demonstrated the vital roles of human gut 33 

microbiota on human health, general well-being and brain function through the gut-brain axis 34 

(Claesson et al., 2012; Davari et al., 2013; Hsiao et al., 2013). The beneficial microbes in the gut 35 

are defined as ‘probiotics’. They are living bacteria that, when administered in adequate amounts, 36 

confer a health benefit on the host (FAO/WHO 2001). Probiotics should exhibit the following 37 

properties: antibiotic susceptibility, high autoaggregation, high hydrophobicity, high bile and acid 38 

tolerance, and absence of gelatin hydrolysis, virulence gene and hemolytic activity, etc. in order to 39 

survive in the human gastrointestinal tract and to exert human health benefits. Fermented foods 40 

are well known as rich sources of probiotics. A great number of lactic acid bacteria (LAB) such 41 

as Lactobacillus pentosus, L. plantarum,  L. fermentum, L. brevis, L. casei, Leuconostoc 42 

mesenteroides, L. fallax, L. kimchii,  Weissella koreenis, W. cibaria, W. confusa, and Pediococcus 43 

pentosaceus (Swain et al., 2014), potent probiotics, were isolated from a variety of Asian 44 

fermented foods ( Anandharaj and Sivasankari, 2013). 45 

Since 2013, a novel subclass of probiotics called ‘psychobiotics’ has emerged. These 46 

psychobiotics were first defined as probiotics that, when ingested in appropriate quantities, 47 

produced positive psychiatric effects in psychopathology (Dinan et al., 2013). They were shown 48 

to be able to produce neurotransmitters and also exert psychotropic effects in animal models or 49 

patients. For example, Proteus vulgaris, Bacillus mycoides, B. subtilis and Serratia marcescens 50 

were able to produce dopamine and norepinephrine (Tsavkelova et al., 2000), Bifidobacterium 51 

infantis produced the serotonin precursor, tryptophan (Desbonnet et al., 2008), Achromobacter 52 

xylosoxidans and Escherichia coli produced serotonin (Hsu et al., 1986), L. plantarum DSM 19463 53 
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produced γ-aminobutyric acid (Di Cagno et al., 2010), L. plantarum produced acetylcholine 54 

(Marquardt and Falk, 1957) and B. amyloquefaciens SB-9 produced melatonin, 5-55 

hydroxytryptophan, serotonin and N-acetylserotonin (Jiao et al., 2016). 56 

To test psychobiotic effect of probiotics, a rat model has been commonly used with antibiotics 57 

treatment. In general, antibiotic treatment alters the gut microbiota structure leading to distinct 58 

behavioral changes in rodents including anxiety-like and depressive-like behaviors and cognitive 59 

changes (Guida et al., 2018; O’Mahony et al., 2014; O’Mahony et al., 2017) due to the gut-brain 60 

axis network through alterations of brain activity via neural pathways and immune and endocrine 61 

mechanisms (Zommiti et al., 2018; Mueller et al., 2015; Clarke et al., 2014; Rodriguez et al., 2015).  62 

Thus, the aim of this work was to determine the psychobiotic effect of a mixture of six bacterial 63 

strains provided as a probiotic cocktail on anxiety and memory in male Wistar rats. These multi-64 

strain probiotics from Thai fermented foods might be used as mind/behavior modulator in future 65 

applications. 66 

 67 

Materials and Methods 68 

Sources of probiotic bacteria 69 

The six bacterial strains with probiotic properties were mostly isolated from Thai fermented 70 

foods; Pedicoccus pentosaceus WS11 (LC336439.1) from water kefir (Luang-In et al., 2018a), 71 

Lactobacillus plantarum SK321 (MH973186.1) from Pak-Sian Dong (Pumriw, 2020) and 72 

Lactobacillus fermentum SK324 (MH973188.1) from Pak-Sian Dong (Pumriw, 2020). The 73 

remaining three bacteria: Lactobacillus brevis TRBC 3003 isolated from pickled cabbage, 74 

Bifidobacterium adolescentis TBRC 7154 isolated from adult intestine and Lactococcus lactis 75 

subsp. lactis TBRC 375 isolated from pickled cabbage were purchased from Thailand Bioresource 76 
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Research Center (TBRC), Pathum Thani, Thailand. All bacteria were stored in 20% glycerol stocks 77 

of De Man, Rogosa and Sharpe (MRS) broth pH 6.8 for LAB, Luria-Bertani broth pH 7.0 for 78 

Enterobacter and Gifu anaerobic medium (GAM) broth pH 7.0 for Bifidobacterium at  -80°C at 79 

the Natural Antioxidant Innovation Research Unit, Department of Biotechnology, Mahasarakham 80 

University, Thailand.  81 

Preparation of multi-strain probiotic mixture 82 

Multi-strain probiotic mixture was prepared as in the previous method (Liu et al., 2016) but 83 

with modifications. Each bacterial strain was subcultured in the corresponding broth twice every 84 

24 h. Bacterial cultures (20 mL) were then inoculated into 1 L of sterile broth and anaerobically 85 

incubated at 37°C without shaking. Cells from each bacterial isolate in the early stationary phase 86 

of growth (18-24 h) that reached 1×109 CFU/mL were harvested by centrifugation (6,000 g, 10 87 

min, 4°C) and washed twice with sterile saline. The bacterial cell pellets of each strain at a final 88 

concentration of 6×109 CFU/mL were combined and re-suspended in sterile 50 mL of 10% 89 

skimmed milk containing 5% sodium glutamate. The re-suspended solution was freeze-dried to 90 

produce mixed probiotic powder and then stored at - 20°C until use. When in use, the mixed 91 

probiotic powder (5 g) containing microbes of 6×109 CFU was suspended in 1 mL sterile water. 92 

The probiotics were administered daily via oral gavage to rats in the probiotic (PRO) group at 1 93 

mL (6×109 CFU) per rat (at 11 am) for 14 days. We used one single high dose of 6×109 CFU/mL 94 

because it has been reported that a high dose of probiotics for example, VSL#3 mixture at 95 

3×109 CFU/day in a rat study and 4.5×109 CFU/day in a human study; were able to produce a 96 

longer term positive effect on health (Shibolet et al., 2002; Kim et al., 2005). 97 

Experimental design for a rat model 98 
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Twenty-one eight-week old male Wistar rats were randomly divided into 3 groups (Fig. 1). The 99 

first group was the control group (n = 7), CON, and included normal rats that received sterile 100 

distilled water (1 mL per rat daily) as sham treatment via oral gavage without antibiotics or 101 

probiotics for 21 days. The second group was the antibiotics group (n = 7), ANT, that included 102 

rats treated with the four mixed antibiotics (Table 1) (1 mL per rat daily) for 21 days. The third 103 

group was the probiotics group (n = 7), PRO, that included rats treated with four mixed antibiotics 104 

(Table 1) (1 mL per rat daily) for 7 days and were then given probiotics solution (1 mL per rat 105 

daily) for the following 14 days. The rat body weight was monitored and rat feces was collected 106 

every 7 days. Behavioral testing was performed between 12:00 pm and 18:00 pm. The rats were 107 

single- housed for 60 min in the testing room before the test.  108 

Animals and housing 109 

Twenty-one male Wistar rats, 8 weeks old (180–220 g), were purchased from the Northeast 110 

Laboratory Animal Center (NELAC), Khon Kaen University, Khon Kaen, Thailand. The rats were 111 

acclimatized at NELAC for a week before starting the experiment. Three to four rats were housed 112 

for each group in each 37.5 x 48 x 21 cm polycarbonate cage under standard fluorescent dark-light 113 

cycle (12:12 h) at 23±2°C and 30-60% relative humidity. The rats were allowed free access to a 114 

standard food pellet diet and distilled water ad libitum. Every effort was made to minimize animal 115 

suffering in accordance with the principles for laboratory use and care of European Community 116 

(EEC directive of 1986; 86/609/EEC) and approved by the Animal Ethics Committee at Khon 117 

Kaen University, Khon Kaen, Thailand (IACUC-KKU-60/62).  118 

Antibiotics treatment to rats 119 

It is known that the use of four mixed antibiotics (ampicillin, neomycin, metronidazole and 120 

vancomycin) as an antibiotic cocktail rather than a single antibiotic was able to directly affect gut 121 
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microbiota in rats by decreasing abundance, modulating community structure, and lowering 122 

bacterial diversity and the approach has been established as an antibiotics-treated rat or mice model 123 

(Feng et al., 2019; Bruce-Keller et al., 2015). In this work, the experimental procedure was carried 124 

out as described in Zhan et al. (2018) with some modifications. After a 1-week acclimatization 125 

period, acquired depletion of colonic microbiota in ANT and PRO groups was shown to be 126 

achieved by administering four mixed antibiotics dissolved in water via oral gavage (Table 1). 127 

Each antibiotic had different mechanisms of action to prevent growth or kill different bacterial 128 

targets as shown in Table 1 and thus a synergistic effect of this antibiotic cocktail to reduce gut 129 

microbial amount was expected.  130 

Microbial enumeration in rat feces 131 

Rat fecal samples were collected from each animal on day 0, 7, 14 and on the day before 132 

sacrifice were used for viable bacterial cell counting. Briefly, 1 g of fecal content was suspended 133 

in 9 mL 0.85% NaCl saline and vortex-mixed for 1 min. Ten-fold dilution series of the samples 134 

were carried out in 0.85% NaCl saline diluent and spread plated on Wilkins-Chalgren agar (WCA, 135 

Oxoid). Plates were anaerobically incubated at 37°C for 3 days (Tulstrup et al., 2015). Bacterial 136 

colonies were counted and expressed as log CFU/g fecal content. 137 

Compulsiveness and anxiety assessment by marble burying test (MB) 138 

The anxiety/compulsive behavior was assessed using the marble burying test as described in a 139 

previous report (Angoa-Pérez et al., 2013). The rats were acclimatized in the test room for 30 min 140 

before testing. Each rat was placed in the center of the cage bedding with saw dust (4 cm thick) 141 

and having 20 marbles evenly spaced in five rows of four marbles and each rat was allowed to 142 

explore freely without disturbance for 30 min while a video record was made (Sony Action Camera 143 

FDR-X3000R). Four measures were determined as indicators of anxiety. Marble burying (%) was 144 
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calculated from the number of marbles buried (to 2/3 of their depth) by each rat within 30 min 145 

over the total of marbles before the test. Time spent digging (s), freezing (s) and grooming (s) were 146 

determined from the recorded videos. Three experimenters were blinded to the treatment groups. 147 

Anxiety and locomotor function assessment by open field test (OFT) 148 

    The open field test is commonly used to measure rodent behaviors to assess the locomotor 149 

function, exploratory level and anxiety level which correspond to dysfunction of the central 150 

nervous system (CNS). This test was performed in a 50×50×40 cm open field box (Pramoolsilpa 151 

et al., 2017). Total distance traveled and mean speeds were recorded to determine the locomotor 152 

function of the rats. In addition, the time each rat spent in the center of the box, the time of freezing, 153 

rearing and grooming were also measured to compare the anxiety level of each rat. The rats were 154 

acclimatized in the box for 5 min before testing. The rats were then placed in the center of the box 155 

and allowed to explore it for 5 min. Rat behavior was video recorded (Sony Action Camera FDR-156 

X3000R) and analyzed using ODLog 2 macropod software 157 

(http://www.macropodsoftware.com/odlog/). 158 

Memory performance assessment by novel object recognition (NOR) 159 

     This test was designed to measure non-spatial memory of rats based on the hypothesis that a 160 

rat is more likely to interact with a novel object than an old  or familiar object as in previous reports 161 

(Huang and Hsueh, 2014; Mclagan and Hales, 2019). Each rat was placed in the middle of a 162 

50×40×40 cm box in the trial session of 10 min without any disturbance and allowed to explore 163 

two identical objects called A and B placed distantly from each other. After 10 min, a rat was 164 

allowed to rest in its cage for 30 min and then the testing session of 10 min began, but this time a 165 

novel object with distinct shape and similar size to objects A and B called C replaced the old object 166 

B. Rat behavior was video recorded (Sony Action Camera FDR-X3000R) and analyzed by using 167 

http://www.macropodsoftware.com/odlog/
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ODLog 2 macropod software (http://www.macropodsoftware.com/odlog/). The recognition index 168 

was calculated from the formula. 169 

Recognition index = [TC/(TA+TC)] x 100 170 

TA - total duration of exploration with object A in testing session 171 

TC - total duration of exploration with object C in testing session 172 

   Rat brain tissue collection 173 

   Rats were placed into an anaesthetic induction chamber for euthanasia and isoflurane was piped 174 

into the chamber on day 22. After decapitation, two representative rat brains from each group were 175 

dissected by an experienced technician and collected for histology in 10% neutral buffered 176 

formalin until further analysis. The other five representative rat brains from each group were 177 

dissected after perfusion to obtain the rat prefrontal cortex and hippocampus sections which were 178 

immediately frozen on powdered dry ice and stored at -80°C until use for antioxidant activity 179 

assays. 180 

Histology 181 

The two representative rat brains from each group were cut into small pieces (mm thickness) 182 

for tissue processing. Brain sections were embedded in paraffin and cut into 5 𝜇m thick sections 183 

using a cryostat microtome (Garman et al., 2015), stained with hematoxylin and eosin (H&E) and 184 

subsequently examined under a light microscope (Olympus BX51, Olympus).  185 

Catalase (CAT) activity  186 

Enzymatic antioxidant capacity of brain samples was determined by the catalase activity assay. 187 

The rat prefrontal cortex and hippocampus (20 mg) were homogenized in cold lysis buffer (50 mM 188 

potassium phosphate, pH 7.0, containing 1 mM EDTA) using TissueLyser LT (Qiagen, UK). The 189 

homogenate was centrifuged at 10,000g for 15 min at 4°C and the clear supernatant was obtained 190 

http://www.macropodsoftware.com/odlog/
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for CheKine Catalase (CAT) activity assay kit (Abbkine, China) following the manufacturer’s 191 

instructions.   192 

Ferric-reducing antioxidant power assay (FRAP) 193 

Non-enzymatic total antioxidant capacity of brain samples was measured by the ferric-194 

reducing antioxidant power (FRAP) assay according to a modified method (Benzie and Strain, 195 

1996; Nonato et al., 2016). The reducing capacity of the complex ferric Fe3+-TPTZ (ferric-196 

tripyridyl triazine) to ferrous form Fe2+-TPTZ (ferrous-tripyridyl triazine) of antioxidants at acidic 197 

pH relates to the antioxidant power in rats’ brains. FRAP reagent was prepared in 300 mM sodium 198 

acetate buffer pH 3.6 by adding acetic acid, 10 mM 2,4,6-Tri(2-pyridyl)-s-triazine (Sigma-Aldrich, 199 

USA) solution in 40 mM HCl and 20 mM iron (III) chloride solution in proportions of 1:1:10 (v/v), 200 

respectively. Briefly, a total of 30 μL of brain homogenate was added to 3 mL of the FRAP reagent, 201 

mixed well and incubated in the dark at 37°C for 15 min. The samples were analyzed in triplicate 202 

in a M965+ microplate reader (Metertech, Taiwan) at 593 nm. Brain non-enzymatic total 203 

antioxidant capacity was expressed as microgram of FeSO4 equivalents determined from the 204 

standard curve of known amounts of FeSO4 and normalized by the amount of protein in the sample 205 

(FeSO4 equivalent µg/µg protein). 206 

DPPH free radical scavenging assay 207 

Non-enzymatic total antioxidant capacity of brain samples was also measured by the free 208 

radical scavenging effect on 2,2′-diphenyl-1-picrylhydrazyl (DPPH) radical (Sigma-Aldrich, USA) 209 

as previously reported (Luang-In et al., 2018b). One hundred microliters of 0.2 mM DPPH 210 

methanolic solution were added to 30 μL of brain homogenate and the mixture was mixed 211 

thoroughly and incubated in the dark at 37°C for 15 min. The samples in triplicate were analyzed 212 

in a M965+ microplate reader (Metertech, Taiwan) at 517 nm. Brain non-enzymatic total 213 
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antioxidant capacity was expressed as microgram of Trolox equivalents (TE) calculated from the 214 

standard curve of Trolox (Sigma-Aldrich, USA) and normalized for the protein content in the 215 

samples (TE µg/µg protein). 216 

Protein assay 217 

The protein concentration in each supernatant was measured using Quick Start™ Bradford 218 

Protein Assay (BioRad, US) according to Bradford’s method (Bradford, 1976) using bovine serum 219 

albumin (1 mg/mL) as the standard. 220 

     Statistics 221 

      The data were analyzed by a one-way analysis of variance (ANOVA) using GraphPad Prism 222 

software (demo version, GraphPad Software, CA, USA). The normality of the data was checked 223 

prior to the ANOVA test in GraphPad Prism using D'Agostino-Pearson omnibus K2 normality test 224 

at a significance level of 0.05. If the P value was greater than 0.05, the data was normal. If it was 225 

below 0.05, the data significantly deviated from a normal distribution. The results were expressed 226 

as mean ± standard deviation (SD). The differences among groups were assessed by using Tukey's 227 

Multiple Comparison Test. Statistically significant difference was considered at p < 0.05 (*), 228 

p < 0.01 (**) and p < 0.001 (***). 229 

 230 

Results and Discussion 231 

Probiotic mixture did not alter rat body weight 232 

This work showed that probiotic supplement did not significantly alter rat body weight in all 233 

three groups and the weight gain increased from day 0 by 50-55% at day 7, 50-60% at day 14 and 234 

75-87% at day 22 (Fig. 2A). Initially, microbial populations in rat feces at day 0 in all 3 groups 235 

were similar ranging from 8.0 log to 8.75 log CFU/g (Fig. 2B). At day 7, after receiving antibiotics 236 
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for 7 days, both ANT and PRO groups had significant reduction in microbial populations to 6.75 237 

log and 7.25 log CFU/g, respectively (Fig. 2B) when compared to the CON group (without 238 

antibiotics administration). However, the microbial population in rat feces significantly increased 239 

in PRO group to 9.0 log and 9.5 log CFU/g at 14 and 22 days, respectively. The microbial 240 

population in the ANT group (7.6 log and 7.5 log CFU/g at 14 and 22 days, respectively) was 241 

significantly lower (p < 0.001) than that in the PRO group by 100 fold.  242 

Similar to the previous study (de Sá Del Fiol et al., 2014), no difference in rodent weight gain 243 

nor the occurrence of adverse clinical signs in antibiotic-fed rats was observed in this work. In 244 

addition, our result was in accordance with the previous finding showing that the administration 245 

of an antibiotic cocktail (ampicillin, vancomycin, neomycin, metronidazol and amphotericin-B) to 246 

rats led to a minimum of 100-fold decrease in cultivable microbes (Reikvam et al., 2011). However, 247 

in the other report (Hill et al., 2010), a 10-fold reduction in the microbial counts was observed 248 

when rats were treated with the antibiotic cocktail (ampicillin, neomycin, metronidazole and 249 

vancomycin).  250 

Several studies showed that the use of four mixed antibiotics (ampicillin, neomycin, 251 

metronidazole and vancomycin) directly affected gut microbiota in rats by lowering abundance, 252 

modulating community structure, and decreasing bacterial diversity and thus established an 253 

antibiotics-treated rat model (Feng et al., 2019; Zhan et al., 2018; Bruce-Keller et al., 2015; Yoo 254 

et al., 2016). Previously, it was shown that ampicillin treatment or antibiotics cocktails 255 

significantly reduced bacterial population in rats (p < 0.01) during 3 and 7 days based on fecal 256 

microbial DNA concentration of 82,502.1 + 18,255 µg/g in control samples versus 3,417.4 + 1,212 257 

µg/g in samples following exposure to antibiotics (Zhan et al., 2018). Not only that, but the cocktail 258 

also altered microbial diversity and composition. However, the antibiotics regimen was unable to 259 
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entirely deplete microbiota of the recipient, which could lead to recolonization by specific bacteria 260 

(Reikvam et al., 2011; Heimesaat et al., 2013; Ubeda et al., 2013). It is also likely that daily oral 261 

gavage could result in some degrees of behavioral changes (Ubeda et al., 2013; McCafferty et al., 262 

2013). In this work, all the three groups of rats received oral gavage daily and presumably all the 263 

rats experienced the similar degrees of discomfort during daily oral gavage. Thus, the effect of 264 

such potential artifacts was reduced and the behavioral changes in the three groups were likely to 265 

be attributed to antibiotic or probiotic administration. 266 

Probiotic mixture reduced compulsiveness and anxiety 267 

The marble burying test provided a sensitive and accurate assay of repetitive and compulsive-268 

like behaviors or anxiety-like behavior in rodents (Angoa-Pérez et al., 2013). Grooming behavior 269 

was induced by exposure to many stressors and was linked to states of stress or anxiety (Estanislau, 270 

2012) and thus the time spent grooming was measured in this test. Time spent freezing was also 271 

recorded as another indicator of fear to explore a new environment (Llaneza and Frye, 2009). Self-272 

grooming was an indirect indicator of rodent repetitive behavior that was translated into 273 

abnormality in motor neuron and neural circuit. The lesser time in self-grooming suggested lesser 274 

anxious state. However, it is important to note that self-grooming should not be used as a sole or 275 

direct indicator of rat anxiety (Kalueff et al., 2016). 276 

The results showed that the ANT group buried significantly more marbles than the PRO 277 

group (p <0.05) at 42% and 18% marble burying, respectively (Fig. 3A); however, the CON group 278 

did not show a significant difference in marble burying when compared with the ANT group 279 

suggesting that the two groups with no probiotics administration seemed to be more compulsive 280 

and more anxious than the PRO group. Likewise, the longest time of digging, time of freezing and 281 

time of grooming at 150 s, 14 s and 32 s were found in the ANT group corresponding to the most 282 
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compulsive/anxious state (Fig. 3B, 3C and 3D, respectively). However, probiotics administration 283 

in the PRO group was able to significantly lower the time of digging, time of freezing and time of 284 

grooming suggesting that a probiotic cocktail was able to reduce compulsiveness and anxiety. 285 

The ANT group showed a distinct behavioral phenotype characterized by repetitive, 286 

compulsive-like digging and burying. The overview of the representative cages of the CON group 287 

showed few marbles buried (N = 7 left and N = 1 right in this example) with some degree of 288 

displacement from the original marble locations (Fig. 4B) when compared to the marble locations 289 

in the cages at the initial time (Fig. 4A). Similarly, the PRO group showed very few marbles buried 290 

(N = 1 left and N = 3 right in this example) and little displacement from the original marble 291 

locations (Fig. 4C). In contrast, the ANT group had the greatest number of marbles buried (N = 10 292 

left and N = 15 right in this example) and an extensive displacement of marbles from the initial 293 

marble locations (Fig. 4D). The topographic changes in the bedding surface was assessed, applied 294 

as an adjunct to the time spent digging and was also an indicator of burying and digging 295 

behavior. Both CON and PRO groups had relatively undisturbed bedding surface appearance (Fig. 296 

4B and 4C) when compared to the bedding surface prior to the test (Fig. 4A). In contrast, the ANT 297 

group showed some degree of disturbance on the bedding surface (Fig. 4D).  298 

 299 

Probiotic mixture increased locomotor function 300 

The results showed that the PRO group had significantly greater distance traveled (600 cm), 301 

speed (120 cm/min) and time spent in the center of the exploration box (20 s) than those found in 302 

the ANT group (370 cm, 74 cm/min and 12 s, respectively) (Fig. 5A, 5B and 5C) indicating that a 303 

probiotic cocktail was able to enhance exploratory behavior, locomotor functions whilst lessen 304 

anxiety in rats. The PRO group was also more exploratory than the CON group. In addition, the 305 
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PRO group spent significantly less time of fear-related freezing (11 s) and less time of rearing (13 306 

s) than the ANT group (14 s and 23 s, respectively) (Fig. 5D and 5E) suggesting that a probiotic 307 

cocktail was likely to be able to reduce anxiety. However, the results from the PRO and the CON 308 

groups were not significantly different. The time of grooming showed no significant difference 309 

among the three groups (Fig. 5F). 310 

Our findings are similar to the previous works. L. casei 54-2-33 (1×104 CFU/mL of 311 

drinking water) was orally administered to male Sprague–Dawley rats for 14 days and the open 312 

field test showed significantly higher time spent in the center of the exploration box (Barrera-313 

Bugueno et al., 2017) suggesting that probiotics can reduce anxiety level. Bifidobacterium and 314 

Lactobacillus spp. were mostly used as a probiotic cocktail in the previous works and showed the 315 

positive effects on some central nervous system (CNS) functions with sufficient doses of 109 and 316 

1010 CFU for 2 weeks in animals (Wang et al., 2016). 317 

 318 

Probiotics mixture improved memory performance 319 

To investigate whether a probiotic cocktail was linked to an increased preference for 320 

novelty as an indicator of a low anxiety level, the performance of rats on a novel object recognition 321 

test was assessed. This test was used as an explicit test of novel versus familiar object 322 

discrimination and relied on the hypothesis that rats without memory deficit tended to 323 

preferentially approach novel objects (Antunes and Biala, 2012). The result showed that the PRO 324 

group displayed significantly enhanced recognition index at 89% when compared to the ANT 325 

group at 62% and the CON group at 67% (Fig. 6) suggesting that a probiotic cocktail was able to 326 

enhance memory performance. 327 
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The reason that the ANT group had the lowest memory performance was possibly due to 328 

gut dysbiosis caused by antibiotics. The previous reports had demonstrated causal associations 329 

between disruption of the gut microbial community and impairments of memory and anxiety-like 330 

behavior (Frohlich et al., 2016; Desbonnet et al., 2015; Diaz Heijtz et al., 2011). The use of a 331 

probiotic cocktail in our work produced a similar positive effect on memory as in the previous 332 

finding. High-dose (2.5×1010) of commercial probiotics VSL#3 (B. longum DSM 24736, B. 333 

infantis DSM 24737, B. breve DSM 24732, L. acidophilus DSM 24735, L. paracasei DSM 24733, 334 

L. bulgaricus DSM 24734, L. plantarum DSM 24730, and Streptococcus thermophilus subsp. 335 

thermophiles DSM 24731) prevented the diet-induced memory deficits on the hippocampal-336 

dependent place task (Beilharz et al., 2018). 337 

 338 

Probiotics mixture enhanced enzymatic and non-enzymatic antioxidant activities 339 

The probiotic cocktail was able to increase a rat brain antioxidant status as supported by a 340 

significantly increased CAT activity in the PRO group (65 nmol/min/mg protein) compared to the 341 

ANT group (31 nmol/min/mg protein) and the CON group (45 nmol/min/mg protein) (Fig. 7A). 342 

No difference in the rat brain DPPH scavenging activity in all 3 groups was observed (p > 0.05) 343 

(Fig. 7B). However, a significant increase in non-enzymatic total antioxidant capacity estimated 344 

by FRAP assay was observed in the PRO group at 0.020 FeSO4 µg/µg protein when compared to 345 

the ANT group (0.015 FeSO4 µg/µg protein) and the CON group (0.016 FeSO4 µg/µg protein) 346 

(Fig. 7C). Different results from DPPH and FRAP assays may be due to the predominance of 347 

probiotics-induced antioxidant molecules with single electron transfer (SET)-based mechanism as 348 

detected by FRAP assay over those with hydrogen atom transfer (HAT)-based mechanism by 349 



 

18 

 

 

DPPH assay and also ionization potential in rat brains at a particular time might be more favorable 350 

for SET mechanism to occur (Ruslan et al., 2018). 351 

In comparison with the previous work, rats trained by swimming showed no differences in 352 

brain antioxidant activity (0.45±0.0 mM/µg protein) assessed by FRAP assay when compared to 353 

sedentary rats (0.45±0.0 mM/µg protein) (Nonato et al., 2016). This suggests that probiotic 354 

administration is more likely to boost non-enzymatic antioxidant activity in rats than the physical 355 

exercise. 356 

The brain is highly susceptible to oxidative stress due to a high density of polyunsaturated 357 

fatty acids which are prone to lipid peroxidation. The brain consumes massive amounts of oxygen 358 

for energy production, and has lower antioxidant defenses compared to other organs (Adibhatla 359 

and Hatcher, 2007). However, the brain expresses catalase enzyme as part of antioxidant defense 360 

to decompose hydrogen peroxide, as a result preventing the production of hydroxyl radicals by the 361 

Fenton reaction (Reiter, 1995), and protecting the brain from any oxidative damage (Tanko et al., 362 

2013). These results indicated that a probiotic cocktail was able to enhance enzymatic and non-363 

enzymatic antioxidant activities in rat brains and possibly contributed to less compulsive, less 364 

anxious, more locomotive behaviors and higher memory performance in the PRO group.  365 

A number of studies suggested that oxidative stress led to anxiogenic behavior; however, 366 

the relationship between them was indirect (Xu et al., 2014). Our finding was in accordance with 367 

the previous work that showed the enhanced antioxidant activity and total antioxidant capacity in 368 

mice with low anxiety-related behavior (Filiou et al., 2011). The previous findings demonstrated 369 

that L-buthionine-(S,R)-sulfoximine - induced anxiety-like behavior of rats was preventable by 370 

both moderate treadmill exercise and antioxidant tempol supplementation in rats (Salim et al., 371 
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2010). In addition, improving learning and memory effects in rats were accompanied by strong 372 

antioxidant activity of lipoic acid (Tzvetanova et al., 2018). 373 

 374 

Probiotics mixture resulted in the neuroprotective effect 375 

The neuroprotective effect of a probiotic cocktail in this work corroborated the finding that 376 

displayed the neuroprotective effects of L. buchneri KU200793 isolated from Korean fermented 377 

foods (Cheon et al., 2020). In addition, our results were in accordance with the previous work that 378 

used eugenol-supplemented diets to treat AlCl3-intoxicated rats and the results showed decreased 379 

neuronal cell damage in the cerebral cortex, thereby minimizing damage to the brain tissue (Said 380 

and Rabo, 2017). 381 

Probiotics are now well-recognized for their neuroprotective effects; however, the exact 382 

mechanisms of actions are still not well established. Evidence on the antiinflammatory activity of 383 

probiotics in the CNS has been accumulated. LAB were known to significantly reduce astrocyte 384 

reaction in the brain (Kovalenko et al., 2011); Lactobacillus spp. stimulated the release of 385 

antiinflammatory cytokines (Villena et al., 2012). Moreover, the neuroprotective effect of L. 386 

acidophilus was correlated to higher antioxidant activities (Yang et al., 2011). 387 

In the PRO group, a majority of the pyramidal and granular cells appeared as normal as 388 

those found in the CON group (Fig. 8A and 8B); however, certain apoptotic neurons with shrunken 389 

acidophilic cytoplasm and deeply stained nuclei were observed possibly as a result of an antibiotic 390 

treatment prior to probiotics or naturally-occurring oxidative stress in rat brains. The lesser number 391 

of apoptotic cells and shrunken pyramidal and granular cells may be due to the higher antioxidant 392 

activity from CAT activity and FRAP activity induced by a probiotic cocktail. Six major layers 393 

are recognized in the cerebral cortex and are differently developed in various regions of the 394 
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cerebral cortex. Pyramidal layers are more developed in the motor centers and granular layers in 395 

sensory centers (anxiety and memory) of the cerebral cortex (Swenson, 2006). The less damage in 396 

pyramidal layer in the PRO group may contribute to the highest locomotor activity as assessed by 397 

OFT and memory performance by NOR. 398 

In the ANT group, a greater number of apoptotic pyramidal cells with shrunken acidophilic 399 

cytoplasm and deeply stained nuclei was recorded (Fig. 8C) as indicative of neuronal death. This 400 

result was similar to the occurrence of neuronal necrosis resulted from the use of adriamycin, a 401 

chemotherapeutic drug, in rats (Zickri et al., 2013).  402 

In addition, the ANT group resulted in the highest numbers of pyknotic nuclei and 403 

vacuolation per field and significantly different from those found in the CON and PRO groups 404 

(Fig. 8D). Vacuolation could be caused by the cell organoid exposure to free radicals (Brown et 405 

al., 2004). This effect may be correlated to a reduction in brain non-enzymatic and enzymatic 406 

antioxidant causing an imbalance between an antioxidant/oxidant ratio (Brown et al., 2004). 407 

In general, the use of multi-strain probiotics is more favorable than single-strain probiotics 408 

due to more effective health benefits (Chang et al., 2017; Chapman et al., 2011). In many cases, 409 

multi-strain probiotics were more effective at pathogenic inhibition than individual component 410 

species when tested at approximately equal concentrations of biomass. Multi-strain probiotics 411 

might be more effective at lowering gastrointestinal infections and may have a broader spectrum 412 

of action against different pathogens than that provided by a single strain (Chapman et al., 2012). 413 

In this work, we used six bacterial strains as a probiotic cocktail because we think that mixed 414 

probiotics once administered to humans, not only offer synergistic psychobiotic effects as reported 415 

in this work, but they individually also offered other health-promoting benefits as reported 416 

previously. P. pentosaceus WS11 was proven to be an exopolysaccharide producer (Luang-In et 417 
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al., 2018a) which exerted antioxidant activity. L. plantarum SK321 and L. fermentum SK324 from 418 

Pak-Sian Dong displayed antibacterial activity against four pathogenic bacterial strains; 419 

Staphylococcus aureus, Salmonella typhymurium, E. coli and B. cereus (Pumriw, 2020).  420 

 421 

Conclusion 422 

     The findings in this work are limited but warrant further investigation for advancing scientific 423 

knowledge. It is thought that the neuroprotective effects modulated by a probiotic mixture involve 424 

antioxidant enzymes, and also non-enzymatic antioxidant defenses. At present, a number of single-425 

strain probiotic and multi-strain probiotics are commercialized worldwide (Ansari et al., 2019). A 426 

combination of several species may hold synergistic effects. However, most commercialized 427 

probiotics available in Thailand are not derived from strains isolated from Thailand’s origins, most 428 

of them are imported from Europe, USA and Japan. To the best of our knowledge, this is the first 429 

finding to demonstrate that a multi-strain probiotic formulation derived from bacteria isolated from 430 

Thai fermented foods was able to reduce compulsiveness/anxiety, enhance locomotor function and 431 

memory, enhance enzymatic and non-enzymatic antioxidant activities and also offer a 432 

neuroprotection in healthy rats. These findings are in agreement with the novel concept of 433 

psychobiotics. This work supports the purpose for continuing researches focusing on the use of 434 

these probiotic strains for mental health promotion or mind/behavior modulation by the 435 

formulation of functional foods. 436 
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Figures 668 

 669 

Fig. 1. Timeline of the experimental procedures 670 

 671 

 672 
Fig. 2. Rat body weight and fecal microbial population. (A) Rat body weight. (B) Microbial 673 

population in rat feces. CON = Control group; PRO = Probiotic group; ANT = Antibiotic group. 674 

Results are mean ± standard deviation (n = 7 from each group). *** indicates p<0.001, ** 675 

indicates p<0.01 and * indicates p<0.05 for Tukey's Multiple Comparison Test. 676 
 677 
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 678 
Fig. 3. Anxiety assessment using a marble burying test. (A) Marble burying (%). (B) Time of 679 

digging. (C) Time of freezing. (D) Time of grooming. CON = Control group; PRO = Probiotic 680 

group; ANT = Antibiotic group. Results are mean ± standard deviation (n = 7 from each group). 681 

*** indicates p<0.001, ** indicates p<0.01 and * indicates p<0.05 for Tukey's Multiple 682 

Comparison Test. 683 

 684 

 685 

 686 

Fig. 4. Overview and sideview of marble burying test. Upper panel is overview and lower 687 

panel is sideview. (A) Initial time when 20 marbles were placed and undisturbed in the cage. (B) 688 

Control (CON) group after 30 min. (C) Probiotic (PRO) group after 30 min. (D) Antibiotic 689 



 

34 

 

 

(ANT) group after 30 min.  690 

 691 

Fig. 5. Anxiety assessment using an open field test. (A) Distance travelled by rats in an 692 

exploration box. (B) Distance travelled by rats in an exploration box. (C) Time rats spent in the 693 

center of an exploration box. (D) Time of freezing. (E) Time of rearing. (F) Time of grooming. 694 

CON = Control group; PRO = Probiotic group; ANT = Antibiotic group. Results are mean ± 695 

standard deviation (n = 7 from each group). *** indicates p<0.001, ** indicates p<0.01 and * 696 

indicates p<0.05 for Tukey's Multiple Comparison Test. 697 

 698 

 699 

Fig. 6. Memory performance assessment using a novel object recognition test. CON = 700 

Control group; PRO = Probiotic group; ANT = Antibiotic group. Results are mean ± standard 701 

deviation (n = 7 from each group). ** indicates p<0.01 and * indicates p<0.05 for Tukey's 702 
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Multiple Comparison Test. 703 

 704 

 705 

 706 

Fig. 7. Antioxidant enzymatic and non-enzymatic activities. (A) Catalase (CAT) activity. 707 

(B) DPPH scavenging activity. (C) FRAP activity. CON = Control group; PRO = Probiotic 708 

group; ANT = Antibiotic group. Results are mean ± standard deviation (n = 4 from each group). 709 

*** indicates p<0.001, ** indicates p<0.01 and * indicates p<0.05 for Tukey's Multiple 710 

Comparison Test. 711 

 712 

 713 
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 714 
 715 

Fig. 8. Histology of six layers of rat brain cerebral cortex sections. (A) CON group. (B) 716 

PRO group. (C) ANT group (D) Numbers of pyknotic nuclei and vacuolation per field. Six 717 

layers include molecular layer (i), outer granular layer (ii), outer pyramidal layer (iii), inner 718 

granular layer (iv), inner pyramidal layer (v) and polymorphic layer (vi). The micrographs in 719 

upper (overview of six layers), middle (layer v) and lower (enlarged layer v) panels were of 720 

100×, 200× and 400× magnifications, respectively. Abbreviations; CON = Control group; PRO 721 

= Probiotic group; ANT = Antibiotic group; pm = pia matter, bv= blood vessel, G = granular 722 

cells, P = pyramidal cells, g = glial cells, d = dark shrunken pyknotic nuclei, v = vacuole. * = 723 

eosinophilic neuropil, hollow green arrows = apoptotic cells. *** indicates p<0.001 for Tukey's 724 
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Multiple Comparison Test. 725 

Tables  726 

Table 1 Four mixed antibiotics  727 

      728 

Antibiotics in 1 mL Class Bacterial targets 

Ampicillin (1.75 mg/day, 

Sigma-Aldrich, USA) 

 

Penicillin Broad spectrum for both Gram-

positive and Gram-negative. Inhibit 

cell wall synthesis. 

Neomycin sulfate 

(1.75 mg/day, Amresco, 

USA) 

 

Aminoglycoside Broad spectrum for both Gram-

positive and Gram-negative. Inhibit 

protein synthesis. 

Vancomycin  

(0.875 mg/day, Sigma-

Aldrich, USA)  

 

Glycopeptide Narrow spectrum for coccus Gram-

positive and Gram-negative. Inhibit 

cell wall synthesis. 

Metronidazole 

(1.75 mg/day, Sigma-

Aldrich, USA)  

 

Nitroimidazole Broad spectrum for both Gram-

positive and Gram-negative and also 

protozoa. Inhibit nucleic acid 

synthesis. 

Four mixed antibiotics were prepared according to Zhan et al. (2018). 729 
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