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5
ABSTRACT6

Problem of Research: Food safety implications of fermented-condiment-adapted bacterial7

strains, regarding their intrinsic, acquired and transferable antibiotic resistance potentials are yet8

to be reportedly fully ascertained.9

Aim: Food safety implications of Culturalable fermented-condiment-adapted bacterial strains,.10

Methodology: Using the Kirby-Bauer agar disc-diffusion method, phenotypic multi-antibiotic-11

drug-in-discs resistance (MADIDR) profiles of 138 fermented-condiment-borne (Gram-positive =12

71; Gram-negative = 67) bacterial strains from iru, ogiri and okpehe were evaluated by in-discs13

antibiotics, which are commonly administered in human and animal prophylaxis and therapy.14

Results: None of the fermented-condiment-adapted bacterial strains was totally susceptible to the15

test antibiotics; just five (3.62%: n = 0.7%: Gram-positive: n = 2.9% Gram-negative) strains were16

mono-resistant, while six (4.37%) were totally or pandrug-resistant (PDR). Of the remaining17

92.03% fermented-condiment-adapted bacterial strains, 6.57% exhibited co-antibiotic drug18

resistance (CDR); 43.8% (Gram-positive = 17.52%; Gram-negative = 26.28%) were multi-drug19

resistant (MDR); and 41.55% (Gram-positive = 25.55%: Gram-negative = 16.0%) displayed20

extensive-drug resistance (XDR). A total of 43.48% Gram-positive and 36.96% Gram-negative21

bacterial strains were multi-resistant to between four and eight of the test in-discs antibiotics.22

Overall, augmentin (95.8%), cloxacillin (94.4%) cotrimoxazole (71.8%) and erythromycin23

(71.8%) were the most-resisted in-disc antibiotics by the condiment-adapted Gram-positive24



bacteria, while cloxacillin (93.8%), ciprofloxacin (80.0%) and augmentin (76.9%) were the most-25

resisted in-discs antibiotics by Gram-negative bacteria.26

Conclusion: Tremendous multi and extensive resistance to antibiotics were recorded among27

fermented-food-condiment-environment-adapted-bacteria, indicating a serious food safety28

challenge in the ethnic cottage-food industries, food chain, and the community. Thus, sscreening29

for antibiotic resistance in food-condiment-borne bacteria, using in-discs antibiotics is strongly30

suggested.31

Keywords: Consumer health protection, fermented-food-condiment-environment-adapted-32

bacteria (FFCEAB), foodborne pathogens and diseases, food safety, ogiri Ijebu.33

34

1.0 INTRODUCTION35

The cottage-produced Nigerian indigenous fermented food condiments (NIIFFCs) from36

leguminous (vegetative) seeds, prepared mostly by traditional fermentation methods, are a variety37

of popular strong-smelling food culinary products, with consistently appealing, unique38

organoleptic qualities, to enhance soups, sauces and other prepared dishes. By giving distinctively39

pleasant aroma, peculiar taste, flavour, and overall food delicacy characteristics to soups, sauces40

and prepared dishes, as well as their enhanced shelf-life, functionality, and nutritional properties,41

[1-3], the Nigerian indigenous fermented food condiments, such as, ogiri, iru / dawadawa /42

dadawa, okpehe, ugba, etc., are thereby, undeniably incomparable [1-9].43

It is well known that indigenous fermented foods and and alcoholic / non-alcoholic beverages44

form part of the rich nutritional culture of most regions of the world. They symbolise the heritage45

and socio-cultural aspects of ethnicity, beyond rural households and village communities. Apart46

from being strongly linked to culture, tradition, and indigenous community, even across countries;47

indigenous fermented foods and beverages represent an extremely valuable distinctiveness, in48



terms of food culture and heritage [10-14]. Furthermore, ethnic foods have in-built systems, both as49

foods, to meet up with hunger, and also as medicine. So, traditional fermented foods are health-50

benefit-imparting staple foods for most of the developing countries, and also key healthy foods51

for developed countries. Production of antioxidants and antimicrobial compounds, and bio-52

availability of nutrients; stimulation of probiotic functions, and fortification with some health-53

promoting bioactive compounds, are part of the connections between human resident microbes54

and many aspects of physiology [15-23].55

The overall sensory characteristics and health benefits of fermented foods are responsible for their56

massive consumption rates. However, with billions to feed worldwide, the need to produce57

adequate amounts of safe food, uncontaminated by bacterial, fungal, viral and protozoan58

pathogens, etc., remains one of the major challenges in modern times [24]. Meanwhile, most59

documented studies on the distinct Nigerian indigenous fermented food condiments have usually60

been on their processing, nutritional, physicochemical, acceptability, storage or shelf-life61

characteristics, and their fermenting microbial flora [3,25,26]; with only few studies actually62

reporting the effect of their microbial quality and food safety [27-30]. Moreover, the presence and63

potential ablility of the fermenting microbes, which are likely to cause health problems, as a64

consequence of their survival, and consumption of their end products [31,32] call for adequate65

screening of such mostly uncontrolled, traditional fermented nutritional foods. The purpose of this66

study therefore, is to evaluate the antibiotic-in-disc-multi--resistance (AIDMR) assay on easily-67

culturable bacterial flora isolated from market samples of three most popular Nigerian fermented68

food condiments, iru, ogiri and okpehe, as an easily-reproducible taxonomic tool for screeing69

antibiotic resistance in such indigenous foods.70

71

72



2.0 MATERIALS AND METHODS73

2.1 Traditional preparations of the condiments74

Traditional preparations and fermentations of the test condiments in this study, ogiri Ijebu, from75

melon seeds (Citrilus lanatus); iru /dawadawa /daddawa, from African locust bean seeds (Parkia76

biglobosa) and okpehe / afiyo from mesquite (Prosopis africana), are as shown in figures 1-3.77

Locust bean Melon (Citrilus lanatus) seeds Mesquite78

(Parkia biglobosa) seeds (Prosopis africana) seeds79
80

Sorting and cleaning* Sorting and cleaning Sorting and cleaning81
82

Boiling with fire wood Boiling with fire wood (1hr.) Boiling with fire wood83
(1- 2 days) until soft (1-2 days)84

85
Addition of nail / wood ash86

to fasten boiling of the87
cotyledons*88

89
Dehulling (removal) of seed Dehulling (removal) of seed Dehulling (removal) of90
coats with feet / fingers or coats with hands seed coats with feet /fingers91

pounding in mortar with or pounding in mortar with92
pestle pestle93

94
Rinsing repeatedly with water Rinsing repeatedly with water Rinsing repeatedly with95

to separate seed cotyledons while separating seed cotyledons water to separate seed96
from seed coats from seed coats cotyledons from seed coats97

98
99

Re-boiling with fire wood Re-boiling with fire wood Re-boiling with fire wood100
(1-2 hrs.)* until soft (1-2 hrs.)*101

102
Addition of kúrú to soften103

the cotyledons*104
105

Draining through a local sieve / Draining through a local sieve / Draining through a local106
woven basket / plastic or woven basket / plastic or sieve / woven basket /107

metallic sieve metallic sieve plastic or metallic sieve108
109

Allow to cool Allow to cool Allow to cool110
111

Spreading in fermenting Spreading in fermenting Spreading in fermenting112
calabashes and covered clay pot and covered with utensils and covered113
with woven baskets & Thaumatococcus danielii leaves114

& wrapped with jute bags and wrapped with clean jute bag115
/ cloth or clean cloth116

117
Fermentation (2-5 days) Fermentation (4-5 days) Fermentation (5-6 days)118

at room temperature at room temperature at room temperature119
120

Iru / dawadawa / daddawa Ogiri Afiyo / Okpehe121
122

Fig. 1: Flow chart for Fig. 2: Flow chart for Fig. 3: Flow chart for123
traditional preparation of traditional preparation of traditional preparation of124
irú / dawadawa / daddawa Ogiri Okpehe / Afiyo125

(Oyeyiola, 1988) (Ogunshe Pers. Comm.) (Ogunshe et al., 2007)126
127



2.2 Test bacterial flora128
129

The test bacterial flora screened for phenotypic antibiotic profiles included some of those earlier130

isolated from indigenous Nigerian fermented food condiments iru, ogiri and okpehe (Figs. 1-3),131

obtained from local markets in Ijebu Ode, Abeokuta, Ibadan, Lokoja, Gboko, Ondo, Akungba and132

Lagos in Nigeria [4,27-30].133

134
2.3 Antibiotic susceptibility / resistance determination (discs)135

136
In determining the antibiotic-in-disc-multi-resistance (AIDMR) of easily-culturable bacterial flora137

from three most popular Nigerian fermented food condiments, iru, ogiri and okpehe, phenotypic138

antibiotic susceptibility and resistance of the Gram-positive and Gram-negative condiment-borne139

bacterial species to various antibiotics, was according to Bauer et al. [33]. and NCCLS [34] agar140

disc-diffusion methods. Test antibiotics (discs) used for the Gram-positive bacteria screening141

were, tetracycline (TET; 30µg), streptomycin (STR; 10mg), augmentin (AUG; 30µg), gentamicin142

(GEN; 10µg), erythromycin (ERY; 5µg), cloxacillin (CXC; 30µg), chloramphenicol (CHL;143

30µg), cotrimoxazole (COT / CTX; 25µg). Test antibiotics (discs) used for Gram-negative144

bacteria screening were, fortum (CAZ; 30mg), ciprofloxacin (CPX; 10 µg), gentamicin (GEN;145

10µg), claforan (CTX; 30 µg), ofloxacillin (OFL; 30 µg), augmentin (AUG; 30µg), nitrofurantoin146

(NIT; 250µg) and cloxacillin (CXC; 30µg).147

The entire surface of each sterile Mueller-Hinton agar plate was seeded with each bacterial isolate148

using sterile wab sticks. The plates were left for about 15 minutes before aseptically placing the149

antibiotic multi-discs on the agar surfaces with sterile forceps, followed by incubation at 32-350C150

for 24-36 hours. Zones of inhibition were measured and recorded in millimetre diameter, while151

zones of inhibition less than 10.0mm in diameter or absence of zones of inhibition were recorded152

as resistant (negative) [30].153



3.0 RESULTS154

Identified fermenting and associated bacterial flora of the sampled Nigerian fermented155

condiments in this study were reported as, Micrococcus, Staphylococcus aureus, Streptococcus,156

E. coli, Enterobacter aerogenes, Klebsiella pneumoniae, Proteus mirabilis, Pseudomonas157

aeruginosa, Salmonella and Shigella dysenteriae, in addition to Bacillus species.158

The narrow-spectrum or broad-spectrum test antibiotics (belonging to the aminoglycosides,159

macrolides, penicillins, tetracyclines, quinolones, etc.), are mostly bactericidal (bacterial death),160

and few bacteriostatic (growth inhibiting) towards the condiment-adapted bacterial strains.161

Results of the antibiotic susceptibility and resistance rates and profiles of condiment-adapted162

bacterial strains recorded in this study expressed that, with the exception of gentamicin (4.68%-163

26.7%), tremendously high antibiotic resistance rates of between ≥50.0% and 100% were164

exhibited by the Gram-positive bacteria. Generally, augmentin vs. cloxacillin antibiotics (discs)165

were the most-resisted antibiotics by the Gram-positive bacterial species [Bacillus / Micrococcus166

spp. 100% vs. 100%; Staphylococcus aureus 87.0% vs. 100%; Streptococcus 100% vs. 90.9%]167

(Table 1). But overall, antibiotics mostly resisted by ≥50.0% of the Gram-positive bacterial strains168

were erythromycin / cotrimoxazole (71.8%), chloramphenicol (66.2%), tetracycline (63.3%) and169

streptomycin (50.7%) (Figure 4a).170

The Gram-negative bacteria isolated from the indigenous fermented food condiments exhibited171

between 53.8% and 93.8% overall resistance rates, with the exception of ofloxacillin (4.6%) and172

gentamicin (20.0%) (Figure 4b) but higher resistance towards the two antibiotics were recorded173

for Klebsiella (ofloxacillin = 50.0%) and Proteus (gentamicin = 50.0%). More significant174

resistance rates were also exhibited by Klebsiella, Proteus and Pseudomonas species (Table 1).175

No resistance was exhibited by Enterobacter towards ofloxacillin but all the strains were resistant176

to augmentin and cloxacillin (100%), while 75.0% of Enterobacter strains exhibited resistance177



towards nitrofurantoin, claforan, ciprofloxacillin and fortum (Table 2). All the E. coli strains were178

resistant to fortum, 93.3% and 80.0% of the E. coli strains were resistant to cloxacillin and179

augmentin respectively, while 66.7% of the strains were resistant to ciprofloxacillin and claforan180

but the lowest resistance was recorded for ofloxacin (13.3%).181

The two Klebsiella pneumoniae strains were totally resistant (100%) to augmentin, ciprofloxacin,182

claforan, fortum, ofloxacillin, nitrofurantoin and cloxacillin but no resistance was exhibited183

towards gentamicin. Salmonella strains exhibited highest antibiotic resistance rates towards184

cloxacillin (93.1%), fortum and ciprofloxacin (72.4%) but lowest resistance was recorded for185

gentamicin (20.7%), while no resistance (0.0%) was recorded for ofloxacin. The most resisted186

antibiotics by Shigella dysenteriae were ciprofloxacin, cloxacillin (83.3%), fortum and augmentin187

(66.7%), while no resistance was exhibited against gentamicin (0.0%). Total resistance (100%)188

were also exhibited by Proteus mirabilis against fortum, ciprofloxacin, augmentin and cloxacillin;189

no resistance was recorded against ofloxacillin, while 50.0% resistance were recorded against190

gentamicin. Pseudomonas aeruginosa strains were all susceptible to ofloxacillin but total191

antibiotic resistance (100%) were recorded for cloxacillin, augmentin, ciprofloxacin and fortum,192

while 71.4% and 85.7% antibiotic resistance were recorded for nitrofurantoin and claforan193

respectively. Lowest resistance of 14.3% was recorded for gentamicin.194

The overall percentage multiple antibiotic resistance (%MAR) rates of 25.0%-100%, and195

respective %MAR for the condiment-borne bacteria were 25.0 - 75.0% (Salmonella), 25.0 -196

87.5% (Bacillus, E. coli), 25.0 - 100% (Micrococcus), 37.5 - 100% (Staphylococcus), 50.0 -197

87.5% (Streptococcus, Pseudomonas), 62.5 - 75.0% (Enterobacter, Proteus, Shigella), and 75.0%198

- 87.5% (Klebsiella). A total of 80.8% (n = 43.9% Gram-positive: n = 36.9% Gram-negative) of199

the condiment-borne bacterial strains displayed ≥50.0% MAR. More of the Gram-positive200

bacteria had 50.0-87.5%, while the Gram-negative bacteria had more 62.5-75.0% MAR (Table 2).201



As shown in Table 3, most of the condiment-borne bacterial species were multi drug resistant202

(MDR) (Gram-positive = 17.52% Gram-negative = 26.28%) and extensively drug resistant (XDR)203

(Gram-positive = 25.55% Gram-negative = 16.0%), while just 6.57% exhibited co-drug resistance204

(CDR). Only five (3.62%) strains of the condiment-borne bacterial strains (n = 0.7% Gram-205

positive: n = 2.9% Gram-negative) exhibited mono-resistance but six (Gram-positive = 4.37%)206

were totally (100%) resistant, i.e., pandrug-resistant (PDR).207

4.0 DISCUSSION208

As earlier suggested by Abriouel et al. [35], using all types of guidelines to perform risk209

assessments, there is need for closer investigations on antibiotics-in-food safety. So, in this study,210

narrow and broad-spectrum test antibiotics (belonging to the aminoglycosides, macrolides,211

penicillins, tetracyclines, quinolones, etc.), which are the classes of antibiotics commonly212

administered as prophylactic or /and therapeutic agents in human clinical cases, were incorporated213

into discs, ideally for agar disc-diffusion antibiotic susceptibility testing. Tremendous resistance214

to the test antibiotics, by both the fermenting and other associated bacterial flora of the ethnic215

fermented food condiments were also indicated in this study. In an earlier related study [30], which216

was the first report that ascertained massive multi-resistance by condiment-borne bacterial flora to217

commonly administered antibiotic medications in human and animal prophylaxis and therapy,218

significant multi resistance to 2-15 of 18 antibiotic drugs were recorded. Only 2.9% of the219

bacterial strains were totally susceptible to the 18 antibiotic medications, and even, the bacterial220

strains that were susceptible had more of minimal (narrow zones of inhibition) susceptibility221

values.222

In this current study, only 3.62% of the condiment-adapted bacterial strains were mono-resistant,223

while none of the bacterial strains was totally susceptible to the test in discs antibiotics. In spite of224

their special link to cultural socio-nutrirional profiles, consumers unknowingly and inadvertently225



ingest large viable populations of multi-antibiotic resistant bacteria along with the indigenous226

fermented food condiments. However, in addition, to the ability of foodborne bacteria to adapt227

and survive under various stressful environments situations in their ecological niches, during228

food-processing[36-40], food as means of vehicle can also considerably play significant role in229

facilitating infection, by protecting the food-borne pathogens from the effects of the stomach’s230

acidity [41,42]. According to Zwietering et al. [43], if a hazardous microorganism is found in a231

finished food product, it means something but, absence of microbes in a limited number of food232

samples is no guarantee of safety of a whole production batch. So, contrary to the findings of233

Salminen et al. [44], antibiotic resistance in fermenting and associated condiment-borne bacterial234

strains cannot be beneficial in these regards.235

Preservation and safeguarding of food are still the major objectives of food fermentation [45],236

which is typically carried out by the performance of each single microbial strain or mixed cultures237

that consist of multiple microbial species or strains, in isolation and in synergy or antagonism238

with other strains, as the microbial consortia ultimately determine the final fermented food239

products, especially from cottage and industrial fermentation perspectives. But nowadays, terms240

such as, extensive drug resistance (XDR), and pan drug resistance (PDR) are commonly used to241

exhibit the depth of bacterial resistance [46]. Co-resistance refers to the presence of resistance to242

more than one class of antibiotics in the same bacterial strain. MDR was defined as acquired243

resistance to at least one antibiotic in three or more antibiotic classes, XDR was defined as244

resistance to at least one antibiotic in all but two or fewer antimicrobial classes (i.e., bacterial245

isolates is susceptible to only one or two classes of antibiotics), while PDR was defined as246

resistance to all antibiotics in all antibiotic classes [46, 47]. Therefore, in the era of tremendous247

increase in multidrug-resistant, extensively drug-resistant and even pandrug-resistant bacteria, the248

medical community is facing the threat of untreatable infections [47, 48].249



Dietary habits have been found to affect the composition of human faeces, and even linked to250

colon cancers through faecal water genotoxicity [49], since evidence suggested that intestinal251

microbiota highly contributes to its balance, by induction of chronic inflammation, due to252

bacterial infections and /or production of toxic bacterial metabolites [50-54]. Also, bacteria can be253

transferred from food to the GIT microbiota, while antimicrobial resistance gene transfer can then254

occur between the GIT microbiota, within the favourable conditions of the GIT [55]. Transfer of255

antimicrobial resistance genes between bacteria, after ingestion by humans may occur as well, and256

under minimal food processing or preservation treatment conditions, sublethally damaged or257

stressed cells can be maintained in the food; thereby, inducing antimicrobial resistance build-up,258

which can enhance the risk of antimicrobial resistance transfer [56].259

Food safety and quality depend on many specific factors, including favourable or harmful260

microbial properties [57], one of which is, foodborne microbial flora, which habour antimicrobials261

and transferable antimicrobial resistance genes that can be involved in antimicrobial residues in262

foods. As highly important and popular as ethnic fermented food condiments are world-wide,263

available data highlighted some notable exceptions where they have been associated with264

bacterial pathogens implicated in outbreaks of foodborne illnesses [27, 32, 58], most likely due to265

contaminations during processing. It then means, in spite of quality, safety and acceptability of266

the traditional fermented food condiments being tremenousdly improved by the use of starter267

cultures [59, 60], which are selected on the basis of multifunctional considerations [45], as well as,268

being natural food products that appeal to the consumers, who often doubt the safety of synthetic269

chemical food additives [5]; presence of multi-antibiotic resistance makes dependence of270

traditionally fermented food condiments on inoculation from previous fermented batch, as starter271

cultures, source of enhancement and transference of antibiotic resistance virulence, and growth-272

detrimental interactions on the fermenting bacterial species [61]. Antibiotic resistance genes are273



then vertically passed to the next generation of microbes; while in some cases, they are acquired274

through horizontal transfer from one microbe to another, when thriving in the same microbial275

environment [62, 63].276

Microbes used as probiotics are not exempted from acquiring antibiotic resistance genes [64-67], as277

they represent a huge reservoir of antimicrobial resistance genes in traditional fermented food278

products, especially in developing countries. These situations have therefore, prompted food279

safety concerns in the food industries, leading to regulatory interventions in some cases. As the280

world is running out of antibiotics [68], as there are fewer, or even sometimes no, effective281

antimicrobial agents available for infections caused by these bacteria [43], and emergence of282

resistance to multiple antibiotics in pathogenic bacteria has become a significant public health283

threat. This study clearly demonstrates that the indigenous fermenting and associated bacterial284

flora in easily contaminated samples of three Nigerian cottage-produced fermented condiments,285

iru, ogiri and okpehe (afiyo) have successfully adapted to antibacterial resistance properties.286

Based on the findings of this study, assaying for antibiotic-profiles of condiment-adapted-287

bacterial species, including those selected as starter and probiotic cultures are strongly suggested.288

289

5.0 CONCLUSION290

Screening of the finished products of Nigerian indigenous fermented food condiments by291

antibiotic susceptibility and resistance testing, as a control measure, provided information not292

only on the lack of bacterial safety status of the ethnic fermented vegetable food condiments, but293

also on the tremendous resistance of the condiment-adapted bacteria to antibiotics (commonly294

administered in human prophylaxis and therapy). This easy-to-adapt antibiotic resistance295

screening method in the current study for food-condiment-borne bacteria, can certainly serve as a296

fermented-food microbiological risk and safety assessment tool.297



298
299

Fig. 4a: Overall percentage antibiotic resistance Fig. 4b: Overall percentage antibiotic300
resistance rates of Gram-positive bacterial species rates of Gram-negative bacterial301
species302

303
Legends: COT = cotrimoxazole; CHL = chloramphenicol; CXC = cloxacillin; ERY =304
erythromycin; GEN = gentamicin; AUG = augmentin; STR = streptomycin;TET = tetracycline,305
CAZ = fortum; CPX = ciprofloxacillin; GEN = gentamicin; CTX = claforan; OFL = ofloxacillin;306
AUG = augmentin; NIT = nitrofurantoin; CXC = cloxacillin.307

308

Hilly M, Adams ML, Nelson SC. A study of digit fusion in the mouse embryo. Clin Exp Allergy.309
2002;32(4):489-98.310

311



Table 1: Spatial distributions of percentage mono- and multi- antibiotic resistance rates among fermented-food-condiment-environment-adapted312
bacteria313

314
Bacterial spp. Percentage antibiotic resistance rates315

0.0% ≥15.0% ≥25.0% ≥35.0% ≥50.0% ≥60.0% ≥70.0% ≥80.0% ≥90/0% 100%316

Bacillus [12] Gen Cot Chl, Tet Ery Aug, Clx317
(16.7%) (41.7%) (50.0%) (66.7%)318
Strep319
(25.0%)320

Micrococcus [13] Gen Chl, Strep, Tet Cot, Ery, Aug, Clx321
(14.3%) (57.4%) (64.3%) (71.4%)322

Staphylococcus [23] Gen Chl, Cot, Str, Ery Aug Clx323
Tet (73.9%) (87.0%)324

(21.7%) (69.6%)325
Streptococcus [22] Gen Str Ery Chl Tet, Clx, Cot Aug326

(4.68%) (59.1%) (68.2%) (77.3%) (81.8%) (90.9%)327
328

Enterobacter [4] Ofl Gen Caz, Cpx, Ctx, Nit Aug, Cxc329
(0.0%) (25.0%) (75.0%)330

E. coli [15] Ofl Gen Nit Cpx, Ctx Aug Cxc Caz331
(13.3%) (26.7%) (40.0%) (66.7%) (80.0%) (93.3%)332

Klebsiella [2] Gen Ofl Aug, Caz,333
(0.0%) (50.0%) Cpx, Ctx,334

Nit335
Salmonella Ofl Gen Nit Ctx Aug Caz, Cpx Cxc336
[29] (0.0%) (20.7%) (48.3%) (55.2%) (62.1%) (72.4%) (93.1%)337
Shigella [6] Gen Ofl Nit Ctx Aug, Caz Ctx Cxc, Cpx338

(0.0%) (16.7%) (33.3%) (50.0%) (66.7%) (85.7%)339

Proteus [4] Ofl Ctx, Gen Nit Aug, Caz,340
(0.0%) (50.0%) (75.0%) Cpx, Cxc341

Pseudomonas Ofl Gen Nit Aug, Caz,342
[7] (0.0%) (14.3%) (71.4%) Cpx, Cxc343

344
Legends: Cot = cotrimoxazole; Chl = chloramphenicol;cxc = Cloxacillin; Ery = erythromycin; Gen = Gentamicin;aug = augmentin;345

Str = streptomycin; Tet = tetracycline.346
Caz = fortum; cpx = Ciprofloxacillin; Gen = gentamicin; Ctx = claforan; Ofl = ofloxacillin; Aug = augmentin; Nit = nitrofurantoin;347
Cxc = cloxacillin.348



Table 2: Overall percentage antibiotic resistance rates and patterns of fermented-food-condiment-349
environment-adapted bacterial flora350

351
Condiment-borne % Antibiotic resistance rates352
bacterial species353

12.5* 25.0 37.5 50.0 62.5 75.0 87.5 100 ≥50.0354

Gram-positive spp.355
Bacillus [12] - 3 - 4 2 - 3 - [9] 6.52%356
Micrococcus [14] - 1 1 5 1 1 3 2 [12] 8.70%357
Staphylococcus [23] - - 4 1 4 4 7 3 [19] 13.77%358
Streptococcus [22] 1 1 - 2 3 6 8 1 [20] 14.49%359
Total [71] 1 5 5 12 10 11 21 6 [60] 43.48%360

361
% Total 0.72% 3.62% 3.62% 8.70% 7.25% 7.97% 15.22% 4.35% [51.39%]362
Gram-negative spp.363
Enterobacter [4] - - - 3 1 - - [4] 2.90%364
E. coli [15] - 2 1 1 8 2 1 - [12] 8.70%365
Klebsiella [2] - - - - - 1 1 - [2] 1.45%366
Salmonella [29] 2 2 7 2 9 7 - - [18] 13.0%367
Shigella [6] 2 - - - 2 2 - - [4] 2.90%368
Proteus [4] - - - - 1 3 - - [4] 2.90%369
Pseudomonas [7] - - - 1 2 3 1 - [7] 5.07%370
Total [67] 4 4 8 4 25 19 3 - [51] 36.96%371

372
% Total 2.9% 2.9% 5.8% 2.9% 18.1% 13.8 % 2.17% 0.0% [48.57%]373

374
Legend: * = mono-resistance375

376
377
378



Table 3: Percentage antibiotic resistance profiles of fermented-food-condiment-environment-adapted379
bacterial flora380

Condiment-borne % Multiple antibiotic resistance profiles Total ARP381
bacterial species382

CDR MDR XDR PDR Total383
(25.0%) (37.5-62.5%) (75.0-87.5) (100%)384

385
Gram-positive spp.386
Bacillus [12] 3 6 7 1 [17] 12.41%387
Micrococcus [14] 1 6 4 2 [13] 9.49%388
Staphylococcus [23] - 8 10 2 [20] 14.6%389
Streptococcus [22] 1 4 14 1 [20] 14.6%390
Total [71] 5 24 35 6 [70] 51.1%391

392
% Total 3.65% 17.52% 25.55% 4.38% (51.1%)393
Gram-negative spp.394
Enterobacter [4] - 3 1 - [4] 2.91%395
E. coli [15] 2 10 3 - [15] 10.95%396
Klebsiella [2] - - 2 - [2] 1.46%397
Salmonella [29] 2 17 7 - [26] 18.97%398
Shigella [6] - 2 2 - [4] 2.91%399
Proteus [4] - 1 3 - [4] 2.91%400
Pseudomonas [7] - 3 4 - [7] 5.10%401
Total [66] 4 36 22 - [62] 45.21%402

403
% Total 2.92% 26.28% 16.0% 0.0% (45.2%)404

405
Overall % Total 6.57% 43.80% 41.55% 4.38% [132] 96.35%406

407
408

Legends: CDR = co-drug resistance; MDR = multi drug resistance XDR = extensive drug resistance;409
PDR = pan drug resistance.410

411
412
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