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Industry Summary:  New technologies are needed to help livestock producers maintain health and wellbeing 

of their animals while minimizing risks of disseminating antimicrobial resistant bacteria to humans or animals. 

Thymol, the active ingredient of many mouthwashes such as Listerine®, is an attractive candidate for 

development as an antibiotic alternative for swine because it is a potent biocide against Salmonella, E. coli and 

Campylobacter and as a natural product may more likely be viewed favorably by regulatory agencies. However, 

thymol and low molecular weight conjugated forms of thymol are rapidly absorbed in the stomach and small 

intestine which consequently prevents their delivery to the cecum and large intestine where many pathogenic 

bacteria primarily reside. In order to make thymol more resistant to absorption, we chemically linked thymol to 

larger molecular weight oligosaccharide complexes using a chemical bond like that used by plants to link 

glucose units into cellulose. The result was that certain of these high molecular weight thymol-conjugates 

exhibited potential as antibiotic-alternatives in benchtop laboratory studies but further work is needed to 

elucidate their pharmacokinetic properties in fed pigs. In a parallel investigation, we tested an extract of a 

Middle Eastern plant named Nigella sativa which contains natural bioactive constituents of thymol such as 

thymoquinone. Extracts of this plant have been found to enhance immune function, improve performance and 

reduce enteropathogen colonization in poultry and small ruminants but until now studies with swine had been 

lacking. Presently, we found that Nigella sativa extract exhibited modest anti-E. coli K88 and anti-Salmonella 

Typhimurium in benchtop studies. Furthermore, we found that when orally administered to recently weaned 

pigs the Nigella sativa extract helped reduce intestinal carriage of wildtype E. coli but had little if any 

observable effect on carriage of endogenous Campylobacter spp. or a challenge Salmonella Typhimurium 

strain. Cumulative feed conversion efficiency after 9 days feed administration of the Nigella sativa extract was 

improved significantly (> 60%) compared to that observed with control pigs (6.1 gram dry matter intake/ gram 

of live weight gain), due largely to early performance of the weaned pigs indicating that the Nigella sativa 

extract may hasten transition of the piglets to nursery diets. 
 
 

Keywords:  Antibiotic alternative, Campylobacter coli, Salmonella, E. coli, Nigella sativa extract, thymol, 

thymol-beta-D-glucopyranoside, thymoquinone. 
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Scientific Abstract:   
 

 New technologies are needed to help livestock producers maintain health and wellbeing of their animals while 

minimizing risks of disseminating antimicrobial resistant bacteria to humans or animals. Thymol, the active 

ingredient of many mouthwashes such as Listerine®, is an attractive candidate for development as an antibiotic 

alternative for swine because it is a potent biocide against Salmonella, E. coli and Campylobacter and as a 

natural product may more likely be viewed favorably by regulatory agencies. However, thymol and low 

molecular weight conjugated forms of thymol are rapidly absorbed in the stomach and small intestine which 

prevents their delivery to the cecum and large intestine where many pathogenic bacteria primarily reside. In 

order to make thymol more resistant to absorption, we chemically linked thymol to high molecular weight 

oligosaccharide complexes using a beta-glycosidic chemical bond like that used by plants to link glucose units 

into cellulose. The result was that certain of these high molecular weight thymol-conjugates exhibited potential 

as antibiotic-alternatives in benchtop laboratory studies but further work is needed to optimize their 

pharmacokinetic properties in fed pigs. In a parallel investigation, we tested an extract of a Middle Eastern plant 

named Nigella sativa which contains natural bioactive constituents of thymol such as thymoquinone. Extracts of 

this plant have been found to enhance immune function, improve performance and reduce enteropathogen 

colonization in poultry and small ruminants but until now studies with swine had been lacking. Presently, we 

found that Nigella sativa extract exhibited modest anti-E. coli K88 and anti-Salmonella Typhimurium in 

benchtop studies. We further found that when orally administered to recently weaned pigs the Nigella sativa 

extract helped reduce intestinal carriage of wildtype E. coli, with populations recovered from Nigella sativa 

extract-treated pigs being 0.7 to 1.8 log units lower than those recovered from jejunal, cecal and rectal contents 

of controls (which ranged from 6.05 to 8.10 log10 CFU/g). Gut populations of Campylobacter and Typhimurium 

were unaffected (P > 0.10) by Nigella sativa treatment. Feed intake and weight gain over the 9 days of feeding 

were unaffected by treatment (P > 0.10), averaging 3.31 ± 0.78 and 2.55 ± 1.39 kg, respectively. However, 

cumulative feed conversion efficiency after 9 days feed administration of the Nigella sativa extract was 

improved significantly (> 60%) compared to that observed with control pigs (3.5 gram dry matter intake/ gram 

of live weight gain), due largely to early performance of the weaned pigs indicating that the Nigella sativa 

extract may hasten transition of the piglets to nursery diets. 

 

 

Introduction:  Livestock producers are under increasing pressure to reduce their use of antibiotics to control 

disease and enhance production due to concern of public health officials and the general public that such use is 

contributing to the emergence and proliferation of microbial populations resistant to antibiotics used to treat 

medically important diseases.  It is not known, however, what will happen to levels of important zoonotic 

pathogens on the farm and during processing should usage of currently available antibiotics be discontinued. 

Consequently, producers as well as consumers share a critical need for new, environmentally compatible 

technologies to help eliminate pathogens from food animals during on-farm rearing.  Thymol is an essential oil 

that has been shown to be bactericidal against zoonotic pathogens such as Salmonella, Campylobacter and 

Escherichia coli, with minimum inhibitory concentrations against pure cultures ranging from 1.00 and 1.55 

µmol/mL.3,6  Mechanistically, the bactericidal activity of thymol is due to the insertion of this fat-loving 

compound into the lipid-rich bacterial cell wall with the subsequent disintegration of cell wall integrity.7  

Results from feeding studies revealed thymol to be readily eaten by pigs but only marginally effective in 

reducing gut concentrations and shedding of foodborne pathogens and this is because the highly lipophilic (fat-

loving) property of thymol makes it very rapidly absorbable in the stomach and small intestine.4,17,18  Thus 

protective technologies are clearly needed to deliver effective amounts of thymol to the lower gut where it can 

kill the pathogens.  Attempts to protect thymol using traditional casein encapsulation technologies were 

unsuccessful in delivering thymol to the lower gut likely because these did not survive passage through the 

acidic stomach and the highly proteolytic, lipolytic and extremely capable lipid absorbing capacity in the small 

intestine.18 
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 With support from the National Pork Board, another novel approach attempting to take advantage of a 

specific chemical modification of thymol has been investigated.  This modification conjugated thymol to 

glucose via use of an acid-resistant and pancreatic enzyme resistant beta-glycosidic bond to form thymol-beta-

D-glucopyranoside (hereafter referred to as beta-D-thymol).  Conceptually, we hypothesized and subsequently 

demonstrated that beta-D-thymol would be a prebiotic in that it would be nearly undegradable and more 

resistant to absorption in the stomach and proximal small intestine of monogastrics than free thymol.10,20  This 

resistance to degradation and absorption is because higher animals do not produce the beta-glycosidase enzyme 

that is required to hydrolyze beta-D-thymol. For instance, the lack of beta-glycosidase enzymes in monogastrics 

is the reason why they cannot use cellulose, which is a polymer composed of repeating beta-glucosides.  Gut 

microbes do express beta-glycosidase activity however and thus we further hypothesized that when beta-D-

thymol reaches microbial activity in the lower gut there should be sufficient microbial beta-glycosidase activity 

to liberate thymol from the glycoside thereby allowing it to be active in the desired site of the gut. 

 Unfortunately, results from weaned pig feeding studies were not successful in achieving significant 

reductions in cecal and rectal concentrations of Salmonella, E. coli or Campylobacter with oral beta-D-thymol 

administration thus indicating that efficacious amounts of beta-D-thymol were not made available in the cecum 

or large intestine.  Possible reasons for this could be that hydrolysis of beta-D-thymol and subsequent absorption 

of free thymol may have been sufficiently rapid within the proximal small intestine to preclude delivery of the 

intact glycoside to the cecum and large intestine.  Results from our in vitro incubations did indicate that there 

was some beta-D-thymol hydrolytic activity in populations of swine jejunal microbes although much less than 

that observed in cecal and fecal populations.  Similarly, it is possible also that despite being 3-times more 

resistant to absorption than free thymol,20 enough of the beta-D-thymol may have been absorbed in the small 

intestine to limit its delivery to the cecum and large intestine.  More likely, it is possible that uptake and internal 

compartmentalization of beta-D-thymol by gut bacteria, or the lipophilic (fat loving) properties of both thymol 

and, albeit to a lesser but still strong extent, beta-D-thymol, may sequester these compounds away from 

hydrolytic enzymes thus preventing the release of free thymol.  Evidence supporting these later hypotheses 

comes from research by Beier and colleagues5 who demonstrated that bacterial uptake of beta-D-thymol can 

occur in microbial populations collected from the pig stomach.  Preferential uptake of beta-D-thymol by cecal 

populations has also been demonstrated (unpublished).  From a microbiological perspective, the rapid uptake 

for beta-D-thymol may be nonspecific yet analogous to the preferential uptake of disaccharides (both 

compounds containing 2 six membered rings) by certain gut bacteria as a way to proactively take possession or 

preserve substrate availability at the expense of potential competitors.22,23  Moreover, results from the NPB 

supported study indicated that fats inhibited the bactericidal activity of beta-D-thymol in mixed populations of 

gut bacteria thus implicating a potential role of the lipophilicity of both thymol and beta-D-thymol. 

 With the knowledge obtained from the NPB supported project, we are continuing this area of research 

with in-house USDA funds with an ongoing collaboration with the Department of Chemistry at the University 

of Texas at El Paso.  Without disclosing too much information, the University of Texas is synthesizing 

derivatives of thymol and a related compound, thymoquinone, that will be less lipophilic and more water 

soluble thus overcoming the lipophilic limitation of the earlier work.  Additionally, the derivatives will be 

synthesized using larger molecular weight (thus being larger in size) carbohydrate moieties to overcome the 

limitation of rapid bacterial uptake and make them even more resistant to absorption than beta-D-thymol. 

Conceptually, these newly synthesized high molecular weight thymol and thymoquinone derivative-

carbohydrate (UT-THY) are being designed using traditional methods for making glycosides for successful 

colonic drug delivery9,11 with the expectation that the derivatives will more effectively pass to the cecum and 

large intestine of pigs where they will then be hydrolyzed to deliver the active agent to kill the pathogens.  Pig 

feeding studies for these newly synthesized derivatives are planned for summer of 2017. 

 As a way to leverage our current work we are at the same time pursuing another logical approach to utilize 

natural plant sources containing thymol derivatives as an effective bypass strategy with an established 

collaborator from Serbia who has been actively involved in this investigation since his early contributions on 

absorption studies20 while working in our lab as a Norman Borlaug Fellow.  A particularly attractive plant 

source identified by our colleague, Dr. Branko Petrujkić, is a plant called Nigella sativa 
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(https://en.wikipedia.org/wiki/Nigella_sativa).  This plant is native to Asia, southwest Asia and parts of the 

Mideast and is known to contain a variety of different thymol-type derivatives such as thymoquinone, 

dithymoquinone, thymodihydroquinone as well as larger carbonyl polymers such nigellone and others.14,19  The 

plant and its seeds (sometimes called black cumin seeds) also contain up to 30% fat with nearly 60% being the 

highly nutritious fatty acid, linoleic acid, and contains a variety of other biologically active compounds such as 

alkaloids, saponins and tannins.14  The plant, whether fed as whole seeds or extracts, has been shown to be 

biologically active, exhibiting antimicrobial, anti-inflammatory, antioxidant, gastro-protective, anticancer as 

well as other activities.14,19  The antimicrobial, anti-inflammatory and gastro-protective activities of Nigella 

sativa seeds (<3% diet) or extracts (<0.4% of diet) have been demonstrated extensively in poultry with several 

log-fold reductions of ileal or excreta concentrations of E. coli in laying hens, broilers7,8,21 as well as in Baladi 

goats.1  These findings provide clear evidence that the biological activity within Nigella sativa can pass and be 

active in the lower gastrointestinal tract.  Moreover, feeding Nigella sativa seeds or extracts enhanced 

immunoprotection against the economically important viral diseases, infectious Bursal disease, infectious 

bronchitis and Newcastle disease virus as reviewed by Longato et al.16  Significant improvements in animal 

performance measures have also been observed, with 19 to 33% improvements in feed conversion observed in 

laying hens13,15 and approximately 3 to 5% improvements in feed conversion observed in broilers.12,21  

Additionally, carcass characteristics, morbidity and mortality for poultry, rabbits and small ruminants have also 

been consistently observed and these are also described in the recent review by Longato et al.16  To date, very 

little research, if any, has been done with Nigella sativa seeds or extracts in swine, probably because most of the 

work has been limited to geographical regions where little to no swine production exist.  The objective of this 

proposal was to leverage ongoing USDA work with NPB funds to test Nigella sativa as a potential promising 

feed additive for swine. 
 
 
Objectives: 

 To test the effectiveness of two potential alternative antibiotic feed additive technologies (a 

pharmaceutically-designed thymol-impregnated high molecular weight carbohydrate and a natural seed product 

of Nigella sativa) on performance, immune function, gut health and colonization of Campylobacter coli, 

Salmonella spp. and generic E. coli in weaned pigs. 

 

 
Materials & Methods: 
  

Resistant bacterial strains for challenge studies. The challenge Salmonella enterica serovar Typhimurium 

(NVSL 95-1776) organism, possessing natural resistance to novobiocin, had been made nalidixic acid resistant 

via successive cultivation in tryptic soy broth containing up to 20 µg nalidixic acid mL–1.2  Likewise, the 

challenge E. coli K88 strain (kindly furnished by Dr. Nancy Cornick, Iowa State University, Ames, IA), was 

made novobiocin- and nalidixic-acid resistant (NN-resistant) by successive cultivation in tryptic soy broth 

containing up to 25 µg/mL novobiocin and 20 µg/mL nalidixic acid.  Inocula for experiments were obtained 

from cultures grown overnight at 37ºC in tryptic soy broth (Difco, Becton Dickinson, Sparks, MD, USA) 

supplemented with 25 µg of novobiocin/mL and 20 µg/nalidixic acid mL. 

 

Fecal incubation studies with Nigella sativa extract, thymol, beta-D-thymol and high molecular weight 

thymol-conjugates. Nigella sativa extract (in ethanol) was provided by Dr. Branko Petrujkić from the 

University of Belgrade (Belgrade, Serbia).  Thymol and beta-D-thymol (thymol-β-D-glucopyranoside) were 

purchased from Sigma-Aldrich (St. Louis, MO, USA) and Christof Senn Laboratories (Dielsdorf, Switzerland), 

respectively.  High molecular weight thymol-conjugated compounds were synthesized and provided by Dr. Juan 

Noveron at the Department of Chemistry, University of Texas, El Paso.  These compounds included a conjugate 

of thymol linked to carboxymethyl cellulose with a loading rate of approximately 15% thymol, a conjugate of 

thymol linked to carboxymethyl cellulose and glucose with a loading rate of approximately 6% thymol, a 

https://en.wikipedia.org/wiki/Nigella_sativa
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conjugate of thymol linked to carboxymethyl cellulose and lactose with a loading rate of approximately 4% 

thymol and a conjugate of thymol linked to lactose with a loading rate of approximately 50% thymol.  

 For in vitro incubations designed to determine the antibacterial effects of the different test compounds, 

freshly voided fecal samples were collected from approximately 25 kg conventionally-reared pigs maintained 

on un-medicated feed.  Fecal samples were delivered to the laboratory within 1 h of collection and mixed (0.1% 

wt/vol each) with separate batches of anaerobically prepared half-strength Mueller Hinton Broth.  Each batch 

was then inoculated with either the NN-resistant Salmonella Typhimurium or E. coli K88 to achieve initial 

concentrations of between 104 and 106 CFU/mL.  The half-strength Mueller Hinton broth was used as the 

medium in the fecal suspension study so as to limit excessive acid production by fermentative anaerobes.  Ten 

milliliter volumes of the resultant mixed populations were distributed under a constant flow of 100% N2 gas to 

18 x 150 mm crimp top tubes that had been preloaded with test compounds to achieve indicated concentrations.  

Nigella sativa was added as small volumes (< 0.9 mL) of an ethanol extract, thymol and beta-D-thymol (each 

prepared in 50% ethanol) were separately added as small volumes (≤ 0.05 mL) of concentrated stock solutions.  

The high molecular weight thymol-conjugates were added as small amounts (< 0.05 g) to achieve 3 or 6 mM 

thymol equivalents.  Control-treated tubes were preloaded with 0.1 mL of 50% ethanol. Tubes were closed with 

rubber stoppers, crimped and incubated anaerobically (under 100% N2 gas) at 39oC for 24 h.  All treatments 

were conducted in triplicate. 

 

In vivo studies with Nigella sativa extract.  The care and handling procedures used for the animals during this 

research was conducted according to procedures approved by the USDA/ARS Southern Plains Area 

Institutional Animal Care and Use Committee protocol #2016016.  A total of 72 three week old weaned piglets 

were obtained and randomly placed in rearing pens at the USDA Food & Feed Safety Research Unit, College 

Station, Texas and acclimated for 5 days.  All animals were fed a diet that met or exceeded the requirements set 

by the NRC.  Animals had unrestricted access to drinking water via nipple drinkers, while the feed was 

provided twice daily (07:00 and 14:00 h) ad libitum.  The animals were divided randomly into two study 

groups, n = 36 per study group. Each study group contained 0X, 1X and 3X treatment groups with 6 pens per 

group allocating two animals in each pen to allow for social contact (for a total of 18 pens/study group). 

 For the first study group, the Nigella sativa extract was given via oral gavage at 6 and 18 h after each pig 

was administered a single oral administration of 1010 viable cells of the S. Typhimurium challenge organism.  

The control group was gavaged with 6 mL of distilled water, while the 1X group was gavaged with 6 mL of a 

10% Nigella sativa extract and the 3X group received 6 mL of a 30% Nigella sativa extract, which was 

equivalent to 0.6 and 1.8 g of dry Nigella sativa extract per animal, respectively.  One pig per pen was harvested 

at 20 h and the remaining pigs at 26 h (n = 18) and 42 h (n = 18) after the S. Typhimurium oral gavage 

challenge and gut specimens collected at necropsy were subjected to microbiology analyses. 

 For the second study group, the Nigella sativa extract was provided in the feed from the first day of the 

study.  The 0X group received no added extract, the 1X group (0.15% Nigella sativa extract dry matter) and 3X 

group (0.45% Nigella sativa extract dry matter) treatments were mixed with the diet and offered with each 

meal.  Animals were orally challenged with 1010 viable cells of S. Typhimurium on day 9 of treatment.  The 

animals were harvested and necropsied 42 h following the challenge and subjected to microbiology analyses.  

The feed intake per pen was recorded daily while the body weights were recorded at the beginning and the end 

of the studies to evaluate animal growth and feed conversion.  Fecal contents were collected 3 days prior to the 

treatments to culture and assess the shedding status of wildtype E. coli, Salmonella and Campylobacter of the 

pigs. 

 

Bacterial enumeration.  Concentrations of NN-resistant S. Typhimurium and NN-resistant E. coli K88 in 

fluids from in vitro suspensions sampled after 0, 6 and 24 h of incubation were enumerated via viable cell count 

on Oxoid Brilliant Green (Oxoid LTD, Basingstoke, Hampshire, England) agar or MacConkey (Difco) agar, 

each supplemented with 25 µg novobiocin/mL and 20 µg naladixic acid/mL.  Samples were serially diluted into 

9 mL of phosphate buffered saline (pH 6.5) from 10–1 out to 10–6.  Gut samples collected from pigs at necropsy 

were diluted similarly and plated on NN-supplemented Brilliant Green agar and on MacConkey and Campy 
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Cefex agars for viable cell count enumeration of the NN-resistant S. Typhimurium and generic E. coli and 

Campylobacter species, respectively.  Salmonella Typhimurium and E. coli were counted after 24 h aerobic 

incubation at 37oC; Campylobacter were be enumerated after 48 h microaerophilic (N2:CO2:O2; 85:10:5) 

incubation at 42oC. 

 

Statistical analysis.  In the in vitro incubation studies, log10 transformations of NN-resistant S. Typhimurium 

and E. coli K88 colony counts enumerated at 0, 3, 6 and 24 h were log10 transformed and were tested for main 

effects of treatment at each sampling time using a general analysis of variance and a LSD separation of means 

(Statistix Version 10, Tallahassee, FL, USA). 

 

In the animal studies, dry matter intake, weight gain, feed conversion and concentrations (log10 CFU/g gut 

contents) of NN-resistant Salmonella Typhimurium and wildtype E. coli were analyzed for effects of treatment 

using an analysis of variance.  Polynomial contrasts were used to examine linear and quadratic effects of 

treatment level. 
  
 

Results and Discussion: 
 

Benchtop studies with natural seed product of Nigella sativa 
 

Results from in vitro dose titration studies revealed that water extracts of Nigella sativa seeds exhibited 

antimicrobial activity against challenge strains of E. coli K88 and S. Typhimurium when grown with mixed 

populations of freshly collected porcine gut microbes.  The antimicrobial activity, however, was more 

dramatic against E. coli K88, achieving approximately 2 log10 unit reductions in cell numbers (the 

equivalent of 100-fold) with a dose of 0.3% vol/vol Nigella sativa extract compared to less than a 1 log10 

unit (less than 10-fold) obtained against S. Typhimurium with as much as 0.9% vol/vol Nigella sativa 

extract (Figures 1 and 2, respectively).  

 

 

 

  
 

Figure 1 .When grown with mixed populations of porcine fecal microbes, viable cell counts of 

Escherichia coli K88 were significantly (P < 0.05) reduced in cultures treated with 0.3% (vol/vol) 

Nigella seed extract for 24 h of incubation.  
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Figure 2. When grown with mixed populations of porcine fecal microbes, viable cell counts of 

S. Typhimurium were significantly (P < 0.05) reduced in cultures treated with the Nigella sativa seed 

extract, although reductions obtained were less than 50% the amount of inhibition observed with E. coli 

K88. 

  

 

Live animal studies with Nigella sativa extracts 

 

Results from our first live animal study revealed no effects of oral Nigella sativa treatment on gut 

concentrations of wildtype E. coli, Campylobacter or the challenge S. Typhimurium strain in samples 

collected 26 h after administration of treatment (Table 1).  Conversely, the results did show that oral 

administration of the Nigella sativa extract to newly weaned pigs via oral gavage (Table 2) significantly 

or tended to significantly (P < 0.10) decreased the numbers of wildtype E. coli measured in the gut 

contents collected 42 h after treatment.  Numbers of the challenge S. Typhimurium strain or wildtype 

Campylobacter species measured in gut contents were unaffected by oral gavage with the Nigella sativa 

extract (Table 2).  Likewise, numbers of total culturable anaerobes measured in cecal contents were 

unaffected by treatment (P = 0.5163; SEM = 0.23) and 9.36 log10 CFU/g.  These results are in general 

agreement with our benchtop studies showing that the Nigella sativa extract was more effective against 

E. coli than Salmonella.  These results further provide an initial indication of anticipated transit time 

from treatment to arrival of the active agents to the lower gut. 

 Results from our second study showed that twice a day feeding for 9 days (Table 3), significantly 

(at P < 0.10) decreased numbers of wildtype E. coli measured in jejunal and rectal contents.  Numbers of 

wildtype E. coli measured in cecal contents were nearly 1 log unit (10-fold) lower in contents collected 

from 1X- and 3X Nigella sativa-treated pigs than in controls but this was not significantly different 

(Table 3).  The Nigella sativa extract treatments in the second animal study did not significantly reduce 

concentrations of wildtype Campylobacter or the challenge strain of S. Typhimurium.  Analysis of tissue 

samples for TNF-α and Toll-Like Receptor 9 did not reveal any significant differences due to treatment 

in these measured variables.  Results of piglet performance from the live animal feeding study are 

presented in Table 4 and show that while significant effects of feeding Nigella sativa extract were not 

observed on overall piglet feed consumption, weight gain or average daily gain, there was a significant 

improvement on feed conversion in treated piglets.  This effect on feed conversion was due largely to 

better feed consumption and weight gain during the first few days of treatment indicating that the Nigella 

sativa extract may hasten transition of newly weaned piglets to nursery diets. 
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Table 1.  Results from our first live animal study showing no significant effect of oral 

administration, via gavage, of increasing amounts of Nigella sativa extract on wildtype 

E. coli but not experimentally inoculated S. Typhimurium or wild Campylobacter species 

when measured 26 h after treatment. 

 Bacterial concentrations (log10 

CFU/g) observed in gut contents 

collected 26 h orally gavaged with 

Nigella sativa extracta 

  

Polynomial contrasts 

 

 0X  1X 3X  Linear Quadratic SEM 

Wildtype E. coli        

   Jejunal 5.84 4.85 4.60  0.1854 0.4401 0.580 

   Cecal 7.58 7.50 6.98  0.2773 0.8151 0.401 

   Rectal 6.58 7.15 6.46  0.6002 0.1661 0.334 

        

S. Typhimurium        

   Jejunal ND ND ND  --- --- --- 

   Cecal 3.71 3.26 3.98  0.4729 0.2611 0.373 

   Rectal 2.91 2.84 3.37  0.6326 0.1752 0.436 

        

Campylobacter spp.        

   Jejunal 1.59 1.75 1.58  0.9079 0.6136 0.260 

   Cecal 4.67 4.55 4.49  0.8088 0.9283 0.487 

   Rectal 5.31 5.01 4.96  0.6234 0.7386 0.447 
a1X dose is equivalent to 0.15% of diet dry matter. 
bND, not detected. 

 

 

 

 

 

 

 

 

 

 

 

Table 2.  Results from our first live animal study showing significant or tendencies for 

significant effect of oral administration, via gavage, of increasing amounts of Nigella sativa 

extract on wildtype E. coli but not experimentally inoculated S. Typhimurium or wild 

Campylobacter species when measured 42 h after treatment.  

 Bacterial concentrations (log10 

CFU/g) observed in gut contents 

collected 42 h orally gavaged with 

Nigella sativa extracta 

  

Polynomial contrasts 

 

 0X  1X 3X  Linear Quadratic SEM 

Wildtype E. coli        

   Jejunal 6.25 5.59 4.44  0.0263 0.9284 0.569 

   Cecal 8.17 7.65 7.18  0.0938 0.6997 0.383 

   Rectal 7.77 6.69 6.64  0.0936 0.1749 0.395 
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S. Typhimurium        

   Jejunal ND ND ND  --- --- --- 

   Cecal 3.29 4.07 3.53  0.9009 0.2922 0.510 

   Rectal 3.02 2.85 3.12  0.8388 0.7345 0.478 

        

Campylobacter spp.        

   Jejunal 2.61 2.05 2.03  0.4214 0.5223 0.436 

   Cecal 5.17 5.28 4.76  0.4679 0.6710 0.448 

   Rectal 5.01 4.94 5.02  0.9699 0.8909 0.415 
a1X dose is equivalent to 0.15% of diet dry matter. 
bND, not detected. 
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Table 3.  Results from our second live animal study showing significant or nearly 

significant effect of feed administration of Nigella sativa extract on wildtype E. coli but not 

experimentally inoculated S. Typhimurium or wild Campylobacter species. 

 Bacterial concentrations (log10 

CFU/g) observed in gut contents 

collected from weaned pigs 

approximately 9 days feeding of 

Nigella sativa extracta 

  

Polynomial contrasts 

 

 0X  1X 3X  Linear Quadratic SEM 

Wildtype E. coli        

   Jejunal 6.05 4.48 4.74  0.0237 0.0083 0.324 

   Cecal 6.50 5.66 5.60  0.1318 0.2423 0.364 

   Rectal 6.61 5.89 5.68  0.0188 0.1868 0.246 

        

S. Typhimurium        

   Jejunal 1.25 1.00 1.84  0.1238 0.2597 0.312 

   Cecal 2.34 2.10 2.91  0.2769 0.4254 0.428 

   Rectal 2.84 2.42 2.55  0.6754 0.4892 0.374 

        

Campylobacter spp.        

   Jejunal 2.04 1.55 2.05  0.8009 0.2296 0.323 

   Cecal 4.04 3.40 3.53  0.3675 0.2527 0.324 

   Rectal 4.42 4.59 4.17  0.5199 0.5627 0.344 
a1X dose is equivalent to 0.15% of diet dry matter. At the end of the 9 day feeding period all 

piglets were orally challenged with S. Typhimurium and gut contents were collected at necropsy 

42 h thereafter.   
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Table 4.  Results from our second live animal study showing little if any significant effect of 

feed administration of Nigella sativa extract on total amount of feed consumed, total weight 

gain and average daily gain during the feeding study but revealing a significant effect of 

treatment on feed conversion. 

 Piglet performance during 

9 days feed administration 

of  Nigella sativa extracta 

  

Polynomial contrasts 

 

 0X  1X 3X  Linear Quadratic SE

M 

        

Total feed consumed/pen (grams) 3,147 3,486 3,310  0.8284 0.5011 331 

Total gain/pen (grams) 1,842 2,747 3,060  0.1720 0.4845 558 

Average daily gain (grams) 205 305 340  0.1720 0.4845 62 

Feed conversion (intake/gain, grams) 3.5 1.3 1.3  0.0502 0.0960 0.65 
a1X dose is equivalent to 0.15% of diet dry matter. 

 

 

Studies with thymol-impregnated high molecular weight carbohydrate 

 

Results from initial in vitro studies with our pharmaceutically-designed thymol-impregnated high 

molecular weight carbohydrates have indicated that some modification of product formulation or 

composition may be necessary to achieve optimal efficacy possibly because the cellulose matrix is 

preventing access to the gut microflora to the thymol-carbohydrate bonds (Figures 3 and 4).  These 

results clearly indicate that the lactose-thymol conjugate is more easily hydrolyzed than the carboxy 

methyl cellulose-conjugate, the latter which was designed to be a low cost/low input material.  In the 

case of the lactose-thymol conjugate, further studies are planned to assess its ability to resist hydrolysis 

by pancreatic lactase and thus survive passage through stomach and small intestine in recently weaned 

and in grower pigs.  Alternatively, we suspect it may be likely that the populations of porcine gut 

bacteria may not contain sufficient numbers of bacteria able to access and hydrolyze the bonds between 

thymol and some of the carbohydrate moieties. In support of this hypothesis, we observed that the 

antimicrobial activity of the carboxy methyl cellulose-thymol conjugate was significantly enhanced 

when co-administered with a prominent rumen cellulolytic bacterium, Ruminococcus albus (Figure 5).  

Accordingly, further studies are underway to see if we can isolate cellulolytic bacteria that may be able 

to be developed into probiotics to co-administer with the carboxy methyl cellulose-thymol conjugates so 

as to optimize hydrolysis and subsequent liberation of thymol from the cellulose carrier.  We are, 

moreover, continuing our collaboration with chemists at the University of Texas at El Paso to synthesize 

alternative thymol-conjugates with other more soluble carbohydrate carriers to see if there may be 

preferable alternatives to the present thymol-impregnated high molecular weight carbohydrate product. 

 

 



12 

 

 
 

Figure 3.  When grown with mixed populations of porcine fecal microbes, the lactose-thymol conjugate 

was the most effective of the newly synthesized high molecular weight compounds tested in killing E. 

coli K88 and likely reflects more efficient hydrolysis by the mixed microbial population.  Anti-E. coli 

K88 activity by the different carboxy methyl cellulose-thymol conjugates, including those also 

containing glucose or lactose, was less effective.  Antimicrobial activity of lactose alone or beta-D-

thymol are presented for comparison.   
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Figure 4.  When grown with mixed populations of porcine fecal microbes, the carboxy methyl cellulose 

lactose-thymol conjugate was the most effective of the newly synthesized high molecular weight 

compounds tested in killing S. Typhimurium although appreciable anti-S. Typhimurium was observed 

with the lactose-thymol and the carboxy methyl cellulose-glucose conjugates but not with the carboxy 

methyl cellulose conjugate lacking the glucose or lactose substitutions.  Antimicrobial activity of 

lactose alone or beta-D-thymol are presented for comparison.   
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Figure 5.  When grown with mixed populations of porcine fecal microbes, the carboxy methyl 

cellulose-thymol conjugate lacking glucose or lactose substitutions exhibited enhanced anti-S. 

Typhimurium activity when co-administered with a prominent rumen cellulolytic bacterium, 

Ruminococcus albus as was the anti-S. Typhimurium activity of beta-D-thymol.  This supports our 

hypothesis that the population of porcine gut bacteria may be limited in numbers of bacteria able to 

beak the bonds linking thymol to the cellulose or glucose moieties.  We are actively searching for a 

suitable cellulolytic bacterium that may be developed into a probiotic that can enhance the activity of 

the thymol-conjugates. 

 

 

Publications, presentations or abstracts of the project results. 

 

An abstract entitled “Assessment of Nigella sativa extract as a potential antibiotic alternative feed 

supplement for weaned swine” and authored by B. Petrujkić, R.C. Beier, H. He, K.J. Genovese, C.L. 

Swaggerty, M.E. Hume, T.C. Crippen, R.B. Harvey, R.C. Anderson, and D.J. Nisbet was been 

submitted and presented at the Second International Symposium on Alternatives to Antibiotics to be 

held this December 12-15, 2016 in Paris, France. 
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