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INTRODUCTION 53

Plants contain an extensive variety of phytochemical compounds with antimicrobial 54 activity [START_REF] Cowan | Plant products as antimicrobial agents[END_REF], which may have either beneficial or detrimental effects in 55 animals (Panter et al., 2004;Wink, 2004;Acamovic and Brooker, 2004), depending 56 on both the compound used and its concentration. The removal of antimicrobial 57 growth promoters (AGP) from poultry diets has triggered a search for suitable 58 natural alternatives, to combat the increased potential for bacterial disease 59 development in growing flocks, especially under conditions of average management 60 quality. The use of various plant materials as dietary supplements, including 61 culinary herbs, may positively affect poultry health and productivity. Essential oils 62 and herbs are used in human aromatherapy for their holistic mode of action. The 63 large number of active components in these supplements may therefore present a 64 more acceptable defence against bacterial attack than synthetic antimicrobials. The 65 main constituents of the herbs and essential oils are terpenes, which are responsible 66 for the bulk of the antimicrobial activity [START_REF] Charai | Chemical composition and 482 antimicrobial activities of two aromatic plants: Origanum majorana L. and O. 483 compactum Benth[END_REF]. The oils of Thymus 67 vulgaris L. (thyme), Rosmarinus officinalis L. (rosemary), Origanum majorana L. 68 (marjoram) [START_REF] Hammer | Antimicrobial activity of 528 essential oils and other plant extracts[END_REF], O. vulgare subsp. hirtum (oregano) (Hammer et 69 al., 1999;[START_REF] Dorman | Antimicrobial agents from plants: 507 antibacterial activity of plant volatile oils[END_REF] and Achillea millefolium L. (yarrow) (Candan et 70 al., 2003) have in vitro antimicrobial properties. Yarrow has also been reported to 71 reduce the effects of viruses and helminths [START_REF] Cowan | Plant products as antimicrobial agents[END_REF]. However, there is only 72 limited evidence for a bioactive effect of herbal compounds in live poultry. It is 73 unknown whether the inclusion of terpenes in different forms, i.e. as solid herb 74 material or as the extracted oil, would have the same antimicrobial or growth 75 promoting effects in vivo. 76 The present experiment aimed to assess the suitability of a number of 77 culinary herbs; thyme, marjoram, rosemary, oregano and yarrow, and their extracted 78 oils as dietary supplements for poultry. The effects of these herbs and oils on the 79 growth, nutrient utilisation and intestinal microflora in growing broiler chickens were 80 determined. 81

MATERIALS AND METHODS 82

Provision of plant supplements and extraction of essential oils 83

The oregano (O. vulgare subsp. hirtum), marjoram (O. majorana L.), rosemary (R. 84 officinalis L.) and thyme (T. vulgaris L.) were purchased commercially as dried herb 85 supplements (Green City, Glasgow, UK) in early 2001. Yarrow (A. millefolium L. 86 var. Alba) seeds were selected in Slovakia and imported to the UK, where the yarrow 87 plants were grown in experimental plots at SAC Ayr (Dr K. Svoboda). The 88 flowering heads of the yarrow plants were collected in the summer of 2000 and dried 89 on the day of harvest in an oven at 40˚C. Essential oil was distilled from the ground 90 plant material using Clevenger distillation apparatus in accordance with BS 4585 91 (1985), following British Pharmacopoeia methods. The oil samples were stored in 92 sealed glass vials below 4˚C until required. 93

Birds and housing environment 94

The experiment was subjected to an assessment for its ethical acceptability and 95 approved by the Animal Experimental Committee (AEC) within SAC. The birds 96 were housed in cages in an environmentally controlled room. Heating was provided 97 by a single gas brooder, where the initial temperature (study d 0) was set at 32°C and 98 decreased linearly by 0.5°C per d to a final temperature of 21°C at 21 d (d 21). 99 Supplementary heating was provided as required by mobile butane gas heaters. The 100 birds were provided with 1 h of darkness following a period of 23 h light, from the 101 

Experimental design 104

The chickens (165 Ross 308 female birds) were placed at d-old in a single colony in 105 a floor pen containing fresh wood shavings to a depth of 10 cm, and all were fed on a 106 starter ration. At 7 d old, 5 replicate cages containing 3 chicks selected at random 107 were assigned to each of 11 dietary treatments using a randomised block design, 108 giving a total of 55 experimental cages. The study was completed at 28 d of age. 109 Body mass (BM) was measured on an individual basis when the birds were 7, 14, 21 110 and 28 d of age. The average feed consumption (AFC) was determined on a weekly 111 basis from 7-28 d. The feed conversion efficiency (FCE) per cage was derived from 112 the average weight gain (AWG) and AFC per bird on a weekly basis. The treatment 113 diets contained titanium dioxide (TiO 2 ) as an indigestible marker and excreta 114 samples from each cage were collected on d 25. These samples, along with samples 115 of each diet, were stored at -20˚C until required for laboratory analysis. Excreta 116 samples were then freeze-dried prior to analysis. At the end of the study, a bird from 117 each cage was randomly selected and killed using 1 ml/kg BM of sodium 118 pentobarbitone (euthatal), to allow caecal contents collection. 119

Diet formulation 120

The basal starter ration was formulated to be marginal in energy and nutrients and 121 also low in tocopherol (<50 mg/kg), in order to provide the birds with slightly sub-122 optimal conditions for growth. This diet contained mainly wheat and soybean meal, 123

and was manufactured at SAC as a mash (Table 1). The dietary treatments therefore 124 comprised the basal diet only (control), or, alternatively, the basal diet supplemented 125 with one of the 5 herbs (10 g/kg) or one of the distilled essential oils from these herbs 126 (1 g/kg), resulting in 11 dietary treatments in total. Since the herbs were assumed to 127 contain up to about 100 g oil/kg it was decided to include the oils in the diets at 1 128 g/kg and the herbs at 10g/kg thus ensuring the presence of adequate amounts of the 129 terpenes in the diets. All the birds were given the control diet from d 0-6 of the 130 experiment, and then either the control diet on its own or one of the 10 supplemented 131 diets from d 7-29. During mixing, each plant herb was incorporated directly on a 132 weight for weight basis into the dry mix of the diet. The essential oils were first 133 mixed into the vegetable oil component of the ration, and then the oil mixture was 134 added to the basal ration. No in-feed antimicrobials, anti-coccidial drugs or feed 135 enzymes were included. 136

Analytical methodology 137

Enumeration of microbial populations in the caecal and faecal contents of the 138 chickens was performed using various dehydrated media (Oxoid Ltd., UK), which 139 were prepared and sterilised according to the manufacturer's instructions before 140 being poured into sterile Petri dishes. The media used included MRS (DeMan, 141 Rogosa, Sharpe), Wilkins Chalgren anaerobe agar (with 10% defibrinated horse 142 blood), MacConkey agar No. 3 and Perfringens OPSP (Oleandomycin-polymixin-143 sulphadiazine-perfringens). Caecal and faecal samples were serially diluted in 144 Maximum Recovery Diluent, and all plates were inoculated according to the method 145 of [START_REF] Miles | Estimation of the bactericidal power of blood[END_REF] The dry matter (DM) and organic matter (OM) contents of each diet and of 151 the excreta samples collected from each cage were determined according to BS 5766, Parts 1 and 8 (1983). Gross energy was determined by adiabatic bomb calorimetry 153 (Autobomb A. Gallenkamp and Co Ltd., England) in accordance with BS 1016, Part 154 105 (1992), using a benzoic acid standard (VWR Ltd., UK), with a known heat 155 capacity. Nitrogen contents were determined using the Dumas combustion method 156 (Leco FP-428/328, St. Louis, USA). The concentration of titanium dioxide in diet 157 and excreta samples were determined according to the method of [START_REF] Short | 628 Determination of titanium dioxide added as an inert marker in chicken 629 digestibility studies[END_REF], 158 and sialic acid concentrations in excreta samples according to [START_REF] Jourdian | The Sialic Acids XI. A 542 periodate-resorcinol method for the quantitative estimation of free sialic acids 543 and their glycosides[END_REF]. 159

The condensed tannin (CT) contents in the herb samples were measured by the 160 butanol/HCl method, following Makkar, (2003). 161

Statistical analysis 162

This experiment was designed as a 5 X 2 factorial experiment, incorporating a non-163 supplemented control, to give a total of 11 treatments. The statistical analysis was 164 carried out using a balanced randomised block ANOVA in General Linear Model 165 (GLM), using Fishers Least Significant difference (LSD) test to separate means 166 (Genstat, Release 7). A factorial analysis of the experiment was enabled when the 167 term Cont/(herb_oil*type) was entered into Genstat, allowing the separation of 168 effects due to plant species and due to the supplementation of herbs or essential oils. 169

RESULTS 170

Diet compositional analysis 171

The proximate analysis carried out on treatment diets showed that there was no 172 difference in the nutritional composition of the dietary treatments. The dietary DM 173 concentration ranged from 882-890 g/kg over all treatments and N content was 174 between 198-214 g/kg. Ash content ranged from 64-75 g/kg DM in all treatment 

Effect of herbs and essential oils on broiler growth performance 187

In this experiment, 2 chicks died in the first week from different dietary treatments. 188 Generally, those birds given diets including thyme oil and yarrow herb had the 189 greatest overall body mass (BM), average gain, average feed consumption and FCE 190 in the study, compared to the other dietary treatments (Table 2). The average weight 191 of chicks at 7 d of age was 79.2 g (standard deviation, SD=0.982), which was low, 192 but a large proportion of these birds weighed less than 30g on arrival at d of hatch 193 and the diets were in mash form, which may have subsequently reduced overall 194 weights achieved in the trial. No oil-herb interactions were observed between 195 supplements at any stage of this experiment. In each case, the differences described 196 are for individual plant supplements in comparison with each other or the control. 197

Only the birds given diets with thyme oil had a greater BM than those fed on the 198 control diet (d 21, P<0.01; d 28, P=0.001). There was also a differential effect in 199 feeding essential oil and herb supplements from some plant species on BM. The 200 were no effects of treatment on the log 10 population counts of the main intestinal 228 microflora species, when the birds were sampled at 28 d of age (Table 3). The 229 calculated lactic acid: coliform ratios of the original bacterial counts were 230 transformed prior to statistical analyses and were not affected by dietary herbal 231 supplementation; nor were the proportions of total lactic acid bacteria, total coliforms 232 or Clostridium perfringens in relation to total anaerobes (Table 4). 233

Effect of herbs and essential oil supplementation on nutrient digestibility 234

The apparent digestibility coefficients of DM (ADMD), OM (DOMD) and the 235 apparent metabolisability of nitrogen (AMN) and the apparent metabolisable energy 236 (AME) and also AME corrected to zero nitrogen retention (AME N ), contents were 237 determined. The digestible OM content and also metabolisable nitrogen content in 238 the treatment diets were calculated. The metabolisability of the dietary energy 239 (AME:GE) was also determined. Concentrations of sialic acid in broiler excreta 240 were used to calculate sialic acid excreted/kg food intake for the birds as a measure 241 of endogenous losses. 242

No treatment effects were observed with any plant supplement within the 243 diets in relation to the nutrient digestibility (Table 5). As a whole, the calculated 244 nutrient digestibility content and coefficients were rather low in these diets when 245 compared with commercial values. However, the low values for dry matter and 246 organic matter digestibility are in accordance with the low values for AME and 247 AME N . One treatment replicate of the birds fed the diet with yarrow essential oil 248 was removed as a statistical outlier (>3.5 standard deviations from mean) in the 249 analysis of the coefficient of AMN and also the metabolisable N content in the diet. 250 thymol and carvacrol in varying proportions [START_REF] Daferera | GC-MS analysis 497 of essential oils from some Greek aromatic plants and their fungitoxicity on 498 Penicillium digitatum[END_REF]. Neither thymol 266 nor carvacrol were present in the oregano oil used in this study, which they may have 267 originated from senescent plant tissue since it had a similar composition (Russo et 268 al., 1998). Terpene compositions in peppermint plants are known to change over 269 time [START_REF] Burbott | Evidence of metabolic turnover of 475 monoterpenes in peppermint[END_REF], which may be important when selecting the best 270 plant supplements for use in poultry feeding trials. Although the mechanisms behind 271 terpene interactions are unknown, synergistic [START_REF] Cox | Interactions between 494 components of the essential oil of Melaleuca alternifolia[END_REF] or antagonistic 272 interactions in a plant extract may affect its antimicrobial potential. The diet with 273 oregano herb also contained 0.16g of extractable CT/kg, which is very low, but the 274 reduction in AWG by 10-13% in birds fed this diet over the experimental period 275 which may have had some influence as well as other components of the herb 277 [START_REF] Oduguwa | [END_REF]. This reduction in AWG is similar to that reported when 278 tannic acid and sorghum were fed in chick diets [START_REF] Dale | Additive toxicity of 501 aflatoxin and dietary tannins in broiler chicks[END_REF]. The affinities of 279 CT compounds for proteins and carbohydrates have been well characterised, and 280 those in this oregano herb may have bound to other dietary substrates, thereby 281 reducing nutrient availability [START_REF] Bento | The influence of 467 tannin, pectin and polyethylene glycol on attachment of N-labelled 468 microorganisms to cellulose[END_REF][START_REF] Oduguwa | [END_REF]. The 282 measurement of chemical composition in a plant supplement prior to its use may 283 prevent reduced performance in broiler chicks. 284

Effects on bird performance 285

The different herbs and essential oils had variable effects on chick performance. 286

Both the oregano herb and oil treatments were among the poorest dietary treatments, 287 and were associated with reduced values for AFC and AWG in these chicks. Orego-288 stim is a commercial supplement based on oregano, and has been shown to improve 289 AWG and FCR in pigs [START_REF] Gill | Herbs and plant extracts as growth enhancers[END_REF]. However, no effect of Orego-Stim or oregano 290 has been reported on performance in growing broilers [START_REF] Botsoglou | Effect of dietary oregano essential oil on performance 472 of chickens and on iron-induced lipid oxidation of breast, thigh and abdominal 473 fat tissues[END_REF]Lewis 291 et al., 2003), or turkeys between 12 and 16 weeks of age (Papageorgiou et al., 2003). 292

Orego-Stim has reduced the incidence of coccidiosis in chickens [START_REF] Gill | Herbs and plant extracts as growth enhancers[END_REF], which 293 may indicate a protective effect of this supplement. In this study, the inclusion level 294 of essential oil was higher than in previous experiments [START_REF] Botsoglou | Effect of dietary oregano essential oil on performance 472 of chickens and on iron-induced lipid oxidation of breast, thigh and abdominal 473 fat tissues[END_REF]295 Papageorgiou et al., 2003), and was around 10 times that used in the diets fed to the 296 pigs. Although oregano oil is a potent antimicrobial, these studies indicate that 297 oregano in the diets of broiler chicks may not improve growth, and may even restrict 298 it if the oil quality is less than optimal. Broiler AFC and BM has been increased in 299 birds fed diets with Orego-stim without an effect on FCR, when fed in combination 300 13 with a vaccination programme against coccidiosis [START_REF] Waldenstedt | Effect of vaccination against coccidiosis in 643 combination with an antibacterial oregano (Origanum vulgare) compound in 644[END_REF], but the 301 vaccination programme may have produced the bulk of the effect. The increased 302 rates of intestinal transit in chickens may not allow for the same performance 303 response as that observed in pigs, especially if microbial challenge is low. 304

In this experiment, the birds given diets with thyme oil performed best, 305 although thyme oil in the diet did not affect performance in male Wistar rats 306 (Youdim and Deans, 1999). Blends of essential oils have improved broiler 307 performance when given as dietary supplements [START_REF] Suk | Effects of blended essential oil 631 (CRINA®) supplementation on the performance, nutrient digestibility, small 632 intestinal microflora and fatty acid composition of meat in broiler chickens[END_REF]Hernandez et al., 308 2004). In other studies, only very limited information is available concerning the 309 composition of the blend. Blended supplements containing carvacrol, capsaicin and 310 cinnamaldehyde have improved both BM and FCR in broilers at 21 d of age, to a 311 greater extent than avilamycin [START_REF] Jamroz | The influence of phytogenic extracts on 539 performance, nutrient digestibility, carcass characteristics, and gut microbial 540 status in broiler chickens[END_REF]. Yarrow appears to be more 312 effective when fed in these study diets as a herb, which may be due to the precursors 313 of the sesquiterpene chamazulene, which is present in the herb but not the oil, or 314 another phytochemical component. [START_REF] Lewis | Effects 561 of dietary inclusion of plant extracts on the growth performance of male broiler 562 chickens[END_REF] observed an improved 315 growth rate and AFC in broilers with yarrow herb inclusion in diets between 18 and 316 36 d of age. The dietary inclusion of yarrow at 30 g/kg improved AWG in broiler 317 chicks (Fritz et al., 1993). In diets diluted by 10% in energy provision, yarrow herb 318 inclusion increased AFC and tended to increase AWG in broilers (Lewis et al., 319 2004). [START_REF] Lewis | Dietary yarrow (Achillea millefolium) and the growth performance and 557 nutrient digestibility in broiler chickens[END_REF] observed no positive effects of yarrow inclusion when the 320 diets were not diluted, and concluded that the benefits of yarrow inclusion may be 321 dependent on dietary quality. These experimental diets had a reduced compositional 322 quality, which may have optimised the effects of yarrow herb, but these results 323 suggest that both thyme oil and yarrow herb have potential as dietary supplements in 324 growing poultry. 325 The form of herbal supplementation may also be influential in determining 326 bioactivity. The present paper indicates that the terpene composition within essential 327 oil and herb extracts from the same plant, or the presence of additional secondary 328 plant compounds, may result in differential effects for some supplements on broiler 329 performance. Only marjoram supplements produced an equivalent effect on AWG 330 over the study, irrespective of whether the herb or the oil was included in the diet, 331 which suggests that the chemical composition of both in this marjoram may be 332 similar. The marjoram used in this study contained a high proportion of carvacrol. 333

Carvacrol has reduced both AFC and AWG when included in broiler diets at 200 334 mg/kg (Lee et al., 2003a). Thymol and carvacrol have been reported to differ in their 335 effects on bird performance and lipid metabolism (Lee et al., 2003a), which is 336 surprising, as the two terpenes are isomers with identical chemical formulae. 337

Complex interactions appear to exist between the terpenes in essential oils and herbs, 338 and may also occur between terpenes and the remainder of the dietary ration. As the 339 herbs used in this experiment were not composed of pure terpenes, the yarrow herb 340 should contain compounds that are either absent in the oil or are damaged during 341 extraction. It is possible that the reduced quality of this oil may have resulted in an 342 overly negative perception of yarrow oil as a supplement. These compounds were 343 purchased commercially, so any effects relating to the drying process are unknown. 344

Active terpenes in plants may be trapped within secretory gland structures, as 345 suggested by [START_REF] Dorman | Antimicrobial agents from plants: 507 antibacterial activity of plant volatile oils[END_REF], which may favour the antimicrobial activity 346 of essential oils rather than herbs. However, sage herb has shown a greater 347 inhibitory effect against bacteria than sage oil in a meat broth medium (Shelef et al., 348 1984). In future, milling the herb fraction may release the active terpenes more 349 effectively into the gut where digestion and absorption are taking place. In this 350 considered that any volatile components would be lost through vaporisation. In an in 353 vitro study, extracted terpinene-4-ol has been reported to have a higher bioactivity 354 separately than as part of an essential oil [START_REF] Cox | Interactions between 494 components of the essential oil of Melaleuca alternifolia[END_REF], suggesting that separate 355 terpenes may be the most bioactive when suitable compounds are identified. 356

Effect of essential oils on digestibility 357

In order to allow the effects of the herbs and oils to be more clearly observed, these 358 experimental diets were formulated to be marginal in their energy and protein 359 provision, which should at least partly explain the slow growth and poor digestibility 360 values in these birds. The wheat used in this experiment was of a lower quality than 361 expected, as the determined AME value in the excreta was about 3 MJ lower than the 362 formulated dietary ME content. A reduced protein digestibility when diets with low 363 AME were fed [START_REF] Choct | Non-starch polysaccharide-degrading enzymes increase 486 the performance of broiler chickens fed wheat of low apparent metabolizable 487 energy[END_REF], and an increased starch digestibility when AME 364 is increased has been reported in poultry [START_REF] Svihus | Ileal starch digestibility in growing broiler 635 chickens fed on a wheat-based diet is improved by mash feeding, dilution with 636 cellulose or whole wheat inclusion[END_REF]. Arabinoxylan 365 and lectins can also be associated with poor quality wheat samples. The birds were 366 also fed on mash instead of pelleted diets; mash is less dense in energy and have a 367 greater bulk. This was done to allow easy incorporation of the plant supplements. 368

No dietary enzymes were included, as some may have an independent antimicrobial 369 effect [START_REF] Fuglsang | Antimicrobial enzymes: Applications and future potential in the food 518 industry[END_REF], and the reduced vitamin E concentration will further 370 have reduced dietary feeding value. Thymol and carvacrol have a known antioxidant 371 activity in vitro [START_REF] Deighton | 503 Identification by EPR spectroscopy of carvacrol and thymol as the major 504 sources of free radicals in the oxidation of plant essential oils[END_REF]. Previously, antioxidant effects have been 372 demonstrated in poultry given dietary oregano, but this has not been associated with 373 any effect on bird performance [START_REF] Botsoglou | Effect of dietary oregano essential oil on performance 472 of chickens and on iron-induced lipid oxidation of breast, thigh and abdominal 473 fat tissues[END_REF]Papageorgiou et al., 2003). 374 the intestinal microflora populations, which may have been due to an insufficient 402 degree of replication since only 3 of the 5 treatments could be sampled within the 403 time frame of 24 h. Thyme, marjoram and rosemary inclusion in these diets reduced 404 the numbers of caecal Cl. perfringens by >1 log, a trend which may potentially be 405 significant under a different experimental methodology. It is possible that the birds 406 should be fed on the test diets from the day of hatch, to influence the intestinal 407 bacterial composition more completely. A decreased exposure time to the air may 408 have influenced the bacterial population but unfortunately, the samples had to be 409 transported before analysis. 410

Several studies have reported effects on intestinal microflora when herbs and 411 essential oils have been included in broiler diets. The dietary supplementation of 412 XTRACT, an encapsulated product containing capsaicin, carvacrol and 413 cinnamaldehyde, reduced the numbers of E. coli and Cl. perfringens in broiler rectal 414 contents to the same extent as avilamycin [START_REF] Jamroz | The influence of phytogenic extracts on 539 performance, nutrient digestibility, carcass characteristics, and gut microbial 540 status in broiler chickens[END_REF]. Cl. perfringens has 415 been reduced in number when the blended essential oil supplement CRINA®poultry, 416 was fed in poultry diets (Losa and Kohler, 2001;[START_REF] Mitsch | CRINA Poultry reduces the colonisation and proliferation of 588 Clostridium perfringens in the intestine and faeces of broiler chickens[END_REF]. Selective 417 inhibitions in the growth of the hyper-ammonia-producers Cl. sticklandii and 418 Peptostreptococcus anaerobius were observed when a blend of dietary terpenes 419 containing thymol, eugenol, vanillin and limonene were fed to ruminants (McIntosh 420 et al., 2003). The growth of E. coli and C. perfringens was reduced in broilers, when 421 blends of essential oils were fed in industry trials (Losa and Kohler, 2001;Tucker, 422 2002), while numbers of Lactobacillus spp. increased [START_REF] Tucker | Maintaining poultry performance in antibiotic-free diets by 638 supplementation with commercial botanical feed ingredients[END_REF]. Thus, 423 In this study, the caecal coliform populations in the birds given any of the 426 herbal treatments compared to those fed the control diet were higher, which may 427 suggest that these dietary herbs may select more against Gram-positive rather than 428

Gram-negative bacteria. Conventional antimicrobials used in broiler production 429 have preferentially targeted Gram-positive bacteria, especially C. perfringens 430 [START_REF] Engberg | Poultry production with and without 510 questionable feed additives and ingredients[END_REF]. If this is true, conditions suitable for the presence of 431

Campylobacter spp. or Salmonella spp. may exist in birds fed on diets supplemented 432 with herbs. If terpenes bind to dietary components rather than disable bacteria, and 433 are then released as dietary components are absorbed, the pH in the distal tract may 434 be decreased, thus preventing the growth of pathogenic bacteria. Each herb contains 435 an extensive variety of phytochemicals, all with variable bioactivity, so the use of 436 herbal combinations in poultry diets may be most effective when suitable terpenes 437 have been identified. In broiler chicken production, the cage environment has been 438

shown to be best in reducing populations of both helminth (Permin et al., 1999) and 439 red mite [START_REF] Höglund | Prevalence of the 531 poultry red mite, Dermanyssus gallinae, in different types of production 532 systems for egg layers in Sweden[END_REF], whereas floor litter provides a substrate for 440 pathogenic bacterial growth [START_REF] Pope | Evaluation of the presence of pathogens on 617 broilers raised on poultry litter treatment®-treated litter[END_REF]. It is concluded that responses 441 to phytochemicals may be greater in a more challenging environment, in agreement 442 with Lee et al., (2003b). 443

This study has demonstrated that various herbs and oils have different effects 444 on broiler performance, which may be primarily related to differences in their 445 terpene composition. The inclusion of a single herb or its extracted essential oil in 446 diets may not always have a similar effect on broiler performance, therefore it is 447 necessary to measure the chemical quality in a plant extract to identify optimal 448 and AMEn:GE), and also the coefficients of the digestibility of dry and organic matter (ADMD and DOMD) 

  finish of the study. Each cage was provided with a single feed trough and 102 nipple line, with 3 nipples per cage, to provide ad libitum access to feed and water. 103

  in the oregano herb supplement was 16 g/kg, while each of the 178 other herb supplements contained <1 g/kg CT. The terpene compositions in the 179 essential oils were determined by gas chromatography: marjoram oil contained (g/kg 180 of oil) carvacrol (560), terpinene-4-ol (70) and trans-cinnamaldehyde (60), oregano 181 oil contained γ-terpinene (170), 1,8-cineole (60) and an unidentified terpene, thyme 182 oil contained α-terpineol (297), thymol (100) and carvacrol (70), rosemary oil 183 contained primarily 1,8-cineole (470), camphor (180) and α-pinene (110), and the 184 yarrow oil contained β-pinene (180), linalol (170), sabinene (100) and α-terpineol 185 (60). 186

  herb in their diet had a greater BM than those receiving yarrow 201 oil(d 21, P<0.01; d 28, P=0.001), whereas those birds given thyme oil in their diet 202 had a greater BM than those with thyme herb supplements(d 21, P<0.01; d 28, 203 P=0.001). The birds fed on diets with thyme oil and yarrow herb also had the largest 204 overall weight gain (AWG) over the study period, although only thyme oil was 205 significantly greater than the control treatment(15-21 d, P<0.01; 7-28 d, P≤0.001). 206 Differences were again observed between oil and herb supplements from the same 207 plant, with a higher AWG in birds receiving dietary thyme oil rather than thyme herb 208 supplements (15-21 d, P<0.01; 22-28 d and 7-28 d, both P≤0.001) and in those birds 209 receiving yarrow herb rather than yarrow oil supplements (15-21 d, P<0.01; 22-28 d 210 and 7-28 d, both P≤0.001). Average feed consumption (AFC) was reduced for the 211 birds given dietary oregano herb, when compared with those receiving the control 212 treatment diet over the trial period (P<0.05). The birds fed on diets with thyme oil 213 consumed more feed than the control birds, but this was not significant. Inclusion of 214 rosemary oil in the diets reduced the AFC, when compared wit those birds given the 215 control treatment(22-28 d, P<0.01; 7-28 d, P<0.05). The AFC was lower in the 216 birds given diets containing thyme herb when compared with those containing thyme 217 oil (15-21 d, P≤0.05; 22-28 d, P=0.006, not shown). However, the birds given 218 supplementary rosemary herb in the diet had higher AFC than those fed on diets with 219 rosemary oil(22-28 d, P<0.01; 7-28 d, P<0.05), and those fed on diets with yarrow 220 herb had a higher AFC than those given diets containing yarrow oil(22-28 d, 221 P<0.01) in the study. During the study period overall (7-28 d), rosemary oil had a 222 positive effect on chick FCE compared with rosemary herb, whilst yarrow herb also 223 had a positive effect compared with yarrow oil(7-28 d, P≤0.05). 224 225

  utilise nitrogen less effectively from the diet with rosemary herb when 253 compared to the others, which resulted in a lower dietary metabolisable N content. 254 Sialic acid was measured to assess the effects of treatment on endogenous 255 losses. Dietary treatment did not influence the excretion of sialic acid, whether this 256 was expressed as concentration in the excreta, per kg of diet intake or related to 257 metabolic liveweight. 258 DISCUSSION 259 These plant supplements are common dietary additives for humans, and were chosen 260 for their non-toxic chemical composition, relatively low cost and easy availability. 261 Phytochemical supplements are known to have considerable variability in their 262 chemical composition. With the exception of oregano, the composition of each 263 essential oil used in this experiment was consistent with those described in the 264 literature. Oregano and thyme oils are usually composed of the monoterpenes 265

  act differently compared with synthetic antimicrobials, which tend 424 to depress bacterial numbers across species. 425

  are likely to be important in the assessment of 450 responses to terpene inclusion. In conclusion, herbs and essential oils may influence 451 both the performance and the production of endogenous secretions in broilers. 452 . (2004) Evolution of toxins and anti-nutritional factors in plants with 647 special emphasis on Leguminosae, in: ACAMOVIC, T., STEWART, C.S. and 648 PENNYCOTT, T.W. (Eds). Poisonous Plants and Related Toxins, pp. 1-25. (CABI 649 International, Wallingford, Oxon, UK). 650 YOUDIM, K.A. and DEANS, S.G. (1999) Dietary supplementation of thyme 651 (Thymus vulgaris L.) essential oil during the lifetime of the rat: its effects on 652 the antioxidant status in liver, kidney and heart tissues. Mechanisms of Ageing 653

680

  Means within a column without a common superscript differ at P<0.05 (NS: P>0.05).

729

  Data comparisons are done within each column. NS (P>0.05) 730For most treatment comparisons, sed 1 is used, but sed 2 should be used for nitrogen metabolisability, when comparing yarrow oil with all other treatments.
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 1 Diet formulation and calculated chemical composition of the basal ration 655

	(as fed)

Table 2 .

 2 Effect of herbs or their essential oils on growth performance, when 677 Means were tested at P<0.05, but the largest treatment differences were significant to the level shown.

	678	included in broiler chick diets from 7-28 d of age
	679				
		Chick growth performance data from 7-28 d	
	Treatment	BM at 28d	Average gain	Average feed	FCE
			(g/bird/d	cons (g/bird/d)	(gain/cons)
	Control	727 bcde	30.9 bcdef	53.1 ab	0.588 abc
	Marjoram herb	754 abcd	32.1 abcd	53.5 ab	0.602 ab
	Oregano herb	645 e	26.9 ef	45.1 c	0.604 ab
	Rosemary herb	734 abcde	31.2 abcdef	53.9 ab	0.580 bc
	Yarrow herb	789 ab	33.8 ab	55.5 ab	0.610 ab
	Thyme herb	691 cde	29.2 cdef	52.0 abc	0.564 bc
	Marjoram oil	764 abc	32.6 abc	55.2 ab	0.594 ab
	Oregano oil	680 cde	28.6 cdef	47.9 bc	0.594 abc
	Rosemary oil	664 de	27.9 def	44.6 c	0.634 a
	Yarrow oil	641 e	26.8 f	49.0 bc	0.544 c
	Thyme oil	821 a	35.3 a	58.7 a	0.600 ab
	sed	45.14	2.2	3.9	0.0277
	Plant species	P=0.021	P=0.021	P=0.015	NS
	(herb+oil)				
	Herb v Oil	P=0.001	P=0.001	P<0.05	P<0.05

Table 3 .

 3 Bacterial population counts in samples of faecal and caecal material taken 695Values are means in colony forming units per g sample of the logarithms of 3 treatment replicates.

	696	from broilers aged 28 d, when birds were fed diets with herbs from 7-28 d
	697								
		Microfloral populations in samples from the intestinal contents of broilers (log 10 c.f.u./g)
			Coliforms	Lactic Acid Bacteria	Total Anaerobes	C. perfringens
		Treatment	Faecal Caecal	Faecal	Caecal	Faecal	Caecal	Faecal	Caecal
		Control	8.91	6.94	8.91	8.33	9.42	11.24	3.54	3.94
		Marjoram	8.79	7.25	8.67	8.68	9.06	10.98	4.19	3.61
		Oregano	8.83	7.50	8.21	8.27	9.13	11.36	3.77	3.57
		Rosemary	8.62	7.24	8.51	8.15	9.21	11.12	2.41	2.80
		Yarrow	8.60	8.40	8.76	8.63	8.62	10.99	2.57	2.00
		Thyme	8.32	7.82	8.74	8.05	9.21	11.15	3.68	2.27
		sed	0.70	0.78	0.49	0.69	0.35	0.33	0.76	0.75
			NS	NS	NS	NS	NS	NS	NS	NS
	698	Data comparisons are done within each column and were statistically compared after transformation.
	699	NS (P>0.05).							
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Table 4 .

 4 Proportions of bacterial species in relation to each other in broiler chicks 717aged 28 d, when the birds were fed diets with plant herbs from 7-28 d of age 718 719 done within each column and statistically analysed after transformation.

			Proportions of intestinal microflora species in broilers		
	Treatment	LAB: Coliforms	Coliforms:	LAB: Anaerobes	C. perfringens:
				Anaerobes			Anaerobes
		Faecal	Caecal	Faecal	Caecal	Faecal	Caecal	Faecal	Caecal
	Control	1.000	1.217	0.947	0.618	0.947	0.742	0.373	0.350
	Marjoram	0.987	1.206	0.970	0.661	0.957	0.794	0.462	0.332
	Oregano	0.933	1.117	0.967	0.661	0.901	0.727	0.412	0.314
	Rosemary	0.992	1.124	0.936	0.651	0.925	0.734	0.263	0.252
	Thyme	1.077	1.061	0.901	0.700	0.949	0.722	0.403	0.203
	Yarrow	1.020	1.028	1.001	0.765	1.020	0.785	0.296	0.185
	s.e.d.	0.095	0.150	0.059	0.068	0.044	0.069	0.081	0.068
		NS	NS	NS	NS	NS	NS	NS	NS
	Significance comparisons are						

  and nitrogen metabolisability (AMN) in 727 the ration, presented with the digestible OM and metabolisable N content in each treatment diet 728 Energy and its metabolisability, dry and organic matter digestibility and the metabolisability of nitrogen in the treatment rations

		AME	AMEn	AME:GE	AMEn:GE	ADMD	DOMD	Digestible OM content	AMN	Metabolisable N
										content
	Treatment	(MJ/kg DM)	(MJ/MJ)	(MJ/MJ)	(g/g)	(g/g)	(g/kg DM)	(g/g)	(g/kg DM)
	Control	10.46	9.96	0.567	0.579	0.534	0.574	531	0.405	13.61
	Marjoram herb	10.39	9.89	0.568	0.583	0.539	0.578	536	0.399	13.64
	Oregano herb	10.59	10.14	0.572	0.592	0.538	0.580	540	0.371	12.45
	Rosemary herb	10.11	9.76	0.550	0.574	0.515	0.562	526	0.307	9.72
	Yarrow herb	10.78	10.26	0.582	0.608	0.544	0.589	547	0.421	14.29
	Thyme herb	10.34	9.94	0.558	0.588	0.516	0.558	520	0.331	10.89
	Marjoram oil	10.05	9.56	0.556	0.570	0.526	0.568	527	0.382	13.25
	Oregano oil	10.65	10.21	0.576	0.607	0.536	0.573	534	0.359	11.96
	Rosemary oil	10.59	10.12	0.576	0.607	0.539	0.576	533	0.377	12.89
	Yarrow oil	10.31	9.96	0.553	0.569	0.523	0.561	525	0.365	11.49
	Thyme oil	10.63	10.15	0.572	0.593	0.539	0.579	540	0.386	13.12
	sed 1	0.553	0.498	0.030	0.036	0.029	0.029	27.09	0.045	1.556
	sed 2								0.048	1.651
	Plant spp. (herb+oil)	NS	NS	NS	NS	NS	NS	NS	NS	NS
	Herb v Oil	NS	NS	NS	NS	NS	NS	NS	NS	P=0.07
	Values are the means of 5 replicates for each dietary treatment.					
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The OM content in each treatment diet varied from 925-936 g/kg DM. The content

and an error was assumed. In the adjusted dataset, there was a tendency (P=0.07) for

ruminants, in: Garnsworthy, P.C. and Wiseman, J. (Eds.) Recent advances in

animal nutrition, pp. 135-150. (Nottingham University Press, Nottingham).

Table 5. Effect of dietary herb or essential oil supplementation from 7-28 d of age on nutrient digestibility in broiler chicks aged 25 d, measured as

apparent metabolisable energy (AME) and the coefficient of energy metabolisability (AME:GE), with correction to zero nitrogen retention (AMEn
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