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The Effect of Tannin-Containing Peanut Skin Supplementation on Drug-1 

resistant Haemonchus contortus Control in Meat Goat 2 

 3 

 4 

ABSTRACT 5 

This study was to determine whether the phytochemical CT-containing peanut skin 6 

would have effects on animal performance and drug-resistant H. contortus control in meat goats. 7 

Twenty two Kiko-crossbreed intact male goats (Capra hircus) were randomly assigned to three 8 

treatments (n = 6): 1) control (no-peanut skin), 2) 25 % peanut skin and 3) 50% peanut skin (PS). 9 

The total mixed ration (TMR) associated with peanut skin was applied included soybean meal, 10 

alfalfa pellet, ground corn, vitamins and minerals mix. Animals were confined indoors for a 11 

period of 50 days. Animals were dewormed on day -10 and all the goats were artificially 12 

inoculated on day 0 with 5000 infective stage (L3) drug-resistant H. contortus larvae. Dry matter 13 

intake (DMI) and average daily gain (ADG) were monitored. Blood samples were taken twice, 14 

once at the beginning and once at the end of the experiment. Fecal egg (FEC) and FAMACH 15 

scores were determined approximately every 2 week. All analyses were conducted using a GLM 16 

procedure of SAS with linear and quadratic effects. The results indicated that animals on 25% 17 

peanut skin tended to be grew 31% faster ADG (quadratic; P=0.10) when compared to control or 18 

50% PS supplementation group. Average DMI were similar among treatments (P>0.05), but 19 

there were treatment by time of day interactions (P<0.01). Goats receiving PS supplementation 20 

had linearly decreased (P<0.05) FEC, with maximum responses in 25% PS supplementation. 21 

Blood plasma metabolites were not different among treatments, but Ca (P<0.01), Cl (P=0.08), 22 

urea-N (P=0.07), and Alkaline phosphatase (P=0.09) tended to be higher or were higher for the 23 

PS diet than for control. Results from the current study indicated that animals consuming PS 24 

supplementation has the potential to improve ADG and might have the ability to reduce FEC at 25 

the moderate level of CT-containing PS supplementation (up to 25%).  26 
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1. INTRODUCTION 32 

Most studies investigating the effects of bioactive plants against gastrointestinal 33 

nematodes have focused on grazing sheep and goats, including grazing on forage legumes 34 

(sainfoin (Onobrychis viciifolia). Sulla (Hedysarum coronarium), birdsfoot trefoil (Lotus 35 

corniculatus), sericea lespedeza (Lespedeza cuneata etc.)), herbs (chicory; Cichorium intybus) 36 

and some fodder trees [1, 2]. There appears to be no data on the drug resistant Haemonchus 37 

contortus parasites and on this subject in small ruminants fed condensed tannin-containing 38 

peanut skin on drug-resistant H. contortus in the literature. At present, most research on 39 

bioactive forages can still be considered to be in its early stages, as it is largely focused on the 40 

screening and identification of plants that have demonstrable activity against nematodes. 41 

The most significant internal parasite to small ruminants in the Southern United States is 42 

the H. contortus, also known as the barber pole worm (round worm) [3]. Haemonchus contortus 43 

is a blood sucking parasite that can cause severe anemia, protein loss and death in goats and 44 

sheep, and thus is the most important to control [3]. Moreover, many parasitic helminthes of 45 

veterinary importance have genetic features that favor development of anthelmintic resistance, 46 

this becoming a major worldwide constrain in livestock production [3, 4]. The development of 47 

anthelmintic resistance poses a large risk to future production and well-being of grazing sheep 48 

[5] and goats [3]. Development of variable degrees of resistance among different species of 49 

gastrointestinal nematodes has been reported for all the major groups of anthelmintic drugs [27].  50 

The feeding value of peanut skin (PS) has been evaluated for dairy [6], beef cattle [7], 51 

and goats [8] as a supplementary feedstuff. The three leading states in peanut production are 52 

Texas, Georgia, and Alabama. Approximately 20,000 to 30,000 metric tons of PS are produced 53 

in the U.S. annually and most of it is used as animal feed [9]. The typical nutrient contents of PS 54 

are 17% protein, 25% fat, and 65% total digestible nutrients (TDN).  Because of high levels of 55 

tannins (up to 21%), the proteins are poorly digested and its energy value is low despite high fat 56 

content. That is why its inclusion rates are low in cattle. However, goats have been shown to be 57 

especially adept at handling moderately high levels of tannins in their diet [10]. However, 58 

producers have become very conscious about animal health and well-being; hence, it is important 59 

to determine the anthelmintic potential when feeding PS before recommending them as a suitable 60 

supplemental feed for meat goats. Studies using goats relating to the use of tannin-containing PS 61 

on drug resistant H. controtus control are limited.  62 
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 63 

2. MATERIALS AND METHODS 64 

 65 

This experiment was conducted at Tuskegee University’s Small Ruminant Research and 66 

Education Unit over 50-day period. This experiment was piloted in compliance with Tuskegee 67 

University Institutional Animal Care and Use Committee regulations.   68 

 69 

 70 

2.1. Experimental design and feed 71 

Twenty-two Kiko-crossbreed intact male goat yearlings (Capra hircus; BW =46.9 kg) 72 

were randomly assigned to 3 treatments (n = 6) to perform a study on condensed tannin (CT) 73 

containing peanut skin and its effects on drug-resistant Haemonchus contortus (H. contortus), 74 

fecal egg counts (FEC), packed cell volume (PCV), FAMACHA score, and body weight. 75 

Animals were randomly assigned to 3 treatments (n = 6): 1) control (no-peanut skin), 2) 25% 76 

peanut skin and 3) 50% peanut skin. Animals were confined indoors for a period of 50 days at 77 

the Caprine Research Unit located on the Tuskegee University Research farm. Each male goat 78 

was placed separately in pins. 79 

Experimental goats for this experiment were strategically dewormed on day -10 with 5 80 

mL/100 lbs BW of Cydectin
® 

(Moxidectin, Fort Dodge Animal Health, Fort Dodge, IA; 81 

5mg/mL) followed by 3 mL/100 lbs BW of Valbazin (500 mL, Pfizer Animal Health) under 82 

supervision of a veterinarian to reduce or eliminate gastrointestinal parasites. All the goats were 83 

artificially inoculated with 5000 infective stage (L3) drug-resistant H. contortus larvae. The drug 84 

resistant larvae were kindly donated from Dr. Kaplan Lab. at the Department of Infectious 85 

Disease, College of Veterinary Medicine, University of Georgia, Athens, GA. The goats were 86 

individually housed in 1.1 m x 1.2 m pens with plastic-coated expanded mesh floors to allow 87 

simple passage of feces and urine to minimize parasite re-infestation. Feed intake and 88 

performance were monitored for 50 day. Animal weight and fecal samples were collected on day 89 

0 to determine the baseline weight and fecal egg count. A total mixed ration (TMR) associated 90 

with peanut skin (PS) and 200 g bermudagrass hay supplementation a day was applied and 91 

included soybean meal, alfalfa pellet, ground corn, vitamins and minerals mix. Each male goat 92 

was fed once a day.    93 
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 94 

2.2.Sample Collection and Laboratory Analysis 95 

Once the experiment began, samplings of fecal and weights were collected every 2 weeks on 96 

day 0, 14, 28, and 42. Blood samples and FAMACHA status were collected on day 0, 21, and 42.  97 

Feed samples were composited for each treatment and analyzed for DM, crude protein (CP), fat 98 

in the completely mixed ration, and total digestible nutrients (TDN) according to the methods 99 

described by Dairy One Inc. in the Forage Testing Laboratory. Analytical DM concentration of 100 

dietary samples was determined by oven drying at 105°C for 3 h [11], and organic matter (OM) 101 

was determined by ashing at 550ºC for 5 h [11]. Ash, ether extract (crude fat), total digestible 102 

nutrient (TDN), and minerals were analyzed according to the methods described by AOAC [11]. 103 

Concentration of N was determined using an organic elemental analyzer (Flash 2000; CE 104 

Elantech Inc., Lakewood, NJ, USA; AOAC, [11]). Concentrations of NDF and ADF were 105 

sequentially determined using an ANKOM200/220 Fiber Analyzer (ANKOM Technology, 106 

Macedon, NY, USA) according to the methodology supplied by the company, which is based on 107 

the methods described by Van Soest and Robertson [26]. Sodium sulfite was used in the 108 

procedure for NDF determination and pre-treated with heat stable amylase (Type XI-A from 109 

Bacillus subtilis; Sigma-Aldrich Corporation, St. Louis, MO, USA). Ether extract was measured 110 

[11] using a fat analyzer (XT20, ANKOM Technology).  111 

The fecal egg counts (FEC) were determined using a modified McMaster technique using a 112 

McMaster slide with two chambers (McMaster Counting Slides – Green Grid by Chalex 113 

Corporation).  114 

 115 

2.3.Data Processing 116 

All analyses were conducted using a mixed procedure of SAS [12] which provided 117 

statistical data and also separated mean differences. Linear and quadratic effects were 118 

determined utilizing polynominal orthogonal contrasts for equally space treatments. Animals 119 

were the experimental unit and were treated as a random effect. Body measurements and dry 120 

matter intake (DMI) were analyzed as a repeated measure design with treatment, time of day, 121 

and treatment x time of day interactions. Mean separation was performed using least significant 122 

differences at probability level P<0.05, and trends were accepted if 0.05 < P < 0.10. The FEC 123 

was log transformed prior to analysis. 124 
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3. RESULTS AND DISCUSSION 125 

 126 

3.1.Diet composition and condensed tannins 127 

 128 

 The peanut skin (Table 1) and diet (Table 2) chemical nutrient characteristics are shown in 129 

Tables 1 and 2. The peanut skin (PS) used in the current study (Table 1) was 22.7% crude protein 130 

(CP), 32.66% neutral detergent fiber (NDF), and 87.77% total digestible nutrient (TDN). The 131 

ether extract (EE) content (crude fat) of PS was 19.05%, which was lower values than the 132 

published values that ranged from 24% to 30% [7, 13]. However, the CP value was 22.7%, 133 

which was higher than the values reported by other researchers. For example, an average value 134 

of 15.5% crude protein was reported by Utley et al. [6]. Similarly the TDN value was much 135 

higher 87% compared to an average of 65% reported by Hill [7]. The discrepancy in nutritional 136 

values reported by other researchers may have resulted due to different peanut blanching 137 

processes used by different processing plants and the different methods of TDN calculation by 138 

different labs. However, nutritional values are generally consistent within a particular blanching 139 

plant. Similarly, in the diet (Table 2), the CP content in the 0, 25, and 50% PS mixed TMR diets 140 

were 22.6, 5.7, and 11.3%, and TDN value was 87.6, 21.9, and 43.8%, respectively. Final CT 141 

concentration in the 0, 25, and 50% PS containing diet were 0.15, 3.9, and 7.8% CT/DM (Table 142 

2). As expected, the different amounts of PS in the diets resulted in different concentrations of 143 

CP, TDN, and CT percent (calculated) in the diets. Total condensed tannins (CT) in the diet as % 144 

DM basis were 0.15, 3.9, and 7.8% CT DM for the 0, 25, and 50% PS diets, respectively. 145 

 146 

3.2. Intake and growth performance 147 

Growth performance and dry matter intake (DMI) data are summarized in Figure 1 and 148 

Table 3. As a result of Figure 1, average DMI in control (0%), 25%, and 50% PS 149 

supplementation were similar among treatments (P > 0.05; 1.3, 1.6, and 1.3 kg/d DMI, 150 

respectively), but there were treatment by time of day interactions (P<0.01), with highest during 151 

days 29 and 30 for 25% PS treatment compared to control and 50% PS supplemented group. In 152 

the present study showed that daily DMI increased as tannin containing PS supplementation 153 

increased up to 25% PS in the diets. Similarly, Solaiman et al. [29] and Min et al. [10] reported 154 

that total DMI of growing goats increased when tannin-containing diets (sericea lespedeza or 155 
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pine bark) replaced alfalfa meal in the grain mixes, and Turner et al. [14] reported that goats 156 

receiving the CT-containing sericea lespedeza hay (23.1 mg CT/g soluble protein) had greater 157 

DMI than those fed the alfalfa hay–based diet. Puchala et al. [15] also demonstrated increased 158 

DMI in Angora does fed CT-containing Sericea lespedeza (17% CT in DM) compared with a 159 

mixture of crabgrass (Digitaria ischaemum) and tall fescue (Festuca arundinacea). This may be 160 

attributed to the fact that goats naturally prefer browse that contains bioactive secondary 161 

compounds, including tannins and other alkaloids. In addition, animals previously exposed to 162 

plant secondary compounds eat much more feeds containing secondary compounds than 163 

inexperienced animals [16]. 164 

There was no difference in initial and final BW of goats among treatments; however, 165 

ADG (quadratic; P = 0.08) and gain efficiency (gain: feed ratio; Linear and quadratic; P < 0.05) 166 

of goats were the highest for goats on the 25% PS diets than the control and 50% PS. The 167 

presence of optimum CT in the diet can reduce protein degradation in the rumen and improve 168 

bypass protein flow to the small intestine [1], thus enabling more hydrolysis of dietary protein in 169 

the lower tract [17]. Previous studies have shown that the supplementation of CT in ruminant 170 

animal diets has both beneficial and adverse effects on animal performance depending on the 171 

concentration and chemical structure of CT [1, 18]. Min et al. [1] reported that beneficial effects 172 

of CT in the diet on sheep performance may occur in the range of 2% to 4% CT of diet DM. 173 

However, the wool growth response was negative when the CT concentration was above 5% CT 174 

of diet DM. Conversely, when CT concentration decreased below 2% of diet DM, the production 175 

response was variable. This may partially explain why the growth performance of goats in the 176 

present study was improved for those goats receiving diets containing 25% PS (3.9% CT DM; 177 

Table 3) compared with control diet (0.15% DM CT) or 50% PS diet (7.8% CT DM). It must be 178 

noted that higher gains in the present experiment for animals fed the 25% PS diet, similar to 179 

reported by Solaiman [13], were in part due to the higher dietary crude protein fed to goats and 180 

more optimum PS or CT (3.9%CT DM) levels in the diet when compared with 75% sericea 181 

lespedeza diet reported by Moore et al. [19] and Min et al. [1]. 182 

 183 

3.3. Fecal egg count 184 

Table 3 displays the FAMACHA score and mean number of FEC of drug resistant H. 185 

contortus. There was no significant among groups on FAMACHA score and FEC on day 0, but 186 
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FEC was quadratic (P<0.05) decreased in goats fed 25% tannin containing PS diet compared to 187 

control and 50% PS supplementation. Average FEC (an indication of parasite load) was reduced 188 

(qudratic; P < 0.05) by 53% with 25% PS inclusion in the diet (Table 4). Results from the 189 

current study indicated that animals consuming CT containing PS might have the ability to 190 

reduce FEC or inhibit the fecundity of the resistant worm parasite such as H. corntotus. In more 191 

detail, these were resistant worms that remained after repeated deworming that were eliminated 192 

by feeding PS diets. Alternative parasite control strategies have recently been suggested on the 193 

basis of using CT-containing forages [2, 20]. Shaik et al. [20] reported that there was a direct 194 

effect of tannin-containing S. lespedeza hay (3.6% DM extractable CT) on adult worms, with 195 

significantly fewer numbers of both abomasal (Haemonchus contortus, Teladorsagia 196 

circumcincta) and small-intestinal (Trichostrongylus colubriformis) nematodes compared with 197 

goats fed Bermuda grass hay (0% CT). The present study strongly supports this view, showing 198 

that goats consuming a CT-containing PS diet had a reduced FEC of the resistant worm 199 

compared with those receiving CT-free diets, which may have impacted the gain efficiency and 200 

ADG of our growing goats at the range of 25% PS supplementation. 201 

 202 

 203 

3.4. Blood Parameters 204 

Blood parameters and mean pack cell volume is shown in Table 5. In the blood mean 205 

packed cell volume (PCV), cholesterol, CK, amylase, TP, glucose, P, Na, K, triglyceride, GGT, 206 

and AST were not significance. However, Albumin and DBIL (quadratic; P < 0.05), creatinine 207 

(CA; linear; P < 0.01) were significantly different compared to control. ATP (P=0.09), BUN 208 

(P=0.07), and CL (P = 0.08) tended to increased (Linear) with increasing tannin-containing PS 209 

diets; however, all values were within the normal range for goats, suggesting that no liver 210 

damage occurred.  Serum levels of AST, gamma glutamyl transpeptidase (GGT), ALP and 211 

cholesterol are those conventionally used for diagnosing human and domestic animal hepatic 212 

damage [21]. The plasma data obtained from the present study showed that the up to 25% PS 213 

supplementation is safe and beneficial, and not detrimental, because tannins at moderate levels 214 

(3.9% CT DM) are beneficial as they impact some qualities of rumen undegradable protein, thus 215 

improving protein availability and utilization. 216 

Albumin is one of the major proteins synthesized in the liver and is the most abundant 217 
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protein in the plasma of healthy individuals. Plasma albumin performs important metabolic 218 

functions by regulating colloid osmotic pressure and transporting free fatty acids, bilirubin and 219 

many drugs [22, 23]. Plasma albumin is one of the most common parameters used in evaluating 220 

nutritional status. In particular, the protein content and quality of a meal influence the rate of 221 

albumin synthesis [24, 25]. To the best of our knowledge, the present results reported evidence 222 

that the plasma albumin changes in meat goats caused by moderate level of (25% PS) CT-223 

containing PS diet. This is similar to other study [28] has been showed that goats received diet 224 

containing CT-containing diet tended to increased plasma albumin content. However, the 225 

mechanism by which such an effect of PS on animal reproductive per performance might occur 226 

and its potential side effects were not investigated in the present study. 227 

 228 

4. CONCLUSION 229 

This study has highlighted that CT-containing PS has the potential to increase ADG, 230 

daily DMI and FEC, with no adverse effect on animal health. Optimum level of peanut skin 231 

supplementation (25% DM) also reduced internal parasite infections and therefore warrants 232 

further investigation for its effects. Present results indicate that CT containing PS has potential as 233 

an energy supplement in feed for meat goats and may provide benefits as well as reducing drug 234 

resistant parasites infection. When compared with other CT plants used as feed PS contains a 235 

high content of energy (crude fat content; 27% DM), CP (22.7), and TDN (87.7% DM). 236 

Ultimately, PS skin supplemented with other dietary ingredients (e.g. soybean meal, alfalfa meal 237 

etc.) showed an excellent results on meat goat and has the potential to reduce FEC and increase 238 

animal performance, especially during summer months where summer forages are not adequate 239 

for farmers seeking to have a viable product from meat goat production. However, small 240 

ruminants have been shown to be especially adept at handling moderately high levels of tannins 241 

in their diet. Thus, PS needs to be further researched as a potential low-cost feedstuff for 242 

ruminants.  243 
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COMPETING INTERESTS 245 

Author has declared that no competing interests exist, 246 

 247 

 248 

UNDER PEER REVIEW



9 

 

REFERENCES 249 

 250 

1 .Min, B. R., T. N. Barry, G. T. Attwood, and W. C. McNabb. 2003. The effect of  251 

    condensed tannins on the nutrition and health of ruminants fed fresh temperate forages: a    252 

     review. Anim. Feed Sci. Technol. 106: 3-19. 253 

2. Min, B.R. and Hart, S.P. 2003. Tannins for suppression of internal parasites  (Invited  254 

     Paper). J. Anim. Sci. 81 (E. Suppl. 2): E102-E109. 255 

3. Kaplan, R.M. 2004. Drug resistance in nematodes of veterinary importance: a status  256 

     report. Trends in Parasitol. 20:477–481. 257 

4. Jackson, F. and Coop, R.L. 2000. The development of anthelmintic resistance in sheep    258 

      nematodes. Parasitol. 120:S95–S107. 259 

5. Besier, R.B. and Love, S.C.J. 2003. Anthelmintic resistance in sheep nematodes in       260 

Australia: the need for new approaches. Aus. J. Exp. Agricul. 43:1383–1391. 261 

6. Utley, P. R., G. M. Hill, and J. W. West. 1993. Substitution of Peanut Skins for Soybean    262 

Hulls in Steer Finishing Diets Containing Recommended and Elevated Crude Protein 263 

Levels. J. Anim. Sci. 71: 33-37. 264 

7. Hill, G. M. 2002. Peanut By-products Fed to Cattle. Vet. Cl. North America: Food    265 

Animal/ Practice 18 (2): 295-315. 266 

8. Stone, A.R., Gurung, N. K.,  Solaiman, S.G., Min, B.R., Abdelrahim, G.M.,  Kumi1, 267 

A.S., and McElhenney, W.H. 2016. Fatty acid composition of growing kiko x Spanish 268 

crossbred intact mail goats fed varying levels of peanut skins. Prof. Agric. Workers J. 3: 269 

3-14. 270 

9. Abdelrahim G., J. Khatiwada, D. L. Rankins, and N. Gurung. 2008. Feeding Value of    271 

       Peanut Skins for Sheep. J. Anim. Sci. 86 (E-Suppl. 3): 26. 272 

 273 

10. Min, B.R., S. Solaiman, N. Gurung, J. Behrends, J.-S. Eun, E. Taha, and J. Rose.  2012.  274 

UNDER PEER REVIEW



10 

 

Effects of pine bark supplementation on performance, rumen fermentation, and  carcass 275 

characteristics of Kiko crossbred male goats. J. Anim. Sci. 90: 3556-3567. 276 

11. Association of Official Analytical Chemists. (AOAC). 1984. Official Methods of   277 

Analysis, 13
th 

ed. Arlington, VA: AOAC 278 

12. Statistical Analysis Systems Institute (SAS). 1998. SAS/STAT User’s Guide. Statistics. 279 

SAS Institute Inc. Cary, NC. 280 

13. Utley, P. R., and H. R. Hellwig. 1985. Feeding Value of Peanut Skins added to  281 

Bermudagrass Pellets and Fed to Growing Beef Calves. J. Anim. Sci. 60 (2):330-333. 282 

14. Turner, K. E., S. Wildeus, and J. R. Collins. 2005. Intake, performance, and blood     283 

parameters in young goats offered high forage diets of lespedeza or alfalfa hay. Small 284 

Rumin. Res. 59:15–23. 285 

       15. Puchala, R., B. R. Min, A. L. Goetsch, and T. Sahlu. 2005. The effect of condensed 286 

tannin containing forage on methane emission by goats. J. Anim. Sci. 83:182-186.  287 

       16. Villalba, J.J., Provenza, F.D. and Han, G. 2004. Experience influences diet mixing by  288 

herbivores: Implications for plant biochemical diversity. Oikos, 107: 100-109. 289 

       17. Jones, W. T., and J. L. Mangan. 1977. Complexes of the condensed tannins of sainfoin  290 

(Onobrychis viciifolia Scop.) with fraction 1 leaf protein and with submaxillary 291 

mucoprotein, and their reversal by polyethylene glycol and pH. J. Sci. Food Agric. 292 

28:126–136. 293 

       18. Barry, T. N., and W. C. McNabb. 1999. The implications of condensed tannins on the   294 

            nutritive value of temperate forages fed to ruminants. Br. J. Nutr. 81:263–272. 295 

        19. Moore, D.A., Terrill, T.H., Kouakou, Shaik, S.A., and Miller, J. 2008. The effects of  296 

feeding Serices lespedeza hay on growth rate of goats naturally infected with 297 

gastrointestinal nematodes. J. Anim. Sci. 86: 2328-2337. 298 

        20. Shaik, S. A., T. H. Terrill, J. E. Miller, B. Kouakou, G. Kannan, R. M. Kaplan, J. M.    299 

 Burke, and  J. A. Mosjidis. 2006. Sericea lespedeza hay as a natural deworming agent  300 

against gastrointestinal nematode infection in goats. Vet. Parasitol. 139:150–157. 301 

        21. Silanikove, N. and Tiomkin, D. 1992. Toxicity induced by poultry litter consumption:  302 

effect on parameters reflfl ecting liver function in beef cows. Anim. Prod. 54, 203-209. 303 

 304 

22. Doweiko, J.P. and Nompleggi, D.J. 1991a. Role of albumin in human physiology and  305 

UNDER PEER REVIEW



11 

 

      pathophysiology. JPEN J Parenter Enteral Nutr. 15:207–211. 306 

23. Doweiko, J.P. and Nompleggi, D.J. 1991b. Interactions of albumin and medications. JPEN J  307 

      Parenter Enteral Nutr. 15:212–214. 308 

24. Caso, G., Scalfi, L., and Marra, M. 2000. Albumin synthesis is diminished in men consuming  309 

      a predominantly vegetarian diet. J. Nutr. 130:528–533. 310 

25. Caso, G., Feiner, J. and Mileva, I. 2007. Response of albumin synthesis to oral nutrients in  311 

       young and elderly subjects. Am. J. Clin. Nutr. 85:446–451. 312 

26. Van Soest, P. J. and J. B. Robertson . 1985. Analysis of forages and fibrous foods. Anim. Sci. 313 

ASAS 613. 314 

27. Sangster, N.C. and Gill, J. 1999. Pharmacology of anthelmintic resistance. Parasitol. Today.  315 

      15:141–146. 316 

28. Min, B.R., E.A. Wilson, S. Solaiman, and J. Miller. 2015. Effects of condensed tannin-rich  317 

      pine bark diet on experimentally infected with Haemonchus contortus in meat goats. Int. J.    318 

      Vet. Health Sci. and Res. 3:49-57.                                          319 

29. Solaiman, S., Thomas, J., Dupre, Y., Min, B.R., Gurung, N., Terril, T.H., and Haenlein,  320 

      G.F.W. 2010. Effect of feeding sericea lespedeza (Lespedeza cuneata) on growth  321 

      performance, blood metabolities, and carcass characteristics of Kiko crossbred male kids.    322 

      Small Rum. Res. 93:149-156.            323 

 324 

 325 

 326 

 327 

 328 

 329 

 330 

 331 

 332 

 333 

 334 

 335 

 336 

 337 

UNDER PEER REVIEW



12 

 

Table 1. Nutrient composition of peanut skins (PS) and bermudagrass hay 338 

________________________________________________________________________ 339 

Item                                 Units              PS  Bermudagrass hay 340 

----------------------------------------------------------------------------------------------------- 341 

DM            %    89.6   92.3 342 

CP                                        %              20.0   10.1 343 

ADF                                     %              21.8   36.8 344 

NDF                                     %              39.7   68.2 345 

NFC            %    12.5   15.1  346 

TDN                                     %              91.0   58.0 347 

Condensed tannins               %              15.6   0.2 348 

Minerals: 349 

Calcium                               %               0.37   0.35 350 

Phosphorus                          %               0.14   0.21 351 

Magnesium                          %               0.17   0.15 352 

Potassium                            %               0.50   1.48 353 

Sulfur                                   %               0.18   0.17 354 

Sodium                                 %               0.025  0.24 355 

Copper                                ppm              73   - 356 

Manganese                          ppm              39   - 357 

Zinc                                    ppm              51   - 358 

Iron                                    ppm             203   - 359 

_____________________________________________________________________________ 360 

CP=Crude Protein. ADF=Acid detergent fiber. NDF=Neutral detergent fiber. Non-fibrous 361 

carbohydrate. TDN=Total digestible nutrients. 362 

 363 

 364 

 365 

 366 

 367 

 368 
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Table 2. Chemical composition of experimental diets containing peanut skin (PS). 369 

_______________________________________________________________________ 370 

Items/                Treatment group (% as-feed basis)     SEM 371 

   0  25  50 372 

---------------------------------------------------------------------------------------------------------------- 373 

DM  89.0  89.1  89.1  1.55 374 

CP  20.0  23.4  23.0  0.35 375 

ADF  15.8  17.9  18.2  0.28 376 

NDF  26.1  23.1  22.9  0.33 377 

TDN  79.0  90.0  80.0  0.55 378 

CT  0.15  3.9  7.8  0.045 379 

_________________________________________________________________________________________________________________ 
380 

1
Control 0%, 25%, and 50% peanut skin (PS), Mixed on an as-fed basis. Ingredients were 381 

incorporated in the corn, soybean meal, alfalfa pellet, ground corn, vitamins and minerals 382 

mixed. 383 

DM= dry matter; CP=Crude Protein. ADF=Acid detergent fiber. NDF=Neutral detergent fiber, 384 

TDN=Total digestible nutrients. 385 

 386 

 387 

 388 

 389 

 390 

 391 

 392 

 393 

 394 

 395 

 396 

 397 

 398 

 399 
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Table 3/ The effect of peanut skin (PS) supplementation on animal performance in meat goats 400 

_______________________________________________________________________ 401 

Items               Treatment group (%as-fed basis)      SEM      Linear     Quadratic 402 

                       0               25           50 403 

--------------------------------------------------------------------------------------------------------------- 404 

       

BW 

 d0 53.45 46.1 42.1  8.67 0.36 0.88 

 d25 55.8 58.7 53.3  7.88 0.81 0.67 

d50 64 61.4 54.2  8.39 0.44 0.82 

ADG 95.7 138.8 109.9  17.85 0.42 0.08 

DMI  64.1 78.1 64.8  11.53 0.96 0.34 

  Gain: feed    0.75         0.89       0.85                         0.009      0.04        0.05 405 

________________________________________________________________________ 406 

BW= body weight, d= day, ADG = average daily gain, DMI= dry matter intake. 407 

2
Polynomial contrasts for equally spaced treatments. 408 

 409 

 410 

 411 

 412 

 413 

 414 

 415 

 416 

 417 

 418 

 419 
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Table 4. The effect of peanut skin (PS) supplementation on gastrointestinal fecal egg count 424 

(FEC) and FAMACHA score in meat goats 425 

___________________________________________________________________________ 426 

Items               Treatment group (%as-fed basis)      SEM      Linear     Quadratic 427 

                          0               25           50 428 

-------------------------------------------------------------------------------------------------------------------- 429 

                             

FEC 

  d0 46.9 17.1 33 12.45 0.15 0.45 

  d50 197.5 92.7 157.7 36.75 0.44 0.05 

FAMACHA      

   d0 3.3 2.6 2.6 0.416 0.23 0.26 

   d50 1.6 2.0 2.13 0.287 0.21 0.68 

__________________________________________________________________________ 430 

FEC=fecal egg counts. 431 

2
Polynomial contrasts for equally spaced treatments. 432 

 433 

 434 

 435 

 436 

 437 
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 439 
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 448 

Table 5. The effect of peanut skin (PS) supplementation (% as-fed basis) on plasma chemical 449 

nutrients content in meat goats. 450 

____________________________________________________________________ 451 

Items               Treatment group                SEM      Linear     Quadratic 452 

                          0           25           50 453 

------------------------------------------------------------------------------------------------------------ 454 

 

      

Cholesterol 79.3 84.3 79.2  8.55 0.99 0.69 

CK 218.8 208.3 194.4 21.27 0.41 0.79 

Amylase 55.8 60.8 53 10.49 0.75 0.61 

ATP 142.5 241 660.3 215.7 0.09 0.54 

TP 7.3 7.6 7.6 0.29 0.53 0.73 

GLU 54.3 57.1 59.3 3.79 0.37 0.62 

PHOS 6.7 6.8 5.3 0.65 0.16 0.86 

TBILI 0.27 0.35 0.25 0.03 0.64 0.144 

BUN 25.1 28 30.1 1.94 0.07 0.87 

CREAT 0.79 0.73 0.76 0.056 0.89 0.45 

CO2 25.1 24.9 23 0.98 0.12 0.5 

NA 149.3 164.8 167.6 7.75 0.1 0.17 

K 6.79 7.54 7.42 0.47 0.384 0.45 

CL 114.3 128.6 131.3 6.68 0.08 0.45 

CA 9.3 9.9 10.3 0.29 0.01 0.78 

ALB 2.6 3.1 2.9 0.12 0.15 0.04 

TRG 16.3 20.14 19.1 1.79 0.14 0.68 

GGT 33 27.5 36.7 4.94 0.19 0.45 

AST 75.8 78.7 68.7 5.46 0.35 0.19 

DBILI 0.21 0.34 0.24 0.05 0.74 0.008 

PCV 35.2 36.1 35.2 1.96 0.98 0.71 

 455 

________________________________________________________________________ 456 
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CK=creatinine kinase (IU/L), ATP=adenosine triphosphate, TP=total phosphate, GLU=glucose, 457 

PHOS=phosphate, TBILLI=total bilirubin (mg/dl), BUN=blood urea nitrogen, CA=creatinine, 458 

ALB=albumin, TRG=triglyceride, GGT=gamma-glutamyl transferase, AST=aspartate 459 

aminotransferase, DBILI= Bilirubin, PCV=packed cell volume, Ace carbon dioxide (CO2-LC) 460 

reagent.  
1
Control (0% PS), 25% PB, and 50% PS on as-fed basis. Number of animals was 6, 6 461 

and 6 in control, 25% PS, and 50% PS diets, respectively. 462 

2
Polynomial contrasts for equally spaced treatments. 463 

 464 
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 488 

 489 

 490 

 491 

Figure 1. The effect of peanut skin (PS) supplementation on daily dry matter intake in meat 492 

goats. 493 
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