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Abstract    In the present study, twenty-five male goat kids (20±2.5 kg BW) were used during an 

84- day experimental period to determine the effect of source and level of sulfur supplementation on 

mohair characteristics and performance. Experimental diets were diets containing 0.18% (as control), 

0.24% and 0.34% DM inorganic or organic sulfur. The data were analyzed as a 2 × 2 factorial design. 

Methionine and sulfur flower were used as organic and inorganic sources of sulfur, respectively. 

Diets containing inorganic sulfur increased greasy and clean mohair production and staple length 

when compared with organic sulfur (P<0.02). No significant differences in performance parameters 

including the dry matter intake (DMI), final body weight (FBW), average daily gain (ADG), feed 

conversion ratio (FCR) and water intake (WI) were observed between the experimental diets. Diets 

containing 0.24% DM organic sulfur increased apparent crude protein digestibility when compared 

with the control diet. The results showed that 0.18% sulfur (DM basis) may be adequate to meet the 

sulfur requirement of growing male goat kids. Feeding greater levels of sulfur had negligible effect 

on mohair characteristics and performance. 
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Introduction 

Mohair is a natural fiber and usually refers to the silk-

like fabric or yarn obtained from the hair of Angora 

goats. The term mohair and also wool is usually limited 

to describe the fibrous protein derived from the special-

ized skin cells called follicles. Mohair growth requires 

all the important nutrients including amino acids, carbo-

hydrates, minerals and vitamins, each playing an im-

portant role in mohair growth and the components of fi-

ber growth (length and diameter). Mohair growth re-

quires little energy (Reis, 1992) however the major 

component of mohair is fiber protein, composed of more 

than 20 amino acids. These amino acids contribute to 

protein fiber and therefore, mohair growth is a function 

of the amount of amino acids reaching the small intes-

tine (Hynd and Allden, 1985). In particular, require-

ments for the sulfur-containing amino acids (cysteine 

and methionine) are high and sulfur-containing amino 

acids are first limiting in terms of wool protein synthesis 

(Qi and Lupton, 1994).  

Qi (1988) reviewed the relationship between fiber 

production and sulfur nutrition in sheep and found that 

animal fiber contained 2.7 to 5.4% sulfur and that sulfur 

amino acids could limit fiber production even if dietary  

 sulfur needs were met. Qi (1988) also, demonstrated 

that the addition of inorganic sulfur in the sheep diet im-

proved wool growth and wool quality. Qi et al. (1994) 

suggested that ruminal microbial protein is unable to 

supply adequate sulfur amino acids for mohair growth. 

However, inorganic sulfur supplements could be incor-

porated into methionine in rumen microbial protein, and 

supplied sulfur amino acid for wool growth (Block et 

al., 1951).  

Reis et al. (1990) using different mixtures of amino 

acids reported that limiting methionine intake resulted 

in reduced wool length, growth rate and diameter in 

sheep. Skin and fiber (wool, mohair) places heavy de-

mands on the utilization of circulating sulfur amino ac-

ids. Block et al. (1951) calculated that 80% of the total 

free sulfur amino acids are used for fiber growth. Sup-

plementary diets of Angora goats with appropriate lev-

els of methionine improved fiber production (Souri et 

al., 1998). Also, methionine supplementation increased 

the rate of cell division and proliferation in wool folli-

cles (Hynd, 1988). Information on the sulfur require-

ments of growing kids for mohair growth and responses 

in performance of mohair goat kids with sulfur supple- 
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mentation is limited. Therefore, the present study was 

conducted with growing mohair kids to determine the 

influence of 0.24% DM inorganic or organic and 0.34% 

DM inorganic or organic sulfur on mohair characteris-

tics, growth performance and nutrient digestibility. 

 

Material and methods 

Animal management 

Markhoz goat is a dual purpose goat in Iran reared for 

meat and mohair. Twenty-five Markhoz mohair male 

kids (11–12 months old) with an average weight of 

20±2.5 kg were assigned to one of five treatments in a 

completely randomized design. The goats were con-

fined in individual cages (110 × 100 cm) equipped with 

water and feed troughs. The goats were identified, vac-

cinated against enterotoxaemia and treated against inter-

nal parasites at the beginning of the experiment. The 

goats were fed the experimental diet ad libitum. During 

the first 21 days, the animals were allowed to adapt to 

the experimental diets. The last 84 days were used for 

data collection. The animals were weighed in the morn-

ing prior to feeding at 21-d intervals, and the average 

daily gain (ADG) and feed conversion ratio (FCR) were 

calculated. 

 Experimental diets 

The control diet contained 0.18% sulfur (NRC, 2006). 

Methionine (Evonic- Degussa GmbH, Hanau, Ger-

many) and sulfur (Misagh sulfur powder, cyclic S8) as 

organic and inorganic source of sulfur respectively, 

were added to the control diet to supply 0.24 and 0.34% 

DM sulfur. Methionine and sulfur contained 21.04 and 

26.13% DM sulfur, respectively. The experimental diets 

were offered as total mixed rations twice daily at 08:00 

and 16:00 h in amounts to ensure 10% orts. The amounts 

of feed offered and refused were recorded daily and 

feeds offered were dried at 105 °C for 24 h to determine 

DM intake. Clean drinking water was available at all 

times and water intake was recorded daily. Prior to for-

mulation of the experimental diets, metabolizable en-

ergy (Menke et al., 1979), and chemical composition 

(AOAC, 2005) of the feedstuffs were determined. The 

diets (Table 1) were formulated according to the NRC 

(2006) guidelines for a weight gain of 150 g/animal/day. 

 

Mohair samples collection and analysis  

Goat kids were shorn at the beginning and the end of the 

experiment and the greasy fleece was weighed. A 10 × 

10 cm2 sample was collected from the mid-section half 

Table 1. Ingredients and chemical composition of the diets 

  Sulfur levels (%DM) 

  0.  0.34 

Ingredients (g/kg DM) Control Inorganic Organic  Inorganic Organic 

Alfalfa 300.0 300.0 300.0  300.0 300.00 

Wheat straw 50.0 45.0 45.1  40.0 36.0 

Wheat bran 100.0 100.0 100.0  100.0 100.0 

Soy bean meal 170.0 170.0 170.0  170.0 170.0 

Barley 352.0 354.0 354.0  356.0 359.0 

CaCO3 8.3 8.3 8.3  8.3 8.3 

Minerals and vitamins1 20.0 20.0 20.0  20.0 20.0 

Methionine2 - - 2.6  - 7.6 

Sulfur flower3 - 2.2 -  6.1 - 

Chemical composition        

Metabolizable energy (MJ/kg DM) 10.04 10.00 10.04  10.00 10.04 

Crude protein (g/kg DM) 124.2 124.2 124.2  124.2 124.2 

Calcium (g/kg DM) 4.95 4.95 4.95  4.95 4.95 

Phosphorus (g/kg DM) 4.16 4.16 4.16  4.16 4.16 

Sulfur (g/kg DM) 1.8 2.4 2.4  3.4 3.4 

Neutral detergent fiber (g/kg DM) 287.4 284.0 284.0  280.0 277.0 

Acid detergent fiber (g/kg DM) 175.4 172.8 172.9  170.1 167.9 

Nitrogen sulfur(N:S) ratio 11.02 8.26 8.26  5.83 5.83 
1Mineral and vitamin supplement contained: Vitamin A, 6 000 000 IU/kg; Vitamin D3, 1 200 000 IU/kg; Vitamin E, 5 g/kg; 

Vitamin K3, 1 g/kg; Vitamin B1, 1 g/kg; Vitamin B2, 2 g/kg; Vitamin B12, 8 mg/kg; Vitamin B6, 1 g/kg; pantothenic acid, 3 

g/kg; folic acid, 250 mg/kg; niacin amide, 5 g/kg; biotin, 3 mg/kg; choline chloride, 15 g/kg; methionine, 15 g/kg; manganese 

oxide, 10 g/kg; ferrous sulfate, 4 g/kg; potassium iodide, 60 mg/kg; cobalt sulfate, 20 mg/kg; copper sulfate, 3 g/kg; zinc sul-

fate, 2 g/kg; and sodium selenite, 5 g/kg. 2Methionine had 21.04% DM sulfur. 3Sulfur flower had 26.13% DM sulfur.  
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way between the back and belly, weighed, extracted us-

ing xylene, dried at 60°C for 1 h, and weighted again 

(Grégoire et al., 1996). Fiber diameter was measured us-

ing a projection microscope (Sherlock et al., 2001). Fi-

ber staple and fiber length were measured by a ruler on 

50 kemps and 200 normal fibers. Medullated fibers were 

counted when measuring fiber diameter and the percent-

age was calculated by dividing the number of medul-

lated fibers by the total number of fibers measured (Gré-

goire et al., 1996). 

 

Digestibility trial 

In the last week of the experiment, feces were collected 

daily for 5 days from each goat. Each fecal sample was 

mixed and a 10% subsample from each collection 

bulked over the 5-day period. The total amount of feed 

offered and refused by the animals were recorded and 

subsamples bulked for subsequent analysis. Samples of 

feed ingredients, feed refusals and feces were dried in a 

forced-air oven (60 °C), ground to pass a 2-mm screen 

and analyzed for DM, organic matter (OM) and crude 

protein (CP) according to AOAC (2005). 

 

Statistical analysis 

The experimental design was a 2 × 2 factorial design 

with a control diet outside the factorial. The data were 

analyzed as a 2 × 2 factorial design without the control 

diet by ANOVA using the GLM procedure of SAS 

(2001) and the means were compared using the Dun-

can’s multiple range test. The Dunnett’s test was used 

to check for significant differences among the means of 

the control diet and factorial. 

 

Results 

Mohair characteristics 

Mohair characteristics were not affected by the level of 

dietary sulfur (Table 2). Source of sulfur significantly 

affected (P<0.05) mohair characteristics with the excep-

tion of fiber diameter and kemp fiber. Inorganic sulfur 

resulted in higher greasy and clean mohair production, 

staple length and non-medullated fiber compared with 

organic sulfur (P<0.05). Inclusion of 0.24 and 0.34% 

DM sulfur in the diet had no significant effect on mohair 

characteristics (P>0.05). No significant effect of sulfur 

level by source was observed. 

Mohair characteristics of goat kids fed control, 0.24 

and 0.34% DM inorganic or organic sulfur are shown in 

Table 2. The clean mohair production, staple length, fi-

ber length, fiber diameter and kemp fiber of goat kids  

 fed 0.24% and 0.34% DM inorganic or organic were 

similar to that of control diet. Also, non-medulated and 

medulated fibers were similar (P>0.05) between goat 

kids fed 0.24% and 0.34% DM inorganic or organic and 

that of control goat kids.  

Sources of sulfur significantly affected (P<0.05) mo-

hair characteristics with the exception of fiber diameter 

and kemp fiber. Inclusion of inorganic sulfur in goat kid 

diets resulted in higher greasy and clean mohair produc-

tion, staple length and non-medulated fiber when com-

pared with diet inclusion of organic sulfur (P<0.05). In-

clusion of 0.24 and 0.34% DM sulfur in the diet had no 

significant effect on mohair characteristics (P>0.05). 

No significant effect of different sulfur levels × sources 

was observed (P>0.05).  

 

Performance and nutrient digestibility  

Performance parameters and nutrient digestibility were 

not affected by the inclusion of 0.24% and 0.34% DM 

inorganic or organic sulfur (Table 3). Inclusion of 

0.24% DM inorganic or organic and 0.34% DM inor-

ganic sulfur in the diet decreased organic matter digest-

ibility compared with the control diet (P<0.05). Diet 

containing 0.24% DM inorganic sulfur significantly de-

creased CP digestibility compared with the control diet. 

Inclusion of 0.24 and 0.34% DM sulfur in the diet did 

not affect the performance. The sources of sulfur did not 

affect the performance and nutrient digestibility with the 

exception of organic matter digestibility. Organic matter 

digestibility in the goat kids fed organic sulfur were 

higher than those fed inorganic sulfur (P<0.05). Crude 

protein digestibility and organic matter digestibility in 

the goat kids fed 0.34% DM sulfur were higher than that 

of kids fed 0.24% DM sulfur. No significant interaction 

was found between sulfur level and source. 

 

Discussion 

Mohair characteristics 

Clean mohair production was not influenced by level of 

organic or inorganic sulfur. In contrast to our findings, 

Bassett et al. (1982) showed that mohair growth in-

creased when 0.1 and 0.2% of encapsulated methionine 

was included in the diet. These discrepancies may be at-

tributed to different form of methionine. In the current 

study, we added rumen-unprotected methionine. It has 

been proven that simply adding sulfur amino acids to 

the diet is not effective, because rumen microorganisms 

degrade these amino acids and introduction of methio-

nine into the rumen increased total methionine degrada-

tion (Mbanzamihigo et al., 1997). Therefore, it can be  
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inferred that similar greasy and clean mohair of goats 

fed 0.34% DM methionine and 0.24% DM inorganic 

sulfur in our study could be due to the extensive degra-

dation of methionine by the rumen microorganisms.  

Our results showed that greasy and clean mohair of 

goat kids fed methionine numerically were lower than 

that of the control (P> 0.05). Masters et al. (1993) indi-

cated that lack of sulfur containing amino acids is un-

likely to be limiting to wool growth although arginine, 

lysine or threonine deficiencies may be limiting for 

wool growth. It has also been shown that the histone 

protein is rich in lysine and is important for active cell 

division (Sahlu and Fernandez, 1992). In the current 

study, the lysine level of the experimental diets was con-

stant; therefore, it can be concluded that an increase in 

the dietary methionine level might cause to increase ly-

sine requirement. Also, an amino acid imbalance for 

mohair production (Sahlu and Fernandez, 1992) and 

synthesis of the inner root sheath protein of the fiber re-

sulted in lower production of greasy and clean mohair 

when methionine was added to the experimental diets 

(Reis and Colebrook, 1972). However, there is a lack of 

knowledge on the effect of amino acid imbalance on 

mohair production in goats fed on ‘normal’ diets. 

Goat kids fed inorganic sulfur produced 9.78 and 

9.11% more greasy and clean mohair, respectively, 

compared with the goat kids not receiving sulfur supple-

ment. These values agreed with the data obtained by Qi 

et al. (1994) who found that adding sulfate to the basal 

diet increased mohair production. Similarly, Qi (1998) 

found that sheep supplemented with inorganic sulfur 

produced 17% more wool than the unsupplemented 

sheep. Carneiro et al. (2000) studied the effect of dietary 

inorganic sulfur on the amino acid concentrations in ru-

minal bacteria of goats and reported that as dietary sul-

fur level increased, cysteine concentrations in bacterial 

DM changed quadratically, and cysteine as a percentage 

of total amino acids increased linearly. Inorganic sulfur 

supplement incorporated into cystine and methionine of 

rumen microorganism protein resulted in higher greasy 

and clean mohair production in goat kids (Reis et al., 

1990). Also, Hale and Garrigus (1953) reported that la-

beled cystine appeared in wool proteins following the 

feeding of labeled elemental sulfur and labeled sodium 

sulfate. The mode of action of sulfur amino acids and 

inorganic sulfur in promoting fiber production was re-

viewed by Qi and Lupton (1994) who concluded that 

cyst(e)ine may be limiting for keratin synthesis, because 

inorganic sulfur can be used as a substrate for keratin 

synthesis. The mechanism might include the specific ef-

fect of sulfur containing amino acid as a stimulator of 

mitotic activity in the follicular bulb (Reis, 1967). Other  

 possible mechanisms include increased production of 

co-factors important in protein and energy metabolism 

and stimulation of sulfhydryl group. Also, methionine 

may be directed away from the fiber follicle and be used 

in the synthesis of the inner root sheath protein of the 

fiber (Sahlu and Fernandez, 1992). 

The staple length, fiber length and fiber diameter 

were not affected by the level and source of sulfur when 

compared to that of the control group (Table 2). In 

agreement with these findings, it was reported that nei-

ther organic (Reis et al., 1990) nor inorganic (Nezami-

doust et al., 2012) sulfur affected the fiber length. Sim-

ilarly, Qi et al. (1993) determined mohair response to 

diets containing 0.16% , 0.23%, 0.29%, or 0.34% sulfur 

(DM basis) and found that mohair diameter, medullated 

fiber and kemp fiber were unaffected by sulfur supple-

mentation. However, in contrast to our finding, Reis 

(1992) found when wool growth is increased by a nutri-

tional manipulation, fiber diameter automatically in-

creases; an increase in fiber diameter reduces the quality 

and thereby the value of a given weight of wool. This 

study showed that it is possible to increase mohair pro-

duction while holding mohair diameter constant through 

inorganic sulfur supplementation.  

 

Performance and digestibility of nutrients 

Dry matter intake, FBW, ADG and WI were not influ-

enced by organic or inorganic sulfur supplementation. 

Also, results of the current study showed that 0.18% sul-

fur may be adequate to meet the sulfur requirement of 

growing male goat kids. These findings are in agree-

ment with those of Qi et al. (1994) who demonstrated 

that dietary DM should contain a minimum of 0.18% 

sulfur for growing goats, and that a N:S ratio of 10.4: 

1.0 was recommended. Results of the present study are 

in agreement with Qi et al. (1993) who found that add-

ing sulfate to the basal diet of goats did not affect the 

feed intake and body weight gain. Our result showed 

that the recommendation of NRC (2006) for sulfur (a 

N:S ratio of 10.4:1.0) was adequate to maximize growth 

performance by Angora goats. In contrast to these find-

ing, Qi et al. (1993) in Angora kids showed that supple-

mentation of diet with 0.20% DM sulfur increased 

ADG, DMI and gain to feed ratio in comparison to 

lower level (0.11% DM sulfur). 

In the present experiment dietary supplementation of 

sulfur did not alter dry matter digestibility. This result 

supported the data of Qi et al. (1993) who reported that 

digestibility of dry matter was not altered by sulfur con-

tent of the diet. In contrast to our finding, inclusion of 

methionine in the goat kid diets, compared to inorganic  
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sulfur, increased the in vitro but not the in vivo DM di-

gestibility (Spears et al., 1976). 

Inclusion of organic sulfur in the diets increased or-
ganic matter digestibility compared to inorganic sulfur. 

In agreement with these findings, Gil et al. (1973) ob-
served that sulfur amino acids increased the in vitro or-

ganic matter digestibility, while inorganic sulfur had no 
effect. They suggested that the conversion of inorganic 

sulfur to sulfur-containing amino acids was a slow pro-
cess that limited the potential of microbial protein syn-

thesis while sulfur amino acids stimulated bacterial 
growth by providing a precursor for rapid microbial pro-

liferation. It is also probable that inorganic sulfur might 
be absorbed from the rumen and become unavailable to 

the rumen microorganisms. In contrast to our findings, 

addition of inorganic sulfur to the diet improved organic 
matter digestibility in sheep (Morrison et al., 1990). 

This may be explained by differences in the basal diet 
composition and animal species. The crude protein di-

gestibility of goats fed 0.34% DM sulfur was higher 
than that of 0.24% DM sulfur diet. According to the pre-

sent data, providing sulfur as methionine might stimu-
late protein digestion more efficiently compared with 

the inorganic sulfur.  
 

Conclusions 

The National Research Council recommendation for 
sulfur (0.18% DM) seems to be adequate in meeting the 

sulfur requirements of growing Markhoz goat kids for 
mohair production, performance and nutrient digestibil-

ity. However, inorganic sulfur somewhat was more ef-
fective than organic sulfur in improving performance. 

Further research is needed to verify the effect of sulfur 

level and source on growing goat kids. 
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 های نراثر منبع و سطح مکمل گوگرد بر مشخصات موهر و رشد در بزغاله
  ، ص. شادمان و ق. صادقی*ع. عزیزی

 

 گروه علوم دامی، دانشکده کشاورزی، دانشکاه کردستان، سنندج، ایران.

 o.azizi@uok.ac.irنویسنده مسئول، پست الکترونیک: *

 

روزه  به  84( در طول یک دوره آزمایشرر  20 ± 5/2راس بزغاله ن  ) میانگین وزن بدن  24در تحقیق حاضرر   چکیده    

 %18/0های آزمایش  حاوی منظور تعیین تاثی  منبع و سطح مکمل گوگ د ب  مشخصات موه  و عملک د استفاده شد. جی ه

 2×2 د آل  و معدن  بودند. داده در قالب یک ط ح فاکتوریل ماده خشررک گوگ %34/0و  %24/0)به عنوان جی ه شرراهد(  

ی گوگ د های حاوتجزیه تحلیل شرردند. متیونین و گوگ د به ت تیب به عنوان منابع آل  و معدن  اسررتفاده شرردند. در جی ه

(. P<05/0معدن   تولید موه  شرترته و موه  نشرترته و طول دسرته الیام در مقایتره با گل گوگ د آل  افزای  یاف  )      

اختلام معن  داری در پارامت های عملک د شررامل ماده خشررک مصرر ف   وزن بدن نمای   میانگین افزای  وزن روزانه    

ماده خشررک  %24/0های حاوی های آزمایشرر  مشرراهده نشررد. در جی هضرر یب تبدیل خوراو و آم مصرر ف  میان جی ه

(. نتایج حاصررل از این P<05/0شرراهد افزای  یاف  )  هگوگ د آل  قابلی  هضررظ هاه ی پ وتنین خاد در مقایترره با جی

شان داد که   سطح مناسب جم  تامین احتیاجات گوگ د در بزغاله     %18/0مطالعه ن های در حال رشد  ماده خشک گوگ د  

 باشد.تغذیه سطوح بالات  گوگ د تاثی  جزی  ب  مشخصات موه  و عملک د داش .م 
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