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Abstract 

    T-2 Toxin is one of the most harmful mycotoxin produced by Fusarium Spp.  

The present study was carried to monitor the effects of this toxin on some hematological 

and biochemical parameters. Three anti-mycotoxin products as adsorbents were 

examined including (DMSO)] Dimethyl sulfoxid, Mycosorb and Zeolite checked to 

study their combating activities against feed experimentally contaminated with T-2 

toxin in dose 1 mg/Kg  .Eighty of three day old unsexed broiler chicks were acclimated 

and randomly divided into Eight experimental groups (10 broiler per group) Group T1 , 

T2 ,T3 , were fed a basal diet supplemented with  10 ml / kg  of 7% (DMSO ) Dimethyl 

sulfoxide , 1 gm /kg Mycosorb and 1 gm /kg Zeolite respectively . T4  was fed ration 

supplemented with  1mg /kg T- 2 toxin .Groups T 5 ,  T 6 ,  T7  were fed T -2 toxin 

contaminated diet with ( 1mg /kg ) the  feed were supplemented with  10 ml / kg  of 7% 

(DMSO ) Dimethyl sulfoxid , 1 gm /kg Mycosorb and 1 gm /kg Zeolite respectively . 

Group T 8 represented the negative control fed on balanced died without any additives  

At the end of experiment birds were scarified and blood was collected on anticoagulant 

for hematological parameters and without anticoagulant for serum separation ad 

biochemical parameters .The total erythrocytes count, Hemoglobin content and total 

Leukocyte count were significantly decreased after T-2 toxin exposure for 6 weeks. 

Administration of T-2 toxin led to significant increase in serum Alanine 

aminotransferase, Aspartate transferase Lactate dehydrogenase, Uric acid, Creatinine 

and glucose . T-2 toxin produced significant decrease in serum protein, albumin, 

globulin, cholesterol, triglyceride, calcium, phosphorus and magnesium. 

Supplementation with Mycosorb .Zeolite significantly improved the hematological and 

biochemical parameters.     

Introduction 

  The food and agriculture organization (FAO) Estimates  that 25% of the world 

food crops are affected with mycotoxin .This toxins may exerts deleterious effects on 

poultry as well as human health .They have been detected from a variety of food and 

feed materials consumed by man , animals and poultry Binder , et al.,(2007)    

Trichothescenes group (TCT) of mycotoxin accounts for over one hundred fungal 

metabolite among those T-2 toxin Bondy and Pestka ,(2000) .T toxin (T-2) is naturally 

occurring mycotoxin from the group of A –Trichothescenes (TCT) produced by 
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Fusarium Spp.  Eriksen,(2003)  Mainly before harvesting , when grain harvest have 

been delayed into the winter months ,or infected grain has been stored in cold 

conditions  Jordan ,et al., (2002) and Anjum, et al.,(2011) 

     T-2 toxin is the most cytotoxic and exerting an inhibitory effect on protein 

synthesis , disruption of  D N A and R N A synthesis ,damage the parenchymatus organ 

(Liver , Kidneys) as well as  The Immune ,digestive, nervous system 

Garg,(2000);Xue,et al., (2010); Dimic ,et al.,(2011) and Maria ,et al.,(2013) 

    Signs of (T-2) toxin in poultry suppressed feed intake , growth depression , 

oral lesions abnormal feathering , decrease egg production , thinner egg shell, 

impairment hatchability Casarin ,et al.,(2006) and Dimic ,et al.,(2011)    

  (T-2) toxin is a non volatile, low molecular weight insoluble in water and 

petroleum ether but highly soluble in acetone, ethyl acetate, chloroform, dimethyl 

sulphoxide ethyl alcohol and methyl alcohol. It is highly resistant to heat and U V light 

therefore it is not inactivated in food production and processing or by autoclaving. (T-2) 

toxin could be inactivated by heating at 200 o C to 210 
o
 C for 30 - 40 minutes 

Marijana, et al., (2008)   

          (T-2) toxin  is rapidly absorbed  from the intestinal tract , metabolized and 

eliminated about 80% within 48 hours , however, their toxic effects could be increased 

by enter hepatic recirculation Agag , (2005) 

        Mycotoxin cause a wide variety of adverse clinical signs depending on the nature 

and concentration of toxins in the diet , animal species ,age , time of exposure to 

contaminated  feed  Demello and Macdonald (1977) 

    . At the present, the most practical approach to ameliorate  the deleterious effects of 

mycotoxin in animals consist on using adsorbents materials with diet to reduce the 

absorption of mycotoxin from the gastrointestinal tract. Few products showed effective 

in prevention the toxin effects of  (T-2) toxin Myco -Ad when added at 0.25% in broiler 

feed Casarin ,et al.,(2006) Organo  alumino silicate have been reported adequate in 

reducing the toxicity of T-2 toxin in broiler Medina ,et al.,(2010) . Myco-Ad AZ was 

also efficacious in preventing the T-2 toxin in broiler Forat and Douglas Zaveso 

(2013)  

   The present study was carried to evaluate three anti mycotoxin adsorbents 

experimentally on combating the   (T-2) toxin   effects on broilers across period of study          
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Materials and Methods 

 I   Experimental animals 

    A total of 80 three days newly hatched unsexed broiler chicks (Ross) were obtained 

from a commercial hatchery .Chicks were acclimated and reared under uniformed 

managemental conditions feed and water ad libitum and continues light. The used 

starter and growing basal diets according to the standard NRC were used after testing 

for any residues of (T-2) toxin. Chicks were randomly divided into eight groups ten for 

each. 

II Chemicals:          

 II. 1- Toxin:  (T-2) toxin   98% purity (Myco Lab. Co. Chesterfield, Missouri 

63077,USA)  synthetic  (T-2) toxin from Sigma Chemical Company St. Louis ,Mo., 

USA                                                                                    

 

II.2- Dimethyl sulfoxid(DMOS) was obtained from El-gomhorea Company Alex. Egypt 

Organo-sulfur compound (CH3) 2 So Polar aprotic  solvent 

II.3-Mycosorb was provided from Alltech, K.Y., USA. Patented broad – spectrum 

Mycotoxin binding feed supplement derived from yeast (cell wall glucomannan)   

II.4- Zeolite: was provided by Incal Biotechnology and mining ITD, Izmir Turkey 

Zeiolites were hydrated Alumino-Silicate minerals. 

Experimental design 

     This study extended for seven weeks. The broiler chicks were classified into eight 

groups   

- (T-2) toxin were feed at dose of 1 mg / kg dissolved in 10 ml of 7%  Dimethyl sulfoxid 

(DMOS) ( Ramasamy ,et al., (2010)                                                                                   

  --  Zeolite was added  as 1 gm /Kg feed  Casarin ,et al., (2006)                                       

   Mycosorb 1 gm / Kg feed    ( Ramasamy ,et al., (2010),  7%  Dimethyl sulfoxid    

(DMOS) 10ml /Kg feed  Rajmon ,et al., (2001)  
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    Table (1) represents the dietary treatments of the eight groups under study                                         

At 45 days of age trials were terminated. Blood samples were collected into heparinized 

test tubes from wing vein for hematological tests parameters according to Jain,(1986)  

Another blood sample with out anticoagulant for serum separation to determine  Serum 

aspartate amino-transferase (AST) ,Alanine amino-transferase (ALT) according to 

Reitman and Frankel (1957)  Uric acid  Fosti ,et al,.(1980)  Creatinine Henry(1974)  

The concentration of serum calcium Gindler and King(1972)  Inorganic phosphorus 

and Magnesium AOAC,(1975) Total protein Peters ,(1968) Albumin Dumas and 

Biggs,(1972) While Globulin level was determined mathematically using subs traction 

of albumin from total protein level .Glucose determined according to Trinder, (1969) 

Cholesterol  level estimated according to Allian et al.,(1974) Triglyceride according to 

Wahlefeld ,(1974) Lactate dehydrogenase (LDH) according to Heidence ,et al.,(1994)   

     Statistical analyses : All data generated on performance ,hematological , and serum 

biochemistry of the experimental birds were subjected to statistical analyses of variance 

procedures of SAS Institute SAS(2006) The treatment means were compared using the 

Ducan, (1955) procedure of  the same soft ware 

Table, 1: Showing the experimental design of study the efficacy of three mycotoxin 

adsorbents to alleviate T2 toxins -induced toxicity in broiler chickens: 

Groups Treatment 

T1 Broiler chicks were treated with 10 ml/kg of 7% dimethyl sulfoxid 

(DMSO). 

T2 Broiler chicks were treated with 1 gm. /kg of Mycosorb. 

T3 Broiler chicks were treated with 1 gm. /kg of Zeolite. 

T4 Broiler chicks were treated with 1.0 mg/kg of T-2 

T5 Broiler chicks were treated with 10 ml/kg of 7% dimethyl sulfoxid 

(DMSO) + 1.0 mg/kg of T-2 

T6 Broiler chicks were treated with 1 gm. /kg of Mycosorb + 1.0 mg/kg of T-

2 

T7 Broiler chicks were treated with 1 gm. /kg of Zeolite + 1.0 mg/kg of T-2 

T8 Broiler chicks were feed on basal diet 
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Results and Discussion 

    Mycotoxin contamination of various feed and food commodities is a global problem 

Schollenberger, et al., (2006)  (T-2) toxin is an important mycotoxin due to its harmful 

toxicity and its occurrence in grains and animal feeds. The (LD50) dose sufficient to kill 

50% of 7 days old chicks is 4.97 mg/kg
1
 feed . (T-2) toxin is more toxic than aflatoxin 

(LD50) 6.8 mg l Kg 
1
  It is less toxic than Ochratoxin  LD50 = 2.1 mg l kg  Hoerr ,et 

al., (1982) 

         In the present study Erythrocyte count ,Leucocytic count Hemoglobin ,Packed 

Cell Volume (PCV)  were decreased significantly (P< 0.o5)  in the broilers feed  T-2 

toxin in comparison with  control group Table(2) The present finding  in accordance 

with Pestka  ,et al., (2004). and Yohannes et al., (2013) They added that ,T -2  toxin 

doses cause damage to bone marrow  , lymph nodes , spleen .thymus leucopenia Rizzo 

,et al.,(1992) . T-2 toxin   affects the permeability of cell membranes and haemolysis of 

erythrocytes. 

   Pand ,et al., (2006) and Krishnamoorthy ,et al.,(2006)  Stated that meager effect of 

T- 2 toxin on hematological parameters except that decrease hemoglobin and (PCV), 

that may be due to inhibition of protein synthesis in toxicated birds   

    In  Table (3) significant leucocytopenia, lymphocytopenia and non significant 

Momocytopenia. In T-2 toxin feed group Our results were in agreement with findings of   

Hoerr,(2003) ,Chowdhury ,et al., (2005) Yohannes et al., (2013) 

     The decrease in Leukocyte (TLC) could be turned to the reduce numbers of 

circulating lymphocyte (Lymphocytopenia). Reduction in numbers of circulating 

lymphocytes could be attributed to the negative  effect 0f T-2 toxin  on their blast- 

genesis  and induced DNA  damage in chicken peripheral lymphocytes  Marijana ,et 

al., (2007)  In Table (3) Also increase percentage of heterophil count  this suggests that , 

toxin elicited  an inflammatory response Hassan ,et al.,(2012) ) and Yohannes et al., 

(2013)  Increase percentage of heterophil count might be due to the relation reduction of 

lymphocytes 

    A significant reduction in total protein ,Albumin and globulin value  were observed 

in T -2 toxin fed birds Table(4)These results agreed with finding of  Krishnamoorthy 

,et al., (2006) ; Pand ,et al., (2006) ; Moursi ,et al., (2008) and  Yohannes et al., 

(2013)  Hypoproteinemia ,hypoalbuminemia and hypoglobulinemia observed in T-2 

toxin feed group could be attributed to the reduction in feed consumption and the 

hepatic damage ,since ,  the liver is the major organ of protein synthesis  especially 

albumin Kaneko , et al., (1997) Moreover Meloche and smith (1995) Found that T-2 

toxin inhibit  the protein synthesis .  T-2 toxin induces DNA damage in liver tissue and 
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increase DNA fragmentation. The inhibitory  effect of T-2 toxin have been attributed to 

the binding of the toxin to sub cellular components including  sulphydryl groups and 

ribosome with ensuing   inhibition  of RNA  ,DNA and protein synthesis Atroshi,et 

al.,(1997)  In addition , Corrier,(1991) Stated that, T-2 toxin inhibit the protein 

synthesis  through the inhibition of peptidyl transferase  activities . 

       significant reduction  in serum concentration  of cholesterol levels table (4) 

probably could be attributed  to depression of  cholesterol biosynthesis due  to the 

hepato toxicity Kubena ,et al.,(1993) ; Krishnamoorthy , et al.,(2006) ; Pand ,et al., 

(2006) and  Moursi ,et al., (2008) .Also significant reduction in serum concentration of 

triglycried  it was shown that, T -2 toxin inhibit  hepatic protein synthesis  causing 

amino acidemia  as a result  ,there will be greater degradation  of free circulating amino 

acids  for energy utilization , leading to excess uric acid synthesis Meloche and Smith 

(1995)  This could explain the increase in uric acid level associated with feeding T -2 

toxin . 

       In the present study feeding T -2 toxins adversely affect uric acid and Creatinine 

similar findings were reported by Krishmanoorthy , et al.,(2006) ; Pand ,et al., (2006)   

and Moursi ,et al., (2008). Decrease renal function  in T-2 toxin  feed chicken Coffin 

and combs (1981)  

      Table (4)  Significant increase  of  AST ,ALT  and LDH levels its assumed that, 

elevated serum enzymes  level activities  might indicate recent vital organs damage of 

T-2 toxin feed chickens  these results agreed and concurrent with  Kamal -avenkatesh 

(2003)  ; Krishnamoorthy , et al.,(2006) ; Pand ,et al., (2006) ; Moursi ,et al., (2008)  

and Yohannes ,et al.,(2013)   

    Significant increase in serum concentration of glucose levels (Table 4) in Chicken fed 

T-2 toxin which agreed with Yadav , et al., (2003)  On the contrary , Rajmon et al., 

(2001) assessed that ,glucose serum concentration and LDH activities dropped to nearly 

the significance levels in Chinese hamster treated with  1.0 mg / kg of T2 toxin  

    Table (5) Represented that decrease calcium, phosphorus and Magnesium levels 

.That reduction may be reflection of reduced feed intake Kubena ,et al., (1998).              

       T-2 toxin was recorded to alter the serotonin activities in the central nervous system 

which is known to be involved in the regulation of appetite Rotter ,et al.,(1996) 

     Different strategies to combat Mycotoxicosis have been developed  , based on the 

addition of adsorbents  to the contaminated feed Karaman ,et al., (2005)     

     Protection from Mycotoxicosis through the use of adsorbents is economically 

accepted. Many adsorbents are available as hydrated alumino silicates (Zeolites); 
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Fibrous material from Yeast  cell wall (Mycosorb) and Dimethyl sulfoxid (DMSO)       

organic sulpher compound . In chicken treated with Mycosorb and Zeolite (T6 ,T7 ) 

Blood parameters  ; liver enzymes , Creatinine Cholesterol and Proteins were all 

improved  when compared with T-2 toxin exposed group  This findings indicate 

mycotoxin adsorbing effects  Kubena ,et al.,(1998) and Casarin ,et al., (2006) 

Recorded that , The commercial hydrated aluminum  silicates (Myco-Ad - A-Z) at  dose 

of 1.0  Kg/Mt was effective in preventing  the toxic effects of T -2 toxin(1.25PPm) in 

broiler chicks. 

    Girish and Devegowda (2004)   & Ramasamy, et al., (2010) Reported that 

Glucomannan  (Mycosorb ) at dose of 1 gm /Kg feed probably reduces the potency of  

T-2 toxin and significantly protect birds  from  the immune toxic effects of T-2  toxin (1 

PPm). 

    In chicken treated with DMSO (T 5) as adsorbent alone did not significantly improve 

any of blood parameters tested       

  Parcell, (2002) Dimethyl sulfoxid (DMSO) involved in the detoxification of drugs and 

other harmful toxins. Moreover, Hu, et al.,(2010) declared that modified pine apple 

peel fiber in dimethyl sulphoxide novel metal ionic adsorbents     

    It could be concluded that feeding T -2 toxins even in minimal amount negatively 

affected blood parameters serum biochemical parameters. The present study clearly 

demonstrated that specific adsorbents could greatly diminish the toxicity of T-2 toxin in 

chicken The study also put recommendation that it is the time to reduce the maximum 

allowable limits of mycotoxin (T-2 toxin ) in feed to improve animal health and the 

safety of the food chain  
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Table (2): Changes in erythrocyte counts (RBCs), Leukocyte count (WBCs), packed cell volume (PCV) , and hemoglobin 

content ((HB)   ) in the blood of broiler chickens (Ross strain) fed diet containing T-2 toxins and three mycotoxin adsorbents 

to alleviate T2 toxins -induced toxicity in broiler chickens after the end of experiment (42 days). 

Groups T1  T2 T3 T4 T5  T6 T7 T8 

Erythrocyte count 

10
6
/mm

3 

3.02
 a 

± 0.03 

3.03
 a 

± 0.03 

3.02
 a

 

± 0.03 

2.69
b 

± 0.02 

2.76
 b 

± 0.03 

2.89
 b

 

 ± 0.03 

2.85
 b 

± 0.03 

3.02
 a 

± 0.03 

Leukocyte 

count 10
4
/mm

3 

26.36
a

 

± 2.21 

26.42
 a
± 

2.23 

26.33
a
± 

2.20 

18.35
c

 

±1.37 

19.11
c   

     
± 

2.14 

22.36
b
± 

1.13 

22.29
b
± 

1.12 

25.54
 a

 

± 1.36 

Packed cell volume 

(PCV %) 

33.11
 a

 

± 2.34 

  

31.54
 a

 

±2.01   

34.21
 a

 

±2.14   

23.37
 c

 

± 1.74   

24.34
 c

 

± 2.06 

  

26.94
 b

 

± 2.02   

29.08
 b

 

±2.08   

32.56
 a

 

± 2.42   

Hemoglobin 

(gm. %) 

11.44
 a

 

± 1.15 

10.87
 a

 

±1.09 

11.37
 a

 

± 1.13 

7.79
 c

 

± 0.38  

7.78
 c

 

± 0.92 

9.53
 b

 

± 0.77 

9.39
 b

 

± 0.83 

10.92
 a

 

± 1.08 

 

Within a raw, values with the same superscript letter don't differ significantly (p>0.05)   
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Table (3): Changes in differential leucocytic count in the blood of broiler chickens (Ross strain) fed diet containing T-2 toxins and three mycotoxin 

adsorbents to alleviate T2 toxins -induced toxicity in broiler chickens after the end of experiment (42 days) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Within a raw, values with the same superscript letter don't differ significantly (p>0.05)   

 

Groups T1 T2 T3 T4 T5 T6 T7 T8 

Heterophils (%) 47.14
 a

 

± 2.45 

47.07
 a

 

± 2.43 

47.10
 a

 

± 2.42 

53.95
 c

 

± 1.23 

52.98
 c

 

± 2.29 

49.92
 b

 

± 2.31 

48.84
 b

 

± 2.25 

47.04
 a

 

± 2.41 

Basophils (%)
 

6.41
 a

 

± 0.92 

6.30
 a

 

± 0.94 

6.51
 a

 

± 0.95 

6.59
 a

 

± 0.86 

6.67
 a

 

± 0.93 

6.69
 a

 

± 0.89 

6.69
 a

 

± 0.91 

6.42
 a

 

± 0.94 

Eosinophils (%) 3.40 
a

 

± 0.33 

3.51
 a

 

± 0.37 

3.36 
a

 

± 0.25 

3.89
 a

 

± 0.26 

3.69
 a

 

± 0.29 

3.62
 a

 

± 0.24 

3.88
 a

 

± 0.32 

3.52
 a

 

± 0.35 

Lymphocytes (%) 41.14
 a

 

± 1.89 

41.22
 a

 

± 1.78 

41.19
 a

 

± 1.74 

33.89
 b

 

± 2.88 

34.96
 b

 

± 2.73 

37.69
 b

 

± 2.89 

36.70
 b

 

± 2.83 

41.10
 a

 

± 2.88 

Monocytes (%) 1.91
 a

 

± 0.06 

1.90
 a

 

± 0.06 

1.93
 a

 

± 0.06 

1.68
 a

 

± 0.05 

1.79
 a

 

± 0.04 

1.99
 a

 

± 0.04 

1.89
 a

 

± 0.05 

1.92
a

 

± 0.05 
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Table (4): Changes in glucose  levels , total proteins, Albumin, Globulin, aspartate amino 

transferase (AST), Alanine  amino transferase (ALT) , lactated dehydrogenase  (LDH)  

activities, Urea, Creatinine, Cholesterol and Triglyceride in plasma of broiler chickens 

(Ross strain) fed diet containing T-2 toxins and three mycotoxin adsorbents to alleviate T2 

toxins -induced toxicity in broiler chickens after the end of experiment (42 days)                 

                             

Groups T1  T2 T3 T4 T5  T6 T7 T8 

Glucose 

(mg/L) 

89.72 c 

± 3.45 

91.73 c 

± 5.59 

93.8 c 

± 7.10 

121.12a 

± 4.45 

115.93 a 

± 3.45 

104.47 b 

± 5.59 

109.84 b 

± 7.10 

85.12 c 

± 4.45 

Total 

protein 

(g/dl) 

5.37 a 

± 0.31 

5.28 a 

± 0.29 

5.66 a 

± 0.34 

2.75 d 

± 0.17 

2.95 d 

± 0.19 

3.74 c 

± 0.20 

3.39 c 

± 0.20 

4.87 b 

± 0.28 

Albumi

n  (g/dl) 

2.26 a 

± 0.17 

2.31 a 

± 0.17 

2.39 a 

± 0.17 

2.13 b 

± 0.17 

2.09 b 

± 0.17 

2.11 b 

± 0.17 

2.05 b 

± 0.17 

2.39 a 

± 0.17 

Globuli

n 

(mg/dl) 

3.11 a 

± 0.17 

2.97 a 

± 0.15 

3.27 a 

± 0.17 

0.62 d 

± 0.04 

1.86 d 

± 0.08 

1.63 c 

± 0.09 

1.34 c 

± 0.06 

2.48 b 

± 0.17 

AST(IU

/L) 

114.69 c 

± 3.15 

119.75 c 

± 3.15 

112.55 c 

± 3.05 

145.65a 

± 5.15 

144.47 a 

± 3.29 

127.38 b 

± 3.58 

130.18 b 

± 4.22 

112.55c 

± 3.75 

ALT 

(IU/L) 

14.80 c 

± 1.11 

13.96 c 

± 1.05 

14.79 c 

± 1.11 

21.55 a 

± 2.38 

20.84 a 

± 1.78 

16.33 b 

± 1.67 

16.29 b 

± 1.68 

13.84 c 

± 1.12 

LDH 

(IU/L) 

129.90 c 

± 6.16 

125.1 c 

± 6.66 

129.2 c 

± 6.36 

189.5 a 

± 8.38 

186.43 a 

± 7.21 

155.56 b 

± 4.78 

151.32 b 

± 4.57 

127.5 c 

± 6.32 

Uric 

acid 

(mg/dl) 

1.79 c 

± 0.02 

1.81 c 

± 0.02 

1.79 c 

± 0.02 

2.72 a 

± 0.09 

2.62 a 

± 0.04 

2.13 b 

± 0.04 

2.17 b 

± 0.04 

1.83 c 

± 0.02 

Creatini

ne 

(mg/dl) 

0.12 c 

± 0.01 

0.12 c 

± 0.01 

0.13 c 

± 0.02 

0.92 a 

± 0.11 

0.89 a 

± 0.08 

0.71 b 

± 0.09 

0.69 b 

± 0.09 

0.11 c 

± 0.01 

Choleste

rol 

(mg/dl) 

102.66 b 

±3.16 

108.67 b 

±3.21 

109.43 b 

±3.09 

88.02c 

±4.16 

89.96 c 

±3.74 

93.64 c 

±3.68 

94.87 c 

±3.66 

122.89 a 

±3.23 

Triglyce

ride 

(mg/dl) 

123.95 a 

±3.22 

121.57 a 

±3.16 

127.38 a 

±3.27 

89.35 c 

±2.27 

93.23 c 

±3.13 

112.19 b 

±3.23 

108.25 b 

±3.21 

117.66 a 

±3.28 

Within a raw, values with the same superscript letter don't differ significantly (p>0.05)   
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Table (5): Changes in calcium, phosphorus and magnesium levels in plasma of 

broiler chickens (Ross strain) fed diet containing T-2 toxins and three mycotoxin 

adsorbents to alleviate T2 toxins -induced toxicity in broiler chickens after the end 

of experiment (42 days). 

Groups T1  T2 T3 T4 T5  T6 T7 T8 

Calcium 

mg% 

14.22 a 

±0.23 

13.39 a 

± 0.25 

13.35 a 

± 0.24 

7.28 c 

± 0.14 

7..97 c 

± 0.17 

9.33 b 

± 0.17 

9.12 b 

± 0.17 

12.57 a 

± 0.23 

Phosphorus 

mg % 

9.33 a 

±0.17 

9.61 a 

±0.18 

9.74 a 

± 0.18 

4.98 c 

± 0.08 

5.19 c 

± 0.06 

6.58 b  

± 0.06 

6.74 b 

± 0.06 

8.98 a 

± 0.006 

Magnesium 

ug/g 

356.45 a 

±20.94 

349.43 a 

±20.74 

351.72 a 

± 20.86 

277.96 c 

± 16.56 

288.26 c 

± 18.76 

311.56 b 

± 18.14 

305.72 b 

± 18.36 

349.54 a 

± 20.56 

 

Within a raw, values with the same superscript letter don't differ significantly (p>0.05)   
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