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Abstract. Cotton seed cake were collected from different dairy farms at Riyadh region, Saudi Arabia. The fungal flora and the potentiality of aflatoxins production in cotton seed cake were tested. A total number of 41 fungal species belonging to 11 genera were isolated from the cottonseed. Aspergillus, Penicillium and Alternaria were the most common genera. Cotton seed cake in Saudi Arabia had a high concentration of aflatoxin B1. While neither aflatoxin G1 nor aflatoxin G2 were detected.
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Introduction

Aflatoxins are a secondary metabolites produced by several fungal species in the genera of Alternaria, Aspergillus, Eurotium, Cladosporium and Penicillium (1-7). Aflatoxins are a group of highly toxic, mutagenic and carcinogenic polyketide compounds. Aflatoxin B1 (AFB1) is the most toxic and carcinogenic of the four most common aflatoxins, i.e., AFB1, AFB2, AFG1 and AFG2 [8]. 

These molds infect oilseed crops such as corns, cotton, peanuts and tree nuts in the field and in storage. A. flavus is isolated more frequently than A. parasiticus and A. nomius from most crops except for peanuts [9-11]. The toxic effect of aflatoxins on humans and other animals is well known [3; 11, 12]. Thus, many countries regulate the quantity of aflatoxins allowed in foods and feeds [13-14].

When cottonseed is crushed for oil, the remaining meal then competes with other vegetable meals in the livestock feed market. During crushing, toxins are concentrated about twofold in the meal. In the U.S.A., both cotton seed cake and 

cottonseed meal may be sold at a premium for dairy feed only if the aflatoxin content does not exceed 20 SYMBOL 109 \f "Symbol"g/kg [13]. Cotton seed cake and meal exceeding 300 SYMBOL 109 \f "Symbol"g/kg aflatoxin may not be used for beef cattle feed [12].

Dairy farms in the Kingdom of Saudi Arabia import cotton seed cake to be used for dairy feed. There is no data available on the incidence of aflatoxins in cotton seed cake export to Saudi Arabia [15]. Such that no study was carried out in this aspect in Saudi Arabia earlier. Hence the present study has been undertaken to evaluate fungal flora and the potentiall aflatoxins production in samples of cotton seed cake used for dairy feed in Saudi Arabia.

Materials and Methods

Samples collection and chemical analyses
 Cotton seed cake samples were randomly collected at monthly intervals from seven different dairy farms in Riyadh region during the year of 1999. Five replicate samples were transferred to the laboratory of the National Agriculture and Water Research Centre in individual plastic bags and on arrival they either assayed for chemical composition and fungal isolation or were stored at 2 oC for aflatoxins detection.

The percentage of water content was measured by calculating the defference between fresh weight and dry weight of cotton seed samples using an oven at 108 oC for 48h. While the pH was determined using a glass electrode with a water cotton seed cake slurry (10:1). The methods described by Westerman [16, pp. 389-427] were used for determination of the chemical composition of cotton seed cake.

Fungal isolation

Cotton seed cake samples were taken to a laboratory for fungal cultivation. For the quantitative estimation of fungi the aliquots of a suspension in sterilized Ringer's solution was used. Cotton seed cake samples (10 g) were shaken in 1/4 strength Ringer's solution (90 ml) and 0.1 ml of the solution was then spread onto Czapek-Dox Agar media for the growth and isolation of fungi. Rose bengal (0.03 g/L) was added in the medium to reduce the spread of fast growing fungi, while streptomycin sulphate (0.033 g/L) was also added to eliminate bacterial growth. The plates were then incubated at 25oC for 7 days. The pure isolates of fungal species were inoculated on Czapek-Dox Agar plates and incubated for one week at 25 oC. The identification of the fungal isolates was carried out using standard text books [17-21]. 

Aflatoxins detection

               The aflatoxins were extracted using the modified method of Romer clean-up. Subsamples (5 samples from each farm) of 25 g were ground then extracted with 200 ml of acetonitrile-water (9:1 v/v) using a mill for 3 seconds. Seven milliliter of each of the extract was pipette into 10 ml culture tube then, 4 ml of the solution was purified by pushing 2 ml of the extraction through Romer Lab MycoSepTM column # C224. attached to vacuum apparatus and washed with acetonitrile-water (9:1 v/v) with a flow rate 1 ml/min. The column was flushed with 12 ml acetonitrile-water (9:1 v/v) and the effluent was collected. Four ml of purified extract were transfered to 40 ml centrifuge tube and the solution was evaporated to dryness. Aflatoxins were detected by dissolving residue in 300 SYMBOL 109 \f "Symbol"l of 97/3 toluene/acetonitrile and by using thin layer chromatography (TLC) plates of Whatman Silica Gel 60 A (Cat. No. 4861820). Plates were developed in 100 ml of chloroform/acetone (9:1 v/v). The extracted aflatoxins from cotton seed cake were chemically identified by thin layer chromatography (TLC) plates on the basis of co-migration with reference standard and by their characteristic fluorescent color under UV light [22-24].

Statistical analysis

A Minitab-for-Windows program was used in statistical analysis for all results obtained in this investigation. The correlation coefficients (r) was calculated to evaluate the variance effects of all treatments. Analysis of variance (ANOVA Oneway Unstacked) was used to calculate standard diviation, while basic statistics (correlation) was used for correlation coefficients.
Results

A total number of 41 fungal species belonging to 11 genera were isolated from the cotton seed cake samples collected from seven different dairy farms in Riyadh region (Table 1). Aspergillus was the most common genus and was represented by 13 species. Followed by Penicillium (7 species), Alternaria (5 species), Fusarium and Mucor (4 species each) and Curvularia (3 species). While, only one species of  Chaetomium spirale, Cladosporium herbarum, Epicoccum purpurascens, Eurotium echinulatum and Mortierella macrocystis was isolated from the cotton seed cake samples collected from seven different dairy farms in Riyadh region. Aspergillus nomius exhibited the highest number of colonies among the fungal species (13 colonies) followed by Penicillium islandicum (12 colonies) and Fusarium oxysporum (11 colonies)..

The chemical composition of cotton seed cake samples collected at monthly intervals from different dairy farms of Riyadh region, Saudi Arabia during the year of 1999 are given in Table 2. The percentage of water content of cotton seed cake samples ranged between 12 % and 29 %, while in all the samples from different farms the pH values was acidic. The pH ranged between 4.3 in the samples collected during December 

and 5.8 in July samples from the dairy farms. In general, the cotton seed cake samples had a high content of carbon source. The highest percentage of carbon was observed in the samples collected during November from dairy farms, which was 47 %, followed by the October samples with 45 %. The cotton seed cake samples of December had the highest nitrogen concentration (4.6 %) and the lowest nitrogen concentration was recorded in June samples (1.0 %). Both of April and October samples exhibited the largest concentration of phosphate, while the minimum percentage of phosphate and sulphate was seen in cotton seed cake samples collected in the month of February. On the other hand the maximum percentage of sulphate (0.6 %) was observed in January and November samples.

Table 1. Fungi isolated from cotton seed cake and aflatoxins produced by various fungal species grown on Czapek-Dox Agar. (D= detectable; ND= not detectable)

Fungi species
No. of  colonies
Aflatoxins produced



AFB1
AFB2
AFG1
AFG2

Alternaria alternata (Fr.) Keissler
 2 SYMBOL 177 \f "Symbol" 1
 D
 D
 D
ND 

A. chlamydospora Mouchacca
7 SYMBOL 177 \f "Symbol" 2
 D
 D
 ND
 D

A. humicola Oudem
4 SYMBOL 177 \f "Symbol" 1
 ND
 D
 D
 ND

A. phragmospora van Emden
6 SYMBOL 177 \f "Symbol" 3
 D
 ND
 D
 D

A. tenuissima (Fr.) Wiltshire
1 SYMBOL 177 \f "Symbol" 0
 ND
 D
D 
 D

Aspergillus apica Mehrotra & Basu
8 SYMBOL 177 \f "Symbol" 2
 D
 ND
D 
 D

A. candidus Link ex Fries
 3 SYMBOL 177 \f "Symbol" 0
 D
 ND
 D
 D

A. clavatus Desm.
6 SYMBOL 177 \f "Symbol" 1
 D
 D
 D
 D

A. flavus Link ex Fries
2 SYMBOL 177 \f "Symbol" 0
 D
 D
 D
 D

A. fumigatus Fres
5 SYMBOL 177 \f "Symbol" 2
 ND
 ND
 ND
 D

A. nidulans (Eidam) Winter 
8 SYMBOL 177 \f "Symbol" 1
 D
 D
 D
 D

A. niger van Teighem
4 SYMBOL 177 \f "Symbol" 2
 D
 D
 D
 D

A. nomius Raper & Fennell
13 SYMBOL 177 \f "Symbol" 5
 D
 D
 D
 D

A. ochraceous Withelm
7 SYMBOL 177 \f "Symbol" 0
 D
 D
 D
 D

A. oryzea (Ahlburg) Cohn
3 SYMBOL 177 \f "Symbol" 0
 ND
 ND
 ND
 ND

A. parasiticus Speare
5 SYMBOL 177 \f "Symbol" 2
 D
 D
 D
 D

A. raperi Stolk & Meyer
8 SYMBOL 177 \f "Symbol" 3
 D
 D
 D
 D

A. terreus Thom
3 SYMBOL 177 \f "Symbol" 1
 D
 D
 D
 D

Chaetomium spirale Zopf
4 SYMBOL 177 \f "Symbol" 2
 ND
ND 
ND 
ND 

Cladosporium herbarum (Pers.; Fr.) Link
 9 SYMBOL 177 \f "Symbol" 3
 D
 D
 D
 D

Curvularia intermedia Boedijin
5 SYMBOL 177 \f "Symbol" 0
 ND
 ND
 ND
 ND

C. tuberculata Jain
9 SYMBOL 177 \f "Symbol" 2
 ND
 ND
 ND
 ND

C. pallescens Boedijin
6 SYMBOL 177 \f "Symbol" 1
 ND
 ND
 ND
 ND

Epicoccum purpurascens Ehrenb
 4 SYMBOL 177 \f "Symbol" 0
 D
 D
 D
 D

Eurotium echinulatum Delacr
8 SYMBOL 177 \f "Symbol" 2
 D
 D
 D
 D

Fusarium solani (Mart.) Sacc
4 SYMBOL 177 \f "Symbol" 1
 ND
 ND
 ND
 ND

F. oxysporum Schlecht
11 SYMBOL 177 \f "Symbol" 5
 ND
 ND
 ND
 ND

F. coeruleum (Lib.) Sacc
3 SYMBOL 177 \f "Symbol" 1
 ND
 ND
 ND
 ND

F. ciliatum Link
 7 SYMBOL 177 \f "Symbol" 2
 ND
 ND
 ND
 ND

Mortierella macrocystis W. Gams
5 SYMBOL 177 \f "Symbol" 0
 D
D
ND 
D

Mucor pusillus Lindt
3 SYMBOL 177 \f "Symbol" 0
 ND
 ND
 ND
 ND

M. mucedo L. ex Fr
9 SYMBOL 177 \f "Symbol" 4
 D
 ND
 ND
 ND

M. hiemalis Wehmer
4 SYMBOL 177 \f "Symbol" 2
 D
 ND
 ND
 ND

M. racemosus Fres
 6 SYMBOL 177 \f "Symbol" 1
 ND
 ND
 ND
 ND

Penicillium lanosum Westl.
8 SYMBOL 177 \f "Symbol" 2
 D
 D
 D
 ND

P. notatum Westl.
8 SYMBOL 177 \f "Symbol" 3
 D
 D
 D
 D

P. citrinum Thom
10 SYMBOL 177 \f "Symbol" 4
 D
 D
 D
 ND

P. nigricans (Bain.) Thom
7 SYMBOL 177 \f "Symbol" 2
 D
 D
 ND
 D

P. expansum Link
5 SYMBOL 177 \f "Symbol" 2
 D
 D
 D
 D

P. chrysogenum Thom
3 SYMBOL 177 \f "Symbol" 1
 D
 D
 D
 ND

P. islandicum Sopp
12 SYMBOL 177 \f "Symbol" 4
D
D
D
D

Table 2. The Chemical composition of cotton seed cake collected from different dairy farms of Saudi Arabia during a year of 1999. (all values are means of 5 replicates, SYMBOL 177 \f "Symbol" standard deviation) 

Time of  Sampling 1999
Parameters


Water %
pH
C %
N %
P %
S %

January
29 SYMBOL 177 \f "Symbol"7.0
4.4 SYMBOL 177 \f "Symbol"0.3
43 SYMBOL 177 \f "Symbol"1.5
4.2 SYMBOL 177 \f "Symbol"0.5
0.3 SYMBOL 177 \f "Symbol"0.0
0.6 SYMBOL 177 \f "Symbol" 0.2

February
19 SYMBOL 177 \f "Symbol"2.9
5.4 SYMBOL 177 \f "Symbol"0.2
37 SYMBOL 177 \f "Symbol"1.2
2.2 SYMBOL 177 \f "Symbol"0.9
0.1 SYMBOL 177 \f "Symbol"0.0
0.1 SYMBOL 177 \f "Symbol" 0.0

March
25 SYMBOL 177 \f "Symbol"4.9
5.4 SYMBOL 177 \f "Symbol"0.7
39 SYMBOL 177 \f "Symbol"0.5
1.9 SYMBOL 177 \f "Symbol"0.2
0.3 SYMBOL 177 \f "Symbol"0.2
0.3 SYMBOL 177 \f "Symbol" 0.2

April
21 SYMBOL 177 \f "Symbol"8.0
5.3 SYMBOL 177 \f "Symbol"1.1
42 SYMBOL 177 \f "Symbol"0.4
2.6 SYMBOL 177 \f "Symbol"0.1
0.5 SYMBOL 177 \f "Symbol"0.1
0.2 SYMBOL 177 \f "Symbol" 0.1

May
20 SYMBOL 177 \f "Symbol"3.9
5.4 SYMBOL 177 \f "Symbol"0.2
37 SYMBOL 177 \f "Symbol"4.5
3.2 SYMBOL 177 \f "Symbol"0.7
0.2 SYMBOL 177 \f "Symbol"0.1
0.5 SYMBOL 177 \f "Symbol" 0.2

June
23 SYMBOL 177 \f "Symbol"8.4
5.3 SYMBOL 177 \f "Symbol"1.0
40 SYMBOL 177 \f "Symbol"3.4
1.0 SYMBOL 177 \f "Symbol"0.2
0.3 SYMBOL 177 \f "Symbol"0.1
0.3 SYMBOL 177 \f "Symbol" 0.1

July
12 SYMBOL 177 \f "Symbol"5.4
5.8 SYMBOL 177 \f "Symbol"0.0
35 SYMBOL 177 \f "Symbol"2.4
1.2 SYMBOL 177 \f "Symbol"0.4
0.4 SYMBOL 177 \f "Symbol"0.1
0.2 SYMBOL 177 \f "Symbol" 0.1

August
17 SYMBOL 177 \f "Symbol"1.5
5.6 SYMBOL 177 \f "Symbol"0.4
35 SYMBOL 177 \f "Symbol"0.9
1.6 SYMBOL 177 \f "Symbol"0.2
0.2 SYMBOL 177 \f "Symbol"0.1
0.2 SYMBOL 177 \f "Symbol" 0.1

September
20 SYMBOL 177 \f "Symbol"2.3
5.1 SYMBOL 177 \f "Symbol"0.3
38 SYMBOL 177 \f "Symbol"1.5
1.2 SYMBOL 177 \f "Symbol"0.4
0.3 SYMBOL 177 \f "Symbol"0.4
0.1 SYMBOL 177 \f "Symbol"0.0

October
21 SYMBOL 177 \f "Symbol"4.4
5.3 SYMBOL 177 \f "Symbol"0.6
45 SYMBOL 177 \f "Symbol"8.4
2.0 SYMBOL 177 \f "Symbol"0.1
0.5 SYMBOL 177 \f "Symbol"0.3
0.3 SYMBOL 177 \f "Symbol" 0.1

November
19 SYMBOL 177 \f "Symbol"7.0
4.4 SYMBOL 177 \f "Symbol"0.7
47 SYMBOL 177 \f "Symbol"5.5
4.2 SYMBOL 177 \f "Symbol"0.9
0.2 SYMBOL 177 \f "Symbol"0.1
0.6 SYMBOL 177 \f "Symbol" 0.2

 December
27 SYMBOL 177 \f "Symbol"8.1
4.3 SYMBOL 177 \f "Symbol"0.2
41 SYMBOL 177 \f "Symbol"0.7
4.6 SYMBOL 177 \f "Symbol"0.2
0.3 SYMBOL 177 \f "Symbol"0.2
0.4 SYMBOL 177 \f "Symbol" 0.3

Seasonal fluctuation of aflatoxins production in cotton seed cake samples collected monthly are shown in Table 3. Production of aflatoxins varied from type to type throughout the year. Overall, no any amount of aflatoxin G1 and aflatoxin G2 detected in all of cotton seed cake samples tested. In general, with the exceptions of cotton seed cake samples collected during the month of October (40.8 SYMBOL 109 \f "Symbol"g/kg of aflatoxin B2), the cotton seed cake samples had a low content of aflatoxin B2. As a result the amount of aflatoxin B2 does not exceed 13.7 SYMBOL 109 \f "Symbol"g/kg in all samples of cotton seed cake tested. 

Table 3. Aflatoxins production (SYMBOL 109 \f "Symbol"g/kg) in cotton seed cake collected from different dairy farms of Saudi Arabia during a year of 1999. (all values are means of 5 replicates, SYMBOL 177 \f "Symbol" standard deviation) *: Significant, **: Highly significant at 0.01

Time of  Sampling 1999
Aflatoxins


AFB1
AFB2
AFG1
AFG2

January
88.0 SYMBOL 177 \f "Symbol" 3.9**
6.2 SYMBOL 177 \f "Symbol" 0.9
-
-

February
40.1 SYMBOL 177 \f "Symbol" 6.9*
8.9 SYMBOL 177 \f "Symbol" 1.2
-
-

March
30.5 SYMBOL 177 \f "Symbol" 5.1
4.3 SYMBOL 177 \f "Symbol" 0.1
-
-

April
33.3 SYMBOL 177 \f "Symbol" 0.9
4.6 SYMBOL 177 \f "Symbol" 0.5
-
-

May
43.3 SYMBOL 177 \f "Symbol" 7.3*
4.7 SYMBOL 177 \f "Symbol" 0.3
-
-

June
29.5 SYMBOL 177 \f "Symbol" 2.8
3.7 SYMBOL 177 \f "Symbol" 0.4
-
-

July
21.4 SYMBOL 177 \f "Symbol" 4.5
2.2 SYMBOL 177 \f "Symbol" 0.0
-
-

August
25.6 SYMBOL 177 \f "Symbol" 8.0
4.2 SYMBOL 177 \f "Symbol" 1.6
-
-

September
53.0 SYMBOL 177 \f "Symbol" 11*
13.7 SYMBOL 177 \f "Symbol" 0.7
-
-

October
60.0 SYMBOL 177 \f "Symbol" 17*
40.8 SYMBOL 177 \f "Symbol" 11*
-
-

November
80.2 SYMBOL 177 \f "Symbol" 14**
6.0 SYMBOL 177 \f "Symbol" 1.2
-
-

 December
84.6 SYMBOL 177 \f "Symbol" 10**
6.3 SYMBOL 177 \f "Symbol" 0.5
-
-

In the present investigation, cotton seed cake in Saudi Arabian dairy farms had a high significant concentration of aflatoxin B1 compared to the other aflatoxins. Cotton seed cake samples collected during November, December and January exhibited the highest contamination of aflatoxin B1 (80.2, 84.6 and 88.0 SYMBOL 109 \f "Symbol"g/kg respectively). While a significant production of aflatoxin B1 was recorded in February samples with 40.1 SYMBOL 109 \f "Symbol"g/kg. Samples of cotton seed cake, that collected through the summer months, reached the lowest content of aflatoxin B1 (ranged between 21.4 and 29.5 SYMBOL 109 \f "Symbol"g/kg). So this study gave an indicator that there are some seasonal fluctuation of aflatoxins production in cotton seed cake and that was the objective of studying the variation monthly.
Correlation coefficients between chemical properties of cotton seed cake and aflatoxins production are represented in Table 4. Results of this study showed that the production of aflatoxins in cotton seed cake is highly significant correlated with carbon, nitrogen percentage and water content of cotton seed cake. Also aflatoxins contamination was a negatively correlated with the pH values of cotton seed cake. As can be seen, no significant correlation coefficients between the concentration of phosphate and sulphate in cotton seed cake and aflatoxins production.

Table 4. Correlation coefficients matrix between chemical properties of cotton seed cake and aflatoxins production ( rxy); *: Significant, **: Highly significant at 0.01

AFB1
AFB2
Water
pH
C
N
P
S

AFB1









AFB2
  0.03
 







Water
  0.90**
  0.97**







pH
 -0.52*
 -0.63* 
-0.46 






C
  0.82**
  0.70**
  0.10
0.38





N
  0.91**
  0.85**
  0.17
0.19
   0.19




P
  0.25
  0.27
  0.11
0.45
   0.16
0.21



S
  0.16
  0.19
  0.36
0.03
  -0.06
0.14
0.26


Discussion

Aspergillus was the most common genus and Penicillium occupied the second place with regard to the number of species and total count of colonies, while Alternaria ranked third according to the number of species and colonies of isolation. Similar results about these fungi were also recorded earlier as the most prevalent genera of air dust in Riyadh city [25-28]. Aspergillus and Penicillium species together with other common genera like Alternaria, Fusarium, Mucor, Cladosporium and Curvularia which are prevalent genera in cotton seed cake, were also common in different types of cereal grains in Saudi Arabia [3, 15, 29].

Nine species of the genera Aspergillus were able to produce all of the aflatoxins types when grown on Czapek-Dox Agar medium. Rodriguez and Mahoney [4] stated that the fungi Aspergillus flaus, Aspergillus parasiticus and the newly described Aspergillus nomius synthesize secondary metabolites named aflatoxins On the other hand, only three species of Penicillium produced all different types of aflatoxins, these were P. notatum,.P. expansum and P. islandicum. 

Both Curvularia and Fusarium genera failed to produce any type of aflatoxins. All of the fungus Cladosporium herbarum, Epicoccum purpurascens and Eurotium echinulatum showed an ability to produce aflatoxin B1, aflatoxin B2, aflatoxin G1 and aflatoxin G2. Aflatoxin B1 (AFB1) is the most toxic and carcinogenic of the four most common aflatoxins. Pitt [30] reported that the fungus A. flaus produce only B aflatoxins, whereas the species A. parasiticus produce aflatoxins B and G. Our study shows that most of the fungi isolated from cotton seed cake can produce Aflatoxin B1 (AFB1) when grown on Czapek-Dox Agar medium.

The production of aflatoxins in cotton seed cake is highly significant correlated with carbon, nitrogen, pH and water content of cotton seed cake. Because of that cotton seed cake samples with high percentage of carbon, nitrogen and water content exhibited the highest contamination of aflatoxins. These environmental factors encouraged and stimulated the fungal growth which led to a marked increase in production of secondary metabolites including mycotoxins. This result is consistent with the findings of previous studies [4, 28, 31].

Cotton seed cake samples collected during June, July and August had low percentage of water content which could be attributed to the high temperature through these summer months. So it is recommended for the Saudi dairy farms to keep cotton seed cake and other animal feeds and foodstuffs with minimum humidity (15%) in order to avoid mycotoxins accumulation.
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الفلورا الفطرية والفطريات المنتجة لسموم الأفلاتوكسين على الأمباز (بقايا بذور القطن) في المملكة العربية السعودية
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( قدم للنشر في1/1/ 1422 وقبل للنشر في 17/ 3/ 1422 هـ )

ملخص البحث: تم جمع عينات مختلفة من الأمباز المستوردة (وهي بقايا بذور القطن بعد عصرها لإستخراج الزيت) المستخدمة كعلف للأبقار، وذلك من  عدد من مزارع الألبان في منطقة الرياض بالمملكة العربية السعودية. وتم اختبار الفلورا الفطرية وكمية الأفلاتوكسين المنتجة عليها.

وفي هذا البحث تم عزل 41 نوعاً من الفطريات التابعة لـ 11 جنساً . وجد في هذه الدراسة ان كلاً من الفطرة Aspergillus والفطرةPenicillium  والفطرة Alternaria من أكثر الأجناس الفطرية تواجداً في بقايا بذور القطن. تشير الدراسة الى ان الأمباز المستخدم في المملكة العربية السعودية يحتوي على تركيز عالي من الأفلاتوكسين ب1 ولم تسجل أي كمية من كل من الأفلاتوكسين ج1 والأفلاتوكسين ج2.
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