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ABSTRACT 

 Agro-industrial wastes can be used as feedstuffs, however its nutritive value should be improved. This study 

focus on selected fungi which produced cellulase and amylase enzyme and utilized agro-industrial wastes as 

substrate. Four fungal isolates, Aspergillus niger TISTR 3056, 3245, 3254 and 3281 were examined for cellulase and 

amylase production with Gram’s Iodine on Carboxyl methyl cellulose (CMC) agar and PDA with 1 % soluble starch 

(w/v), measuring enzyme activity by Dinitrosalicylic acid (DNS) method. A. niger 3056 showed highest amylase 

activity (127.17 U/ml) and cellulase activity (184.13 U/ml) compared with other isolates. Solid state fermentation of 

DDGS to increase protein levels by A.niger 3056 was 20.22 % of crude protein at 30 o C for five day. So, A. niger 

could be developed agro-industrial wastes to utilizable raw materials for various beneficial uses such as feedstuffs 

บทคดัย่อ 

 เศษเหลือท้ิงอุตสาหกรรมเกษตรสามารถใชเ้ป็นวตัถุดิบอาหารสตัวไ์ดด้ว้ยการปรับปรุงคุณภาพทางโภชนาการ 

การวจิยัคร้ังน้ีมีวตัถุประสงคเ์พ่ือคดัเลือกเช้ือราท่ีมีคุณสมบติัผลิตเอนไซมเ์ซลลูเลสและอะไมเลสเพ่ือใชใ้นกระบวนการ

หมกัเศษเหลือท้ิงจากอุตสาหกรรมเกษตร เช้ือรา Aspergillus niger จาํนวน 4 สายพนัธ์ุ ไดแ้ก่ A. niger TISTR 3056, 

3281, 3245 และ 3254 ถูกนํามาทดสอบประสิทธิภาพการผลิตเอนไซม์เซลลูเลสและอะไมเลส โดยการวดั

เส้นผ่าศูนยก์ลางของบริเวณใสท่ีเกิดจากการทดสอบดว้ย Gram’s iodine บนอาหารจาํเพาะ CMC และ PDA ท่ีเติม

สารละลายแป้ง 1 % w/v และวดัค่ากิจกรรมของเอนไซมโ์ดยวิธี Dinitrosalicylic acid (DNS) พบวา่ A. niger TISTR 

3056 มีกิจกรรมของเอนไซมอ์ะไมเลสสูงสุดเท่ากบั 127.17 Unit/ml และเซลลูเลสสูงสุดเท่ากบั 184.13 Unit/ml เม่ือ

เทียบกบัไอโซเลทอ่ืน และการใชเ้ช้ือรา A. niger TISTR 3056 ในกระบวนการหมกักากเอทานอล สามารถเพ่ิมระดบั

โปรตีนเป็น 20.22 % ท่ีอุณหภูมิ 30 องศาเซลเซียส ระยะเวลา 5 วนั ดงันั้นเศษเหลือท้ิงท่ีหมกัดว้ยเช้ือรา A. niger ใน

สภาวะท่ีเหมาะสม สามารถพฒันานาํสู่การใชเ้ป็นวตัถุดิบอาหารสตัวไ์ดอ้ยา่งมีประสิทธิภาพ 
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Introduction 

Fermentation technology is the importance 

technology for utilize the cheap wastes as the raw 

material for microorganism to growth and producing 

the enzyme or specific essential nutrients by the 

optimize environment such as temperature, pH, 

moisture, source of nitrogen and energy. Utilization 

of agro-industrial wastes as feedstuffs by 

fermentation need microorganisms which high 

digestible enzyme as cellulase and amylase enzyme. 

These enzyme produced by microorganisms as 

bacteria and fungi (Klyosov, 1990) and varieties of 

enzyme from fungi are importance in the 

biotechnology industry, several important researches 

are including the study of single cell protein, 

eukaryotic protein secretion in general and 

mechanism involved in control of fungal morphology 

such as Aspergillus niger, Trichoderma sp. etc. (Amir 

et al., 2011 and Dashtban et al., 2009.) 

 The increasing demand for raw materials 

for industrial production, the non-renewable 

resources are dwindling day-by-day, wet products are 

the main pollution because no area to dry and smell 

not good for health. Production of cassava powder 

industry is 200-2,000 tons/day, by-products is 40-50 

tons/day as wet by-products 23.39 % (Pirapot et al., 

2009) The amount of citric acid by-product from 

citric acid industry is 73-74 % of day, include crude 

protein 1-3 %, crude fiber 4-15 %, NFE 66-81 % and 

pH 4 (Pirapot et al., 2009 and Terdsak et al., 2006.) 

This acid raw material is optimizing for fermentation 

by A. niger (Usaneeporn, 2007). The DDGS from 

ethanol industry production is 30-40 tons/day (from 

150,000 liters/day ethanol), that include 10 % crude 

protein and 10 % fiber. These agro-industrial wastes 

can be used as feedstuffs because these wastes have 

enough carbon sources such as carbohydrate fiber and 

cellulose for fermentation and produce protein or 

essential nutrients by microorganisms. (Ministry of 

Energy, 2006) 

 A. niger is a filamentous ascomycete 

fungus, which is ubiquitous in the environment.  A. 

niger is a common member of the microbial 

communities found, that plays a significant role in the 

global carbon cycle. This organism is a producer of 

hydrolytic and oxidative enzymes involved in the 

breakdown of plant lignocelluloses. A. niger is 

economically importance as a fermentation organism 

used for production of citric acid, as a model fungal 

fermentation process (Scott, 2006). And Jayant et al. 

(2011) was produced cellulase enzyme by A. niger, 

the maximum enzyme activity was 3.56 unit/ml. 

(Olufunke et al., 2010) using cassava peels as raw 

material in submerge fermentation by Trichoderma 

viride ATCC 36361 combined with enzyme, the 

product was 37.63 % crude protein. And David 

(2010) was used solid state fermentation by A. niger 

TC-4 to increase protein in Terminalia catappa fruit 

meal (FTCM) from 47.2 % CP to 74.3% CP. The 

gain by-products fermented with Candida tropicalis 

(ccum 8223) was 8.69-9.19 % crude protein. 

   

Objectives of the study 

This study focus on the selection of fungi to 

have cellulase- amylase enzyme production using 

agro-industrial waste as substrate and efforts are to be 

made for controlling pollution arising out of the 

disposal of wastes by conversion of these unwanted 

wastes into utilizable raw materials for various 

beneficial uses such as feedstuffs. 
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Methodology 

Substrate selection 

 Agro-industrial waste of citric acid by-

product and DDGS (Distiller's Dried Grains with 

Soluble) collected from local industry of Kalasin 

Province, Thailand and Ethanol Public Limited 

Company, Khon Kaen, Thailand. The substrates were 

dried in oven at 60 o C and grinded mechanically with 

electric grinder to make in particle form to 4 meshes, 

sterilized at 121 o C for 15 minutes. 

Microorganism selection 

 The strain TISTR 3056, 3281, 3245, 3254 

were obtained from stock cultures of TISTR, 

Bangkok, Thailand.  

Maintenance of Aspergillus niger 

 Strains of A. niger maintained on potato 

dextrose agar (PDA) medium slants under sterilized 

at 121 o C  for 15 minutes in autoclave, incubated at 

30 o C for 72 hrs and subsequently stored at 4 o C  for 

inoculums preparations (Saowapa, 2010). The spores 

of cultured  A. niger on PDA medium were isolated 

aseptically using sterilized water with 0.1 % Tween 

80 was used for inoculation. 

Spore suspension 

 The inoculums were counted on a 

Haemacytometer slide bridge before used as spore 

suspension. The inoculums were diluted to 1x105 

spore/ml. (Saowapa, 2010) for initiate growth on 

cellulose activity and amylase activity and diluted to 

1x108 spore/ml for fermentation (Usaneeporn, 2007). 

Assessment of amylase activity in starch agar 

medium 

 The starch agar medium contained 1 % of 

soluble starch in PDA medium, pH of medium was 

adjusted to 7 with 1M HCl/ 1M NaOH and was 

sterilized at 110 o C for 28 minutes. The starch agar 

plates were prepared and were inoculated with A. 

niger. The plates were incubated at 28 o C for 3 days. 

In order to detect amylase activity, plates were 

flooded with gram’s iodine solution for 2 minutes 

which indicated the amylase producing ability of the 

strains. 

Assessment of cellulase activity in CMC agar 

medium 

 The CMC agar medium contained CaCl2 

(0.1 g/l), (NH4)2SO4 (0.5 g/l), K2HPO4 (1.0 g/l), 

MgSO4 (0.2 g/l), KCl (0.5 g/l), yeast extract (0.5 g/l), 

Carboxymethylcellulose (10.0 g/l), agar powder (17.0 

g/l), pH of medium was adjusted to 5 with 1M HCl/ 

1M NaOH and was sterilized at 110 o C for 28 

minutes. The CMC agar plates were prepared and 

were inoculated with A. niger. The plates were 

incubated at 30 o C for 3 days. In order to detect 

cellulsae activity, plates were flooded with gram’s 

iodine solution for 2 minutes. (Positive control was 

cellulase enzyme from A. niger (sigma) 10 mg/ml 

(2.41 Unit/ml) and negative control was distilled 

water). 

Analytical Procedure 

 The spore suspension (1 x 10 5 spore/ml) 5 

ml was used to initiate growth in 250 ml Erlenmeyer 

flask supplemented with 50 ml CMC medium ; CaCl2 

(0.1 g/l), (NH4)2SO4 (0.5 g/l), K2HPO4 (1.0 g/l), 

MgSO4 (0.2 g/l), KCl (0.5 g/l), yeast extract (0.5 g/l), 

Carboxymethylcellulose (10.0 g/l). Then inoculated 

flasks were placed in shaker incubator at 28 o C and 

150 rpm for 72 hrs and pH was adjusted at 7. The 

shaked flasks were filtered by Whatman filter paper 

No.1 and centrifuged at 10,000 rpm and 4 o C for 10 

minutes to eliminate impurities and insoluble 
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materials. The supernatants were carefully collected 

with the help of auto-pipette. 

Amylase activity 

 The determination of enzyme activity was 

done by using Dinitrosalicylic acid (DNS) method. 

Taking 0.25 ml of starch soluble in Tris-HCl buffer, 

incubated at 90 o C for 15 minutes, added 0.25 ml of 

crude enzyme and incubated at 90 o C for 15 minutes 

then enzyme sample was broiled with 0.5 ml DNS 3, 

5-Dinitrosalicylic acid for 10 minutes, following 

cooling and added 5 ml distilled water, absorbance of 

sample was taken at 520 nm. (Mandel et al., 1976). 

The absorbance was translated by plotting against 

regression equation to get µg/ml/min of glucose by 

inserting into the following formula to calculate units 

of enzyme activity. 

Cellulase activity 

 Cellulase activity was done by using 

Dinitrosalicylic acid (DNS) method. Taking 0.25 ml 

of CMC soluble in citrate buffer, incubated at 40 o C 

for 15 minutes, added 0.25 ml of crude enzyme and 

incubated at 40 o C for 15 minutes then enzyme 

sample was broiled with 0.5 ml DNS 3, 5-

Dinitrosalicylic acid for 10 minutes, following 

cooling and added 5 ml distilled water, absorbance of 

sample was taken at 520 nm. (Mandel et al., 1976 ; 

Tabao and Monsalud, 2010). The absorbance was 

translated by plotting against regression equation to 

get µg/ml/min of glucose by inserting into the 

following formula to calculate units of enzyme 

activity. 

 Enzyme activity (µg/ml/min) = (Absorbance of 

enz. x Regression equation)/ Time of incubation 

(One unit of enzyme activity was defined as the amount 

of glucose (µg) released per ml of enzyme solution per minute) 

Solid state fermentation 

 Sterilized citric acid by-product and DDGS 

100 g which added in each tray then added 10 ml 

spore suspension (1x108 spore/ml) and 20 ml culture 

media. Spread for 1 cm high and cover the tray by 

moisture cloth at room temperature. Collected sample 

at 0, 24, 48, 72, 96, 120, 144, 168 hrs for proximate 

analysis (AOAC, 1984). 

 

Results and Discussion  

Screening of Aspergillus niger for amylase 

production 

 A. niger 4 strains were inoculated on 1 % 

starch agar plate and incubated at 28 o C for 3 days, 

plates were flooded with gram’s iodine solution for 2 

minutes. The clear zone after pouring surface media 

with gram’s iodine solution indicated starch 

degradation activity of A. niger on PDA consisted of 

1 % starch soluble (w/v) showed in Fig. 1 
 

 
3245 

(3 ± 0.1 cm) 

 
3056 

(5 ± 0.1 cm) 

 
3254 

(2.5 ± 0.1 cm) 

 
3281 

(3 ± 0.1 cm) 

Figure 1  Clear zone of amylase producing of A. niger 
 

 The average diameter of the clear zone that  

A. niger 3056 had larger clear zone (5 ± 0.1 cm) than 

the other (A. niger 3245, 3254 and 3281 were 3 ± 0.1 

cm, 3 ± 0.1 cm, and 2.5 ± 0.1 cm respectively), and 

was marked. The diameter of clear zone was not 

confirmed that A. niger 3056 was better than the 

others after determinate of reducing sugar by 

Dinitrosalicylic acid (DNS) method in PDA broth 

consisted of 1 % starch soluble (w/v). (Table 1) 
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Table 1 Amylase activity of  A. niger   

A. niger Clear zone 
(cm) 

OD 
520 nm 

enzyme activity 
(U/ml) 

TISTR 3056 5 ± 0.1 0.60 127.17 
TISTR 3245 3 ± 0.1 0.10 21.195 
TISTR 3254 3 ± 0.1 0.09 19.075 
TISTR 3281 2.5 ± 0.1 0.34 72.063 

The starch degradation efficiency was 

considered from maximum average diameter of the 

clear zone. Results showed that A. niger 3056 had 

larger clear zone (5 ± 0.1 cm) than the other and had 

higher enzyme activity (127.17 Unit/ml), however,  

A. niger 3281 had smallest clear zone (2.5 ± 0.1 cm) 

but had high activity (72.063 Unit/ml) 

Screening of A. niger for cellulase production 

 The clear zone formation around the colony 

which indicated the cellulase production from A. 

niger (Fig. 2) Cellulase ability of A.niger 3056 was 

approximated to the others (A.niger 3056 (8.0 ± 0.1 

cm) A. niger 3245 (7.5 ± 0.1 cm) A. niger 3254 (8 ± 

0.1 cm) and  A. niger 3281 (7 ± 0.1 cm), respectively.  
 

 
3245 

(7.5 ± 0.1 cm) 

 
3056 

(8 ± 0.1 cm) 

 
3254 

(8 ± 0.1 cm) 

 
3281 

(7 ± 0.1 cm) 

Figure 2 Clear zone of cellulase producing of A. niger 

 All of fungal isolates were examined for 

cellulase production by stain with Gram’s Iodine on 

Carboxyl methyl cellulose (CMC) agar and then 

determined of reducing sugar by Dinitrosalicylic acid 

(DNS) method in CMC broth. (Table 2) 

Table 2 Cellulase activity of  A. niger   

A. niger Clear zone 
(cm) 

OD 
520 nm 

enzyme activity 
(U/ml) 

TISTR 3056 8 ± 0.1 0.87 184.13 
TISTR 3245 7.5 ± 0.1 0.55 116.40 
TISTR 3254 8 ± 0.1 0.30 63.49 
TISTR 3281 7 ± 0.1 0.61 129.10 

The A. niger was high degradation efficiency of 

cellulase, A. niger 3056 was best activity (184.13 

Unit/ml) than others, and the same as amylase 

production, A. niger 3281 had smallest clear zone (7 

± 0.1 cm) but was second activity (129.10 Unit/ml) 

followed by A. niger 3245 and (116.40 and 63.49 

Unit/ml, respectively). 

 Cellulase and amylase, these enzyme 

produced by microorganisms as bacteria and fungi 

(Klyosov, 1990). Jayant et al. (2011) used wastes 

from paper, cotton waste and bagasse as substrate in 

solid state fermentation to produce cellulase enzyme 

by A. niger, the maximum enzyme activity at 8 days 

was 3.56 unit/ml. Suganthi et al. (2011) inoculation 

and incubation for 6 days at room temperature with 

pH 7, the specific activity was recorded as 86 U/mg 

for amylase enzyme produced by A.niger BAN 3E.  

 However, the ability of A.niger had been 

screened, A. niger 3056 gave higher enzyme activity 

and optimization of growth conditions were important 

for best growth of fungi. The fungal enzymes 

produced cannot explain if the enzyme activity was 

proportional to the width of the clear zone. Therefore, 

necessary to analyze the activity of enzymes 

produced by fungi to confirm amount of each fungal 

isolate enzyme.  

Solid state fermentation 

 The composition of citric acid by-product 

and DDGS by A.niger under solid state fermentation 

was represented (Table 3)  
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Table 3 Compositions of citric acid by-product and 

DDGS fermentation products 

Nutrients (%) 
F-

cassava3/ 

Citric 

acid  

DDGS F- 

citric acid 

F-

DDGS 

Dry matter1/ 

Crude protein2/ 

Ether extract2/ 

Crude fiber2/ 

Ash2/ 

NFE2/ 

GE  (kcal/kg) 2/ 

90.17 

11.25 

2.64 

4.30 

8.62 

63.36 

4,290 

- 

7.58 

1.19 

- 

19.72 

- 

3,470 

91.65 

9.64 

1.49 

26.78 

12.71 

41.03 

- 

92.00 

16.57 

1.05 

6.62 

8.45 

59.31 

3,500 

90.50 

20.22 

0.65 

10.11 

6.67 

52.85 

3,530 
1/ air dry basis (%), 2/ dry matter basis (%), NFE (nitrogen free 
extract)=100-(% H2O +% CP + % EE + % CF + % 
Ash), 3/Usaneeporn (2007)   
 

  The fermentation of citric acid by-product 

and DDGS by A.niger had optimum condition at 25-

30 degree Celsius for 5 days (120 hrs), pH 6 and 60 

% of initial moist. The fermented citric acid by-

product was 16.57 % CP from 7.58 % CP and 

fermented DDGS was 20.22 % CP from 9.64 % CP, 

both of the waste had efficiency to use as protein 

source in animal feedstuffs and the low content of 

crude fiber was caused by the fungi used as carbon 

source.  

 Similarly, Odunsei et al. (2002) the result of  

A.  niger gave the improvement of protein that high 

enough as much as 52.04% and the decreasing crude 

fiber around 42.03 % of the waste and same as 

Abalaka and Safiya (2010) Candida tropicalis using 

fiber from cereal wastes to enriched protein.  

 This experiment used citric acid by-product 

and DDGS as the main carbon source for fungal. The 

fungi had grown as well and sporulation in the 1-5 

days and the growth rate decreased with increasing 

fermentation time. The optimum temperature was 25-

30 degrees Celsius at pH 6 with 60 % of initial 

moisture and spores suspension from 1x108 

spores/ml. 

 A. niger 3056 and 3281 produced the 

amylase and cellulase enzyme higher than the other 

isolates. As a result, the growth rate in the 

fermentation process as well. When analyzing the 

chemical composition of the material showed that 

fermented citric acid by-product had crude protein 

16.57 % from 7.58 % and the fermented DDGS  had 

crude protein 20.22 %  from 9.64 % by A. niger 3056, 

which can be used as protein source as feedstuffs. 

However, the further experiment needed to confirm 

and measuring in feeding trials. 

 

Conclusions 

Selection of fungi that has the ability of amylase- 

and cellulase-production to increase protein levels in 

raw materials by solid state fermentation, A. niger 

TISTR 3056 has efficiency of amylase and cellulase 

production confirmed by diameter of clear zone and 

enzyme activity. Increasing protein levels of 

fermented DDGS from 9.64 to 20.22 % CP as protein 

source. 
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