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BIOCONVERSION OF THE NUTRIENT AND HCN CONTENT OF CASSAVA LEAVES UNDER Aspergillus niger FERMENTATION

(Biokonversi zat gizi dan HCN daun ubi kayu melalui 

fermentasi menggunakan kapang Aspergillus niger)
Yose Rizal*), Ade Djulardi*), Maslon Peto*), Ade Rinawati**), and Rini Wahyuni**)
ABSTRAK

Suatu percobaan telah dilakukan untuk mempelajari perubahan kandungan gizi dan HCN daun ubi kayu (DUK) yang difermentasi dengan kapang Aspergillus niger.  Daun ubi kayu berasal dari varietas Basiorao yang ditanam di kelurahan Limau Manis, Padang.  Percobaan ini dilakukan menggunakan rancangan acak lengkap pola faktorial 2 x 3 dengan 3 ulangan.  Faktor pertama yaitu lama perebusan DUK (15 dan 45 menit), dan faktor kedua yaitu dosis inokulum (3, 5 dan 7% dari substrat).  Peubah yang diamati adalah kandungan bahan kering (BK), protein kasar (PK), serat kasar (SK), neutral detergent fiber (NDF), acid detergent fiber (ADF), hemiselulosa dan HCN daun ubi kayu fermentasi (DUKF). Hasil percobaan memperlihatkan bahwa peningkatan lama perebusan menurunkan kandungan BK (P<0.05) dan HCN DUKF (P<0.01).  Sebaliknya, peningkatan lama perebusan ini ju-ga meningkatkan kandungan SK, NDF dan ADF DUKF (P<0.05). Kandungan hemiselulosa DUKF tidak dipenga-ruhi oleh lama perebusan (P>0.05). Peningkatan level ino-kulum menurunkan kandungan BK dan HCN DUKF (P<0.05) dan cenderung menurunkan SK (P<0.10).  Akan tetapi, kandungan NDF, ADF dan hemiselulosa DUKF tidak dipengaruhi oleh peningkatan dosis inokulum (P>0.05).  Terdapat interaksi antara lama perebusan dan dosis inokulum terhadap kandungan PK DUKF (P<0.05).  Peningkatan dosis inokulum pada lama perebusan 15 menit meningkatkan kandungan PK DUKF, tetapi jika lama perebusan ditingkatkan menjadi 45 menit, pening-katan kandungan PK DUKF tidak setinggi pada lama perebusan 15 menit.  Dengan demikian peningkatan lama perebusan mengurangi peningkatan kandungan PK DUKF.  Dari hasil penelitian ini dapat disimpulkan bahwa sebagian kandungan gizi dan HCN DUKF dipengaruhi oleh lama perebusan dan dosis inokulum.  Kandungan PK DUKF tertinggi diperoleh pada lama perebusan 15 menit dengan dosis inokulum 7%.    

Kata kunci: daun ubi kay, fermentasi, lama perebusan, dosis inokulum, kandungan gizi, HCN

INTRODUCTION

Cassava leaves are the waste of cassava (Manihot utilissima Pohl.) tubers harvesting that have ample amount in West Sumatra.  According to BPS Sumbar (1999) the wide of plantation area of cassava was 8,752 Ha in 1998.  This cassava produced 7 – 15 ton of cassava leaves per hectare every harvesting time (Sudaryanto dkk., 1982).  It means that the production of cassava leaves in West Sumatra in 1998 was ranging from 61,264 to 131,280 ton.  


Cassava leaves have adequate content of nutrients, so that they might have a potential for being a feed source for ruminant and non-ruminant animals. Results of experiment con-ducted by Sudaryanto dkk. (1982) showed that cassava leaves contained 21.45% crude protein (CP), 25.71% crude fiber (CF), 9.72% ether extract (EE), 0.72% calcium (Ca) and 0.59% phosphor (P).  According to Mathius dkk (1983) the chemical composition of cassava leaves was: 18.9% dry matter (DM), 20.7% CP, 9.35% EE, 41.3% nitrogen free extract (NFE) and 7.56% ash. The results of chemical analyses at  laborato-ries: Feed Technology and Industry, and Ruminant Nutrition at the Faculty of Animal Science Andalas University (2001) were obtained that cassava leaves variety of Basiorao containing 18.88% CP, 21.11% CF, 12.61% EE, 7.38% ash, 40.02% NFE, 39.74% neutral detergent fiber (NDF), 27.93% acid detergent fiber (ADF), and 11.87% hemicellulose.


The obstacles in utilization of these cassava leaves in the diet for monogastric animals were the height in their crude fiber content and the presence of the anti nutrition linamarin which containing prussic acid or HCN (Sudaryanto, 1986).  To overcome these problems, certain treatment is needed, so that the cassava leaves can be utilized as a feed source for monogastric animals.


According to Sostrosoedirdjo (1982) HCN content in the feed could be reduced through heat processing.  Hizalman (1983) found that boiling of cassava leaves for 15 minutes declined 94.57% of their HCN content. In addition, the experiment by Zulkardi (1994) performed that boiling of cassava leaves for 45 minutes reduced 98.5% of their HCN content.  According to Dharma dkk (1994) the fermentation process for 48 hours by using 106 spores of inoculums Aspergillus niger per gram of  substrate increased the crude protein
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and HCN content of cassava leaves.  Megawati (1999) found that the fermentation of sago waste (Arenga pinnata) for 72 hours by using 5% ino-culums of Aspergillus niger increased the crude protein from 3.2 to 11.26% and crude fiber from 23.87 to 27.15%.  To my knowledge, there was no available information on the effect of boiling duration and inoculums Aspergillus niger dose on the nutrient and HCN content of cassava leaves.


Based on the above information, an experi-ment was conducted to study the bioconversion of the nutrient and HCN content of cassava leaves under different boiling duration and inoculums Aspergillus niger dose.     

MATERIALS AND METHODS


An experiment concerning with effects of boiling duration and inoculums Aspergillus niger dose on the nutrient and HCN content of cassava leaves had been conducted at the laboratories: Feed Technology and Industry, Non-Ruminant Nutrition, and Ruminant Nutrition, Faculty of Animal Science Andalas University since May 2 to July 2, 2001.  Materials and equipment used in this experiment were:  ground cassava leaves of the variety Basiorao, Aspergillus niger CZ51 VI/I, rice bran, and laboratory equipment for fermentation process and chemical analyses.


Treatments were set in a 2 x 3 factorial in a completely randomized design with 3 replicates.  The first factor was boiling duration (A1 = 15 minutes and A2 = 45 minutes). The second factor was three doses of inoculums Aspergillus niger (B1 = 3%, B2 = 5%, and B3 = 7% of substrate).  
Activities in preparation of fermentation pro-cess include updating of fungi, producing of ino-culums, and fermenting of cassava leaves.   Fungi updating was performed by using a medium of bean sprout-agar extract, and incubated for 4 days at room temperature.  This updated fungi was suspended into 6 ml mineral of Brook et al. (1969) formula solution, and then it was mixed with sterile rice bran, and incubated again for 3 days at room temperature to produce inoculums.  Cassava leaves were chopped into 2 cm length, and put into 18 perforated plastic bags (250 g per bag).  Then, they were boiled for 15 and 45 minutes.  Boiled cassava leaves were cooled to room temperature, and fermented with inoculums of Aspergillus niger at the doses of 3, 5 and 7% of the substrate for 3 days (72 hours).  The product of this fermentation (fermented cassava leaves = FCL) was put into oven at 100 oC for 2 hours to inhibit the activity of fungi.  Then, this FCL was dried in that oven at 60 oC until it is dried (reaches constant weight).  This dried FCL was ground and screened through 2 mm pores sieve for chemical analyses.


Measured variables in this experiment were as follows: DM, CP, CF, NDF, ADF, hemi-cellulose, and HCN content of FCL.  Dry matter, CF and HCN content were determined according to the procedure of AOAC (1984).  Crude protein was analysed by using Kjeldahl method.  NDF, ADF and hemi-cellulose were measured accord-ing to the method of Goering and Van Soest (1970).


Data were statistically analyzed using analy-sis of variance of a 2 x 3 factorial in a completely randomized design with 3 replicates.  Statistical differences within treatment were detected according to Duncan Multiple Range Test.  The linear model of the experimental design was as Petersen (1985):

Yijk = u  +  Ai  +  Bj  +  (AB)ij  +   Eij(k)
RESULTS AND DISCUSSION


Effects of the two factors of treatment and their interaction on DM, CP and CF content of FCL are shown in Table 1.  In this table it was seen that there was a significant effect (P<0.05) of boiling duration on DM content of FCL.  Dry matter content at 15 minutes boiling (A1) was higher (P<0.01) than that at 45 minutes boiling (A2).  Inoculums Aspergillus niger dose also influenced (P<0.05) the DM content.  The FCL content at the dose of 7% (B3) was significantly lower (P<0.05) than that at the dose of 3% (B1), but was not different from that at the dose of 5%.  The DM content of FCL at B1 was not different from that at B2.  There was no interaction between boiling duration and inoculums dose on the DM content.     


The low of the DM content at 45 minutes boiling was due to the solubilization of some of organic matters, so that the DM content of FCL reduced.   This result is accordance with Murray et al. (2000), who found that some of organic matter such as protein and vitamins solubilized/ disappeared due to heat processing. The DM content of FCL was lower at the higher inocu-lums dose compared with the lower inoculums dose. The higher dose of inoculums degraded nutrients faster than the lower one, so that there was a high decrease in DM content.  According to Tillman dkk. (1989) the DM content of a feed-stuff consists of organic as well as inorganic materials.  The degradation process of nutrients of a feedstuff during fermentation declined the DM content of that feedstuff.  In addition, Sulaiman (1988) stated that the decrease in DM was due to the change in the  organic matter such as carbohydrate to the molecules of water and CO2.  Fardiaz (1988) also said that microbes utilize carbohydrate as the source of energy through depleting it into simple sugars such as glucose, and this glucose is further degraded into CO2 and H2O via glycolysis and Kreb’s cycle to produce energy.

Table 1.
Effects of boiling duration, inoculums dose and their interaction on DM, CP and CF content of FCL.

	Treatments
	Dry Matter (%)
	Crude Protein (%)
	Crude Fiber (%)

	A1
	24.51b
	26.42b
	28.79a

	A2
	23.45a
	23.07a
	30.21b

	SE*
	0.30
	0.33
	0.44

	
	
	
	

	B1
	24.59b
	20.35a
	30.42b

	B2
	24.04ab
	26.42b
	29.72ab

	B3
	23.31a
	27.47b
	28.37a

	SE
	0.36
	0.41
	0.54

	
	
	
	

	A1B1
	24.63
	21.18a
	30.12

	A1B2
	24.56
	28.15c
	29.33

	A1B3
	24.35
	29.94c
	26.93

	A2B1
	24.56
	19.51a
	30.72

	A2B2
	23.51
	24.70b
	30.11

	A2B3
	22.28
	25.00b
	29.81

	SE
	0.51
	0.57
	0.77


a,b,c  Means with different superscripts at the same column for each factor and their interaction indicated a significant difference (P<0.05). 

* Standard error of the mean.


The CP content of FCL was affected (P<0.01) by boiling duration and inoculums dose.  There was an interaction (P<0.05) between boil-ing duration and inoculums dose on CP content.  The CP content in A1B1 was lower (P<0.01) than those in A1B2 and A1B3, and in A1B2 was also lower (P<0.05) than that in A1B3. The A2B1 was lower (P<0.01) than those of A2B2 and A2B3, but there was no difference (P>0.05) between A2B2 and A2B3.  At the 15 minutes of boiling, when the dose of inoculums was increased, the CP content also increased.  However, when the boiling duration was increased to 45 minutes at the same dose, there was a decrease in CP con-tent.  When the dose of inoculums was increased, the increasing in the CP content was lower than the increasing in CP content at boiling duration of 15 minutes.  It means that there was an inter-action between boiling duration and inoculums dose.  The highest CP content was obtained at the 15 minutes boiling and at 7% dose of inoculums.  The boiling duration declined the CP content.  Meanwhile the increase in inoculums dose augmented the CP content of FCL.  This result was in accordance with Winarno (1991) who found that some protein was readily soluble in water, and its solubilization increased due to boiling.  When the dose of inoculums was added, the increase in CP content was due to the augmentation of the growth of Aspergillus niger resulted in the increase in enzyme production of that fungi.  According to Fardiaz (1988) the fungi was a single cell protein.  The CP content of fungi was ranging from 31 to 50% (Saono, 1976).  Munarso (1989) also found that fermentation process reduced the carbohydrate content of the feedstuff, but increased its CP content. 


Boiling duration influenced (P<0.05) the CF content of FCL, and inoculums dose tended to affect (P<0.10) this CF content. There was no interaction between boiling duration and inocu-lums dose.  The CF content at 45 minutes boiling was higher that at 15 minutes.  It was caused by the decrease in CP content at 45 minutes boiling which brought up the CF content of FCL.  According to Lehninger (1982) the CF content was not soluble in boiling water, but soluble in alkali solution.  The CF content at 7% inoculums (B3) was not different from the CF content at 5% inoculums (B2), but was lower (P<0.05) than that at 3% inoculums (B1).  The CF content at the dose of 5% was not different from that at the dose of 3%.  At the dose of 7%, the growth of Aspergillus niger increased, so that the extra-cellular enzyme produced for CF digestion such as cellulase, hemi-cellulase and pectinase also increased (Frazier and Westhoff, 1981).  These enzymes digested CF, so that the CF content reduced.   

Effects of boiling duration and inoculums dose, and their interaction on NDF, ADF, hemi-cellulose and HCN content of FCL is seen in Table 2.  In this Table the NDF content was significantly influenced (P<0.05) by boiling dura-tion, but was not by inoculums dose.  There was no interaction between boiling duration and ino-culums dose on this NDF content.  The NDF content at 15 minutes of boiling was lower than that at 45 minutes. The ADF content was influen-ced (P<0.05) by boiling duration, but was not by inoculums dose. The interaction between boiling duration and inoculums dose was not detected on ADF content. The ADF content at 15 minutes boiling was lower than that at 45. The hemi-cellulose content was not affected by boiling duration and inoculums dose. There was no interaction between these two factors on hemi-cellulose content of FCL.  The boiling duration influenced (P<0.01) the HCN content.  The HCN content at 45 minutes boiling was lower than that at 15 minutes.  The inoculums dose also affected (P<0.05) this HCN content.  The HCN content at 3% inoculums was higher than those of 5 and 7% inoculums, and the HCN content at 5% was higher than that at 7%.  However, the interaction between these two factors was not detected.   

The low in NDF and ADF content at 15 minutes boiling compared with at 45 minutes boiling was due to the increase in the solution of some components in this FCL when the duration of boiling was increased.  According to Van Soest (1982) the boiling process reduced some of soluble component in forages such as protein and vitamins.  This reduction resulted in the increase in other component such as fiber.  The NDF and NDF are fiber component in feedstuffs.  The increase in ADF content at 45 minutes of boiling was in accordance with the result found by Fitri (2000), in which the ADF content of Desmanthus vigatus increased from 29.23 to 32.45% when the duration of boiling increased from 15 to 45 minutes. The low in HCN content at 45 minutes of boiling compared with 15 minutes was due the increase in boiling duration. According to Lysanti (1981) the melting point of HCN is 26 oC, so that the increased in boiling duration increased the reduction of HCN.  Furthermore, Tillman dkk. (1989) stated that the heating process evaporated HCN in the feedstuffs.  The increase in the reduction in the HCN content occurred when the dose of inoculums was increased.  This case was due to the development of the growth of fungi, so that the HCN bind-linamarin hydrolyzed by the enzyme produced by fungi (Jenny dan Winarno, 1981), in which it released the HCN.                 

Table 2.
Effects of boiling duration, inoculums dose and their interaction on NDF, ADF, hemi-cellulose, and HCN content of FCL.

	Treatments
	NDF (%)
	ADF (%)
	Hemi-cellulose (%)
	HCN (ppm)

	A1
	49.90a
	30.47a
	19.44
	173.40b

	A2
	51.49b
	32.82b
	18.67
	49.40a

	SE
	0.40
	0.75
	0.92
	1.64

	
	
	
	
	

	B1
	51.27
	32.61
	18.66
	118.80c

	B2
	50.77
	31.64
	19.12
	111.60b

	B3
	50.05
	30.67
	19.39
	104.40a

	SE
	0.49
	0.91
	1.13
	2.01

	
	
	
	
	

	A1B1
	50.64
	31.39
	19.25
	180.00

	A1B2
	49.94
	30.45
	19.50
	171.00

	A1B3
	49.13
	29.57
	19.56
	169.20

	A2B1
	51.90
	33.84
	18.06
	57.60

	A2B2
	51.59
	32.84
	18.75
	52.20

	A2B3
	50.98
	31.77
	19.21
	39.60

	SE
	0.70
	1.29
	1.60
	2.85


a,b,c Means with different superscripts at the same column for each factor of treatment and their interaction indicated a significant difference (P<0.05).

   * Standard error of the mean.

CONCLUSION


Some of the nutrient content and HCN of fermented cassava leaves were influenced by the boiling duration and inoculums dose. The highest crude protein content was obtained from 15 minutes of boiling at the level of 7% inoculums.          
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