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ABSTRACT 

 
The purpose of this study was to determine the effect of ratio and incubation time of soy sauce 

waste and tapioca waste fermentation on nutrient composition, gross energy, and bulk density by 

fermentation products Brevibacterium sp. The research method was laboratory experiment using the 

analysis of completely randomized design (CRD) Nested Design with two factors and  3 replications (5 x 

5 x 3). The first factor was  the ratio (P) with 5 level consisted of P1 = Soysauce waste 100% : Tapioca 

Waste 0% , P2 = Soysauce waste 75% : Tapioca Waste 25%, P3 = Soysauce waste 50% : Tapioca Waste 

50%, P4 = Soysauce waste 25% : Tapioca Waste 75%, P5 = Soysauce waste 0% : Tapioca Waste 100%. 

The second factor was the incubation time (T) by aerobic fermentation consisted of  T1 = 0 day, T2 = 2 

days, T3 = 4 days, T4 = 6 days, and T5 = 8 days.  The variables measured in this study was based on the 

nutrient content of the proximate analysis included: dry matter (%), organic matter (%), crude protein 

(%), crude fiber (%), crude fat (%), Gross Energy, and Bulk Density. Data were analyzed by ANOVA, if 

there were differences among the treatments then it would be followed by Duncan's Multiple Range Test. 

Results showed that ratio provided a highly significant effect (P <0.01) on dry matter (%), organic matter 

(%), crude protein (%), crude fiber (%), crude fat (%), gross energy (Kcal/Kg), bulk density (g/L). The 

incubation time had highly significant effect (P <0.01) on dry matter (%), organic matter (%), crude 

protein (%), crude fiber (%), crude fat (%), gross energy (Kcal/Kg), and significant effect (P <0,05) on 

bulk density (g/L). It was concluded that the fermentation results of using ratio soy sauce waste 100% and 

4 days of incubation time is the best combination to be used as a feed alternative ingredients. The dry 

matter, organic matter, crude protein, and crude fat contents for all treatments increase at fourth day of 

incubation time. The crude fiber content for all treatments decreases at second day of incubation time. 

The gross energy content of first treatment (soy sauce waste 100 %) increases at sixth day of incubation 

time, and the rest of all treatments increase at second day of incubation time. The bulk density of first 

(soy sauce waste 100 %) and second (75 % soy sauce waste : 25 % tapioca waste) treatments increase at 

fourth day of incubation time, the fourth treatment (25 % soy sauce waste 75 : % tapioca waste) increases 

at eight day of incubation time, and there is no changing values at third treatment (50 % soy sauce waste : 

50 % tapioca waste) as well as fifth treatment (tapioca waste 100 %) after fermentation.The study 

suggested for further research to analyze the soluble protein (%), sugar reduction (%) and Nitrogen Free 

Extract (%) to get more accurracy the changing of  nutritive value after fermentation and conduct 

biological assay in using a soy sauce waste as a feed alternative in poultry animals.  

 

Keywords: Soy Sauce Waste, Tapioca Waste, Brevibacterium sp, Fermentation 
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SUMMARY 

 

The procurement of poultry feed in Indonesia is still constrained by the dependence on 

imported feed, the quality of local feedstuffs are unstable, and there is nothing guarantee the 

availability of feedstuffs throughout the year. Soysauce waste is produced by 59.7% of the 

soybean raw material. Soysauce waste has a protein content ranging between 21-34% 

depending on the processing and the quality of the raw materials used. Tapioca waste is derived 

from solid byproduct of processing tapioca flour that contain a lot of carbohydrates 72.49% - 

85.99%. Tapioca waste can be used as a source of energy. Fermentation is one method of feed 

processing by fermentative microbes. Brevibacterium sp is a gram positive bacteria and 

obligately aerobic. Brevibacteria exist in a number of different habitats and especially in those 

having a high salt concentration. It also has enzymatic activity and is able to enrich the content 

of nutrients substrate. This research held in Animal Nutrition and Feed Science Laboratory of 

Animal Husbandry Faculty, University of Brawijaya, as the place of fermentation and nutrient 

content analysis based on proximate analysis as well as gross energy, and bulk density. 

Research activities carried out for one month within February, 2015. The purpose of this study 

was to determine the effect of ratio and incubation time of soy sauce waste and tapioca waste 

fermentation on nutrient composition, gross energy, and bulk density by fermentation products 

Brevibacterium sp. 

The materials used in the fermentation are powder of soy sauce waste, powder of tapioca 

waste, and inoculum Brevibacterium sp in the solid form. The method was used in this study 

was a laboratory experiment using a Completely Randomized Design (CRD) Nested Design 

with two factors and  3 replications (5 x 5 x 3). The first factor was  the ratio (P) with 5 level 

consisted of P1 = Soysauce waste 100% : Tapioca Waste 0% , P2 = Soysauce waste 75% : 

Tapioca Waste 25%, P3 = Soysauce waste 50% : Tapioca Waste 50%, P4 = Soysauce waste 

25% : Tapioca Waste 75%, P5 = Soysauce waste 0% : Tapioca Waste 100%. The second factor 

was the incubation time (T) by aerobic fermentation consisted of  T1 = 0 day, T2 = 2 days, T3 

= 4 days, T4 = 6 days, and T5 = 8 days. The variables measured in this study was based on the 

nutrient content of the proximate analysis included: dry matter (%), organic matter (%), crude 

protein (%), crude fiber (%), crude fat (%), Gross Energy, and Bulk Density. Data were 

analyzed by using analysis of variance (ANOVA) nested design. If it is obtained different 

results or significant then it would be followed by Duncan's Multiple Range Test.  
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Results showed that ratio provided a highly significant effect (P <0.01) on dry matter 

(%), organic matter (%), crude protein (%), crude fiber (%), crude fat (%), gross energy 

(Kcal/Kg), bulk density (g/L). The incubation time had highly significant effect (P <0.01) on dry 

matter (%), organic matter (%), crude protein (%), crude fiber (%), crude fat (%), gross energy 

(Kcal/Kg), and significant effect (P <0,05) on bulk density (g/L). It was concluded that the 

fermentation results of using ratio soy sauce waste 100% and 4 days of incubation time is the 

best combination to be used as a feed alternative ingredients with nutrition 92.99% of dry matter; 

70.15% of organic matter; 24.07% crude protein; 10.75% crude fiber; 14.23% crude fat; gross 

energy 3497.51 kcal / kg; and bulk density of 433 g / L. The dry matter, organic matter, crude 

protein, and crude fat contents for all treatments increase at fourth day of incubation time. The 

crude fiber content for all treatments decreases at second day of incubation time. The gross 

energy content of first treatment (soy sauce waste 100 %) increases at sixth day of incubation 

time, and the rest of all treatments increase at second day of incubation time. The bulk density of 

first (soy sauce waste 100 %) and second (75 % soy sauce waste : 25 % tapioca waste) 

treatments increase at fourth day of incubation time, the fourth treatment (25 % soy sauce waste 

75 : % tapioca waste) increases at eight day of incubation time, and there is no changing values 

at third treatment (50 % soy sauce waste : 50 % tapioca waste) as well as fifth treatment (tapioca 

waste 100 %) after fermentation. The study suggested for further research to analyze the soluble 

protein (%), sugar reduction (%) and Nitrogen Free Extract (%) to get more accurracy the 

changing of  nutritive value after fermentation and conduct biological assay in using a soy sauce 

waste as a feed alternative in poultry animals.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ix 
 

TABLE OF CONTENTS 

 

Content         Pages 

 

APPROVAL SHEET ................................................................................................................. iii 

BIOGRAPHY ........................................................................................................................... iv 

ACKNOWLEGEMENT ............................................................................................................. v 

ABSTRACT .............................................................................................................................. vi 

SUMMARY ............................................................................................................................. vii 

TABLE OF CONTENTS........................................................................................................... ix 

TABLE OF FIGURES .............................................................................................................. xii 

TABLE OF APPENDIXES ..................................................................................................... xiii 

ABBREVIATIONS ................................................................................................................. xiv 

CHAPTER I INTRODUCTION ................................................................................................. 1 

1.1 Background ...................................................................................................................... 1 

1.2 Problem............................................................................................................................ 2 

1.3 Purpose ............................................................................................................................ 2 

1.4 Advantage ........................................................................................................................ 2 

1.5 Research Framework ........................................................................................................ 2 

1.6 Hypothesis ....................................................................................................................... 4 

CHAPTER II LITERATURE REVIEW ..................................................................................... 5 

2.1 Soy Sauce Waste .............................................................................................................. 5 

2.2 Tapioca Waste .................................................................................................................. 7 

2.3 Fermentation .................................................................................................................... 8 

2.4 Brevibacterium sp ............................................................................................................ 9 

2.5 Proximate Analysis ........................................................................................................ 10 

2.5.1 Dry matter ................................................................................................................ 10 

2.5.2 Crude Protein ........................................................................................................... 11 

2.5.3 Crude Fiber .............................................................................................................. 11 

2.5.4 Crude Fat .................................................................................................................. 11 

2.6 Gross Energy ................................................................................................................. 11 

2.7 Bulk Density .................................................................................................................. 11 

CHAPTER III MATERIALS AND METHODS ....................................................................... 12 

3.1 Location and Time ......................................................................................................... 12 

3.2 Materials ........................................................................................................................ 12 

3.3 Methods ......................................................................................................................... 12 

3.4 Variables ........................................................................................................................ 13 

3.5 Data Analysis ................................................................................................................. 13 

3.6 Glossary ......................................................................................................................... 13 

CHAPTER IV DISCUSSION ................................................................................................... 14 

4.1 The Effect of Ratio of Soy Sauce Waste and Tapioca Waste Fermented by 

Brevibacterium sp on Nutrient Composition .................................................................. 14 



x 
 

 

                                                                                                                                  Pages 

 

4.1.1 The Effect of Ratio of Soy Sauce Waste and Tapioca Waste Fermented by 

Brevibacterium sp on Dry Matter Content................................................................. 14 

4.1.2 The Effect of Ratio of Soy Sauce Waste and Tapioca Waste Fermented by 

Brevibacterium sp on Organic Matter Content .......................................................... 15 

4.1.3 The Effect of Ratio of Soy Sauce Waste and Tapioca Waste Fermented by 

Brevibacterium sp on Crude Protein Content ............................................................ 15 

4.1.4 The Effect of Ratio of Soy Sauce Waste and Tapioca Waste Fermented by 

Brevibacterium sp on Crude Fiber Content ............................................................... 16 

4.1.5 The Effect of Ratio of Soy Sauce Waste and Tapioca Waste Fermented by 

Brevibacterium sp on Crude Fat Content .................................................................. 16 

4.2 The Effect of Ratio of Soy Sauce Waste and Tapioca Waste Fermented by 

Brevibacterium sp on Gross Energy Content ................................................................. 16 

4.3 The Effect of Ratio of Soy Sauce Waste and Tapioca Waste Fermented by 

Brevibacterium sp on Bulk Density ............................................................................... 17 

4.4 The Effect of Incubation Time Nested by Ratio of Soy Sauce Waste and 

Tapioca Waste Fermented by Brevibacterium sp on Nutrient Composition .................... 17 

4.4.1 The Effect of Incubation Time Nested by Ratio of Soy Sauce Waste and Tapioca 

Waste Fermented by Brevibacterium sp on Dry Matter Content ................................ 19 

4.4.2 The Effect of Incubation Time Nested by Ratio of Soy Sauce Waste and Tapioca 

Waste Fermented by Brevibacterium sp on Organic Matter Content ......................... 19 

4.4.3 The Effect of Incubation Time Nested by Ratio of Soy Sauce Waste and Tapioca 

Waste Fermented by Brevibacterium sp on Crude Protein Content ........................... 19 

4.4.4 The Effect of Incubation Time Nested by Ratio of Soy Sauce Waste and Tapioca 

Waste Fermented by Brevibacterium sp on Crude Fiber Content .............................. 20 

4.4.5 The Effect of Incubation Time Nested by Ratio of Soy Sauce Waste and Tapioca 

Waste Fermented by Brevibacterium sp on Crude Fat Content .................................. 21 

4.5 The Effect of Incubation Time Nested by Ratio of Soy Sauce Waste and 

Tapioca Waste Fermented by Brevibacterium sp on Gross Energy Content ................... 21 

4.6 The Effect of Incubation Time Nested by Ratio of Soy Sauce Waste and 

Tapioca Waste Fermented by Brevibacterium sp on Bulk Destiny ................................. 22 

CHAPTER V CONCLUSION .................................................................................................. 23 

5.1 Conclusions.................................................................................................................... 23 

5.2 Suggestions .................................................................................................................... 23 

REFERENCES ......................................................................................................................... 24 

APPENDIXES ......................................................................................................................... 28 

 

 

 

 

 

 

 

 



xi 
 

TABLE OF TABLES 

 

Table              Pages 

1. Nutrient Content of Feedstuffs ................................................................................................ 5 

2. Carbon, Nitrogen Total and C/N Ratio .................................................................................... 8 

3. Classification of Brevibacterium and related genera within the order of the 

Actinomycetales    according to Garrity et al. (2001). ........................................................... 10 

 

4. The Effect of Ratio of Soy Sauce Waste and Tapioca Waste Fermented by 

Brevibacterium sp on Nutrient Composition, Gross Energy, and Bulk Density ..................... 14 

 

5. C/N Ratio of The Treatments ................................................................................................ 15 

6. The Effect of Incubation Time Nested by Ratio of Soy Sauce Waste and Tapioca 

Waste Fermented by Brevibacterium sp on Nutrient Composition and Gross 

Energy, and Bulk Density .................................................................................................... 18 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xii 
 

TABLE OF FIGURES 

 

Figure         Pages  

 

1. Scheme of Research Framework ............................................................................................. 3 

2. Scheme of Soy Sauce Waste Processing (Kusumadewi, 2011) ................................................ 6 

3. Scheme of Tapioca Waste Processing (Chavalparit and Maneerat, 2009) ................................ 7 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

file:///D:/COLLAGE/SKRIPSI/REPORT/RESEARCH%20REPORT.doc%23_Toc419876384
file:///D:/COLLAGE/SKRIPSI/REPORT/RESEARCH%20REPORT.doc%23_Toc419876385
file:///D:/COLLAGE/SKRIPSI/REPORT/RESEARCH%20REPORT.doc%23_Toc419876386


xiii 
 

TABLE OF APPENDIXES 

 

Appendix              Pages 

1. Proximate Analysis Procedure (Sudarmadji et al., 1989) ....................................................... 28 

2. The Calculation Analysis of Variance of Dry Matter............................................................. 32 

3. The Calculation Analysis of Variance of Organic Matter ...................................................... 36 

4. The Calculation Analysis of Variance of Crude Protein ........................................................ 40 

5.The Calculation Analysis of Variance of Crude Fiber ............................................................ 44 

6. The Calculation Analysis of Variance of Crude Fat............................................................... 48 

7. The Calculation Analysis of Variance of Gross Energy ......................................................... 52 

8. The Calculation Analysis of Variance of Bulk Density ......................................................... 56 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xiv 
 

ABBREVIATIONS 

 

 
0
C  : Degree Celcius 

atm : Atmosphere (unit of pressure) 

C  : Carbon 

CF : Crude Fiber 

CP : Crude Protein 

DM : Dry Matter 

EDTA : Ethylene Diamine Tetraacetic Acid 

e.g  : exempli gratia (for example) 

et al : et alii (and others) 

GE : Gross Energy 

HCN : Hydrogen Cyanide 

HCl : Hydrochloride  

H2SO4 : Sulfuric Acid 

K2HPO4 : Potassium Hydrogen Phosphate 

ml  : Milliliter 

N  : Nitrogen 

NaCl : Natrium Clorida 

NaOH : Sodium Hydroxide 

NFE : Nitrogen Free Extract 

NH3 : Ammonia 

O2  : Oxygen 

pH : Potential of Hydrogen 

TDN : Total Digestible Nutrient 

 



1 
 

CHAPTER I  

INTRODUCTION 

 

1.1 Background  

Feed ration is the deciding factor on growth and productivity, as well as ancestry and 

management of maintenance. Feed ration occupies the largest production cost is 60-70% in a 

farm. Raw materials commonly used feed of plant origin and products of animal origin in the 

form of processed products or byproducts. Its use as components of the ration must meet several 

criteria, including having a good quality, inexpensive, and not harmful to animals that consume 

them. Utilization of local feedstuffs such as agricultural products and by-products is expected to 

reduce the cost of the feed ration. Constraints are often found in the use of agricultural, livestock, 

and farm waste as local raw materials for feed is crude fiber content is quite high and low protein 

content. Fulfillment nutrients substances in the preparation of poultry feed, especially protein 

and energy sources still rely on some feedstuffs such as corn, soybean meal and bran. 

Availability of feedstuff is sometimes difficult, so it must import and cause prices to ration to be 

expensive. Availability of good quality feedstuffs are limited compared to the amount needed, it 

causes Indonesia import those components from other countries. Dependence on import 

feedstuffs of poultry ration, tends to be more expensive, causes of declining the poultry industry 

today. Therefore, an effort to increase the productivity of livestock is necessary to search for new 

sources of feed alternative as a replacement for the low price, do not compete with human needs, 

easily available and qualified. One way to obtain a good quality feed alternative is made by 

fermentation on feed processing to enhance the nutritional value as well as extend the shelf feed.  

One type of agricultural industry that is developing and potentially polluting is soy sauce 

industry. This is because every ton of raw materials (soy beans) are utilized to produce ± 10% of 

solid waste (Lubis, 1997). Soy sauce waste is produced by 59.7% of soy bean after a 

fermentation process. Soy sauce waste is favored by animals. Soy sauce waste is derived from 

soy bean, so the nutrients contained in the soy sauce is equal to the concentrations were only 

slightly because it has undergone processing. After fermentation, 65% protein still left in the soy 

sauce waste. Protein left on soy sauce waste is derived mostly from soy bean protein.  

Cassava (Manihot esculenta Crantz) is one of the many local food produced in tropical 

countries including Indonesia (Balogun et al., 2000, in Aryogi et al., 2001). Hectarage of cassava 

in East Java in 1992 amounted to 295,244 ha, with fairly abundant production of around 

3,381,948 tons. Tapioca waste derived from solid waste of the processing of tapioca flour and 

also does not optimally utilized as animal feed. As cassava starch, tapioca waste are still 

carbohydrates, can be utilized as an energy source.  

According to Gandjar (1983), fermentation is a process of chemical changes of organic 

compounds (carbohydrates, fats, proteins and other organic materials) in both the aerobic and 

anaerobic state through the action of the enzyme produced by microbes. Benefits of 

Fermentation among others, can transform complex organic materials such as proteins, 

carbohydrates and fats into molecules much simpler and easier to digest, alter the unfavored taste 

and aroma become favored, protein synthesis, accelerate maturation and increased durability 

(Shurt Leff and Ayogi , 1979).  

Brevibacterium sp is chosen as a starter in the fermentation because of  Brevibacterium 

sp is proteolytic bacteria thus expected to increase the nutrient content. In addition, soy sauce 

waste has a relatively high content of NaCl and Brevibacterium sp able to live on a substrate that 
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contains a high salt concentration. Fermentation between soy sauce waste that contains protein 

and high fiber with tapioca waste as an energy source, is expected to increase the nutritional 

value as a feed alternative. The success of the fermentation process in order to obtain a better 

product and quality of the original material related to ratio and incubation time. Ratio  effect on 

the final product, due to the amount of the ratio determines the amount of enzymes produced by 

microbes are used. Incubation time indicates the length of the microbes are in the process of 

processing. Soy sauce waste and  tapioca waste fermentation by Brevibacterium sp with concern 

to the ratio and incubation time needs to be known and analyzed the nutritional content so that it 

can be used as a alternative feedstuffs. 

1.2 Problem  

The problems that can be formulated in this study is how the effect of ratio and incubation 

time of soy sauce waste and tapioca waste fermentation on nutrient composition, gross energy, 

and bulk density by fermentation products Brevibacterium sp. 

1.3 Purpose  

This research aims to determine the effect of ratio and incubation time of soy sauce waste 

and tapioca waste fermentation on nutrient composition, gross energy, and bulk density by 

fermentation products Brevibacterium sp. 

1.4 Advantage 

The results of this study are expected to provide scientific information about 

the effect of ratio and incubation time of soy sauce waste and tapioca waste fermentation on 

nutrient composition, gross energy, and bulk density by fermentation products Brevibacterium 

sp. 

1.5 Research Framework 

One of pontential industrial by-product which can be used as the feedstuff is soy sauce 

waste. Soy sauce waste is a waste of the process of making soy-based sauce and have a relatively 

high protein content and palatability (Sitorus, 1986). Soy sauce waste is derived from soy bean, 

so the nutrients contained in the soy sauce waste is equal to the concentrations were only slightly 

because it has undergone processing. After fermentation, 65% protein still left in the soy sauce 

waste. Protein left on soy sauce waste is derived mostly from soy bean protein. Soy sauce waste 

has high NaCl concentration. According to the analysis of Setiana (1999) NaCl concentration in 

soysauce waste is 20.25%, while Cahyadi (2000) reported approximately 19.73%. 

Tapioca waste is derived from the solid waste of the processing tapioca flour. Tapioca 

waste contains 90.17% dry matter, 2.84% crude protein, 0.68% fat, and 8.26% crude fiber 

(Yusuf, 2010). Potential of tapioca waste as animal feed ingredients is very useful for supplying 

energy needs. The use of tapioca waste as animal feed are faced with several problems, such as 

the low content of nutrients (protein) and high cyanide content. For it is necessary to find 

processing techniques that can improve the content of nutrients and lowering anti nutritional 

substances on tapioca waste. A previous study reported that through fermentation by Aspergillus 

niger technology content of nutrients (especially crude protein) increases and decreases HCN 

(Tabrany et al., 2004). Fermented tapioca waste has a high protein content and can provide a 

better feed efficiency so that it can be used as an alternative raw material feed to reduce 

dependence on protein sources such as soybean meal. Besides, the use of raw materials such as 

tapioca waste fermented relatively cheap so able to reduce the production cost of feed (Supriyati 



3 
 

et al., (2003) in Mildayani, 2007). Moreover, efforts to increase the content of nutrients and 

decrease in tapioca waste anti nutritional substances one of which is through fermentation 

technology with Neurospora sp (Kompiang et al., 1997). Research results of (Kompiang et al., 

(1994) in Aryogi et al., 2001) showed that tapioca waste processing through fermentation into 

Cassapro, able to increase the protein content of roughly 18%. Only in this process there is the 

addition of urea. The biotechnology process of fermentation techniques can improve the quality 

of food substances from low quality materials. For example, the product of  of cassava tubers 

fermentation (Cassapro / Cassava high protein), has a protein content of 18-42%, higher than the 

original material of cassava, which is only 3%. Likewise, the fermented tapioca waste also has a 

high protein content that is 18% and can be used as raw material broiler rations. But this 

increasing, especially crude protein did not only achieved through semi-solid fermentation using 

Aspergillus niger as an inoculum, but also because of the addition of a mixture of urea and 

ammonium sulfate as a source of inorganic nitrogen (Tarmudji, (2004) in Mildayani, 2007).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

However, limitations in N may be practical providers can be combined with soy sauce 

waste. Fermentation medium / good substrate for the development of microbes must provide all 

the nutrients needed by the microbes to obtain energy, growth, and biosynthetic precursor cell 

metabolism products. The fermentation substrate can serve as a source of C, N and some basic 

mineral elements. The use of a combination of soy sauce waste and tapioca waste are expected to 
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alternative)  

Figure 1. Scheme of Research Framework 
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be energy-rich material and containing the crude protein which is also quite high. Each type of 

microbes require a particular substrate for the process fermentation. This may be more effective 

when the mixture is used as a substrate for the growth of Brevibacterium sp. Brevibacterium sp 

is proposed because Brevibacteria exist in a number of different habitats and especially in those 

having a high salt concentration (Onraedt et al. 2005). It also has enzymatic activity and is able 

to enrich the content of nutrients substrate. Fermentation of soy sauce waste and tapioca waste 

by Brevibacterium sp is expected to give effect to the nutritional value. Besides reducing anti-

nitritional substances in the feed material after fermentation, fermented  products can be an 

alternative feedstuffs that have high energy and crude protein content as well as low crude fiber 

content. In order to it is more easily digested by livestock and feed nutrients can be absorbed by 

the body more optimally. 

1.6 Hypothesis  

The hypothesis in this study are:  

 The ratio of soy sauce waste and tapioca waste fermentation can increase the nutrient 

composition, gross energy, and bulk density by fermentation products Brevibacterium sp. 

 The ratio nested by incubation time of soy sauce waste and tapioca waste fermentation can 

increase the nutrient composition, gross energy, and bulk density by fermentation products 

Brevibacterium sp. 
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CHAPTER II  

LITERATURE REVIEW 

 

2.1 Soy Sauce Waste 

 The process of making soy sauce using raw material soy beans. How to make it through 

the process of soaking, boiling, then fermented with the addition of salt, sugar and spice 

seasoning. The main results obtained are soy sauce and waste form (Ministry of Agriculture, 

1985). Soy sauce waste is a waste of the process of making soy-based sauce and have a relatively 

high protein content and palatabel (Sitorus, 1986). To become a raw material feed, soy sauce 

waste can be converted into flour with first dried in an oven / drying (Ministry of Marine Affairs 

and Fisheries of the Republic of Indonesia, 2005).  

Soy sauce waste is produced by 59.7% of the soy bean raw material. This waste is 

favored by animal. Therefore anti-nutrients found in soy sauce waste is equal to the 

concentration of soy bean but just a little more because it has undergone processing. Soy sauce 

waste do not have laxative properties. The unproper treatment for the soy sauce waste, especially 

fresh soy sauce waste can lead to the growth of fungi which in turn can  reduce the nutritional 

value of the soy sauce waste itself. Soy sauce waste still have good nutritional value. Therefore, 

in some areas of soy sauce waste still used in human foods. Soy sauce waste has a protein 

content ranging between 21-34% depending on the processing and the quality of the raw 

materials used. On the other hand, soy sauce waste has high NaCl consentration. According to 

the analysis of Setiana (1999) NaCl concentration in soy sauce waste is 20.25%, while Cahyadi 

(2000) reported the lower NaCl concentration in soy sauce waste approximately 19.73%. 

Table 1. Nutrient Content of Feedstuffs 

Feedstuff 
DM                   

(%) 

CP                   

(%) 

Fat                   

(%) 

CF                 

(%) 

TDN                

(%) 

Tofu Waste 10.78 25.65 5.32 14.53 76.00 

Soy Sauce Waste 85.43 36.38 17.26 17.82 89.56 

Beer Waste 31.17 26.45 10.25 7.06 78.70 

Brem Waste 81.63 3.13 2.12 2.11 55.83 

Source : Yusuf (2010) 

Notes : DM: Dry Matter; CP: Crude Protein; CF: Crude Fibre; TDN: Total Digestible Nutrients 

 

Soy sauce fermentation process consists of two phases, namely solid fermentation ( koji 

fermentation / tempe) and liquid fermentation (moromi fermentation). Molds that are used in 

solid fermentation is Aspergillus sp. and Rhizopus sp. (Rahayu et al., 1993). Solid Fermentation 

takes 3-5 days. Solid fermentation called koji / tempe, if using Aspergillus sp. and called tempe, 

if using Rhizopus sp. Furthermore, koji / tempe dried, then soaked in brine 20-30%. Soaking 

process koji / tempe fermented in brine called moromi. Microbes that play a role in the 

fermentation of moromi, is salt resistant microbes such as Hansenula sp., Zygosaccharomeces 

sp., and Lactobacillus sp. (Rahayu, 1985). Moromi fermentation may take as long as 14-28 days. 

Liquid fermented moromi called moromi. Furthermore moromi coupled with spices and soy 

sauce is thickened so obtained. The waste of the fermented moromi can be used as animal feed. 
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Figure 2. Scheme of Soy Sauce Waste Processing (Kusumadewi, 2011) 
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2.2 Tapioca Waste 

Tapioca production generally cultivated in small industries and household industries. The 

waste or residue is still a lot that has not been processed into a marketable commodity products 

that have value-added production in the countryside. The waste production in the rainy season 

will not sell and decompose into the dirt that cause unfavored odor. Unused waste is commonly 

called tapioca waste. Tapioca waste is derived from cassava which is a solid byproduct of 

processing tapioca flour. As cassava starch residue (tapioca waste) that contain a lot of 

carbohydrates, tapioca waste can be used as a source of energy, one of nutritional value which is 

contained in the tapioca waste is carbohydrate 72.49% - 85.99% (Macklin, (2009) in Maryanty et 

al., 2010). According to (Supriyati et al., (2003) in Mildayani, 2007) to produce tapioca with a 

ton of raw material cassava will be produced 250 kg of tapioca and 114 kg of tapioca waste. 

Availability tapioca waste continues to increase in line with increased production of tapioca and 

the wider area of cultivation and production of cassava.  
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2.3 Fermentation 

Fermentation is a process of chemical changes of organic compounds (carbohydrates, 

fats, proteins and other organic materials) either in a state of aerobic and anaerobic through the 

action of the enzyme produced by microbes (Gandjar, 1983). According (Winarno (1986) in 

Rusdi, 1992) fermentation is an oxidation-reduction reactions in biological systems that produce 

energy. As a donor and an electron acceptor in the reaction used organic compounds. Organic 

compounds typically used are carbohydrates in the form of glucose. The compound is converted 

by the reduction reaction with the enzyme catalyst into another form that can be oxidized to the 

acid.  

The benefits of fermentation are able to transform complex organic materials such as 

proteins, carbohydrates and fats into simpler molecules  and easier to digest, change the flavor 

and unfavorable aroma  to be more preferred, protein synthesis, accelerate maturation and in 

some special way to enhance durability (Shurtleff and Ayogi, 1979). Another benefit of 

fermentation are having longer storage of  feedstuffs and can reduce toxic substances (toxins) 

which contains, so that the economic value of the base ingredients have been much better (Saono 

(1976) in Mildayani, 2007).  

Products that can be produced from a fermentation process is microbial cells or biomass, 

enzymes, metabolic primary and secondary metabolic and chemical compounds by microbial 

bioconversion process results (Ansori (1989) in Aisjah, 1995). According to (Gandjar (1977) in 

Rusdi, 1992) fermentation products generally easily biodegradable and do not constitute a 

polluting materials such as chemicals, pesticides, plastics and so on. According to Rachman 

(1989) generally fermentation substrate provides all nutrients needed by microbes to obtain 

energy, growth, and biosynthetic precursor cell metabolism products. Depending on the type of 

microbe and products that will be produced each fermentation requires a specific susbtrate as a 

medium that does not fit can cause changes in the type of products and change the ratio between 

the various products of the fermentation takes place.  

The compounds of carbon and nitrogen sources are the most important components in the 

fermentation substrate, because the cells consist of elements of C and N. In addition fermentation 

substrate should also contain water, inorganic salts and some vitamins. Solid Fermentation is a 

kind of fermentation in which the solid chemical degradation by microbial components 

characterized by the absence of free water in the fermentation system, in this case the media 

serves as a source of C, N and energy (Muchtadi et al., 1992). Solid or semi-solid medium in the 

fermentation substrate surface using solid particles such as corn flour, wheat bran and cottonseed 

flour with or without the addition of a solution of nutrients that are absorbed by the surface of the 

solid substrate (Rachman, 1989).  

Table 2. Carbon, Nitrogen Total and C/N Ratio 
Parameter Soy sauce wastea Tapioca wasteb 

C – Total (%) 36.18 43.20 

N – Total (%) 7.48 0.77 

C/N 4.83 56.10 

Source: a Yilmaz (2010), b Sastro and Irfan, (2006) 
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According to (Rahman (1992) in Mildayani, 2007) parameters are most likely to affect 

physical function and physiological activity over a solid substrate fermentation, are:  

a. Variable control  

The control variables include: particle size and shape of the substrate, the amount of solid 

substrate, the initial moisture content of the substrate, humidity, air temperature, speed of 

agitation, aeration rate and spore inoculum pressure.  

b. Physical functions  

Physical functions which is a parameter here are the mechanical movement of a solid 

substrate and the substrate temperature.  

c. Physiological activity  

Physiological activities include: growth, product formation, consumption of oxygen (oxygen 

uptake), carbon dioxide evolution, evolution of metabolic heat, metabolic water production, 

and bacterial contamination.  

The mechanism of the fermentation process by (Suharto (1992) in Aisjah, 1995) caused by 

the interaction between the substrate with the microorganisms that can be divided into three 

categories as follows:  

1. Direct Breakdown and Utilization  

Microorganisms can be used directly as a source of carbohydrate substrates and C for 

growth. Part substrate having a lower molecular weight regardless because of the enzymes from 

fungi and chemical reactions occur. Substrates that have been broken down and absorbed by the 

fungus induces the enzymes that cause degradation (degradative enzyme). The substrate is 

degraded by the enzyme to form a small molecular weight molecules that can be absorbed and 

used for cell growth.  

2. Degradation by Excreted Metabolites  

Microorganisms can not use the substrate as a source of life, so there must be a source of 

energy and other C. The presence of C and energy source that microorganisms can grow around 

it and hold metabolism. The results of the metabolism metabolites secrete substances that can 

degrade the substrate.  

3. Co-Metabolic Degradation  

Similarly, the second mechanism, here microorganisms can not use the substrate as a 

source of energy and a source of C. With the energy and nutrient content of the surrounding 

microorganisms can grow and the substrate itself acts as an inductor to induce enzymes in 

microorganisms to substrate degradation process can be run. 

 

2.4 Brevibacterium sp 

 The genus Brevibacterium is the only genus of the family of the Brevibacteriaceae, 

located in the suborder of Micrococcineae, order of the Actinomycetes subclass of 

Actinobacteridae, class of Actinobacteria. (Onraedt et al. 2005) 
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Table 3. Classification of Brevibacterium and related genera within the order of the 

Actinomycetales according to Garrity et al. (2001). 

Suborder Family Genus 

Actinomycineae Actinomycetaceae Actinomyces 

Micrococcineae Micrococcineae Arthrobacter 

 Brevibacteriaceae  Brevibacterium 

Corynebacterineae Corynebacterineae Corynebacterium 

 Mycobacteriaceae Mycobacterium 

 Nocardiaceae Rhodococcus 

Source: Onraedt et al., (2005) 

 

  Brevibacteria exhibit a distinct rod-coccus cycle during growth on complex media. Cells 

from older cultures (3-7 days) are composed of coccoid cells (ca. 0.6-1.0 m diameter), whereas 

irregular, slender rods are characteristic of exponential phase cultures. Both rod and coccoid 

forms are gram positive, but some strains and older cultures decolorized readily. Brevibacteria 

are nonfastidious, chemoorganotrophic, obligately aerobic (oxidative or indifferent toward 

sugars), and catalase positive. All brevibacteria are proteolytic, with most strains hydrolyzing 

casein, gelatin and milk. Brevibacteria grow well the presence of 8% NaCl, and many strains 

also grow in 15% NaCl (Collins, 2006). 

 Brevibacteria exist in a number of different habitats and especially in those having a high 

salt concentration. Brevibacteria grow well on most peptone-yeast extract based media. 

Trypeptone soya agar supplemented with 4% NaCl is a suitable medium with the following 

composition (in g/liter): tryptone (Oxoid), 17.0; soya peptone (Oxoid), 3.0; NaCl, 9.0; K2HPO4, 

2.5; glucose, 2.5; and agar, 1.20. The pH is adjusted to 7.0. brevibacterium may be isolated from 

materials under investigation by streaking or spreading suitable dilutions and incubating at 20-

25
0
C for around 5-7 days(Collins, 2006). Brevibacteria show good growth on a complete 

medium (peptone-yeast-agar) at near neutral pH. The optimum growth temperature is 20 – 30 
0
C 

or 37 
0
C depending on species and strain. All strain studied tolerate or are sometimes stimulated 

by the addition of NaCl to the medium. They require a minimum pH of 6.0 for growth (Onraedt 

et al. 2005). 

2.5 Proximate Analysis 

Proximate analysis is a chemical method of quantitative analysis that separates, identifies 

and quantifies the major categories of compounds in a mixture. In feed and food analysis, it 

serves as a tool for assessing and It is important to remember that proximate analysis is not a 

nutrient analysis. Rather, it is a partitioning of both nutrients and non-nutrients into categories 

based on common chemical properties. This method partitioned nutrients in feed into 6 

components: water, ash, crude protein, ether extract, crude fibre and NFE (Saha et al, 2010). 

2.5.1 Dry matter 

Dry matter represents everything contained in a feed sample except water; this includes 

protein, fiber, fat, minerals, etc. In practice, it is the total weight of feed minus the weight of 

water in the feed, expressed as a percentage. It is determined by drying the feed sample in an 

oven until the sample reaches a stable weight. This is normally a simple analysis (Saha et al, 

2010). 
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2.5.2 Crude Protein 

The crude protein content of a feed sample represents the total nitrogen (N) in the diet, 

which includes not only true protein but also non-protein nitrogen (e.g., urea and ammonia in a 

feed; nitrate is not included in non-protein nitrogen).Crude protein is determined by measuring 

the nitrogen content of the feed and multiplying it by a factor of 6.25. This factor is based on the 

fact that most protein contains 16% nitrogen. Crude protein is determined by kjeldahl method. 

The method involves: Digestion, Distillation and Titration (Saha et al, 2010). 

 

2.5.3 Crude Fiber  

Crude fiber includes the materials that are indigestible to humans and non-ruminant 

animals. It is defined as the material that is insoluble in dilute acid and dilute alkali under 

specified conditions. Crude fiber is used as an index of an ingredient’s feeding value since 

materials high in fiber are typically low in nutritional value (Herman, 2001). 

 

2.5.4 Crude Fat 

Crude fat content is measured by extracting fat with an ethyl ether solvent and then 

weighing the extracted fat in a vessel after the solvent has been evaporated. Crude fat is a term 

that refers to both fats and oils or a mixture of the two and all other organic soluble compounds 

(Herman, 2001). 

2.6 Gross Energy 

Gross energy refers to the total energy in a feed before accounting for losses due to 

normal digestive, metabolic and productive functions. It is determined by measuring the amount 

of heat produced when a feed is completely oxidized in a bomb calorimeter. It is not a very 

useful measure since the gross energy in most common feeds is about the same, but they do not 

result in similar animal performance (Saha et al, 2010).  

2.7 Bulk Density 

Bulk density of a material represents the mass per unit volume. This characteristic is 

commonly expressed as pounds per cubic foot (lb/ft3) or kilograms per cubic meter (kg/m3). The 

bulk density of a material is measured by weighing the amount of material that fills a one-cubic-

foot box. Bulk density can vary significantly for the same ingredient due to differences in 

particle size, moisture content, or compaction. Bulk density of a feed ingredient is important for 

inventory control purposes and will determine how the ingredient will perform during batching 

and blending. When a feed ration requires blending ingredients that differ widely in bulk density, 

the feed processor should ensure that the particle size of the feed ingredients is similar, use a 

binding agent (fat or molasses), and load the mixer using an ingredient sequence that optimizes 

the blending action of the mixer (Herman, 2001). 
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CHAPTER III 

MATERIALS AND METHODS 

 

3.1 Location and Time  

Animal Nutrition and Feed Science Laboratory Husbandry Faculty University of 

Brawijaya, as the place of fermentation and nutrient content analysis based on proximate 

analysis as well as gross energy, and bulk density. Research activities carried out for one 

month.  

3.2 Materials  

a. Materials: 

The materials are used for fermentation consist of powder of soy sauce and tapioca 

wastes which obtained from UD. Sutrisno Feed Randupitu – Gempol – Pasuruan. The price of 

soy sauce waste IDR 2,500/kg and tapioca waste IDR 1,700/kg. Starter Brevibacterium sp in 

the solid form is obtained from  Animal Husbandry Faculty, University of Brawijaya with the 

price IDR 5,000/kg and chemicals for proximate analysis.  

 

b. Equipments: 

 The equipments are used for fermentation consist of analytical balance, autoclave, trays, 

plastic bags, and oven. The equipments are used for analyzing consists of a set of proximate 

analysis and Gross Energy equipments. Bulk Density test uses analytical balance and graduated 

cylinder. 

 

3.3 Methods  

The method used in this study was a laboratory experiment using a Completely Randomized 

Design (CRD) Nested Design with two factors and  3 replications (5 x 5 x 3).  The first factor is 

the ratio as follows:  

P1 = Soy sauce waste 100%: Tapioca waste 0%   

P2 = Soy sauce waste 75% : Tapioca waste 25%  

P3 = Soy sauce waste 50% : Tapioca waste 50%   

P4 = Soy sauce waste 25% : Tapioca waste 75%   

P5 = Soy sauce waste 0% : Tapioca waste 100% 

The second factor is the incubation time as follows:  

T1 = 0 day 

T2 = 2 days 

T3 = 4 days 

T4 = 6 days 

T5 = 8 days  

Fermentation procedures include:  

1. Powder of soy sauce waste and tapioca waste are sterilized in an autoclave for 30 minutes.  

2. The powder of soy sauce waste and tapioca waste are put at ambient temperature for 20-25 

minutes.  

3. Both materials are placed on a tray and weighed according to the treatment, then mixed well. 
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4. The starter Brevibacterium sp is added 0,6% weight / weight (3 g). The total weight of the 

substrate each treatment is 500 g. 

5. The material is placed in the plastic bag and  incubated based on each treatment  at 

temperature ambient 25-30 
0
C.  

6. The material is dried in an oven at a temperature of 60 
0
C to stop the fermentation process.  

7. The material is mixed and grinded. 

8. The material is weighed and ready analyzed based on each analysis procedure as follows 

(Appendix 1). 

3.4 Variables  

The variables measured in this study is based on the nutrient content of the proximate 

analysis include: dry matter (%), organic matter (%), crude protein (%), crude fiber (%), crude 

fat (%), Gross Energy, and Bulk Density (Sudarmadji et al., 1989) see at Appendix 1. 

 

3.5 Data Analysis 

Data were tabulated by Microsoft Excel Program and analyzed using Completely 

Randomized Design (CRD)  Nested Design with a mathematical model as follows:  

 

Yijk = µ + A(i) + B(i)j + ԑijk 

 

where the terms of the model are defined as follows: 

Yijk    = The value of the analyzing for factor A level (i
th

), factor B level (j
th

), and 

replication (k
th

). 

ԑijk  = Error of A level (i), B level (j), and replication (k) 

A(i)    = Constant for i
th

 treatment group; deviation from mean of i 

B(i)j   = A random effect due to the i
th

 group nested witin the j
th

 experimental unit 

µ   = Overall treatment mean 

i  = The ratio (1, 2, 3, 4, and 5) 

j  = Incubation time (1, 2, 3, 4, and 5) 

k  = Replication (1, 2, and 3) 

 

Data were analyzed by using analysis of variance (ANOVA). If it is obtained different 

results or significant then it would be followed by Duncan's Multiple Range Test (Gomez and 

Gomez, 1995).   

 

3.6 Glossary 

1. Soy Sauce Waste : Solid waste that is a byproduct of soy sauce processing. 

2. Tapioca Waste : Solid waste that is a byproduct of the tapioca flour processing. 

3. Brevibacterium sp : A gram positive bacteria and obligately aerobic. 

4.  Fermentation : The chemical changes that occur in a material as a result of the 

activity of an enzyme from microorganisms. 
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CHAPTER IV 

DISCUSSION 

 

4.1 The Effect of Ratio of Soy Sauce Waste and Tapioca Waste Fermented by 

Brevibacterium sp on Nutrient Composition 

 Based on the observations, it can be seen that the contents of dry matter, crude protein 

and crude fat of fermented substrate increased with decreasing percentage of tapioca waste in the 

substrate. In contrast, organic matter and crude fiber contents increase along with the increasing 

ratio of tapioca waste in the substrate. The effect of ratio of soy sauce waste and tapioca waste 

fermented by Brevibacterium sp on nutrient composition consisted of dry matter, organic matter, 

crude protein, crude fiber and crude fat can be seen in Table 4 below: 

 

Table 4. The Effect of Ratio of Soy Sauce Waste and Tapioca Waste Fermented by 

Brevibacterium sp on Nutrient Composition, Gross Energy, and Bulk Density 

Variables 
Ratio 

P1 P2 P3 P4 P5 

Dry Matter (%) 91.45 ± 2.32c 90.54 ± 2.06b 89.55 ± 1.34ab 89.72 ± 1.19ab 88.74 ± 1.41a 

Organic Matter (%) 68.28 ± 2.91a 72.06 ± 2.32b 75.02 ± 1.65c 79.34 ± 1.68d 81.96 ± 2.32e 

Crude Protein (%) 23.76 ± 0.55e 17.98 ± 0.46d 12.44 ± 0.24c 7.27 ± 0.49b 2.00 ± 0.12a 

Crude Fiber (%) 10.57 ± 0,62a 12.72 ± 0.48b 13.77 ± 0.35c 15.00 ± 0.33d 16.72 ± 0.59e 

Crude Fat (%) 13.84 ± 0.42e 10.26 ± 0.30d 6.95 ± 0.15c 3.46 ± 0.17b 0.17 ± 0.02a 

Gross Energy (kcal/kg) 
3604.09 ± 

188.11d 

3497.68 ± 

 90.87c 

3299.04 ± 

132.20b 

2962.57 ± 

210.14a 

2938.43 ± 

188.38a 

Bulk Density (g/L) 422.67 ± 8.66e 354.57 ± 7.26d 295.67 ± 3.25c 258.77 ± 6.18a 264.9 ± 2.89b 

Note : The different superscripts in the same row indicated a highly significant (P<0.01)  

 

4.1.1 The Effect of Ratio of Soy Sauce Waste and Tapioca Waste Fermented by 

Brevibacterium sp on Dry Matter Content 

Dry matter (DM) is the weight of a material after drying at 105 ° C (Suparjo, 2000). Dry 

matter is often influenced by the amount of moisture content of a material. The lowest average 

values of dry matter were at treatment P5 (88.74 ± 1.41
a
) followed consecutively at P3 (89.55 ± 

1.34
ab

), P4 (89.72 ± 1.19
ab

), P2 (90.54 ± 2.06
b
), and P1 (91.45 ± 2.32

c
). Results of analysis of 

variance (Appendix 2) showed that treatment at P1 and P2 were highly significant different (P 

<0.01) to treatment P5, whereas treatment at P3 and P4 were not significantly different either 

from treatment P1, P2, and P5. This indicated that the ratio of soy sauce waste and tapioca waste 

have effect on the changing balance of N and C in the substrate affect dry matter fermentation of 

the products. According to Rahman (1989) any type of microorganism requires a specific 

fermentation substrate. Mildayani (2007) reported that the change in the balance of N and C with 

fermentation condition is thought only little influence on the fermentation activity. Fermentation 

on tofu and tapioca wastes subtrate which has C/N ratio 60.91 fermented by oncom yeast did not 

give significantly effect (P> 0.05) on dry matter content of the fermented product. In contrast 

with this research that the substrate which has C/N ratio 56.18 gave a highly significant effect on 

decreasing dry matter content of fermented product. The loss of dry matter during the 

fermentation process is caused by microorganisms use the substrate to grow and produce water 

and carbon dioxide as metabolic waste. Therefore, the loss of dry matter can be used as an 
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indicator of the growth of microorganisms in the substrate (Merdekawani and Ariani, 2013). The 

compounds of carbon and nitrogen sources are the most important components in the 

fermentation substrate, because the cells consist of elements of C and N. In addition fermentation 

substrate should also contain water, inorganic salts and some vitamins. Solid state fermentation 

is a kind of fermentation in which the chemical degradation by microbial components 

characterized by the absence of free water in the fermentation system, in this case the substrate 

serves as a source of C, N and energy (Muchtadi et al., 1992). 

 

Table 5. C/N Ratio of The Treatments 

Treatment Ratio C/N Ratio 

P1 Soy sauce waste 100% : Tapioca waste 0% 4.84 

P2 Soy sauce waste 75%    : Tapioca waste 25% 6.66 

P3 Soy sauce waste 50%    : Tapioca waste 50% 9.58 

P4 Soy sauce waste 25%    : Tapioca waste 75% 17.45 

P5    Soy sauce waste  0%    : Tapioca waste 100%      56.18 

 

In accordance with the opinion of Fardiaz (1988) in Kasmiran (2011) that during the 

fermentation processes, microorganisms use carbohydrates as an energy source that can produce 

water and carbon dioxide molecules. Winarno et al., (1980) in Kasmiran (2011) said that most of 

the water is left in the product and some will come out of the product. Water left in this product 

will cause water levels to be high and dry matter into a low.  

4.1.2 The Effect of Ratio of Soy Sauce Waste and Tapioca Waste Fermented by 

Brevibacterium sp on Organic Matter Content 

 Organic material consists of crude fat, crude protein, crude fiber, and Nitrogen Free 

Extract (NFE) (Tillman et al., 1991). The lowest average values of organic matter were at 

treatment P1 (68.28 ± 2.91
a
) followed consecutively on P2 (72.06 ± 2.32

b
), P3 (75.02 ± 1.65

c
), 

P4 (79.34 ± 1.68
d
), and P5 (81.96 ± 2.32

d
). Results of analysis of variance (Appendix 3) showed 

that there was a highly significant effect (P <0.01) on each treatment. The result showed that the 

higher of tapioca waste in the substrate, the higher of its organic matter content. Furthermore 

Karmas and Harris (1997) in Mildayani (2007) stated that the nutrient availability and 

metabolism of starting material, metabolic abilities of fermentative microorganism and 

interaction of these elements will influence the changing of the content of fermented products. 

4.1.3 The Effect of Ratio of Soy Sauce Waste and Tapioca Waste Fermented by 

Brevibacterium sp on Crude Protein Content 

 The lowest average values of crude protein were at treatment P5 (2.00 ± 0.12
a
) followed 

consecutively at P4 (7.27 ± 0.49
b
), P3 (12.44 ± 0.24

c
), P2 (17.98 ± 0.46

d
), and P1 (23.76 ± 

0.55
e
). Results of analysis of variance (Appendix 4) showed that there was a highly significant 

different (P <0.01) for each treatment. This indicated that the significant difference is due to the 

crude protein content of the initial substrate. The substrate with a highest protein content (100% 

soy sauce waste) gave the highest of crude protein content of the  fermented products as well.  

Crude protein content of fermented substrate decreased with increasing tapioca waste in 

the substrate because tapioca waste has much lower protein content than soy sauce waste. The 

difference crude protein content of  fermented substrate in each treatment has caused by the 

significant different of crude protein content of initial substrate. This is in line with Shin (1988) 
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in Mildayani (2007) that the crude protein content of fermentation end products is highly 

dependent on crude protein content of the initial substrate. In addition, during the fermentation 

process with the presence of proteolytic activity of protease enzymes produced by 

Brevibacterium sp will occur initially breakdown protein into a more soluble form, so it will be 

easy to digest.  

4.1.4 The Effect of Ratio of Soy Sauce Waste and Tapioca Waste Fermented by 

Brevibacterium sp on Crude Fiber Content 

The lowest average values of crude fiber were at treatment P1 (10.57 ± 0.62
a
) followed 

consecutively on P2 (12.72 ± 0.48
b
), P3 (13.77 ± 0.35

c
), P4 (15.00 ± 0.33

d
), and P5 (16.72 ± 

0.59
e
). Results of analysis of variance (Appendix 5) showed that there was a highly significant 

effect (P <0.01) on each treatment. The different crude fiber content among treatments were due 

to the different ratio of soy sauce waste and tapioca waste in the substrate. The content of crude 

fiber tended to increase with the increasing of tapioca waste in the substrate. According to 

(Yohanista et al., 2014) crude fiber content of soy sauce waste and tapioca waste after 

fermentation is influenced by the type of microorganism that is used in the fermentation process. 

Differences in the ability to produce cellulase enzymes that function to break down cellulose into 

simpler components greatly influence the content of crude fibers produced after the fermentation 

process. 

4.1.5 The Effect of Ratio of Soy Sauce Waste and Tapioca Waste Fermented by 

Brevibacterium sp on Crude Fat Content 

 The lowest average values of crude fat were at treatment P5 (0.17 ± 0.02
a
) followed 

consecutively at P4 (3.46 ± 0.17
b
), P3 (6.95 ± 0.15

c
), P2 (10.26 ± 0.30

d
), and P1 (13.84 ± 0.42

e
). 

Results of analysis of variance (Appendix 6) showed that there was a highly significant (P <0.01) 

effect on each treatment. This indicated that the significant difference was due to the different 

crude fat content of initial substrate. The result showed that highest crude fat at treatment P1. 

High crude fat content of initial substrate can stimulate Brevibacterium sp to produce lipase 

enzyme and occur the lipolytic activity to hydrolyze fat. Production of many enzymes and 

accompanied by high crude fat content of initial substrate  resulted in the increasing of a crude 

fat reduction. Abundance of fat by lipase is used as energy for the growth of microorganisms. 

According to Yohanista et al., (2014) lipase produced by microorganisms is vary and greatly 

influence to the content of crude fat substrate after fermentation because lipase will break down 

fat into energy source. Another factor that can affect a decrease in fat content of the fermented 

mixture of soy sauce and tapioca wastes is the high content of crude fat of the mixture of soy 

sauce and tapioca wastes before fermentation and also supported by large lipase secretion rate.  

4.2 The Effect of Ratio of Soy Sauce Waste and Tapioca Waste Fermented by 

Brevibacterium sp on Gross Energy Content 

 Gross energy refers to the total energy in a feed before accounting for losses due to 

normal digestive, metabolic and productive functions. It is determined by measuring the amount 

of heat produced when a feed is completely oxidized in a bomb calorimeter. It is not a very 

useful measure since the gross energy in most common feeds is about the same, but they do not 

result in similar animal performance. For example, GE in oat grain = GE in oat straw. (Saha et 

al, 2010). The lowest average values of gross energy (Table 4) were at treatment P5 (2938.43 ± 

188.38
a
) followed consecutively at P4 (2962.57 ± 210.14

a
), P3 (3299.04 ± 132.20

b
), P2 (3497.68 
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± 90.87
c
), and P1 (3604.09 ± 188.11

d
). Results of analysis of variance (Appendix 7) showed that 

treatment between P1, P2 and P3 were highly significant different (P <0.01). Between P4 and P5 

there were no highly significant, but the differences treatment P4 and P5  were highly significant 

(P <0.01) to the treatment of P1, P2 and P3. According to Leeson and John (2001) energy is 

stored in the carbohydrates, fats, and proteins of feed ingredients. So it can be seen that the 

treatment P1 (soy sauce waste 100%) has the highest of gross energy content because soy sauce 

waste contains higher crude fat and crude protein than the tapioca waste, 13.61% and 24.05%. 

The increasing of tapioca waste in substrate the lower gross energy content, whereas tapioca 

waste has high carbohydrate content. This indicated that there was no amylolytic activityby 

amylase enzyme which is produced by Brevibacterium sp. Other than that tapioca waste is a 

source of energy that contain high carbohydrate but it is easily soluble. 

4.3 The Effect of Ratio of Soy Sauce Waste and Tapioca Waste Fermented by 

Brevibacterium sp on Bulk Density 

 The  lowest average values of bulk density (Table 4) were at treatment P4 (258.77 ± 

6.18
a
) followed consecutively at P5 (264.9 ± 2.89

b
), P3 (295.67 ± 3.25

c
), P2 (354.57 ± 7.26

d
), 

and P1 (422.67 ± 8.66
e
). Results of analysis of variance (Appendix 8) showed that there was a 

highly significant effect (P <0.01) on each treatment. The highest bulk density was achieved by 

treatment P1. According to Herman (2001) bulk density of a material represents the mass per unit 

volume. Bulk density can vary significantly for the same ingredient due to differences in particle 

size, moisture content, or compaction. Based on American Heritage® Dictionary of the English 

Language (2011) compaction is the process of compacting or the state of being compacted. This 

indicated that the significant difference was due to the different dry matter content in each 

treatment, whereas the treatment P1 (soysauce waste 100%) had the highest dry matter content of 

91.45%. In order to, it can be said that the higher dry matter content, the higher the bulk density 

value. This condition occur is due to the higher dry matter content, the lighter weighs and need 

more powder to fill the beaker glass. So it will increase the value of bulk density. 

4.4 The Effect of Incubation Time Nested by Ratio of Soy Sauce Waste and Tapioca Waste 

Fermented by Brevibacterium sp on Nutrient Composition  

 Based on the observations, it can be seen that the nutritional composition consisting of 

dry matter, organic matter, crude protein, crude fiber and crude fat fermented substrate tended to 

increase on the fourth day of incubation time. The effect of incubation time nested by ratio of 

soy sauce waste and tapioca saste Fermented by Brevibacterium sp on nutrient composition 

consisted of dry matter, organic matter, crude protein, crude fiber and crude fat can be seen in 

Table 6 below: 
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Table 6. The Effect of Incubation Time Nested by Ratio of Soy Sauce Waste and Tapioca Waste 

Fermented by Brevibacterium sp on Nutrient Composition and Gross Energy, and Bulk 

Density 

Treatments 
Incubation Time 

T1 T2 T3 T4 T5 

 
Dry Matter (%) 

P1 91.12 ± 0.89ab 88.52 ± 3.97a 92.99 ± 1.00b 92.91 ± 0.64b 91.70 ± 0.28b 

P2 90.21± 0.30ab 87.83 ± 3.42a 92.13 ± 0.12b 91.52 ± 0.99b 91.01 ± 0.50b 

P3 88.65 ± 0.38ab 88.58 ± 0.30a 91.00 ± 0.54b 88.89 ± 1.95ab 90.62 ± 0.37b 

P4 88.88 ± 0.79a 88.35 ± 0.28a 91.31 ± 0.93a 90.25 ± 0.50a 89.84 ± 0.06a 

P5 88.40 ± 0.90ab 87.73 ± 0.31ab 90.67 ± 0.59b 89.40 ± 0.48ab 87.51 ± 1.54a 

 
Organic Matter (%) 

P1 67.97 ± 0.73ab 64.69 ± 5.13a 70.15 ± 0.88b 70.25 ± 0.64b 68.33 ± 0.93ab 

P2 71.23 ± 0.14ab 69.24 ± 3.88a 73.91 ± 0.33b 73.32 ± 1.24ab 72.58 ± 0.48ab 

P3 74.16 ± 0.51a 73.57 ± 1.12a 76.61 ± 1.25a 74.34 ± 1.92a 76.43 ± 0.75a 

P4 79.18 ± 1.24a 78.33 ± 0.96a 79.68 ± 2.50a 79.96 ± 1.97a 79.53 ± 2.18a 

P5 83.36 ± 0.82ab 79.13 ± 3.44a 83.74 ± 1.19b 82.31 ± 0.52ab 81.27 ± 1.71ab 

 
Crude Protein (%) 

P1 24.05 ± 0.23b 23.17 ± 1.04a 24.07 ± 0.25b 23.94 ± 0.11b 23.55 ± 0.07ab 

P2 17.59 ± 0.05a 17.75 ± 0.69a 18.54 ± 0.02b 17.77 ± 0.26a 18.27 ± 0.10ab 

P3 12.21 ± 0.05a 12.34 ± 0.04a 12.73 ± 0.07a 12.27 ± 0.27a 12.66 ± 0.05a 

P4 6.98 ± 0.06a 6. 89 ± 0.02a 8.20 ± 0.08b 7.07 ± 0.03a 7.18 ± 0.005a 

P5 1.89 ± 0.01a 1.86 ± 0.006a 2.20 ± 0.01a 2.05 ± 0.01a 2.05 ± 0.03a 

 
Crude Fiber (%) 

P1 11.52 ± 0.29c 9.78 ± 0.43a 10.75 ± 0.11b 10.53 ± 0.07b 10.30 ± 0.03b 

P2 12.78 ± 0.04a 12.39 ± 0.48a 12.61 ± 0.01a 13.49 ± 0.29b 12.33 ± 0.06a 

P3 13.91 ± 0.05b 13.69 ± 0.52a 14.20 ± 0.08b 13.49 ± 0.29a 13.58 ± 0.05a 

P4 14.96 ± 0.13a 14.66 ± 0.04a 15.55 ± 0.15b 14.72 ± 0.08a 15.09 ± 0.01b 

P5 16.49 ± 0.16ab 16.06 ± 0.05a 17.70 ± 0.11c 16.91 ± 0.09b 16.44 ± 0.29ab 

 
Crude Fat (%) 

P1 13.61 ± 0.13a 13.42 ± 0.60a 14.23 ± 0.15b 14.25 ± 0.09b 13.72 ± 0.04a 

P2 10.10 ± 0.03ab 9.86 ± 0.38a 10.51 ± 0.01b 10.31 ± 0.11b 10.53 ± 0.05b 

P3 6.86 ± 0.02a 6.99 ± 0.02a 7.07 ± 0.04a 6.74 ± 0.14a 7.11 ± 0.02a 

P4 3.20 ± 0.02a 3.62 ± 0.01b 3.58 ± 0.03b 3.58 ± 0.02b 3.33 ± 0.002ab 

P5 0.13 ± 0.001a 0.20 ± 0.0007a 0.19 ± 0.001a 0.16 ± 0.0009a 0.18 ± 0.003a 

 
Gross Energy (Kcal/kg) 

P1 3715.74 ±36.28cd 3682.1 ± 165.4c 3497.51 ± 26.29 b 3798.83 ± 26.26c 3326.24 ± 10.42a 

P2 3561.99 ± 11.92
b
 3589.4 ± 139.98

b
 3466.93 ± 4.88

ab
 3397.15 ± 36.81

a
 3472.96 ± 19.42

ab
 

P3 3392.19 ± 14.56c 3474.97 ± 12.08c 3115.95 ± 18.99a 3274.08 ± 72.07b 3238.01 ± 13.38b 

P4 3176.85 ± 28.43d 3191.82 ± 10.23d 2667.08 ± 27.17a 2952.01 ± 16.64c 2825.06 ± 2.11b 

P5 2834.06 ± 28.86b 3169.21 ± 11.28c 3131.18 ± 20.65c 2706.05 ± 14.67a 2851.63 ± 50.41b 

 
Bulk Density (g/L) 

P1 415.5 ± 10a 418.67 ± 2.92a 433 ± 10.68b 422.83 ± 3.25a 423.33 ± 5.53a 

P2 345.67 ± 0.76a 356.67 ± 5.00b 359 ± 6.94b 354.67 ± 7.42b 356.83 ± 8.80b 

P3 294.83 ± 1.89a 296.17 ± 5.57a 295.83 ± 5.05a 296.33 ± 1.04a 295.17 ± 3.21a 

P4 253.5 ± 8.35a 258.33 ± 1.52b 262.67 ± 5.25b 255.17 ± 4.80b 264.17 ± 4.16b 

P5 263.33 ± 2.36a 262.83 ± 3.01a 265.83 ± 1.25a 267.5 ± 3.77a 265 ± 2.59a 

Note: The different superscripts in the same row indicated highly significant in Dry Matter, Organic Matter, Crude 

Protein, Crude Fiber, Crude Fat, and Gross Energy (P <0.01) and significant in Bulk Density (P <0.05) 
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4.4.1 The Effect of Incubation Time Nested by Ratio of Soy Sauce Waste and Tapioca 

Waste Fermented by Brevibacterium sp on Dry Matter Content 

Based on observations in Table 6 it can be seen that the dry matter content at treatment 

P1, P2, P3, P4, and P5 were likely to increase on the fourth day of incubation time (T3), and at 

all treatments there were highly significant effect (P <0.01) to the influence of the incubation 

time. Dry matter content tends to increase with increasing incubation time. This indicated that 

the fermentation process can increase the dry matter content of the substrate. The increase in dry 

matter content wass influenced by the process of evaporation of water from the substrate during 

the fermentation process takes place. According to Purwadaria et al., (1998) in Kulsum and 

Osfar (2008) the aerobic fermentation will occur higher cell growth compared to anaerobic 

fermentation, which can lead to increase metabolic activity. The increasing metabolic activity 

will lead to increase the increasing substrate temperature. This is also in line with Igbabul et al., 

(2014) that the decrease in moisture content with increasing in incubation time may probably be 

due to the soft and porous texture of the substrate after fermentation the resulting in maximum 

moisture loss. The microorganisms must have utilized some moisture for metabolic activities. 

An increase in dry matter content proves that the enzymatic process is the release of 

water content. This suggests the occurrence of enzyme activity. In the activity of bacteria, they 

use carbohydrates as carbon source. The breakdown of carbohydrates will follow the release of 

energy, carbon dioxide and water. Heat is released causing the substrate temperature increases. 

According to Buckle et al., (1987) in Supriyati et al., (1998) for all living organisms need energy 

sources derived from the metabolism of food that organism in it. 

 

4.4.2 The Effect of Incubation Time Nested by Ratio of Soy Sauce Waste and Tapioca 

Waste Fermented by Brevibacterium sp on Organic Matter Content 

 Based on observations in Table 6 it can be seen that the content of organic matter at 

treatment P1, P2, P3, P4, and P5 were likely to increase on the fourth day of incubation time 

(T3), and at all treatments there were highly significant effect (P <0.01) to the influence of the 

incubation time. In addition to all treatment of the organic matter content tend to decrease on the 

second day of incubation time (T2). This is in accordance with the opinion Ardhana (1982) in 

Mildayani (2007) that the organic material is decreased during fermentation of starch and fat 

because it is used to meet energy needs for the growth of microorganisms. According to 

Ginandjar (1977) that the organic material described by microorganism caused by the operation 

of amylase and lipase enzymes that work in the breakdown of starch and fat from the substrate, 

so that the organic matter content during fermentation decreased. 

 

4.4.3 The Effect of Incubation Time Nested by Ratio of Soy Sauce Waste and Tapioca 

Waste Fermented by Brevibacterium sp on Crude Protein Content 

 Based on observations in Table 6 it can be seen that the content of crude protein at 

treatment P1, P2, P3, P4, and P5 tended to decrease on the second day of fermentation (T2) and 

increased in the fourth day of fermentation (T3).  There was no highly significant different (P 

>0.01) of crude protein content at treatment P1, P3, and P5 after fermentation compared to prior 

to fermentation. While there was highly significant different (P <0.01) of the crude protein 

content at treatment P2 and P4 on the fourth day of incubation time (T3) than prior to 

fermentation (T1). According to Pasaribu et al., (1998) in Kulsum and Osfar (2008) the 

increasing in protein during fermentation process can be caused by changes in inorganic nitrogen 
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into cell proteins. Furthermore, according to Judoamidjojo et al., (1990) in Kulsum and Osfar 

(2008) the increasing in crude protein content which is caused by the formation of protein-rich 

microbial mass. The increasing is could be attributed to the increase of in the microbial mass 

during fermentation, causing extensive hydrolysis of the protein molecules to amino acids and 

other simple peptides. The increasing is also could be as a result of the enzymatic hydrolysis of 

some proteins during fermentation inhibitors. Also it may be due to the structural proteins that 

are an integral part of the microbial cell (Tortora et al., (2002) in Igbabul et al., 2014). 

Increased protein is allegedly due to the addition of protein contributed by the growth of 

microbial cells as a result of which produce single cell protein (SCP) or biomass cells containing 

approximately 40-65% protein (Krisnan et al., (2005) in Fransistika et al., 2012 ). The highest 

crude protein content of the mixture of soy sauce waste and tapioca waste  reached on the fourth 

day of incubation time (T3). It is closely related to the phases of growth and development in 

which the exponential or logarithmic phase Brevibacterium sp, they utilize nutrients that are 

available in the substrate so that growth and development reach the optimum point and many 

producing secondary metabolites, one of which produces a protease enzyme that plays an 

important role in increasing protein a mixture of soy sauce waste and tapioca waste after 

fermentation. According to Nayak et al., (2011) growth curve of the Brevibacterium sp. at 

different concentration of caffeine in minimal substrate containing glucose at 1-2 g/L 

concentration, whereas the lag phase was prolonged to 24-40 hours and the logarithmic phase 

occure after 40 hours (Figure 4). This is in accordance with Narasimha et al., (2006) in 

Yohanista et al., (2014) that the high activity of the enzyme produced in the post-exponential 

phase. 

In the exponential phase, cells have adapted to the new environment. Cells will grow 

rapidly, so that the cell mass and cell number will increase exponentially with t ime, occurs 

balance growth, which all components in cells grown at the same rate. The composition of a cell 

approximately constant. On balance growth, specific growth rate will be determined by the mass 

of the same kind of cells or cell number. The concentration of nutrients in this phase is large, the 

growth rate was not affected by the concentration of nutrients (Shuler and Kargi, (1992) in 

Manfaati, 2010). 

 

4.4.4 The Effect of Incubation Time Nested by Ratio of Soy Sauce Waste and Tapioca 

Waste Fermented by Brevibacterium sp on Crude Fiber Content 

Crude fiber includes the materials that are indigestible to Humans and non-ruminants 

animals. It is defined as the material that is insoluble in dilute acid and dilute alkali under 

specified conditions. Crude fiber is used as an index of an ingredient's feeding value since 

materials high in fiber are typically low in nutritional value (Herman, 2001). Crude fiber content 

of soy sauce and tapioca wastes after fermentation is influenced by the type of microorganism 

used in the fermentation process. Differences in the ability to produce cellulase enzymes that 

function to break down cellulose into simpler components greatly influence the content of crude 

fibers produced after the fermentation process. Based on observations in Table 6 it can be seen 

that the content of crude fiber at treatment of P1 decreased highly significant different (P <0.01) 

on the second day of incubation time (T2). The results of this study indicate that the differences 

incubation time affect the content of crude fiber. Besides that, at treatment P1 had the lowest of 

C/N ratio 4.84 or highest N levels on the substrate, so this allows  higher stimulation of the 

growth of microbial mass of Brevibacterium sp because basically, Brevibacterium sp are 
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proteolytic bacteria. The decline in crude fiber showed during the fermentation of degradation 

lignin and hemicellulose and there has been a breakdown of cellulose cell walls so that the feed 

will be more easily digested by animals. According to Hardjo et al., (1989) in Langoy et al., 

(2012) the cellulolytic microbes capable in the use of fibrous substrate being able to produce 

sellulase enzymes that decompose cellulose into glucose. Added by Satiawiharja, (1984) in 

Supriyati et al., (1998) that in the case of the fermentation process, the substrate serves as a 

source of carbon, nitrogen and energy. The decline in crude fiber fermentation product can also 

be caused by digested part of roughage by microbes that are usually difficult to be digested by 

monogastric animals. This is supported by the opinion Winarno and Fardiaz (1979) in Supriyati 

et al., (1998) in addition to the fermentation process caused by the breakdown of certain 

enzymes of the materials that can not be digested, such as cellulose and hemicellulose into 

simple sugars. 

The content of crude fiber at treatment P2 has increased highly significant (P <0.01) on 

the sixth day of incubation time (T4) and the treatment P3, P4, and P5 on the fourth day of 

incubation time (T3). According Mildayani (2007) the increase in crude fiber content is due to 

the growth and development of bacterial biomass which can increase the content of crude fiber. 

Likewise, the undegradated condition of crude fiber substrate accompanied by the degardation of 

other nutrients (fat and starch) resulted in an increasing in crude fiber content of the substrate. In 

addition, the reduced water content in the substrate during the fermentation process causes the 

crude fibers become more concentrated, so that the analysis is counted as crude fiber (Krisnan, 

(2006); Syahrir and Abdeli, (2005) in Fransistika et al., 2012). 

 

4.4.5 The Effect of Incubation Time Nested by Ratio of Soy Sauce Waste and Tapioca 

Waste Fermented by Brevibacterium sp on Crude Fat Content 

Based on observations in Table 6 it can be seen that the crude fat content at treatment P1 

has increased highly significant (P <0.01) in the long incubation 4-6 days, while the treatment P4 

has increased highly significant (P <0.01) on a long incubation 2-6 days. But the crude fat 

content at treatment P2, P3, and P5 were not significant difference compared to before 

fermented. Lipase enzyme is produced by each bacteria is different and greatly affect to the 

content of crude fats substrates. The lipase enzyme after fermentation will remodel fat to be used 

by bacteria as a source of energy. This condition is in line with Reebe et al., (2000) in Igbabul et 

al., (2014) that the increase could be as a result of extensive break down of large fat molecule to 

simpler fatty acid units due to the high activity of the lipolytic enzymes which could have 

resulted in fat increasing. The increasing in fat might be fat from dead microflora or the 

fermenting microflora did not use fat from these foods as source of energy.  

 

4.5 The Effect of Incubation Time Nested by Ratio of Soy Sauce Waste and Tapioca Waste 

Fermented by Brevibacterium sp on Gross Energy Content 

 Based on observations in Table 6 it can be seen that the gross energy content of the 

treatment P1, P3, P4, and P5 tended to decrease highly significant different (P <0.01) on the 

fourth day of incubation time (T3) than before fermented, while the gross energy content at 

treatment P2 decreased highly significant different (P <0.01) on the sixth day of incubation time 

(T4) than before fermented. Closely related to the long incubation period can be used by  

microbes to grow and multiply. The longer of incubation time, the higher growing number of 

substances that used by microbes to life, so that the less substances remaining in food. Decreased 
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content of GE in soy sauce waste and tapioca waste mixture on day 6 is due to bacterial growth 

reached the stationary phase. The phase where the death has been depleted of nutrients in the 

medium and the longer the microbes will die so that the microbes does not perform the 

decomposition of complex compounds into simpler compounds that can produce energy. 

 

4.6 The Effect of Incubation Time Nested by Ratio of Soy Sauce Waste and Tapioca Waste 

Fermented by Brevibacterium sp on Bulk Destiny 

 Based on observations in Table 6 it can be seen that the bulk density values at treatment 

P1 increased significantly (P <0.05) on the fourth day of incubation time (T3). Bulk density 

values in P2 treatment tended to increase at longer incubation days to 2-8 days. Bulk density 

values in P4 treatment increased significantly (P <0.05) on the eighth day of incubation time. 

While the bulk density values at P3 and P5 treatment there were no significantly differences (P> 

0.05) than before fermented. The bulk density is a reflection of the load the flour samples can 

carry, if allowed to rest directly on one another. The density of processed products dictate the 

characteristics of its container or package product density influences the amount and strength of 

packaging material, texture or mouth feel (Wilhelm et al., (2004) in Adebowale and Maliki, 

2011). 
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CHAPTER V 

CONCLUSION 

 

5.1 Conclusions 

 According the results of this study is concluded that  

 The fermentation results of using ratio soy sauce waste 100% and 4 days of incubation time is 

the best combination to be used as a feed alternative ingredients with nutrition 92.99% of dry 

matter; 70.15% of organic matter; 24.07% crude protein; 10.75% crude fiber; 14.23% crude 

fat; gross energy 3497.51 kcal / kg; and bulk density of 433 g / L.  

 The dry matter, organic matter, crude protein, and crude fat contents for all treatments 

increase at fourth day of incubation time. The crude fiber content for all treatments decreases 

at second day of incubation time. The gross energy content of first treatment (soy sauce waste 

100 %) increases at sixth day of incubation time, and the rest of all treatments increase at 

second day of incubation time. The bulk density of first (soy sauce waste 100 %) and second 

(75 % soy sauce waste : 25 % tapioca waste) treatments increase at fourth day of incubation 

time, the fourth treatment (25 % soy sauce waste 75 : % tapioca waste) increases at eight day 

of incubation time, and there is no changing values at third treatment (50 % soy sauce waste : 

50 % tapioca waste) as well as fifth treatment (tapioca waste 100 %) after fermentation. 

5.2 Suggestions 

 The study suggested for further research to analyze the soluble protein (%), sugar 

reduction (%) and Nitrogen Free Extract (%) to get more accurracy the changing of  nutritive 

value after fermentation and conduct biological assay in using a soy sauce waste as a feed 

alternative in poultry animals.  
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APPENDIXES 

 

Appendix 1. Proximate Analysis Procedure (Sudarmadji et al., 1989) 

A.  Air Dry Matter Content Analaysis 

1. Paper is weighed (A g) and added 150-200 g of sample, then paper + samples are weighed (B 

g).  

2. Paper and the sample is put into the oven with a temperature of 60-70 °C until constant weight 

is obtained.  

3. Samples are removed from the oven and aerated for 2-3 hours, then weighed (C g).  

 

Calculation:  

 Air Dry Matter (%) = C - A  x 100%  

    B - A 

 

Statement:  

A = weight of paper  

B = weight of paper + sample   

C = weight of paper + sample after oven 

 

B. Dry Matter Content Analysis 

4. Porcelain cup is inserted in the oven 105 ° C for 1 hour.  

5. The plate was taken and put into desiccator (using forceps).  

6. Weigh the cup carefully  (A g).  

7. Insert sample  for about 5 g in a cup, and weighed again (B gr). Then enter the cup containing 

the sample to the oven 105 ° C for 4 hours.  

8. The plate was taken, put in desiccator for 1 hour, and then weighed carefully (C g). At the 

time of taking the cup, use forceps.  

 

Calculation:  

Dry Matter (%) = C - A x 100%  

    B - A 

Statement:  

A = weight of the cup  

B = weight of cup + sample  

C = weight of cup + sample after oven  

 

C. Organic Matter Content Analysis 

9. Take the al-blank and enter into the furnace (600 ° C) for 1 hour. 

10. Weigh al-disks (A g). Take a sample for about 3-5 g, enter into al-disks and weighed again 

(B g).  

11. Enter al-disks containing the sample into the furnace 600ºC until color turns white or turned 

into ashes. There should not be color black (for about 4 hours).  

12. Al-disks were taken and put in desiccator, let stand for 1 hour then weighed carefully (C g).  

 

 



29 
 

Calculation:  

Ash (%) = C - A x 100%  

     B - A 

Statement:  

A = weight of the cup  

B = weight of cup + sample after oven  

C = weight of cup + sample after furnace  

Samples that contain a lot of protein or fat (meat) should not be directly inserted into the furnace, 

but must first be heated on the stove (in a hood) until no steam again.  

 

D. Crude Protein Content Analysis  

Destruction  

13. Weigh oil paper (A g). Take a sample for about 0.3 g for materials containing low protein, 

0.2 g of material high protein, pour in oil paper and weigh it again (B g). Enter the sample 

(without oil paper) into Kjeldahl flask.  

14. Add 1.4 g of catalyst and the boiling stones. Then add 5 ml of H2SO4 concentrated (in a fume 

hood) by using a dispenser.  

15. Destructed until the color becomes green. let it cool.  

16. Add 60 ml of distilled water (divided by 4 times), shake and enter the solution into the 300 

ml erlenmeyer.  

Distillation  

17. Take a beaker glass 300 ml , filled with 0.1 N H2SO4 25 ml use dispenser. Add 3 drops of 

indicator mix, the color purple. Then place the glass beaker under the tip of the distillation 

apparatus (end of distillation equipment must enter into a liquid container, so that there is no 

missing NH3).  

18. For the distillation, add 20 ml of 40% NaOH in erlenmeyer destruction results, then quickly 

(so that there are no missing NH3) plug in tool distillation.  

19. Distillation was stopped when the volume of the solution in a 100 ml Erlenmeyer. Titration  

20. Beaker glas containing distilled is titrated with 0.1 N NaOH until the color turn green clear 

(For example the amount of NaOH for titration C ml). 

21. Create a blank, do the same but do not use the sample ( For example the titration need D ml 

of 0.1 N NaOH).  

 

Calculation:  

Crude Protein (%) = (D - C) x N NaOH x 0.014 x 6.25 x 100%  

     B - A 

Statement:  

A = weight of oil paper  

B = weight of oil paper + sample  

C = ml of NaOH for titration of the sample  

D = ml NaOH to titrate the blank  
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E. Crude Fiber Content Analysis 

22. Weigh oil paper (A g). Take a sample for about 1 g place on waxed paper and weigh it again 

(B g). Pour the sample (oil paper not included) in a beaker glass special for analysis of crude 

fiber and add 0.3 N H2SO4 50 ml using a cylinder, simmer for 30 minutes.  

23. Quickly add 25 ml of 1.5 N NaOH and boil again for 25 minutes.  

24. Sooner added 0.5 g of EDTA and then simmer again for 5 minutesi.  

25. Turn off the heater button. Take a beaker glass.  

26. Filter with cup filtration which has been filled with sand previously.  

27. Clean the beaker glass  with hot distilled water as little as possible until all solution into the 

cup filtration.  

28. Add 50 ml of HCl 0.3 N, let stand 1 minute then sucked by the pump vacuum.  

29. Add 10 ml acetone and sucked by a vacuum pump.  

30. Added another 40 ml of acetone, let stand 1 minute and then sucked until dry.  

31. Oven at 140 °C for 1.5 hours, then put into desiccator for 1 hour and weighed accurately (C 

g).  

32. Enter into the furnace 550-600 °C for 2 hours, remove it with pliers clamp and reinsert it in 

desiccator, let stand for 1 hour and weigh carefully (D g).  

 

Calculation:  

Crude Fiber (%) = C - D x 100%  

        B - A 

Statement:  

A = weight of oil paper  

B = weight of oil paper + sample  

C = beaker glass + sample after oven  

D = beaker glass + sample after furnace  

 

F. Crude Fat Content Analysis 

1. Beaker glass put in the oven with a temperature of 105 °C for 1 hour. Beaker glass has already 

filled with boiling stones then put in desiccator for 1 hour and weighed accurately (A g)  

2. ± 5 g sample is weighed and put into a special appliance porcelain (B g)  

3. Put 30 ml of n-hexaan into the beaker glass   

4. Beaker glass and appliance porcelain are plugged into the extraction tool  

5. Extracted for 4 hours  

6. Appliance porcelain with samples are taken and replaced with a special pumpkin for collect 

hexaan again, left a little rest.  

7. Beaker glass and grease are put in vacuum oven (80 °C), then sucked the air from oven, 

beaker glass put in the oven for 1½ hours  

8. Put in desiccator for 1 hour, and weighed carefully (C g).  

 

Calculation:  

Crude Fat (%) = C - A x 100%  

        B 
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Statement:  

A = weight of beaker glass  

B = weight of sample  

C = weight of beaker glass + sample after oven 

 

G. Gross Energy Analysis 

1. Samples are formed as pellets weighing approximately 1-1.5 g (A g).  

2. Weigh the wire 7-10 cm (B g).  

3. Place the cup in the crucible.  

4. Wire is mounted on the bomb. Connect samples with wire using threads.  

5. Weigh the water as much as 2000 grams pour into the bucket. 

6. Fill bomb with 5 atm O2 then remove and then filled again with 25-30 atm O2. Tightened the 

screws on the bomb. Put a bomb to in the bucket.  

7. Insert the bucket into the jacket and closed  

8. Check the stirrer and thermometer.  

9. Connect the electric current.  

10. Wait until the temperature becomes constant, and note (T1).  

11. Press the combustion.  

12. Record the final temperature after 7-10 minutes (T2).  

13. Turn off the flow of electricity.  

14. Open the lid and remove the bomb jacket.  

15. Remove oxygen from the bomb (at least 1 minute).  

16. Wash the bomb inside, crucible and attach of a wire, with aquadest in order to achieve the 

volume of approximately 50 ml. Pour The aquadest in a beaker glass and add 2-3 drops of 

indicator.  

17. Titrate with 0.1 N NaOH. Weigh the rest of the wire (C g). 

 

Calculation: 

GE (kcal/kg) = [(T2-T1) 1325.605] – [13.8 (ml NaOH)(N)] – [(B – C) (1400)] 

      A  

 

Statement: 

T1 : first temperature 

T2 : last temperature 

A  : weight of sample 

B  : weight of wire 

C  : weight of rest wire 

 

H. Bulk Density Analysis 

1. The sample is filled into a beaker glass (1000 ml).  

2. The sample is weighed without beaker glass. 

 

Calculation: 

Bulk Density (g/l) = Sample Weight 

         Volume (1000 ml) 
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Appendix 2. The Calculation Analysis of Variance of Dry Matter 

 

Ratio 
Incubation 

Time 

Replications 
Sum Average SD Total 

1 2 3 

P1 

T1 91.59 91.67 90.09 273.3 91.12 0.89 

1371.78 

T2 84.04 89.90 91.63 265.5 88.52 3.97 

T3 94.03 92.91 92.03 278.9 92.99 1.001 

T4 93.40 93.13 92.18 278.7 92.91 0.64 

T5 91.96 91.40 91.75 275.1 91.70 0.28 

P2 

T1 90.55 90.10 89.97 270.6 90.21 0.30 

1358.16 

T2 83.87 89.81 89.81 263.5 87.83 3.42 

T3 92.03 92.28 92.08 276.4 92.13 0.12 

T4 92.56 90.59 91.40 274.5 91.52 0.99 

T5 91.32 91.28 90.42 273.0 91.01 0.50 

P3 

T1 89.03 88.27 88.64 265.9 88.65 0.38 

1343.29 

T2 88.29 88.90 88.53 265.7 88.58 0.30 

T3 91.60 90.89 90.53 273.0 91.00 0.54 

T4 90.09 86.63 89.95 266.6 88.89 1.95 

T5 90.48 91.05 90.34 271.8 90.62 0.37 

P4 

T1 89.02 88.02 89.59 266.6 88.88 0.79 

1345.95 

T2 88.61 88.40 88.04 265.0 88.35 0.28 

T3 92.17 90.32 91.43 273.9 91.31 0.93 

T4 90.10 89.84 90.82 270.7 90.25 0.50 

T5 89.89 89.88 89.77 269.5 89.84 0.06 

P5 

T1 89.16 88.63 87.40 265.2 88.40 0.90 

1331.16 

T2 87.88 87.37 87.93 263.1 87.73 0.31 

T3 91.33 90.16 90.51 272.0 90.67 0.59 

T4 88.90 89.43 89.87 268.2 89.40 0.48 

T5 88.55 88.25 85.73 262.5 87.51 1.54 

Total 
      

6750.33 

 

CF = (        
   

 
   

 
   )

2 
/ (abr) 

      = (6750.33)
2 
/ (5

 
x 5 x 3) 

      = 607560 

SS Total =         
   

 
   

 
   

2 
– CF  

  
  
= (91.59

2 
+ 91.67

2 
+ 90.09

2 
+...+ 85.73

2 
) – 607560  

    = 272.81 
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SS P =           
   

 
   

 
   

2 
/ br – CF  

         = (1371.78² + 1358.16² + 1343.29² + 1345.95² + 1331.16²) / (5 x 3) – 607560  

         = 63.81 

SS T-P1 =          
   

 
       –               

   
 
    

    = (273.3² + 265.5² + 278.9² + 278.7² + 275.1²) /3 – (1371.78)²/ (5 x 3) 

    = 39.67 

SS T-P2 =          
   

 
       –               

   
 
    

    = (270.6²+ 263.5² + 276.4² + 274.5² + 273.0²) /3 – (1358.16)²/ (5 x 3) 

    = 33.49 

SS T-P3 =          
   

 
       –               

   
 
    

    = (265.9²+ 265.7² + 273.0² + 266.6² + 271.8²) /3 – (1343.29)²/ (5 x 3) 

    = 16.36 

SS T-P4 =          
   

 
       –               

   
 
    

    = (266.6²+ 265.0² + 273.9² + 270.7² + 269.5²) /3 – (1345.95)²/ (5 x 3) 

    = 16.20 

SS T-P5 =          
   

 
       –               

   
 
    

    = (65.2²+ 263.19² + 272.0² + 268.2² + 262.5²) /3 – (1331.16)²/ (5 x 3) 

    = 20.38 

SS T-P = SS T-P1 + SST-P2 + SS T-P3 + SS T-P4 + SS T-P5 

 = 39.67 + 33.49 + 16.36 + 16.20 + 20.38 

 = 126.13 

SS Error = SS total – SS P – SS T-P  

    = 272.8 – 63.81 –  126.13 

    = 82.86 

SV df SS MS F F0.05 F0.01 Sig 

P 4 63.81 15.95 9.62 2.56 3.72 ** 

T-P 20 126.13 6.30 3.80 1.78 2.26 ** 

Error 50 82.86 1.65 
    

Total 74 272.81 
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Treatment Average SD 

P1 91.45 2.32 

P2 90.54 2.06 

P3 89.55 1.34 

P4 89.72 1.19 

P5 88.74 1.41 

 

SE =  
        

 
 

      =  
       

  
 

      = 0.33239 

Value 2 3 4 5 

JND 1% 3.82 3.99 4.1 4.17 

JNT 1% 1.26973 1.32623 1.36279 1.386061 

 

Treatment Average Notation 

P5 88.74 a 

P3 89.55   ab 

P4 89.72   ab 

P2 90.54     b 

P1 91.45      c 

 

SE =  
        

 
 

      =  
       

 
 

      = 0.74324 

Value 2 3 4 5 

JND 1% 3.82 3.99 4.1 4.17 

JNT 1% 2.83919 2.96554 3.0473 3.099327 
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Treatment Average Notation 

P1 

T2 88.52 a 

T1 91.12   ab 

T5 91.70      b 

T4 92.91      b 

T3 92.99      b 

P2 

T2 87.83 a 

T1 90.21   ab 

T5 91.01      b 

T4 91.52      b 

T3 92.13      b 

P3 

T2 88.58 a 

T1 88.65   ab 

T4 88.89   ab 

T5 90.62      b 

T3 91.00      b 

P4 

T2 88.35 a 

T1 88.88 a 

T5 89.84 a 

T4 90.25 a 

T3 91.31 a 

P5 

T5 87.51 a 

T2 87.73   ab 

T1 88.40   ab 

T4 89.40   ab 

T3 90.67      b 
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Appendix 3. The Calculation Analysis of Variance of Organic Matter 

 

Ratio 
Incubation 

time 

Replications 
Sum Average SD Total 

1 2 3 

P1 

T1 68.40 68.40 67.12 203.9 67.97 0.73 

1024.22 

T2 58.85 66.70 68.50 194.0 64.69 5.13 

T3 70.94 70.31 69.19 210.4 70.15 0.88 

T4 70.73 70.49 69.51 210.7 70.25 0.64 

T5 69.16 68.52 67.31 205.0 68.33 0.93 

P2 

T1 71.34 71.28 71.06 213.6 71.23 0.14 

1080.9 

T2 64.80 72.02 70.91 207.7 69.24 3.88 

T3 73.69 73.76 74.29 221.7 73.91 0.33 

T4 74.50 72.02 73.43 219.9 73.32 1.24 

T5 73.00 72.69 72.05 217.7 72.58 0.48 

P3 

T1 74.52 73.57 74.39 222.4 74.16 0.51 

1125.39 

T2 72.27 74.25 74.18 220.7 73.57 1.12 

T3 77.76 76.80 75.27 229.8 76.61 1.25 

T4 76.48 72.75 73.79 223.0 74.34 1.92 

T5 76.15 77.29 75.86 229.3 76.43 0.75 

P4 

T1 79.78 77.75 80.02 237.5 79.18 1.24 

1190.12 

T2 79.22 78.46 77.31 235.0 78.33 0.96 

T3 80.48 76.87 81.68 239.0 79.68 2.50 

T4 81.19 81.01 77.69 239.9 79.96 1.97 

T5 80.94 80.64 77.01 238.6 79.53 2.18 

P5 

T1 84.18 83.34 82.54 250.0 83.36 0.82 

1229.5 

T2 82.92 78.30 76.18 237.4 79.13 3.44 

T3 82.96 83.16 85.12 251.2 83.74 1.19 

T4 82.92 82.05 81.96 246.9 82.31 0.52 

T5 82.55 81.92 79.32 243.8 81.27 1.71 

Total 
      

5650.14 

 

CF = (        
   

 
   

 
   )

2 
/ (abr) 

      = (5650.14)
2 
/ (5

 
x 5 x 3) 

      = 425655 

SS Total =         
   

 
   

 
   

2 
– CF  

  
  
= (68.40²+ 68.40

2 
+ 67.12

2 
+...+ 79.32

2 
) – 425655  

    = 2157.38 
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SS P =           
   

 
   

 
   

2 
/ br – CF  

         = (1024.22² + 1080.9² + 1125.39² + 1190.12² + 1229.5²) / (5 x 3) – 425655   

         = 1809.1 

SS T-P1 =          
   

 
       –               

   
 
    

    = (203.9² + 194.0² + 210.4² + 210.7² + 205.0²) /3 – (1024.22)²/ (5 x 3) 

    = 61.10 

SS T-P2 =          
   

 
       –               

   
 
    

    = (213.6²+ 207.7² + 221.7² + 219.9² + 217.7²) /3 – (1080.9)²/ (5 x 3) 

    = 41.75 

SS T-P3 =          
   

 
       –               

   
 
    

    = (222.4²+ 220.7² + 229.8² + 223.0² + 229.3²) /3 – (1125.39)²/ (5 x 3) 

    = 23.52 

SS T-P4 =          
   

 
       –               

   
 
    

    = (237.5²+ 235.0² + 239.0² + 239.9² + 238.6²) /3 – (1190.12)²/ (5 x 3) 

    = 4.73 

SS T-P5 =          
   

 
       –               

   
 
    

    = (250.0²+ 237.4² + 251.2² + 246.9² + 243.8²) /3 – (1229.5)²/ (5 x 3) 

    = 41.15 

SS T-P = SS T-P1 + SST-P2 + SS T-P3 + SS T-P4 + SS T-P5 

 = 61.10 + 41.75 + 23.52 + 4.73 + 41.15 

 = 172.28 

SS Error = SS total – SS P – SS T-P  

    = 2157.38 – 1809.1 – 172.28 

    = 175.99 
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SV df SS MS F F0.05 F0.01 Sig 

P 4 1809.1 452.27 128.49 2.56 3.72 ** 

T-P 20 172.28 8.61 2.44 1.78 2.26 ** 

Error 50 175.99 3.51 
    

Total 74 2157.38 
     

 

Treatment Average SD 

P1 68.2816 2.91 

P2 72.06 2.32 

P3 75.02 1.65 

P4 79.34 1.68 

P5 81.96 2.32 

 

SE =  
        

 
 

      =  
    

  
 

      = 0.48441 

Value 2 3 4 5 

JND 1% 3.82 3.99 4.1 4.17 

JNT 1% 1.85046 1.93281 1.9861 2.02001 

 

Treatment Average Notation 

P1 68.28 a 

P2 72.06    b 

P3 75.02       c 

P4 79.34          d 

P5 81.96              e 

 

SE =  
        

 
 

      =  
    

 
 

      = 1.08318 

Value 2 3 4 5 

JND 1% 3.82 3.99 4.1 4.17 

JNT 1% 4.13776 4.3219 4.44105 4.51687 
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Treatment Average Notation 

P1 

T2 64.69 a 

T1 67.97   ab 

T5 68.33   ab 

T3 70.15     b 

T4 70.25     b 

P2 

T2 69.24 a 

T1 71.23   ab 

T5 72.58   ab 

T4 73.32   ab 

T3 73.91     b 

P3 

T2 73.57 a 

T1 74.16 a 

T4 74.34 a 

T5 76.43 a 

T3 76.61 a 

P4 

T2 78.33 a 

T1 79.18 a 

T5 79.53 a 

T3 79.68 a 

T4 79.96 a 

P5 

T2 79.13 a 

T5 81.27   ab 

T4 82.31   ab 

T1 83.36   ab 

T3 83.74     b 
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Appendix 4. The Calculation Analysis of Variance of Crude Protein 

 

Ratio 
Incubation 

Time 

Replications 
Sum Average SD Total 

1 2 3 

P1 

T1 24.17 24.19 23.78 72.15 24.05 0.23 

356.41 

T2 22.00 23.53 23.99 69.52 23.17 1.04 

T3 24.33 24.05 23.82 72.21 24.07 0.25 

T4 24.04 23.97 23.82 71.83 23.94 0.11 

T5 23.62 23.47 23.57 70.67 23.55 0.07 

P2 

T1 17.65 17.57 17.54 52.77 17.59 0.05 

269.82 

T2 16.95 18.15 18.15 53.27 17.75 0.69 

T3 18.52 18.57 18.53 55.63 18.54 0.02 

T4 18.07 17.68 17.56 53.31 17.77 0.26 

T5 18.33 18.32 18.15 54.81 18.27 0.10 

P3 

T1 12.27 12.16 12.20 36.64 12.21 0.05 

186.68 

T2 12.30 12.38 12.33 37.02 12.34 0.04 

T3 12.82 12.71 12.66 38.21 12.73 0.07 

T4 12.43 11.95 12.41 36.81 12.27 0.27 

T5 12.64 12.72 12.62 37.99 12.66 0.05 

P4 

T1 7.00 6.92 7.04 20.96 6.98 0.06 

109.06 

T2 6.91 6.89 6.87 20.68 6.89 0.02 

T3 8.27 8.11 8.21 24.60 8.20 0.08 

T4 7.06 7.047 7.12 21.23 7.07 0.03 

T5 7.19 7.19 7.18 21.56 7.18 0.005 

P5 

T1 1.91 1.90 1.87 5.68 1.89 0.01 

30.14 

T2 1.87 1.86 1.87 5.60 1.86 0.006 

T3 2.21 2.19 2.19 6.60 2.20 0.01 

T4 2.04 2.05 2.06 6.16 2.05 0.01 

T5 2.05 2.04 1.98 6.08 2.02 0.03 

Total 
      

952.13 

 

CF = (        
   

 
   

 
   )

2 
/ (abr) 

      = (952.13)
2 
/ (5

 
x 5 x 3) 

      = 12087.5 

SS Total =         
   

 
   

 
   

2 
– CF  

  
  
= (24.17²+ 24.19

2 
+ 23.78

2 
+...+ 1.98

2 
) – 12087.5 

    = 4423.67 
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SS P =           
   

 
   

 
   

2 
/ br – CF  

         = (356.41² + 269.82² + 186.68² + 109.06² + 30.14²) / (5 x 3) – 12087.5 

         = 4411.87 

SS T-P1 =          
   

 
       –               

   
 
    

    = (72.15² + 69.52² + 72.21² + 71.83² + 23.55²) /3 – (356.41)²/ (5 x 3) 

    = 1.79 

SS T-P2 =          
   

 
       –               

   
 
    

    = (52.77²+ 53.27² + 55.63² + 53.31² + 54.81²) /3 – (269.82)²/ (5 x 3) 

    = 1.93 

SS T-P3 =          
   

 
       –               

   
 
    

    = (36.64²+ 37.02² + 38.21² + 36.81² + 37.99²) /3 – (186.68)²/ (5 x 3) 

    = 0.68 

SS T-P4 =          
   

 
       –               

   
 
    

    = (20.96²+ 20.68² + 24.60² + 21.23² + 21.56²) /3 – (109.06)²/ (5 x 3) 

    = 3.38 

SS T-P5 =          
   

 
       –               

   
 
    

    = (5.68²+ 5.60² + 6.60² + 6.16² + 6.08²) /3 – (30.14)²/ (5 x 3) 

    = 0.21 

SS T-P = SS T-P1 + SST-P2 + SS T-P3 + SS T-P4 + SS T-P5 

 = 1.79 + 1.93 + 0.68 + 3.38 + 0.21 

 = 8.01 

SS Error = SS total – SS P – SS T-P  

    = 4423.67 – 4411.87 – 8.01 

    = 3.78 
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SV df SS MS F F0.05 F0.01 Sig 

P 4 4411.87 1102.97 14583.7 2.56 3.72 ** 

T-P 20 8.01 0.40 5.30 1.78 2.26 ** 

Error 50 3.78 0.07 
    

Total 74 4423.67 
     

 

Treatment Average SD 

P1 23.76 0.55 

P2 17.98 0.46 

P3 12.44 0.24 

P4 7.270 0.49 

P5 2.00 0.12 

 

SE =  
        

 
 

      =  
    

  
 

      = 0.07101 

Value 2 3 4 5 

JND 1% 3.82 3.99 4.1 4.17 

JNT 1% 0.27125 0.28332 0.29113 0.2961 

 

Treatment Average Notation 

P5 2.00 a 

P4 7.27     b 

P3 12.44         c 

P2 17.98             d 

P1 23.76                 e 

 

SE =  
        

 
 

      =  
    

 
 

      = 0.15878 

Value 2 3 4 5 

JND 1% 3.82 3.99 4.1 4.17 

JNT 1% 0.60653 0.63352 0.65098 0.6621 
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Treatment Average Notation 

P1 

T2 23.17 a 

T5 23.55   ab 

T4 23.94      b 

T1 24.05      b 

T3 24.07      b 

P2 

T1 17.59 a 

T2 17.75 a 

T4 17.77 a 

T5 18.27   ab 

T3 18.54      b 

P3 

T1 12.21 a 

T4 12.27 a 

T2 12.34 a 

T5 12.66 a 

T3 12.73 a 

P4 

T2 6.89 a 

T1 6.98 a 

T4 7.07 a 

T5 7.18 a 

T3 8.20    b 

P5 

T2 1.86 a 

T1 1.89 a 

T5 2.02 a 

T4 2.05 a 

T3 2.20 a 
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Appendix 5.The Calculation Analysis of Variance of Crude Fiber 

 

Ratio 
Incubation 

Time 

Replications 
Sum Average SD Total 

1 2 3 

P1 

T1 11.45 11.84 11.26 34.56 11.52 0.29 

158.69 

T2 9.28 9.93 10.12 29.35 9.78 0.43 

T3 10.87 10.74 10.64 32.25 10.75 0.11 

T4 10.58 10.55 10.45 31.59 10.53 0.07 

T5 10.33 10.27 10.31 30.92 10.30 0.03 

P2 

T1 12.83 12.76 12.74 38.34 12.78 0.04 

190.87 

T2 11.83 12.67 12.67 37.19 12.39 0.48 

T3 12.60 12.63 12.61 37.85 12.61 0.01 

T4 13.67 13.14 13.65 40.47 13.49 0.29 

T5 12.37 12.37 12.25 37.00 12.33 0.06 

P3 

T1 13.97 13.85 13.91 41.75 13.91 0.05 

206.69 

T2 13.94 14.04 13.09 41.08 13.69 0.52 

T3 14.30 14.18 14.13 42.62 14.20 0.08 

T4 13.67 13.14 13.65 40.47 13.49 0.29 

T5 13.56 13.65 13.54 40.75 13.58 0.05 

P4 

T1 14.98 14.82 15.08 44.89 14.96 0.13 

225.00 

T2 14.70 14.67 14.61 43.99 14.66 0.04 

T3 15.70 15.38 15.57 46.66 15.55 0.15 

T4 14.70 14.65 14.81 44.17 14.72 0.08 

T5 15.10 15.09 15.07 45.27 15.09 0.01 

P5 

T1 16.63 16.54 16.31 49.49 16.49 0.16 

250.88 

T2 16.08 15.99 16.09 48.18 16.06 0.05 

T3 17.83 17.60 17.67 53.12 17.70 0.11 

T4 16.82 16.92 17.00 50.75 16.91 0.09 

T5 16.30 16.24 16.78 49.33 16.44 0.29 

Total 
      

1032.15 

 

CF = (        
   

 
   

 
   )

2 
/ (abr) 

      = (1032.15)
2 
/ (5

 
x 5 x 3) 

      = 14204.4 

SS Total =         
   

 
   

 
   

2 
– CF  

  
  
= (11.45²+ 11.84

2 
+ 11.26

2 
+...+ 16.78

2 
) – 14204.4 

    = 339.90 
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SS P =           
   

 
   

 
   

2 
/ br – CF  

         = (158.69² + 190.87² + 206.69² + 225.00² + 250.88²) / (5 x 3) – 14204.4 

         = 322.83 

SS T-P1 =          
   

 
       –               

   
 
    

    = (34.56² + 29.35² + 32.25² + 31.59² + 30.92²) /3 – (158.69)²/ (5 x 3) 

    = 4.87 

SS T-P2 =          
   

 
       –               

   
 
    

    = (38.34²+ 37.19² + 37.85² + 40.47² + 37.00²) /3 – (190.87)²/ (5 x 3) 

    = 2.58 

SS T-P3 =          
   

 
       –               

   
 
    

    = (41.75²+ 41.08² + 42.62² + 40.47² + 40.75²) /3 – (206.69)²/ (5 x 3) 

    = 0.99 

SS T-P4 =          
   

 
       –               

   
 
    

    = (44.89²+ 43.99² + 46.66² + 44.17² + 45.27²) /3 – (225.00)²/ (5 x 3) 

    = 1.51 

SS T-P5 =          
   

 
       –               

   
 
    

    = (49.49²+ 48.18² + 53.12² + 50.75² + 49.33²) /3 – (250.88)²/ (5 x 3) 

    = 4.72 

SS T-P = SS T-P1 + SST-P2 + SS T-P3 + SS T-P4 + SS T-P5 

 = 4.87+ 2.58 + 0.99 + 1.51 + 4.72 

 = 14.68 

SS Error = SS total – SS P – SS T-P  

    = 339.90 – 322.83 – 14.68 

    = 2.39 
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SV df SS MS F F0.05 F0.01 Sig 

P 4 322.83 80.70 1688.05 2.56 3.72 ** 

T-P 20 14.68 0.73 15.35 1.78 2.26 ** 

Error 50 2.39 0.04 
    

Total 74 339.90 
     

 

Treatment Average SD 

P1 10.57 0.62 

P2 12.72 0.48 

P3 13.77 0.35 

P4 15.00 0.33 

P5 16.72 0.59 

 

SE =  
        

 
 

      =  
    

  
 

      = 0.05646 

Value 2 3 4 5 

JND 1% 3.82 3.99 4.1 4.17 

JNT 1% 0.21567 0.22527 0.23148 0.23543 

 

Treatment Average Notation 

P1 10.57 a 

P2 12.72     b 

P3 13.77       c 

P4 15.00          d 

P5 16.72             e 

 

SE =  
        

 
 

      =  
    

 
 

      = 0.12624 

Value 2 3 4 5 

JND 1% 3.82 3.99 4.1 4.17 

JNT 1% 0.48225 0.50371 0.5176 0.52643 
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Treatment Average Notation 

P1 

T2 9.78 a 

T5 10.30    b 

T4 10.53    b 

T3 10.75    b 

T1 11.52       c 

P2 

T5 12.33 a 

T2 12.39 a 

T3 12.61 a 

T1 12.78 a 

T4 13.49    b 

P3 

T4 13.49 a 

T5 13.58 a 

T2 13.69 a 

T1 13.91   b 

T3 14.20    b 

P4 

T2 14.66 a 

T4 14.72 a 

T1 14.96 a 

T5 15.09   b 

T3 15.55    b 

P5 

T2 16.06 a 

T5 16.44   ab 

T1 16.49   ab 

T4 16.91      b 

T3 17.70         c 
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Appendix 6. The Calculation Analysis of Variance of Crude Fat 
 

Ratio 
Incubation 

Time 

Replications 
Sum Average SD Total 

1 2 3 

P1 

T1 13.68 13.69 13.45 40.83 13.61 0.13 

207.74 

T2 12.74 13.63 13.89 40.26 13.42 0.60 

T3 14.38 14.21 14.08 42.69 14.23 0.15 

T4 14.33 14.28 14.14 42.76 14.25 0.09 

T5 13.76 13.68 13.73 41.18 13.72 0.04 

P2 

T1 10.13 10.08 10 30.30 10.10 0.03 

153.98 

T2 9.417 10.08 10.08 29.58 9.86 0.38 

T3 10.50 10.53 10.50 31.54 10.51 0.01 

T4 10.43 10.21 10.30 30.94 10.31 0.11 

T5 10.57 10.56 10.46 31.60 10.53 0.05 

P3 

T1 6.89 6.83 6.86 20.59 6.86 0.02 

104.37 

T2 6.96 7.01 6.98 20.97 6.99 0.02 

T3 7.12 7.06 7.03 21.22 7.07 0.04 

T4 6.83 6.57 6.82 20.24 6.74 0.14 

T5 7.10 7.14 7.09 21.34 7.11 0.02 

P4 

T1 3.21 3.17 3.23 9.62 3.20 0.02 

52.02 

T2 3.63 3.62 3.60 10.86 3.62 0.01 

T3 3.62 3.54 3.59 10.76 3.58 0.03 

T4 3.58 3.57 3.60 10.76 3.58 0.02 

T5 3.33 3.33 3.33 10.01 3.33 0.002 

P5 

T1 0.136 0.13 0.13 0.40 0.13 0.001 

2.69 

T2 0.20 0.20 0.20 0.61 0.20 0.0007 

T3 0.19 0.19 0.19 0.59 0.19 0.001 

T4 0.16 0.16 0.17 0.50 0.16 0.0009 

T5 0.19 0.18 0.18 0.56 0.18 0.003 

Total 
      

520.82 

 

CF = (        
   

 
   

 
   )

2 
/ (abr) 

      = (520.82)
2 
/ (5

 
x 5 x 3) 

      = 3616.75 

SS Total =         
   

 
   

 
   

2 
– CF  

  
  
= (13.68²+ 13.69

2 
+ 13.45

2 
+...+ 0.18

2 
) – 3616.75 

    = 1752.94 
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SS P =           
   

 
   

 
   

2 
/ br – CF  

         = (207.74² + 153.98² + 104.37² + 52.02² + 2.69²) / (5 x 3) – 3616.75 

         = 1748.35 

SS T-P1 =          
   

 
       –               

   
 
    

    = (40.83² + 40.26² + 42.69² + 42.76² + 41.18²) /3 – (207.74)²/ (5 x 3) 

    = 1.68 

SS T-P2 =          
   

 
       –               

   
 
    

    = (30.30²+ 29.58² + 31.54² + 30.94² + 31.60²) /3 – (153.98)²/ (5 x 3) 

    = 0.98 

SS T-P3 =          
   

 
       –               

   
 
    

    = (20.59 ² + 20.97² + 21.22² + 20.24² + 21.34²) /3 – (104.37)²/ (5 x 3) 

    = 0.27 

SS T-P4 =          
   

 
       –               

   
 
    

    = (9.62²+ 10.86² + 10.76² + 10.76² + 10.01²) /3 – (52.02)²/ (5 x 3) 

    = 0.40 

SS T-P5 =          
   

 
       –               

   
 
    

    = (0.40² + 0.61² + 0.59² + 0.50² + 0.56²) /3 – (250.88)²/ (5 x 3) 

    = 0.009 

SS T-P = SS T-P1 + SST-P2 + SS T-P3 + SS T-P4 + SS T-P5 

 = 1.68 + 0.98 + 0.27 + 0.40 + 0.009 

 = 3.36 

SS Error = SS total – SS P – SS T-P  

    = 1752.94 – 1748.35 – 3.36 

    = 1.22 
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SV df SS MS F F0.05 F0.01 Sig 

P 4 1748.35 437.08 17899 2.56 3.72 ** 

T-P 20 3.36 0.16 6.89 1.78 2.26 ** 

Error 50 1.22 0.02 
    

Total 74 1752.94 
     

 

Treatment Average SD 

P1 13.84 0.42 

P2 10.26 0.30 

P3 6.95 0.15 

P4 3.46 0.17 

P5 0.17 0.02 

 

SE =  
        

 
 

      =  
    

  
 

      = 0.04035 

Value 2 3 4 5 

JND 1% 3.82 3.99 4.1 4.17 

JNT 1% 0.15413 0.16099 0.16543 0.16825 

 

Treatment Average Notation 

P5 0.17 a 

P4 3.46    b 

P3 6.95       c 

P2 10.26          d 

P1 13.84             e 

 

SE =  
        

 
 

      =  
    

 
 

      = 0.09022 

Value 2 3 4 5 

JND 1% 3.82 3.99 4.1 4.17 

JNT 1% 0.34465 0.35998 0.36991 0.37622 
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Treatment Average Notation 

P1 

T2 13.42 a 

T1 13.61 a 

T5 13.72 a 

T4 14.25    b 

T3 14.23    b 

P2 

T2 9.86 a 

T1 10.10   ab 

T4 10.31     b 

T3 10.51     b 

T5 10.53     b 

P3 

T4 6.74 a 

T1 6.86 a 

T2 6.99 a 

T3 7.07 a 

T5 7.11 a 

P4 

T1 3.20 a 

T5 3.33   ab 

T4 3.58     b 

T3 3.58     b 

T2 3.62     b 

P5 

T1 0.13 a 

T4 0.16 a 

T5 0.18 a 

T3 0.19 a 

T2 0.20 a 
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Appendix 7. The Calculation Analysis of Variance of Gross Energy 

 

Ratio 
Incubation 

Time 

Replications 
Sum Average SD Total 

1 2 3 

P1 

T1 3735.03 3738.31 3673.88 11147.2 3715.74 36.28 

54061.3 

T2 3495.71 3739.24 3811.36 11046.3 3682.1 165.4 

T3 3521.05 3502.34 3469.13 10492.5 3497.51 26.29 

T4 3819.26 3808.03 3769.21 11396.5 3798.83 26.26 

T5 3335.68 3315.05 3328 9978.73 3326.24 10.42 

P2 

T1 3575.44 3557.85 3552.69 10686 3561.99 11.92 

52465.3 

T2 3427.76 3670.21 3670.22 10768.2 3589.4 139.9 

T3 3463.28 3472.48 3465.02 10400.8 3466.93 4.887 

T4 3435.92 3362.66 3392.86 10191.4 3397.15 36.81 

T5 3484.93 3483.4 3450.55 10418.9 3472.96 19.42 

P3 

T1 3406.83 3377.71 3392.04 10176.6 3392.19 14.56 

49485.6 

T2 3463.87 3487.84 3473.21 10424.9 3474.97 12.08 

T3 3136.69 3111.77 3099.4 9347.86 3115.95 18.99 

T4 3318.19 3190.9 3313.14 9822.23 3274.08 72.07 

T5 3232.87 3253.21 3227.96 9714.04 3238.01 13.38 

P4 

T1 3181.84 3146.25 3202.47 9530.56 3176.85 28.43 

44438.5 

T2 3201.1 3193.51 3180.84 9575.45 3191.82 10.23 

T3 2692.24 2638.27 2670.74 8001.25 2667.08 27.17 

T4 2947 2938.45 2970.58 8856.03 2952.01 16.64 

T5 2826.46 2826.1 2822.63 8475.19 2825.06 2.115 

P5 

T1 2858.45 2841.55 2802.19 8502.19 2834.06 28.86 

44076.4 

T2 3174.77 3156.23 3176.64 9507.64 3169.21 11.28 

T3 3153.96 3113.66 3125.93 9393.55 3131.18 20.65 

T4 2690.95 2706.94 2720.25 8118.14 2706.05 14.67 

T5 2885.41 2875.8 2793.68 8554.89 2851.63 50.41 

Total 
      

244527 

 

CF = (        
   

 
   

 
   )

2 
/ (abr) 

      = (244527)
2 
/ (5

 
x 5 x 3) 

      = 797246506 

SS Total =         
   

 
   

 
   

2 
– CF  

  
  
= (3735.03² + 3738.31

2 
+ 3673.88

2 
+...+ 2793.68

2 
) – 797246506 

    = 7495164.7 
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SS P =           
   

 
   

 
   

2 
/ br – CF  

         = (54061.3² + 52465.3² + 49485.6² + 44438.5² + 44076.4²) / (5 x 3) – 797246506 

         = 5524330.6 

SS T-P1 =          
   

 
       –               

   
 
    

    = (11147.2² + 11046.3² + 10492.5² + 11396.5² + 9978.73²) /3 – (54061.3)²/ (5 x 3) 

    = 435106.64 

SS T-P2 =          
   

 
       –               

   
 
    

    = (10686² + 10768.2² + 10400.8² + 10191.4² + 10418.9²) /3 – (52465.3)²/ (5 x 3) 

    = 72635.84 

SS T-P3 =          
   

 
       –               

   
 
    

    = (10176.6² + 10424.9² + 9347.86² + 9822.23² + 9714.04²) /3 – (49485.6)²/ (5 x 3) 

    = 232494.69 

SS T-P4 =          
   

 
       –               

   
 
    

    = (9530.56² + 9575.45² + 8001.25² + 8856.03² + 8475.19²) /3 – (44438.5)²/ (5 x 3) 

    = 614410.04 

SS T-P5 =          
   

 
       –               

   
 
    

    = (8502.19² + 9507.64² + 9393.55² + 8118.14² + 8554.89²) /3 – (44076.4)²/ (5 x 3) 

    = 488530.35 

SS T-P = SS T-P1 + SST-P2 + SS T-P3 + SS T-P4 + SS T-P5 

 = 435106.64 + 72635.84 + 232494.69 + 614410.04 + 488530.35 

 = 1843177.6 

SS Error = SS total – SS P – SS T-P  

    = 7495164.7 – 5524330.6 – 1843177.6 

    = 127656.54 
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SV df SS MS F F0.05 F0.01 Sig 

P 4 5524331 1381083 540.93 2.56 3.72 ** 

T-P 20 1843178 92158.9 36.09 1.78 2.26 ** 

Error 50 127657 2553.13 
    

Total 74 7495165 
     

 

Treatment Average SD 

P1 3604.09 188.11 

P2 3497.68 90.87 

P3 3299.04 132.20 

P4 2962.57 210.14 

P5 2938.43 188.38 

 

SE =  
        

 
 

      =  
       

  
 

      = 13.0464 

Value 2 3 4 5 

JND 1% 3.82 3.99 4.1 4.17 

JNT 1% 49.8373 52.0552 53.4903 54.4035 

 

Treatment Average Notation 

P5 2938.43 a 

P4 2962.57 a 

P3 3299.04    b 

P2 3497.68        c 

P1 3604.09           d 

 

SE =  
        

 
 

      =  
       

 
 

      = 29.1727 

 

Value 2 3 4 5 

JND 1% 3.82 3.99 4.1 4.17 

JNT 1% 111.44 116.399 119.608 121.65 
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Treatment Average Notation 

P1 

T5 3326.24 a 

T3 3497.51    b  

T2 3682.1       c 

T1 3715.74        cd 

T4 3798.83          d 

P2 

T4 3397.15 a 

T3 3466.93   ab 

T5 3472.96   ab 

T1 3561.99     b 

T2 3589.4     b 

P3 

T3 3115.95 a 

T5 3238.01    b 

T4 3274.08    b 

T1 3392.19       c 

T2 3474.97       c 

P4 

T3 2667.08 a 

T5 2825.06    b 

T4 2952.01       c 

T1 3176.85          d 

T2 3191.82          d 

P5 

T4 2706.05 a 

T1 2834.06    b 

T5 2851.63    b 

T3 3131.18       c 

T2 3169.21       c 
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Appendix 8. The Calculation Analysis of Variance of Bulk Density 

 

Ratio 
Incubation 

Time 

Replication 
Sum Average SD Total 

1 2 3 

P1 

T1 405.5 415.5 425.5 1246.5 415.5 10 

6340 

T2 422 416.5 417.5 1256 418.66 2.92 

T3 421 441.5 436.5 1299 433 10.68 

T4 419.5 423 426 1268.5 422.83 3.25 

T5 424 417.5 428.5 1270 423.33 5.53 

P2 

T1 346.5 345 345.5 1037 345.66 0.76 

5318.5 

T2 357 351.5 361.5 1070 356.66 5.00 

T3 351 362.5 363.5 1077 359 6.94 

T4 361 356.5 346.5 1064 354.66 7.42 

T5 367 351.5 352 1070.5 356.83 8.80 

P3 

T1 297 294 293.5 884.5 294.83 1.89 

4435 

T2 302.5 292 294 888.5 296.16 5.57 

T3 290 298.5 299 887.5 295.83 5.058 

T4 297.5 295.5 296 889 296.33 1.04 

T5 291.5 296.5 297.5 885.5 295.16 3.21 

P4 

T1 246 252 262.5 760.5 253.5 8.35 

3881.5 

T2 257 260 258 775 258.33 1.52 

T3 262.5 268 257.5 788 262.66 5.25 

T4 250 259.5 256 765.5 255.16 4.80 

T5 259.5 265.5 267.5 792.5 264.16 4.16 

P5 

T1 262.5 266 261.5 790 263.33 2.36 

3973.5 

T2 260 262.5 266 788.5 262.83 3.01 

T3 267 264.5 266 797.5 265.83 1.25 

T4 263.5 268 271 802.5 267.5 3.77 

T5 266.5 266.5 262 795 265 2.59 

Total 
      

23948.5 

 

CF = (        
   

 
   

 
   )

2 
/ (abr) 

      = (23948.5)
2 
/ (5

 
x 5 x 3) 

      = 7647075 

SS Total =         
   

 
   

 
   

2 
– CF  

  
  
= (405.5² + 415.5

2 
+ 425.5

2 
+...+ 262

2 
) – 7647075 

    = 289251 
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SS P =           
   

 
   

 
   

2 
/ br – CF  

         = (6340² + 5318.5² + 4435² + 3881.5² + 3973.5²) / (5 x 3) – 7647075 

         = 286659 

SS T-P1 =          
   

 
       –               

   
 
    

    = (1246.5² + 1256² + 1299² + 1268.5² + 1270²) /3 – (6340)²/ (5 x 3) 

    = 523.83 

SS T-P2 =          
   

 
       –               

   
 
    

    = (1037² + 1070² + 1077² + 1064² + 1070.5²) /3 – (5318.5)²/ (5 x 3) 

    = 325.26 

SS T-P3 =          
   

 
       –               

   
 
    

    = (884.5² + 888.5² + 887.5² + 889² + 885.5²) /3 – (4435)²/ (5 x 3) 

    = 5.00 

SS T-P4 =          
   

 
       –               

   
 
    

    = (760.5² + 775² + 788² + 765.5² + 792.5²) /3 – (3881.5)²/ (5 x 3) 

    = 255.76 

SS T-P5 =          
   

 
       –               

   
 
    

    = (790² + 788.5² + 797.5² + 802.5² + 795²) /3 – (3973.5)²/ (5 x 3) 

    = 43.1 

SS T-P = SS T-P1 + SST-P2 + SS T-P3 + SS T-P4 + SS T-P5 

 = 523.83 + 325.26 + 5.00 + 255.76 + 43.1 

 = 1152.97 

SS Error = SS total – SS P – SS T-P  

    = 289251 – 286659 – 1152.97 

    = 1439.17 

SV Df SS MS F F0.05 F0.01 Sig 

P 4 286659 71664.7 2489.8 2.56 3.72 ** 

T-P 20 1152.97 57.64 2.002 1.78 2.26 * 

Error 50 1439.17 28.78 
    

Total 74 289251 
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Treatment Average SD 

P1 422.66 8.66 

P2 354.56 7.26 

P3 295.66 3.25 

P4 258.76 6.18 

P5 264.9 2.89 

 

SE =  
        

 
 

      =  
     

  
 

      = 1.38524 

 Value 2 3 4 5 

JND 1% 3.82 3.99 4.1 4.17 

JNT 1% 5.29162 5.52711 5.67948 5.77645 

 

Treatment Average Notation 

P4 258.76 a 

P5 264.9     b 

P3 295.66         c 

P2 354.56             d 

P1 422.66                 e 

 

SE =  
        

 
 

      =  
     

 
 

      = 3.09749 

Value 2 3 4 5 

JND 5% 2.86 3.01 3.1 3.17 

JNT 5% 8.85882 9.32344 9.60222 9.81904 
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Treatment Average Notation 

P1 

T1 415.5 a 

T2 418.667 a 

T4 422.833 a 

T5 423.333 a 

T3 433     b 

P2 

T1 345.667 a 

T4 354.667    b 

T2 356.667    b 

T5 356.833    b 

T3 359    b 

P3 

T1 294.833 a 

T5 295.167 a 

T3 295.833 a 

T2 296.167 a 

T4 296.333 a 

P4 

T1 253.5 a 

T4 255.167   b 

T2 258.333    b 

T3 262.667    b 

T5 264.167    b 

P5 

T2 262.833 a 

T1 263.333 a 

T5 265 a 

T3 265.833 a 

T4 267.5 a 

 

 

 

 

 

 

 

 

 

 

 


