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ABSTRACT 

 This  study  aimed  to  find   protein  content  and  other components  such  as  fat, 

fiber, ash, and  moisture in feather meal by fermenting it with baker’s yeast  under  various  

pH  conditions  (5,6,7 ), with  different  yeast contents ( 0,  0.5,  1, 2 grams/100 g )  and  

fermentation  periods ( 24,  48,  72  hours ).   

 

 The  results  showed  that  protein  contents  in the pH  conditions tested  were 

77.26%, 76.78%,  77.02%, respectively;   yeast  contents  were  75.45%,  77.30%,  77.12%,  

77.29%, , respectively;   and  protein  contents for  the  different  fermentation  periods  were  

76.44%, 77.39%, 76.84%. Our  results showed  no  significant  differences  between  protein  

contents,  different  pH  conditions, yeast  contents, and  fermentation  periods in feather meal. 

Similarly,  there were  no  significant  differences  in  other  components. This  study   found  

that   pH  5   was  the  most  appropriate condition  for  yeast  to  grow in,  yeast  content  of  

0.5 grams/100 g.  was  an  optimal  amount  of  baker’s yeast,  and  the optimum  fermentation  

period  is  48  hours in  order  to  cut  costs  for  feed  production.  

 .  
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บทคัดยอ 

การศึกษาครั้งนี้มีจุดมุงหมาย  เพื่อศึกษาปริมาณโปรตีนในขนไกปนโดยการหมักดวย
ยีสตขนมปง โดยศึกษาสภาวะของการหมัก 3 สภาวะการทดลอง คือระดับพีเอช (5,6,7)   ปริมาณ
ยีสตขนมปง  (0,0.5,1,2 กรัม)  และระยะเวลา (24,48,72)ที่เหมาะสมของการหมักเพื่อศึกษาปริมาณ
โปรตีนและองคประกอบทางเคมีอ่ืนๆ ไดแก  ไขมัน   เยื่อใย  เถา  และความชื้นของขนไกปนที่ผาน
การหมักดวยยีสตขนมปง 

ผลการศึกษาพบวาที่ระดับพีเอช 5,6,7 มีปริมาณโปรตีน  77.26%, 76.78%, 77.02%  
(ตามลําดับ) ปริมาณยีสตขนมปง0,0.5,1,2กรัมมีปริมาณโปรตีน 75.45%, 77.30%, 77.12%, 77.29%  
(ตามลําดับ)  และระยะเวลา 24, 48, 72 ช่ัวโมง มีปริมาณโปรตีน  76.44%, 77.39%, 76.84% 
(ตามลําดับ)   ในแตละสภาวะการทดลองมีคาปริมาณโปรตีนที่ไมแตกตางกันเมื่อวิเคราะหทางสถิติ
เชนเดียวกับ องคประกอบทางเคมีอ่ืนๆในขนไกปนหมักยีสตก็ไมแตกตางกัน ซ่ึงในการวิจัยนี้ได
เลือกใชสภาวะพีเอชที่  5  สําหรับการทดลองเนื่องจากเปนสภาวะที่ยีสตขนมปงสามารถมีการ
เจริญเติบโตไดดี   ปริมาณยีสตขนมปงที่เหมาะสมในการทดลองนี้ คือ 0.5  กรัม เนื่องจากเปนการลด
ตนทุนในการผลิตในกรณีที่นําไปใชในการผลิตเปนอาหารสัตวไดตอไป  และระยะเวลาที่เหมาะสม
คือ  48  ช่ัวโมง   และขนไกปนมีการนําไปใชเปนสวนผสมในการผลิตอาหารสัตวอยูแลวในปริมาณ
ที่นอย  ดังนั้นการใชยีสตขนมปงหมักรวมกับขนไกปนก็เปนอีกทางหนึ่งที่จะใชเปนสวนผสมใน
อาหารสัตวเพื่อชวยลดโปรตีนที่ยอยยากในขนไกปนได 
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CHAPTER I 

INTRODUCTION 

 

 

1.1 Stage of problem 

Since fish meal is animal protein popularly used in the feed industry and 

general feed manufacture industry, and in present day the animal feed is rapidly 

expanded, therefore, the demand of fish meal as protein source of the feed is higher. 

The higher demand makes the price of fish meal increased, which affects to the cost of 

animal feed manufacturing. The cost reduction is to find an alternative source with 

lower cost and good quality. Chicken feather is one protein source with similar quality 

to fish meal with lower cost. It is the by-product from poultry slaughterhouse. 

Recently, industries have been developed very much in both quality and 

productivity. Chicken manufacture industry is also the developed one. There are many 

by-product wastes from the production process such as blood, entrails, bone and 

feather. Chicken feather waste is estimated at 50,000 – 80,000 tons per year. Chicken 

feather compose of protein about 85%, mostly complex protein (keratin), which is 

hardly digested and probably become environmental pollution. From statistic 

information, Thailand is the tenth chicken manufacturer of the world, inferior to USA, 

China, Brazil, EU, Mexico, India, Argentina, Russia and Japan. Chicken product was 

intimately 0.95 million tons in 2005 and 1.05 million tons in 2006 (1) and chicken 

feather was the greatest number of the waste. In manufacture process, a tons of alive 

chicken can leave 30 kilograms of chicken feather (1 chicken has 3 – 9% of composed 

feather depending on lineage and age). These wastes are indigestible quickly in the 

nature which causes a problem for chicken manufacture industry to find a proper 

method to get rid of them. Due to chicken feather cannot be digested by proteolysis  

enzyme in human and animal, therefore, chicken feather cannot be directly used as 

protein source for animal feed, it has to pass some processing. The feather process 

often uses heat 130 – 150 degree Celsius and high pressure 30 – 50 pounds per square 

inch for 0.5 – 2.5 hours. Chicken feather meal manufacturing has high expenses for 
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machinery installment, especially, high energy makes chicken feather lost some 

nutrient value such as some kinds of essential amino acid. However, it is useful and 

interesting to study applying chicken feather as a new protein source for animal feed 

for replacing expensive exported feed, for example, soybean scrap, corn, and fish 

meal. Researchers have tried to improve the quality of chicken feather for utilization 

by applying in a form of feather meal which can be ingredient in animal feed as 

protein source. Since the component of chicken feather is indigestible protein by 

proteolytic enzyme of animals, even thought quality of chicken feather is improved by 

heating up or steaming, its nutrient value is lower that fish meal. Feather meal, 

therefore, cannot be applied for animal in a large amount due to the mentioned 

digestible ability. There is limitation in utilization; Thailand allows feather meal mixed 

in animal feed not over than 10% (2). 

Chicken feather is a by-product from chicken slaughterhouse improved quality 

to utilize as protein source of animal feed. A problem of using feather meal in animal 

feed is that the volume of some essential amino acid such as lysine, methionine, 

histidine and tryptophan is insufficient for animal need, which leads to amino acid 

deficiency in animals (2). It is also found that utilizing feather meal in animal feed is 

limited because of the dietary value of feather meal and digestibility of animals (3). 

Before utilizing feather meal, it is necessary to destroy a structure affecting on animal 

digestion so that animals can use amino acid in feather meal the most. Another feather 

meal improving method by fermented with microbe to add dietary value is an 

interesting method to make chicken feather meal better protein source for animal feed.  

Researcher is interesting in using Saccharomy cescerevisiae which is bread yeast to 

add dietary value in feather meal by fermentation method making it better utilized 

protein. A reason of choosing this kind of yeast is that baker’s yeast has been well-

known microbe for long time for making bread. It is important dietary yeast compose 

of protein and dietary value in cells then it is suitable for human and animal feed. 

Besides, baker’s yeast can be bought from general bakery shop and it is in powder 

form, unnecessary to grow in nutrient or special care, therefore, it is convenient in use 

and long time keeping. 
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1.2 Conceptual framework 

 Fish meal is important protein raw material for animal feed manufacture. In 

present day, fish meal is much more expensive affecting to increasing cost. Another 

kind of raw material is studied to replace fish meal; feather meal is another high 

protein raw material able to replace fish meal. However, feather meal still has low 

nutrient value because it is hardly digestible protein causing limitation of utilization. 

This research is to study fermenting baker’s yeast for adding nutrient value to feather 

meal. The fermentation is in environment with air to stimulate yeast growing well and 

adding more utility of feather meal. 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

Figure 1.1 Conceptual Frameworks 
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1.3 Research Objectives 

 1. To study nutrient value of feather meal. 

 2. To study appropriate condition for feather meal fermentation with baker’s 

yeast to add more protein. 

  

1.4 Hypothesis 

 Fermented feather meal with baker’s yeast for adding protein content makes 

feather meal have more protein content. 

1.5 Scope of study 

 1. The studied baker’s yeast to ferment feather meal is powder formed yeast 

that easily bought from general bakery shop and ready utilization. 

 2. The studied feather meal in this research is processed to powder form from 

Sirichai Feather Industrial Limited, Samuthsakorn province. 

 3. The analyzed chemical elements are protein, lipid, fiber, ash, moisture. 

 

1.6 Expected Results   

 1. Know the conditions of feather meal affecting to using baker’s yeast 

ferment in feather meal in order to find an appropriate condition of feather for 

fermentation. 

2.  Know the volume of protein and other chemical elements in feather meal. 

3. Fermented by baker’s yeast is able to add protein volume and other chemical 

elements, fermented feather meal are more utility and more utilized volume. 
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CHAPTER II 

LITERATURE   REVIEW 

 

 

2.1 Chicken feather meal 

 Chicken feather meal is a production of clean fresh chicken feather from 

slaughterhouse baked with steam under pressure without any other reaction 

accelerating element and the value of digestible protein higher than 75% tested by 

pepsin enzyme (Association of America Feed Control Officials  cite  by  (4)). 

 Feather meal composes of keratin protein which is indigestible by proteolytic 

enzyme in body of general animals. Utilization in animal feed manufacture is 

presently in form of feather meal or rich protein. However, it is often found that 

animal utilizing ability is low level. Thailand allowed not over than 10% feather meal 

mixed in animal feed (2). The mentioned problems are concluded as follow; 

1. For volume of some essential amino acid, it is found that volume of lysine, 

methionine, histidine and tryptophan is insufficient for animal need, which leads to 

amino acid deficiency in animals (2). 

2. For digestible volume of feather meal and nutrient value of amino acid in 

feather meal, feather meal processed by baking with steam under pressure has only 50 

– 60% digestible ability (5). 

3. Manufacture process of feather meal by baking with steam under pressure 

looses amino acid during production, and then the existing nutrient value is reduced 

(Papadopoulos et al.,cited  by(6)). 

4. For utilized volume and result of feather meal in feed, animals are able to 

utilize in limited volume due to nutrient value in chicken feather and digest resistance 

in animal (3). 
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Table 2.1 Amino acid in feather meal and fish meal 

 Chicken feather 

% 

Feather meal
1 

% 

Fish meal
2 

% 

Threonine 3.8 5.3 4.3 

Serine 11.5 12.5 4.9 

Glutamic acid 7.9 12.1 14.6 

Proline 7.5 10.6 7.0 

Glyzine 6.3 8.3 8.2 

Alanine 3.5 4.7 6.8 

Cystine * 4.9 - 

Valine 10.5 8.8 5.1 

Methionine 0.37 0.4 2.8 

Isoleucine 4.7 5.4 4.5 

Luecine 6.4 8.6 7.4 

Tyrosine 2.7 2.1 3.2 

Phenylalanine 4.7 5.5 4.3 

Lysine 1.0 2.0 7.8 

Histidine 1.5 0.9 2.4 

Arginine 6.7 7.3 6.9 

Aspartic acid 5.6 6.9 10.3 

* No reported information 

1  McCasland and Richardson(1966) 

2  Applied from Smith (1968) 

Source :Buaban,(7) 

 

2.1.1 Raw material source of chicken feather 

 Poultry breeding, especially meat chicken, in Thailand has been developed 

consecutively from household level to industrial level. Domestic meat chicken 

industry tends to expand wider every year since the volume of domestic consumption 

and export of fresh chicken and processed chicken is increased, in the mean time, 

processed chicken industry has left some leftover such as blood, organs (entrails,  
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heads and legs), and feather. The meat chicken manufacture industry in Thailand has 

been also consecutively developed and had much more processing leftover as well. 

Chicken feather is the first number of these wastes. A ton of alive chicken can leave 

30 kilograms of chicken feather (1 chicken has 3 – 9% of composed feather depending 

on lineage and age)(8). Chicken feather is a great number of waste and indigestible 

quickly in the nature. This chicken feather composes of protein about 85%, mostly 

complex protein (keratin), which is hardly digested and probably become 

environmental pollution. Treatment of this waste is very necessary for environmental 

services. Poultry by-product is a method that slaughterhouse mostly use is to separate 

those parts then put in heat process to decompose to be raw material as protein source 

in animal feed, i.e.; blood meal and feather meal. These by-products can be raw 

material replacing original material in regular feed formula regarding as a valuable 

utility of by-product or waste from slaughterhouse. Feather meal, nevertheless, is 

protein source with high keratin but low the nutrient value because of chemical 

structure which is thick, hardly dissolved and low digestible.  However, chicken 

feather is improved quality to be animal feed by appropriate process in order to utilize 

chicken feather the most. Currently, chicken feather is improved quality to feather 

meal for utilizing in feed mixture manufacture or in rich protein form. The chemical 

elements are dry material 91.90%, protein 88.50%, fiber 1.60%, lipid 2.30%, ash 

5.60%, digestible carbohydrate 2.0% calcium 0.26%, and phosphorus 0.20% (2). 

Thus, feather meal is a by-product from quality improvement of chicken 

feather which is leftover from poultry slaughterhouse. It can be raw material replacing 

protein in animal feed at one level. Feather meal utility in animal meal is 

unproductive; the used volume is limited because it is a high protein production but 

low nutrient value from hard digestibility as mention before. 

 

2.1.2 Feather meal process 

Feather meal process is digestion of complex protein (keratin) to protein that 

digestible and utilizable for animal (8). Production process is; clean fresh or dry 

chicken feather and process them in digestion by appropriate pressure steam, 

temperature and period of time, then pound them to powder (9). Chicken feather that 
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passed different manufacture process causes the differences to feather meal’s 

qualification and amino acid volume as follow; 

 Feather meal processed by steaming under pressure 50 pound per square inch 

for 1 hour and dehydrating then pounding to powder, is able to replace soybean scrap 

50% in broiler chicken feed in first period that has total protein 25% (10). 

 Feather meal processed by steaming under pressure 50 pound per square inch 

for 1 hour, stirring 1 minute and stop 1 minute alternately through the process, after 

that dehydrating and then pounding to powder, have higher protein than the one 

without stirring. And the one at pressure steam 50 pound per square inch and stirring 

while baking have the higher net protein and highest lysine amino acid which is 

1.59%, comparing to no stirring group which has lysine only 1.42%, methionine and 

histidine also higher (Moriss and Balloum, 1973 cited  by (11)) 

 Chicken feather digested by steam heat under 2-3 atmospheric pressure for 1-2 

hour, cooled and steamed to dry, finally pounded to powder, is mixed in animal feed 

foe 0.5-1.5% (12) 
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Table 2.2 Amino acid in chicken feather and feather meal from different process 

 Fresh Chicken 

feather
1 

Chicken feather 

heat through 

160°C 15 minutes
2 

Feather meal heat 

through 160°C      

24 minutes
2
 

Lysine  15.4 18.8 22.6 

Histidine  2.3 5.7 8.6 

Cystine  65.5 42.9 48.7 

Arginine  67.6 61.0 62.5 

Aspartic acid  41.8 55.2 55.9 

Glyzine 51.8 68.7 50.7 

Threonine  34.5 40.2 36.5 

Serine 87.3 100.0 72.1 

Glutamic acid  82.2 97.2 72.3 

Alanine  28.8 39.6 37.7 

Valine  53.0 59.6 44.0 

Methionine  7.1 6.5 6.3 

Isoleucine 39.4 42.3 41.3 

Luecine  56.9 70.9 68.8 

Phenylalanine 34.6 42.1 40.1 

Proline 73.9 88.4 74.8 

1 Latshaw et al. (1994) 

2 Wang and Parsons (1997) 

Source :Chansila,(13) 
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2.1.3 Nutrition Value of feather meal 

 Feather meal has protein with essential amino acids, there are 4 essential amino 

acids which are lysine, histidine, methionine, and tryptophan are on low level 

compared to fish meal or soybean scrap. If it is used as protein source in animal feed 

without knowledge how to use, animals will have amino acid deficiency which affects 

to their growth and decreased production. 

 Digestible protein of feather studied by pepsin enzyme (pepsin is proteolytic 

enzyme in animal’s alimentary canal) is digest at least 75% of existing protein. 

Suppose that there is 80% of protein in feather meal, at least 75% of 80% protein is 

digestible (animals can utilize it). 

 

Table 2.3 Nutrition Value in feather meal 

Nutrient in raw material Volume Unit 

Dry weight  93.00 % 

Energy utilized by pig 2213.00 KgCal/Kg 

Energy utilized by chicken 2360.00 KgCal/Kg 

Energy utilized by cow 2213.00 KgCal/Kg 

Protein 84.90 % 

Lipid 2.90 % 

Fiber 1.40 % 

Calcium 0.30 % 

Phosphorus 0.62 % 

Usable phosphorus 0.02 % 

Arginine 5.33 % 

Histidine 0.47 % 

Iosoluecine 3.51 % 

Luecine 6.42 % 

Lysine 1.64 % 
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Table 2.3 Nutrition Value in feather meal (continued) 

Nutrient in raw material Volume Unit 

Methionine 0.54 % 

Cystine 3.21 % 

Phenylalanine 3.59 % 

Tyrosine 2.35 % 

Thrionine 3.63 % 

Tryptophan 0.52 % 

Valine 5.85 % 

Glyzine 6.31 % 

Serine 9.26 % 

   Source :Jattupornpong, (14) 

 

2.1.4 Feather meal utilization for animal feed 

 Chicken feather composes of protein compound of keratin which is indigested 

by proteolytic enzyme in general animal’s body. It is considered as low nutrient unless 

it is utilized without process. Hence, chicken feather quality is improved by processing 

it to feather meal. In chicken feather, there is keratin which has sulfide bond affecting 

causing hardly digest and low utilization in animals. Nutrient of processing chicken 

feather to feather meal is still low; some countries consider feather meal as 

adulteration in animal feed. Thailand allowed not over than 10% feather meal mixed in 

animal feed (2). 

 According to nutrient value in feather meal, it composes of protein with 

essential amino acid; e.g.,  methionine, lysine, histidine and triptophan same as protein 

in fish meal, therefore, feather meal is regarded as protein source for animal feed. But 

comparing both sources finds that feather meal has lower amino acid volume than fish 

meal so that utilizing high volume of feather meal in animal feed can cause deficiency 

of these amino acids in animals having effect to their growth and decreased 

production. 

 Suksupat(2) studied the adjustment of utilizing feather meal in many levels as 

protein source for duck feed both adding and no adding of lysine and metionine, or 

blood meal. The experiment took on little ducks, young ducks and egged ducks for 5 
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times of experiment. From all experiments, utilizing feather meal replacing fish meal 

was good for little duck feed at 50%. For other groups, utilizing higher volume of 

feather meal, it was necessary to add appropriate volume of lysine and methiodine, or 

blood meal, in the feed. 

 Buaban(7) studied the utilization of digested feather meal as protein source for 

pig weighted 30-90 kilograms. Feather meal was studied in 4 separated volumes which 

were 0%, 5%, 7.5%, and 10%. The studied pigs were male pigs with average weight of 

30 and 80 kilograms. The result showed that percentages of dry protein material 

digestibility, energy digestibility, and energy utilization, were decreased with statically 

significant when pig feed had higher volume of feather meal. For protein biological 

value was different without statically significant in pigs weighted 30 kilograms, and 

lower value in pigs weighted 80 kilograms with higher volume of feather meal. 

Duangsamorn et  al, 2531 cited by (11)  found that nutrient elements of feather 

meal with different 4 kinds of process which were pure feather meal, feather meal with 

meat and entrails, feather meal with pineapple scrap, and feather meal from old 

chicken feather with pineapple scrap, had average protein value during 88.7 – 92.6% 

and had amino acid similar volume to fish meal and soybean scrap, except histidne, 

lysine and triptophan were lower. The experiment of 4 feather meal processes taken on 

young pigs (30 kilograms) found that protein digestibility was 27.8 -64.6% and protein 

biological value of feather meal was 45.9 – 56.5%. 

Phijit, 2534 cited by (11) taking experiment on using feather meal as protein 

source for male emasculated goats comparing to using soybean scrap and urea food, 

found that protein in feather was 76.58% digestible which is less than soybean 

(84.92%) and urea food (88.75%), but accumulated nitrogen within body and 

biological value of feed of feather meal were higher that soybean and urea food. 

Besides, average weight of goat feeding with feather meal (103.33 grams per day) 

higher than soybean scrap ( 58.54 grams per day) and urea food (-3.42 grams per day). 

The efficiency of feed with feather meal tended higher that feed with soybean scrap 

and urea food. 

Somsueb  and Boonyaratpalin (15) found that using different volume of feather 

meal at 2.5%, 5.0%, 7.5%, and 10% in feed formulas by controlling protein volume at 

35% and digestible energy at 300 kcal/100 g. in every formula to feed catfish babies 
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average weighted 14.5 grams. Every formula made the fish having same survival rate 

and chemical elements, but fish feeding with feather meal 5% had higher growth rate 

that the ones feeding 7.5 – 10% formula. Volume of eaten feed of 7.5 – 10% feather 

meal mixed in feed was less than the 0-5% affecting to accumulated protein in fish 

feeding by 7.5-10% feather meal feed was lower that in the ones feeding by 0 – 5% 

feather meal feed. And digestible protein value in feather meal of the fish was 79.38%. 

Mendoza et al.,(16) studied feather meal processed by pressure steaming and 

enzyme digesting for 60 or 120 minutes to replace protein of fish meal in white shrimp 

feed. The feather meal was mixed with soybean scrap at 2:1 rate. Feed formula of 

feather meal processed by enzyme digesting mixed with soybean meal had 18% of 

nutrient value, comparing to feather meal processed by pressure steaming had 13.7% 

of nutrient value, and the one using only fish meal had 18.4% of nutrient value. 

Weight of shrimp feeding by feather meal from pressure steaming process and by 

soybean meal were not different from shrimp feeding by fish meal mixture feed which 

was the control set. In the second experiment, mixture of feather meal with enzyme 

digesting process and soybean meal had nutrient value at 20%, comparing to the 

control set had 17.8%.  The experiment took place at shrimp pond to study growth, 

feed changing, feed digestibility, and protein efficiency, for 30 days long. It was found 

that feather meal with enzyme digesting process had nutrient value 20% causing no 

change on growth and feed changing. Mixture of feather meal with soybean meal at 

2:1 rate could replace fish meal about 55%. 

Charles  et al., (17) studied utilizing feather meal to replace fish meal, meat 

meal, and bone meal, in feed of fish named Oreochromis niloticus fry at same weight 

in 4 different rates which were 0:100, 33:66, 66:33, and 100:0. Experiment of each 

group was taken 2 times for 42 days long. The result showed that the fish average 

weight had no different from having feed formula 0:100, 33:66, and 66:33. The weight 

was acceptable when feather meal 66% replacing fish meal, the weight growth rate 

was lower with using feather meal more than this. 

From above information, feather meal can be utilized as protein source in 

animal feed with appropriate volume replacing some portion of fish feed without any 

effect to animal. If utilizing feather meal as only one protein source, it had to be added 

nutrient value by adding essential amino acid or by improving nutrient value with 
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other processes due to feather meal has limitation in nutrient value and utilized 

volume. 

 

2.2 Yeast 

 Yeast is one kind of microbe involving with human life for long time. It is an 

important part in feed manufacture making some kind of food having higher nutrient. 

Yeast is currently more important, used in industrial process. Bhartacharjee cited by  

(18) reported that yeast was the most proper quality within all microbes used as 

protein sources, and it had been used since the time of World War II because of 

protein deficiency. Yeast composes of protein, carbohydrate, and lipid, including high 

volume of complex vitamin B. Yeast protein has similar value to plant protein. 

Saccharomuces cerevisae is one kind of yeast popularly used widely, having great role 

in alcohol drink manufacture such as beer, wine and liquors. Cells after processing can 

be used for food, for example, brewer’s yeast is used for removing bitter flavor and 

improving flavor. The process is; clean the cells by water and dilute by NaOH, clean 

by water again then add NaCl and phosphoric acid. Besides, it can be directly breed by 

using molasses as raw material. Baker’s yeast is single cell protein (SCP), nutrient 

value of yeast cells has high volume of elements and mineral that is suitable to use in 

human and animal food. Yeast cell composes of protein 45-50% of dry weight (18). 

Saccharomuces cerevisae is also chosen for making bread because its physiological 

durability ferments sugar in starch very well. 

 

 

 

 

 

 

 

 

 

 

 

Copyright by Mahidol University



Fac. of Grad. Studies, Mahidol Univ.                        M.Sc.(Appro. Techn. for Resou. and Env. Dev.) / 15 

 

 

 

Table 2.4 Comparison of amino acid in yeast’s cells 

Content in yeast (g/16gN)  

Amino acid S. cerevisae 

In molasses 

C. utilis 

Sulfite liquor 

C. utilis 

In molasses 

Lysine 8.2 6.7 10.7 

Valine 5.5 6.3 5.7 

Leucine 7.9 7.0 8.1 

Isoleucine 5.5 5.3 7.3 

Threonine 4.8 5.5 4.8 

Methionine 2.5 1.3 1.4 

Phenylalanine 4.4 4.3 4.1 

Cystine 2.6 0.7 0.3 

Tryptophan 1.2 1.2 0.5 

Histidine 4.0 1.9 2.8 

Tyrosine 5.0 3.3 1.4 

Arginine 5.0 5.4 4.7 

Source :Kanthachot, (18) 

 

Baker’s yeast is a production from Saccharomuces cerevisae which has 

important nutrient inside the cells and protein from yeast has essential amino acid. 

Producing baker’s yeast needs oxygen in fermenting process (aerobic), it will 

transform sugar to alcohol quickly in no oxygen condition. Using baker’s yeast to 

make bread has been known for very long time. 

Saccharomuces cerevisae used as baker’s yeast is 4 – 6 micron wide and 5 – 7 

micron long and has particular feature, different from Saccharomuces cerevisae used 

for making alcohol as follow; 

1. Stable physical characteristics 

2. God ability of sugar fermenting in starch and starch expand making 

3. Good water solubility 

4. Well growing in ferment container 
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2.2.1 Factors of baker’s yeast production 

In baker’s yeast production, there are important factors as follow; 

1. Culture medium 

An important food source for producing yeast is carbon source, nitrogen 

phosphorus and other nutrients. Food source and feeding condition affect to 

qualification of baker’s yeast. Baker’s yeast producing is expected a great volume of 

yeast cells and ability of leavening bread in short time. 

1.1 Carbon source of baker’s yeast can be carbon compound from glucose, 

fructose, mannose, sucrose. Raffinose which is complex sugar typed trisaccharide can 

be used by baker’s yeast only 1/3 of molecule Burrow(1970) cited by(18)). Yeast 

cannot use lactose for carbon source, which has to pass enzyme digestion or chemical 

hydrolyzed process to get glucose and gelatos. Glucose and fructose are taken to 

glycolytic cycle directly by yeast while sucrose and maltose have to be hydrolyzed 

first. Yeast has invertese enzyme in high volume so that sucrose is easily digested to 

be glucose and fructose. Cereal such as malt was used at first, later in World War II 

period, there was deficiency of cereal then people turned to use molasses as raw 

material alternatively. 

Baker’s yeast production in present day widely uses molasses to be principal 

raw material in yeast’s culture medium as protein source for yeast growth. Molasses 

means non-crystallized part of beetroot juice and sugarcane after simmering. In 

molasses, there are many kinds of sugar such as glucose, fructose, and sucrose. 

However, before using molasses, number of suspension has to be taken off by 

precipitation and centrifugation unless the suspension will obstruct yeast producing, 

later dilute molasses and add essential nutrient for yeast growth such as ammonia 

phosphate, ammonia sulfate, vitamin and mineral. All culture medium needs to be 

sterilized before using for yeast. 

Beside molasses, other countries use beet molasses which is from beet source 

sucrose factory. This kind of molasses has different elements from blackstrap molasses 

which is from sugar factory. Normally, beet molasses is lighter color than blackstrap 

molasses, not sticky, and has vitamin like pantothenic acid and inositol but has no 

biotin. Blackstrap molasses is much darker since it has inert substances, and has biotin 

20 times higher than beet molasses but lack of pantothenic acid and inositol. Choosing 
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molasses as raw material has to consider the mentioned factor, filtration problem due 

to a lot of bubbles in fermenting water, and a problem about color. Using beet 

molasses will face a problem of adding growth factor in fermenting water which 

causes higher cost. In Europe, therefore, industrial level likes to use the mixture of 

both kinds of molasses. 

Another kind of raw material used for producing baker’s yeast is sulfite waste 

liquor, a problem is the existing sulfite volume because sulfite is toxic to yeast. Before 

using sulfite waste liquor, it is necessary to heat up and adjust pH to 6.0 – 6.5 by white 

limestone or sodium carbonate which makes precipitated sulfite, then take off the clear 

water, finally lower the temperature to 28 - 30°c. Normally, the clear water is mixed 

with molasses in organic substance like malt or in inorganic substance like ammonia 

sulfate before using it in producing baker’s yeast. 

1.2 Nitrogen source 

Producing baker’s yeast often use nitrogen source in form of ammonia 

(phosphate, sulfate, chloride, bicarbonate, and carbonate) and urea. S. cerevisae yeast 

cannot digest and utilize nitrate. Ammonia ion is transported by K
+
 carrier system 

while ammonia hydroxide and urea are transported by simple diffusion system. Urea is 

hydrolyzed by urea amidolyese enzyme becoming ammonia and carbon dioxide. 

Ammonia is transformed to glutamate before transforming again to amino acid and 

nucleotide. 

1.3 Inorganic source 

1. Phosphorus is essential element for yeast growth. Producing yeast often 

use phosphorus in form of phosphoric, ammonia phosphate, potassium phosphate and 

sodium phosphate. 

2. Potassium and sodium 

Potassium ion is transported to cell by active transport process which make 

yeast cell have higher durability to ion toxic and keep ph balance inside cell. 

 

3. Magnesium and calcium 

 Magnesium and calcium are absorbed by active transport process. 

Magnesium ion is important for yeast’s growth and activity inside cell, which 

functions to stimulate many enzymes in cell. 

Copyright by Mahidol University



Palomrat  Thongdonae                                                                                 Literature Review/ 18 
 

 

 

4. Sulfur 

Producing yeast uses sulfur in sulfate form absorbed by active transport 

process, sometimes in form of inorganic compounds; sulfite and tyosulfate, and 

organic compounds; methyonine and glutathione replacing sulfate. 

5. Trace element 

Most elements which are trace element are in molasses enough. Trance 

element normally functions as catalyst of enzyme and vitamin. 

6. Vitamin 

Vitamin is necessary to yeast growth. They are biotin, pantothenic acid, 

innocitol, thiamine, pyridoxine, and niacin. Biotin is the most important one. 

 

 2. Appropriate conditions of the infectious yeast culture for baker’s yeast 

production 

 The first thing for consideration is fermentation result since a great volume of 

yeast cells is needed much more than alcohol volume.  Hence, the most important 

thing is aeration because condition with air uses sugar to create energy and necessary 

components of cells through oxidative pathway. Glucose 1 molecule gives water 1 

molecule and carbon dioxide 1 molecule and energy. 

 Appropriate conditions for producing baker’s yeast divided into; 

1. Concentrated sugar is low level but given regularly 

2. Adjust pH of culture medium to 4 – 5 that yeast can grow very well 

3. Appropriate concentration of nitrogen source is not over 0.05% 

4. Control temperature while fermenting between 25 – 30°C 

5. Control oxygen volume efficient for yeast cell 

 

2.2.2 Baker’s yeast production process 

Baker’s yeast production in industrial level has to rely on submerged 

fermentation which needs good agitation and aeration in order to let the yeast well 

connect to food and air and fully grow. 

Production procedure in industrial level often uses a big fermentation tank with 

capacity of 80 – 120 tons. In baker’s yeast production, yeast is cultured in a glass tube 

at the beginning, and then expanded the volume in fermentation tank (5 – 10% of yeast 
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leavening). Each fermentation procedure needs to prevent the contamination of no 

need microbes. 

Yeast culture in fermentation tank as fed batch process is to add culture 

medium (sugar and other nutrients) into the tank periodically throughout fermenting 

time until the tank is full, the period of adding culture medium is every 2 hours. 

The fermentation tank has to have spray air duct controlled pH at 4 – 5 and 

temperature about 25 - 35°C for 9 – 15 hours. 

When the yeast fully grows, put it into a separator, later clean and make it 

concentrated by centrifuge. The output yeast will be cream yeast with 20% of solid 

part (weight per capacity). Keep it in low temperature and filter by rotary vacuum 

filter, the product feature will be similar to cake with 28 – 30% of solid part (by 

weight), after that it will be brought to make yeast in many features. 

Things for consideration while fermenting are; 

1. Adding nutrients in fermentation tank, especially sugar which is carbon 

source and main energy, is often done by period. In the first step, sugar is added only 

low volume in order that yeast can use sugar for only its growth under good aeration.  

The beginning value of proper sugar concentration is between 0.5 – 1.5%. For 

total nutrient value put in fermentation tank, it must be calculated from many factors 

such as growth rate of yeast, volume of yeast starter, rate of aeration, including cold 

casting due to the heat from yeast. 

2. Controlling ph value or ph balance of fermenting water often uses ammonia 

and sulfuric acid as an adjuster. Beginning pH is 3.5 – 4.0, but higher to 5.0 – 6.0 in 

the last period of fermentation which help lowering absorbed volume of molasses’ 

dark color. 

3. For temperature control, yeast normally uses sugar for growing and creating 

energy during fermenting, molasses 1 kilogram causes heat around 300 – 400 

kilocalories. The heat is accumulated in fermenting water so that it has to cool out, 

otherwise it would damage the growth of yeast cells. Temperature control which is 

often used is to pass cool water in coil inside fermentation tank, internal cooling 

system, or to use jacket of cool water covering the tank, external cooling system. 
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4. Aeration into the tank generally considers volume of dissolved oxygen, rate 

of oxygen volume being utilizable by yeast comparing to oxygen volume dissolved in 

water, and power consumption for aeration. 

 

2.2.3 Types of baker’s yeast 

 Baker’s yeast is produced to 2 kinds; fresh yeast and dry yeast, both kinds have 

differences on process after collecting yeast from fermentation tank, moisture, and 

some features of yeast. 

 -  Fresh yeast is baker’s yeast compressed to pieces having feature similar to 

cheese, color is light brown, and moisture is around 70%. Before using fresh yeast, it 

must be kept in refrigerator with temperature 2 – 5°C for 2 – 3 weeks long. Good 

points of fresh yeast are freshness and strength, so bread made from fresh yeast is 

fresh bread and has natural scent. 

 -  Dry yeast  -  using fresh yeast is usefulness to bread but fresh yeast has to be 

kept in refrigerator only due to short useful life causing a problem of keeping. Another 

kind of yeast is produced in dry feature called “active dry yeast”. It is baker’s yeast 

dried and had moisture around 5 – 10%, and yeast cell is still alive. However, the yeast 

looses leaven ability and scent, including different taste. This is an effect of heat 

during baking. That lost is more or less depending on condition of baking process. 

 Dry yeast in market is divided to 2 kinds which are pellet yeast and instant 

yeast.  Pellet yeast is made from fresh yeast passed dry steam and tablet press machine 

with 10% of moisture. Before using, it needs to be dissolved in warm water ( ~ 45°C) 

for 10 minutes and mixed with starch. For instant yeast, after passing dry steam 

process and pounder machine, it is ready for use because the moisture is only 5%. 

Good points of this kind of yeast are; not need to keep in low temperature, comfortable 

to use, small volume of using only 1/3 or ½ of fresh yeast, and no damage from fungus 

due to low moisture. 

 Yeast used to make bread is mixed with main raw materials. Baker’s yeast 

functions to give softness, good scent and good taste. The mixture for making bread is 

called “dough”, it would be left 1 – 2 hours for fermentation by baker’s yeast. After 

that a roller is used to remove carbon dioxide (occurred from yeast fermentation) and 

air out off the dough, and make the bread tender, light, and much volume. 
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 The growth of yeast uses budding, new yeast buds from using fresh yeast and 

dry yeast has no difference on volume. When dough fermentation almost finishes, 

yeast buds will grow as similar size as starter cell.  Observing yeast grow inside the 

dough, besides considering the budding, may consider the occurrence of carbon 

dioxide to show the growth of yeast inside the dough since yeast normally ferments 

glucose 1 molecule to be carbon dioxide and ethanol 2 molecules each including many 

kinds of by-products. Therefore, we can measure carbon dioxide to show the yeast 

growth inside the dough. Product of sugar fermented by yeast is from enzymes in 

yeast; baker’s yeast has important enzymes for fermenting process as follow; 

 1. Invertase enzyme functions to change sucrose to glucose or dextrose because 

yeast can use only glucose or dextrose. 

 2. Maltase enzyme functions to change maltase to glucose or dextrose. 

 3. Zymase enzyme is a kind of multienzyme system changing glucose or 

dextrose to ethanol and carbon dioxide. 

 Protinase is enzyme used in many industrials such as alcohol drink and fruit 

juice because there is sediment occurred during production process and this enzyme 

helping the product clear by digesting the sediment. Besides, it can help bread product 

having good quality by digesting gluten. And using protinase in animal feed is to 

digest protein in leftover to be amino acid which animal can utilize for growth. 

 Saccharomyces cerevisae has 4 kinds of protiolytic enzymes which are 

proteinase ysc A, proteinase ysc B, carboxypeptidase Y, and carboxypeptidase S (19), 

each one has different proper functional condition. 

 Yeast protein is in a form of yeast cell and baker’s yeast is in dry yeast form 

and others. For yeast autolysis, function of e enzyme inside yeast cells is a procedure 

of controlling ph, period of time, and some elements added under condition to kill 

yeast cells but not inhibit the function of degradative enzyme inside the cells (19). 

After the cells died under the specific condition, enzyme in the cells is free and digests 

substrate, firstly big molecules causing cell wall be thinner and loose qualification of 

semi-permeable membrane until the cells are broken and release elements inside the 

cells. The functional procedure of enzyme for yeast autolysis is; firstly proteinase 

enzyme digests protein tissue and external mannan and release protein (20). secondly 

enzyme in glucanase group combines with glucane line at internal side of cell wall to 
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digest glucane being smaller and dissolvable. Glucanase enzyme and proteinase 

combination digests cell wall until only plasma membrane is left, liquid inside the 

cells is released when the plasma membrane is broken. Pieces of cell wall are digested 

by glutanase and chitenase, and released protein will be digested by proteinase enzyme 

to be peptide and amino acid (21) 

 

2.2.4 Yeast utilization in animal feed 

 Yeast (Saccharomyces cerevisae) is a kind of probiotic brought to mix in 

animal feed, there are 2 kinds; died yeast ad live yeast. Using died yeast is to add 

nutrient in animal feed, for live yeast, the yeast can grow and increase cells inside 

animals’ stomach and alimentary canal. Yeast eats carbohydrate and fiber, and 

defecates food composing of protein, vitamin, and mineral, which animals can digest 

and utilize; besides, the increasing cells add more protein after being digested 

(Wisithiporn(2532) cited  by (22)) reported that S. cerevisae composed of number of 

enzymes; some were driven to intestine and reinforced the existing enzymes in 

alimentary canal which could increase assimilation rate. Animals would eat more feed 

and have higher weight or higher production. Yeast also supported balance of microbe 

in intestine if given regularly. 

 

2.3 Meaning of fermentation (23) 

 Fermentation has root from Latin “fervere” meaning “boil” firstly used to 

explain action of yeast occurred in extracting water of fruit or malt because yeast 

digested sugar under non-oxygen condition causing of carbon dioxide bubbling up like 

boiled water. For biochemical meaning, fermentation means energy creation from 

organic compound digesting process, or chemical change of organic compound by 

enzyme which the organic substance is oxidizing agent and reduced agent. For 

microbiological industrial meaning, fermentation means any production process from 

mass culture covering the whole process both with oxygen and without oxygen. 
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Fermentation is divided to 5 kinds as follow; 

1. Fermentation being micro cell or biomass; micro cell production which is 

important for commercial such as baker’s yeast production for bakery industry. 

2. Fermentation giving microbial enzyme; it is mostly used in food industry 

and relevant industry because the enzyme can be produced from plant, animal, and 

microbe. Microbe is classified as the most important source, producing mass enzyme 

in short time by using fermenting technique. 

3. Fermentation giving microbial metabolite; there are 2 kinds of microbial 

metabolite which are primary type, essential substance for microbe growth, and 

secondary type, product from primary metabolism, which is very important because it 

can affect to other microbe such as restraining other’s growth, supporting others’ 

growth, or having medical qualification. 

4. Fermentation for transforming an added substance is a process to change 

component of element to be in the same feature but higher price. It uses enzyme from 

microbe or chemical substance as catalyze, but using microbe is better than chemical 

substance.  

  

2.3.1 Transforming protein compound during fermentation 

 Protein will be hydrolyzed by enzyme occurred from autolysis in food or be 

enzyme of microbe to be polypeptide, peptide, or amino acid, be fore being used as 

nitrogen source. These microbes will create enzyme and export out of the cells which 

the digestion begins from proteinase to hydrolyze protein to polypeptide and peptide. 

Later, peptidase enzyme will hydrolyze polypeptide and peptide to amino acid under 

enough oxygen environment, non-oxygen environment make the product have sulfur 

component, ammonia, amine, indose, scatol, and lipid acid, which cause smell 

Wilawan(2539) cited  by (11). Fermentation in order to digest to required amino acid 

has oxygen volume control to prevent not required compounds. 

Hydrolyzing protein to be amino acid by this method is found in fungus from 

Aspergillus group such as A. oryzae, and bacteria from species of Clostidium, 

Baccillus, Pseudomonas, and Proteus. This group of bacteria can be divided by a 

group requiring oxygen for growing such as P. fluorecens and a group requiring no 

oxygen which causes compounds having smell such as C. sporogenes, some kinds of 
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bacteria in this group gives acid while digesting protein such as streptococcus, facalis, 

var. liquefaciens, and micrococcus caseolyticus. 

 

2.3.2 Fermentation in poultry feather 

 Feather under appropriate moisture condition (more than 20%) will be digested 

by fungus in keratinophillic group such as Thrichophytonc sp., Aspergillus sp., 

andRizopus sp.,  and bacteria in groups of Certain bacteria such as Bacillus sp. And 

Steptomyces sp., which can be found in nature like soil and animal skin (24). 

 

2.4 Relevant Research 

 Feather meal is protein raw material having similar nutrient to fish meal but 

cheap. Most of utilization is to be raw material for animal feed, but keratin protein is 

indigestible so the experiment often searches for production process of feather meal 

and the appropriate volume to utilize as protein source in feed replacing other 

expensive ones. 

 Rakburi, (25)  studied on the nutrient value of hydrolyzed feather digested by 

enzyme in meat chicken feed by studying the chemical component, amino acid 

volume, density, digestion by pepsin, digestion in animal, and using volume of normal 

hydrolyzed feather and hydrolyzed feather digested by enzyme in meat chicken feed. 

The study found that normal hydrolyzed feather and hydrolyzed feather digested by 

enzyme had similar chemical component; protein 80.93% and 80.59% respectively. 

Volume of amino acids; thronine, glyzine, valine, leucine, and arginine, compounded 

in both hydrolyzed feather was higher that fish meal and soybean scrap, but 

methionine and lysine were less that fish meal. Normal hydrolyzed feather had more 

density that hydrolyzed feather digested by enzyme. For digestion by pepsin, it was 

found that normal hydrolyzed feather was digestible by pepsin much more than 

hydrolyzed feather digested by enzyme, more digestible at 15.31% and 16.46% with 

pepsin density at 0.2% and 0.002% respectively. Adding normal hydrolyzed feather 

and hydrolyzed feather digested by enzyme in the feed formula for meat chicken aged 

0-6 weeks did not increase the weight rate, volume of food eating and efficiency of 

food utilizing were different in statistic. But chicken having feed with hydrolyzed 
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feather digested by enzyme were more efficient to use protein than the ones having 

feed with normal hydrolyzed feather. 

 

 Promsiri,(26)  studied on the appropriate condition to digest feather by microbe 

with fermentation as solid food by selecting bacteria to digest feather without creating 

toxic. From feather digested ability by pepsin enzyme test found that fermented 

feather as solid food was digestible 76.25%, meanwhile, raw feather was digestible 

22.74%. It showed that, after fermentation with microbe, the feather was digested 

easier by pepsin enzyme. For nutrient analyzing, fermented feather had volume of fat, 

moisture, and ash higher than raw feather but volume of protein and fiber was lower. 

Considering types and volume of amino acid found that fermented feather had more 

essential amino acids which were tyrosine, valine, methionine, lysine, isoleucine, and 

phenylalanine. 

 

 Kongsawas, (27)  studied on the effect of using distilled yeast to replace some 

of fish meal in feed on tiger prawn growth in order to develop delicatessen for tiger 

prawn. The experiment was 2 X 4 factorial design with 2 protein levels (25% and 

35%) and 4 levels of distill yeast (0, 4, 8, and 12) in the food mixture. The experiment 

was taken 3 times, the result found that the prawns that having food with high protein 

and distill yeast were the best growth and high living rate, the prawns that having food 

without distill yeast mixture were low growth even have protein 25% and 35%. 
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CHAPTER III 

MATERIALS AND METHODS 

 

 

 This research is an experimental research studying the possibility of adding 

dietary value to feather meal by using baker’s yeast. The research studies proper 

condition of fermenting baker’s yeast with feather meal in laboratory level and 

compares yeast-fermented-feather meal to normal feather meal. The study will analyze 

chemical element including amino acid amount of feather meal after experiment. 

 

3.1 Materials, tools and chemicals 

1. Nitrogen  content  analyzing tool 

2. Fat content analyzing tool 

3. Decicator 

4. Flat tray for feather meal ferment 

5.  pH indicator 

6. Balance 

7. Tile cup 

8. Beaker 

9. Volumetric Flask 

10. Graduated Cylinder 

11. Pyrex 

12. Filter paper 

13. Buret and tripod 

14. Distilled water 

15. NaOH 

16. HCI 

17. HNO3 

18. Boric acid 

19. Petroleum ether 
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3.2 Raw material for fermentation  

1. Baker’s yeast from general market – ready utilized yeast, is dehydrated to 

keep for long time.  

2. Feather meal is chicken feather which is processed by heat and grinded into 

powder for ready utilization. 

 

3.3 Yeast cells preparation for fermentation 

 Yeast used for feather meal fermentation is instant powdered baker’s yeast 

from general bakery shop, which can be directly mixed with feather meal. The portion 

is 0.5 gram of yeast to adjusted volume rich molasses, 15 ml. to 100 ml. Put rich 

molasses 30 ml. and yeast in a Pyrex, shake the mixture then leave for 24 hours to 

stimulate the infectious yeast growing strong. 

 

 

 

 

 

 

Figure 3.1  Baker’s yeasts  in  molasses  for  prepared 
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3.4 Feather meal preparation 
 Prepare 100 grams of feather meal in fermenting container, flat container 

helping oxygen ventilation which affects to yeast growing. 

 

 
 

Figure 3.2 Preparation of feather meal 

 

3.5 Feather meal fermentation with baker’s yeast 
 Bring the prepared yeast from 3.4 to ferment with feather meal prepared in 

fermenting flat container from 3.3, taking 48 hours for fermentation at room 

temperature. During the fermentation under condition with air, the fermenting 

container has to support the feather meal and baker’s yeast to connect to air regularly. 

Giving air throughout the feather meal during fermentation is to stir the feather meal 

twice a day in the morning and at the evening of every experiment in order to grow the 

yeast. 

 Chemical components analyzed to study the nutrient of feather meal by yeast 

fermentation are as follow;(28) 

1. Crude Protein analyzed by Kjeldahl nitrogen  

2. Crude Lipid analyzed by Ether Extraction  

3. Total Ash analyzed by Muffie Funnace Combustion  

4. Crude Fiber analyzed by Weed Method  

5. Moisture analyzed by Oven drying  
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3.6 Study on the appropriate condition of fermentation 
 Study the fermentation of feather meal by baker’s yeast prepared from 2, the 

suited conditions are pH, amount of baker’s yeast, and fermentation period. 

 

3.6.1 Study the appropriate pH 

 Study the appropriate pH of baker’s yeast for feather meal fermentation. In 

general studies, Saccharomyces cerevisae can grow well under pH 4 – 5, therefore, the 

researcher studies to analyze the result of feather meal which is passed baker’s yeast 

fermentation process at pH 5, 6, and 7, adjusted by sodium hydroxide and 

Hydrochloric acid (pH  4 -5 is for controlling pH value of  fermenting  water for 

reducing bacteria growth (29) pH 7 is identified as central value and ammonia and 

sulfuric acid are often used as adjuster (30),  and choose the appropriate pH value by 

studying from the result of feather meal’s chemical component as follow; 

 1. Provide baker’s yeast 0.5 grams already stimulated to be strong extract in 

molasses as shown in 3.4 for 30 ml., adjust pH to 5, 6, and 7 by using 0.1 M NaOH 

and 0.1 M HCl. 

 2. Provide feather meal 100 grams. in fermenting container and use the 

provided yeast in 3.3 to ferment it for 48 hours under condition with air at room 

temperature. 

 3. Analyze the chemical component to use for the next step. 

 

3.6.2 Appropriate amount of baker’s yeast for fermentation 

 Study the appropriate amount of baker’s yeast 0.5 grams, 1.0 grams, and 2.0 

grams, (Study the appropriate weight as Rakyuttithomkul(11)’s experiment) and adjust 

the appropriate pH of feather meal as the study result in 3.6.1 as follow; 

 1. Provide baker’s yeast 0 grams, 0.5 grams,1.0 grams  and 2.0 grams, 

stimulate the extract and adjust appropriate pH as in 3.6.1 

 2. Provide feather meal 100 grams in fermenting c 

 3. Analyze the chemical component to use for the next step.ontainer and use 

the provided yeast in 3.4 to ferment it for 48 hours under condition with air at room 

temperature. 
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3.6.3 Appropriate time of  feather meal digestion by baker’s yeast 

 Study using fermented baker’s yeast to add nutrient of feather meal with time 

priod of 24 hours, 48 hours, and 72 hours (Fermentation time period is study as 

Rakyuttithomkul(11)’s experiment at 48 hours and would like to study less and more 

time periods which are 24 hour and 72 hours, adjust the appropriate pH of feather meal 

as the study result in 3.6.1 and use the appropriate yeast weight as the study result in 

3.6.2 as follow; 

 1. Provide the appropriate yeast volume as the study result in 3.6.1, stimulate 

the extract and adjust the appropriate pH of feather meal as the study result in 3.6.1. 

 2. Provide feather meal 100 grams in fermenting container and use the 

provided yeast in 3.4. to ferment it for 24, 48, and 72 hours under condition with air at 

room temperature. 

3. Analyze the chemical component to use for the next step. 
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Figure 3.3 Steps of the experiment 

 

 

 

 

 

 

3.7  Statistic analysis 
 Analyze the information by considering the measured factors which are 

chemical component of feather meal and amino acid volume, and use statistic to 

analyze the result of the experiment with analysis of valiance: ANOVA and compare 

the differentiation with Duncan’s New Multiple Range Test at reliability 95% 

 

 

 

Feather meal 

Study appropriate 

condition 

 

PH (5, 6,7) 

Yeast weight (0, 0.5, 1, 2g ) 

Time (24, 48, 72 hours) 

Analyze chemical 

component 

protein content of feather meal 
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CHAPTER IV 

RESULT AND DISCUSSION 

 

 

 In the study on adding nutrient to feather meal by baker’s yeast fermentation 

(Saccharomyces cerevisae). The researcher used the feather meal from Sirichai 

Feather Industrial Co., Ltd. To test PH value and analyze protein content and other 

chemical values of the feather meal, later use baker’s yeast fermented with the feather 

meal under 3 experimental conditions which are pH 5, 6, 7, yeast weight 0, 0.5, 1,2 

grams, and experimental time 24, 48, 72 hours. The result consists of the qualification 

of feather meal before fermenting, analysis result of protein content and chemical 

component of feather meal which is fermented by baker’s yeast at pH level, yeast 

weight, fermentation time, fermented and non fermented by baker’s yeast as shown in 

the following , 

 

4.1 Qualification of feather meal before fermenting 

 Feather meal brought from the factory, tested by sense and noticed by naked 

eyes, is found that feather meal is light brown color nearly yellow to red brown (Fig. 

4.1), strong musty, rather powdered and spongy, solid clear pieced in some part, 

captured together when it is pressed by hand meaning the feather has much moisture 

(Table 4.1). 
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Table 4.1 Physical features of feather meal, fish meal, and soybean meal 

Physical features Feather meal Fish meal** Soybean meal** 

Color Light brown to red 

brown 

Yellow brown to 

dark brown 

Light brown 

Odour Strong musty Fragrance  like 

dried fish meal 

Fragrance 

Texture rather powdered 

and spongy, solid 

clear pieced in 

some part 

Spongy, found fish 

muscle line 

Flaked, dwindling, 

hard and crispy 

Source: ** Hongthongdaeng(9) 

 

 

 

 

 

 

 

Figure 4.1 feather meal features 
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The test of chemical qualification is to measure beginning pH value to 5.97 – 

6.0 and to analyze the main components which are protein, lipid, fiber, ash, and 

moisture, as in table 4.1. 

 

 Table 4.2  Protein volume and chemical component of feather meal 

 Analyzed value %  of chemical component 

Protein (N*6.25) (%) 75.57 

Lipid (%) 4.89 

Fiber (%) 0.89 

Ash (%) 2.00 

Moisture (%) 3.24 

Source: analysis from feather meal. 

 

4.2 Result of pH on  nutrition of fermented feather meal 

 Many conditions have effect on the growth of baker’s yeast, pH is one factor 

which is also very important to the growth of yeast. The study needs to know which 

pH level is appropriate for the growth of baker’s yeast brought for the experiment. 

When pH is specified at 5, 6, and 7, in this study, chemical components of fermented 

feather meal will be analyzed under different pH. The analyzing method is proximate 

analysis, it is found that the fermented feather meal has value of protein, lipid, fiber, 

ash, and moisture which are; pH 5 are 77.26%, 4.99%, 0.39%, 2.07%,4.87%, pH 6 are 

76.78%, 4.96%, 0.29%, 2.22%, 4.85%, pH 7 are 77.02%, 4.97%, 0.51%, 2.20%, 

5.29%, respectively (Table 4.3). From analysis result for feather meal’s nutrition in 

this experiment, it is found that feather meal with pH 5, 6, 7, have protein volume and 

other chemical components similarly which is no difference by statistic test (p > 0.05) 

as shown in Table 4.1 (Appendix tables 1-5). 
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Table 4.3 Protein volume and chemical components of fermented feather meal with 

pH 5, 6, and 7 

Chemical components  

pH Protein 

(%) 

Lipid 

(%) 

Fiber 

(%) 

Ash 

(%) 

Moisture 

(%) 

5 77.26±0.10
nd 

4.98±0.07
 nd

 0.39±0.02
 nd

 2.07±0.20
 nd

 4.87±0.15
 nd

 

6 76.78±0.46
nd

 4.96±0.01
 nd

 0.29±0.01
 nd

 2.22±0.10
 nd

 4.85±0.05
 nd

 

7 77.02±0.27
nd

 4.97±0.02
 nd

 0.51±0.05
 nd

 2.20±0.15
 nd

 5.29±1.05
 nd

 

Remark:  
nd  

=  No  different  

 

 From the study on pH condition in feather meal fermented by baker’s yeast to 

add protein content and chemical components, it is found that at pH 5, 6, 7, the 

fermented feather meal has no different nutrient with statistic significant. For 

considering performance of activity of yeast, activity of yeast is good under an acid 

environment, for example, industrial baker’s yeast production adjusts pH of the culture 

medium at 4 -5 which yeast grows very well and give mass cells (30). Boonraeng(31) 

studied on appropriate condition fir baker’s yeast digestion found that at temperature 

45°C, pH 5.2, and yeast’s concentration 13 (Dry weight per capacity), gave the highest 

effect volume from prognosis of equation; Protein 58.35%, carbohydrate 44.78%, 

autolysis 50.85, and pH chosen for studying the appropriate condition for baker’s yeast 

autolysis (Saccharomyces cerevisae) were all appropriate due to the chosen pH was 

4.0 – 6.0 could receive no different protein volume. Because inside yeast cell there 

were proteolytic enzymes which were Proteinase ysc A, Proteinase ysc B, 

Carboxypeptidase Y, and Carboxypeptidase S (32). Amporn(1997) cited by (33) 

studied on the process of yeast production distilled from Spent brewer's yeast, found 

that the appropriate condition for Spent brewer's yeast autolysis was the beginning 

concentration 15%, acidity alkaline 5, temperature 50°C, time 24 hour, which gave 

effect value of solid and protein increasingly. Yeast autolysis is the autolysis by 

enzyme inside yeast cell, stimulating the autolysis by adjusting acidity alkaline around 

5.5, giving heat 45 - 50°C for 24 – 36 hours (19). And Napeewong(33)  studied on the 

distilled yeast production from baker’s yeast by Papain enzyme, found that the rate of 

enzyme volume per digested yeast at 1:10 got the highest digestion and had industrial 
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potential.The appropriation condition for digestion was acidity alkaline at 5.5, 

temperature 55°C since this was appropriate condition for function of enzyme inside 

the cell and the outside one which was Papain so that digesting time was reduced to 8 

– 11 hour. For result of all researches, the researcher decides to choose pH 5 for the 

next step of the study since it is the appropriate condition for fermenting feather meal. 

  

4.3 Study result of nutrient value of feather meal with different yeast 

amount 

 From 4.2 studying pH factor to protein and chemical component of fermented 

feather meal, found that pH 5 is the most appropriate condition for adding protein and 

chemical component of feather meal. Therefore, the researcher uses pH 5 for preparing 

feather meal to study yeast weight at 0, 0.5, 1, and 2 grams by analyzing protein 

content and chemical component in feather meal which are protein, lipid, fiber, ash, 

and moisture, the result is as Table 4.4 

 

Table 4.4 Protein volume and chemical component of feather meal at yeast weight 0, 

0.5, 1, and 2 grams 

Nutrition value  

Yeast 

weight 

Protein 

(%) 

Lipid 

(%) 

Fiber 

(%) 

Ash 

(%) 

Moisture 

(%) 

0 75.45±0.02
nd

 5.1±0.01
 nd

 0.80±0.05
 nd

 2.04±0.05
 nd

 5.05±0.30
 nd

 

0.5 77.30±0.10
nd

 5.07±0.01
 nd

 0.37±0.02
 nd

 2.14±0.40
 nd

 5.32±0.45
 nd

 

1 77.12±0.40
nd

 5.11±0.05
 nd

 0.36±0.02
 nd

 2.26±0.15
 nd

 4.82±0.35
 nd

 

2 77.29±1.50
nd

 5.30±0.35
 nd

 0.43±0.04
 nd

 2.24±0.02
 nd

 5.06±0.45
 nd

 

Remark:  
nd  

=  No  different  

 

 From analyzing nutrient value of feather meal at different yeast amount, there 

is no different from statistic analysis with significant at reliability 0.05 (p≥0.05). It is 

noticeable that protein content in feather meal fermented by yeast 0.5, 1, and 2 grams 

is higher than fermented by yeast 0 gram, which are 77.30%, 77.12%, 77.29%, and 

75.45% respectively . For other nutrition such as lipid, fiber, ash, and moisture, there 
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are not different with statistic significant at same reliability 0.05. It shows that baker’s 

yeast affects to protein contente increase of feather meal. Kongsawas(27)  studied on 

the result of using distilled yeast replacing some of fish meal to prawns growth with 2 

levels of protein (25% and 35%) and 4 levels of distilled yeast (0, 4, 8, 12) using in the 

food mixture. The result of the experiment found that a group of prawns that had feed 

with high protein and high distilled yeast was good growth and high living rate, 

meanwhile, a group of prawns that had food without distill yeast mixture were low 

growth even have protein 25% and 35%. Besides the study on adding protein volume 

and chemical component in feather meal fermented by baker’s yeast, the appropriate 

using amount of baker’s yeast to add protein volume in feather is cost saving for feed 

production as the study of Ritdacha (32) studied on the appropriate rat of using 

Saccharomyces cerevisae with Rhizpous oligosporeus By using stable volume of 

Rhizpous oligosporeus and volume of Saccharomyces cerevisae are 0%, 0.5%, 1%, 

2.5% and 5%. It found that adding more yeast causing increasing protein at volume 

10.03, 12.87, 12.86, 13.65, and 13.74 respectively. For comparing the volume of 

increasing protein, found that the least weight of yeast 0.5% made the highest 

increasing protein 50.5%. Phochan (22) studied on the result of adding living yeast 

(Saccharomyces cerevisae : strain 1026) in chicken feed to the capacity of production 

by using commercial lineage female chicken  feeding for experiment as; group 1 give 

comparing feed (no yeast added), group 2 give mixed feed as group 1 and add yeast 

0.1%, group 3 give mixed feed as group 1 and add yeast 0.2%, found that production 

of eggs, weight of eggs, weight of chicken, chicken’s age for laying, amount of food 

eaten per day, including chicken’s efficiency for changing food 1 kg to eggs of all 

group were different without statistic significant (p>0.05). The cost of feed per 1 kg of 

eggs is similar in a group with no added yeast and a group with 0.01% added yeast, 

which are 17.76 and 17.45 Baht a kg respectively, the cost is lower than of a group 

with 0.02% added yeast (p<0.05). According to the study on the appropriate using 

volume of baker’s yeast, it is found that volume of yeast 0.5, 1, and 2 grams causing 

no different on protein content and chemical component, the researcher choose the use 

baker’s yeast 0.5 gram in order to save cost for the next step of the study. 
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4.4 Analysis result of protein volume and chemical component of 

feather meal at time of 24, 48, and 72 hours 

 From the study in 4.2 on pH factor to protein volume and chemical component 

in fermented feather meal, it found that pH 5 is the most appropriate condition for 

adding protein volume and chemical component of feather meal. And from 4.3 on 

baker’s yeast volume factor (Saccharomyces cerevisae), found that yeast volume 0.5 

gram is the most appropriate volume for adding protein volume and chemical 

component of feather meal. Therefore, the researcher uses pH 5 and baker’s yeast 

weight 0.5 gram (Saccharomyces cerevisae) for preparing feather meal to study the 

appropriate time ; 24, 48, 72 hours, by analyzing chemical component which are 

protein, lipid, fiber, ash, and moisture, the result as follow; (Table 4.4) 

 

Table 4.5 Nutrient value of feather meal at time  24, 48, 72 hours 

Nutrient value  

Time 

period 

(hour) 

Protein 

(%) 

Lipid 

(%) 

Fiber 

(%) 

Ash 

(%) 

Moisture 

(%) 

24 76.44±0.05
nd

 5.08±0.02
 nd

 0.60±0.01
 nd

 2.05±0.10
 nd

 5.44±0.15
 nd

 

48 77.39±0.04
nd

 5.36±0.01
 nd

 0.52±0.01
 nd

 2.20±0.15
 nd

 5.02±0.27
 nd

 

72 76.84±0.09
nd

 5.22±0.02
 nd

 0.67±0.04
 nd

 2.15±0.15
 nd

 4.95±0.30
 nd

 

Remark:  
nd  

=  No  different  

 

 From the result of analyzing the nutrient value of feather meal fermented by 

baker’s yeast (Saccharomyces cerevisae) at different time period as in Table 4.4, when 

taking statistic analysis, it is not different with statistic significant at reliability at 0.05 

(p≥0.05), it shows that protein volume of feather meal fermented at 48 hours is the 

highest volume; 77.39%, 76.84%, and 76.44% respectively. Similar to, 

Rakyuttithomkul. (11) study  to  utilization  of    feather  meal  for  replacement  of  

fish  meal  in  fish  feed  on  48  hours. This  result showed  that  mean  every  

formulas  of  fish  feed  not  significant. How  ever, this  study  suggests  that  the  

percentage  of  replacement  fish  meal  with  fermented  feather  meal  in  fish  feed  at  
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25 %   had  a  close  growth  and  fish  feed  effiency  to  fish  meal  and  reduced  diet  

cost.  And  Leangchaichawang(35)optimum  condition  for   yeast  (Saccharomyces  

cerevisae)  autolysis  was  incubation  at  55 °C  and  24  hours  initial  pH  5 . At  this 

condition, in  which  the  maximum  protein  released  of  162.80±0.54  mg  protein/g.  

dry  cells  was  obtained. Addition  of  7.5 % (w/v) sodium  chloride  or  7.5% (v/v) 

ethanol or  the  mixture  of  both  compounds  to  yeast  during  autolysis  under  the  

above condition  except  incubation  for 48 hours, the protein released  were  increased  

to  198.89±3.17 ,257.14 ±0.86 and  267.12±2.15  mg  protein/g. dry cells ,respectively. 
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CHAPTER V 

CONCLUSION AND RECOMMENDATION 

 

 

5.1 Conclusion 

The experiment result of bringing baker’s yeast (Saccharomyces cerevisae) to 

study the ability for adding nutrient value of feather meal under many conditions as 

mentioned before, the summary results and recommendations from this research are; 

 1. For the fermentation of baker’s yeast with feather meal, protein volume and 

other chemical components of feather meal fermented by baker’s yeast increase more 

than feather meal without baker’s yeast fermentation. 

 2. The appropriate pH condition of using baker’s yeast to add nutrient in this 

research pH 5since it is the condition that the yeast has good reaction (for industrial 

baker’s yeast production, adjust pH of culture medium at level 4 – 5 in order to have 

large amount of baker’s yeast) 

3. The appropriate volume of baker’s yeast in this research is 0.5 gram which 

gives nutrient value in feather meal not different from 1 gram and 2 grams. After 

comparing the volume of nutrient in feather meal to the volume of using baker’s yeast, 

the cost can be saved if it is used little volume. 

4. Time periods of fermenting feather meal with baker’s yeast which are 24, 

48, and 72 hours has no different effect on nutrient volume of feather meal. 
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5.2 Recommendations 

1. This experiment is the study by using baker’s yeast with production process 

for market, easy to buy and comfortable to use, the yeast should be tested and 

analyzed to find existing nutrient value before taking to the experiment. 

2. This experiment is the study to find the beginning volume of nutrient value 

of feather meal fermented by baker’s yeast, the next experiment should modify for real 

utilization by really using as animal feed in order to replace other raw materials which 

are expensive. 

3.In  the  next, proper  analysis  to  amino  acid  in  feather  meal to change  

before  and  after  fermentation  by  baker’s  yeast. 
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�����  :  McDonald et   al., 1981: 4 
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.�*�����ก��������"�
����ก	���กก���/�/,�&������*��%���(�
� ( heat of  combustion ) ��"
B��  
+,� กl�#������
����ก�#�� 

5.  ก���	����������-��
  
ก���	��������-��
.�*�	J�)��ก#	�������"��ก��
�����	-�%�-��
���,�,�*��" 
������

,�,�*�	
���*� ( organic  solvent )  �!�
���,�.�����
 ( dichoromethane )�n.���,�*����J��� ( 
petroleum  ether ) ��������"  ���*ก��� ����ก�����J���  #$�%���ก���"�* �-��
                          M���.�
��%
!
	�  �����  ( pigment ) +,� �	���	
���,�,�* 
�-��
 (  fat  soluble  vitamin ) +��'"��"�%ก���	�������
��	��
ก���-��
����"��ก�	J�.����.�ก��Xo ( chromatography  ) 

6.   ก���	����������ก,��+��   
ก���	����������ก,��+�� 
����������.�*�	J�)��ก#	�����������"  ����'"� +��
	*��	�������

��+��J�����������������&���+�,�#�*� +,�X��X����   ���
+��J���!
	����
@����".�*�	J������
�	ก+�)#�)!�
 (Atomic absorption) 

7.   ก���	������������������������
 
����������   
���������������
 
�������������,�*!
	�  �!�
 *�r��+�,% .,���
�ก��%!
	� +,� ���

�
(  �	�����������"��ก�	J�.����.�ก��Xo 
8.   ก���	���������	��
.����
+,�ก�����	.
 

ก���	�����������	��
.����
����".�*�	J�)��ก#	��� ���
��	��
ก�����	.
�	�������
����"��ก������%�	���������ก�����	.
 (Amino acid analyzer) 

9.  ก���	�����������	��
�	���	
 
ก���	�����������	��
�	���	
���������B%�"
-�%�	���	
 �!�
 +�.���
(Carotene) 

�	�����������".�*�	J�.����.�ก��Xo 
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2.  ก�������	
��
�����%�����.�*�	J�!��0�) 
ก�������	
��
�����%�����.�*�	J�!��0�)���
�	J�ก�������ก/,�����"��กก���,�B*%�����#$�%

��������
�������,�% 
�"�%�;	���	ก���������������,�B*% 
X����  #$�%ก�������	
.�*�	J�
�B��%���B%
������
�"�%��K�*�	J��	���������%�����������"�*   +��/,�����"������'(ก�"�%��กก����	J����
@ ��%
�B 

1.  ก���	���������ก��*��*��"-�%���������� ( digestibility )  ���
ก���	�������'$%��
0�)
-�%��������
�����,�B*%�����   '"���*��*��"������%/,ก����'$%ก�����	&��	�.�-�%�����.�*�����	
��"
��ก�������,�% ( in vivo digestibility )  +��������*��%*�ก 
ก���กI�-"��(,   �)����"�%���
�
��
��	��
�������������ก	
ก����	��
 
�(,��������-��'��*���
���*��*�����"   .�*
�������-$B
ก�%���
�����'+*ก�(,ก���1�������ก��กก�
��" ���*ก���ก�%+�����,	#$� ( metabolism  cage )  '"�K$กF�
 
������oก*��%*�ก�"�%/�����+*ก����������ก������1�������ก��กก�
 ��ก�	J����ก���	���������ก��
*��*��" 
�"�%�;	���	ก��( in vitro digestibility ) ���
ก�����*�ก����ก��*��*��".�*�,�*
+��
�����
��������#$�%�����"%��*  ���*��� !"���* +,���,�
"�*ก��� 

2.  ก��
��������� !"���.*!
� ���
ก���	���������.0!
����*��*�,�*���
),�%%�
 +����
ก���(&���*���
������� +,��1����� 
�ก��ก
�B 
��������B*����B�%��ก���(&���* 
�(�กl�#��ก�"�* 

	*��	�����������"��ก),�%%�
 +,�.����
 
����� 

3.   ก�������	
��ก�������� 
/,����
�%������������"��������
�B
�����	
��"��ก�������� �!�
 ����	�J	0�)ก�� !"

����� �����ก�����	&��	�.�  +,�
B���
�ก����)	��-$B
   ก�������	
.�*�	J�
�B��'(ก�"�%'"���ก��
��%+/
  ก����,�%���������� +,������
�
#B�� (Replication) ���
"�*ก��� 2 #B�� 

4. ก�������	
���
@ 
ก�������	
��
�����%���������"��ก��	��
�
.����
 
�,��� (  blood  urea  nitrogen , 

BUN )   
��������B*����B�%
	*������	
��ก�������
ก��+,����% ( pH ) +,���	��
ก���-��

����*��" 
�(��
 ( rumen ) ( )�
	!   �	

	�	�� , 2535  : 134 - 136 ) 
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1.  ก�����
����������������	 
 ก���	�������.����
 
�������������%�����ก��-�%�
.����
���
������
���+
�
�
  
.�*�ก�	.����
������	��
-�%�
.����
�*(������
  16%    ��%
�B
������	������������-�%
�
.����
+,"��(
�"�*   6.25   ����"��� Percentage   -�%.����
-�%����*��%����� 

����
�������� 

1.  Sel-dahl  pack  (���
!���-�%  Premixed  Catalysts   #$�%���ก���"�*  9.7  gm K2SO4, 
0.19gm Cu SeO3H2O, 0.11  gm permice)  ������� !"   Catalysts  #$�%���ก���"�*  100  ก���-�% 
K2SO4    10  ก���-�%  Cu SeO45H2O    +,�  1  ก���-�%  Se  ���
���
/��กI��" 

2.  Concentrated H2SO4  !" Oxidized   .����
�
.����
 �"�*(� 
�(�-�% (NH4)2SO4 
 3.  Sat.  NaOH ,�,�* 580   ก���-�% NaOH  

B�� 1 ,	�� 
 4.  Boric acid 4% ,�,�* 40 ก��� boric acid    

B��ก,��
+,�������
   1 ,	�� 
 5.  Indicator   ,�,�*   0.5  ก���   Bromocresal  Green  +,�  0.1  ก���  Methyl  red   
  
100  ,�.#�.  -�%  95%  Ethanal 

6. Standardized  0.1 N  HCl 

7. Boiling  chips  ����  Glass  beads 

����ก�� 
1.  !��%����*��% ��ก����Fก��% +,"� �� 
 Kjeldahl   flask -
�� 800 ml.   ('"���	��


.����
 
����*��%����กก���  20%  !��%����*��%�����
  0.7  ก��� �*��%,����*�  '"�����������*��%��
��	��
.����
����ก���  20%  !��%����*��%�����
  1.4  ก���)  +,�����*�  Blank  .�* ����)��  
Filter  paper   +,� ��   Boiling  chips 

2.   ��   Sel-dahl catalyst 10 ก��� +,� 25 ,�.#�.  -�%  H2SO4 concentrate  
  flask   
��ก��
   

3.  *��*�"�*�����"�
�
����� 
 flask   ��,��*
���
�� � ��*���
-�� �"���
�����,��
'(ก*��*�
 ���� +,�*��*�������ก 1.5 !���.�% �,�%��ก*��*�
 �+,"� 

4.  ��B%  flask   �	B%��" �"�*I
  ��	�
B��  300  ,�.#�.  �*��%!"�.�*���*%��-��-�%   flask   
�-*�� �"/��ก�
  ��B%�	B% �"�*I
 
��
�0(�	�"�% 

5.  ���*@��  NaOH  Saturated  100   ,�.#�.  �*��%���������%  ���*@��� �"��,���
��-��)�"��@ก��+�����
-�%�,���กI�  distiller   )�"���-*�� �"/��ก�
 

Copyright by Mahidol University



Palomrat  Thongdonae                                                                                         Appendices / 52 

6.  �กI� distiller 150 ,�.#�.   
  25 ,�.#�.  4%  boric  acid  +,���	�  4  �*�-�%   
indicator 

7.  Titrate   �"�*  0.1  N  HCl   �
'$%   end  poin 

ก��
 �	�� 
%�
.����
     =    (S-B)(14.007)(n)     ×   100 
   gm -�%����*��%  ×  100 
.�*���  
 S   =   ml  HCl  ��� !"   titrate  ����*��% 
 B   =  ml  HCl  ��� !"   titrate   ก��  Blank 
 N   =  Normally   -�%  HCl 
��ก
�B
����"������#I
��.����
.�* 
  %crude  protein   =   �
.����
  ×    6.25 

������� 
ก�
�����*��%��   !"����*��%�����
   2  ก���  +,� !"  H2SO4 �)	�����
   40  ,�.#�. 
 

2.  ก�����
�����"#��	�$%����  Ether  Extraction 
����
��12��
�3��4�3������� 

1. Petrolium  Sperite 

2. �������������'�����   80°C 

3. Pourous  extraction   thimbles 

4. extraction  beaker 

5. Extraction  tubes 

6. Recovery   tubes 

7. Goldfish  extractor 
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����ก�� 

1.  ��  extraction  beaker  +,�  thimbles   
  Oven   ���
��,�  1  !���.�%  +,"���� �"�*I

 
   dessicator 

2.  !��%   beakers   +,�  thimbles 
3.  !��%����*��%�����
   2  ก��� �*��%,����*� �� 
   thimbles 
4.   ��   thimbles   +,�����*��%,% 
   extraction   tube   +,"� �� 
   goldfish   extractor 
5.   ��   petrolium  ether  �����
  35-40   ml  ,% 
  extraction  beaker   +,"� �� 
������%   

Goldfish   extractor 
6.  ��n�
B��+,��X �")���������   petrolium  ether  ������*���
�� +,� condense  ก,��,%

����ก��" 
7.   �"  petrolium  ether  �ก���-��
��ก��ก����*��%���
��,�  4  !���.�% +,"��n��X �"  

petrolium  ether  �*��ก���ก��/��
�����% 
8.  ���  beaker  +,�  Extraction  tube  ��ก ��,��*
���   Recovery  tube   ��+�
  ��n��X

 �" petrolium    ��ก  beaker  ก,��  condense  ���*(� 
  Recovery  tube   
9.  ���  petrolium  ��ก �"��,���*(������
  3/8  ������*(�  +,"����  beaker    +,�  Recovery  

tube  ��ก�กI�  petrolium  ether   ��" !" ��� 
10.  �,��* �"  petrolium  ether  �����,���*(�����*��ก+,"����  Beaker    �� 
  Oven  �)���

��� �"+�"%���
��,�  1  !���.�% 
11.�กI�  Beaker   �"�*I
 
  Dessicator 
12.  !��%
B���
�ก-�%   beaker   ��ก���B% ���
�
��  % �-��
 
 
����ก��
 �	�� 

  % �-��
       =   (
B���
�ก  Beaker + �-��
) � 
B���
�ก-�%  Beaker      ×  100 
    
B���
�ก-�%����*��% 
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3.  ก�����
����������	�%�$%����    Weeds   Method 
����
��12��
�3��4�3� 

1. Residue  ��ก�����-��
  '"�����*��%���-��
����ก���  1%  ����"�%�ก���-��
��กก��

��" 

2. Sulfuric Acid  Soln   1.25  ก���/100,�.#�.  ����  0.255 N 

3. Sodium hydroxcide solution  1.25  gm./100  ml.  ����  0.312 N. 

4. Ethyl  Alcohol   95% 

5. Digestion  Flask 

6. Condensor  !��* �"��	�������,�,�*�%����,��ก����,�% 

7. Funnel 

8. Ashless  filter  paper 

����ก�� 

1. 
������*��%����ก���-��
��ก+,"�  (�("
B���
�ก�*��%,����*�)  �� ��,% 
  Digestion  
Flask  ��	����,�,�*ก�����ก��,�%������*(�  200  ml.  ,%�����  Condensor  ก��-��  ���
/�����
�����0�* 
  1  
���  +,"��"������  30  
���  ���
-��������ก@  
���  �)��� �"����*��%'(กก��ก��
����'$%ก�
�� 

2. ก��%���
/�� 
-����
���"�*  Ashless  filter  paper  ,"�%���
����"�%�*(��
ก����F
ก��%�"�*
B��������
���ก�� 

3. ����*�-�� �����,�,�*���%����������" �")�"��  
�����
�����,���
ก����Fก��% ��,%
 
  Digestion  Flask  +,"���	����,�,�*���%@  200  ,�.#�.  ,%��   !"���,�,�*
�B,"�%����*��%�

ก����Fก��% �"���  +,"��"�  30  
��� �-*�����
���B%���� 

4. ก��%�"�*ก����Fก��%+/�
��	�+,"�,"�%����*��%'��*
B���"�
�
  Filtrate  ���K��ก���%
+,"�,"�%�"�*   Alcohol  95%  
������*��%�����,���*(��
ก����Fก��%�������  100 °C   +,"���ก���
-�%ก����Fก��%��ก��"���

B���
�ก-�%����*��%������,�,�* 
ก��+,����%��������ก��  Dried  
Weight  -�%  Fiber  

5. 
�����/��)��������-�%�'"�����"
B���
�ก-�%�'"� 

6. ���
�
���-�%  Crude  Fiber  ��ก  Dried  Weight  -�%  Fiber 
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Weight   of  ash   =   Crude  Fiber   ×    100 
     
B���
�ก-�%����*��% 

 
 

4.  ก�����
��������;��   (Total  Ash)  �$%�������   Muffie  Funnace  Combustion 
 �'"����
���
�
$�%-�%  Inorganic  
�����+,����
/��-�%����� ���
���
�����,���*(������
�/����"���
B��+,����
-�% Organic   ��ก��+,"� 

����ก�� 

1.  ��  Crucible   +,������  100 °C    
   Oven  ���
��,�  1  !���.�%��� �"�*I
 
   
Dessicator  +,�!��%�*��%,����*� 

2.  !��%����*��% �� 
   Crucible  ��	��
  2  ก����*��%,����*�  (��� !"����*��%���������!�B

��������
�'"������") 

3.  ��%  Crucible  �
  Hot  plate  +,���	�  0.2  ,�.#�.  -�%  Concentrate  Nitric  Acid  
0�* �"  Hood   +,���n��X-�%  Hot  plate   �"�(%-$B
  +,���B%�	B%��"  45  
���  +,���n����/*���"
�,Iก
"�* 

4. *"�*�� �� 
   Muffle  Furnace  ���
��,�  2  !���.�%  ��� 600 °C    

5. ��� �"�*I
,% 
   Dessicator  +,�!��%
B���
�ก����*��%�����,�� 
   crucible 

ก��
 �	�� 

 %�'"�    =  
B���
�ก�'"�     ×    100 
       
B���
�ก-�%����*��%+�"% 
�'"������"�กI���"�	���������  Ca  +,�  Phosphorus 
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5.  ���
�������
����3H	  (Moisture)  �$%�������   Ovendrying 
����ก�� 

1.  ��  crucible  ����-��!��%)�"�������  100 °C    
  oven  
�
  30  
��� +,��กI� �"�*I

 
  dessicator  +,�!��%
B���
�ก   crucible  ����-��!��%.�*���!��%�� 

2.   ������*��%,% 
   Crucible   ����-��!��%�����
   2   ก��� 
3.  �������*��% �"+�"%.�* !"   oven   100 °C   +,���n���+*"�@��" 

1. ����*��%+�"%  �!�
  ������,�-ก�"%  กI��� �"+�"%.�* !"��,�  6  !���.�% 

2. ����*��%�� (��o*ก)  �!�
 �
�B��*��������  C,C   !"��,�  24  !���.�%  
ก����� �"+�"%����
�
ก���
B���
�ก-�%����*��%���%��� 

3. �,�%��ก��� �"+�"%+,"�  �กI� �"�*I
 
  dessicator  +,�!��%
B���
�ก��ก���B%.�*����"�%!��%��
���� 

����ก��
 �	�� 

% Dry   Matter   =  
B���
�ก-�%����*��%+�"%   ×    100 
   
B���
�ก����*��%��	���"
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APPENDIX  B 

 

 

Table  B-1  Analysis  of  variance  for  protein  content   in  fermented  feather  meal’s 

pH  level  5,6, 7  and   feather  meal. 

ONEWAY 
 ANOVA 

  
Sum of 
Squares df Mean Square F Sig. 

Between Groups 6.513 3 2.171 4.276 .045 
Within Groups 4.062 8 .508     
Total 10.575 11       

 

 

Post Hoc Tests 

Homogeneous Subsets 

       Duncan  

Subset for alpha = .05 
  N 1 2 

0 3 75.57267   
6 3 76.78367 76.78367 
7 3   77.01640 
5 3   77.59440 
Sig.   .071 .218 

          Means for groups in homogeneous subsets are displayed. 
                                      a  Uses Harmonic Mean Sample Size = 3.000. 
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Table  B-2   Analysis  of  variance  for  lipid  content   in  fermented  feather  meal’s 

pH  level  5,6, 7  and   feather  meal. 

 
 ANOVA 

 

 

  

Sum of 

Squares df Mean Square F Sig. 

Between Groups .015 3 .005 .249 .860 

Within Groups .157 8 .020     

Total .172 11       

 

 

 

 

Post Hoc Tests 

Homogeneous Subsets 
                                                  Duncan 

Subset for 
alpha = 

.05 

PH N 1 

0 3 4.89167 

6 3 4.96000 

7 3 4.96667 

5 3 4.98333 

Sig.   .471 

                Means for groups in homogeneous subsets are displayed. 
a  Uses Harmonic Mean Sample Size = 3.000. 
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Table  B-3  Analysis  of  variance  for  fiber  content   in  fermented  feather  meal’s 

pH  level  5,6, 7  and   feather  meal. 

 
 ANOVA 

 

FIBER  

  

Sum of 

Squares df Mean Square F Sig. 

Between Groups .635 3 .212 1.491 .289 

Within Groups 1.136 8 .142     

Total 1.772 11       

 

 

 

 

Post Hoc Tests 

Homogeneous Subsets 
  

 

Duncan 

Subset for 
alpha = 

.05 

PH N 1 

6 3 .28667 

5 3 .38667 

7 3 .50667 

0 3 .89333 

Sig.   .101 

                                             Means for groups in homogeneous subsets are displayed. 

                                             a  Uses Harmonic Mean Sample Size = 3.000. 
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Table  B-4  Analysis  of  variance  for  ash  content   in  fermented  feather  meal’s pH  

level  5,6, 7  and   feather  meal. 

 
 
 ANOVA 

 

          ASK  

  

Sum of 
Squares df Mean Square F Sig. 

Between Groups .100 3 .033 1.866 .214 

Within Groups .143 8 .018     

Total .243 11       

 

 

 

Post Hoc Tests 

Homogeneous Subsets 
 

Duncan 

PH N 

Subset for alpha = 
.05 

    1 

0 3 2.00167 

5 3 2.07167 

7 3 2.20000 

6 3 2.22333 

Sig.   .093 

                      

                 Means for groups in homogeneous subsets are displayed. 
                                       a  Uses Harmonic Mean Sample Size = 3.000. 
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Table  B-5  Analysis  of  variance  for  moiture  content   in  fermented  feather  meal’s 

pH  level  5,6, 7  and   feather  meal. 

 
 ANOVA 

 

MOISTURE  

  

Sum of 

Squares df Mean Square F Sig. 

Between Groups 7.380 3 2.460 13.026 .002 

Within Groups 1.511 8 .189     

Total 8.890 11       

 

 

 

 

Post Hoc Tests 

Homogeneous Subsets 
Duncan 

Subset for alpha = .05 

PH N 1 2 

0 3 3.24000   

6 3   4.84667 

5 3   4.86833 

7 3   5.29500 

Sig.   1.000 .260 

          Means for groups in homogeneous subsets are displayed. 
a  Uses Harmonic Mean Sample Size = 3.000. 
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Table  B-6  Analysis  of  variance  for  protein  content   in  fermented  feather  meal’s 

yeasts  amount 0,0.5,1.0  and   2.0  grams. 

 
 ANOVA 

 

PROTEIN  

  

Sum of 

Squares df Mean Square F Sig. 

Between Groups 7.222 3 2.407 3.290 .079 

Within Groups 5.853 8 .732     

Total 13.076 11       

 

  
 
 
 

Post Hoc Tests 

Homogeneous Subsets 
 Duncan 

Subset for alpha = .05 

YEAST N 1 2 

0 3 75.45500   

1 3   77.13267 

2 3   77.28733 

5 3   77.30033 

Sig.   1.000 .824 

      Means for groups in homogeneous subsets are displayed. 

a  Uses Harmonic Mean Sample Size = 3.000. 
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Table  B-7  Analysis  of  variance  for  fat   content   in  fermented  feather  meal’s 

yeasts  amount 0,0.5,1.0  and   2.0  grams. 

 
 

 ANOVA 

 

FAT  

  

Sum of 

Squares df Mean Square F Sig. 

Between Groups .100 3 .033 1.654 .253 

Within Groups .162 8 .020     

Total .262 11       

 

 

 

 

Post Hoc Tests 

Homogeneous Subsets 
 

 

Duncan 

Subset for 
alpha = 

.05 

YEAST N 1 

5 3 5.07000 

0 3 5.10000 

1 3 5.11000 

2 3 5.30167 

Sig.   .098 

                Means for groups in homogeneous subsets are displayed. 
a  Uses Harmonic Mean Sample Size = 3.000. 

 

 
 

 
 

 
 

 
 

 
 

 

 

Copyright by Mahidol University



Palomrat  Thongdonae                                                                                         Appendices / 64 

Table  B-8  Analysis  of  variance  for  fiber  content   in  fermented  feather  meal’s 

yeasts  amount 0,0.5,1.0  and   2.0  grams. 

 
 
 ANOVA 

 

FIBER  

  

Sum of 
Squares df Mean Square F Sig. 

Between Groups .389 3 .130 2.460 .137 

Within Groups .421 8 .053     

Total .810 11       

 

 

 

 

 
Post Hoc Tests 

Homogeneous Subsets 
 

Duncan 

Subset for 

alpha = 
.05 

YEAST N 1 

1 3 .36433 

5 3 .37333 

2 3 .42667 

0 3 .80000 

Sig.   .061 

                Means for groups in homogeneous subsets are displayed. 
a  Uses Harmonic Mean Sample Size = 3.000. 
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Table  B-9  Analysis  of  variance  for  ash  content   in  fermented  feather  meal’s 

yeasts  amount 0,0.5,1.0  and   2.0  grams. 

 
 
 

 ANOVA 

 

ASH  

  

Sum of 

Squares df Mean Square F Sig. 

Between Groups .095 3 .032 1.976 .196 

Within Groups .128 8 .016     

Total .224 11       

 

 

 

 

Post Hoc Tests 

Homogeneous Subsets 
 

Duncan 

Subset for 
alpha = 

.05 

YEAST N 1 

0 3 2.03667 

5 3 2.14333 

2 3 2.24167 

1 3 2.26000 

Sig.   .077 

                Means for groups in homogeneous subsets are displayed. 

a  Uses Harmonic Mean Sample Size = 3.000. 
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Table  B-10  Analysis  of  variance  for  moiture content   in  fermented  feather  

meal’s yeasts  amount 0,0.5,1.0  and   2.0  grams. 

 
 
 ANOVA 

 

MOISTURE  

  

Sum of 
Squares df Mean Square F Sig. 

Between Groups .381 3 .127 1.015 .435 

Within Groups 1.001 8 .125     

Total 1.382 11       

 

 
 
 
 

Post Hoc Tests 

Homogeneous Subsets 
  

Duncan 

Subset for 
alpha = 

.05 

YEAST N 1 

1 3 4.82333 

0 3 5.05167 

2 3 5.06833 

5 3 5.32667 

Sig.   .140 

               Means for groups in homogeneous subsets are displayed. 

a  Uses Harmonic Mean Sample Size = 3.000. 
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Table  B-11  Analysis  of  variance  for  protein  content   in  fermented  time  of  

baker’s yeast  in  feather  meal  24,48  and  72  hours. 

 
 ANOVA 

 

PROTEIN  

  

Sum of 

Squares df Mean Square F Sig. 

Between Groups 1.337 2 .668 2.275 .184 

Within Groups 1.763 6 .294     

Total 3.100 8       

 

 
 
 

Post Hoc Tests 

Homogeneous Subsets 
 

Duncan 

Subset for 

alpha = 

.05 

TIME N 1 

24 3 76.44760 

72 3 76.83863 

48 3 77.38723 

Sig.   .086 

            Means for groups in homogeneous subsets are displayed. 

a  Uses Harmonic Mean Sample Size = 3.000. 
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Table  B-12  Analysis  of  variance  for  fat  content   in  fermented  time  of  baker’s 

yeast  in  feather  meal  24,48  and  72  hours. 

 
 
 
 ANOVA 

 

FAT  

  

Sum of 
Squares df Mean Square F Sig. 

Between Groups .118 2 .059 3.392 .103 

Within Groups .104 6 .017     

Total .222 8       

 

 

 

Post Hoc Tests 

Homogeneous Subsets 
 

Duncan 

Subset for alpha = .05 

TIME N 1 2 

24 3 5.08067   

72 3 5.22667 5.22667 

48 3   5.36067 

Sig.   .223 .259 

       Means for groups in homogeneous subsets are displayed. 

a  Uses Harmonic Mean Sample Size = 3.000. 
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Table  B-13  Analysis  of  variance  for  fiber  content   in  fermented  time  of  baker’s 

yeast  in  feather  meal  24,48  and  72  hours. 

 

 
 ANOVA 

 

FIBER  

  

Sum of 

Squares df Mean Square F Sig. 

Between Groups .035 2 .017 1.079 .398 

Within Groups .096 6 .016     

Total .131 8       

 

 
 
 

Post Hoc Tests 

Homogeneous Subsets 
 

Duncan 

Subset for 

alpha = 
.05 

TIME N 1 

48 3 .51967 

24 3 .60000 

72 3 .67167 

Sig.   .206 

               Means for groups in homogeneous subsets are displayed. 
a  Uses Harmonic Mean Sample Size = 3.000. 
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Table  B-14  Analysis  of  variance  for  ash  content   in  fermented  time  of  baker’s 

yeast  in  feather  meal  24,48  and  72  hours. 

 
 ANOVA 

 

ASH  

  

Sum of 

Squares df Mean Square F Sig. 

Between Groups .037 2 .019 .587 .585 

Within Groups .190 6 .032     

Total .228 8       

 

 

Post Hoc Tests 

Homogeneous Subsets 
 

Duncan 

Subset for 
alpha = 

.05 

TIME N 1 

24 3 2.04633 

72 3 2.14833 

48 3 2.20133 

Sig.   .342 

             Means for groups in homogeneous subsets are displayed. 
a  Uses Harmonic Mean Sample Size = 3.000. 
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Table  B-15    Analysis  of  variance  for  moiture  content   in  fermented  time  of  

baker’s yeast  in  feather  meal  24,48  and  72  hours. 

 

 
 ANOVA 

 

MOISTUER  

  

Sum of 

Squares df Mean Square F Sig. 

Between Groups .418 2 .209 27.103 .001 

Within Groups .046 6 .008     

Total .464 8       

 

 

Post Hoc Tests 

Homogeneous Subsets 
  

 

Duncan 

Subset for alpha = .05 

TIME N 1 2 

72 3 4.95000   

48 3 5.01667   

24 3   5.43667 

Sig.   .388 1.000 

    Means for groups in homogeneous subsets are displayed. 

a  Uses Harmonic Mean Sample Size = 3.000. 
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