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ABSTRACT

Processes for obtaining a low nucleic acid protein product frcm 
yeast single cell protein (SCP) were studied. The intake of Saccharcmyces 
cervisiae yeast by humans is limited by its nucleic acid content. A 
laboratory process has been developed which reduces the nucleic acid con
tent of yeast to 0.45 weight percent with high protein recovery. The 
nucleic acid reduction and protein recovery is much better than any other 
process reported in the literature.

The yeast SCP product developed herein represented an 89 weight 
percent protein recovery, compared with an 83 weight percent protein 
recovery in the case of the best efficiency reported in the literature.
The nucleic acid reduction to 0.45 weight percent can be compared with 
0.75 weight percent, the lowest for the processes reported in the litera
ture. The process utilizes the native yeast enzyme ribonuclease.and an 
alkali to hydrolyze the ribonucleic acids. Mild temperature and pH 
conditions minimize the protein loss.

The process utilizes ruptured cells suspended in a phosphate 
buffer with sodium hydroxide as the alkali. Thermal shock activates the 
yeast enzyme and the hydrolysis is carried out at an elevated temperature. 
The protein product is separated by centrifuging and washing to remove 
the hydrolysis products.



CHAPTER 1

INTRODUCTION

1.1 Introduction-to Proteins 
Proteins are the building blocks upon which the entire living 

structure is built. Proteins are fundamental to all aspects of cell 
structure and functions, since they are the molecular instruments by 
which the genetic information is expressed. In helping to overcame the 
total world food shortage, providing sufficient protein occupies a 
special place because it affects the future generations on this planet. 
Proteins are necessary for humans not only in terms of survival but also 
in terms of their growth and development. There is evidence that protein 
deficiency during pre-school years results in a retardation of mental and 
physical development.

The current classical methods of protein production are 
approaching their maximum capacity. This is especially true for under
developed and developing countries of the world where the agricultural 
lands and livestock sources of protein production have been exploited to 
their utmost. New sources of protein production should and are being 
investigated. ,

Much work has been devoted to developing methods by which the 
available protein can be supplemented with protein fron single Cell 
micro-organisms. Single cell protein (SCP) can be produced in large 
quantities at comparatively low cost because single cell organisms can,

- ' . '■ " 1 ■ . ' ■■■■•. ,



very rapidly convert, inorganic nitrogen into airiino acids and proteins. 
Sacchararyces cerevisiae yeast contains about 50 'weight percent protein. 
In addition, single cell proteins frcm yeast are a very good source of 
the B-group vitamins. Yeast single cell proteins contain all the essen
tial amino acids needed by higher animals and man. However, the sulfur- 
containing amino acids, cysteine and methionine, occur in too low a 
concentration (Phaff, Miller and Mrak, 1966). For this reason, the 
single cell protein is most effective as supplements in diets rather than 
as the sole source of protein. It is very difficult to change the basic 
food and cultural patterns of people in different areas Of the world. 
Single cell protein can be used as . a supplement to the existing foods 
without upsetting the food and eating patterns of .people.

1.2 Limitations of Single Cell Protein 
Single cell protein frcm fungi, yeasts and algae have a low con

tent of the amino acids methionine, cysteine and tryptophan. These amino 
acids are the sulfur-containing amino acids which are necessary for 
building the tertiary structure of the proteins via disulfide linkages. 
Protein from bacteria has an adequate content of methionine but lacks in 
cysteine and tryptophan. Single cell protein from yeast cannot be used 
directly for nutritional purposes because it ferments carbohydrates with 
the production of carbon dioxide causing gastrointestinal, symptoms. It 
is also capable of removing vitamin frcm solution causing vitamin 
depletion in the body (Cook, 1958). Protein from algae is difficult to 
digest because of the crude fibers and a disagreeable flavor. The high 
carbohydrate content of fungal and bacterial proteins can cause



gastrointestinal symptoms due to carbohydrate fermentation. It is for 
these reasons that single cell protein has to be treated so that it can 
be used as a protein supplement for human diets.

A major limitation to the use of yeast single cell protein as a 
food source is their high nucleic acid content. Saccharoityces cerevisiae 
yeast vary in nucleic acid content from five to eight percent by weight. 
Ingestion of large quantities of yeast single cell protein has been shown 
to produce elevated blood uric acid concentrations and increased urinary 
uric acid concentrations (Dirr and Soden,.1942; Edozien et al„, 1970).
Man and higher apes lack the enzyme uricase, which catalyzes the oxida
tion of uric acid to the more soluble allantoin. In individuals with a 
genetic tendency to primary over-production of uric acid, there may be 
precipitation of uric acid crystals in joints (gout), soft tissue (tophi) 
or the formation of stones in the urinary tract. In a study done at the 
Massachusetts Institute of Technology, it was determined that, in order 
to maintain a safe level of blood uric acid, the single cell protein 
intake should be limited to two grams of single cell protein nucleic 
acids per day. This would limit the total protein intake to sixteen 
grams per day as the upper limit. For an adult the total daily require
ment for protein is 50 to 60 grams per day. The Federal Food and Drug 
Administration also regulates the intake of nucleic acids to two grams 
per day in products not exceeding two weight percent nucleic acids.

1.3 Objectives of Research
The broad objectives of this study were two-fold. First of all, 

the work done on the reduction of nucleic acid, content of single cell
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protein was to be studied. Secondly, with the knowledge of the bio
chemistry involved in the reduction of nucleic acids, to develop a 
process which would reduce the nucleic acid content of yeast single cell 
protein without a large loss of the protein, For this study the major 
alternative processes reported in the literature were duplicated in the 
laboratory and a process was developed on a laboratory scale that might 
be suitable for large-scale reduction of the nucleic acids in Saccharo- 
myces cerevisiae yeast single cell protein.



CHAPTER 2

SINGLE CELL PROTEIN THEORY

2.1 Single Cell Proteins 
Single cell protein (SCP) is the name given to protein derived 

from unicellular organisms like yeasts, algae, fungi and bacteria con
taining a large amount of protein in them. It has been suggested to 
. avoid calling such protein microbial, bacterial, or some similar term 
that might not find public acceptance. Yeasts may be defined as micro
organisms in which the unicellular form is conspicuous and they are 
closely related to fungi. Yeasts differ from algae in that they do not 
possess photosynthetic capabilities. Bacteria are much smaller in size 
compared to yeasts, as well as differing in structure, and can therefore 
be distinguished. The theoretical background outlined herein is limited 
to yeasts and SCP derived from yeasts, since the experimental work is on 
the yeast Saccharomyces cerevisiae.

There are 39 genera containing seme 350 species of yeast. Almost 
all commercial production of yeasts is limited to a few species: 
Saccharomyces cerevisiae, used by bakers, brewers and distillers? 
Saccharomyces carlsbergenesis, a brewery yeast, and Candida utilis, 
employed in the dried form for food and fodder applications, especially 
where the raw material is spent sulfite liquor̂ .

Yeasts, like all living things, consist largely of organic mat
ter, carbon, hydrogen, oxygen and nitrogen forming the main bulk of the



cells, apart from water, which consists of about 50 weight percent of . 
the living organisms. The elementary composition of yeasts is given in 
Table 1. There are some variations in the main constituents according 
to the strain and the fermentation process used but the minor constit
uents are much more influenced by the nature of the raw materials 
(Harrison, 1959).

The elements from Table 1 are compounded to yield an empirical 
formula, ^Pq ^Sq gg' with, lesser amounts of other elements.
The composition of the yeast Saccharoxtyces cerevisiae is given in 
Table 2. Protein is the main constituent followed by carbohydrates and 
nucleic acids. It is because of this large quantity of available pro
tein that the yeasts have aroused interest as a protein supplement for 
human consumption. As discussed in Section 1.1, it also offers advan
tages over SCP bacteria, algae and fungi.

The mean diameter of a typical Saccharomyces. cerevisiae cell is 
about 6 microns and the shape is approximately elliptical. There are 
more than 10"^ cells per gram of compressed moist yeast, the free extra
cellular water accounting for 30 weight percent of the volume. Each 
pure strain of yeast, when grown by a given non-continuous process, 
produces cells of the same average dimensions, although cell sizes and 
shapes are related to growth rate.

The distribution of chemical constituents in yeast cells is 
given in Table 3. It. is seen that most of the protein is limited to the 
cytoplasmic region. It is also seen that the majority of the ribo
nucleic and deoxyribonucleic acids occur in the cytoplasmic membranes,



Table 1= Typical Elementary Ctinposition of Goraiercial 
Yeasts.

Element g/100 g dry matter

c 45.-47.
H 6.0—6.5
0 31.-32.

. N 7.5-9.0
K 0.9-3.5
P 1.1-2.0
S 0.3-0.5
Mg 0.15-0.5
Ca 0.04-0.9

, Na 0.02—0.2
Zn 0.004-0.13
Fe 0.003-0.1
Cu 0.002-0.012
Mi 0.0004-0.0035
Co 0.0005
Mo 0.000005-0.000009
Cl 0.004—0.1
I, 0.00005-0.0004
Pb 0.0001-0.0007
As 0.00001



Table 2. Typical Yeast Composition, —  Strain;
Saccharoiryces cerevisiae.

Component Weight %

Protein 50
Carbohydrate 36
Nucleic Acids 7
Ash 6
Fat 1

Table 3, : Distribution of Chemical Constituents in Cells.

Cell Fraction Major Components

Capsule Complex polysaccharides, 
polypeptides

Cell Wall Lipopolysaccharide, 
polypeptides, Amino
sugars

Cytoplasm
Cytoplasmic membrane Lipoprotein, RNA
Ribosomal fraction Protein, ENA
Nuclear bodies ’ Protein, ENA, DNA
Mitochondria Lipid, protein
Cell sap Lipid, protein, 

polysaccharide, small
organic molecules



the ribosomal fraction and the nuclear region of the cytoplasm 
. (Tannenbaum, Mateles and Capco, 1966). A high protein content irrplies a 
high enzyme content with consequent vigorous fermentative ability and 
value for nutritional purposes, but as a corollary there is considerable 
amount of autolytic enzyme action which gives the moist product poor 
keeping quality.

The amino acid composition of Saccharonyces cerevisiae yeast is 
given in Table 4. Although the yeast contains all the essential amino 
acids needed by man, the sulfur amino acids cysteine and methionine
occur in very small quantities (Grylls, 1961). For this reason the

|yeast protein is most suitable as a supplement in human protein diets
and not as the only source of protein in food. Furthermore, the use of
yeast SCP as a food component in various existing cultural foods should
find more acceptance than as a completely n & t food. The molecular
weight of yeast protein has been determined to be 99,640 with a sedirrenta-

13tion coefficient of 6.20 x 10 Svedberg units and a diffusion coeffi
cient of 5.89 x 107 (Lindquist, 1953).

The carbohydrates are concentrated in the cell wall structures.
A high carbohydrate content infers low activity because the self
destructive systems are less active. Also, these carbohydrates provide 
a reserve energy source from glycogen and halose for the maintenance of 
the living yeast system (Peppier, 1970).

2.2 Yeast Nucleic Acids 
The nucleic acids universally function to store and transmit 

genetic information. The nucleic acids from yeast contain the purine



Table 4. Amino Acid Composition of S. Cerevisiae.

, Amino Acid
Weight Percent 
of Dry Weight

Arginine 1.67
Cysteine 0.46
Histidine 1.40
Isoleucine 2.86
Leucine 3.01
Lysine 3.75
Methionine 1.36
Phenylalanine 2.21
Threpmome 2.75
Tryptophan 0.66
Tyrosine 1.78
Valine 2.32
Total Nitrogen 7.9



‘ 11
and pyrimidine bases adenine,. guanine, cytosine, uracil, thymine and the 
pentose sugars D-ribose and 2-deoxy-D-ribose„ Polynucleotides consisting 
of covalently--linked chains of deoxyxxbonucleotide units are called 
deoxyribonucleic acids (DNAs). The polynucleotides consisting of ribo
nucleotides are called ribonucleic acids (RNAs). In both deoxyribo
nucleic acid and ribonucleic acid the mononucleotide units are covalently 
linked through a phosphate diester linkage between the 3' position of 
one mononucleotide unit and the 5' position of Figure 1.

Th#.difference in structure between the deoxyribonucleic acid 
and the ribonucleic acid is the hydroxyl group at the 2' position of the 
ribonucleic acid pentose sugar. In yeast there is 50 to 100 times 
greater ribonucleic acid content than the deoxyribonucleic acids 
(Fukuhara, 1967),

Yeast ribonucleic acid has the four bases adenine, guanine, 
uracil and cytosine. The base composition has been determined as 
adenine 25.6 weight percent, uracil 26.2 weight percent, guanine 28.6 
weight percent and cytosine 19.6 weight percent (Osawa, 1960). For 
Saccharonyces cerevisiae yeast sedimentation analysis shows three types 
of ribonucleic acids —  26S, 18S and 5S. The ribosomal ribonucleic acid 
consists of 26S and 18S, while all the 5S ribonucleic acid is the trans
fer ribonucleic acid.

Massenger ribonucleic acid contains only the four bases adenine, 
guanine, cytosine and uracil. It is synthesized in the nucleus during 
the process of transcription in which the sequence of bases in one strand 
of the chromosomal deoxyribonucleic acid is enzymatically transcribed in
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Figure 1. Polynucleotide Structure of DMA and BNA.
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the form of a single strand of messenger ribonucleic acid. It is only a
very small portion of the total yeast ribonucleic acids. Its. molecular 
Weight is in the range of 25,000 to 1,000,000.

Transfer ribonucleic acids are relatively small molecules which 
act as carriers of specific amino acids during protein synthesis of the 
ribosome. In yeasts, 5 to 10 weight percent of the ribonucleic acids 
are transfer ribonucleic acids. The molecular weight of transfer ribo
nucleic acid is in the range of 23,000 to 30,000.

Ribosomal ribonucleic acid consists of up to 80 weight percent 
of all the yeast ribonucleic acids. It has a molecular weight range of 
35,000 to 1,100,000. Although ribosomal ribonucleic acids is a big
fraction of the nucleic acids, its function in the ribosome has not been
clearly enunciated.

2.3 Ribonucleic Acid Depolymerization
The ribonucleic acids can be depolymerized by two methods. A 

highly selective enzyme, ribonuclease, which can be extracted from bovine 
pancreas, microorganisms or other living systems selectively breaks the 
phosphate diester linkage wherever a pyrimidine base is present on the 
ribose sugar. Oligonucleotides consisting of mononucleotide chains are 
formed.

Secondly, ribonucleic acids can be hydrolyzed chemically with a 
mild acid or a base. The ribonucleic acid molecule is cleaved at the 
phosphate diester linkage to yield 2* and 3' mononucleotides as well as 
some 2*-3' cyclic monophosphates (Figure 2) . The cyclic monophosphates 
are the first products of the hydrolysis of ribonucleic acid. The cyclic
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irmcphosphatBS are further hydrolyzed by the acid or base which attacks 
the P-O-C2 and P-O-C^ linkage equally to yield an equimolar mixture of 
21-mononucleotide and 3'-mononucleotide.

The prerequisite for alkaline hydrolysis is the presence of a 
hydroxyl function in proximity to the phosphoryl group. The mnonucleo- 
tides formed are stable to further alkaline hydrolysis because of sta
bility of dialkyl esters of phosphoric acid toward alkaline reagents 
(Brown and Todd, 1952),

Mild acids also yield nucleotides as their hydrolysis products 
but the acid further hydrolyzes the purine nucleotides. Alkaline hydrol
ysis depolymerizes the ribonucleic acid chain completely to mononucleo
tides and no oligonucleotides are left as large fragments (Brown. and Todd,
1955).  - -■ -

The deoxyribonucleic acid is not depolymerized by ribonuclease 
or by acid or alkaline hydrolysis. The ribonuclease is very selective 
and only attacks the pyrimidine-based ribonucleic acids. For alkaline 
or acid hydrolysis to occur, a 21 -hydroxyl group is required on the 
pentose which the deoxyribonucleic acid pentose does not possess.

2.4 Proteins in Solution 
Proteins are polymer chains of amino acids. The predominant 

chemical linkage is the a-peptide linkage which consists of an amide 
linkage between the a-amino and a-carboxyl groups of adjacent amino acid 
residues. Other types of linkages between the amino acids also exist 
but the peptide linkage is the predominant coupling. The disulfide ' 
(-S-S-) linkage is present in proteins containing cystine residues.
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This structure may cross-link two separate polypeptide chains or nay
cross-link separate polypeptide chains or may cross-link separate seg
ments of a single chain. These disulfide couplings contribute to the 
highly folded nature of the protein molecules.

Ooulombic attractions and repulsions are important in protein 
structures due to the presence of many positive and negative charges at 
or near the isoelectric point. The coulombic attractions are significant 
in holding together a peptide chain in the specific folded configuration 
or globular proteins. The principal intermolecular banding forces in 
proteins are the hydrogen bonds. Substantial hydrogen bonding can occur 
by the carbonyl and amide groups of a peptide poly chain. These carbonyl- 
amide hydrogen bonds are a key factor in the Pauling-Corey helical struc
tures of proteins (Fox and Foster, 1957). Side chains are also 
stabilized by hydrogen bondings.

In a protein crystal the configuration is determined by the 
necessity of obtaining minimum potential energy. This condition, 
together with, the restrictions in inter-atomic lengths and bond angles, 
lead to two general types of structure. There are structures in which 
hydrogen bonds form between the -C-0 and N-H groups of different residues 
within the same peptide chain and those in Which the hydrogen bonds 
between the same CO and NH groups are formed between adjacent and 
approximately parallel chains.

When proteins are in solution, two general properties appear.
The rate at which the molecules of most soluble protein diffuse or alter
natively sediment in a centrifugal field and the magnitude of the
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intrinsic viscosity of their solutions, all suggest that the compact ' 
shape exhibited is maintained in solution over a fairly wide range of pH. 
The proteins can be made to lose their shape by a relatively mild treat
ment such as heating in water, exposure to urea, and extremes of pH.
This loss is almost invariably accompanied by a loss of specific 
biological activity as well as by large changes in physical properties 
and the process is generally known as denaturation.

Below a certain pH value, the intrinsic viscosity of proteins 
in solution increases sharply with increasing net charge while its 
value at any given charge is now markedly dependent on ionic strength.
The constant low viscosity at higher pHs is consistent with a compact 
rigid molecule. The behavior at lower pH values is typical of synthetic 
polyelectrolytes which exist in solutions as more or less random coils. 
With increasing net charges, electrostatic repulsion of particular seg
ments of the molecule occurs. The random ceils configuration becomes 
extended and the intrinsic viscosity increases (Edrall and Wyman, 1958).

The addition of salt effectively screens the individual charges 
on the protein molecules in solution. A less extended random configura
tion is regained and the viscosity falls. The striking effect of salt 
shews that the whole molecular domain of the denatured protein is now 
permeable to the solvent and therefore both the secondary and tertiary 
structures are partially or wholly unfolded. In a good solvent, the 
denatured protein remains as a solvated random coil but in a poor 
solvent or when the solvent is removed, interchain hydrogen bonds form 
and the denatured protein aggregates and finally precipitates. The. fact
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that the denaturation. does not occur at pH values which are roughly 
' symmetrical about the isoelectric points Shows that the electrostatic 
forces are not the only forces responsible for the maintenance of the 
native undenatured structure of the protein molecules.

2.5 Protein Processing Damage 
Processing damage to proteins can result fran three different 

types of reactions, namely, destruction of amino acids by oxidation, 
modification of some of the linkages between the amino acids so that 
their release is delayed during ingestion and, finally, by the formation 
of linkages that are not hydrolyzed during ingestion because of the loss 
of their biological activity.

The destruction of amino acids and of the protein can result 
because of strong oxidation and charring due to gross over-heating. The 
pentose sugars of the protein are damaged. The rate of liberation of 
amino acids by enzymes in vitro is changed by heating. The damage due 
to delayed release of amino acids occurs because not all the essential 
amino acids are available at the same time for protein synthesis in the 
tissue and those that cannot be used are oxidized (Melnick, Oser and 
Weiss, 1946). Under certain conditions, heat can create linkages that 
cannot be hydrolyzed during digestion so that part of the amino acids 
are not absorbed.

Temperature, the time of heating and the presence of moisture and 
reducing substances control the damage done to proteins. Damage is 
generally proportional to the extent of heating and the time and tempera
ture beyond a certain critical temperature (Cook et al., 1951).



CHAPTER 3

ALTERNATIVE SINGLE CELL PROTEIN PROCESSES

Over the past few years, considerable work has been done on 
reducing the nucleic acid content of yeast single cell protein (SCP) so
that it can be used as a protein supplement for human food. Sams of the' ' -
potential processes are being developed at the Royal Institute of 
Technology, Stockholm, Sweden (Hedenskog and Ebbinghaus, 1972), by 
Anheuser-Busch, Inc.; St. Louis (Sucher et al., 1973); Massachusetts 
Institute of Technology (Maul, Sinskey and Tannenbaum, 1970),; University 
of Chile, Santiago, Chile (Canepa et al., 1972); and Laval University, 
Quebec, Canada (Zee and Simard, 1975).

All of these processes either utilize chemical hydrolysis of the 
yeast ribonucleic acids or an enzymatic procedure to reduce the level of 
the nucleic acids in yeast. In all the processes, the protein produce 
has a residual content of 1.5 to 2 weight percent nucleic acids.

3.1 ■ Swedish SCP Process
Methods for reducing the content of nucleic acid in protein con

centrates frcan disintegrated yeasts to produce a SCP product were studied 
at the Royal Institute of Technology, Sweden (Hedenskog and Mogren,
1973). The yeast strains used were Saccharoityces cerevisiae and 
Saccharonyoes carlsbergensis. Protein concentrates'were prepared by acid 
precipitation of extracted protein after cell wall separation by
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centrifuging at 3000 g for 30 minutes. The cells were ruptured by a 
mechanical disintegrator consisting of rotating discs in a horizontal 
water-colled cylinder filled with glass beads of 0.50-0.75 mm diameter. 
The influence of alkaline protein extraction on the content, of ribo
nucleic acid was studied using a sodium hydroxide solution. . It was found 
that when a large decrease in the ribonucleic acid content was obtained 
this was followed by a decrease in the yield of protein concentrate. 
Precipitation of yeast protein by heating at an alkaline pH gave a pro
tein concentrate with a lower content of ribonucleic acids. A slightly 
lower nucleic acid content was obtained when the precipitation was per
formed in the presence of a 5 percent sodium chloride solution.

An 80 to 90 percent reduction of the nucleic acid has been 
reported with 70 to 80 percent of amino acid recovery. Figure 3. shows a 
schematic flow diagram of the process with sane of the disclosed process
conditions. An alkaline hydrolysis of the ribonucleic acid was carried

oput at a basic pH of ten. The yeast suspension was heated to 80 C and 
then washed to separate the nucleotides from the protein concentrate.
The protein concentrate was spray and drum dried.

3.2. Anheuser-Busch SGP Process 
Anheuser-Busch, Inc., has developed an effluent process method 

for rupturing bakers' yeast cells and processing them into three new 
food ingredients, one of which is a SOP product.

In the first step of the process (Figure 4), the yeast cell walls 
are disrupted in an industrial homogenizer. During the homogenization 
step, pressures up to 7,000-10,000 pounds per square inch are used, and
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greater than 90 percent of the cells are raptured, releasing the water 
soluble proteins. Multiple passes, are used in the homgenizer. The 
yeast suspension is cooled between the passes to prevent heat denatura- 
tion of the yeast and microbial growth. The suspension was maintained

oat an alkaline pH and at 25-30 C to keep the natural enzyme system of the 
yeast in an inactive state. The cell walls are separated from the 
soluble protein by centrifugation. The cell walls after processing, are 
formed into a theologically active product called yeast Glycan (Sidoti 
et al., 1973).

The protein-rich extract' is incubated for a period of 30 to 120 
minutes in the temperature range of .30-65°C. The incubation is .carried 
out at a pH of 5.0 to 7.0, which was adjusted by using hydrochloric acid. 
This incubation allows the yeast nuclease to act upon the nucleic acid, 
thereby reducing the ribonucleic acid content of the SCP yeast protein 
product. The protein becomes insoluble as the nuclease reaction pro
ceeds, facilitating separation of the protein from the remaining 
solubles.

The separation of the protein frcm the yeast extract is done by 
centrifugation. , This separation is improved by adding calcium chloride 
to extract the solids. The yeast extract is concentrated to form a high 
nucleic acid product which can be used for flavoring.

The. protein concentrate is vacuum concentrated by heat and flash 
cooling and then spray dried. Ninety percent of the original yeast 
nucleic acids are removed and the nucleic acid content of the final pro
tein product is 0.7 weight percent on a dry solid basis.



3.3 MIT SCP Process.
A three-step heat shock process was developed at the Massachusetts

Institute of Technology (MET) for reducing the nucleic acid content of
yeast. The yeast strain used was Candida utilis.

The yeast was suspended in spent growth medium, which was at a pH
value, of 4. The suspension was heat shocked for a few seconds duration 

obetween .62-68 C. , The heat shock activated the ribonuclease of the yeast 
system which depolymerized the ribonucleic acids. For the completion of 
the reaction, the suspension was incubated for 120 minutes at 45-50°C.
It was then further incubated at 55-60°C for a period of 60 minutes.
• Figure 5 shows the flow diagram for the process. During the third step 
of the process, where the suspension is further incubated at a slightly 
higher temperature, the hydrolysis products diffuse from the yeast cells 
to the suspension medium. The major difference between this process and . 
the Swedish and Anheuser-Busch processes is that whole yeast cells were 
used without rupturing them.

The process reduces 78-85 weight percent of the original yeast 
ribonucleic acids (Ohta et al.,1971).

3.4 University of Chile SCP Process 
The Massachusetts Institute of Technology heat shock process pro

duced only a moderate reduction of nucleic acids when the yeast strain 
Saccharoiryces cerevisiae was used.

At the University of Chile, the Saccharcmyces cerevisiae yeast 
was first suspended in a phosphate solution and then treated according 
to the MIT process. The protein was extracted at a pH value of 12.
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The yeast was suspended in a phosphate solution and heat shocked 

for a few seconds at 54-70°C and then incubated at 45-50°C for 120
O  - •minutes and then again at 55-60 C for 60 minutes. After the incubation 

period, the cells were dialyzed and washed with both a phosphate solution 
and distilled water. At alkaline pH conditions, no substantial improve
ment was found in the reduction of nucleic acid content when washed with 
phosphate solution.

Figure 6 shews the main process steps and results of the reduc
tion. An 84 percent reduction of the nucleic acids was obtained by this 
phosphate reduction process followed by washing. The protein recovery 
. for this process was 86 weight percent.

3 .5 Laval University SCP Process 
A one-step process has been developed at the Laval University 

for the nucleic acid reduction in Bhototorula glutinis yeast. The pro
cess consists of suspending the cells in an acidic medium of pH value 
2, obtained by using one normal hydrochloric acid. The suspension is 
then heated to 90°C and the acid hydrolysis of the ribonucleic acids 
completed.

The advantage of this process over others is that it is only a 
single-step process, but has the disadvantage of lower removal of the 
nucleic acids. The process utilizes acid hydrolysis of the yeast ribo
nucleic acids. Eighty-two percent of the nucleic acids are reduced by 
this process and the final product contains 1.2 percent nucleic acids. 
Ninety-five percent of the total yeast nitrogen was recovered.
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In summary, the Swedish and the Anheuser-Busch processes were 

developed frcm a process standpoint so that efficiencies could be 
balanced against the degree of process sophistication when considering 
Industrial-scale equipment. The processes developed at MET, the Univer
sity of Chile and the University of Laval were laboratory-scale experi
ments interested mainly in nucleic acid reduction.



CHAPTER 4

EXPERIMENTAL MATERIALS AND METHODS

4.1 Single Cell Protein 
The single cell protein (SCP) used for this study was Saccharo- 

myces cerevisiae yeast. It was obtained from Sigma Chemicals Company in 
granular form as low temperature dried YSC-2 yeast frcm Lot 71C-1090.
.It was stored at 5°C to keep the enzyme system of the yeast in an 
inactive state..

4.2 Experimental Philosophy 
As stated in Section 1.3, the research objective of this study 

was to devise a chemical process by which a low nucleic acid level yeast 
single cell protein product could be obtained having, a high protein 
yield. The, experimental philosophy of this research involved a theoret
ical analysis of why those processes reported in the literature did not 
have both high reduction of nucleic acids and high yields of protein, 
and to devise a process to correct these shortcomings.

The biochemistry of the depolymerization of the nucleic acids 
shows that the nucleic acid content of single cell protein can be reduced 
by two methods. The phosphate diester linkage between the pentoses can 
be hydrolyzed with an alkali or a specific enzyme, ribonuclease. From 
the study of the different processes it was found that, in all the 
processes, either the native yeast nibonuclease was used to depolymerize

29 '
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the ribonucleic acids or a chemical hydrolysis reaction was. carried put.
It was decided that both chemical hydrolysis and the native yeast nuclease 
be used to reduce the nucleic acid content. Some of the processes used 
whole yeast cells and could not obtain a full release of the nucleic 
acids and proteins. Ruptured cells were to be used so that the cyto
plasmic and ribosqmal portions of the cells were available for action by 
the nuclease and the alkali. A phosphate buffer was to be used to sus
pend the yeast so that the ribosomes would denature and provide more 
sites for the nuclease and the alkali to react.

The protein recovery in the existing processes described in 
Chapter 3 is low. This is because some of the processes subjected the 
proteins to harsh temperature and pH conditions. At high temperature 
and pH values, some of the protein peptide linkages are also depoly
merized along with the nucleic acids. To minimize the protein loss, 
mild temperature and pH conditions were used in this study.

4.3 Experimental Procedures
The yeast cells were ruptured by grinding them with, colloidal 

alumina in a mortar. The alumina was obtained from Sigma Chemicals 
Company as Alumina Type 305, which is used for disintegrating micro
organisms by grinding. The degree of rupture was determined, by taking a 
cell count on a haemacytaneter (Paul, 1970). The cells were stained with 
a methylene blue dye. The ruptured cells took up the dye stain and were 
observed under a microscope on the haemacytometer at 450x magnification.
A . polaroid photograph of the cells was taken by a camera mounted on the 
microscope and the number of cells counted from the photograph.



The alumina and cell walls were separated by centrifuging at 
1100 xg for half a minute. The centrifuge was was a Safety-head 
laboratory centrifuge manufactured by Clay-Adams of New York. A dibasic 
sodium phosphate solution was used to suspend the soluble protein and 
other yeast cell components. Anhydrous dibasic sodium phosphate was ob
tained from JMallindcrodt Chemical Works. The pH of the protein phosphate 
solution was adjusted by using IN sodium hydroxide or IN hydrochloric 
acid solution. The pH values were measured on a Coming Scientific 
Instruments Model 12 research pH meter.

The yeast suspension was heat shocked by heating it at 62-6 8°C 
for 16-18 seconds in large, flat-bottom beakers with vigorous stirring 
on a magnetic stirring hot plate. The large surface areas of the beakers 
permitted a very good heat transfer surface for quick heat shock.

Part of the protein became insoluble during the heat shock step 
which occurred at an alkaline pH value. The protein suspension was 
transferred to preheated flat-bottom Erlenmeyer flasks. . The large sur
face area and thin walls of the flasks gave good heat transfer. The 
flasks were incubated in an electric oven. The oven was a Precision 
Scientific Oven Model 60. The temperature range was from 20 to 70°C.
For higher temperatures, a constant temperature cabinet made by the Blue 
M Electric Company was used which had a temperature range up to 275°C.

During the incubation step, all the protein precipitated. The 
protein product fraction was separated by centrifuging at 1600 xg for 
5 minutes. The overflow supernatant portion contained the hydrolyzed 
nucleic acids. The protein underflow was washed with distilled water or
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a 50 mM dibasic sodium phosphate solution. The overflow supernatant,
the protein underflow and the cell wall fractions were refrigerated at
0-5°C prior to analysis.

The samples were analyzed for the protein content by a modified
Lowry procedure (Lowry et al,, 1951). The ribonucleic acid content was
: measured by determining the pentose sugars using an orcinol solution
(Maijfoaum, 1939). The Ogur-Rosen procedure m s  used to extract the pro-

' tein and pentoses from the analytical• sarrples. (Ogur and Rosen, 1950).

4.4 Analytical Extraction Procedure 
The protein and ribonucleic acid samples were washed with 

deionized distilled water and centrifuged in a refrigerated centrifuge 
at 10,000 revolutions per minute for 10 minutes. A 1 ml samples of 
packed sample was taken up in 70 percent ethanol and vortexed for 30 
.minutes at 4°C. The cold ethanol extracted the lipid phosphates and 
other, organic matter (Schmidt and Thannhauser, 1945). One normal 
perchloric acid was added, the sample vortexed and then hydrolyzed for 
18 hours at 4 C. The cold perchloric acid treatment removes all the 
phosphate pentoses and precipitates the proteins without any significant 
ultraviolet absorption of its own. After 18 hours of hydrolysis, the 
samples were centrifuged at 10,000 revolutions per minute for 10 minutes 
and the cold perchloric acid soluble fraction containing the phosphate 
pentoses was ranoved for the ribonucleic acid pentose analysis. The 
centrifuge underflow containing the protein m s  further mshed with 
cold, one normal perchloric acid to remove any further soluble phosphate 
pentoses and conbined with the soluble overflow fraction.
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To hydrolyze the protein fraction, one normal potassium hydroxide 

was used. The samples were hydrolyzed for 30 minutes at 70°C in a hot 
water bath. The potassium, hydroxide hydrolyzes the proteins, and the 
polypeptides become soluble in one normal potassium hydroxide. The 
samples were centrifuged at 10,000 revolutions per minute and the over
flow containing the solubilized peptides was used for . protein analysis 
with Bolins phenol reagent.

4.5 Ribonucleic Acid Determination 
The ribonucleic acid pentoses were determined by the Orcinol 

procedure. This method determines pentoses in adenosine triphosphate, 
adenosine diphosphate, adenylic acid and coenzymes, as well as in the 
free form. The pentoses were solubilized in cold perchloric acid.. The 
samples were diluted to 3 ml volume after determining an acceptable 
dilution. A 10 percent solution of orcinol was prepared in 95 percent 
ethanol, and 0.3 milliliters was added to each sample after addition of 
a tenth of a percent acid ferric chloride. The samples were heated for 
30 minutes in a boiling water bath and then cooled on ice. The color 
was read on a spectrophotometer using a 660 nm wave-length filter.

A standard ribonucleic acid curve was obtained by preparing a 
D-ribose standard solution and diluting it. The standard curve for 
D-ribose in the range of zero to 100 micrograms per milliliter is 
attached in Appendix A. The range for the orcinol procedure to determine 
the ribonucleic acid content is 4 to 40 micrograms of ribonucleic acids, 
with a precision of + 0.4 micrograms (TJmbreit, Burris and Stauffer, 1972) .
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A differential reading of the absorptance of the samples was 

taken to deterxnine only the percent reduction of the nucleic acid level 
in the samples without using any standard curve values. The samples 
were scanned in the range of 280 to 240 ran of the ultraviolet absorption 
spectra using an untreated sample as the reference. A sharp peak was 
seen in the 255 ran range. The scanning was done on a Beckman DB-GT 
grating spectrophotometer.

4.6 Protein Determination 
The airount of protein in the samples was determined by using a 

modified Lowry procedure. The Rolin-Ciocalteu1 s phenol reagent was 
obtained from Sigma Chemicals Company. The Folin reagent was available 
as 2 normal acid and was diluted to one normal for use with the Lowry 
determination. . .

Reagent A was a mixture of three substances, Al, A2 and A3, 
which were combined shortly before use. Reagent Al was a 2 percent solu
tion of sodium or potassium tartrate in deionized distilled water. The 
solution could be stored at room temperature. Reagent A2 was a one per
cent solution of cupric sulfate in deionized distilled waters Reagent A3 
was a 2 percent solution of sodium carbonate in one-tenth of a normal 
sodium hydroxide solution. All the three reagents, Al, A2 and A3, are 
stable and could be stored for long periods of time at laboratory 
temperature. Reagent A was formed by combining one milliliter of 
reagents Al and A2 and a 100 ml of reagent A3 and mixed thoroughly.
This reagent was discarded after one day of use because it forms unstable 
cuprocarbonate complexes.



The correct dilution for the protein samples was determined and 
half a milliliter of the diluted sample volume taken in a spectrophotom
eter tube. Two milliliters of reagent A were added and the mixture 
allowed to react for 10 minutes. Two-tenths of a milliliter of the 
dilutes normal fblin-Ciocalteau's phenol reagent were added and the color 
was allowed to develop for 30 minutes. The ultraviolet absorptance was 
read at a 500 nm wave-length filter.

In the Lowry procedure, the color is developed by two mechanisms. 
The copper in the alkali reacts with the proteins to form a copper- 
protein complex. A very small amount of copper is needed to give maximum 
final color. The Folin phosphomolybdic-phosphotungstic reagent is then 
reduced by the copper treated protein. Maximum color results if this 
. reduction occurs at about a pH value of ten. At this pH, the reagent 
is active for a very short time, hence the solution has to be highly 
buffered to stabilize the pH. The sodium carbonate is used to buffer 
the mixture at this pH value of 10 and the sodium hydroxide neutralizes 
the excess phosphoric acid.

The standards for the protein were made with bovine serum 
albumin, obtained fran Sigma Chemical Company. A one percent solution 
was diluted to obtain the standards in the range of 200 micrograms to 
- 12.5 micrograms per milliliter of solution. The standard curve for 
proteins is attached in Appendix A. The Lowry procedure is good for the 
range of 5 to 100 micrograms of protein.

To determine only the percent loss of protein in the treated 
samples without preparing standard solution of bovine serum albumin, a
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differential reading of the absorptanoe was taken. The color was 
developed by the Lowry procedure described previously. The reference 
ceil of the Beckman DB-GT spectrophotometer contained the untreated 
protein sample and the percent reduction was determined by scanning the 
samples in the 750 nm to 760 nm wave-length range. An absorptanoe peak, 
was detected in the region of filter range (750 nm).

4.7 Amino Acid Determination 
The amino acid analysis was performed on a Beckman Model 121 

Automatic Amino Acid Analyzer, located in the Department of Agricultural 
Biochemistry. The Automatic Amino Acid Analyzer uses the Ninhydrin 
reaction. The Ninhydrin reaction can be used to estimate amino acids 
quantitatively in very small, amounts (Moore and Stein, 1948); Heating 
an g-amino acid with two equivalents of Ninhydrin yields an intensely 
colored product. A blue color is given in the Ninhydrin reaction by all 
the amino acids and peptides having a. free a-amino group. In proline 
and hydroxy-proline, where the a-amino group is substituted, a different 
derivative having a characteristic yellow color is produced.

In the amino acid analyzer, the hydrolyzed amino acids are 
separated on an ion exchange column packed with a sulfonated styrene 
copolymer resin. The eluates are reacted with Ninhydrin and the color 
intensities are read on spectrophotometric tubes. The quantitative 
amount of the different amino acids is determined by integrating the 
area under the peaks and comparing them with those of a standard.
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For the hydrolysis of the protein samples, 6N hydrochloric acid 
was used. The samples were freeze-dried with hydrochloric acid in 
constricted-neck hydrolysis ampules. . The air was removed from the flask 
using a nitrogen blanket. The hydrolysis ampules were sealed after 
evacuating the nitrogen. The hydrolysis reaction was carried in vacuum 
at 140°C for 4 hours. After hydrolysis, the flasks were broken and the 
hydrolysate product vacuum distilled to remove all the, hydrochloric 
acid. The hydrolyzed amino acids.were dissolved in a pH value 2.2 
buffer solution and filtered. The filtrate containing the hydrolyzed 
amino acids was injected into the Automatic Amino Acid Analyzer for the 
quantitative determination of the amino acids.



CHAPTER 5

EXPERIMENTAL RESULTS AND DISCUSSION

5.1 Effect of Cell Rupture 
The yeast cell was ruptured using alumina for the grinding 

material. The degree of rupture was kept constant between 75 and 82 
percent of whole cells. The degree of rupture was determined by taking 
a cell count of stained cells on a haemacy tome ter. . By rupturing the 
cells, the yeast cytoplasmic fractions are suspended in water along with 
the riboscmal fraction which contains the major portion of proteins and 
ribonucleic acids. Cell rupture is necessary for obtaining a low 
nucleic acid level in yeast single cell, proteins. In processes where 
the yeast cells are not ruptured, the nucleic acid reduction is not very 
good. Only 84.7 weight percent of the nucleic acids were reduced when 
whole intact cells were used compared to 93.5 weight percent reduction 
using ruptured cells. The. cell rupture allows subcellular material to 
be available for the hydrolysis reaction by the native yeast enzyme and 
the alkali. The disruption process does not cause the loss of activity 
of any of the yeast enzymes (Follows et al., 1971). The cell walls can 
be centrifuged and removed. The cell wall fraction does not contain 
much protein but forms, an unnecessary bulk to the diet and causes prob
lems in digesting the yeast proteins.
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5.2 Effect, of Phosphate Buffer 
The cytoplasm and other cell components are suspended in a 50 itiM 

dibasic sodium phosphate buffer solution. The phosphate ions buffer the 
protein in the range of pH values 8.0 to 8.4. The sodium phosphate also 
unfolds the yeast ribosomes so that more sites for the attack by the 
ribonuclease and the alkali are available (Gesteland, 1966). The 
unfolding of the ribosomes on the addition of disodium phosphate is 
irreversible even in the presence of a magnesium buffer (Natori, Marutoa 
. and Mizuno, 1968). It is not clear vhy dibasic sodium phosphate changes 
the shape of the ribosomes. One possibility is that it causes magnesium 
depletion by combination with the phosphate ion. However, since no 
irreversibility is observed on the addition of the magnesium ion, the 
change, cannot be simply due to the magnesium depletion. Another 
possibility is that a loss of minor structural ribosomal proteins occurs. 
This is more plausible because protein loss is . observed when the phos
phate buffer is used.

5.3 Effect of Enzyme Activation 
The native'yeast enzyme was activated by heat shock for a few 

seconds at 62 to 68°C. The temperature range for heat shock was extra
polated from the data on thermal denaturaticn of Escherichia coli 
(Bodley, 1969). Heat shock initiates the enzymatic hydrolysis of the 
yeast nucleic acids and several mechanisms have been postulated for the 
thermal activation (Ohta et al., 1971). Enzyme activation could occur 
by the thermal denaturation of a ribonuclease inhibitor or by the 
release of ribonuclease fran a subcellular caipartment. The yeast cells



can also be arranged in such a way that the enzyme may not. attack the 
native ribosomal ribonucleic acids unless the cells are disturbed by 
physical and chemical treatments and require the denaturation of the 
substrate before the hydrolysis can occur. The heat shock along with 
the alkali provides such an environment for denaturation.

5.4 Effect of pH 
The effect of varying pH values is shown in Figure 7. Seventy- 

five to 80 percent of the cells were ruptured. The cell, walls were 
separated by centrifugation. A phosphate buffer was used and the sus
pension incubated at 56°C for 180 minutes after heat activating the 
yeast enzymes. The pH was varied by using a IN sodium hydroxide solu
tion. After incubation, the protein product was separated and washed 
with distilled water and analyzed for the protein loss and nucleic acid 
reduction. From Figure 7 we see that the ribonucleic acid reduction 
maximizes in the range of pH values 10 and 11. On the same figure the 
protein recovery is also plotted. There is very little protein loss at 
a pH value of 8. As the sodium hydroxide concentration increases the 
protein loss also increases, reaching a maximum loss of 12 percent at 
the pH value of 12.8. At these very high alkali concentrations, sane 
peptide linkages are also broken and. protein molecules hydrolyzed.

5.5 Effect of Reaction Temperature 
Another set of. experiments was run between the optimum pH value 

range of 10 and 11 with varying incubation temperatures. The degree of 
rupture of the yeast cells was kept constant at 75 to 80 percent. The
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suspension was buffered with 50 xriM dibasic sodium phosphate and heat 
shocked at 66 to 68°C. The incubation temperatures were varied from 
5°C to 85°C. The reduction of the ribonucleic acid content and the per
cent protein loss are presented in Figure 8. There is very little ribo
nucleic acid reduction until 30°C. This is because the enzyme does not 
activate itself at low temperatures. The enzyme activation and reaction 
temperature is between 30 and 40°C (MoCorquodale, 1963). On the same 
figure we see that the protein loss is constant until '45°C and then 
increases with increasing temperature. The initial loss is due to the 
phosphate buffer and thermal shock which denatures some of the structural 
proteins. After .45°C, the increased loss is due to the.further breakage 
. of the peptide bonds in the presence of alkali and high temperature. By 
optimizing the pH values and incubation temperature in Figure 8, we 
were able to get maximum nucleic acid reduction with minimum protein 
loss in the incubation temperature range of 55 to 60°C and pH value 
range of 10.

5.6 Effect of Reaction Tine 
in Figure 9 the results of the varying reaction time experiments 

are presented. In biochemical literature the term incubation is used 
instead of reaction time. The incubation time is the time required for 
the hydrolysis reaction to occur using both the native yeast nuclease and 
the alkali for the depolynerization of the ribonucleic acids to their 
nucleotides. The optimum pH and reaction temperature values obtained 
from Figure 8 were used. The degree of rupture of the yeast cells was 
kept constant at 75 to 80 percent and the phosphate buffer was used as
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the suspension medium. The native yeast enzyme was activated by heat 
shock at 62 to 68°G, The ribonucleic acid reduction steadily increases 
for 115 minutes of reaction tine and then steadies Out. We can deduce 
that the hydrolysis reaction by the alkali and the yeast enzyme is 
completed after 120 minutes of incubation. The protein loss remains 
constant for all the runs for different lengths of incubation. This 
shows that all the protein loss occurs in the heat shock step with the 
phosphate buffer. The protein loss remains constant even at long 
periods of incubation indicating that it is the combined effect of high 
temperatures and strong alkali concentrations that hydrolyze the peptide 
bonds in the protein molecules.

5.7 Development of an Optimum. Process 
From the experiments on the optimization of pH, incubation time 

and the incubation temperature, a process was evolved for the reduction 
of nucleic acids of single cell protein. The schematic flow diagram 
with process conditions is presented in Figure 10. The yeast cells were 
ruptured with alumina. The rupturing allows the cytoplasmic region and 
other molecules to be released from the cell walls without any loss of 
enzymatic activity. The degree of disintegration has been kept constant 
in the range of 75 to 82 percent. This degree of rupture can be obtained 
with various industrial disintegrators and hamogenizers. Glass beads 
are used in these homogenizers and it has been found that for Saccharo- 
myces cerevisiae yeast the optimum bead diameter is 0.2 mm (Hedenskog, 
Magren and Enebo, 1970). The centrifuge underflow contains cell wall
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fragments, some unruptured cells and adhering solubles. A pure cell
wall fraction can be obtained after 10 washings with water (Hedenskog
and lYbgren, 1973).

After cell wall separation, the protein containing centrifuge
overflow was suspended in a dibasic sodium phosphate solution. The
sodium phosphate buffers the suspension and also opens up the protein
ribosomes by denaturation of some structural proteins. Sane of the
protein loss is accounted for in this step, but the advantage of the
phosphate ion is that by unfolding the ribosomes the native yeast enzyme
and the alkali can hydrolyze more of the ribonucleic acids. The suspen-

osion is heat shocked between 66 and 68 C. This activates the native
yeast enzyme. The high temperature of the heat shock combined with the
phosphate buffer account for the major loss of proteins. A minor amount
of protein can be hydrolyzed during the incubation step if the alkali
concentration and temperature get too high. The suspension is incubated

ofor 120 minutes in the temperature range of 55 to 60 C. The ribonucleic 
acid hydrolysis is carried on during this step. Also during this stage 
the hydrolysis products leak from their subcellular compartments into 
the suspension medium. The hydrolysis products are the 3" and 5 ' mono
nucleotides and some oligonucleotides which occur due to the enzymatic 
hydrolysis.

The protein precipitates out completely during the incubation as 
the nucleic acid content is reduced. The protein is separated by 
centrifuging at 1600 xg. The centrifuge overflow contains the nucleo
tides and some proteins. The solubility of the nucleotides is much
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higher than the parent ribonucleic acid polymer- The underflow con
taining the low nucleic acid protein product is washed with water to 
remove any adhering nucleotides. It is necessary to remove the nucleo
tides frm the protein product because it is the nucleotide bases that 
cannot be assimilated in the human body. The protein product from this 
process contains only 0.45 percent nucleic acid, producing a 93.5 percent 
reduction of the ribonucleic acids. Eighty-nine percent of the 
original yeast protein was recovered, giving the final protein product 
44.5 grams protein per gram of single cell protein. This high level of 
protein recovery has been obtained because high. temperature and pH 
conditions were not utilized in the process.

5.8 Oomparison with Alternative Processes
In order to compare our process with .other alternative processes, 

the procedures of the latter were duplicated in the laboratory using 
the process conditions available from their published literature. The 
yeast strain used for all the processes was Saccharcmyces cerevisiae for 
purposes of comparing processes. The ribonucleic acid analysis and the 
protein analysis for all the processes are presented in Table 5 and 6.

It is seen that all the processes which separated the reduced 
nucleotides frcm their final protein products obtained less than 2 weight 
percent nucleic acids in their products. However, the greatest reduction 
was obtained by the process developed in this study, followed by the 
Anheuser-Busch process and the Swedish process. All these three processes 
ruptured the cells before treating them for the hydrolysis of the ribo
nucleic acids. By rupturing the yeast cells, the suboellular components
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Table 5. ENA Analysis. —  Basis = 100 gms of yeast SCP.

Untreated 
Process Yeast

Cell
Walls

Nucleotide Protein 
Fraction Product

Percent
Seduction

Swedish  ̂ 7.1 —— 6.02 1.0 85.9
MIT 7.3 ----- 6.7* 69.9**
Chile 7.3 — 5.7 1.3 82.2
Anheuser-
Busch 7.3 6.21 0.75 89.7
Laval. 7.3 ----- 6.5* 79.5**
University 
of Arizona 7.3 — 6.4 0.475 93.5
*The processes did not remove the nucleotides from the products. 
**Based on washed protein product.

Table 6. Protein Analysis. —  Basis = 100 gms of yeast SCP.

Process
Untreated
Yeast

Cell
Walls

Nucleotide
Fraction

Protein
Product

Protein
Yield

Swedish 52.0 3. 12. 37. 72.2
MIT . 48.0 . — — ' — 35. 72.9
Chile 48.0 — — 6.5 40. 83.3
Anheuser-
Busch 50.0 3. 8. 38.5 77.0
Laval 50.0 -------- —— 40.5 81.0
University 
of Arizona 50.0 3. 3. 44.5 89.0



■ . ' 50become more available for the hydrolysis reaction to occur. The
Anheuser-Busch process and the Swedish process did not have the same 
reduction as the process developed in this study because those processes 
did not use a phosphate buffer solution. The phosphate buffer not only 
buffers the protein but also opens up the ribosomes providing further 
sites for the yeast nuclease and the. alkali to hydrolyze the ribonucleic 
acids.

. The protein recovery for the process developed in this study was 
89 weight percent which was the highest yield, of all the processes.
This high protein yield is attributed to the mild temperature and pH 
conditions used. The reaction temperature and the pH used for the 
process developed were milder than the Swedish, MIT, University of Chile, 
and University of Laval processes. The reaction temperature for the 
Swedish process was 80°C and for the University of Laval process was 
90°C compared to 55-60°C for the process developed in this study. In 
the University of Chile process, although the temperature range was the 
same as the process of this study, the pH value was 12, which is above 
the value of 10 used in our process. The protein yield is low for the 
Anheuser-Busch process, although mild, temperature and pH conditions are 
reported in their report. The Anheuser-Busch data may be based on their 
pilot plant study and not all the process parameters were disclosed. in 
their paper. Hence, the Anheuser-Busch process and the process developed 
in this study are both approaching the practical limit of protein 
recovery in a larger-scale plant. Further research must be done on the
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process developed in this study to determine losses in larger-scale
equipment..

In, the Massachusetts Institute of Technology process and the 
Laval University process, the nucleotides were hot separated from their 
final protein products. This is also evident from Table 5 because the 
product contains most of the nucleic acids. The orcinol procedure used 
for determining the ribonucleic acid content uses the ribose pentoses 
to determine the total amount of ribonucleic acid and therefore the 
nucleotide ribose pentoses are reported in Table 5. The percent reduc
tion figures for the Massachusetts Institute of Technology process and 
the Laval University process were determined by washing the protein 
product and then determining the nucleic acid reduction.

The amino acid analysis of the single cell protein processes is 
presented in Table 7. These represent the arithmetic average of the raw 
data shown in appendix B. Yeasts are deficient in the structural amino 
acids cysteine and methionine. These are the sulfur-containing amino 
acids and form the tertiary structure in the protein molecules via 
disulfide linkages. Since yeast single cell proteins have a very 
elementary structure, there is not much need of the structural amino 
acids. However, the yeast single cell protein can only be used as a pro
tein supplement and not as the only source of protein for human. diets 
because it contains very minute quantities of the structural amino 
acids cysteine and methionine.

Higher vertebrates lack the ability to synthesize a number of . 
amino acids from ammonia as the nitrogen source.. These are the essential



Table. 7. Mono Acid Analysis.

Weight. Percent Amino Acid Content

. Amino Acid.
Untreated

SCP
Swedish MIT Chile 
SCP SCP SCP

Anheuser- 
Busch SCP

Laval
SCP.

Univ. of 
Arizona

Lysine 3.33 3.20 3.07 3.12 3.09 3.04 3.24
Histidine 0.95 0.93 0.90 0.90 0.91 0.93 . 0.93
Arginine 1.98 1.85 1.70 1.90 1.86 1.84 1.96
Aspartic Acid 4.10 2.22 3.54 3.94 3.94 4.00 4.07
Threonine 2.59 2.71 . 2.54 1.93 1.56 2.12 1,93
Serine 1.73 1.70 1.29 1.69 1.70 1.50 . 1.73
Glutamic Acid 6.19 3.27 4.51 . 4.24 4.24 4.29 4.12
Proline 1.45 1.32 . 1.03 1.37 1.23 1.28 1.35
Glycine 1.98 0.95 1.02 1.60 1.74 1.88 1.76
Alanine 2.34 1.94 2.11 2.06 1.98 1.99 . 2.01
Cysteine 0.73 0.42 0.28 0.30 0.60 0.11 0.61
Valine 2.33 2.26 2.04 2.08 2.15 2.03 2.30
Methionine 0.57 0.14 0.39 0.29 0.24 0.04 0.42
Isoleucine 1.88 1.88 1.71 1.70 " 1.87 1.76 1.87
Leucine 2.83 2.80 2.54 2.68 2.78 2.01 2.75
Tyrosine 1.61 1.50 1.31 1.58 1.42 1.04 1.57
Phenylalanine . 1.86 1.64 1.55 1.81 1.62 1.56 1.79
Ammonia 1.65 1.32 1.07 0.85 1.21 1.60 ■ . 1.51

TOTALS 40.1 32.05 32.60 34.04 34.14 33.02 35.92



53
amino acids and have to be provided in the diet. Yeast single cell 
protein provides in quantity the essential amino acids lysine,' histi
dine, arginine, threonine, valineisoleucine, leucine and phenylala
nine. In the process developed in this study, 89.5 weight percent of 
the amino acids are recovered fran the feedstock yeast cell, followed 
by the Anheuser-Busch SCP process and the Chile SCP process.

The protein content shown in Table 6 was determined by the lowry 
procedure. This method determines the total protein content using the 
protein peptide linkages. In Table 7 the protein content was obtained 
by .sunming all the amino acids and ammonia. The value of the total 
protein content is lew because some of the protein is lost during the 

. . strong acid hydrolysis needed to separate out the amino acid hydrolysis 
giving a low total protein content. The Automatic Amino Acid Analyzer 
gives a good measure of the amino acid content and not the total pro
tein content.

In order to optimize the nucleic acid reduction and the protein 
. yield, the process parameters, pH, reaction temperature and reaction 
time, were varied independently. This experimental technique probably 
gave close to the optimum process parameters for maximum nucleic acid 
reduction. However, in order to insure that the actual optimum process 
. variables are obtained, a more sophisticated experimental design with 
■ interdependent variables should be used in future research.

The experimental design used for this study gave process condi
tions which produced a low nucleic acid yeast single cell protein product 
with a high protein yield. The high nucleic acid reduction acconpanied
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by a high protein yield was obtained because the amount of alkali used 
was ..sufficient for the hydrolysis reaction to occur but not enough so 
that the protein polypeptide linkages were left intact. The reaction 
temperature and the reaction time were chosen so that the nucleic acid 
reduction was maximized but the protein loss due to overheating and 
long exposures was minimized.

In order to see if further reduction of the nucleic acids 
accompanied by a high protein yield is possible, further experimental 
work should be done on separating the enzymatic and chemical hydrolysis 
reactions. The mechanisms and kinetics of both the enzymatic and 
chemical hydrolysis should be investigated. Enzymes from an outside 
source should be incorporated in the reaction and the mechanisms 
should be studied. After these studies are completed, experimental 
work should be attempted towards optimizing the nucleic acid reduction 
and protein yield of yeast single cell protein by sophisticated process 
optimization methods.



CHAPTER 6

SUMMARY AND CONCLUSIONS

A process has been developed in the laboratory- to reduce the 
nucleic acid with a high protein yield frcm yeast single cell protein 
(SCP). Hydrolysis of the ribonucleic acids was accomplished with an 
alkali and the native yeast ribonuclease, The yeast cells were raptured 
prior to hydrolysis by grinding with alumina and the soluble protein 
suspended in a phosphate buffer solution. The phosphate solution 
buffered the yeast and also denatured the ribosomes providing further 
sites for the hydrolysis reaction to occur. The native yeast ribo
nuclease was activated by thermal shock at 66-68°C and sodium hydroxide 
was added for the alkaline hydrolysis. For the hydrolysis reaction to
go to completion, the suspension was incubated for 130 minutes at 55 to 
o60 C. The protein became insoluble as the ribonucleic acids were 

hydrolyzed to their nucleotides. The protein was separated and washed 
to remove any adhering ribonucleotides.

By this process, 93.5 weight percent reduction of the yeast single 
cell protein ribonucleic acids was obtained. The yeast SCP product 
developed herein represented an 89 weight percent protein recovery, 
compared with an 83 weight percent protein recovery in the case of the 
. best efficiency reported in the literature. ' The nucleic acid reduction 
to 0.45 weight percent can be compared with 0.75 weight percent, the 
lowest for the processes reported in the literature. This high level
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of protein recovery is attributed to the mild temperature and pH condi
tions used. The process evolved in this study, when, compared to other 
major alternative processes, produced the lowest nucleic acid content 
combined with a high protein yield. This is because the cells were 
ruptured and both a chemical and enzymatic hydrolysis of the ribonucleic 
acids was done in the presence of a phosphate buffer.

The protein product from this process is suitable as a protein 
supplement for human diets. However, the yeast single cell protein can 
only be used as a protein supplement and not. as the only source of 
protein for human diets because it contained very minute quantities of 
the structural amino acids cysteine and methionine.



CHAPTER 7

RECOMMENDATIONS

The process developed in this study was based on the biochemistry 
of the depolymerization and hydrolysis of the ribonucleic acids, based 
on laboratory-scale experiments. The efficiencies have not been studied 
utilizing chemical engineering separation techniques and concepts of 
balancing efficiencies against capital investment and process 
operability.

It is recommended that the experimental work of this process be 
conducted with conventional process reaction and separation equipment 
including reactors, centrifuges, filters, heat exchangers and dryers.
If the process still looks as attractive as compared to the laboratory- 
scale process efficiencies, then pilot plant scale-up should be 
investigated.

The process developed utilizes both chemical hydrolysis with an 
alkali and enzymatic hydrolysis with the native yeast ribonuclease. It 
is recommended that the extent of ribonucleic acid reduction be studied 
using the native yeast ribonuclease or the chemical hydrolysis only.
It is also reccranended that the nucleic acid reduction be studied 
utilizing the combined effect of the native yeast ribonuclease and a 
nuclease from an exterior source.
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Nucleic acid removal by processes like reverse osmosis, electro
phoresis and large-scale liquid chromatography should not be overlooked 
when attempting to minimize the loss of the yeast single cell protein.



APPENDIX A

STANDARD CURVES FOR RIBONUCLEIC ACID 
AND PROTEIN ANALYSES

This section contains the standard curves used for the ribo
nucleic acid analysis (Figure A.l) and the standard curve for protein 
determination (Figure A. 2).

The ribonucleic acid analysis was done by the orcinol method 
which measures the ribose pentoses present. The procedure has been 
described in Section 4.4 of this study. The standard solution was pre
pared with D-ribose. A 0.01 percent solution of D-ribose was prepared 
with deionized distilled water. Dilutions were made to get 100 yg,
50 yg, 25 yg, 12.5 yg, 6.25 yg and 3.125 yg D-ribose per milliliter of 
solution. The ribose pentose standard curve is a direct measure of the 
ribonucleic acid content.

■ The protein analysis was done by Lowry's procedure using Folin- 
Ciacalteau1 s phenol reagent. - The procedure has been described in 
Section 4.5. The standard solution was prepared with bovine serum 
albumin which was obtained from Sigma Chemical Company. A one percent 
solution of the bovine serum albumin was prepared with deionized dis
tilled water. The solution was diluted to get 200 yg, 100 yg, 50 yg,
25 yg and 12.5 yg per milliliter of solution.
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APPENDIX B

i m  EXPERIMENTAL DATA

This section contains the raw experimental data obtained in this 
study. In Table B.l, the effect of pH on the nucleic acid reduction 
and protein recovery is presented with the standard deviations obtained 
for the replicate runs. The reaction temperature data is presented in 
Table B.2 with standard, deviations of the experimental data. Table B. 3 
is the effect of reaction time on the ribonucleic acid content and the 
protein yields. Here also the standard deviations of the replicate 
runs are included. The standard deviations are based on three replicate 
runs. The data from Tables B.l, B.2 and B.3 were used to draw Figures 7, 
8 .and 9 of Chapter 5.

The amino acid analysis of the various single cell protein pro
cesses is presented in Table B.4. Duplicate samples were used for the 
amino acid analysis and the mean value of these was presented in Table 7 
of Chapter 5.
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Table B.l pH Effect. —  Reaction temperature — 56°C 

and reaction time = 180 minutes^

PH
Percent
RNA

Reduction
Standard
Deviation

RNA.
Percent
Protein
Yield

Standard
Deviation
Protein

8.03 1.6 0.58 97.7 0.58
9.02 37.3 2.52 93.0 1.58
10.18 93.6 1.53 91.6 2.08
10.92 86.6 6.03 93.0 1.00
11.93 94.0 0.57 93.3 4.11
12.81 84.0 7.8 89.3 3.21

Table B.2 Reaction Temperature Effect. —  pH — 10.2-10.5 
and reaction time = 180 minutes.

Temperature
(°C)

Percent
HNZV

Reduction
Standard
Deviation

RNA
Percent
Protein
Yield

Standard
Deviation
Protein

5.0 24.0 3.60 92.0 2.00
25.0 55.7 ‘ 1.07 91.3 2.08
46.0 80.0 1.00 91.7 2.52
56.0 93.6 1.53 91.6 2.08
66.0 87.7 1.16 84.3 0.58
84.0 76.6 2.31 74.7 0.58
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Table EL3 Reaction Tine Effect. —  pH =10.3-10.5 and

reaction temperature = 59°C.

Reaction
Time
(min)

Percent
RNA

Reduction
Standard
Deviation

RNA
Percent
Protein
Yield

Standard
Deviation
Protein

30 33.7 1.77 92.3 0.58
60 65.0 1.00 93.0 1.00
90 88.7 2.89 92.3 0.58
120 88.3 1.53 91.0 1.00
160 92.7 0.58 92.3 1.16
180 93.6 1.53 91.6 2.08



Table B.4 Single Cell Protein Amino Acid Analyses for Several. Nucleic. Acid Reduction Processes.

Weight Percent Amino Content Weight Percent Amino Content :
Untreated. Swedish, - met Chile , Untreated Anheuser- • Laval University !

SO? SC? SC? ' SCP SCP ’ Busch SO? SC? of Arizona !

Lysine 3.43 3.01 3.39 3.14 3.00 3.01 3,23 3.23 3.15 3.03 3.14 2.94 3.21 3.27
Hystidine 1.00 0.89 0.97 0.85 0.95 0.92 0.88 0.90 0.99 0.83 0.90 0.96 0.90 0.96
•Arginine 1.94 1.88 1.82. 1.81 1.59 1.91 1.89 2.02 1.79 1.93 1.88 1.80 2.01 1.91
• Aspartic Acid 4.00 . 2.31 2.13 3.50 3.58 3.81 4.07 4.20 3.99 3.89' 3.71 4.29 '4.00 4.14
' Threonine 2.51 2.67 2.75 2.56 2.52 1.90 1.96 2.67 .1.51 1.61 2.01 2.23 1.90 1.96
Serine 1.57 1.45 1.95 1.22 1.36 1.71 1.67 1.89 1.77 1.63 1.45 1.55 1.77 1.69
; Glutamic Acid 6.22 . 3.27. 3.27 4.55 4.47 4.19 4.29 6.16 4.21 4.27 4.10 4.48 4.15 4.09
Proline 1.39 • 1.21 1.43- 0.91 1.15 1.41 1.33 1.51 1.26 1.20 1.31 1.25 1.40 1.30
• Glycine 1.91 0.90 1.00 1.00 1.04 1.70 1.50 2.05 1.69 1.79 2.00 1.76 1.81 1.71
Alanine 2.41 1.81 2.07 2.16 2.06 2.12 2.00 2.27 2.00 "1.96 1.88 2.10 1.98 2.04
Cysteine .0.69 0.39 0.45 0.25 0.31 0.31 0.29 0.77 0.55 0.65 0.10 0.12 0.51 0.71
Valine 2.30 2.31 2.21 2.00 2.08 2.11 2.05 2.36 2.20 2.10 1.98 2.08 2.41 2.19
jyfetliionine 0.54 0.16 0.12 0.29 0.49 0.31 .0.27 0.60 0.27 0.21 0.03 0.05 0.40 "0.44
Iso leucine 1.71 1.79. 1.97 1.69 1.73 1.68 1.72 2.05 1.79. 1.95 1.80 1.72 1.81 1.93
Leucine 2.91 2.91 2.69 2.51 2.57 2.71 2.65 2.75 2.82 2.74 2.01 2.01 2.79 2.71
Tyrosine 1.51 1.45 1.55 1.24 1.38 1.49 1.67 1.71 1.51 1.33 1.14 0.94 1.61 1.53
1 Phenylalanine 1.80 1.60 1.68 1.49 1.61 1.77 1.85 1.92 1.55 1.69 1.41 1.71 1.61 1.97
, Amonnia 1.70 1.31. 1.33 0.99 1.15 0.88 0.82 •• 1.60 ••• 1.26 1.58 1.62 1.54 1.48
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