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Today, there has been a growing concern on the mutagenicity potential of

environmental chemical systems. These environmental chemicals such as pesticides, food

additives, synthetic drugs, water and atmospheric pollutants are possible causes of

mutagenic activity. Meat products and some meat flavorings, were also reported to exhibit

mutagenic activity. And since these products are normal part of the daily human diet, there

is a need for extensive studies regarding the possible mutagenic activity associated with

these products.

This study aimed to evaluate the mutagenicity potential of commercial broth cubes

at varying concentration. The researchers sought to answer the following questions.

1. Do beef, pork and chicken broth cubes exhibit mutagenic activity?

2. Are there significant differences in the mutagenic activity among the three

samples?

3. Are there significant differences in the mutagenic activity exhibited by each of

the samples compared to that of Mitomycin-C (positive control)?

4. Which of the sample of each specific concentration exhibit the greatest

mutagenic activity?



Tliree specific concentrations of beef, pork and chicken broth cubes were prepared

and their mutagenicity potential was evaluated by using the Micronucleus Test.

The formation of micronucleated polychromatic and micronucl sated

normochromatic erythrocytes in bone mairow cells of mice treated with these samples

were detected using aCarl-Zeiss photomicroscope.

The statistical tool used to test the validity of the null hypothesis was analysis of

variance using Randomized Complete Block Design and independent t-test.

Findings

The average incidence of micronucleated polychromatic erythrocytes in the

positive and negative control were 11.2 and 0.8 respectively. On the other hand, the

average incidence of micronucleated normochromatic erythrocytes in the positive and

negative control were 10.2 and 1.2 respectively. The average incidence of micronucleated

polychromatic erylhrocytes in the bone marrow cells of mice treated with BBC 1, BBC

2.5 and BBC 4 were 2.8, 3.0 and 4.6 respectively. The average incidence of

micronucleated polychromatic erythrocytes in the bone marrow cells of mice treated with

PBC 1, PBC 2.5 and PBC 4 were 2.3, 2.6 and 3.5 respectively. The average incidence of

micronucleated polychromatic erythrocytes in the bone marrow cells of mice treated with

CBC 1, CBC 2.5 and CBC 4 were 1.4, 1.6 and 2.0 respectively.

The average incidence of micronucleated normochromatic erythrocytes in the bone

marrow cells of mice treated with BBC 1, BBC 2.5 and BBC 4 were 2.6, 3.4 and 4.4

respectively. For bone marrow cells of mice treated with PBC1. PBC 2.5, and PBC 4. the

average incidence of micronucleated normochromatic erylhrocytes were 1.8, 2.0 and 3.5

respectively. The average incidence of micronucleated normochromatic erythrocytes in

bone marrow cells of mice treated with CBC 1, CBC 2.5 and CBC 4 were 1.8, 1.8 and 2.2

respectively.



Comparison of the mutagenic activity of each of samples in terms of die number of

micronucleafed polychromatic erythrocytes gave an observed F-value of .725 which was

lower compared with that of the tabular F vaiue of 6.98 at 5% level of significance and 18

for 1% level of significance.

Comparison of the mutagenic activity of the samples in terms of the number of

micronucleated normochromatic erythrocytes gave an observed F-value of 0.7205 which

was also lower compared with that of the tabular F-value of 6.94 at 5% level of

significance and 18 for 1 % level of significance.

The observed F-value in terms of the number of micronucleated polychromatic and

normochromatic erythrocytes in the samples was lower compared with that of the Tabular

F-value. This indicated no significant difference in the mutagencity potential of the

samples.

Comparison of the average incidence of micronucleated polychromatic eiytlirocytes

of beef broth at varying concentration with that of the positive control gave t-values of 8.97

for BBC 1, 6.61 for BBC 2.5 and 6.36 for BBC 4. These values exceeded the critical

value of 3.335 at 0.01 level of significance.

The average incidence of micronucleated polychromatic erythrocytes of pork broth

at varying concentration compared with that of the positive control gave t-values of 9.61,

9.63 and 7.71 for PBC 1, PBC 2.5 and PBC 4 respectively. These also exceeded the

critical t-values of 3.335 at 0.01 level of significance.

The average incidence of micronucleated polychromatic erythrocytes in the bone

marrow cells of mice treated with chicken broth at different concentrations compared with

that of the positive control gave t-values of 9.975, 10.75 and 9.5 respectively. These

values are comparatively higher than the critical value 3.335 at 0.01 level of significance.



Comparison of the average incidence of micronucleated normochromatic

erythrocytes in the bone marrow cells of mice treated with beef broth at varying

concentration compared with that of die positive control gave t-values of 5.83, 5.066 and

4.45 for BBC 1, BBC 2.5 and BBC 4, respectively.

The average incidence of micronucleated normochromatic erythrocytes in bone

marrow cells of mice treated with pork broth at different concentrations compared with

that of die positive control gave t-values of 6.91, 6.61 and 4.2 respectively.

The average incidence of micronucleated normochromatic erythrocytes in bone

marrow cells of mice treated with chicken broth at vaiying concentrations compared with

that of the positive control gave t-values of 6.96, 6.91 and 6.35 respectively.

The t-values obtained in all samples at varying concentrations in terms of the

number of the micronucleated polychromatic and normochromatic eiytlirocytes exceeded

the critical value of 3.335 at 0.01 level of significance. This indicated that obtained t-

values were highly significant but was much lower than that of the mitomycin-C, (positive

control).

Conclusions

Based on the results obtained, the following conclusions were drawn:

The average incidence of MPCE and MNCE obtained from the treated groups is

higher compared to that of the negative control which is indicative of the mutagenic activity

exhibited by beef, pork and chicken broth cubes.

The mutagenic activity exhibited by each of the three broth samples does not differ

significantly indicating that their mutagenicity potential are almost the same.

The difference in the mutagenic activity of each of the broth samples at varying



concentration is highly significant for that of Mitomycin-C (positive conti'ol) which

indicates lower mutagenicity potential exhibited by the broth samples than that of

Mitomycin-C.

The highest mutagenic activity is exhibited by beef broth sample at a concentration

of 4 cubes per 500 niL of water.

Recommendations

Based on the findings of the study the researchers recommended the following for

further study.

Analysis of the mutagenic activity associated with other food flavorings to really

assess the risk associated with some of these food components.

Evaluation of the mutagenicity potential of other natural meat broth also be given

attention to determine if these products are also mutagenically active in mammalian assays.

Determination of the effect of increase in boiling time on the mutagenic activity

exhibited by commercial broth cubes is recommended to really evaluate the information of

mutagenic compounds in these products.

Isolation and partial characterization of the active component present in

commercial broth cubes must be done to determine the possible mutagenic component that

my be present in commercial broth cubes.
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CHAPTER I

THE PROBLEM

Introduction

Today, there is growing evidence that many spontaneous cancers are chemical in

origin. Somatic mutation causes cancer and germinal mutation may lead to heritable

genetic diseases. These results may be brought about by some environmental chemicals

such as pesticides, food additives, synthetic drugs, water and atmospheric pollutants. A

number of chemicals known as potential cancer causing agents are also found in the normal

human diet. Some of these carcinogenic chemicals are natural constituent of plants,

whereas others are found in foods contaminated by fungi. More recently, a new class of

mutagens originating from the action of heat on some constituent of meat have been

reported. These class of mutagens has been reported to exhibit mutagenic activity when

tested against mammalian assays. Although the theoretical link between mutagenicity and

carcinogenicity is still the subject of considerable debate, it is well established that there

is significant relation between mutagenicity and apparent carcinogenicity of a substance.

Meat products, which are part of the normal human diet can be a possible source of

cancer causing agents. Studies abroad have shown that mutagenic activity exhibited by

these products is affected by cooking conditions. Meat extracts, a product derived from

meat are present in a large number of food preparations such as gravy bases, broth and

bouillon cubes has also been reported to exhibit mutagenic activity.

Since broth cubes are being consumed by most Filipinos as part of their daily

cooking preparations, it is of much importance to assess the apparent mutagenic activity of

these substances.

In view of these, the researchers aim to conduct a study in order to find out if



commercial broth cubes, exhibit mutagenic activity.

Statement of the Problem

This study aimed to evaluate the mutagenicity potential of commercial broth cubes

at varying concentrations. The researchers sought to answer the following questions:

1. Do beef, pork, and chicken broth cubes exhibit mutagenic activity?

2. Are there significant differences in the mutagenic activity among the three

samples?

3. Are there significant differences in the mutagenic activity exhibited by each of

the samples compared to that of the positive control?

4. Which of the sample of each specific concentrations exhibit the greatest

mutagenicity activity?

Null Hypotheses

1. The mutagenic activity exhibited by beef, pork and chicken broth cubes does not

differ significantly.

2. There is no significant difference in the mutagenic activity of each of ihe

samples at different concentrations compared to that of the positive control.

Importance of the Study

Today, there is a global concern regarding mutagen formation in foods. Researches

are conducted to assess the risk associated with some of the food contaminants which are

known to be carcinogenic. Since mutagenic activities are correlated with the

carcinogenicity of substances, mutagenicity testing is a major step in gathering specific



information regarding mutagenic and carcinogenic substances.

Although mutagenicity testing in the country seems to be relatively new, groups are

conducting feasible studies to determine mutagenic activities of certain food contaminants

and mutagenic substances which are formed in foods.

The results of this study is expected to develop awareness on possibilities of

mutagen formation in foods; this study may serve on an information guideline to the

Filipinos and also contribute some facts on the risks that may be encountered in continuous

exposure and intake of mulagens that may be formed in foods.

With Filipinos having a particular liking to tasty food it is about time that may be

aware that mutagens are formed in meat and meat products. It is also with precautions that

house wives use broth cubes in cooking to add flavor to their food with growing familiarity

to use of broth cubes brought and experience of great tasting food because of the additive

broth it is of considerable importance that mutagenic activity of these substances be tested

and determined. This study will save as a guide, so that exposure and intake of these

products will be monitored.

Scope and Delimitation

This study covered the analysis of the mutagenic activity exhibited by commercial

beef, pork and chicken broth cubes. This study also dealt with the comparative evaJuation

of the mutagenic activity of each of the sample using the Micronucleus Test.

Commercial beef, pork and chicken broth cubes were bought from supermarket.

Three concentrations of each of the sample were prepared and coded as BBC1, BBC 2.5,

and B£C 4 for beef broth, PBC 1, PBC 2.5 and PBC 4 for pork broth, and CBC 1, CBC 2.5

and CBC 4 for chicken broth.
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For the experimental analysis, 55 albino mice, 7 to 14 weeks old were obtained

from Sabang, Lipa City, while the rautagenic chemical, mitomycin C that was used for

dosing the positive control was bought from Mercury Drugstore. The fetal bovine caJf

serum used in the preparation of bone marrow cells, and May-Gruenwakl solution, for

staining purposes and cover glass, Eukitt, xylene were obtained from Philippine Nuclear

Research Institute (PNIU).

The dosing of the test animals, preparation, staining of bone marrow cells and

microscopic analysis of the cells were performed at Cytogenetic Laboratory of PNRI from

January 20 to 31, 1997. The mutagenic activity exhibited by each of the samples was

assessed by utilizing Micronucleus Test. These were performed from February 2 to 6, and

February 18 to 21,1997.

The isolation and identification of the possible mutagenic constituent present in

each of the sample, as well as the effect of temperature and increase in boiling time on the

mutagenic activity is beyond the scope of the study.

Definition of Tenns

For clarity and better understanding, the following terms are defined:

Bone Marrow Cells. This term refers to the vascular modified connective tissues

occurring in long bones and certain flat bones of vartebrates.1 In this study, this term

refers to femora bone marrow cells of mice which were tested with the broth extract.

1 Daniel M. Lapedes, Dictionary of Scientific and Technical Terms, 4th ed., (Me-
Graw Hill, Inc., 1979), p. 198.
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Carcinogen This term is used to refer to a substance that induces unregulated

growth processes in cells or tissues of multicellular animals leading to a disease called

cancer.

Ervthrocytes. This term refers to the cells which lack the main nucleus, red blood

cells, colored by a red pigment hemoglobin that serve for transport of oxygen.3 In this

study, this refers to both the young and matured erythrocytes of the bone marrow cells of

femora of mice which are designated as polychromatic and normochromatic erythrocytes.

Micronucleus. This term is used to refer to the end product of cell division.4 In

this study, it refers to micronucleated polychromatic and normochromatic erythrocytes.

Micronucleus Test. This term refers to the screening procedure for the in vivo

detection of chromosome loss induced in bone marrow erythroblasts by chemical mutagen.'5

In this study, it refers to analysis of incidence of micronucleated polychromatic and

normochromatic erythrocytes induced by mitomycin-C in the bone marrow cells of mice.

Mutagen. This term is used to refer to an agent that induces mutation - a

biological change in the character of the offspring from those of its parents by actions of

2 "Mutagens and Carcinogens," McGraw Hill Encyclopedia of Science and
Technology (USA: McGraw Hill inc.: 1981), Vol 11 p. 342.

3 "Erythrocytes:" Webster's New Twentieth Century Dictionary Unabridged (New
York: Prentice Hall Press, 1983), p. 472.

4 W. Schmid, "The Micronucleus Test," Mutation Research Vol 31, no. 1
(Switzerland: Elsevier Scientific Publishing Company, 1980), p. 10.

5 Bruce Mackey and Jame Macgregor, "The Micronucbus Test: Statistical Design
and Analysis," Mutation Research Vol. 14, no. 3 (Elsevier/North Holland: Biomecial
Press, 1979 p. 195.
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chromosomes.6 In this study, this term refers to mitornycin-C used in dosing the positive

control.

Mutagenic Potential. This terra refers to the average incidence of micronucleated

polychromatic and normochromatic erythrocytes.

Mutation. This term is used to refer to a sudden change in the DNA of individual

gene or alterations in the structure or number of chromosomes.7

Negative Control. This term pertains to the experimental analysis in which the

constituent sought is absent but the same procedure is used.8 In this study, this term refers

to the group of mice treated with distilled water.

Normochromatic Erythrocvtes (NCE). This term refers to matured erythrocytes.

They are slightly smaller than polychromatic erytlirocytes and characterized as orangy

yellow upon reaction with solutions of May-Gnienwald and Giemsa.9 In tin's study, these

refer to the matured erythrocytes of femora bone marrow cells of mice.

Polychromatic Ervthrocytes (PCE). This term refers to the young erythrocytes

characterized by graying or bluish to violet color staining with solutions of May-

6 "Mutagen," Dictionary of Science (Great Britain: Ha2el Watson and Viney Ltd.
1983), p. 124.

' Michael allaby, Macmillan Distionary of the Environment (The Macmillan Press
Ltd. London: 1988) p. 263.

8 Patrick Hans et. al., Collins Dictionary of the English Language (William Collins
Sons and Co. Ltd., 1984), p. 984.

*>.
9 S. Venitt et. al., Mutagenecitv Testing. A Practical Approach (England:

Information Printing, 1984) p. 301.
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Gmenwald and Gimesa.10 In this study, these refer to the young erythrocytes of the femora

bone marrow cells of mice.

Positive Control. This term pertains to the analysis in which the constituent sought

is present."

Sacrificing. In this study, this refers to the killing of mice which was done by

dislocation of their neck.

Test Animals. This term refers to animals used as experimental bases of particular

problem.12

Treated Groups. In this study, these refer to the albino mice as experimental

animals.

10 S. Venitt, Ibid.

11 Patrick Hans, op. cit., p. 1144.

**2 H. El don Sutton, Mutagenic Effects of Environment Contaminants (New York:
Academic Press Co. Inc., 1982), p. 70.



CHAPTER II

REVIEW OF RELATED LITERATURE

This chapter presents a review of related literature where the researchers found

significant use in the study.

Conceptual Literature

Mutagens or geneotoxins alter the structure of DNA, the genetic material of the

living cell, alteration of the structure of DNA of somatic cells, when not repaired can

induce cancer in the presence of promoters. Changes in the structure of DNA in germ cells,

when not repaired can give disorders that can be transmitted form one generation to the

next Alteration of DNA of cells during organogenesis can induce cell death which will

lead to physical defects.

Mutagens are tetragenic agents because they induce DNA citotoxicity. In

embryonic cells treated with teratogen the resulting cell death which accompanies

depression of DNA synthesis may lead to birth defects.1

Mutation is any change in hereditary material of an organism, which results in an

altered physical characteristic. A mutation in a germ cell inherited by subsequent

generations of offspirng; a change in any other cell affects only those cells produced by

division of mutated cell.2

1 James Miller, E. Miller, Mutagencity of Chemical Carcinogens (New York:
Plenum Press, 1979), vol. 299.

2^Mutation," Webster Family Encyclopedia (New York: Ottenheiner Publishing
Inc., 1993), Vol. 7, p. 1972.



It has been established that genes control the specificity* amount and developmental

characteristics of protein which in turn determine normal growth and development as well

as normal body function. Mutation in human genes may be innocuous, contributing simply

to normal variability or they may be damaging causing alterations in the functions of the

character under gene control.

Mutation which results only in the changes in physical and chemical properties of

the proteins involved appear to be harmless in the people possessing them. Some of the

variants of some of the genes are quite common suggesting that these mutation may have

selective advantages to human body and therefore contribute to its proper development and

growth. On the other hand, mutations which are dangerous to our body are usually

acquired from different mutagenic agents including chemicals which have the ability to

induce genetic hazards which turn to mutations.

Mutation can be divided into large and small according to the effect an appreciable

length of the chromosomes or only one of few points along its length. The large mutation

consists of either of changes in the number of chromosomes in a cell or of large change

within and among the chromosomes. The loss of one or more chromosomes is very apt to

produce drastic effects and typically results in the death of the embryo at a very large stage

resulting, for example to spontaneous abortion. The gain of an additional chromosome as

in mongolism, also typically produces a drastic effect, since the balanced interplay among

many thousands of genes is distributed

Change within and among the chromosomes consists both of additions and deletions

of DNA sequences and also of rearrangements of long sequences without any net change of

DNA Content. Deletions and additions may produce effects as drastic as do
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chromosomes gains and losses depending upon the length and nature of region is

reversed within a chromosome, or of trans locations highly variable effects.

Point mutation comes in three various base pair substitution, base pair addition or

deletions and complex mutations, the last being combinations of tvvo or more of the former

arising simultaneously rather than sequentially. The severity of a point mutation depends

on its individual nature and on the importance of the affected gene, and can range from

innocuous to lethal.3

Some of the agents of these damaging mutation are as follows, food additives,

pesticides, antibiotic, drugs and industrial chemicals. These recognized agents are widely

distributed in our environment and therefore unavoidable. The agents that produce

mutation in test systems act by only few basic mechanisms. They may react directly with

DNA and replace one of the components that will later be built into DNA; they may

interfere with the availability of the components needed for DNA synthesis; or they may

react with proteins, which in turn cause mutation in the DNA, either by failing to function

or by functioning abnormally.

Since the discovery of chemically induced mutation, many researchers have used

mutagenic agents as tools to investigate the genetics of many different organisms.

Mitomycin C, a well known potential alkylating agent is a generic name of azirizino

C2'd*:3, 4) pyrollo (L2-oC) indole 4,7 dione-6-amino l-la,2,8,8a,8b - hyxahydro-8

(hydroxymethyl) methoxy 5 methyl carbamate with a molecular formula of C15H18N4O5 and

a molecular weight of 334.34 and the chemical structure of which is

. Eldon Sutton et. al., Mutagenic Effect of Environmental Contaminants (New-
York: Academic Press Co. Inc., 1982), pp. 3-41.
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Mytomycin - C is a purple crystalline powder and it is soluble in water, in

methanol, in acetone and in n-butyl acetate, and sparingly soluble in ether, in benzene and

in carbon tetrachloride. It is very slightly soluble in petroleum ether. Crystalline

mitomycin - C is stable at normal temperature. Stability of its aqueous solution depends on

the pH, and the solution is comparatively stable at pH 6. Though mitomycin - C was

discovered as an antibiotic and is widely used as anticancer chemotherapeutic agent It has

been established that it is also mutagenic and clastogenic and considered as the most

powerful inducers of sister chromatid exchange (SCE). It is also known to cause DNA-

DNA crosslinks. Indeed according to cell deficient on DNA repair, the formation of DNA-

DNA crosslinks' is compatible with a variety of biological effects of mitomycin - C such as

cytotoxicity and chromosomal aberration in mammalian cell. However, SCE formation

does not seem to correlate with the formation of DNA-DNA crosslinks. It is speculated

that alkylation at 06 position of guanine residues might be one of the major lesions by

which mitomycin - C cause SCE. It has been cited also that only one our 5-10 mitomycin -

C molecules associated with DNA is involved in the crosslinking and the others react with

one strand of DNA only. The guanine moiety of DNA may preferential react with

mitomycin - C and the site of alkylation may be on the 06 position of guanine whereas the

alkylation of n7 position of guanine has been ruled out Therefore, if monoadducts are

major lesions causing SCE, 06 alkylation of guanine residues might be major lesions. As

mentioned, excisable monoadducts may not be the major lesions for the SCE formation

eventhough some of the data on mitomycin - C appear to be compatible with 06 alkylation.

The crosslinks in mammalian cell exposed to mitomycin - C are not possible to exist for

about 30 - 40% unlike in bacteria, the DNA molecules are fully crosslinks. This reaction
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was due to the fact that the drug was not effective in binding all mammalian DNA

molecules, eventhough all the viral DNA molecules were fully crosslinks. In the cell free

system, deproteinization of mammalian DNA fragments resulted in susceptibility of all the

DNA molecules to crosslinking by motomycin - C. This observation suggests that protein

is the one which reacts to mitomycin - C resulting to the formation of DNA protein

crosslinks which have an important role in the production of biological effects especially

in the eukaryotes.4

Suggested LD 50 of mitomycin - C in mice varies in the manner in which the

substance is administered into the mice. It is about 5 mg/kg for intravenous injection, 5.2

mg/lcgfor intraperitoneal injection and about 23 mg/kg oral intubation considering the acute

toxicity of mitomycin - C.

The effect of mitomycin - C to the mice is manifested through the existence of

micronucleus which suggests the presence of chromosome damages. The knowledge that

very large number of agents including numerous important chemicals can induce mutation

disturb many concerned citizens. There is frustration upon discovering that there are

mutagens in one's favorite food, cigarette smoke, in air and in drugs/

The best method for screening the mutagenicity potential of a substance is the

micronucleus test. This method is devised primarily for screening chemicals for

chromosome - breaking effects. The test substance is normally applied sub-acutely to

small mammals. The effect is read in direct smears from bone marrow. This testing

4 Sutton, Ibid., p. 69.

J Jsshu Yutuku, "Nature of Mitomycin - C Induced Lesion Causing Sister
Chromatied Exchange," Mutation Research Vol. 91 no. 1 (Netherlands: Elsevier Scientific
Publishing Company, 1981), pp. 51-53
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procedure has a number of important advantages over the analysis of bone marrow

metaphase chromosomes. In technique of preparation as well as the reading of the slides,

it is simpler and faster than chromosomes analysis in the same material, but not at the

expense of accuracy. In the monitoring of chromosome breakage, the test is at least as

sensitive as the metaphase method; in addition it includes effect on the spindle apparatus.

All the properties render the micronucleus test highly suitable for routine toxilogical

screening.

The method is based on the following principles and observations: in anaphase

eccentric chromatid and chromosome fragments lag behind when the centric elements

towards the spindle poles. After telophase the undamaged chromosomes, as well as the

centric fragments give rise to regular daughter nuclei. The lagging elements are included in

the daughter cells too but a considerable proportion is transformed into one several

secondary nuclei which are as a rule much smaller than the principal nucleus and are

therefore called micronuclei. Micronuclei can occur in any cell type of proliferating

tissue. They are however, most easily recognized in cells lacking the main nucleus namely

erythrocytes. Typically, these micronuclei are round with a diameter at about 1/20 to 1/5

of an erythrocytes.6

The micronucleus test in erythrocytes of mouse bone marrow was proposed as a

screening test by Boiler and Schmid. The frequency of micronuclei can be mostly easily

evaluated in young erythrocytes shortly after the main nucleus is expelled. These young

erythrocytes are termed polychromatic (PCE) and are distinguished from the mature

normochromatic erythrocytes (NCE) by their different staining the polychromatic

* W. Schmid, "The Micronucleus Test," Mutation Research vol. 31 no. 1
(Switzerland: Elsevier Scientific Publishg Company, 180), p. 9.
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erythrocytes stain bluish to purple is due to their high content of RNA in the cytoplasm. In

contrast, the normochromatic erythrocytes stain reddish to yellow Is also slightly smaller

than PCE's.

In the micronucleus test three sampling intervals are generally to be recommended,

adequately spaced between 6 and 48 hours with a central sampling interval at 24 hours.

Most clastogenic chemicals will respond positively between 24 and 36 hours after

treatment. Spindle poisons may lead to an earlier response. With other chemicals time

may be as late as 72 hours after treatment

The most common experimental design of the micronucleus test consist of; (1)

dosing groups of animals with several doses of test material and appropriate positive and

negative control substances, (2) preparing and staining bone marrow smears from each

animal at an appropriate interval after dosing, and (3) scoring the incidence of

polychromatic and normochromatic erythorcytes with micronuclei.

The main purpose of the test is to determine the number of micronucleated

polychromatic and normochromatic erythrocytes at least 1,000 PCE's are counted per

animal. High power magnification (63 or 100 x objectives) is used for scoring.

Artifacts can obscure the micronucleus scores. Granula shed by mast cells have

already described. If they lie on PCE they can be mistaken for micronuclei are round, or

rare occasion oval or half moon shaped, always with a sharp contour and evenly stained.

Furthermore, the majority of micronucleated PCE's carry only one micronucleus. Two or

three micronuclei are rarely seen in one cell. If numerous particles are present in a single

PCE they are likely to be artifacts.7

* S.Vernitt and J.M. Parry, Mutagenicty Testing, A Practical Approach (England:
Information Printing, 1984), p. 301.
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Research Literature

The occurrence of mutagenic substance in certain heated foods and food

components is now well documented. Growing amount of evidence has been presented

that mutagenic substances are formed during heating of different food types and food

components. Results of the study conducted by Bjeldanes et. al.8 indicate that the extent of

mutagen formation in cooked food is related to cooking method and the type of food.

According to the study, cooking methods that use temperature near 100 C result in lower

non-detectable activity. The process of stewing, boiling and poaching, which cook near

100 G result in low mutagenic activity.

According to Lin et. al. , the level of mutagenicity was dependent on the

concentration of pork in the extract, the duration of boiling and on pH. In this study, results

of the effects of various concentrations of boiled pork extracts indicated that the minimum

concentration of boiled pork extract required to induce mutation was about 3 grams

equivalents of fresh ground pork per mL extract, and the optimum pH for mutagen formation

was found to be 9 to 11. Thin layer chromatographic analysis showed that the mutagen

formation was found to be 9 to 11. Thin layer chromatographic analysis showed that the

mutagens formed in boiled pork extract were chromatographically distinguishable from

8 L. F. Bjeldanes et. al., "Effect of Meat Compositions and Cooking Conditions on
Mutagen Formation in Fried Ground Beef," Journal of Agri. and Food Chem. 31 (1983), p.
18.

*J. Y. Lin et. al., "Formation of Mutagens in Boiled Pork Extract," Food Chem.
Technology
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benzo [a] pyrene and from the primary mutagenic pyrolysis products of trytophan and of

glutamic acid

Study conducted by Dolora et. al.10 showed that two main indirect acting mutagens

could be isolated from beef extract containing nitrogen and having an approximate

molecular weight of 200. These mutagens which were present in broiled sardines and in a

variety of cooked meats, including beef, were finally identified as 2-amino-3 imidazo

[4,5D] quinoline (IQ) and 2-amino-3,5-dimethyl imidazo [4,5-D] quinoline (me-IQ).

According to M. Morris et. al.,11 cooking methods such as oven roasting and baking

which heat food by indirect convection, appeared to produce low to intermediate levels of

mutagenic activity in most foods. Frying and broiling, cooking procedures that heat foods

by conductive and radiative process, tended to be associated with the highest levels of

mutagenicity. The rates of mutagen production in the tested foods became appreciable at

temperature greater than 100 C and were generally increased by cooking methods that use

direct high temperature processes.

Knize et. al.12 showed not only that mutagens present in fried ground beef, but that

as temperature and patty thickness changed, a fairly consistent profile of mutagens was

present. The several fold increase in total mutagenicity that was seen with increased

cooking temperatures appeared to be a general increase in the same set of mutagens. This

10 P. Dolora, "Beef Extract Mutagens, And Not Liver S9 Increase Mutation
Frequency in the Ames Test," Mutation Research 104 (1982), pp. 345-346.

11 M. Morris et al., "Mutagens From the Cooking of Food IH: Survey of
Ames/Salmonella Test of Mutagen Formation in Secondary Sources of Cooked Dietary
Proteins," Food Chem. Toxicitv 20 (1982), pp. 365-369.

12 M.G. Knize et. al., "Effect of Temperature, Patty Thickness and Fat Content on
the PnxJuction of Mutagens in Fried Ground Beef," Food Chem. Toxicology 23 no. 12
(1985), pp. 1035-1040.
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study attempted to quantify the proportioas of the various mutagens formed after flying at

different temperatures and aimed to determine the effects of patty thickness, fat content and

barbecue cooking on the total mutagenicity and on the proportions of the different mutagens.

Evidence compiled by several research groups indicates that mutagenic activity is

also induced in certain foods cooked under conditions less severe than required for

pyrolysis. Studies by Spingarn at. al.13 reveals that mutagenic activity was present in fried

and broiled protein rich food at a higher level than in cooked carbohydrate rich food.

In a study conducted by Felton et al.14 most meals when cooked to a well done but

non-charred state contained mutagens active in the Salmonella bioassay. For most of these

samples mutagenicity tended to increased with increased charring. Powrie et. al. l j

postulated that thermal interaction of sugars and nitrogenous compounds, ami no acids, and

creatinine resulted in dehydration, condensation, cyclinization and polymerization of meat

surface constituents and the formation of heterocyclic compounds. It was also concluded in

the study that these reactions contributed to the increased mutagenicity of the heated

samples.

Active mutagenic components were recently isolated from the pyrolysis of certain

amino acids and their structures were characterized by Nagao et. al. . He concluded that

l j N.E. Spingam et. al., "Formation of Mutagens in Cooked Foods IT, Foods with
High Starch Content." Cancer Lett. No. 9 (1980), p. 7.

14 J. Felton et. al., "Mutagens from Cooking of Food I: Improved Extraction and
Characterization of Mutagenic Fractions From Cooked Ground Beef," Mutation Research
88 (1981), p. 33.

15 W.D. Powrie et. al., "Browning Reaction System as Sources of Mutagens and
Antimutagens," Environmental Health Perspective No. 67 (1986), p. 47.

'i-M. Nagao et al., "Mutagenicity of Protein Pyrolyzales," Cancer Lett Vol. 2
91980), p. 335.
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these mutagenic constituents were related to the creatinine and creating content of the

treated samples. In a study conducted by Linn et. al.17 , mutagenic activity was also

detected in ground pork extracts after boiling and the mutagens were specific for strains

TA 98 and TA 1538 and required metabolic activation by S9 mix. The effects of cooking

time on mutagen formation were also investigated. The data showed a log phase of 4 hours

during which significant levels of mutagen were not produced, and an active phase during

which the mutagenic activity increased rapidly with increased cooking time.

In a survey conducted by Bjeldanes et. al.is , results showed that some classes of

foods exhibited more mutagenic activity than other foods cooked to a similar degree. Thus,

browning reaction was protein-rich carbohydrate-poor food need not necessary yield

mutagens.

Barrington et. al.19 examined mutagen production in a variety of lamb and beef

products using common Australian cooking methods and equipment. The results of the

study demonstrated the close association between cooking temperature and mutagenic

contents of meats. Mutagen formation had been shown to be a function of time, temperature

and concentration and could be reduced by cooking meat at a lower temperature.

17 J.Y. Linn et. al., "Formation of Mutagens in the Boiled Pork Extract," Food
Chemical Toxicology 20 (1982V p. 531.

13 L. Bjeldanes and H. Morris, "Mutagens From the Cooking of Food II: Survey by
the Ames/Salmonella Test of Mutagen Formation in the Major Protein Rich Foods of the
American Diet," Food Chemical Toxicology 20 (1982), p. 357.

1 P.J. Barrington et. al., "Mutagenicity of Basic Fractions Derived from Lamb and
Beef Caoked by Common Household Methods," Food Chemical Toxicology 28 no. 3
(1990), p. 141.
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According to Laser Reuterswald et al.20 creatinine or creatine all together with

monosaccharides and free amino acids acted as precursors of mutagenic IQ compounds.

The IQ mutagens belonged to a class of mutagens that were produced during the cooking of

the various meat products. Moreover, samples of fried beef and meat flavor products such

as meat extract, bouillon and gravies showed levels of mutagenic activity that varied with

concentration of glucose, creatine and creatinine.

Jagerstad and Reuterswald21 examined how concentration of creatine and

creatinine, monosaccharides and free amino acids affected the levels of mutagenicity

produced by moderate pan frying of the patties of the various bovine tissues. Results of the

study showed that among the three groups of precursors known to be required for

producing IQ compounds, the creatine or creatinine seemed to be the most important factor

in the production of mutageuicity of fried patties of meat, tongue, heart, liver and kidney.

However, monosaccharides were shown to be the most important precursor for color

development. The study suggested that controlling the conversion of creatine to creatinine

during cooking could be away of limiting the formation of mutagens.

In a study conducted by Nair et. al.22 beef extract mutagen isolated from beef

nutrient broth had been purified and tested for mutagenicity. The result of the study showed

that the mutagenic effects resided in the components that could be extracted by organic

20 Laser Reuterswald et. al., "Effects of Creatine and Creatinine Content on the
Mutagenic Activity of Meat Extract, Boullion Gravies from Different Sources," Food
Chemical Toxicology 23. (1987), p. 1035.

21 M. Jagerstad and A.L. Reuterswald, "Mutagenicity of Pan-Fried Bovine Tissues
in Relation to their Content of Creatinine, Monosaccharides and Free Amino Acids," Food
Chemical Toxicology 25 No. 10 (1987), p. 755.

2^S. Nuir et. al., "Purification of Beef Extract Mutagen, Science 201, 913 (1980),
p. 136-138.



20
solvents and that this substance was converted to its active metabolite by the microsomal

enzyme system. Result of the study showed that beef broth itself did not exhibit mutagenic

activity but beef extract prepared from boiling showed mutagenic activity. Accordingly,

the conversion process had been studied by testing beef broth for mutagenicity at 30-minute'

intervals during boiling. Results showed that mutagens are formed during the heating-

evaporation that occurs in the conversion of beef broth to beef extract.

The present study is related to the previous studies for it also dealt with the

analysis of mutagenicity potential of food components. The study bears similarities to the

study conducted, by Linn et. al. which evaluated the level of mutagenicity at various

concentrations of boiled pork extract. It only differed on the method that was used for

screening the mutagenic activity. The effect of other factors such as cooking temperature

and boiling time on the mutagenicity potential were also discussed on the previous studies.

On the contrary, the present study is directed only on the mutagenic activity associated with

commercial broth cubes.

This study also finds similarity to that conducted by Nair et. al. which showed that

the mutagenic effects resided in the components that could be extracted by organic solvents

and that this substance was converted to its active metabolite by the microsomal enzyme

system. It differed, however on the mutagen used for mutagenic activity.

Extraction and isolation of the active components were also done on the previous

studies but in the present study, these were not included in the analysis. The present study

differed from the previous studies in a sense that commercial broth cubes were screened

for mutagenicity using the Micronucleus test. It this view, therefore, it could be said that

this study is not a duplication of any of the above studies.
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MATERIALS AND METHODS

This chapter presents the materials and methods which the researchers made use of

in the study.

Research Design

The researchers made use of the experimental method in the course of the study

where the miitagenic activity of commercial broth cubes were tested using the micronucleus

test

The researchers utilized the micronucleus test design which consisted of (1) dosing

group of animals with mitomycin-C as the positive control group and commercial broth

cubes as the test materials; (2) preparing and staining bone marrow smears from each

individual animals at 24 hours interval after dosing; and (3) scoring incidence of

micronuclei in polychromatic and norraochromatic ertyhrocytes.1 (4) negative control

groups were also provided in this study. The negative control did not present any test

chemicals.

Sample Preparation

One cube of each of the samples was dissolved in equal amounts of boiling water

and boiled for 10 minutes. This was labeled as BBC1 for beef, PBC 1 for pork and CBC 1

for chicken. BBC 2.5, PBC 2.5 and CBC 2.5 were prepared by dissolving 2.5 cubes of

1 Bruce Mackey and James Macgregor, "The Micronucleus Test: Statistical
Design and Analysis," Mutation Research VI. 64 (Elsevier/North Holland; Biomedical
Press, June, 1979), p. 196.
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beef, pork and chicken broth cubes respectively in equal amounts of boiling water. The

same procedure is applied to BBC 4, PBC 4, and CBC4.

Micronucleus Test"

For the micronucleus test the following procedure was performed:

Dosing the Test AnimaJs. Fifty1 five (55) albino mice, 7 to 14 weeks old were

taken from Sabang, Lipa City. Each mouse was weighed in a beam balance and its weight

recorded. The first five mice were considered as the negative control group (distilled

water) and given a dose of 0.2 mL distilled water per 10 gram body weight of mice. The

second five mice were given a dose of 0.2 mL of milomycin-C per 10 gram body weight

and served as the positive control group.

Mitomycin-C solution was sucked in one inL of disposable syringe and

administered intraperitoneally to the test animals. On the other hand, five mice were given

the same dosage, 0.2 mL per 10 gram body weight of each solution of beef, pork and

chicken broth.

The test solution for the negative and the positive control group, and the test

samples for the treated groups were administered intraperitoneally to the experimental

mice. The test animals were then prepared for sacrificing, 24 hours after administration of

the test sample.

Extraction of Bone Marrow Smears. Before the individual test animal was killed,

a 5 ml centrifuge tube was filled with 25 mL fetal bovine calf serum.

Cautiously but quickly the test animals were killed by dislocation of the neck.

" S. Vannit et. al., Mutagenicity Testing: A Practical Approach (England:
Information Printing, 1984)7pp. 273-278.
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Immediately after sacrificing, the femora of both of individual test animals were cut from

the pelvis to the tibia and the muscles and the tissues were carefully removed from the

bones by the use of gauze and fingers. The proximal end of the femur was carefully

shortened with the aid of scissors until a small opening to the bone marrow canal became

visible. About 0.5 mL serum was sucked in a one mL disposable plastic syringe. Then

the needle was inserted a few milliliters into a proximal part of the bone marrow. By

gentle aspirations and flushings, the bone marrow was forced out of the canal into a 5-mL

centrifiiged tube containing 2.0 mL of fetal bovine calf serum.

Preparation of Smears. The tube containing bone marrow with fetal bovine serum

was cenfrifuged at 1000 revolution per minute for five minutes. The supernatant was

removed using a vacuum pipette leaving 0.5 mL in the centrifuge tube. This part was then

shaken, the obtained homogenous mixture was pipetted and the suspension was placed on

one end of microslide. The cells were spread by using glass slide held at an angle of 45

degrees from the horizontal distance of 2-3 centimeters. The slides were then air-dried

overnight at room temperature. Five slides were prepared per test animals resulting to 275

slides.

Staining. The staining procedure was a combination of May - Gruenwald solution

and Giemsa staining in succession. This was done the day after the preparation of the

smears. Staining was done as follows: first, the slides were covered with undiluted May -

Gruenwald solution for 3 minutes and .5% May - Gnienwald solution for 2 minutes; the

slides were washed twice with distilled water and were covered with 10% solution of

Giemsa for another 10 minutes. These were rinsed again with distilled water and air-

dried. The slides were mounted under a cover glass with Eukitt as a mounting medium
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with the sides and backs of the slides cleansed with xylene.

Analyzing the slides. At first the slides were screened at medium magnification

under a Carl - Zeiss photomicroscope, for regions of suitable technical quality, where the

cells were well 1 spread, undamaged and perfectly stained. Then at medium to high

magnification at oil immersion, 1,000 cells were screened for the presence of micronuclei.

Micronucleated cells were scored per 1,000 types of cells. Grayish or bluish to violet

color were scored as the polychromatic erythrocytes and orangy to yellow color of cells

were counted as the normochromatic erythrocytes.

Data Analysis.

To test the validity of the null hypotheses RCBD and independent t-test.

Randomized Complete Block Design (RCBD) was utilized for the significances in the

difference of the mutagenic activity among the three samples in three concentrations. The

observed F - value was calculated and then compared with the tabular F- value of 6.94 and

18.0 at 5% and 1% levels of significance respectively. The null hypothesis was to be

rejected if the critical F - value exceeded the tabular F - value;

Independent t - test for the significance of the mutagenic activity between samples

andmytomycin - C (positive control).



CHAPTER IV

PRESENTATION, ANALYSIS AND INTERPRETATION OF RESULTS

This chapter presents a discussion and interpretation of the results obtained by

the researchers in the study.

1. Average Incidence of Mircronucleated Erythrocvtes Per 1000 Erythrocytes of
Bone Marrow Cells of Mice in Treated Groups.

Table I shows average incidence of micronucleated eiythrocytes counted per

1000 erythrocytes of bone marrow cells of mice treated with beef broth.

Table 1

Average Incidence of Micronucleated Erythrocytes Per
1000 Erythrocytes of Bone Marrow Cells of Mice

Treated with Beef Broth

Treatment

Negative Control
(with distilled water)

Positive Control
(with Mitomycin-C)

BBC1

BBC 2.5

BBC 4

Ave. MPCE

0.8

11.2

2.8

3.0

4.6

Ave. MNCE

1.2

10.2

2.6

3.4

4.4

Table 1 results indicate the number of the micronucleated polychromatic and the

normochromatic erythrocytes per 1000 erythrocytes of bone marrow cells of mice
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treated with different concentrations of beef broth. It also shows the average incidence

of micronucleated polychromatic and normochromatic erythrocytes of bone marrow

cells of mice in the positive and negative control group.

The average incidences of micronucleated polychromatic erythrocytes per 1000

polychromatic erythrocytes (PCE) in the negative and positive control group are 0.8 and

11.2 respectively, while the average incidences of micronucleated normochromatic

erythrocytes per 1000 normochromatic erythrocytes (NCE) are 1.2 and 10.2

respectively. As seen from the table, the average of micronucleated polychromatic

erythrocytes counted per 1000 PCE of the bone marrow cells of mice treated with BBC

1, BBC 2.5 and BBC .4 are 2.8, 3.0 and 4.6 respectively. The average incidences of

micronucleated normochromatic erythrocytes per 1000 NCE are 2.6, 3.4 and 4.4 for

BBC 1, BBC 2.5 and BBC 4.

As can be seen from the table, there is an increase in the number of

micronucleated polychromatic and micronucleated normochromatic erythrocytes of bone

marrow cells of mice in the treated group compared to that of the negative control. A

slight increases in the average number of MPCE and MNCE can also be observed as

the concentration increase. The formation of micronucleus in the cell is accounted for

by the beef broth dosed to the test animals. From these results, it can be noted that beef

broth exhibits a slight mutagenic activity.

The corresponding increase in the number of MPCE and MNCE with an

increase in concentration indicates that mutagenic activity is affected by concentration.

In this study, the mutagenic activity associated with beef broth increases as the

concentration increases.

Table 2 shows the average incidence of micronucleated erythrocytes per 1000
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erythrocytes of bone marrow cells of mice heated with port broth at varying

concentrations. It indicates the number of micronucleated polychromatic and

micronucleated normochromatic erythrocytes upon treatment of test animals with pork

broth.

Table 2

Average Incidence of Micronucleated Erythrocytes Per
1000 Erythrocytes of Bone Marrow Cells of Mice

Treated with Pork Broth

Treatment Ave. MPCE Ave. MNCE

Negative Control 0.8 1.2
(with distilled water)

Positive Control 11.2 10.2

(with Mitomycin-C)

PBC 1 2.2 1.8

PBC 2.5 2.6 2.0

PBC 4 3.5 3.5

As shown in the table, the average incidence of micronucleated polychromatic

erythrocytes per 1000 erythrocytes of bone marrow cells of mice treated with PBC 1,

PBC 2.5 and PBC 4 are 2.2, 2.6 and 3.5 respectively. The table also shows the average

incidence of micronucleated normochromatic erythrocytes per 1000 erythrocytes of

bone marrow cells of mice treated with PBC 1, PBC 2.5 and PBC 4. These are 1.8, 2.0

and 3.5 respectively.
«•.

As can be seen from the table, the average incidence of micronucleated
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polychromatic and nonnochromatic erythrocytes treated with pork broth at varying

concentration is slightly higher than the negative control and lower compared to that of

the positive control. It can also be observed that there is a slight difference in the

average MPCE and MNCE of bone marrow cells of mice treated with PBC 1 and PBC

2.5. The number of MPCE and MNCE formed upon treatment with PBC 4 is the same.

These results indicate that the number of matured young erythrocytes present in the bone

marrow cells of the treated group of animals is almost the same.

Table 3 shows the average incidence of micronucleated erythrocytes per 1000

erythrocytes of bone marrow cells of mice treated with chicken broth at different

concentrations.

Table 3

Average Incidence of Micronucleated Erythrocytes per
1000 Erythrocytes of Bone Marrow Cells of Mice

Treated with Chicken Broth

Treatment

Negative Control
(with distilled water)

Positive Control
(with Mitomycin-C)

CBC1

CBC 2.5

CBC4

Ave. MPCE

0.8

11.2

1.4

1.6

2.0

Ave. MNCE

1.2

10.2

1.4

1.8

2.2

As seen in the table, the average incidence of micronucleated polychromatic

erythrocytes of bone cells of mice treated with CBC 1, CBC 2.5 and CBC 4 are 1.4, 1.6,
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and 2.0 respectively, while the average incidence of micronucleated normochromatic

erythrocytes are 1.4,1.8 and 2.2 respectively for CBC 1, CBC 2.5 and CBC 4.

It can be seen from the table that there is a very slight increase in the number of

micronucleated polychromatic and normochromatic as the concentration increases. But

the values obtained are higher compared with the negative control, thus it can be said

that chicken broth also exhibits mutagenic activity as indicated by the formation of

micronucleated erythrocytes.

The values obtained by the researchers in the study are indicative of the

mutagenic activity exhibited by commercial broth cubes. The stated results also

indicate the there is an increase in the mutagenic activity exhibited by the samples as the

concentration is increased. This shows that niutagenic activity is affected by

concentration, results also show that beef broth exhibits the highest mutagenic activity at

all concentrations as indicated by the number of micronucleated polychromatic and

normochromatic erythrocytes formed, and the lowest being chicken broth.

2. Comparison of Micronucleated Erythrocvtes Per 1000 Ervthrocytes of Bone
Marrow cells of Mice Treated with Three Samples at Varying Concentration

Table 4 shows the analysis of variance for micronucleated polychromatic

erythrocytes formed upon treatment with the three samples at varying concentration.

In the analysis of variance of utilizing the treatment; commercial broth cubes, the

degree of freedom is 2. The sum of square and mean square values are 62.95 and -

14.155 respectively. The error in degree of freedom, sum of square and mean square

are 4, -78.07 and -19.5175 respectively. The total degree of freedom for this source of

variance is 8 and the total sum of square is 50.08. The observed F-valuo is 0.725
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Table 4

Analysis of Variance Using Randomized Complete Block
Design (RCBD) for Micronucleated Polychromatic

Erythrocytes (MPCE) from Commercial Broth
Cubes

Source of
Variation

DF SS MS Obs.F
Value

Tabular
Value

5% 1%

Block
(Cone)

65.2 -13.03 0.6676 6.94 18.0

Treatment
(Broth
Cubes)

62.95 -14.55 O.7251IS 6.94 18.0

Error 4 -78.07 -19-5175

Total 8 50.08

Legend: DF = degree of freedom
SS = sum of square
MS = mean square
ns = not significant

which is not significant compared to the tabular F-vahie of 6.94 and 18.0 at 5% and 1%

level of significance respectively. This indicates that there is no significant difference

in the mutagenic activity exhibited by the samples, they are almost, the same expressed in

termgkof micronucleated polychromatic erythrocytes.
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Table 5 shows the analysis of variance for the significant difference in the

number of micronucleated normochromatic erythrocytes obtained from commercial

broth cubes at three different concentrations.

Table 5

Analysis of Variance Using Randomized Complete Block

Design (RCBD) for Micronucleated Normocliromatic
Erythrocytes (MNCE) from Commercial Broth

Cubes at Varying Concentrations

Source of
Variation

DF SS MS Obs. F
Value

Tabular
Value

5% 1%

Block
(Cone)

63.05 -12.56 0.6871 6.94 10

Treatment
(Broth
Cubes)

2 61.83 -13.17 0.7205 6.94 10

Error 4 -73.11 -18.17

Total 8 51.77

In the analysis of variance utilizing the treatment broth cubes as the source of

variance, the degree of freedom is 2 with the sum of square and mean square value of

61.83 and -13.17 respectively. The error in the degree of freedom is 4, in the sum of

square -73.11 and -18.17 for mean square. The total degree of freedom is 8 and the

total sum of square is 51.77.

The observed F-value is 0.7205 which is lower than the tabular F-value of 6.94
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at 5% level of significance and 18.0 for 1% level of significance. This vaJue indicates

that there is no significant difference in the number of micronucleated normochromatic

erythrocytes among the three samples.

The observed F-value in terms of the number of micronucleated polychromatic

and normochromatic erythrocytes in the samples is lower compared with that of the

tabular F-value. This means that there is no significant difference in the mutagenicity

potential of the samples. Therefore, the null hypothesis stating that the mutagenic

activity exhibited by beef, pork and chicken broth cubes does not differ significantly is

accepted. This implies that the mutagenicity of the three samples is almost the same.

3. Comparison of the Average Incidence of Micronucleated Erythrocytes Per 1000
Erythrocvtes of Bone Marrow Cells of Mice in the Treated Groups and the
Positive Control

Table 6 shows the comparison of the average incidence of micronucleated

polychromatic erythrocytes in the bone marrow cells of mice treated with beef broth at

varying concentrations with that of the positive control.

It shows the mean differences, standard deviations and the computed t-values of

the average incidence of micronucleated polychromatic erythrocytes of bone marrow

cells of mice treated with beef broth compared to that of the positive control. The table

also indicates the significance of the values obtained at 0.05 and 0.01 levels of

significance.

As seem from the table, the mean difference between the average incidence of

micronucleated polychromatic erythrocytes of the positive control and groups treated

with BBC 1 is 8.4. The standard deviation obtained are 0.837 and 1.92 for BBC 1 and

positive control respectively. The computed t-value is 8.97 which exceeds the critical



Table 6

Average Incidence of Micronucleated Polycliromatic
Erythrocytes in Bone Manovv Cells of Mice in

Positive Control and Groups Treated
with Beef Broth

Treatment X, - X2 SD t-value

BBC1

Positive
Control

2.8

11.2

8.4
0.837

1.92

8.97**

BBC 2.5

Positive
Control

3.0

11.2

8.2
1.0

1.92

6.61**

BBC 4

Positive
Control

4.6

11.2

6.6
1.30

1.92

6.36**

Legend: X
x,-x2s
**

= mean
= mean difference
= standard deviation
= highly significant

value of 3.335 at 0.01 level of significance. The mean difference in the average

micronucleated polychromatic erythrocytes of the positive control and groups treated

with BBC 2.5 is 8.2 and the standard deviation of 1.0 and 1.92 respectively. The

computed t-value is 6.61 which is also higher than the critical value of 3.335 at
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0.01 level of significance. The mean difference in the average micronucleated

polychromatic eretrocytes of the positive control and groups treated with BBC4 is 6.6

and the standard deviation of 1.30 and 1.92 respectively. The computed t-vaJue is 6.36

which also exceeds the critical value of 3.335 at 0.01 level of significance.

Table 7 shows the comparison of the average incidence of micronucleated

polychromatic erythrocytes from pork broth at varying concentrations and that of the

positive control.

Table 7

Average Incidence of Micronucleated Polychromatic
Erythrocytes in Bone Marrow Cells of Mice in

Positive Control and Groups Treated
with Pork Brofti

Treatment X, - X2 t-value

PBC1

Positive
Control

2.2

11.2
9.0

0.837

1.92
9.61**

PBC 2.5

Positive
Control

2.6

11.2
8.6

0.548

1.92
9.63**

PBC 4

Positive
Control

3.5

11.2
7.7

1.14

1.92
7.71**

As seen from the table, the groups treated with pork broth; PBC 1 and positive

control has a mean difference of 9.0 and a standard deviation of 0.837 and 1.92,
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respectively. The computed t-value is 9.61. The mean difference in the average

incidence of micronucleated polychromatic erytlirocytes in the positive control and the

groups treated with PBC 2.5 is 8.6 and standard deviations of 0.548 and 1.92. The

compvited t-value is 9.63. The mean difference of the micronucleated polychromatic

erythrocytes between the positive control and the groups treated with PBC 4 is 7.7, and

has standard deviations of 1.92 and 1.14 respectively. The computed t-value is 7.7.

Table 8 shows the comparison of the average incidence of micronucleated

polychromatic erythrocytes between the positive control and the groups treated with

chicken broth. It indicates the mean difference, standard deviation and the computed t-

values at. each concentration.

As seen from the table, the mean difference between the micronucleated

polychromatic erythrocytes in the positive control and the groups treated with CBC 1 is

9.8 and standard deviations of 1.92 and 1.14 respectively. The computed t-vahie for

these two groups is 9.975. In the groups treated with CBC 2.5, the mean difference

between the positive control and this treated groups is 9.6 and a standard deviation of

0.548. On the other hand, the computed t-value for this group is 10.75. For groups

treated with CBC 4 compared with that of the positive control, the mean difference is

2.0 and the standard deviation for CBC 4 is 1.0 and 1.92 for the positive control. The

computed t-value for these two groups was 9.5.

As shown in the table, all the computed t-values exceeded the critical values of

3.335 at 0.01 level of significance. Thus the hypothesis of non-significant difference in

tlae mutagenic activity of the sample at different concentrations as compare to that of the

positive control has been rejected. From these results, it can be said that there is

significant difference between the mutagenic activity of beef, pork and chicken broth



Table 8

Average Incidence of Micronucleated Polychromatic
Erythrocytes in Bone Marrow Cells of Mice in

Positive Control and Groups Treated
with Chicken Broth

Treatment X X, - X2 t-value

CBC1

Positive
Control

1.4

11.2

9.8
1.14

1.92

9.975**

CBC 2.5

Positive
Control

1.6

11.2

9.6
0.548

1.92

10.75**

CBC 4

Positive
Control

2.0

11.2

9.2
1.0

1.92

9.5**

samples compared with that of the Mitomycin-C (positive control). This indicates

lower mutagenicity potential exhibited by the broth samples.

Table 9 shows the comparison of the average incidence of Micronucleated

normochromatic erythrocytes from beef broth at varying concentrations and that of the

positive control.
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Table 9

Average Incidence of MicronucleatedNormochromatic
Erythrocj-tes in Bone Marrow Cells of mice in

Positive Control and Groups Treated
with Beef Broth

Treatment X X, - X2 t-vaiue

BBC1

Positive
Control

2.6

10.2

7.6
1.34

2.588

5.83*

BBC 2.5

Positive
Control

3.4

10.2

6.8
1.52

2.588

5.066**

BBC 4

Positive
Control

4.4

10.2

5.8

1.34

2.588

4.45**

As seen from the table, the groups Ireated with beef broth BBC 1 i\nc\ positive

control has a mean difference of 7.6 and a standard deviation of 1.34 and 2.588,

respectively. The computed t-value is 5.83. The mean difference in the average

incidence of micronucleated normodiromatic erythrocytes in the positive control and the

groups treated with BBC 2.5 is 6.8 giving standard deviation of 1.52 and 2.588,

respectively. The computed t-vaJue is 5.066. The mean difference of the
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micronucleated normochromatic erythrocytes between the positive control and the

groups treated with BBC 4 is 5.8 and standard deviations of 1.34 and 2.588

respectively. The computed t-value is 4.45.

As shown in the table, all the computed t-values exceeded the critical values of

3.335 at 0.01 level of significance. Thus, the null hypothesis of non-significant

difference in the nmtagenic activity of the sample at different concentrations as

compared to that of the positive control has been rejected. From these results, it can be

said that there is significant difference between the mutagenic activity of beef, pork and

chicken samples compared with that of the Mitomycin-C (positive control) which

indicates lower miitagenicity potential exhibited by the broth samples.

Table 10 shows the comparison of the average incidence of micronucleated

normochromatic erythrocytes between the positive control and the group treated with

pork broth. It indicates the mean difference, standard deviation and the computed t-

values of the positive control.

As seen from the table, the mean difference between the micronucleated

normochromatic erythrocytes in the positive control and the groups treated with PBC 1

of 8.4 giving standard deviations of 0.837 and 2.588, respectively. The computed t-

value is 6.91. The mean difference of the incidence of MNCE obtained from positive

control and the group treated with PBC 2.5 is 8.2 and standard deviations of 1.0 and

2.588 respectively. The computed t-value is 6.61. The mean difference of the

incidence of MNCE obtained from the positive control and the group treated with PBC4

is 6.7, 1.52 and 2.588 standard deviation. The computed t-value is 4.2.

As shown in the table, all the computed t-values exceeded the critical values of

3.3*5 at 0.01 level of significance.



Table 10

Average Incidence ofMicronucleatedNormochiomatic
Erythrocytes in Bone Marrow Cells of Mice in

Positive Control and Groups Treated
with Pork Broth

Treatment X, - X2 t-value

PBC1

Positive
Control

1.8

10.2

8.4
0.837

2.588

6.91**

PBC 2.5

Positive
Control

2.0

10.2

8.2
1.0

2.588

6.61**

PBC 4

Positive
Control

3.5

10.2

6.7

1.52

2.588

4.2**

Table 11 shows the comparison of the average incidence or micronucleated

normochromalic erythrocytes between the positive control and the group treated with

chicken broth. It indicates the mean difference, standard deviation and the computed t-

values of die positive control.

As can be seen in the table the average incidence obtained from positive control

and treated group (CBC1) for chicken broth has a mean difference of 8.8 giving

standard deviations of 1.11 and 2.588, respectively. The computed t-value is 6.96. The
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Table 11

Average Incidence of Micronucleated Normochromatic
Erythrocytes in Bone Marrow Cells of Mice in

Positive Control and Groups Treated
with Chicken Broth

Treatment X X, - X2 t-value

CBC1

Positive
Control

1.4

10.2

8.8
1.14

2.588

6.96**

CBC 2.5

Positive
Control

1.8

10.2

8.4
0.837

2.588

6.91**

CBC 4

Positive
Control

2.2

10.2

8.0

1.11

2.588

6.35*'

mean difference of the average incidence obtained from positive control and the

treatment of chicken broth (CBC 2.5) has a mean difference of 8.4 and standard

deviations of 0.837 and 2.588 respectively. The computed t-val? is 6.91. The mean

difference of the average incidence of MNCE in the positive control and treated with

chicken broth (CBC4 ) IS 8.8 giving the standard deviation of 1.11 and 2,588. The

computed t-vaJue is 6.35.



The computed t-values in terms of the number of micronucloated polychromatic

and normochromatic erythrocytes in the samples at vaiying concentrations exceeded the

critical value of 3.335 at 0.01 level of significance. This indicates that the difference

in the mutagenicity potential of the samples at varying concentration is highly significant

but much lower than the Mitomycin-C (positive control). Thus, the second hypothesis

stating the there is no significant difference in the mutagenic activity of the samples at

varyinz concentrations compared to that of the positive control is rejected.

and normochromatic erythrocytes.

Tal>Ie 12

Highest Average Incidence of Micronucleated
Polychromatic and Normochromatic

Erythrocytes

Treaimenf Ave. MPCE Ave. MNCE

BBC 4 4.6 4.6

As shown in the table the highest average incidence of micronucleated

polychromatic and normochromatic erythrocytes were exhibited by beef broth sample

with concentration of 4.6 cubes per 500 ml of water coded as BBC 4.
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CHAPTER V

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

This chapter presents the summary, conclusions and recommendations of this

experimental study.

Summary

This study dealt mainly on the analysis of the mutagenicity potential of

commerciaJ broth cubes at varying concentrations. The researchers sought to answer

the following:

1. Do beef, pork and chicken broth cubes exhibit mutagenic activity?

2. Are there significant differences in the mutagenic activity among the three

samples?

3. Are there significant differences in the mutagenic activity exhibited by each

of the sample compared to that of the positive control?

4. Which of the samples of each specific concentration exhibit the greatest

mutagenic activity?

Commercial beef, pork and chicken broth cubes were dissolved in equal amount

of boiling water. Three specific concentrations were used during the analysis. Each

concentration of each of the samples was tested for mutagenic activity utilizing the

Micronucleus test. A positive and negative control group of mice were used as a basis

for comparison. The induction of micronucleaied polychromatic and micronucleated

normochromatic erythrocytes in the bone marrow cells of mice in the treated groups

were compared with that of the negative control to evaluate the mutagenicity potential of
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commercial broth cubes.

The incidence of micronucleated polychromatic and normochromatic

erythrocytes were counted per 1000 PCE and NCE under Carl-Zeiss photomicroscope

at oil immersion. Microscopic and experimental analysis were conducted at the

Cytogenetic Laboratory of Philippine Nuclear Research Institute located at

Commonwealth Avenue, Diliman, Quezon City.

Mutagenic activity exhibited by the commercial broth cubes was shown by the

increase in the number of micronucleated polychromatic and micronucleated

normochromatic erythrocytes compared with that of the negative control. EfFectivity of

the commercial broth cubes to induce the formation of MPCE and MNCE to mutagenic

level was determined by comparing the means of the average incidence of

micronucleated polychromatic and micronucleated normochromatic erythrocytes with

that of the positive control by using the t-test formula.

Findings

1. The average incidence of micronucleated polychromatic erythrocytes in the

positive and negative control were 11.2 and 0.8 respectively. On the other hand, the

average incidence of micronucleated normochromatic erythrocytes in the positive and

negative control were 10.2 and 1.2 respectively. The average incidence of

micronucleated polychromatic erythrocytes in the bone marrow cells of mice treated

with BBC 1, BBC 2.5 and BBC 4 were 2.8, 3.0 and 4.6 respectively. The average

incidence of micronucleated polychromatic erythrocytes in the bone marrow cells of

mice treated with PBC 1, PBC 2.5 and PBC 4 were 2.2, 2.6 and 3.5 respectively. The

average incidence of micronucleated polychromatic erythrocytes in the bone marrow
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cells of mice treated with CBC 1, CBC 2.5 and CBC 4 were 1.4, 1.6 and 2.0

respectively.

The average incidence of micronucleated normochromatic erythrocytes in the

bone marrow cells of mice treated with BBC 1, BBC 2.5 and BBC 4 were 2.6, 3.4 and

4.4 respectively. For bone marrow cells of mice treated with PBC 1, PBC 2.5, and

PBC 4, the average incidence of micronucleated normochromatic erythrocytes were 1.8,

2.0 and 3.5 respectively. The average incidence of micronucleated normochromatic

erythrocytes in bone marrow cell of mice treated with CBC 1, CBC 2.5 and CBC 4

were 1.8, 1.8 and 2.2 respectively.

2. Comparison of the mutagenic activity of each of the sample in terms of the

number of micronucleated polychromatic erytlirocytes gave an observed F-value of

0.725 which was lower compared to that of the tabular F-value of 6.94 and 5% level of

significance and 18 for 1% level of significance.

Comparison of the mutagenic activity of the samples in terms of the number of

micronucleated normochromatic erythrocytes gave an observed F-value of 0.7205

which was also lower compared with that of the tabular F-value of 6.94 at 5% level of

significance and 18 for 1% level of significance.

The observed F-vaJue in terms of the number of micronucleated polychromatic

and normochromatic erythrocytes in the samples was lower compared with that of the

tabular F-value. This indicated no significant differences in the mutagenicity potential

of the samples.

3. Comparison of the average incidence of micronucleated polychromatic

erythrocytes of beef broth at varying concentrations with that of the positive control

gave t-values of 8.97 for BBC 1, 6.61 for BBC 2.5 and 6.36 for BBC 4. These values



The average incidence of micromicleated polychromatic erythrocytes of pork

broth at varying concentration compared with that of the positive control gave t-values

of 9.61, 9.63 and 7.71 for PBC 1, PBC 2.5 and PBC 4 respectively. These aJso

exceeded the critical t-values for 0.05 and 0.01 levels of significance.

The average incidence of micronucleated polychromatic erythrocytes in the bone

marrow cells of mice treated with chicken broth at different concentrations compared

with that of the positive control gave t-values of 9.975, 10.75 and 9.5 respectively.

These values were comparatively higher than the critical value of 3.335 at 0.01 level of

significance.

Comparison of the average incidence of micronucleated normochromatic

erythrocytes in the bone marrow cells of mice treated with beef broth at varying

concentration compared with that of the positive control gave t-values oi'5.83, 5.066

and 4.45 for BBC 1, BBC 2.5 and BBC 4 respectively.

The average incidence of micronucleated normochromatic erythrocytes in bone

marrow cells of mice treated with pork broth at different concentrations compared with

that of the positive control gave t-values of 6.91, 6.61 and 4.2 respectively.

The average incidence of micronucleated normochromatic erythrocytes in bone

marrow cells of the mice treated with chicken broth at varying concentrations compared

with that of the positive control guve t-vales of 6.96, 6.91 ami 6.35 respectively.

The t-value obtained in all samples varying at concentrations in terms of the

number of micronucleated polychromatic value of 3.335 at 0.01 level of significance.

This indicated that the obtained t-values were highly significant but was much lower

than that of mitomycin-C (positive control).



Conclusions

Based on the results obtained, the following conclusions were drawn:

1. The average incidence of "MPCE and MNCE obtained from the treated

groups is higher compared to that of the negative control which is indicative of the

mutagenic activity exhibited by beef, pork and chicken broth cubes.

2. The mutagenic activity exhibited by each of the three broth samples does not

differ significantly indicating that their mutagenicity potential are almost the same.

3. The difference in the mutagenic activity of each of the broth samples at

varying concentration is highly significant for that of Mitomycin-C (positive control)

which indicates lower mutagenicity potential exhibited by the broth samples than that of

Mitomycin-C.

4. The highest mutagenic activity is exhibited by beef broth sample at a

concentration of 4 cubes per 500 ml of water.

Recommendation

Based on the findings of the study the researchers recommend the following for

further study.

Analysis of the mutagenic activity associated with other food flavourings to

really assess the risk associated with some of these food components.

Evaluation of the mutagenic potential of other natural meat broth also be given

attention to determine if these products are also mutagenically active in mammalian

assays.

Determination of the effect of increase in boiling time on the mutagenic activity

exhibited by commercial broth cubes is recommended to really evaluate the formation
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of mutagenic compounds in these products.

Isolation and partial characterization of the active component present in

commercial broth cubes must be done to determine the possible mutagenic component

that may be present in commercial broth cubes.
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APPENDIX A
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Borbon Memorial Institute of Technology are presently conducting our thesis entitled :
"Mutageniciry Potential of Commercial Broth Cubes at Varying Concentrations."

In view of this, may we request your good office to allow us to conduct the experimental
part of tliis study in you laboratory.

Your kind consideration regarding this matter would be highly appreciated.

Sincerely yours,

(Sgd) Nelson V. De Torres
Student

(Sgd) Augusto N. Talain
Student

Noted by:

(Sgd) Prof JocelynR. Castillo
Thesis Adviser

(Sgti) Dr. Felix M. Panopio
Dean, College of Science
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APPENDIX B

T A B L E S O F D A T A

Table 13

Weights of Mice in Negative Control
(in the absence of Mitomycin-C)

No. of Trials

Mi

M,

M3

M4

M5

Weight (g)

23.9

22.0

24.5

20.9

21.0

Table 14

Weights of Mice in the Positive Control (with the
the presence of Mitomycin-C) and the

Administered Volume of
Mitomycin-C

No. of Trials

M,

M2

M3

M4

Ms

Weight (g)

23.9

22.0

24.5

20.9

21.0

Vol. ofMitomycin-C
0.2 ml/lOg weight

0.490

0.452

0.402

0.408

0.500



54
Table 15

Weights of Mice in the Treated Groups and Administered
Vol. of Beef Broth (BBC1)

No. of Trials

Mi

M2

M3

M4

M5

Weight (g)

23.2

24.5

20.1

22.3

22.5

Vol. of Beef Broth
0.2 ml/10 g body weight

0.464

0.490

0.402

0.446

0.450

Table 16

Weights of Mice in the Treated Groups and Administered
Vol. of Beef Broth (BBC 2.5)

No. of Trials

M,

M2

M3

M4

M5

Weight (g)

24.5

20.1

23.2

24.1

24.3

Vol. of Beef Broth
0.2 ml/10 g body weight

0.490

0.402

0.464

0.482

0.486
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Table 17

Weights of Mice in the Treated Groups and Administered
Vol. Of Beef Broth (BBC4)

No. of Trials

Mi

M2

M3

M<

Mj

Weight (g)

24.1

25.4

22.5

26.9

23.5

Vol. of Beef Broth
0.2 ml/10 g body weight

0.482

0.508

0.450

0.538

0.470

Table 18

Weights of Mice in the Treated Groups and Administered
Vol. of Pork Broth (PBC1)

No. of Trials

Mi

M2

M3

M4

Mi

Weight (g)

26.5

24.3

22.1

23.2

25.1

Vol. of Pork Broth
0.2 ml/10 g body weight

0.530

0.486

0.422

0.464

0.502
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Table 19

Weights of Mice in the Treated Cfroups and Administered
Vol. of Pork Broth (PBC2.5)

No. of Trials

Mi

M2

M3

M4

Mj

Weight (g)

26.5

24.8

23.5

22.9

25.6

Vol. of Pork Broth
0.2 ml/10 g body weight

0.478

0.496

0.420

0.458

0.512

Table 20

Weights of Mice in the Treated Groups and Administered
Vol. of Pork Broth (PBC4)

No. of Trials

Mi

M2

M3

M4

Weight (g)

23.4

21.7

22.3

24.7

23.8

Vol. of Pork Broth
0.2 ml/10 g body weight

0.486

0.434

0.446

0.494

0.476
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Table 23

Weights of Mice in the Treated Groups and Administered
Vol. of Chicken Broth (CBC4)

No. of Trials

Mi

M2 •

M3

NL,

M5

Weight (g)

24.9

24.6

22.8

23.5

27.3

Vol. of Chicken Broth
0.2 ml/10 g body weight

0.498

0.492

0.460

0.470

0.546
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Table 24

Incidence of Micronucleated Cells Counted per 1,000 Cells
of Individual Mice Treated with Three Concentrations

of Beef Broth (BBCi, BBC2j5, BBC4)

No. of No. of Erythrocytes No. of Micronucleted
Trials Erythrocytes

PCE NCE MPCE MNCE

Average per Mice

MPCE MNCE

BeefBroth

Mi

M2

M3

Mi

M;

BeefBroth

Mi

M2

M3

M4

M5

BeefBroth

Mi

M2

M3

M4

M5
 k

(BBCi)

1,000

1,000

1,000

1,000

1,000

(BBC2..s)

1,000

1,000

1,000

1,000

1,000

(BBC)

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

2

3

4

3

2

4

4

2

3

2

5

4

3

3

6

4

2

2

4

1

1

4

3

4

5

5

3

5

6

3

2.8 2.6

3.0 3.4

4.2 4.4
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Table 25

Incidence ofMicronucleated Cells Counted per 1,000 Cells
of Individual Mice Treated with Three Concentrations

of Pork Broth (PBC,, PBC2,% PBC4)

No. of No. of Erythrocytes No. of Micronucleated
Trials Erythrocytes

PCE NCE MPCE MNCE

Average per Mice

MPCE MNCE

Pork Broth (PBC,)

Mi

M2

M3

M4

M5

1,000

1,000

1,000

1,000

1,000

Pork Broth (PBC2i)

Mi

M2

M3

M4

M5

1,000

1,000

1,000

1,000

1,000

Pork Broth (PBQ)

Mi

M2

M3

M4

Ms *

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1

3

3

2

2

3

2

3

2

3

4

5

3

2

4

1

2

3

1

2

3

1

1

3

2

3

4

1

5

4

2.2 1.8

2.6 2.0

3.6 3.4
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Table 26

Incidence of Micronucleated Cells Counted per 1,000 Cells
of Individual Mice Treated with Three Concentrations

of Chicken Broth (CBC,, CBC2s, CBC)

No. of No. of Erythrocytes No. of Micronucleated
Trials Erythrocytes

PCE NCE MPCE MNCE

Average per Mice

MPCE MNCE

Chicken Broth (CBCi)

Mi

M2

M?

M4

M5

Chicken Broth

Mi

M2

M*

M4

M5

Chicken Broth

Mi

M2

M,

U4

M 5 •>

1,000

1,000

1,000

1,000

1,000

(CBC25)

1,000

1,000

1,000

1,000

1,000

(CBG,)

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

2

3

1

1

0

2

2

1

2

1

2

3

1

1

3

1

3

0

2

1

1

1

3

2

2

2

2

3

3

1

1.4 1.4

1.6 1.8

2.0 2.2
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APPENDIX C

COMPUTATION OF DATA
Computation of RCBD

I. Formula Used

a Degrees of Freedom (d.f )

Total d£ = total number of observation -1

Block d.f = total number of blocks -1

Treatment of df. = total number of treatments -1

Errors of d.f. = total d.f - block of d.f. - treatment
df of = (Block d.f) (Treatment d.f.)

b. Various Sums of Squares (SS)

C.F. = (grand total)2

total number of observation

Total SS = X2 - C.F.

Block SS = (treatment total)2 - C.F.

r

Error SS = total SS - block SS - treatment SS

c. Mean Square (MS)
Block MS = Block SS

r - 1
Treatment MS = Treatment SS

t - 1

Error MS = Error SS
(r - 1) (t - 1)

d. Observed F-values for testing the treatment effects

F = treatment MS F = block MS
error MS error MS
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2. Comparison of the average Incidence of MNCE in the positive Control and in

Treatment with Beef Broth (BBC1)

L Ho : Up = UBBCI

H a : Up = UBBCI

IL Degree of Freedom = 8

III 'tabulated = ± 3.335 at 0.01 level of significance

IV.

'computed = Xi_ - X;

M m + n2 - 2

Where:

Xl

X2

n, =

n2 =

Si

s2

'computed =

10.2

1.8

5.0

5.0

2.588

0.837

6.91

V. Decision : null hypothesis is rejected instead the alternative hypothesis is
accepted.

B. Computations for the Significance of the results using t-test.

1. Comparison of the Average Incidence of MPCE in the Positive Control and in
Treatment with Beef Broth (BBC1).

I H o : Up = UBBCI

}£ : Up =
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II. Degrees of Freedom = 8

m. 'tabulated = ± 3.335 at 0.01 level of significance

IV.

'computed = X[_ - X?

nl-l)(SlY+n1-l)(SzY -1 + 1

Where:

x. = 11.2

X2

m

02 =

Si =

s2

'computed =

2.8

5.0

5.0

1.92

0.837

8.97

V. Decision : null hypothesis is reject instead the alternative hypothesis is
accepted.
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APPENDIX D

Sample Preparation

Fig. 1 Representative Sample of Commercial
Broth Cubes
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Fig. 2 Test Animals and Materials
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APPENDIX E

Experimentation

Fig. 3 Intraperitonsal Administration of
Mitomycin-C in the Experimental Mice



Fig. 4 Staining of Experimental Mice (24) Hours
after Drying the Test Materials



APPENDIX F

Microscopic Analysis of the Bone Marrow Cells
of the Experimental Mice

Fig. 5 Microscopic Analysis of the Bone
Marrow Cells of the Experimental Mice.
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Fig. 6 Polychromatic Erytlirocytes without
Micronuclues
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m

Fig. 7 Normodiromatic Erythrocytes without
Micronucleus
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t

Fig. 8 Representative Sample of Commercial
Broth Cubes withMicronucleus (micronucleated
polychromatic erythrocytes)
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Fig. 9 Representative Sample of Commercial
Broth Cubes with Micronucleus (micronucleated
normochromatic erythrocytes)
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