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(ABSTRACT) 

Five studies were conducted to elucidate a possible 

mode of action of dietary organic acids in weanling pigs 

(n=536). The effect of feeding 1.5% fumaric or citric acid 

on growth performance, intestinal digesta pH, chloride ion 

concentration (Cl-), VFA profile and microflora populations 

was studied. In study 1, feeding citric acid improved ADG 

and feed conversion (F:G), whereas fumaric acid only 

numerically improved ADG and F:G. No significant dietary 

effect on intestinal pH, Cl- or VFA profile was observed. 

In study 2, feeding organic acids with and without a 

microbial supplement (Lactobacillus acidophilus) resulted in 

no interactive effects, but fumaric acid and the microbial 

supplement each improved ADG and F:G. In study 3, pigs fed 

organic acids were killed at -2, 0, 3, 7, 14 and 214d 

postweaning. Organic acids had no significant effect on 

intestinal pH, Cl-, VFA profile or microflora populations. 

Postweaning age affected intestinal digesta measurements in 

these ways: pH decreased; VFA concentrations increased; 

lactobacillus decreased to d 3 postweaning; E. coli



increased to d 7 postweaning; and clostridia decreased to d 

21 postweaning. In study 4, pigs were fed organic acids and 

910 enterotoxigenic E. coli orally challenged with 1 

(0157:K88) (ETEC) at d 3, 7 and 14 postweaning. Organic 

acids had no measurable effect on intestinal pH, Cl- or VFA 

profile. ETEC challenge increased jejunum lactic acid 

concentration, lower colon VFA concentration and severity of 

scouring. Postweaning age affected these intestinal digesta 

measurements: cecum pH decreased; jejunum Cl- increased; 

jejunum lactobacillus count decreased; lower colon 

lactobacillus count increased; and E. coli count decreased 

in all intestinal sections. In study 5, pigs were fed 

organic acids and challenge with ETEC on d 3 postweaning. 

Organic acids had no significant effect on severity of 

scouring or protection against reduced growth performance 

from the ETEC challenge. The ETEC challenge resulted in an 

increased severity of scouring and a reduction in ADG of 20% 

and F:G of 19%. In summary, feeding organic acids generally 

improved weanling pig growth performance and had little 

effect on intestinal digesta measurements. Postweaning age 

did have an effect on intestinal digesta measurements. The 

primary mechanism of action of dietary organic acids does 

not seem to be the lowering of intestinal pH or 

modifications to the intestinal microflora, but may act as 

an additional energy source.
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CHAPTER I 

INTRODUCTORY SECTION 

Weaning exposes the pig to environmental, social and 

dietary stresses that can result in poor growth performance 

and scouring during the first week. This period is commonly 

referred to as the postweaning lag phase. Producers have 

implemented many different management practices to alleviate 

this lag phase to fully realize the efficiency potential of 

the weanling pig. The most successful practice has been the 

feeding of sub-theraputic levels of antibiotics. 

Antibiotics have been shown to increase average daily gain, 

stimulate feed intake, improve feed efficiency and reduce 

scouring. However, their continued use is in jeopardy from 

activists who are questioning food safety and the general 

use of drugs in livestock. Because of their pressure, the 

future use of feed antibiotics may be highly regulated or 

eliminated. Therefore, a need exists to develop effective 

alternatives to the use of feed antibiotics. Two feed 

additives which show some promise are organic acids and 

microbial fermentation products. 

Organic acids and microbials have been reported to 

increase growth performance when added to pig starter diets, 

but these improvements are not as consistent as those 

observed with feeding antibiotics. A potential reason for 

these inconsistencies may be the incomplete knowledge of how



these feed additives exert their growth promoting effects. 

Organic acids are hypothesized to lower the gastric pH 

and shift the gastrointestinal bacterial population to a 

more favorable population. A lower gastric pH would benefit 

the weanling pig because until about five weeks of age, the 

pig is unable to secrete sufficient quantities of 

hydrochloric acid to effectively lower the stomach pH. An 

alkaline gastric environment may result in poor feed 

utilization due to inadequate pepsinogen activation and 

protein denaturation. In addition, a high intestinal pH 

will allow the proliferation of coliforms, like Escherichia 

coli, which may produce scouring. Microbials may act 

similarily to organic acids by producing lactic acid, which 

lowers intestinal pH, and to antibiotics by secreting 

antibacterial substances that can inhibit coliforms. 

This research was conducted to investigate the growth 

promoting effects of fumaric and citric acid, as well as a 

microbial (Lactobacillus acidophilus) in weanling pigs. 

Futhermore, the effects of these organic acids on the 

intestinal digesta pH, concentration of chloride ion, 

volatile fatty acid profile and microflora population were 

investigated to determine a mode of action for organic 

acids.



CHAPTER II 

LITERATURE REVIEW 

Weaning 

Traditionally, swine farmers have weaned pigs at an age 

of 6 to 8 weeks; they have currently adopted early weaning 

at 3 to 4 weeks of age. This enables them to be more 

productive due to an increased number of pigs per sow per 

year (Cole et al., 1975) and to make more efficient use of 

their facilities. However, early weaning is usually 

associated with a period of poor growth performance and 

scouring. This postweaning lag, as it is commonly referred 

to as, normally lasts about a week and is characterized by 

little or no growth, poor feed conversions and varying 

degrees of scouring (Tzipori et al., 1980; Barnett et al., 

1989). 

Early weaning subjects the pig to many stresses at a 

time when the pig is least able to handle them. The passive 

immunity obtained from the colostrum is low at 3 weeks and 

the active immune system of the pig is not completely 

developed until 5 weeks of age. In addition, at 3 weeks of 

age, the small physical size of the pig results ina high 

ratio of body suface area to body volume that is coupled 

with low reserves of body fat, which leaves the pig unable 

to regulate its body temperature properly (Fenten et al., 

1985). These factors allow pathogenic bacteria, normally



proliferate and thereby cause disease. 

Stevens (1963b) described the postweaning lag in 3 week 

old weaned pigs as a setback in growth rate and an increase 

in the number of E. coli (not a new colonization) in the 

intestinal tract caused by the change to a dry diet anda 

low antibody titer (passive and active). Miniats and Roe 

(1968) suggested that poor postweaning performance is due to 

immaturity of the pig (size, immune response, 

gastrointestinal tract) and failure to consume enough feed 

or water. 

The stresses of mixing with other pigs, dietary 

modifications and environmental changes that accompany 

weaning (Thomlinson, 1963) may overwhelm the pig and lead to 

poor postweaning growth performance and reduced resistance 

to disease. In order to minimize these stresses, producers 

are recommended to wean pigs by litter and placed the pigs 

in a warm (30°C), clean and dry environment. The 

disinfecting of the nursery is necessary to reduce the 

microbial load to which the weanling pig is exposed. 

Sanitation is an important aspect in preventing or reducing 

the severity of the postweaning scour syndrome. Without 

proper sanitation, potentially pathogenic bacteria can be 

ingested by the weanling pigs by dung or other tissue which 

enables these bacteria to increase their pathogenicity and 

thereby increase herd health problems (Porter et al., 1979).



Stevens (1963a) summarized the management practices 

necessary to reduce the incidence of postweaning scouring. 

His suggestions were to reduce the number of pathogenic 

organisms in the environment by disinfection and 

antibiotics, to increase the immunity of the sow and to 

improve overall herd management practices. 

Sudden changes in the diet and(or) environmental 

stress can produce proliferation of pathogenic E. coli in 

the weanling pig (Buxton and Thomlinson, 1961). Diet 

composition and amount of diet consumed has a profound 

effect on the ability of E. coli to proliferate and colonize 

the gut. Bertschinger et al. (1979) inoculated weanling 

pigs with a toxigenic strain of E. coli and fed two 

different diets: high-fiber/low protein nutrient dense and 

low-fiber/high protein nutrient dense and observed a 

reduction in the shedding of fecal E. coli and death loss in 

the pigs fed the high-fiber/low nutrient dense diet. They 

concluded that death losses were proportional to the level 

of protein in the diet. This observation is of concern in 

weanling pigs, because in order to achieve greater growth 

potential, a high nutrient dense diet (normally at least 20% 

CP) is fed. This diet, according to Bertschinger and co- 

workers, would cause an increase in postweaning scouring and 

death. 

During the first few days after weaning the pig is



stressed and consumes little feed. However, after the 

stress of weaning has past, the now famished pig gorges 

itself on the high nutrient dense starter diet. This 

overeating can result in scouring (Goodwin, 1957). Scouring 

caused by overeating usually occurs between 4 to 7 days 

postweaning. Restriction of feed after weaning has been 

reported to reduce the incidence of scouring (Palmer and 

Hulland, 1965; Miniats and Roe, 1968). The restriction of 

feed after weaning may reduce the severity of scouring, but 

will also result in poorer growth performance due to an 

inadequate intake of protein and energy. 

Starvation causes changes in the gut microflora such 

that after one day without food, the population of 

lactobacillus and bifidobacteria decreased and the number of 

E. coli and bacteriodes increased in pigs (Morishita and 

Ogata, 1970). The lactobacillus and bifidobacteria are 

usually considered to be beneficial bacteria, whereas E. 

coli and bacteriodes can be associated with a disease state. 

The reduction in feed consumption that is normally 

associated with the weaning of pigs could result in this 

type of microbial population shift and render the weanling 

pig more susceptible to enteric infections.



Creep Feed 

Creep feeding, the feeding of a highly palatable and 

digestible diet before weaning, allows the suckling pigs 

access to more energy, protein and nutrients. Creep feeding 

has been shown to be beneficial as a milk supplement to pigs 

weaned at 6 to 8 weeks of age, but its usefulness in early 

weaning is less clear. The milk production of the sow 

steadily increases to about 3 to 4 weeks and declines 

thereafter. The energy requirement for maximum growth of 

the pig increases with age and surpasses the ability of the 

sow to provide this energy at 4 to 5 weeks of age. Thus 

pigs weaned at 6 to 8 weeks of age need an additional source 

of energy (creep feed or sow feed) to maximize their growth 

rate. However, early weaned pigs eat little creep feed 

before 21 days of age, and therefore the labor and expense 

involved in creep feeding is of questionable value. 

Hampson and Kidder (1986) reported that the average 

daily intake of creep feed was 236 grams between 18 - 28 

days of age. Corring and co-workers (1978) reported that by 

4 weeks of age the nursing pig consumes less than 100 grams 

of creep feed per day, but by 5 weeks of age consumes over 

500 grams per day. Okai et al. (1976) and Barnett et al. 

(1989) found similar results in 3 week old pigs which 

consumed 13 - 71 and 13 - 194 grams per pig per day, 

respectively. Low intake of creep feed is a concern because



of the possibility that a transient dietary hypersensitivity 

to antigens present in the creep-feed may be the underlying 

cause of the postweaning lag (Newby et al., 1983). 

Creep feed has been postulated to increase the 

postweaning feed intake and growth performance in pigs, but 

Hampson and Kidder (1986) observed that non-creep fed pigs 

consumed more feed the first five days postweaning than did 

creep-fed pigs. Contrary to these findings, Okai et al. 

(1976) and Barnett et al. (1989) observed more scouring in 

creep-fed pigs. Both groups also reported no differences in 

postweaning growth performance between creep-fed and non 

creep-fed pigs. Hampson et al., (1985) observed that creep 

feeding increased fecal water as did age, but E. coli and 

rotavirus did not influence fecal water. 

Consumption of creep feed appears to induce the 

intestinal enzymes (Okai et al., 1976) and reduce gastric pH 

(Hampson et al., 1985) needed to properly digest a corn- 

soybean based diet. At birth, lactase activity is high and 

sucrase activity is low, but as the pig matures, the 

activity of these enzymes reverse (Kenworthy and Crabb, 

1963). In addition, the stomach pH of the nursing pig is 

high and production of hydrochloric acid is nominal. An 

acidic gastric environment is necessary to denature protein 

and reduce the possible occurrence of pathogens. Creep feed 

intake may hasten this normal transition of activities and



may induce other digestive enzymes. This provides the pig 

with a more mature gastrointesitnal tract that is more able 

to digest and utilize the starter diet. 

The feeding of complex diets to pigs weaned at 3 weeks 

of age produces better growth performance than feeding a 

simple diet, but this improvement is not as great in heavier 

pigs or pigs weaned at 4 weeks of age (Himmelburg et al., 

1985). Also, increases in growth obtained with the complex 

diet is not carried over into the growing-finishing phase 

(Himmelburg et al., 1985). The feeding of a complex starter 

diet results in increased postweaning performance and may be 

related to increases in protease and amylase activities in 

pigs fed dried whey (Graham et al., 1981). The addition of 

dried skim milk increases the digestibility of energy and 

nutrients in starter diets (Hays et al., 1959) and is 

probably related to milk protein rather than milk 

carbohydrates (Turlington et al., 1989). 

Feed Additives 

Antibiotics 

Many different management practices have been 

implemented to alleviate the postweaning lag. The feeding 

of subtheraputic levels of antibiotics in the starter diet 

has produce the most consistent results. Feed antibiotics 

can increase feed intake, improve feed conversion and reduce
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scouring. However, even antibiotics can produce 

inconsistent improvements in growth performance. Fuller et 

al. (1960) reported that not all pigs responded to the 

feeding of the growth promotants penicillin, 

chloratetracycline or copper sulphate. 

The future of feed antibiotics is uncertain because of 

health concerns about of antibiotic-resistant microorganisms 

and antibiotic residues in meat, therefore, their future use 

may be reduced and(or) tightly regulated. Therefore, the 

developement of safe and effective alternatives to the use 

of antibiotics is imperative. 

Probiotics 

Probiotics, the use of bacteria or a bacterial 

fermentation product, has been an area of interest due to 

their proposed action against microorganisms which produce 

enteric infections. Probiotics are either an extract froma 

mixture of bacteria or actual viable bacteria which are fed 

to the animal (Lyons, 1987). Probiotics have been reported 

to reduce scouring, improve the general health, and increase 

the general performance of the animal (Hale and Newton, 

1979; Lessard and Brisson, 1987). However, these results 

have not been consistently observed. The mode of action of 

probiotics has yet to be elucidated, but is believed to be 

associated with promotion of ‘good’ bacteria and reduction
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in the number of ’bad’ bacteria within the gastointestinal 

tract. Most probiotics rely on lactobacillus species as the 

‘good’ bacteria, but may also contain streptococcus and(or) 

bifidobacterium organisms. These bacteria produce acid and 

other undefined factors which supposedly suppress the growth 

of ‘bad’ bacteria (i.e. E. coli, bacteriodes and clostridia) 

and, thereby, help promote growth. Another possible mode of 

action is in the preventing of the colonization of the 

gastrointestinal tract by the harmful bacteria. Feeding a 

viable probiotic prior to exposure to the pathogenic 

bacteria allows probiotic bacteria to occupy attachment 

sites on the intestinal lining that are also utilized by the 

harmful bacteria and thereby prevent attachment and 

colonization. Also the low pH of the extracts and the 

production of acids by the probiotic organisms may lower the 

pH of the gut producing a less desirable environment for 

pathogenic bacteria (Lyons, 1987). 

Organic Acids 

Acidified diets have also been used as an alternative 

to antibiotics in starter diets, however, their mode of 

action is yet to be determined. The lowering of the gut pH 

is one hypothesized action. As with probiotics, a lower gut 

pH is a more desirable environment for good bacteria and 

suppresses the proliferation of harmful bacteria. The
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weanling pig’s ability to produce acid in the stomach is 

limited until about 5 weeks of age, therefore, the 3 week 

weaned pig is unable to lower the gut pH substantially. 

This higher gut pH allows the bad bacteria to colonize and 

proliferate within the gastrointestinal tract. Acidified 

diets, due to their acid content, may directly lower the gut 

PH and stimulate the stomach to secrete hydrochloric acid. 

The addition of acid may also increase the 

digestibility of the diet. Calcium, iron, copper and zinc 

all have greater apparent absorption in acidic environments. 

Protein is also denatured by acid which allows proteases to 

work more efficiently. Partially hydrolysis of the diet 

during storage due to the activity of the acid may also ease 

digestion. 

Acidic diets can cause problems with use. The 

corrosive nature of the acid may lead to a shorter lifespan 

of feeders and feed mixers and thereby cause greater 

manintenance costs. The feed may also be less palatable if 

too high a percentage of acid is added to the diet. 

Variations to the responses observed with feeding 

acidic diets have been reported, and depend upon what form 

of acid, organic or inorganic, as well as what type, formic, 

citric or hydrochloric acid, is fed. Research indicates 

that the most consistent positive growth response are from 

the acids fumaric, citric and propionic with varying results
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from other acids. 

Kirchgessner and Roth (1982) reported in their review 

of fumaric acid that feeding fumaric acid promotes weight 

gain in weanling pigs by an average of 10% above that of 

control pigs and that feed efficiency improves about 4%. 

They also state that at the level of 1.5 - 2.0%, fumaric 

acid can also stimulate feed intake in weanling pigs. 

Fumaric acid has also been observed to increase energy and 

protein digestibility, N-retention, and Ca and P balance 

(Kirchessgner and Roth, 1982). In contrast, Radecki et al. 

(1988) observed no positive effect from 1.5% fumaric acid 

supplementation on energy, metabolizable energy, N balance, 

N digestibility or calcium and phosphorous balance. 

Radecki et al. (1988) observed no benefit on growth 

performance with the feeding of 1.5% citric acid, but 

observed an improvement in ADG and F:G with the addition of 

1.5% fumaric acid. Kornegay et al. (1976) observed no 

benefit in growth performance in feeding 7 day old weanling 

pigs citric acid. Burnell et al. (1988) observed an 

improvement in ADG and F:G with the addition 1.0% citric 

acid in a simple diet, but observed no benefit from acid 

supplementation in a complex diet (15% dried whey). In 

addition, Burnell et al. (1988) reported a slight reduction 

in intestinal pH with diets containing citric acid and dried 

whey.
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�T�h�e� �f�e�e�d�i�n�g� �o�f� �1� �o�r� �2�%� �f�u�m�a�r�i�c� �o�r� �c�i�t�r�i�c� �a�c�i�d� �i�n�a� 

�c�o�m�p�l�e�x� �d�i�e�t� �(�f�i�s�h� �m�e�a�l� �a�n�d� �d�r�i�e�d� �s�k�i�m� �m�i�l�k�)� �i�m�p�r�o�v�e�d� �F�:�G� 

�a�n�d� �n�u�m�e�r�i�c�a�l�l�y� �i�n�c�r�e�a�s�e�d� �A�D�G� �4� �-� �7�%� �i�n� �a� �4�-�w�k� �t�r�i�a�l� 

�(�F�a�l�k�o�w�s�k�i� �a�n�d� �A�h�e�r�n�e�,� �1�9�8�4�)�.� �T�h�i�s� �l�e�v�e�l� �o�f� �s�u�p�p�l�e�m�e�n�t�a�t�i�o�n� 

�h�a�d� �n�o� �a�f�f�e�c�t� �o�n� �t�h�e� �a�p�p�a�r�e�n�t� �d�i�g�e�s�t�i�b�i�l�i�t�y� �o�f� �p�r�o�t�e�i�n� �o�r� 

�d�r�y� �m�a�t�t�e�r�.� �G�i�e�s�t�i�n�g� �a�n�d� �E�a�s�t�e�r� �(�1�9�8�5�)� �f�e�d� �2�%� �p�r�o�p�i�o�n�i�c�,� 

�f�u�m�a�r�i�c� �o�r� �c�i�t�r�i�c� �a�c�i�d� �i�n� �a� �s�i�m�p�l�e� �d�i�e�t� �t�o� �w�e�a�n�l�i�n�g� �p�i�g�s� �a�n�d� 

�o�b�s�e�r�v�e�d� �a�n� �i�m�p�r�o�v�e�m�e�n�t� �(�P� �<� �.�0�7�)� �i�n� �F�:�G� �w�h�i�l�e� �p�r�o�p�i�o�n�i�c� 

�a�c�i�d� �d�e�p�r�e�s�s�e�d� �f�e�e�d� �i�n�t�a�k�e�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �i�n�c�r�e�a�s�i�n�g� �t�h�e� 

�l�e�v�e�l� �o�f� �f�u�m�a�r�i�c� �a�c�i�d� �b�e�t�w�e�e�n� �1�,� �2�,� �3� �a�n�d� �4�%� �p�r�o�d�u�c�e�d� �a� 

�l�i�n�e�a�r� �i�n�p�r�o�v�e�m�e�n�t� �i�n� �A�D�G� �a�n�d� �F�:�G�.� �G�i�e�s�t�i�n�g� �a�n�d� �E�a�s�t�e�r� 

�(�1�9�8�5�)� �w�e�r�e� �u�n�a�b�l�e� �t�o� �o�b�s�e�r�v�e� �a� �p�r�o�t�e�i�n� �s�p�a�r�i�n�g� �e�f�f�e�c�t� �w�i�t�h� 

�f�u�m�a�r�i�c� �a�c�i�d� �s�u�p�p�l�e�m�e�n�t�a�t�i�o�n�,� �c�o�n�t�r�a�r�y� �t�o� �t�h�e� �r�e�p�o�r�t� �o�f� 

�K�i�r�c�h�g�e�s�s�n�e�r� �a�n�d� �R�o�t�h� �(�1�9�8�2�)�,� �a�n�d� �d�i�d� �n�o�t� �o�b�s�e�r�v�e� �a�n�y� 

�i�m�p�r�o�v�e�m�e�n�t� �i�n� �g�r�o�w�t�h� �p�e�r�f�o�r�m�a�n�c�e� �i�n� �f�i�n�i�s�h�i�n�g� �p�i�g�s� �f�e�d� �1�.�5� 

�o�r� �3�%� �f�u�m�a�r�i�c� �a�c�i�d�.� 

�H�e�n�r�y� �a�n�d� �c�o�-�w�o�r�k�e�r�s� �(�1�9�8�5�)� �f�e�d� �w�e�a�n�l�i�n�g� �p�i�g�s� �e�i�t�h�e�r� 

�c�i�t�r�i�c� �o�r� �f�u�m�a�r�i�c� �a�c�i�d� �a�n�d� �f�o�u�n�d� �t�h�a�t� �c�i�t�r�i�c� �a�c�i�d�,� �n�o�t� 

�f�u�m�a�r�i�c� �a�c�i�d�,� �i�n�c�r�e�a�s�e�d� �A�D�G� �a�n�d� �f�e�e�d� �i�n�t�a�k�e�.� �S�i�m�a�r�i�l�y�,� 

�S�c�i�p�i�o�n�i� �e�t� �a�l�.� �(�1�9�7�8�)� �o�b�s�e�r�v�e�d� �a�n� �i�n�c�r�e�a�s�e� �i�n� �A�D�G� �a�n�d� 

�i�m�p�r�o�v�e�m�e�n�t�s� �i�n� �a�p�p�a�r�e�n�t� �d�i�g�e�s�t�i�b�i�l�i�t�y� �o�f� �d�r�y� �m�a�t�t�e�r�,� 

�n�i�t�r�o�g�e�n� �a�n�d� �m�i�n�e�r�a�l�s�.� �F�u�r�t�h�e�r�m�o�r�e�,� �t�h�e�s�e� �r�e�s�e�a�r�c�h�e�r�s� �w�e�r�e� 

�u�n�a�b�l�e� �t�o� �o�b�s�e�r�v�e� �a�n�y� �b�e�n�e�f�i�t� �o�n� �w�e�a�n�l�i�n�g� �p�i�g� �p�e�r�f�o�r�m�a�n�c�e� 

�w�i�t�h� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �f�u�m�a�r�i�c� �o�r� �m�a�l�i�c� �a�c�i�d�.� �S�c�i�p�i�o�n�i� �e�t� �a�l�.� 

�(�1�9�7�8�)� �a�l�s�o� �r�e�p�o�r�t�e�d� �a� �d�e�c�r�e�a�s�e� �i�n� �g�a�s�t�r�i�c� �a�n�d� �d�u�o�d�e�n�a�l� �p�H
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�a�s� �w�e�l�l� �a�s� �a� �d�e�c�r�e�a�s�e� �i�n� �t�o�t�a�l� �E�.� �c�o�l�i� �a�n�d� �a�n�a�e�r�o�b�i�c� 

�b�a�c�t�e�r�i�a� �w�i�t�h� �t�h�e� �f�e�e�d�i�n�g� �o�f� �c�i�t�r�i�c� �a�c�i�d�.� �T�h�e� �f�e�e�d�i�n�g� �o�f� 

�p�r�o�p�i�o�n�i�c� �a�c�i�d� �r�e�s�u�l�t�e�d� �i�n� �p�o�o�r�e�r� �g�r�o�w�t�h� �p�e�r�f�o�r�m�a�n�c�e� �d�u�e� �t�o� 

�a� �d�e�c�r�e�a�s�e� �i�n� �f�e�e�d� �i�n�t�a�k�e� �(�p�a�l�a�t�a�b�i�l�i�t�y� �p�r�o�b�l�e�m�)�,� �h�o�w�e�v�e�r� 

�p�r�o�p�i�o�n�i�c� �a�c�i�d� �w�a�s� �d�i�r�e�c�t�l�y� �i�n�c�o�r�p�o�r�a�t�e�d� �i�n�t�o� �f�a�t�t�y� �a�c�i�d�s� 

�d�u�e� �t�o� �t�h�e� �i�n�c�r�e�a�s�e� �i�n� �o�d�d�-�c�h�a�i�n� �f�a�t�t�y� �a�c�i�d�s� �i�n� �t�h�e� �b�a�c�k�f�a�t� 

�o�f� �t�h�e� �p�i�g�s� �(�T�h�a�c�k�e�r� �a�n�d� �B�o�w�l�a�n�d�,� �1�9�8�0�)�.� 

�I�n� �s�u�m�m�a�r�y�,� �t�h�e� �s�u�p�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �w�e�a�n�l�i�n�g� �p�i�g� �d�i�e�t�s� 

�w�i�t�h� �t�h�e� �o�r�g�a�n�i�c� �a�c�i�d�s�,� �f�u�m�a�r�i�c� �o�r� �c�i�t�r�i�c� �a�c�i�d�,� �h�a�s� 

�g�e�n�e�r�a�l�l�y� �r�e�s�u�l�t�e�d� �i�n� �i�m�p�r�o�v�e�m�e�n�t�s� �i�n� �A�D�G� �a�n�d�(�o�r�)� �F�:�G�.� 

�H�o�w�e�v�e�r�,� �i�m�p�r�o�v�e�m�e�n�t�s� �i�n� �a�p�p�a�r�e�n�t� �d�i�g�e�s�t�i�b�i�l�i�t�y� �o�f� �p�r�o�t�e�i�n�,� 

�d�r�y� �m�a�t�t�e�r�,� �e�n�e�r�g�y�,� �n�i�t�r�o�g�e�n� �o�r� �m�i�n�e�r�a�l�s� �h�a�v�e� �b�e�e�n� �l�e�s�s� 

�c�o�n�s�i�s�t�e�n�t�.� �A�l�s�o�,� �t�h�e� �a�b�l�i�l�i�t�y� �o�f� �o�r�g�a�n�i�c� �a�c�i�d�s� �t�o� �l�o�w�e�r� 

�i�n�t�e�s�t�i�n�a�l� �p�H� �a�n�d� �m�o�d�i�f�y� �i�n�t�e�s�t�i�n�a�l� �m�i�c�r�o�f�l�o�r�a� �h�a�s� �n�o�t� �b�e�e�n� 

�c�o�m�p�l�e�t�e�l�y� �s�u�b�s�t�a�n�t�i�a�t�e�d� �i�n� �t�h�e� �c�u�r�r�e�n�t� �l�i�t�e�r�a�t�u�r�e�.� 

�E�n�z�y�m�e�s� 

�A�t� �3� �w�e�e�k�s� �o�f� �a�g�e� �t�h�e� �d�i�g�e�s�t�i�v�e� �s�y�s�t�e�m� �o�f� �t�h�e� �p�i�g� �i�s� 

�g�e�a�r�e�d� �f�o�r� �a� �d�i�e�t� �o�f� �m�i�l�k� �a�n�d� �n�o�t� �a� �d�i�e�t� �b�a�s�e�d� �o�n� �c�e�r�e�a�l� 

�g�r�a�i�n�s�.� �T�h�e� �e�n�z�y�m�e�s�,� �l�i�p�a�s�e� �a�n�d� �l�a�c�t�a�s�e�,� �a�r�e� �a�t� �t�h�e�i�r� 

�h�i�g�h�e�s�t� �a�c�t�i�v�i�t�i�e�s�,� �w�h�e�r�e�a�s� �t�h�e� �a�m�y�l�a�s�e�s� �a�n�d� �p�r�o�t�e�a�s�e�s�,� 

�n�e�c�e�s�s�a�r�y� �f�o�r� �t�h�e� �b�r�e�a�k�d�o�w�n� �o�f� �a� �c�o�r�n�-�s�o�y�b�e�a�n� �m�e�a�l� �d�i�e�t�,� 

�h�a�v�e� �y�e�t� �t�o� �b�e� �f�u�l�l�y� �i�n�d�u�c�e�d� �a�n�d� �a�c�t�i�v�e�.� �T�h�e�s�e� �e�n�z�y�m�e� 

�a�c�t�i�v�i�t�i�e�s� �a�r�e� �o�n�e� �r�e�a�s�o�n� �f�o�r� �t�h�e� �i�n�c�o�r�p�o�r�a�t�i�o�n� �o�f� �m�i�l�k� 

�p�r�o�d�u�c�t�s� �i�n�t�o� �t�h�e� �c�r�e�e�p� �f�e�e�d� �a�n�d� �s�t�a�r�t�e�r� �d�i�e�t�s�.
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�E�a�r�l�y� �p�i�g� �g�r�o�w�t�h� �r�a�t�e� �r�e�f�l�e�c�t�s� �t�h�e� �d�e�v�e�l�o�p�e�m�e�n�t� �o�f� 

�p�a�n�c�r�e�a�t�i�c� �d�i�g�e�s�t�i�v�e� �e�n�z�y�m�e�s� �u�p� �t�o� �2�1� �d�a�y�s� �o�l�d�,� �s�u�c�h� �t�h�a�t� 

�h�e�a�v�i�e�r� �p�i�g�s� �h�a�v�e� �a� �m�o�r�e� �d�e�v�e�l�o�p�e�d� �g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t� 

�t�h�a�n� �l�i�g�h�t�e�r� �w�e�i�g�h�t� �p�i�g�s� �(�d�e�-�P�a�s�s�i�l�l�e� �e�t� �a�l�.�,� �1�9�8�9�)�.� �T�h�e� 

�a�c�t�i�v�i�t�i�e�s� �o�f� �t�h�e� �d�i�g�e�s�t�i�v�e� �e�n�z�y�m�e�s� �l�a�c�t�a�s�e�,� �m�a�l�t�a�s�e� �a�n�d� 

�s�u�c�r�a�s�e� �p�e�a�k� �a�t� �t�w�o� �w�e�e�k�s� �o�f� �a�g�e� �a�n�d� �a�r�e� �l�o�c�a�t�e�d� �i�n� �t�h�e� 

�j�e�j�u�n�u�m� �a�n�d� �i�l�e�u�m�,� �b�u�t� �n�o�t� �i�n� �t�h�e� �d�u�o�d�e�n�u�m� �(�A�u�m�a�i�t�r�e� �a�n�d� 

�C�o�r�r�i�n�g�,� �1�9�7�8�)� �s�u�g�g�e�s�t�i�n�g� �t�h�a�t� �t�h�e� �s�t�a�r�t�e�r� �d�i�e�t� �m�u�s�t� �b�e� 

�t�a�y�l�o�r�e�d� �t�o� �t�h�e� �d�i�g�e�s�t�i�v�e� �c�a�p�a�b�i�l�i�t�i�e�s� �o�f� �t�h�e� �p�i�g�.� �H�o�w�e�v�e�r�,� 

�K�i�d�d�e�r� �a�n�d� �M�a�n�n�e�r�s� �(�1�9�8�0�)� �r�e�p�o�r�t�e�d� �t�h�a�t� �t�h�e� �e�n�z�y�m�e� �l�e�v�e�l�s� �o�f� 

�t�h�e� �w�e�a�n�l�i�n�g� �p�i�g� �a�p�p�r�o�a�c�h�e�s� �t�h�a�t� �o�f� �a� �m�a�t�u�r�e� �p�i�g� �b�y� �8� �w�e�e�k�s� 

�o�f� �a�g�e� �a�n�d� �t�h�a�t� �a�g�e�,� �n�o�t� �w�e�i�g�h�t�,� �w�a�s� �b�e�t�t�e�r� �c�o�r�r�e�l�a�t�e�d� �w�i�t�h� 

�t�h�e� �l�e�v�e�l� �o�f� �e�n�z�y�m�e�s�.� 

�W�e�a�n�i�n�g� �c�a�u�s�e�s� �a� �l�a�r�g�e� �l�o�s�s� �o�f� �d�i�g�e�s�t�i�v�e� �e�n�z�y�m�e�s� 

�(�l�a�c�t�a�s�e� �a�n�d� �s�u�c�r�a�s�e�)� �a�t� �t�h�e� �b�r�u�s�h� �b�o�r�d�e�r� �w�h�i�c�h� �c�o�i�n�c�i�d�e�s� 

�w�i�t�h� �t�h�e� �r�e�d�u�c�e�d� �a�b�i�l�i�t�y� �o�f� �t�h�e� �p�i�g� �t�o� �a�b�s�o�r�b� �x�y�l�o�s�e� �a�n�d� �a� 

�d�e�c�r�e�a�s�e� �i�n� �t�h�e� �g�r�o�w�t�h� �r�a�t�e� �(�H�a�m�p�s�o�n� �a�n�d� �K�i�d�d�e�r�,� �1�9�8�6�)�.� �T�h�e� 

�r�e�d�u�c�t�i�o�n� �i�n� �t�h�e� �a�b�i�l�i�t�y� �t�o� �a�b�s�o�r�b� �x�y�l�o�s�e� �i�n�d�i�c�a�t�e�s� 

�i�n�t�e�s�t�i�n�a�l� �d�a�m�a�g�e� �a�n�d� �m�a�l�a�b�s�o�r�p�t�i�o�n�.� �R�i�s�l�e�y� �e�t� �a�l�.� �(�1�9�8�8�)� 

�r�e�l�a�t�e�d� �a� �d�e�c�r�e�a�s�e�d� �a�b�i�l�i�t�y� �o�f� �w�e�a�n�l�i�n�g� �p�i�g�s� �t�o� �a�b�s�o�r�b� 

�x�y�l�o�s�e� �a�n�d� �a�n� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �m�a�l�a�b�s�o�r�p�t�i�o�n� �o�f� �o�v�a�l�b�u�m�i�n� �t�o� 

�i�n�t�e�s�t�i�n�a�l� �d�a�m�a�g�e�.� 

�A�s� �s�t�a�t�e�d� �p�r�e�v�i�o�u�s�l�y�,� �t�h�e� �i�n�g�e�s�t�i�o�n� �o�f� �c�r�e�e�p� �f�e�e�d� �m�a�y� 

�h�a�s�t�e�n� �t�h�e� �n�o�r�m�a�l� �t�r�a�n�s�i�t�i�o�n� �o�f� �i�n�t�e�s�t�i�n�a�l� �e�n�z�y�m�e�s�.� �I�n� 

�s�u�p�p�o�r�t� �o�f� �t�h�i�s� �h�y�p�o�t�h�e�s�i�s�,� �C�o�r�r�i�n�g� �e�t� �a�l�.� �(�1�9�7�8�)� �r�e�p�o�r�t�e�d



�1�7� 

�t�h�e� �l�e�v�e�l� �o�f� �i�n�t�e�s�t�i�n�a�l� �e�n�z�y�m�e� �a�c�t�i�v�i�t�y� �p�a�r�a�l�l�e�l�s� �t�h�e� �i�n�t�a�k�e� 

�o�f� �c�r�e�e�p� �f�e�e�d�.� �T�h�e�s�e� �r�e�s�e�a�r�c�h�e�r�s� �a�l�s�o� �i�n�d�i�c�a�t�e�d� �t�h�a�t� 

�p�a�n�c�r�e�a�t�i�c� �a�d�a�p�t�a�t�i�o�n� �m�a�y� �o�c�c�u�r� �w�i�t�h� �t�h�e� �i�n�t�a�k�e� �o�f� �c�r�e�e�p� 

�f�e�e�d�,� �b�u�t� �t�h�a�t� �t�h�e� �h�u�m�o�r�a�l� �s�i�g�n�a�l�s� �i�n� �t�h�e� �m�i�l�k�,� �i�.�e�.� 

�d�e�c�r�e�a�s�i�n�g� �p�r�o�l�a�c�t�i�n�,� �s�h�o�u�l�d� �n�o�t� �b�e� �i�g�n�o�r�e�d�.� 

�B�e�c�a�u�s�e� �o�f� �t�h�e� �l�o�w� �a�c�t�i�v�i�t�i�e�s� �o�f� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �e�n�z�y�m�e�s� 

�i�n� �t�h�e� �w�e�a�n�l�i�n�g� �p�i�g�,� �t�h�e� �s�u�p�p�l�e�m�e�n�t�i�o�n� �w�i�t�h� �c�r�e�e�p� �f�e�e�d� �o�r� 

�t�h�e� �s�t�a�r�t�e�r� �d�i�e�t� �w�i�t�h� �t�h�e�s�e� �i�n�t�e�s�t�i�n�a�l� �e�n�z�y�m�e�s� �s�e�e�m�s� �a�n� 

�a�t�t�r�a�c�t�i�v�e� �w�a�y� �t�o� �i�m�p�r�o�v�e� �w�e�a�n�l�i�n�g� �p�i�g� �p�e�r�f�o�r�a�m�n�c�e�.� �I�v�y� �a�n�d� 

�c�o�-�w�o�r�k�e�r�s� �(�1�9�3�6�)� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �a�d�d�i�n�g� �a�m�y�l�a�s�e�s� �t�o� �a� 

�s�t�a�r�t�e�r� �d�i�e�t� �m�a�y� �i�n�c�r�e�a�s�e� �d�i�g�e�s�t�i�b�i�l�i�t�y�.� �H�o�w�e�v�e�r�,� 

�C�u�n�n�i�n�g�h�a�m� �a�n�d� �B�r�i�s�s�o�n� �(�1�9�5�7�)� �a�d�d�e�d� �a�m�y�l�a�s�e�s� �t�o� �t�h�e� �d�i�e�t� �a�n�d� 

�o�b�s�e�r�v�e�d� �n�o� �i�n�c�r�e�a�s�e�s� �i�n� �s�t�a�r�c�h� �d�i�g�e�s�t�i�b�i�l�i�t�y�.� �F�e�w� �s�t�u�d�i�e�s� 

�h�a�v�e� �r�e�p�o�r�t�e�d� �b�e�n�e�f�i�c�i�a�l� �r�e�s�p�o�n�s�e�s� �f�r�o�m� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� 

�e�n�z�y�m�e�s� �t�o� �w�e�a�n�l�i�n�g� �d�i�e�t�s�.� 

�H�o�w�e�v�e�r�,� �o�t�h�e�r� �f�e�e�d� �a�d�d�i�t�i�v�e�s� �m�a�y� �h�a�v�e� �a� �p�o�s�i�t�i�v�e� 

�e�f�f�e�c�t� �o�n� �i�n�t�e�s�t�i�n�a�l� �e�n�z�y�m�e�s�.� �T�h�e� �i�n�c�r�e�a�s�e� �i�n� �g�r�o�w�t�h� 

�p�e�r�f�o�r�m�a�n�c�e� �o�b�s�e�r�v�e�d� �i�n� �p�i�g�s� �f�e�d� �c�o�p�p�e�r� �s�u�l�p�h�a�t�e� �m�a�y� �b�e� �d�u�e� 

�p�a�r�t�i�a�l�l�y� �t�o� �t�h�e� �a�b�i�l�i�t�y� �o�f� �c�u�*�t� �t�o� �s�t�a�b�i�l�i�z�e� �p�e�p�s�i�n� �w�h�i�c�h� 

�w�o�u�l�d� �i�n�c�r�e�a�s�e� �p�r�o�t�e�i�n� �d�i�g�e�s�t�i�o�n� �(�K�i�r�c�h�g�e�s�s�n�e�r� �e�t� �a�l�.�,� 

�1�9�7�6�)�.� �A�l�s�o�,� �a�d�d�i�n�g� �a�c�i�d� �t�o� �t�h�e� �d�i�e�t� �m�a�y� �s�t�i�m�u�l�a�t�e� �t�h�e� 

�s�e�c�r�e�t�i�o�n� �o�f� �h�y�d�r�o�c�h�l�o�r�i�c� �a�c�i�d� �a�n�d�(�o�r�)� �i�n�c�r�e�a�s�e� �t�h�e� 

�a�c�t�i�v�a�t�i�o�n� �o�f� �p�e�p�s�i�n�o�g�e�n� �t�o� �p�e�p�s�i�n�.



�1�8� 

�M�i�c�r�o�f�l�o�r�a� 

�T�h�e� �g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t� �o�f� �t�h�e� �n�e�w�b�o�r�n� �p�i�g� �i�s� 

�b�a�s�i�c�a�l�l�y� �s�t�e�r�i�l�e� �a�n�d� �r�e�c�e�i�v�e�s� �e�n�t�e�r�i�c� �b�a�c�t�e�r�i�a� �f�r�o�m� �t�h�e� 

�s�u�r�r�o�u�n�d�i�n�g� �e�n�v�i�r�o�n�m�e�n�t� �(�u�d�d�e�r�,� �c�a�g�e�,� �d�i�e�t� �a�n�d� �f�e�c�e�s�)� 

�(�D�u�c�l�u�z�e�a�u�,� �1�9�8�5�)�.� �T�h�e� �c�o�m�p�o�s�t�i�t�i�o�n� �o�f� �t�h�i�s� �b�a�c�t�e�r�i�a�l� 

�p�o�p�u�l�a�t�i�o�n� �i�s� �i�m�p�o�r�t�a�n�t� �i�n� �r�e�l�a�t�i�o�n� �t�o� �t�h�e� �h�e�a�l�t�h� �s�t�a�t�u�s� �o�f� 

�t�h�e� �p�i�g�.� �I�f� �t�h�e� �p�i�g� �i�s� �e�x�p�o�s�e�d� �t�o� �p�r�i�m�a�r�i�l�y� �p�a�t�h�o�g�e�n�i�c� 

�o�r�g�a�n�i�s�m�s�,� �t�h�e� �p�i�g� �w�i�l�l� �p�r�o�b�a�b�l�y� �s�u�c�c�u�m�b� �t�o� �t�h�e�s�e� �b�a�c�t�e�r�i�a� 

�a�n�d� �b�e� �a�  ��p�o�o�r�-�d�o�e�r �� �a�n�d�(�o�r�)� �d�i�e�.� �H�o�w�e�v�e�r�,� �i�f� �p�r�o�p�e�r� 

�s�a�n�i�t�a�t�i�o�n� �h�a�s� �b�e�e�n� �i�m�p�l�e�m�e�n�t�e�d�,� �a� �n�o�n�-�p�a�t�h�o�g�e�n�i�c� �b�a�c�t�e�r�i�a�l� 

�p�o�p�u�l�a�t�i�o�n� �s�h�o�u�l�d� �p�o�p�u�l�a�t�e� �t�h�e� �i�n�t�e�s�t�i�n�e�s� �o�f� �t�h�e� �p�i�g�.� 

�T�h�e� �m�i�c�r�o�b�i�a�l� �p�o�p�u�l�a�t�i�o�n� �o�f� �t�h�e� �g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t� 

�i�s� �a� �c�o�m�p�l�e�x� �e�c�o�s�y�s�t�e�m� �a�b�o�u�t� �w�h�i�c�h� �l�i�t�t�l�e� �i�s� �u�n�d�e�r�s�t�o�o�d�.� 

�R�e�s�e�a�r�c�h� �i�n� �t�h�i�s� �a�r�e�a� �i�s� �n�o�w� �b�e�g�i�n�n�i�n�g� �t�o� �s�h�e�d� �l�i�g�h�t� �o�n� �t�h�e� 

�i�n�t�e�r�a�c�t�i�o�n�s� �a�n�d� �i�n�t�e�r�d�e�p�e�n�d�e�n�c�e� �o�f� �b�a�c�t�e�r�i�a� �a�n�d� �h�o�s�t� 

�(�B�y�r�a�n�t�,� �1�9�7�4�;� �M�a�r�c�h�,� �1�9�7�9�)� �E�a�r�l�y� �a�t�t�e�m�p�t�s� �t�o� �c�h�a�r�a�c�t�e�r�i�z�e� 

�t�h�e� �m�i�c�r�o�f�l�o�r�a� �o�f� �t�h�e� �g�u�t� �u�t�i�l�i�z�e�d� �t�e�c�h�n�i�q�u�e�s� �t�h�a�t� �c�o�u�l�d� 

�o�n�l�y� �i�s�o�l�a�t�e� �f�a�c�u�l�t�a�t�i�v�e� �a�n�a�e�r�o�b�e�s�,� �i�.�e�.� �o�x�y�g�e�n� �t�o�l�e�r�a�n�t�,� 

�a�n�d� �t�h�e�r�e�f�o�r�e� �d�e�f�i�n�e�d� �t�h�i�s� �e�c�o�s�y�s�t�e�m� �a�c�c�o�r�d�i�n�g�l�y� �(�F�u�l�l�e�r� �e�t� 

�a�l�.�,� �1�9�6�0�)�.� �H�o�w�e�v�e�r� �w�i�t�h� �t�h�e� �a�d�v�e�n�t� �o�f� �a�n�a�e�r�o�b�i�c� 

�t�e�c�h�n�i�q�u�e�s�,� �t�h�e� �m�i�c�r�o�f�l�o�r�a� �o�f� �t�h�e� �g�u�t� �w�a�s� �d�i�s�c�o�v�e�r�e�d� �t�o� �b�e� 

�p�r�e�d�o�m�i�n�a�t�e�l�y� �o�b�l�i�g�a�t�e� �a�n�a�e�r�o�b�e�s� �a�n�d� �t�h�a�t� �f�a�c�u�l�t�a�t�i�v�e� 

�a�n�a�e�r�o�b�e�s� �w�e�r�e� �o�n�l�y� �a� �m�i�n�o�r� �p�o�p�u�l�a�t�i�o�n� �(�S�a�l�a�n�i�t�o� �e�t� �a�l�.�,� 

�1�9�7�7�)�.� 

�T�h�e� �i�s�o�l�a�t�i�o�n� �a�n�d� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �t�h�e� �b�a�c�t�e�r�i�a� �i�n� 

�o�r�d�e�r� �t�o� �d�e�f�i�n�e� �t�h�e� �n�o�r�m�a�l� �b�a�c�t�e�r�i�a�l� �p�o�p�u�l�a�t�i�o�n� �i�s� �a�n� �a�r�e�a



�1�9� 

�o�f� �m�u�c�h� �r�e�s�e�a�r�c�h�.� �M�o�o�r�e� �e�t� �a�l�.� �(�1�9�8�7�)� �c�h�a�r�a�c�t�e�r�i�z�e�d� �t�h�e� 

�f�e�c�a�l� �m�i�c�r�o�f�l�o�r�a� �o�f� �f�i�n�i�s�h�i�n�g� �s�w�i�n�e� �a�n�d� �o�b�e�r�v�e�d� �t�h�e� 

�f�o�l�l�o�w�i�n�g� �m�i�c�r�o�b�i�a�l� �p�o�p�u�l�a�t�i�o�n�:� �s�t�r�e�p�t�o�c�o�c�c�u�s� �(�2�7�.�5�%�)�,� 

�l�a�c�t�o�b�a�c�i�l�l�u�s� �(�1�2�.�7�%�)�,� �f�u�s�o�b�a�c�t�e�r�i�u�m� �(�1�0�.�7�%�)�,� �e�u�b�a�c�t�e�r�i�a� 

�(�8�.�6�%�)�,� �b�a�c�t�e�r�i�o�d�e�s� �(�3�.�6�%�)�,� �c�l�o�s�t�r�i�d�i�a� �(�2�.�6�%�)� �a�n�d� �E�.� �c�o�l�i� 

�(�1�.�7�%�)�.� �R�o�b�i�n�s�o�n� �e�t� �a�l�.� �(�1�9�8�1�)� �f�o�u�n�d� �t�h�e� �f�o�l�l�o�w�i�n�g� 

�m�i�c�r�o�b�i�a�l� �p�o�p�u�l�a�t�i�o�n� �i�n� �t�h�e� �c�e�c�u�m� �o�f� �a�d�u�l�t� �s�w�i�n�e�:� 

�b�a�c�t�e�r�i�o�d�e�s� �(�4�2�.�5�%�)�,� �s�e�l�e�n�o�m�o�n�a�s� �(�2�0�.�8�%�)� �a�n�d� �l�a�c�t�o�b�a�c�i�l�l�u�s� 

�(�1�0�.�1�%�)�.� �I�n� �a�d�d�i�t�i�o�n�,� �R�o�b�i�n�s�o�n� �e�t� �a�l�.� �(�1�9�8�1�)� �n�o�t�i�c�e�d� �t�h�a�t� 

�t�h�e� �c�o�l�o�n� �a�n�d� �c�e�c�a�l� �b�a�c�t�e�r�i�a�l� �p�o�p�u�l�a�t�i�o�n�s� �d�i�f�f�e�r�e�d� �i�n� �t�h�a�t� 

�t�h�e� �c�e�c�a�l� �b�a�c�t�e�r�i�a� �w�e�r�e� �s�t�r�i�c�t� �a�n�a�e�r�o�b�e�s�.� �R�u�s�s�e�l� �(�1�9�7�9�)� 

�i�s�o�l�a�t�e�d� �a�n�a�e�r�o�b�i�c� �b�a�c�t�e�r�i�a� �f�r�o�m� �t�h�e� �l�a�r�g�e� �i�n�t�e�s�t�i�n�e� �o�f� �p�i�g�s� 

�a�n�d� �f�o�u�n�d� �p�r�e�d�o�m�i�n�a�t�e�l�y� �s�t�r�e�p�t�o�c�o�c�c�u�s�,� �l�a�c�t�o�b�a�c�i�l�l�u�s�,� 

�e�u�b�a�c�t�e�r�i�a�,� �b�a�c�t�e�r�i�o�d�e�s� �a�n�d� �c�l�o�s�t�r�i�d�i�a�.� �S�a�l�a�n�i�t�o� �(�1�9�7�7�)� 

�i�s�o�l�a�t�e�d� �s�t�r�e�p�t�o�c�o�c�c�u�s�,� �e�u�b�a�c�t�e�r�i�a�,� �c�l�o�s�t�r�i�d�i�a� �a�n�d� 

�p�r�o�p�i�o�n�b�a�c�t�e�r�i�a�.� �T�h�e�s�e� �r�e�s�u�l�t�s� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e�r�e� �i�s� 

�v�a�r�i�a�t�i�o�n� �i�n� �t�h�e� �m�i�c�r�o�b�i�a�l� �p�o�p�u�l�a�t�i�o�n� �o�f� �t�h�e� �l�o�w�e�r� 

�g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t� �i�n� �a�d�u�l�t� �s�w�i�n�e� �a�n�d� �t�h�a�t� �t�h�e� �m�o�s�t� 

�p�r�e�d�o�m�i�n�a�t�e� �b�a�c�t�e�r�i�a�l� �s�p�e�c�i�e�s� �i�s�o�l�a�t�e�d� �a�r�e� �s�t�r�e�p�t�o�c�o�c�c�u�s�,� 

�l�a�c�t�o�b�a�c�i�l�l�u�s�,� �b�a�c�t�e�r�i�o�d�e�s� �a�n�d� �c�l�o�s�t�r�i�d�i�a�.� 

�T�h�e� �m�i�c�r�o�f�l�o�r�a� �p�o�p�u�l�a�t�i�o�n� �o�f� �t�h�e� �u�p�p�e�r� �g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� 

�t�r�a�c�t� �h�a�s� �m�a�i�n�l�y� �b�e�e�n� �d�e�s�c�r�i�b�e�d� �i�n� �t�e�r�m�s� �o�f� �o�x�y�g�e�n� �t�o�l�e�r�a�n�t� 

�s�p�e�c�i�e�s�,� �l�a�c�t�o�b�a�c�i�l�l�u�s�,� �s�t�r�e�p�t�o�c�o�c�c�u�s� �a�n�d� �E�.� �c�o�l�i�.� 

�S�t�r�e�p�t�o�c�o�c�c�u�s�,� �a�n�d� �e�s�p�e�c�i�a�l�l�y� �l�a�c�t�o�b�a�c�i�l�l�u�s�,� �a�r�e� �c�o�n�s�i�d�e�r�e�d� 

 ��b�e�n�e�f�i�c�i�a�l �� �b�a�c�t�e�r�i�a� �d�u�e� �t�o� �t�h�e�i�r� �p�r�o�d�u�c�t�i�o�n� �o�f� �l�a�c�t�i�c� �a�c�i�d



�2�0� 

�a�n�d� �o�t�h�e�r� �b�e�n�e�f�i�c�i�a�l� �m�e�t�a�b�o�l�i�t�e�s� �a�s� �w�e�l�l� �a�s� �t�h�e�i�r� �n�o�n�-� 

�p�a�t�h�o�g�e�n�i�c�i�t�y�,� �w�h�e�r�e�a�s� �E�.� �c�o�l�i� �a�n�d� �o�t�h�e�r� �c�o�l�i�f�o�r�m�s� �a�r�e� 

�c�o�n�s�i�d�e�r�e�d�  ��h�a�r�m�f�u�l �� �b�a�c�t�e�r�i�a� �d�u�e� �t�h�e�i�r� �p�r�o�d�u�c�t�i�o�n� �o�f� 

�e�n�t�e�r�o�t�o�x�i�n� �a�n�d� �p�a�t�h�o�g�e�n�i�c�i�t�y� �(�S�c�h�a�e�d�l�e�r� �e�t� �a�l�.�,� �1�9�6�5�)�.� 

�S�t�r�e�p�t�o�c�o�c�c�u�s�,� �l�a�c�t�o�b�a�c�i�l�l�u�s� �a�n�d� �E�.� �c�o�l�i� �m�u�s�t� �b�e� �a�b�l�e� 

�t�o� �a�d�h�e�r�e� �t�o� �t�h�e� �m�u�c�o�s�a�l� �w�a�l�l� �o�f� �t�h�e� �i�n�t�e�s�t�i�n�e� �i�n� �o�r�d�e�r� �t�o� 

�b�e� �e�s�t�a�b�l�i�s�h�e�d� �i�n� �t�h�e� �g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t� �(�D�u�b�o�s� �e�t� �a�l�.�,� 

�1�9�6�5�;� �S�v�e�n�d�s�o�n� �e�t� �a�l�.�,� �1�9�7�7�)�.� �I�f� �a�d�h�e�r�e�n�c�e� �i�s� �n�o�t� 

�a�c�c�o�m�p�l�i�s�h�e�d�,� �o�r� �i�s� �p�r�e�v�e�n�t�e�d�,� �t�h�e� �b�a�c�t�e�r�i�a� �c�a�n� �b�e� �r�e�m�o�v�e�d� 

�f�r�o�m� �t�h�e� �g�u�t� �b�y� �p�e�r�i�s�t�a�l�i�c� �c�o�n�t�r�a�c�t�i�o�n�s�.� �B�a�c�t�e�r�i�a� 

�a�c�c�o�m�p�l�i�s�h� �a�d�h�e�r�e�n�c�e� �v�i�a� �s�p�e�c�i�a�l� �p�r�o�j�e�c�t�i�o�n�s� �f�r�o�m� �t�h�e�i�r� �c�e�l�l� 

�m�e�m�b�r�a�n�e�,� �c�a�l�l�e�d� �p�i�l�i�,� �t�h�a�t� �h�a�v�e� �a�f�f�i�n�i�t�y� �f�o�r� �s�p�e�c�i�a�l�i�z�e�d� 

�r�e�c�e�p�t�o�r�s� �o�n� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �l�i�n�i�n�g� �(�N�a�g�y� �e�t� �a�l�.�,� �1�9�7�6�;� �M�o�o�n� 

�e�t� �a�l�.�,� �1�9�7�9�)�.� 

�M�c�A�l�l�i�s�t�e�r� �e�t� �a�l�.� �(�1�9�7�7�)� �e�x�a�m�i�n�e�d� �t�h�e� �m�i�c�r�o�f�l�o�r�a� �o�f� �t�h�e� 

�u�p�p�e�r� �g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t� �i�n� �y�o�u�n�g� �p�i�g�s� �a�n�d� �r�e�p�o�r�t�e�d� �t�h�a�t� 

�i�t� �c�o�n�s�i�s�t�e�d� �m�a�i�n�l�y� �o�f� �s�t�r�e�p�t�o�c�o�c�c�u�s�,� �l�a�c�t�o�b�a�c�i�l�l�u�s�,� �E�.� 

�c�o�l�i�,� �c�l�o�s�t�r�i�d�i�a�-�l�i�k�e� �b�a�c�t�e�r�i�a� �a�n�d� �s�t�r�i�c�t� �a�n�a�e�r�o�b�e�s�.� �A�f�t�e�r� 

�w�e�a�n�i�n�g�,� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �b�a�c�t�e�r�i�a� �d�e�c�r�e�a�s�e�d�,� �h�o�w�e�v�e�r�,� �i�f� 

�t�h�e� �p�i�g�s� �e�x�h�i�b�i�t�e�d� �s�i�g�n�s� �o�f� �p�o�s�t�w�e�a�n�i�n�g� �s�c�o�u�r�i�n�g�,� �t�h�e� �n�u�m�b�e�r� 

�o�f� �s�t�r�e�p�t�o�c�o�c�c�u�s� �a�n�d� �h�e�m�o�l�y�t�i�c� �E�.� �c�o�l�i� �i�n�c�r�e�a�s�e�d�.� �S�m�i�t�h� �a�n�d� 

�J�o�n�e�s� �(�1�9�6�3�)� �r�e�p�o�r�t�e�d� �a�p�p�r�o�x�i�m�a�t�e�l�y� �t�h�e� �s�a�m�e� �m�i�c�r�o�b�i�a�l� 

�c�o�m�p�o�s�i�t�i�o�n� �a�s� �M�c�A�l�l�i�s�t�e�r� �(�1�9�7�7�)� �a�n�d� �a�l�s�o� �o�b�s�e�r�v�e�d� �a� 

�d�e�c�r�e�a�s�e� �i�n� �t�h�e� �m�i�c�r�o�f�l�o�r�a� �p�o�p�u�l�a�t�i�o�n� �a�f�t�e�r� �w�e�a�n�i�n�g�.� �S�m�i�t�h� 

�a�n�d� �J�o�n�e�s� �(�1�9�6�3�)� �a�l�s�o� �o�b�s�e�r�v�e�d� �t�h�e� �m�i�c�r�o�f�l�o�r�a� �o�f� �s�c�o�u�r�i�n�g



�2�1� 

�p�i�g�s� �a�n�d� �r�e�p�o�r�t�e�d� �a�n� �i�n�c�r�e�a�s�e� �i�n� �E�.� �c�o�l�i� �a�n�d� �s�t�r�e�p�t�o�c�o�c�c�u�s� 

�a�n�d� �a� �d�e�c�r�e�a�s�e� �i�n� �l�a�c�t�o�b�a�c�i�l�l�u�s� �n�u�m�b�e�r�s�.� �T�o� �t�h�e� �c�o�n�t�r�a�r�y�,� 

�B�a�r�r�o�w� �e�t� �a�l�.� �(�1�9�7�7�)� �f�a�i�l�e�d� �t�o� �o�b�s�e�r�v�e� �a� �d�e�c�r�e�a�s�e� �i�n� 

�l�a�c�t�o�b�a�c�i�l�l�i� �a�n�d� �a�n� �i�n�c�r�e�a�s�e� �i�n� �E�.� �c�o�l�i� �a�n�d� �s�t�r�e�p�t�o�c�o�c�c�c�u�s� 

�i�n� �s�c�o�u�r�i�n�g� �w�e�a�n�e�d� �p�i�g�s�,� �b�u�t� �d�i�d� �n�o�t�i�c�e� �m�o�r�e� �l�a�c�t�o�b�a�c�i�l�l�u�s� 

�a�n�d� �s�t�r�e�p�t�o�c�o�c�c�u�s� �i�n� �s�u�c�k�l�i�n�g� �p�i�g�s� �t�h�a�n� �w�e�a�n�e�d� �p�i�g�s�.� 

�G�e�n�e�r�a�l�l�y�,� �w�e�a�n�i�n�g� �c�a�u�s�e�s� �a� �d�e�c�r�e�a�s�e� �i�n� �t�h�e� �n�u�m�b�e�r� �o�f� 

�b�a�c�t�e�r�i�a� �i�n� �t�h�e� �g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t�,� �e�s�p�e�c�i�a�l�l�y� 

�s�t�r�e�p�t�o�c�o�c�c�u�s�,� �E�.� �c�o�l�i� �a�n�d� �l�a�c�t�o�b�a�c�i�l�l�u�s�,� �b�u�t� �t�h�e� �d�i�s�e�a�s�e� 

�s�t�a�t�e� �o�f� �s�c�o�u�r�i�n�g� �r�e�s�u�l�t�s� �i�n� �p�r�o�l�i�f�e�r�a�t�i�o�n� �o�f� �E�.� �c�o�l�i� �a�n�d� 

�s�t�r�e�p�t�o�c�o�c�c�u�s�.� 

�M�a�n�y� �a�n�a�e�r�o�b�i�c� �t�e�c�h�n�i�q�u�e�s� �h�a�v�e� �b�e�e�n� �u�s�e�d� �t�o� �s�t�u�d�y� �t�h�e� 

�i�n�t�e�s�t�i�n�a�l� �b�a�c�t�e�r�i�a�,� �h�o�w�e�v�e�r� �t�h�e� �b�e�s�t� �m�e�t�h�o�d� �a�s� �r�e�p�o�r�t�e�d� �b�y� 

�V�e�r�v�a�e�k�e� �e�t� �a�l�.� �(�1�9�7�2�)� �i�s� �t�h�e� �r�o�l�l� �t�u�b�e� �m�e�t�h�o�d�.� �T�h�e�s�e� 

�r�e�s�e�a�r�c�h�e�r�s� �c�o�m�p�a�r�e�d� �r�o�l�l� �t�u�b�e�s�,� �r�i�n�g� �p�l�a�t�e�s� �a�n�d� �p�e�t�r�i� 

�d�i�s�h�e�s� �i�n� �a�n�a�e�r�o�b�i�c� �J�a�r�s�.� 

�I�n�t�e�s�t�i�n�a�l� �b�a�c�t�e�r�i�a� �f�a�l�l� �i�n�t�o� �t�h�r�e�e� �d�i�s�t�i�n�c�t� �g�r�o�u�p�s�:� 

�f�e�r�m�e�n�t�a�t�i�v�e�,� �h�y�d�r�o�g�e�n� �f�o�r�m�i�n�g� �(�a�c�e�t�o�g�e�n�i�c�)� �a�n�d� �m�e�t�h�a�n�o�g�e�n�i�c� 

�(�S�m�i�t�h� �a�n�d� �B�r�y�a�n�t�,� �1�9�7�9�)�.� �T�h�e� �m�a�j�o�r�i�t�y� �o�f� �i�n�t�e�s�t�i�n�a�l� 

�b�a�c�t�e�r�i�a� �a�r�e� �i�n� �t�h�e� �r�u�m�e�n�,� �c�e�c�u�m� �a�n�d� �l�a�r�g�e� �i�n�t�e�s�t�i�n�e�.� �T�h�e�s�e� 

�b�a�c�t�e�r�i�a� �a�r�e� �c�a�p�a�b�l�e� �o�f� �p�a�r�t�i�a�l� �d�i�g�e�s�t�i�o�n� �o�f� �o�r�g�a�n�i�c� 

�m�a�t�e�r�i�a�l� �t�o� �c�a�r�b�o�n� �d�i�o�x�i�d�e�,� �m�e�t�h�a�n�e�,� �h�y�d�r�o�g�e�n� �a�n�d� �V�F�A� �(�S�m�i�t�h� 

�a�n�d� �B�r�y�a�n�t�,� �1�9�7�9�)�.� �T�h�e�s�e� �b�a�c�t�e�r�i�a� �a�c�c�o�m�p�l�i�s�h� �d�i�g�e�s�t�i�o�n� �v�i�a� 

�t�h�e� �p�r�o�d�u�c�t�i�o�n� �o�f� �i�n�t�r�a�-� �a�n�d� �e�x�t�r�a�-� �c�e�l�l�u�l�a�r� �e�n�z�y�m�e�s�.� �R�u�m�e�n� 

�b�a�c�t�e�r�i�a� �r�e�l�e�a�s�e� �e�x�t�r�a�c�e�l�l�u�l�a�r� �e�n�z�y�m�e�s� �(�W�o�l�i�n�,� �1�9�7�4�)� �w�h�i�c�h



�2�2� 

�c�o�u�l�d� �r�e�l�e�a�s�e� �n�u�t�r�i�e�n�t�s� �f�r�o�m� �f�e�e�d�s�t�u�f�f�s� �t�h�a�t� �b�e�n�e�f�i�t� �t�h�e� 

�b�a�c�t�e�r�i�a� �p�o�p�u�l�a�t�i�o�n� �a�n�d� �p�o�s�s�i�b�i�l�y� �t�h�e� �h�o�s�t�.� �T�h�e� �c�o�l�o�n� �i�n� 

�t�h�e� �n�o�n�-�r�u�m�i�n�a�n�t� �h�a�s� �a� �s�i�m�i�l�a�r� �f�u�n�c�t�i�o�n� �(�W�o�l�i�n�,� �1�9�7�9�)� �a�n�d�,� 

�t�h�e�r�e�f�o�r�e�,� �t�h�e� �c�o�l�o�n� �b�a�c�t�e�r�i�a�,� �a�s� �w�e�l�l� �a�s� �t�h�e� �r�e�s�t� �o�f� �t�h�e� 

�e�n�t�e�r�i�c� �m�i�c�r�o�f�l�o�r�a�,� �m�a�y� �b�e� �o�f� �s�i�m�i�l�a�r� �b�e�n�e�f�i�t� �t�o� �t�h�e� �h�o�s�t�.� 

�O�n�e� �e�n�z�y�m�e� �t�h�a�t� �i�s� �b�e�n�e�f�i�c�a�l� �t�o� �t�h�e� �h�o�s�t� �a�n�i�m�a�l� �i�s� �u�r�e�a�s�e�,� 

�w�h�i�c�h� �i�s� �r�e�l�e�a�s�e�d� �b�y� �l�a�c�t�o�b�a�c�i�l�l�u�s� �i�n� �t�h�e� �s�t�o�m�a�c�h� �(�p�H� �4�.�0�)� 

�a�n�d� �b�y� �B�a�c�t�e�r�i�o�d�e�s� �m�u�l�t�i�c�o�d�u�s� �i�n� �t�h�e� �s�m�a�l�l� �i�n�t�e�s�t�i�n�e� �(�p�H� 

�8�.�0�)� �(�S�u�z�u�k�i� �e�t� �a�l�.�,� �1�9�7�9�)�.� �T�h�i�s� �e�n�z�y�m�e� �e�n�a�b�l�e�s� �t�h�e� 

�r�u�m�i�n�a�n�t�,� �a�n�d� �p�o�s�s�i�b�l�y� �t�h�e� �n�o�n�-�r�u�m�i�n�a�n�t�,� �t�o� �u�t�i�l�i�z�e� �n�i�t�r�o�g�e�n� 

�a�n�d� �a�m�m�o�n�i�u�m� �m�o�r�e� �e�f�f�i�c�i�e�n�t�l�y�.� 

�T�o�t�a�l� �f�e�c�a�l� �b�a�c�t�e�r�i�a� �c�o�u�n�t�s� �h�a�v�e� �b�e�e�n� �r�e�p�o�r�t�e�d� �b�y� 

�S�a�l�a�n�i�t�i�o� �a�n�d� �c�o�-�w�o�r�k�e�r�s� �(�1�9�7�7�)� �t�o� �r�a�n�g�e� �f�r�o�m� �4�.�4�8� �-� �7�.�4�0� �x� 

�1�0�2�°�,� �T�h�e�y� �a�l�s�o� �r�e�p�o�r�t�e�d� �f�e�c�a�l� �V�F�A� �t�o� �b�e� �4�8� �-� �5�9�%� �a�c�e�t�a�t�e�:� 

�1�0� �-� �2�0�%� �p�r�o�p�i�o�n�a�t�e�:� �4� �-� �1�3�%� �b�u�t�y�r�a�t�e�,� �a�n�d� �f�e�c�a�l� �p�H� �t�o� �b�e� 

�6�.�8�.� �T�h�e�y� �h�y�p�o�t�h�e�s�i�z�e�d� �t�h�a�t� �s�e�v�e�r�a�l� �f�a�c�t�o�r�s� �c�o�u�l�d� �i�n�f�l�u�e�n�c�e� 

�t�h�e� �i�n�t�e�s�t�i�n�a�l� �m�i�c�r�o�f�l�o�r�a�:� �m�e�d�i�a� �a�n�d� �m�e�t�h�o�d�s�,� �s�a�m�p�l�i�n�g� 

�s�i�t�e�,� �d�i�e�t� �a�n�d� �n�u�t�r�i�t�i�o�n�a�l� �s�t�a�t�e�,� �e�n�v�i�r�o�n�m�e�n�t�a�l� �c�o�n�d�i�t�i�o�n�s�,� 

�s�e�x� �a�n�d� �a�g�e� �o�f� �t�h�e� �a�n�i�m�a�l�,� �a�n�d� �t�h�e� �i�n�d�i�v�i�d�u�a�l� �v�a�r�i�a�t�i�o�n� �o�f� 

�t�h�e� �a�n�i�m�a�l�.� �R�u�s�s�e�l�l� �(�1�9�7�9�)� �r�e�p�o�r�t�e�d� �f�e�c�a�l� �b�a�c�t�e�r�i�a� �n�u�m�b�e�r�s� 

�t�o� �b�e� �1�3�.�3� �x� �1�0�1�9� �(�d�r�y� �w�e�i�g�h�t�)� �w�i�t�h� �5�6�.�2�%� �r�e�c�o�v�e�r�y� �c�o�m�p�a�r�e�d� 

�w�i�t�h� �d�i�r�e�c�t� �m�i�c�r�o�s�c�o�p�i�c� �c�l�u�m�p� �c�o�u�n�t�s�.� 

�M�o�o�r�e� �a�n�d� �c�o�-�w�o�r�k�e�r�s� �(�1�9�8�7�)� �f�e�d� �t�h�r�e�e� �d�i�e�t�s� �t�o� 

�f�i�n�i�s�h�i�n�g� �h�o�g�s�:� �c�o�n�t�r�o�l�,� �h�i�g�h�-�f�i�b�e�r� �a�n�d� �h�i�g�h�-�o�i�l�,� �a�n�d� 

�o�b�s�e�r�v�e�d� �n�o� �c�h�a�n�g�e�s� �i�n� �t�h�e� �f�e�c�a�l� �m�i�c�r�o�f�l�o�r�a� �d�u�e� �t�o� �t�h�e



�2�3� 

�d�i�f�f�e�r�e�n�t� �d�i�e�t�s�.� �E�t�h�e�r�i�d�g�e� �e�t� �a�l�.� �(�1�9�8�4�a�)� �a�l�s�o� �o�b�s�e�r�v�e�d� �n�o� 

�c�h�a�n�g�e�s� �i�n� �f�e�c�a�l� �b�a�c�t�e�r�i�a� �c�o�u�n�t�s� �d�u�e� �t�o� �d�i�e�t�a�r�y� �t�r�e�a�t�m�e�n�t�s� 

�(�c�o�r�n�-�s�o�y�b�e�a�n� �m�e�a�l� �d�i�e�t�;� �g�r�o�a�t�s�-�c�a�s�e�i�n� �d�i�e�t� �o�r� �s�u�c�k�l�i�n�g� 

�p�i�g�s�)�.� �V�a�r�e�l� �(�1�9�8�7�)� �o�b�s�e�r�v�e�d� �n�o� �c�h�a�n�g�e� �i�n� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� 

�o�f� �c�o�l�o�n�i�c� �b�a�c�t�e�r�i�a� �i�n� �p�i�g�s� �f�e�d� �a� �c�o�n�t�o�l� �o�r� �h�i�g�h� �f�i�b�e�r� �d�i�e�t� 

�(�1� �x� �1�0�1�+� �w�e�t� �t�i�s�s�u�e�)�.� �T�h�e�r�e�f�o�r�e�,� �t�h�i�s� �d�a�t�a� �s�u�g�g�e�s�t�s� �t�h�a�t� 

�t�h�e� �i�n�t�e�s�t�i�n�a�l� �b�a�c�t�e�r�i�a� �p�o�p�u�l�a�t�i�o�n� �i�s� �s�t�a�b�l�e� �a�n�d� �r�e�s�i�s�t�s� 

�c�h�a�n�g�e�s� �d�u�e� �t�o� �d�i�e�t� �a�l�t�e�r�a�t�i�o�n�s�.� 

�G�a�s�t�r�i�c� �l�a�c�t�o�b�a�c�i�l�l�u�s� �l�o�g�,� �9� �c�o�u�n�t�s� �7�.�2�0� �-� �8�.�0�1�,� 

�c�o�l�i�f�o�r�m�s� �5�.�0�5� �-� �6�.�8�8� �a�n�d� �p�H� �4�.�2�1� �-� �5�.�1�0� �w�e�r�e� �r�e�p�o�r�t�e�d� �b�y� 

�W�h�i�t�e� �e�t� �a�l�.� �(�1�9�6�9�)� �f�o�r� �w�e�a�n�l�i�n�g� �p�i�g�s�.� �F�e�c�a�l� �l�a�c�t�o�b�a�c�i�l�l�u�s� 

�l�o�g�i�9� �c�o�u�n�t�s� �w�e�r�e� �r�e�p�o�r�t�e�d� �t�o� �b�e� �9�.�7� �-� �9�.�9� �a�n�d� �E�.� �c�o�l�i� �6�.�2� �-� 

�6�.�4� �a�n�d� �t�h�a�t� �l�a�c�t�o�b�a�c�i�l�l�u�s� �i�n�h�i�b�i�t�e�d� �t�h�e� �g�r�o�w�t�h� �o�f� �E�.� �c�o�l�i� 

�(�D�a�n�i�e�l�s�o�n� �e�t� �a�l�.�,� �1�9�8�9�)�.� �F�e�c�a�l� �1�l�o�g�j�}�9� �c�o�u�n�t�s� �o�f� �E�.� �c�o�l�i� �a�n�d� 

�a�n�a�e�r�o�b�e�s� �i�n� �r�a�t�s� �w�e�r�e� �6�.�7�5� �a�n�d� �1�0�.�4�2�,� �r�e�s�p�e�c�t�i�v�e�l�y� �(�P�o�n�d� �e�t� 

�a�l�.�,� �1�9�8�9�)�.



�2�4� 

�E�s�c�h�e�r�i�c�h�i�a� �c�o�l�i� 

�E�.� �c�o�l�i� �a�r�e� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �c�o�m�m�o�n� �e�n�t�e�r�i�c� �p�r�o�b�l�e�m�s� 

�o�b�s�e�r�v�e�d� �i�n� �p�i�g�s�,� �b�u�t� �r�e�q�u�i�r�e� �a� �p�r�e�d�i�s�p�o�s�i�n�g� �f�a�c�t�o�r� �b�e�f�o�r�e� 

�p�r�o�d�u�c�i�n�g� �a� �d�i�s�e�a�s�e� �s�t�a�t�e� �(�S�o�j�k�a� �e�t� �a�l�.�,� �1�9�6�0�)�.� �S�o�m�e� �c�o�m�m�o�n� 

�p�r�e�d�i�s�p�o�s�i�n�g� �f�a�c�t�o�r�s� �a�r�e� �w�e�a�n�i�n�g�,� �d�i�e�t�a�r�y� �c�h�a�n�g�e�s� �o�r� �a� 

�p�r�e�v�i�o�u�s� �r�o�t�a�v�i�r�u�s� �i�n�f�e�c�t�i�o�n� �(�L�e�c�c�e� �e�t� �a�l�.�,� �1�9�8�3�)�.� �I�n� 

�S�u�p�p�o�r�t�,� �C�h�o�p�r�a� �e�t� �a�l�.� �(�1�9�6�4�a�)� �o�b�s�e�r�v�e�d� �t�h�a�t� �E�.� �c�o�l�i� �c�a�n� 

�p�r�o�l�i�f�e�r�a�t�e� �a�f�t�e�r� �t�h�e� �s�t�r�e�s�s� �o�f� �w�e�a�n�i�n�g� �a�n�d� �S�h�i�m�i�z�e�r� �a�n�d� 

�T�e�r�a�s�h�i�m�a� �(�1�9�8�2�)� �o�b�s�e�r�v�e�d� �a�n� �i�n�c�r�e�a�s�e� �i�n� �E�.� �c�o�l�i� �a�f�t�e�r� �a� 

�c�h�a�n�g�e� �i�n� �d�i�e�t�.� �T�h�e� �d�i�s�e�a�s�e� �s�t�a�t�e� �n�o�r�m�a�l�l�y� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� 

�E�.� �c�o�l�i�,� �i�.�e�.� �s�c�o�u�r�i�n�g�,� �i�s� �n�o�t� �a�l�w�a�y�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �E�.� 

�c�o�l�i�,� �b�u�t� �m�a�y� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �a� �"�n�o�n�-�i�n�f�e�c�t�i�v�e�"� �d�i�a�r�r�h�e�a� 

�t�h�a�t� �c�a�n� �b�e� �a�t�t�r�i�b�u�t�e�d� �t�o� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �r�o�t�a�v�i�r�u�s�,� �o�v�e�r�-� 

�e�a�t�i�n�g� �o�r� �a� �d�i�e�t�a�r�y� �h�y�p�e�r�s�e�n�s�i�t�i�v�i�t�y� �(�S�m�i�t�h� �a�n�d� �J�o�n�e�s�,� 

�1�9�6�3�)�.� �S�t�e�v�e�n�s� �(�1�9�6�3�a�)� �d�e�s�c�r�i�b�e�d� �t�h�e� �e�v�e�n�t�s� �t�o� �a�n� �E�.� �c�o�l�i� 

�i�n�f�e�c�t�i�o�n�:� �i�n�g�e�s�t�i�o�n� �o�f� �t�h�e� �o�r�g�a�n�i�s�m�,� �b�a�l�a�n�c�e� �b�e�t�w�e�e�n� 

�o�r�g�a�n�i�s�m� �a�n�d� �h�o�s�t� �i�m�m�u�n�i�t�y�,� �c�h�a�n�g�e�s� �i�n� �i�n�t�e�s�t�i�n�a�l� �s�u�b�s�t�r�a�t�e�,� 

�w�e�a�n�i�n�g�,� �d�i�e�t� �a�n�d�(�o�r�)� �e�n�v�i�r�o�n�m�e�n�t�,� �E�.� �c�o�l�i� �p�r�o�l�i�f�e�r�a�t�i�o�n� �a�n�d� 

�t�h�e�n� �s�c�o�u�r�i�n�g�.� 

�T�h�e� �a�d�h�e�s�i�o�n� �o�f� �E�.� �c�o�l�i� �t�o� �t�h�e� �e�p�i�t�h�e�l�i�u�m� �o�f� �t�h�e� 

�a�n�t�e�r�i�o�r� �p�o�r�t�i�o�n� �o�f� �t�h�e� �s�m�a�l�l� �i�n�t�e�s�t�i�n�e� �i�s� �n�e�c�e�s�s�a�r�y� �f�o�r� 

�c�o�l�o�n�i�z�a�t�i�o�n� �(�N�a�g�y� �e�t� �a�l�.�,� �1�9�7�6�)�.� �E�.� �c�o�l�i� �c�a�n� �b�e� �p�r�e�v�e�n�t�e�d� 

�f�r�o�m� �a�d�h�e�r�i�n�g� �t�o� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �l�i�n�i�n�g� �b�y� �p�r�i�o�r� �i�n�f�e�c�t�i�o�n� �b�y� 

�t�h�e� �K�-�8�8� �p�o�s�i�t�i�v�e� �E�.� �c�o�l�i� �(�a�c�t�i�v�e� �i�m�m�u�n�i�t�y�)� �o�r� �b�y� �i�n�g�e�s�t�i�o�n� 

�o�f� �c�o�l�o�s�t�r�u�m� �c�o�n�t�a�i�n�i�n�g� �K�-�8�8� �a�n�t�i�b�o�d�i�e�s� �(�N�a�g�y� �e�t� �a�l�.�,� �1�9�7�6�)�.



�2�5� 

�E�.� �c�o�l�i� �i�s� �a�b�l�e� �t�o� �p�r�o�l�i�f�e�r�a�t�e� �i�n� �a�n� �a�l�k�a�l�i�n�e� 

�e�n�v�i�r�o�n�m�e�n�t� �(�S�m�i�t�h� �a�n�d� �J�o�n�e�s�,� �1�9�6�3�)�.� �T�h�o�m�l�i�n�s�o�n� �a�n�d� 

�L�a�w�r�e�n�c�e� �(�1�9�8�1�)� �d�e�l�a�y�e�d� �t�h�e� �m�u�l�t�i�p�l�i�c�a�t�i�o�n� �o�f� �E�.� �c�o�l�i� �i�n� 

�p�i�g�s� �b�y� �l�o�w�e�r�i�n�g� �g�a�s�t�r�i�c� �p�H� �b�y� �f�e�e�d�i�n�g� �b�r�a�n� �f�i�b�e�r�,� �l�a�c�t�i�c� 

�a�c�i�d� �o�r� �a� �l�i�q�u�i�d� �f�e�e�d�.� 

�P�i�g�s� �v�a�r�y� �i�n� �t�h�e�i�r� �a�b�i�l�i�t�y� �t�o� �h�a�n�d�l�e� �a�n� �E�.� �c�o�l�i� 

�c�h�a�l�l�e�n�g�e� �a�s� �w�e�l�l� �a�s� �t�h�e�i�r� �a�b�i�l�i�t�y� �t�o� �h�a�n�d�l�e� �d�i�e�t�a�r�y� �c�h�a�n�g�e�s� 

�(�K�e�n�w�o�r�t�h�y� �a�n�d� �A�l�l�e�n�,� �1�9�6�6�)�.� �W�e�a�n�e�d� �p�i�g�s� �(�1�8� �-� �3�8� �d�a�y�s� �o�f� 

�a�g�e�)� �a�r�e� �m�o�r�e� �r�e�s�i�s�t�a�n�t� �t�o� �E�.� �c�o�l�i� �e�n�t�e�r�o�t�o�x�i�n� �w�i�t�h� 

�i�n�c�r�e�a�s�i�n�g� �b�o�d�y� �w�e�i�g�h�t� �(�S�t�e�v�e�n�s� �e�t� �a�l�.�,� �1�9�7�2�)�.� 

�O�r�a�l� �c�h�a�l�l�e�n�g�e� �o�f� �s�u�c�k�l�i�n�g� �p�i�g�s� �w�i�t�h� �e�n�t�e�r�o�t�o�x�i�g�e�n�i�c� �E�.� 

�c�o�l�i� �p�r�o�d�u�c�e�d� �l�e�s�s� �a�d�h�e�s�i�o�n� �a�s� �p�i�g�s� �a�g�e�d� �f�r�o�m� �4� �t�o� �5� �w�e�e�k�s� 

�(�N�a�g�y� �e�t� �a�l�.�,� �1�9�7�9�)�.� �T�h�e� �a�n�t�i�b�o�d�i�e�s� �i�n� �t�h�e� �c�o�l�o�s�t�r�u�m� �o�f� 

�s�o�w�s� �v�a�c�c�i�n�a�t�e�d� �a�g�a�i�n�s�t� �E�.� �c�o�l�i� �d�i�d� �n�o�t� �p�r�e�v�e�n�t� �t�h�e� �a�d�h�e�s�i�o�n� 

�o�f� �t�h�i�s� �b�a�c�t�e�r�i�u�m� �i�n� �n�u�r�s�i�n�g� �p�i�g�s�,� �b�u�t� �p�r�o�p�e�r�t�i�e�s� �o�f� �t�h�e� 

�m�i�l�k� �i�t�s�e�l�f� �w�e�r�e� �a�b�l�e� �t�o� �p�r�e�v�e�n�t� �a�d�h�e�s�i�o�n�,� �t�h�e�r�e�f�o�r�e� 

�v�a�c�c�i�n�a�t�i�o�n� �d�o�e�s� �n�o�t� �p�r�o�v�i�d�e� �a�d�e�q�u�a�t�e� �p�r�o�t�e�c�t�i�o�n� �a�g�a�i�n�s�t� �a�n� 

�E�.� �c�o�l�i� �c�h�a�l�l�e�n�g�e� �(�N�a�g�y� �e�t� �a�l�.�,� �1�9�7�9�)�.� 

�P�i�l�i� 

�M�u�c�h� �r�e�s�e�a�r�c�h� �h�a�s� �f�o�c�u�s�e�d� �o�n� �t�h�e� �s�i�g�n�i�f�i�g�a�n�c�e� �o�f� �t�h�e� 

�p�i�l�i� �i�n� �t�h�e� �p�a�t�h�o�g�e�n�i�c�i�t�y� �o�f� �E�.� �c�o�l�i�.� �E�.� �c�o�l�i� �i�s� �a�n� 

�o�p�p�o�r�t�u�n�i�s�t�i�c� �o�r�g�a�n�i�s�m� �t�h�a�t� �c�o�n� �p�r�o�l�i�f�e�r�a�t�e� �r�a�p�i�d�l�y� �a�n�d� �l�e�a�d� 

�t�o� �a� �d�i�s�e�a�s�e� �s�t�a�t�e�,� �s�c�o�u�r�s�,� �w�h�e�n� �t�h�e� �p�r�o�p�e�r� �c�o�n�d�i�t�i�o�n�s� �a�r�e� 

�p�r�e�s�e�n�t� �(�P�a�l�m�e�r� �a�n�d� �H�u�l�l�a�n�d�,� �1�9�6�5�;� �R�i�c�h�a�r�d�s� �a�n�d� �F�r�a�s�e�r�,
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�1�9�6�1�)�.� �T�w�o� �t�y�p�e�s� �o�f� �p�i�l�i� �a�r�e� �n�o�r�m�a�l�l�y� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� 

�p�a�t�h�o�g�e�n�i�c� �E�.� �c�o�l�i�,� �n�a�m�e�l�y� �t�h�e� �K�8�s�t� �a�n�d� �x�9�9�t� �p�i�l�i� �(�S�t�e�v�e�n�s�,� 

�1�9�6�3�a�;� �R�u�t�t�e�r� �e�t� �a�l�.�,� �1�9�7�6�;� �N�a�g�y� �e�t� �a�l�.�,� �1�9�7�9�)�.� �T�h�e�s�e� �p�i�l�i� 

�s�p�e�c�i�f�i�c�a�l�l�y� �b�i�n�d� �t�o� �t�h�e� �e�n�t�e�r�o�c�y�t�e� �m�e�m�b�r�a�n�e� �w�h�i�c�h� �a�l�l�o�w�s� 

�t�h�e� �b�a�c�t�e�r�i�u�m� �t�o� �a�d�h�e�r�e� �a�n�d� �t�h�e�r�e�b�y� �c�o�l�o�n�i�z�e� �t�h�e� 

�g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t� �(�M�o�o�n� �e�t� �a�l�.�,� �1�9�7�9�)�.� 

�P�i�l�i�a�t�e�d� �E�.� �c�o�l�i� �a�r�e� �a� �m�a�j�o�r� �c�a�u�s�e� �o�f� �e�n�t�e�r�i�c� �d�i�s�e�a�s�e� 

�i�n� �n�e�o�n�a�t�a�l� �s�w�i�n�e� �(�E�v�a�n�s� �e�t� �a�l�.�,� �1�9�8�6�)�.� �E�.� �c�o�l�i� �a�r�e� �c�a�p�a�b�l�e� 

�o�f� �a�d�h�e�r�i�n�g� �t�o� �t�h�e� �v�i�l�l�o�u�s� �e�p�i�t�h�e�l�i�u�m� �o�f� �t�h�e� �s�m�a�l�l� �i�n�t�e�s�t�i�n�e� 

�a�n�d� �n�o�r�m�a�l�l�y� �c�o�l�o�n�i�z�e� �t�h�e� �a�n�t�e�r�i�o�r� �p�o�r�t�i�o�n� �o�f� �t�h�e� �j�e�j�u�n�u�m� 

�(�S�v�e�n�d�s�e�n� �e�t� �a�l�.�,� �1�9�7�7�)�.� �P�a�t�h�o�g�e�n�i�c� �E�.� �c�o�l�i� �w�e�r�e� �l�o�c�a�t�e�d� 

�a�l�o�n�g� �t�h�e� �v�i�l�l�i� �f�r�o�m� �t�i�p� �t�o� �b�a�s�e� �a�n�d� �w�e�r�e� �c�o�n�t�i�g�u�o�u�s� �t�o� �t�h�e� 

�b�r�u�s�h� �b�o�r�d�e�r�,� �w�h�e�r�e�a�s� �n�o�n�-�p�a�t�h�o�g�e�n�i�c� �E�.� �c�o�l�i� �a�r�e� �l�o�c�a�t�e�d� �i�n� 

�t�h�e� �c�e�n�t�r�a�l� �l�u�m�e�n� �n�e�a�r� �t�h�e� �t�i�p�s� �o�f� �t�h�e� �v�i�l�l�i� �a�n�d� �w�e�r�e� 

�o�c�c�a�s�i�o�n�a�l�l�y� �c�o�n�t�i�g�u�o�u�s� �w�i�t�h� �t�h�e� �b�r�u�s�h� �b�o�r�d�e�r� �(�B�e�r�t�s�c�h�i�n�g�e�r� 

�e�t� �a�l�.�,� �1�9�7�2�)�.� 

�A�f�t�e�r� �c�o�l�o�n�i�z�i�n�g� �t�h�e� �a�n�t�e�r�i�o�r� �p�o�r�t�i�o�n� �o�f� �t�h�e� �s�m�a�l�l� 

�i�n�t�e�s�t�i�n�e�,� �E�.� �c�o�l�i� �a�r�e� �a�b�l�e� �t�o� �r�e�l�e�a�s�e� �e�n�t�e�r�o�t�o�x�i�n�s�.� �T�h�e�s�e� 

�e�n�t�e�r�o�t�o�x�i�n�s� �r�e�s�u�l�t� �i�n� �t�h�e� �l�o�s�s� �o�f� �f�l�u�i�d� �i�n�t�o� �t�h�e� �g�u�t� �a�n�d� 

�t�h�e�r�b�y� �c�a�u�s�e� �d�i�a�r�r�h�e�a�,� �d�e�h�y�d�r�a�t�i�o�n� �a�n�d� �p�o�s�s�i�b�l�y� �d�e�a�t�h�.
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�E�n�t�e�r�o�t�o�x�i�n� 

�E�n�t�e�r�o�t�o�x�i�n�s� �i�n�c�r�e�a�s�e� �t�h�e� �l�e�v�e�l� �o�f� �c�A�M�P� �w�h�i�c�h� �c�h�a�n�g�e�s� 

�t�h�e� �i�o�n� �t�r�a�n�s�p�o�r�t� �(�c�h�l�o�r�i�d�e� �s�e�c�r�e�t�i�o�n� �a�n�d� �s�o�d�i�u�m� �a�b�s�o�r�p�t�i�o�n�)� 

�a�n�d� �p�r�o�d�u�c�e�s� �a�n� �a�c�c�u�m�u�l�a�t�i�o�n� �o�f� �f�l�u�i�d� �i�n� �t�h�e� �l�u�m�e�n� �o�f� �t�h�e� 

�g�u�t� �(�S�t�e�v�e�n�s� �e�t� �a�l�.�,� �1�9�7�2�;� �K�o�h�l�e�r�,� �1�9�7�2�)�.� �T�h�i�s� �i�m�b�a�l�a�n�c�e� 

�l�e�a�d�s� �t�o� �a�n� �i�n�f�l�u�x� �o�f� �f�l�u�i�d� �i�n�t�o� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �l�u�m�e�n�,� �w�h�i�c�h� 

�e�x�c�e�e�d�s� �t�h�e� �a�b�s�o�r�p�t�i�v�e� �c�a�p�a�c�i�t�y� �o�f� �t�h�e� �l�a�r�g�e� �i�n�t�e�s�t�i�n�e� �a�n�d� 

�t�h�e�r�e�f�o�r�e� �c�a�u�s�e�s� �s�c�o�u�r�s� �(�H�a�m�i�l�t�o�n� �a�n�d� �R�o�e�,� �1�9�7�7�)�.� 

�M�i�l�k� 

�R�e�s�e�a�r�c�h� �h�a�s� �b�e�e�n� �d�i�r�e�c�t�e�d� �i�n�t�o� �p�r�e�v�e�n�t�i�n�g� �t�h�e� 

�a�t�t�a�c�h�m�e�n�t� �o�f� �E�.� �c�o�l�i� �b�y�  ��c�o�l�o�s�t�r�u�m� �m�a�n�a�g�e�m�e�n�t �� �o�r� �b�y� 

�b�l�o�c�k�i�n�g� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �a�t�t�a�c�h�m�e�n�t� �s�i�t�e�s� �f�o�r� �E�.� �c�o�l�i� �w�i�t�h� �a� 

�b�e�n�e�f�i�c�i�a�l� �o�r�g�a�n�i�s�m� �(�l�a�c�t�o�b�a�c�i�l�l�u�s� �a�n�d�(�o�r�)� �s�t�r�e�p�t�o�c�o�c�c�u�s�)�.� 

�T�h�e� �i�d�e�a� �b�e�h�i�n�d� �c�o�l�o�s�t�r�u�m� �m�a�n�a�g�e�m�e�n�t� �i�s� �t�o� �e�x�p�o�s�e� �t�h�e� �d�a�m� �t�o� 

�t�h�e� �b�a�c�t�e�r�i�a� �o�r� �v�i�r�u�s� �a�n�d� �a�l�l�o�w� �h�e�r� �i�m�m�u�n�e� �s�y�s�t�e�m� �t�o� �m�a�k�e� 

�a�n�t�i�b�o�d�i�e�s�.� �T�h�e�s�e� �a�n�t�i�b�o�d�i�e�s� �a�r�e� �t�h�e�n� �s�e�c�r�e�t�e�d� �i�n� �h�e�r� 

 ��f�i�r�s�t� �m�i�l�k ��,� �o�r� �c�o�l�o�s�t�r�u�m�.� �T�h�e� �n�e�w�b�o�r�n� �p�i�g� �i�s� �a�b�l�e� �t�o� 

�d�i�r�e�c�t�l�y� �a�b�s�o�r�b� �t�h�e�s�e� �a�n�t�i�b�o�d�i�e�s� �f�r�o�m� �t�h�e� �g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� 

�t�r�a�c�t� �i�n�t�o� �t�h�e� �s�y�s�t�e�m�i�c� �c�i�c�u�l�a�t�i�o�n�.� �T�h�i�s� �a�b�i�l�i�t�y� �o�f� �t�h�e� 

�n�e�o�n�a�t�e� �t�o� �a�b�s�o�r�b� �t�h�e�s�e� �a�n�t�i�b�o�d�i�e�s� �l�a�s�t�s� �f�o�r� �a�b�o�u�t� �4�8� �h� 

�a�f�t�e�r� �b�i�r�t�h�.� 

�V�a�c�c�i�n�a�t�i�n�g� �t�h�e� �d�a�m� �a�g�a�i�n�s�t� �E�.� �c�o�l�i� �a�n�d� �o�t�h�e�r� 

�p�a�t�h�o�g�e�n�i�c� �b�a�c�t�e�r�i�a� �s�i�x� �w�e�e�k�s� �a�n�d� �t�h�e�n� �t�w�o� �w�e�e�k�s� �p�r�e�-� 

�f�a�r�r�o�w�i�n�g� �h�a�s� �b�e�c�o�m�e� �a� �c�o�m�m�o�n� �m�a�n�a�g�e�m�e�n�t� �t�e�c�h�n�i�q�u�e�.
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�H�o�w�e�v�e�r�,� �r�e�s�e�a�r�c�h� �h�a�s� �y�e�t� �t�o� �c�o�n�c�l�u�s�i�v�e�l�y� �p�r�o�v�e� �t�h�i�s� 

�p�r�a�c�t�i�c�e� �t�o� �b�e� �a�n� �e�f�f�e�c�t�i�v�e� �m�e�a�s�u�r�e� �t�o� �t�r�a�n�s�m�i�t� �p�a�s�s�i�v�e� 

�i�m�m�u�n�i�t�y� �a�g�a�i�n�s�t� �e�n�t�e�r�i�c� �i�n�f�e�c�t�i�o�n�s� �t�o� �p�i�g�l�e�t�s�.� �N�a�g�y� �e�t� �a�l�.� 

�(�1�9�7�9�)� �o�r�o�g�a�s�t�r�i�c�a�l�l�y� �v�a�c�c�i�n�a�t�e�d� �s�o�w�s� �p�r�e�f�a�r�r�o�w�i�n�g� �w�i�t�h� �a� 

�p�a�t�h�o�g�e�n�i�c� �s�t�r�a�i�n� �o�f� �E�.� �c�o�l�i� �(�0�1�4�9�:�K�9�1�(�B�)�K�8�8�a�c�(�L�)�)� �a�n�d� 

�o�b�s�e�r�v�e�d� �t�h�e� �a�d�h�e�r�e�n�c�e� �o�f� �E�.� �c�o�l�i� �i�n� �t�h�e� �g�u�t� �l�i�n�i�n�g� �o�f� �t�h�e� 

�l�i�t�t�e�r�s�.� �T�h�e�y� �r�e�p�o�r�t�e�d� �t�h�a�t� �t�h�e� �a�n�t�i�b�o�d�i�e�s� �p�r�e�s�e�n�t� �i�n� 

�c�o�l�o�s�t�r�u�m� �w�e�r�e� �i�n�e�f�f�e�c�t�i�v�e� �i�n� �p�r�e�v�e�n�t�i�n�g� �E�.� �c�o�l�i� �a�d�h�e�s�i�o�n�,� 

�b�u�t� �t�h�e�y� �d�i�d� �c�o�n�c�l�u�d�e� �t�h�a�t� �m�i�l�k� �i�t�s�e�l�f� �c�o�u�l�d� �p�r�e�v�e�n�t� �E�.� �c�o�l�i� 

�a�d�h�e�s�i�o�n�.� �R�u�t�t�e�r� �e�t� �a�l�.� �(�1�9�7�6�)� �v�a�c�c�i�n�a�t�e�d� �s�o�w�s� �w�i�t�h� �E�.� �c�o�l�i� 

�s�t�r�a�i�n� �K�8�8� �a�n�d� �o�b�s�e�r�v�e�d� �t�h�e� �s�a�m�e� �b�a�c�t�e�r�i�o�c�i�d�a�l� �a�n�d� 

�b�a�c�t�e�r�i�o�s�t�a�t�i�c� �a�c�t�i�v�i�t�y� �i�n� �t�h�e� �m�i�l�k� �f�r�o�m� �v�a�c�c�i�n�a�t�e�d� �a�n�d� �n�o�n�-� 

�v�a�c�c�i�n�a�t�e�d� �s�o�w�s�.� 

�M�i�l�k� �c�o�n�t�a�i�n�s� �s�e�v�e�r�a�l� �o�t�h�e�r� �a�n�t�i�b�a�c�t�e�r�i�a�l� �f�a�c�t�o�r�s� 

�b�e�s�i�d�e� �p�a�s�s�i�v�e� �a�n�t�i�b�o�d�i�e�s� �f�o�u�n�d� �i�n� �c�o�l�o�s�t�r�u�m� �(�S�t�e�p�h�e�n�s� �e�t� 

�a�l�.�,� �1�9�7�9�)�.� �O�n�e� �s�u�c�h� �f�a�c�t�o�r� �i�s� �s�e�c�r�e�t�o�r�y� �I�g�A�,� �w�h�i�c�h� �i�s� �a�n� 

�i�m�p�o�r�t�a�n�t� �i�n�t�e�s�t�i�n�a�l� �a�n�t�i�b�o�d�y� �t�h�a�t� �b�a�t�h�e�s� �t�h�e� �i�n�t�e�s�t�i�n�a�l� 

�l�i�n�i�n�g� �a�n�d� �a�l�s�o� �b�i�n�d�s� �a�n�t�i�g�e�n�i�c� �m�a�t�e�r�i�a�l� �(�O�g�r�a�,� �1�9�7�6�)�.� 

�S�e�c�r�e�t�o�r�y� �I�g�A� �b�i�n�d�s� �t�o� �t�h�e� �r�e�c�e�p�t�o�r�s� �t�h�a�t� �E�.� �c�o�l�i� �c�a�n� 

�u�t�i�l�i�z�e� �a�n�d� �t�h�e�r�e�b�y� �p�r�e�v�e�n�t�s� �c�o�l�o�n�i�z�a�t�i�o�n� �(�P�o�r�t�e�r� �e�t� �a�l�.�,� 

�1�9�7�3�)�.� 

�S�e�c�r�e�t�o�r�y� �I�g�A� �i�n� �t�h�e� �m�i�l�k� �p�r�o�v�i�d�e�s� �t�h�e� �s�u�c�k�l�i�n�g� �p�i�g� 

�w�i�t�h� �c�o�n�s�t�a�n�t� �p�r�o�t�e�c�t�i�o�n� �a�g�a�i�n�s�t� �e�n�t�e�r�i�c� �i�n�f�e�c�t�i�o�n�s�;� �t�h�e� �p�i�g� 

�b�e�g�i�n�s� �t�o� �s�y�n�t�h�e�s�i�z�e� �i�t�s� �o�w�n� �s�e�c�r�e�t�o�r�y� �I�g�A� �b�y� �2� �w�e�e�k�s� �o�f� �a�g�e� 

�(�P�o�r�t�e�r� �e�t� �a�l�.�,� �1�9�7�3�)�.� �C�o�n�s�t�a�n�t� �i�n�g�e�s�t�i�o�n� �o�f� �m�i�l�k� �i�s



�2�9� 

�e�s�s�e�n�t�i�a�l� �t�o� �a�f�f�o�r�d� �t�h�e� �p�i�g� �p�r�o�t�e�c�t�i�o�n� �a�g�a�i�n�s�t� �e�n�t�e�r�i�c� 

�i�n�f�e�c�t�i�o�n�s� �b�e�c�a�u�s�e� �m�i�l�k� �l�o�s�e�s� �i�t�s� �a�b�i�l�i�t�y� �t�o� �p�r�e�v�e�n�t� 

�a�d�h�e�s�i�o�n� �o�f� �E�.� �c�o�l�i� �a�f�t�e�r� �4� �h�o�u�r�s� �a�t� �3�7�°�C� �(�S�t�e�p�h�e�n�s� �e�t� �a�l�.�,� 

�1�9�7�9�)�.� �T�h�e� �p�r�e�v�e�n�t�i�o�n� �o�f� �a�n�t�i�g�e�n�i�c� �m�a�t�e�r�i�a�l� �e�n�t�e�r�i�n�g� �t�h�e� 

�s�y�s�t�e�m�i�c� �c�i�r�c�u�l�a�t�i�o�n� �i�s� �d�e�p�e�n�d�e�n�t� �p�a�r�t�i�a�l�l�y� �o�n� �t�h�e� �i�n�t�e�g�r�i�t�y� 

�o�f� �t�h�e� �m�u�c�o�u�s� �m�e�m�b�r�a�n�e�s� �a�n�d� �i�t� �m�a�y� �a�l�s�o� �b�e� �d�u�e� �t�o� �t�h�e� 

�f�u�n�c�t�i�o�n� �o�f� �s�e�c�r�e�t�o�r�y� �I�g�A� �t�o� �c�o�m�p�l�e�x� �w�i�t�h� �a�n�t�i�g�e�n�i�c� �m�a�t�e�r�i�a�l� 

�a�n�d� �r�e�t�a�i�n� �t�h�i�s� �c�o�m�p�l�e�x� �i�n� �t�h�e� �g�u�t� �l�u�m�e�n� �u�n�t�i�l� �i�t� �i�s� 

�d�i�g�e�s�t�e�d� �(�S�t�o�k�e�s� �e�t� �a�l�.�,� �1�9�7�5�)�.� 

�V�o�l�a�t�i�l�e� �F�a�t�t�y� �A�c�i�d�s� 

�B�a�c�t�e�r�i�a� �i�n� �t�h�e� �g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t� �p�r�o�d�u�c�e� �a�n�d� 

�u�t�i�l�i�z�e� �v�o�l�a�t�i�l�e� �f�a�t�t�y� �a�c�i�d�s� �(�V�F�A�)� �(�W�o�l�i�n�,� �1�9�7�4�)�.� �D�u�e� �t�o� 

�t�h�e� �l�a�r�g�e� �n�u�m�b�e�r� �o�f� �b�a�c�t�e�r�i�a� �i�n� �t�h�e� �c�o�l�o�n�,� �a�n�d� �t�h�e�i�r� 

�m�e�t�a�b�o�l�i�c� �a�c�t�i�v�i�t�y�,� �V�F�A� �a�r�e� �t�h�e� �m�a�j�o�r� �a�n�i�o�n�s� �(�s�o�d�i�u�m� �t�h�e� 

�m�a�j�o�r� �c�a�t�i�o�n�)� �i�n� �t�h�e� �l�o�w�e�r� �g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t� �(�A�r�g�e�n�z�i�o�,� 

�1�9�8�1�;� �A�r�g�e�n�z�i�o� �a�n�d� �S�o�u�t�h�w�o�r�t�h�,� �1�9�7�4�)�.� �V�F�A� �a�r�e� �i�m�p�o�r�t�a�n�t� �t�o� 

�t�h�e� �n�u�t�r�i�t�i�o�n�,� �s�e�c�r�e�t�o�r�y� �a�n�d� �a�b�s�o�r�p�t�i�v�e� �f�u�n�c�t�i�o�n� �o�f� �t�h�e� 

�l�a�r�g�e� �i�n�t�e�s�t�i�n�e� �(�S�t�e�v�e�n�s�,� �1�9�7�8�)�.� 

�S�t�u�d�i�e�s� �i�n� �h�u�m�a�n�s� �s�u�g�g�e�s�t� �t�h�a�t� �t�h�e� �s�h�o�r�t�-�c�h�a�i�n�e�d� �V�F�A� 

�f�o�r�m�e�d� �i�n� �t�h�e� �c�o�l�o�n� �h�a�v�e� �a� �g�r�e�a�t� �c�a�p�a�c�i�t�y� �t�o� �b�e� �a�b�s�o�r�b�e�d� �a�n�d� 

�m�e�t�a�b�o�l�i�z�e�d� �s�u�c�h� �t�h�a�t� �a�c�e�t�a�t�e� �a�n�d� �b�u�t�y�r�a�t�e� �e�n�t�e�r� �t�h�e� �c�i�t�r�i�c� 

�a�c�i�d� �c�y�c�l�e� �a�s� �a�c�e�t�y�l�-�C�o�A� �a�n�d� �p�r�o�p�i�o�n�a�t�e� �v�i�a� �o�t�h�e�r� �r�o�u�t�e�s� 

�t�h�a�t� �r�e�s�u�l�t� �i�n� �a� �n�e�t� �s�y�n�t�h�e�s�i�s� �o�f� �g�l�u�c�o�s�e� �(�H�o�v�e�r�s�t�a�d� �e�t� �a�l�.�,� 

�1�9�8�2�)�.



�3�0� 

�R�e�c�e�n�t� �e�v�i�d�e�n�c�e� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �V�F�A� �f�r�o�m� �t�h�e� �c�o�l�o�n� �o�f� 

�t�h�e� �p�i�g�,� �a�n�a�l�o�g�o�u�s� �t�o� �V�F�A� �i�n� �t�h�e� �r�u�m�e�n�,� �a�r�e� �r�a�p�i�d�l�y� �a�b�s�o�r�b�e�d� 

�a�n�d� �u�t�i�l�i�z�e�d� �a�s� �a�n� �e�n�e�r�g�y� �s�o�u�r�c�e� �(�A�r�g�e�n�z�i�o� �a�n�d� �S�o�u�t�h�w�o�r�t�h�,� 

�1�9�7�8�)�.� �I�m�o�t�o� �a�n�d� �N�a�m�i�o�k�a� �(�1�9�7�8�)� �d�e�t�e�r�m�i�n�e�d� �t�h�a�t� �V�F�A� �c�a�n� 

�s�u�p�p�l�y� �a�b�o�u�t� �1�0�%� �o�f� �t�h�e� �e�n�e�r�g�y� �r�e�q�u�i�r�e�m�e�n�t� �o�f� �t�h�e� �p�i�g�.� �K�a�s�s� 

�e�t� �a�l�.� �(�1�9�8�0�)� �a�l�s�o� �r�e�p�o�r�t�e�d� �s�i�m�i�l�a�r� �f�i�n�d�i�n�g�s� �o�f� �7� �-� �1�2�%�.� 

�K�e�n�n�e�l�l�y� �a�n�d� �c�o�-�w�o�r�k�e�r�s� �(�1�9�8�1�)� �r�e�p�o�r�t�e�d� �c�o�n�s�i�d�e�r�a�b�l�e� 

�b�a�c�t�e�r�i�a�l� �f�e�r�m�e�n�t�a�t�i�o�n� �i�n� �t�h�e� �h�i�n�d�g�u�t� �o�f� �s�w�i�n�e� �t�h�a�t� �w�e�r�e� 

�c�e�c�a�l� �c�a�n�n�u�l�a�t�e�d� �s�u�c�h� �t�h�a�t� �9� �-� �2�3�%� �o�f� �t�h�e� �e�n�e�r�g�y� 

�r�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �m�a�i�n�t�e�n�a�n�c�e� �w�e�r�e� �m�e�t� �b�y� �V�F�A� �a�b�s�o�r�p�t�i�o�n�.� 

�B�e�s�i�d�e�s� �a�u�g�m�e�n�t�i�n�g� �s�o�d�i�u�m� �a�n�d� �w�a�t�e�r� �r�e�a�b�s�o�r�p�t�i�o�n� �a�n�d� 

�s�u�p�p�l�y�i�n�g� �t�h�e� �p�i�g� �w�i�t�h� �e�n�e�r�g�y�,� �V�F�A� �a�l�s�o� �h�a�v�e� �a� �b�a�c�t�e�r�i�o�c�i�d�a�l� 

�e�f�f�e�c�t�.� �P�r�o�k�a�s�z�k�a� �a�n�d� �B�a�r�o�n� �(�1�9�8�2�)� �r�e�p�o�r�t�e�d� �t�h�a�t� �V�F�A� �h�a�v�e� 

�a�n�t�i�b�a�c�t�e�r�i�a�l� �a�c�t�i�v�i�t�y� �i�n� �t�h�e� �c�e�c�u�m� �a�n�d� �c�o�l�o�n� �w�h�i�c�h� �i�s� 

�d�e�p�e�n�d�e�n�t� �o�n� �g�u�t� �p�H�.� �T�h�e�y� �n�o�t�i�c�e�d� �t�h�a�t� �a�t� �a� �p�H� �o�f� �6�.�8� �o�r� 

�g�r�e�a�t�e�r�,� �V�F�A� �l�o�s�t� �t�h�e�i�r� �b�a�c�t�e�r�i�o�c�i�d�a�l� �e�f�f�e�c�t�s�.� �A�t� �a� �l�o�w� �p�H�,� 

�t�h�e� �p�r�o�p�o�r�t�i�o�n� �o�f� �n�o�n�-�d�i�s�s�o�c�i�a�t�e�d� �V�F�A� �i�n�c�r�e�a�s�e�s� �w�h�i�c�h� �a�l�l�o�w�s� 

�a�b�s�o�r�p�t�i�o�n� �b�y� �b�a�c�t�e�r�i�a� �d�u�e� �t�o� �t�h�e�i�r� �l�i�p�o�p�h�i�l�i�c� �n�a�t�u�r�e�.� �O�n�c�e� 

�a�b�s�o�r�b�e�d�,� �t�h�e� �n�e�u�t�r�a�l� �p�H� �o�f� �t�h�e� �c�y�t�o�s�o�l� �r�e�s�u�l�t�s� �i�n� �t�h�e� 

�d�i�s�s�o�c�i�a�t�i�o�n� �o�f� �t�h�e� �V�F�A� �w�h�i�c�h� �a�c�c�o�u�n�t�s� �f�o�r� �t�h�e� �b�a�c�t�e�r�i�o�c�i�d�a�l� 

�e�f�f�e�c�t� �(�P�r�o�h�a�s�z�k�a� �a�n�d� �B�a�r�o�n�,� �1�9�8�2�)�.� �T�h�e� �V�F�A� �e�x�e�r�t� �t�h�e�i�r� 

�e�f�f�e�c�t�s� �m�a�i�n�l�y� �i�n� �t�h�e� �l�o�w�e�r� �g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t� �d�u�e� �t�o� �a� 

�g�r�e�a�t�e�r� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �V�F�A�;� �1�9�0� �-� �2�1�0� �m�m�o�1�*�1�~�1� �l�o�w�e�r� 

�g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t� �c�o�m�p�a�r�e�d� �t�o� �0� �-� �4�0� �m�m�o�l�*�1�7�+� �i�n� �t�h�e� 

�u�p�p�e�r� �g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t� �i�n� �g�r�o�w�e�r� �p�i�g�s� �(�S�t�e�v�e�n�s�,� �1�9�7�8�)�.



�3�1� 

�T�h�e� �p�H� �o�f� �t�h�e� �c�o�l�o�n� �i�s� �a�r�o�u�n�d� �6�.�5� �-� �7�.�1� �(�P�r�o�h�a�s�z�k�a� �a�n�d� 

�B�a�r�o�n�,� �1�9�8�2�)�.� �T�h�e� �p�H� �o�f� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t� �o�f� �g�r�o�w�i�n�g� 

�S�w�i�n�e� �w�a�s� �r�e�p�o�r�t�e�d� �t�o� �b�e�:� �s�t�o�m�a�c�h� �3�.�5�1� �-� �4�.�0�0�;� �s�m�a�l�l� 

�i�n�t�e�s�t�i�n�e� �6�.�1�2� �-� �6�.�4�3�;� �c�e�c�u�m� �5�.�8� �-� �6�.�0�5� �a�n�d�;� �c�o�l�o�n� �5�.�8�0� �-� 

�5�.�9�5� �(�K�a�s�s� �e�t� �a�l�.�,� �1�9�8�0�)�.� �S�t�e�v�e�n�s� �(�1�9�7�8�)� �r�e�p�o�r�t�e�d� �t�h�e� �p�H� �o�f� 

�t�h�e� �i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t� �o�f� �m�a�t�u�r�e� �s�w�i�n�e� �t�o� �b�e�:� �s�t�o�m�a�c�h� �2�.�5� �-� 

�4�.�0�;� �s�m�a�l�l� �i�n�t�e�s�t�i�n�e� �5�.�8� �-� �6�.�2�;� �c�e�c�u�m� �6�.�2� �a�n�d�;� �c�o�l�o�n� �5�.�9� �-� 

�6�.�1�.� �A�r�g�e�n�z�i�o� �a�n�d� �S�o�u�t�h�w�o�r�t�h� �(�1�9�7�4�)� �r�e�p�o�r�t�e�d� �t�h�e� �p�H� �o�f� �t�h�e� 

�i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t� �t�o� �b�e�:� �s�t�o�m�a�c�h� �2� �-� �4�;� �d�u�o�d�e�n�u�m�/�j�e�j�u�n�u�m� �3�.�5� 

�-� �6�.�0�;� �c�e�c�u�m� �6�.�5�;� �a�n�d� �c�o�l�o�n� �6�.�2�.� �F�a�r�r�e�l�l� �a�n�d� �J�o�h�n�s�o�n� �(�1�9�7�0�)� 

�r�e�p�o�r�t�e�d� �t�h�e� �p�H� �o�f� �t�h�e� �c�e�c�u�m� �t�o� �b�e� �6�.�4� �-� �6�.�8�.� �p�H� �h�a�s� �a� 

�m�a�j�o�r� �e�f�f�e�c�t� �o�n� �m�i�c�r�o�b�i�a�l� �m�e�t�a�b�o�l�i�s�m� �s�u�c�h� �t�h�a�t� �t�h�e� 

�p�r�o�d�u�c�t�i�o�n� �o�f� �V�F�A� �i�s� �g�r�e�a�t�e�r� �a�t� �p�H� �6�.�7� �t�h�a�n� �a�t� �5�.�7� �i�n� �t�h�e� 

�r�u�m�e�n� �(�P�e�t�e�r�s� �e�t� �a�l�.�,� �1�9�8�9�)�.� 

�V�F�A� �a�r�e� �r�e�a�d�i�l�y� �a�b�o�r�b�e�d� �f�r�o�m� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �l�u�m�e�n� �s�u�c�h� 

�t�h�a�t� �7�0�%� �o�f� �a�c�e�t�a�t�e�,� �2�0�%� �o�f� �p�r�o�p�i�o�n�a�t�e� �a�n�d� �5�%� �o�f� �b�u�t�y�r�a�t�e� 

�w�e�r�e� �d�e�t�e�c�t�e�d� �i�n� �t�h�e� �a�r�t�e�r�i�a�l�/�p�o�r�t�a�l� �b�l�o�o�d� �(�G�u�i�s�i�-�P�e�r�i�e�r� �e�t� 

�a�l�.�,� �1�9�8�9�)�.� �T�h�e� �l�i�v�e�r� �h�a�s� �a� �l�a�r�g�e� �c�a�p�a�c�i�t�y� �t�o� �a�b�s�o�r�b� �t�h�e�s�e� 

�V�F�A�:� �p�r�o�p�i�o�n�a�t�e�,� �b�u�t�y�r�a�t�e�,� �i�s�o�v�a�l�e�r�a�t�e� �a�n�d� �v�a�l�e�r�a�t�e� �(�R�e�r�a�t� 

�e�t� �a�l�.�,� �1�9�8�7�)�.� �T�h�e� �e�p�i�t�h�e�l�i�u�m� �o�f� �t�h�e� �l�a�r�g�e� �i�n�t�e�s�t�i�n�e� 

�m�e�t�a�b�o�l�i�z�e�s� �V�F�A� �s�u�g�g�e�s�t�i�n�g� �t�h�a�t� �V�F�A� �m�a�y� �h�a�v�e� �a� �r�o�l�e� �i�n� �t�h�e� 

�f�u�n�c�t�i�o�n� �o�f� �t�h�e� �l�a�r�g�e� �i�n�t�e�s�t�i�n�e� �(�I�m�o�t�o� �a�n�d� �N�a�m�i�o�k�a�,� �1�9�7�8�b�)�.� 

�V�F�A� �p�r�o�d�u�c�t�i�o�n� �i�n� �p�i�g�s� �i�s� �p�r�o�p�o�r�t�i�o�n�a�l� �t�o� �t�h�e� �i�n�t�a�k�e� �o�f� 

�N�D�F� �(�S�t�a�n�o�g�i�a�s� �a�n�d� �P�e�a�r�c�e�,� �1�9�8�5�)� �a�n�d� �f�e�e�d� �i�n�t�a�k�e� �(�R�e�r�a�t� �e�t� 

�a�l�.�,� �1�9�8�7�)�.� �T�h�e� �c�e�l�l�u�l�o�l�y�t�i�c� �a�c�t�i�v�i�t�y� �o�f� �f�e�c�a�l� �b�a�c�t�e�r�i�a� �i�n



�3�2� 

�g�e�s�t�a�t�i�n�g� �s�w�i�n�e� �w�a�s� �i�n�c�r�e�a�s�e�d� �b�y� �f�e�e�d�i�n�g� �i�n�c�r�e�a�s�i�n�g� �l�e�v�e�l�s� 

�o�f� �f�i�b�e�r� �a�n�d� �s�u�g�g�e�s�t�s� �t�h�a�t� �m�o�d�i�f�i�c�a�t�i�o�n�s� �i�n� �t�h�e� �V�F�A� �p�r�o�f�i�l�e� 

�i�n�d�i�c�a�t�e� �a�n� �a�l�t�e�r�e�d� �b�a�c�t�e�r�i�a�l� �m�e�t�a�b�o�l�i�s�m� �(�V�a�r�e�l� �a�n�d� �P�o�n�d�,� 

�1�9�8�5�)�.� 

�p�H� 

�T�h�e� �p�H� �o�f� �t�h�e� �g�u�t� �i�s� �o�f� �i�m�p�o�r�t�a�n�c�e� �t�o� �t�h�e� �p�r�o�p�e�r� 

�d�i�g�e�s�t�i�o�n� �a�n�d� �u�t�i�l�i�z�a�t�i�o�n� �o�f� �f�e�e�d�s�t�u�f�f�s�.� �T�h�e� �l�o�w� �p�H� �o�f� �t�h�e� 

�s�t�o�m�a�c�h� �i�s� �n�e�c�e�s�s�a�r�y� �f�o�r� �d�e�n�a�t�u�r�i�n�g� �p�r�o�t�e�i�n�,� �a�c�t�i�v�a�t�i�o�n� �o�f� 

�p�e�p�s�i�n�o�g�e�n� �a�n�d� �k�i�l�l�i�n�g� �o�f� �i�n�g�e�s�t�e�d� �b�a�c�t�e�r�i�a�.� �T�h�e� �g�a�s�t�r�i�c� 

�a�c�i�d�i�t�y� �i�s� �c�a�u�s�e�d� �b�y� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �o�f� �h�y�d�r�o�c�h�l�o�r�i�c� �a�c�i�d� �b�y� 

�t�h�e� �p�a�r�i�e�t�a�l� �c�e�l�l�s�.� �T�h�e�s�e� �c�e�l�l�s� �a�r�e� �s�e�n�s�i�t�i�v�e� �t�o� �v�a�r�i�o�u�s� 

�s�t�i�m�u�l�i� �i�n�c�l�u�d�i�n�g� �t�h�e� �s�i�g�h�t�,� �s�m�e�l�l� �a�n�d� �t�a�s�t�e� �o�f� �f�o�o�d� �a�s� �w�e�l�l� 

�a�s� �t�h�e� �a�c�t� �o�f� �s�w�a�l�l�o�w�i�n�g�,� �c�h�e�w�i�n�g� �a�n�d� �s�t�o�m�a�c�h� �d�i�s�t�e�n�t�i�o�n�.� 

�T�h�e� �l�o�w� �g�a�s�t�r�i�c� �p�H� �c�a�u�s�e�s� �a� �c�a�s�c�a�d�e� �e�f�f�e�c�t� �o�f� �a�c�t�i�v�a�t�i�n�g� 

�o�t�h�e�r� �d�i�g�e�s�t�i�v�e� �e�n�z�y�m�e�s�.� 

�T�h�e� �a�c�i�d�i�c� �n�a�t�u�r�e� �o�f� �t�h�e� �s�t�o�m�a�c�h� �p�r�e�v�e�n�t�s� �b�a�c�t�e�r�i�a� �f�r�o�m� 

�c�o�l�o�n�i�z�i�n�g� �t�h�i�s� �o�r�g�a�n�.� �A�n�y� �b�a�c�t�e�r�i�a� �t�h�a�t� �m�a�y� �b�e� 

�c�o�n�t�a�m�i�n�a�t�i�n�g� �t�h�e� �f�e�e�d�,� �o�r� �o�r�i�g�i�n�a�t�i�n�g� �f�r�o�m� �t�h�e� �o�r�a�l� �c�a�v�i�t�y�,� 

�a�r�e� �n�o�r�m�a�l�l�y� �k�i�l�l�e�d� �o�r� �a�r�e� �d�a�m�a�g�e�d� �e�n�o�u�g�h� �b�y� �t�h�e� �a�c�i�d� �t�o� 

�p�r�e�v�e�n�t� �t�h�e�i�r� �g�r�o�w�t�h� �a�n�d� �p�r�o�l�i�f�e�r�a�t�i�o�n�.� �P�r�o�b�l�e�m�s� �a�r�i�s�e� �w�h�e�n� 

�t�h�e� �d�i�e�t� �h�a�s� �a� �h�i�g�h� �b�u�f�f�e�r�i�n�g� �c�a�p�a�c�i�t�y�,� �l�i�k�e� �s�o�y�b�e�a�n� �m�e�a�l� 

�a�n�d�(�o�r�)� �t�h�e� �s�t�o�m�a�c�h� �i�s� �u�n�a�b�l�e� �t�o� �p�r�o�d�u�c�e� �a�c�i�d� �i�n� �s�u�f�f�i�c�i�e�n�t� 

�a�m�o�u�n�t�s�,� �a�s� �i�s� �t�h�e� �c�a�s�e� �w�i�t�h� �w�e�a�n�l�i�n�g� �p�i�g�s�.� 

�T�h�e� �s�m�a�l�l� �i�n�t�e�s�t�i�n�e� �i�s� �n�o�r�m�a�l�l�y� �a�t� �a� �h�i�g�h�e�r� �p�H�,� �b�u�t� �i�s� 

�s�t�i�l�l� �a�c�i�d�i�c�,� �p�H� �5� �t�o� �6�.�5�.� �T�h�i�s� �h�i�g�h�e�r� �p�H� �i�s� �n�e�c�e�s�s�a�r�y� �f�o�r



�3�3� 

�t�h�e� �p�r�o�p�e�r� �f�u�n�c�t�i�o�n� �o�f� �t�h�e� �e�n�z�y�m�e�s� �s�e�c�r�e�t�e�d� �i�n� �t�h�i�s� �r�e�g�i�o�n� 

�o�f� �t�h�e� �g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t�.� �T�h�e� �n�e�u�t�r�a�l�i�z�a�t�i�o�n� �o�f� �H�C�l� 

�f�r�o�m� �t�h�e� �s�t�o�m�a�c�h� �i�s� �a�c�h�i�e�v�e�d� �b�y� �t�h�e� �b�a�s�e�,� �b�i�c�a�r�b�o�n�a�t�e�,� �w�h�i�c�h� 

�i�s� �p�r�o�d�u�c�e�d� �b�y� �t�h�e� �p�a�n�c�r�e�a�s� �i�n� �r�e�s�p�o�n�s�e� �t�o� �t�h�e� �h�o�r�m�o�n�e� 

�s�e�c�r�e�t�i�n�.� �I�f� �i�n�s�u�f�f�i�e�n�t� �a�c�i�d� �i�s� �p�r�o�d�u�c�e�d� �i�n� �t�h�e� �s�t�o�m�a�c�h�,� 

�t�h�e� �p�H� �o�f� �t�h�e� �l�o�w�e�r� �g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t� �i�s� �m�o�r�e� �a�l�k�a�l�i�n�e�,� 

�w�h�i�c�h� �a�l�l�o�w�s� �g�r�e�a�t�e�r� �b�a�c�t�e�r�i�a�l� �p�r�o�l�i�f�e�r�a�t�i�o�n� �a�n�d� �p�o�o�r�e�r� 

�u�t�i�l�i�z�a�t�i�o�n� �o�f� �f�e�e�d�s�t�u�f�f�s� �d�u�e� �t�o� �i�m�p�r�o�p�e�r� �i�n�d�u�c�t�i�o�n� �a�n�d� 

�a�c�t�i�v�a�t�i�o�n� �o�f� �d�i�g�e�s�t�i�v�e� �e�n�z�y�m�e�s�.� 

�I�n� �p�i�g�s� �w�e�a�n�e�d� �a�t� �2� �d�a�y�s� �o�f� �a�g�e�,� �B�a�r�r�o�w� �a�n�d� �c�o�-�w�o�r�k�e�r�s� 

�(�1�9�7�7�)� �o�b�s�e�r�v�e�d� �a� �n�e�g�a�t�i�v�e� �c�o�r�r�e�l�a�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �|� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �l�a�c�t�a�t�e� �a�n�d� �i�n�t�e�s�t�i�n�a�l� �p�H� �a�n�d� �a� �p�o�s�i�t�i�v�e� 

�c�o�r�r�e�l�a�t�i�o�n� �b�e�t�w�e�e�n� �p�H� �a�n�d� �t�h�e� �n�u�m�b�e�r� �o�f� �E�.� �c�o�l�i�.� �T�h�e�s�e� 

�o�b�s�e�r�v�a�t�i�o�n�s� �s�u�g�g�e�s�t� �t�h�a�t� �i�n�c�r�e�a�s�i�n�g� �t�h�e� �l�e�v�e�l� �o�f� �l�a�c�t�a�t�e� 

�a�n�d�(�o�r�)� �l�o�w�e�r�i�n�g� �t�h�e� �p�H� �w�i�l�l� �r�e�s�u�l�t� �i�n� �a� �r�e�d�u�c�t�i�o�n� �o�f� �E�.� 

�c�o�l�i�.� 

�L�a�c�t�i�c� �a�c�i�d� �i�s� �t�h�e� �m�a�j�o�r� �c�o�n�t�r�i�b�u�t�o�r� �i�n� �l�o�w�e�r�i�n�g� 

�g�a�s�t�r�i�c� �p�H� �a�t� �4� �-� �5� �d�a�y�s� �o�f� �a�g�e� �a�n�d� �h�y�d�r�o�c�h�l�o�r�i�c� �a�c�i�d� �i�s� �a�t� 

�1�1� �-� �1�2� �d�a�y�s� �o�f� �a�g�e�.� �C�r�a�n�w�e�l�l� �e�t� �a�l�.� �(�1�9�7�6�)� �r�e�p�o�r�t�e�d� �t�h�a�t� 

�l�a�c�t�i�c� �a�c�i�d� �i�n�h�i�b�i�t�s� �t�h�e� �s�e�c�r�e�t�i�o�n� �o�f� �H�C�l�.� �C�r�a�n�w�e�l�l� �a�l�s�o� 

�r�e�p�o�r�t�e�d� �t�h�e� �s�t�o�m�a�c�h� �p�H� �3� �-� �6�.�5�,� �c�h�l�o�r�i�d�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �2�0� �-� 

�1�3�0� �m�m�o�l� �a�n�d� �l�a�c�t�i�c� �a�c�i�d� �0� �-� �1�7�0� �m�m�o�l� �i�n� �2�0� �-� �2�4� �d�a�y� �o�l�d� 

�p�i�g�s� �(�s�u�c�k�l�i�n�g�)�.� �T�h�e�s�e� �r�e�s�e�a�r�c�h�e�r�s� �f�u�r�t�h�e�r� �s�u�g�g�e�s�t�e�d� �t�h�a�t� 

�t�h�e� �w�e�a�n�l�i�n�g� �p�i�g� �i�s� �u�n�a�b�l�e� �t�o� �s�e�c�r�e�t�e� �s�u�f�f�i�c�i�e�n�t� �q�u�a�n�t�i�e�s� �o�f� 

�H�C�l� �d�u�e� �t�o� �i�n�a�d�e�q�u�a�t�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �s�e�c�r�e�t�o�r�y� �s�t�i�m�u�l�a�t�o�r�y



�3�4� 

�m�e�c�h�a�n�i�s�m�s�,� �i�n�h�i�b�i�t�i�o�n� �b�y� �o�r�g�a�n�i�c� �a�c�i�d�s� �a�n�d�(�o�r�)� �a�l�t�e�r�a�t�i�o�n�s� 

�o�f� �t�h�e� �m�u�c�o�s�a� �b�y� �t�h�e� �m�i�c�r�o�f�l�o�r�a�.� 

�T�h�e� �p�H� �o�f� �c�e�c�u�m� �a�n�d� �c�o�l�o�n� �c�o�n�t�e�n�t�s� �o�f� �p�i�g�s� �f�e�d� �l�a�c�t�o�s�e� 

�w�a�s� �5�.�6� �-� �6�.�6� �a�n�d� �5�.�7� �-� �6�.�5�,� �r�e�s�p�e�c�t�i�v�e�l�y� �(�K�i�m� �e�t� �a�l�.�,� 

�1�9�7�8�)�.� �W�a�l�k�e�r� �(�1�9�5�9�)� �r�e�p�o�r�t�e�d� �t�h�e� �p�H� �i�n� �t�h�e� �s�t�o�m�a�c�h� �o�f� �t�h�e� 

�y�o�u�n�g� �p�i�g� �t�o� �b�e� �1�.�5� �-� �5�.�6� �a�n�d� �i�n� �t�h�e� �s�m�a�l�l� �i�n�t�e�s�t�i�n�e� �5�.�3� �-� 

�7�.�0� �a�n�d� �t�h�a�t� �t�h�e�r�e� �w�a�s� �n�o� �f�r�e�e� �H�C�l� �i�n� �t�h�e� �s�t�o�m�a�c�h�.� �W�i�l�s�o�n� 

�a�n�d� �L�e�i�b�h�o�l�z� �(�1�9�8�1�)� �r�e�p�o�r�t�e�d� �p�H� �r�a�n�g�e�s� �i�n� �p�i�g�s� �g�i�v�e�n� �m�i�l�k� �o�r� 

�s�o�y� �p�r�o�t�e�i�n�s� �a�n�d� �o�b�s�e�r�v�e� �l�i�t�t�l�e� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �d�i�e�t�s�:� 

�s�t�o�m�a�c�h� �-� �m�i�l�k� �4�.�0�8� �a�n�d� �s�o�y� �4�.�1�0�;� �j�e�j�u�n�u�m� �-� �m�i�l�k� �5�.�7�3� �a�n�d� 

�s�o�y� �6�.�1�0�;� �c�e�c�u�m� �-� �m�i�l�k� �6�.�0�6� �a�n�d� �s�o�y� �5�.�8�3�;� �a�n�d� �c�o�l�o�n� �-� �m�i�l�k� 

�5�.�8�8� �a�n�d� �s�o�y� �6�.�5�5�.� 

�M�o�r�p�h�o�l�o�g�y� 

�T�h�e� �b�l�u�n�t�i�n�g� �o�f� �t�h�e� �v�i�l�l�i� �i�n� �t�h�e� �s�m�a�l�l� �i�n�t�e�s�t�i�n�e� 

�r�e�s�u�l�t�s� �i�n� �l�e�s�s� �t�i�m�e� �f�o�r� �t�h�e� �e�n�t�e�r�o�c�y�t�e�s� �t�o� �m�a�t�u�r�e� �a�n�d� 

�t�h�e�r�e�f�o�r�e� �p�o�o�r� �e�n�z�y�m�e� �s�e�c�r�e�t�i�o�n� �a�n�d� �n�u�t�r�i�e�n�t� �a�b�s�o�r�p�t�i�o�n�.� 

�M�o�r�p�h�o�l�o�g�i�c�a�l� �c�h�a�n�g�e�s� �i�n� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �v�i�l�l�i� �h�e�i�g�h�t� �a�n�d� 

�c�r�y�p�t� �d�e�p�t�h� �w�e�r�e� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �i�m�p�a�i�r�m�e�n�t� �o�f� �i�n�t�e�s�t�i�n�a�l� 

�a�b�s�o�r�p�t�i�v�e� �f�u�n�c�t�i�o�n� �(�H�a�l�l� �a�n�d� �P�a�r�s�o�n�s�,� �1�9�8�3�)�.� �A�l�s�o� �t�h�e� 

�s�u�r�f�a�c�e� �r�e�c�e�p�t�o�r�s� �o�f� �t�h�e� �e�n�t�e�r�o�c�y�t�e�s� �c�h�a�n�g�e� �a�s� �t�h�e�s�e� �c�e�l�l�s� 

�m�i�g�r�a�t�e� �t�o� �t�h�e� �v�i�l�l�o�u�s� �t�i�p� �(�E�t�z�l�e�r�,� �1�9�7�9�)�.� �T�h�i�s� �c�h�a�n�g�e� �i�n� 

�t�h�e� �s�u�r�f�a�c�e� �r�e�c�e�p�t�o�r�s� �a�l�o�n�g� �w�i�t�h� �t�h�e� �r�e�d�u�c�e�d� �v�i�l�l�o�u�s� �h�e�i�g�h�t� 

�m�a�y� �a�l�l�o�w� �E�.� �c�o�l�i� �t�o� �a�t�t�a�c�h� �t�o� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �l�i�n�i�n�g� �m�o�r�e� 

�e�f�f�i�c�i�e�n�t�l�y�.



�3�5� 

�T�h�e� �v�i�l�l�o�u�s� �h�e�i�g�h�t� �t�o� �c�r�y�p�t� �d�e�p�t�h� �r�a�t�i�o� �i�s� �d�e�p�r�e�s�s�e�d� �a�t� 

�7� �-� �8� �d�a�y�s� �p�o�s�t�w�e�a�n�i�n�g� �w�h�i�c�h� �w�a�s� �r�e�l�a�t�e�d� �t�o� �a� �d�i�e�t�a�r�y� �c�h�a�n�g�e� 

�(�K�e�n�w�o�r�t�h�y�,� �1�9�7�6�)�.� �T�h�e� �r�e�d�u�c�t�i�o�n� �i�n� �t�h�e� �s�m�a�l�l� �i�n�t�e�s�t�i�n�a�l� 

�a�b�s�o�r�p�t�i�v�e� �a�r�e�a� �a�n�d� �t�h�e� �a�p�p�e�a�r�a�n�c�e� �o�f� �a� �l�e�s�s� �m�a�t�u�r�e� 

�e�n�t�e�r�o�c�y�t�e� �p�o�p�u�l�a�t�i�o�n� �m�a�y� �p�a�r�t�i�a�l�l�y� �e�x�p�l�a�i�n� �t�h�e� �p�o�s�t�w�e�a�n�i�n�g� 

�g�r�o�w�t�h� �c�h�e�c�k� �a�n�d� �s�c�o�u�r�i�n�g� �(�H�a�m�p�s�o�n�,� �1�9�8�6�b�)�.� �T�h�e� �v�i�l�l�o�u�s� 

�h�e�i�g�h�t� �t�o� �c�r�y�p�t� �d�e�p�t�h� �r�a�t�i�o� �w�a�s� �l�o�w�e�s�t� �a�t� �d�a�y� �5� �p�o�s�t�w�e�a�n�i�n�g� 

�w�i�t�h� �r�e�c�o�v�e�r�y� �b�y� �d�a�y� �1�1� �p�o�s�t�w�e�a�i�n�g� �a�n�d� �t�h�e� �c�h�a�n�g�e�s� �i�n� �t�h�i�s� 

�r�a�t�i�o� �w�e�r�e� �n�o�t� �r�e�l�a�t�e�d� �t�o� �c�r�e�e�p�-�f�e�e�d� �c�o�n�s�u�m�p�t�i�o�n� �(�H�a�m�p�s�o�n�,� 

�1�9�8�6�b�)�.� �T�h�e� �f�e�e�d�i�n�g� �o�f� �a� �h�y�d�r�o�l�y�z�e�d� �c�a�s�e�i�n� �d�i�e�t� �r�e�s�u�l�t�e�d� �i�n� 

�l�e�s�s� �c�h�a�n�g�e� �i�n� �t�h�e� �v�i�l�l�o�u�s� �h�e�i�g�h�t� �t�o� �c�r�y�p�t� �d�e�p�t�h� �r�a�t�i�o� �t�h�a�n� 

�n�o�n�-�h�y�d�r�o�l�y�z�e�d� �c�a�s�e�i�n� �d�i�e�t� �w�h�i�c�h� �w�a�s� �h�y�p�o�t�h�e�s�i�z�e�d� �t�o� �b�e� �d�u�e� 

�t�o� �b�e�t�t�e�r� �d�i�g�e�s�t�i�b�i�l�i�t�y� �a�n�d� �l�o�w�e�r� �d�i�e�t� �a�n�t�i�g�e�n�i�c�i�t�y� 

�(�H�a�m�p�s�o�n�,� �1�9�8�6�c�)�.� �W�e�a�n�i�n�g� �c�a�u�s�e�d� �t�h�e� �r�e�d�u�c�t�i�o�n� �o�f� �v�i�l�l�o�u�s� 

�h�e�i�g�h�t� �a�n�d� �a�n� �i�n�c�r�e�a�s�e� �i�n� �c�r�y�p�t� �d�e�p�t�h� �a�n�d� �t�h�e�r�e�f�o�r�e� �a�n� �o�l�d�e�r� 

�a�n�i�m�a�l� �i�s� �m�o�r�e� �c�a�p�a�b�l�e� �o�f� �h�a�n�d�l�i�n�g� �t�h�e� �s�t�r�e�s�s� �o�f� �w�e�a�n�i�n�g� �d�u�e� 

�t�o� �t�h�e� �l�a�r�g�e�r� �i�n�t�e�s�t�i�n�a�l� �a�b�s�o�r�p�t�i�v�e� �a�r�e�a� �c�o�m�p�a�r�e�d� �w�i�t�h� �a� 

�y�o�u�n�g�e�r� �a�n�i�m�a�l� �(�M�i�l�l�e�r� �e�t� �a�l�.�,� �1�9�8�6�)�.� 

�V�i�l�l�o�u�s� �h�e�i�g�h�t� �w�a�s� �d�e�c�r�e�a�s�e�d� �b�y� �f�e�e�d�i�n�g� �s�o�y�b�e�a�n� �m�e�a�l� 

�a�n�d� �w�a�s� �d�e�c�r�e�a�s�e�d� �f�r�o�m� �d�a�y� �3� �t�o� �d�a�y� �1�2� �p�o�s�t�w�e�a�n�i�n�g� �(�D�u�n�s�f�o�r�d� 

�e�t� �a�l�.�,� �1�9�8�9�)�.� �T�h�i�s� �b�l�u�n�t�i�n�g� �o�f� �t�h�e� �v�i�l�l�i� �w�o�u�l�d� �r�e�s�u�l�t� �i�n� 

�l�e�s�s� �m�a�t�u�r�e� �e�n�t�e�r�o�c�y�t�e�s� �a�n�d� �t�h�e�r�e�f�o�r�e� �d�e�c�r�e�a�s�e� �d�i�g�e�s�t�i�v�e� 

�c�a�p�a�c�i�t�y�.� �D�u�n�s�f�o�r�d� �e�t� �a�l�.� �(�1�9�8�9�)� �a�l�s�o� �s�t�a�t�e�d� �t�h�a�t� �f�e�e�d�i�n�g� 

�c�o�r�n� �m�a�y� �l�e�s�s�e�n� �t�h�e� �d�e�t�r�i�m�e�n�t�a�l� �e�f�f�e�c�t�s� �o�f� �s�o�y�b�e�a�n� �m�e�a�l�.



�3�6� 

�R�o�t�a�v�i�r�u�s� 

�R�o�t�a�v�i�r�u�s� �d�a�m�a�g�e�s� �t�h�e� �e�p�i�t�h�e�l�i�u�m� �o�f� �t�h�e� �s�m�a�l�l� �i�n�t�e�s�t�i�n�e� 

�w�h�i�c�h� �c�h�a�n�g�e�s� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �e�n�v�i�r�o�n�m�e�n�t� �t�o� �o�n�e� �t�h�a�t� �f�a�v�o�r�s� 

�t�h�e� �c�o�l�o�n�i�z�a�t�i�o�n� �o�f� �E�.� �c�o�l�i� �b�y� �i�n�t�e�r�f�e�r�i�n�g� �w�i�t�h� �n�o�n�-�s�p�e�c�i�f�i�c� 

�i�n�t�e�s�t�i�n�a�l� �p�r�o�t�e�c�t�o�r�s� �o�r� �b�y� �a�l�t�e�r�i�n�g� �t�h�e� �b�i�n�d�i�n�g� �s�i�t�e�s� �f�o�r� 

�E�.� �c�o�l�i� �t�o� �a�d�h�e�r�e� �(�L�e�c�c�e� �e�t� �a�l�.�,� �1�9�8�2�)� �a�n�d� �i�t� �m�a�y� �d�a�m�a�g�e� �t�h�e� 

�i�n�t�e�s�t�i�n�a�l� �t�i�s�s�u�e� �w�h�i�c�h� �a�l�l�o�w�s� �E�.� �c�o�l�i� �t�o� �c�o�l�o�n�i�z�e� �(�L�e�c�c�e� �e�t� 

�a�l�.�,� �1�9�8�3�)�.� �A� �r�o�t�a�v�i�r�u�s� �i�n�f�e�c�t�i�o�n� �c�a�u�s�e�s� �a� �r�e�d�u�c�t�i�o�n� �i�n� 

�i�n�t�e�s�t�i�n�a�l� �a�b�s�o�r�p�t�i�o�n� �d�u�e� �t�o� �a�n� �i�n�c�r�e�a�s�e� �i�n� �s�t�o�m�a�c�h� 

�r�e�t�e�n�t�i�o�n� �a�n�d� �a� �d�e�c�r�e�a�s�e� �i�n� �i�n�t�e�s�t�i�n�a�l� �t�r�a�n�s�i�t� �t�i�m�e�,� �i�.�e�.� 

�i�n�c�r�e�a�s�e� �i�n� �g�u�t� �m�o�t�i�l�i�t�y�.� �T�h�i�s� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �i�n�d�i�r�e�c�t�l�y� 

�v�i�a� �t�h�e� �D�-�x�y�l�o�s�e� �a�b�s�o�r�p�t�i�o�n� �t�e�s�t� �b�y� �W�o�o�d�e� �e�t� �a�l�.� �(�1�9�7�8�)� �i�n� 

�r�o�t�a�v�i�r�u�s� �i�n�f�e�c�t�e�d� �c�a�l�v�e�s�.� 

�P�i�g�s� �a�r�e� �m�o�r�e� �s�u�s�c�e�p�t�i�b�l�e� �t�o� �a�n� �E�.� �c�o�l�i� �i�n�f�e�c�t�i�o�n� �i�f� 

�t�h�e�y� �w�e�r�e� �p�r�e�v�i�o�u�s�l�y� �i�n�f�e�c�t�e�d� �w�i�t�h� �r�o�t�a�v�i�r�u�s� �(�T�z�i�p�o�r�i� �e�t� 

�a�l�.�,� �1�9�8�0�)�.� �T�z�i�p�o�r�i� �a�n�d� �c�o�-�w�o�r�k�e�r�s� �(�1�9�8�0�)� �r�e�p�o�r�t�e�d� �t�h�a�t� 

�w�e�a�n�l�i�n�g� �p�i�g�s� �h�a�v�e� �a� �p�e�r�i�o�d� �o�f� �s�u�s�c�e�p�t�i�b�i�l�i�t�y� �t�o� �E�.� �c�o�l�i� 

�i�n�d�u�c�e�d� �s�c�o�u�r�i�n�g� �a�r�o�u�n�d� �4� �d�a�y�s� �p�o�s�t�w�e�a�n�i�n�g� �w�h�i�c�h� �l�a�s�t�e�d� �3� �t�o� 

�4� �d�a�y�s�.� �A�l�s�o�,� �t�h�e�y� �r�e�p�o�r�t�e�d� �a�n�t�i�b�o�d�y� �t�i�t�e�r�s� �t�o� �r�o�t�a�v�i�r�u�s� 

�w�e�r�e� �l�o�w�e�s�t� �a�t� �3� �-� �5� �w�e�e�k�s� �o�f� �a�g�e� �i�n� �p�i�g�s� �w�e�a�n�e�d� �a�t� �4� �w�e�e�k� 

�o�f� �a�g�e�.� �L�e�c�c�e� �e�t� �a�l�.� �(�1�9�8�2�)� �o�b�s�e�r�v�e�d� �s�c�o�u�r�i�n�g� �i�n� �w�e�a�n�l�i�n�g� 

�p�i�g�s� �p�r�e�v�i�o�u�s�l�y� �i�n�f�e�c�t�e�d� �w�i�t�h� �r�o�t�a�v�i�r�u�s� �o�c�c�u�r�r�e�d� �w�i�t�h�i�n� �3� �-� 

�5� �d�a�y�s� �p�o�s�t�w�e�a�n�i�n�g� �(�L�e�c�c�e� �e�t� �a�l�.�,� �1�9�8�2�)�.



�3�7� 

�S�c�o�u�r�i�n�g� 

�E�t�h�e�r�i�d�g�e� �a�n�d� �c�o�-�w�o�r�k�e�r�s� �(�1�9�8�4�b�)� �f�e�d� �t�h�r�e�e� �d�i�e�t�s�:� �c�o�r�n�-� 

�s�o�y�b�e�a�n� �m�e�a�l�,� �r�o�l�l�e�d� �o�a�t� �g�r�o�a�t�s�-�c�a�s�e�i�n� �o�r� �s�u�c�k�l�i�n�g�,� �t�o� 

�w�e�a�n�l�i�n�g� �p�i�g�s� �a�n�d� �o�b�s�e�r�v�e�d� �a� �l�o�w�e�r� �f�e�c�a�l� �p�H� �i�n� �s�c�o�u�r�i�n�g� �p�i�g�s� 

�w�h�i�c�h� �w�a�s� �r�e�l�a�t�e�d� �t�o� �a� �g�r�e�a�t�e�r� �b�a�c�t�e�r�i�a�l� �f�e�r�m�e�n�t�a�t�i�o�n� �w�h�i�c�h� 

�c�a�u�s�e�d� �a�n� �i�n�c�r�e�a�s�e� �i�n� �f�e�c�a�l� �o�s�m�o�l�a�r�i�t�y� �r�e�s�u�l�t�i�n�g� �i�n� �i�m�p�a�i�r�e�d� 

�w�a�t�e�r� �r�e�a�b�s�o�r�p�t�i�o�n� �i�n� �t�h�e� �c�o�l�o�n�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e�y� �b�e�l�i�e�v�e� 

�t�h�a�t� �t�h�e� �m�i�n�e�r�a�l� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �t�h�e� �s�t�a�r�t�e�r� �d�i�e�t� �i�s� �a�n� 

�i�m�p�o�r�t�a�n�t� �c�o�n�s�i�d�e�r�a�t�i�o�n� �w�h�e�n� �t�r�y�i�n�g� �t�o� �a�l�l�i�e�v�a�t�e� �t�h�e� 

�p�o�s�t�w�e�a�n�i�n�g� �s�c�o�u�r� �s�y�n�d�r�o�m�e� �b�e�c�a�u�s�e� �e�x�c�e�s�s� �m�i�n�e�r�a�l�s� �w�i�l�l� �a�d�d� 

�t�o� �t�h�e� �i�n�c�r�e�a�s�e� �i�n� �f�e�c�a�l� �o�s�m�o�l�a�r�i�t�y�.� 

�D�i�e�t� �r�e�g�i�m�e� �c�a�n� �i�n�f�l�u�e�n�c�e� �t�h�e� �e�n�t�e�r�o�e�n�v�i�r�o�n�m�e�n�t� �a�n�d� 

�t�h�e�r�f�o�r�e� �t�h�e� �s�e�v�e�r�i�t�y� �o�f� �s�c�o�u�r�s� �(�L�e�c�c�e� �e�t� �a�l�.�,� �1�9�8�3�)�.� �L�e�c�c�e� 

�a�n�d� �c�o�-�w�o�r�k�e�r�s� �(�1�9�8�3�)� �f�e�d� �a� �h�i�g�h� �s�o�l�i�d� �d�i�e�t� �3� �t�i�m�e�s� �a� �d�a�y� �o�r� 

�h�o�u�r�l�y� �a�n�d� �o�b�s�e�r�v�e�d� �s�c�o�u�r�i�n�g�,� �b�u�t� �t�h�e� �s�e�v�e�r�i�t�y� �w�a�s� �l�e�s�s� �i�n� 

�t�h�e� �p�i�g�s� �f�e�d� �h�o�u�r�l�y�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �p�i�g�s� �w�e�r�e� �f�e�d� �t�h�e� �s�a�m�e� 

�h�i�g�h� �s�o�l�i�d� �d�i�e�t� �t�h�a�t� �w�a�s� �d�i�l�u�t�e�d� �s�i�x� �f�o�l�d� �3� �t�i�m�e�s� �p�e�r� �d�a�y� 

�a�n�d� �h�o�u�r�l�y�.� �S�c�o�u�r�i�n�g� �w�a�s� �r�e�d�u�c�e�d� �w�i�t�h� �t�h�e� �h�o�u�r�l�y� �t�r�e�a�t�m�e�n�t� 

�r�e�s�u�l�t�i�n�g� �i�n� �t�h�e� �l�e�a�s�t� �a�m�o�u�n�t� �o�f� �s�c�o�u�r�i�n�g� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� 

�o�t�h�e�r� �t�h�r�e�e� �t�r�e�a�t�m�e�n�t�s�.� 

�R�i�c�h�a�r�d� �a�n�d� �F�r�a�s�e�r� �(�1�9�6�1�)� �p�r�e�v�e�n�t�e�d� �s�c�o�u�r�i�n�g� �i�n� 

�w�e�a�n�l�i�n�g� �p�i�g�s� �b�y� �a� �g�r�a�d�u�a�l� �c�h�a�n�g�e� �f�r�o�m� �a� �l�o�w� �n�u�t�r�i�e�n�t� �d�e�n�s�e� 

�d�i�e�t� �t�o� �a� �h�i�g�h� �n�u�t�r�i�e�n�t� �d�e�n�s�e� �d�i�e�t�.� �P�a�l�m�e�r� �a�n�d� �H�u�l�l�a�n�d� 

�(�1�9�6�5�)� �a�l�s�o� �r�e�p�o�r�t�e�d� �t�h�a�t� �t�h�e� �i�n�c�i�d�e�n�c�e� �o�f� �p�o�s�t�w�e�a�n�i�n�g� 

�s�c�o�u�r�i�n�g� �c�o�u�l�d� �b�e� �r�e�d�u�c�e�d� �b�y� �r�e�s�t�r�i�c�t�i�n�g� �f�e�e�d� �i�n�t�a�k�e� �a�f�t�e�r
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�w�e�a�n�i�n�g�.� �S�c�o�u�r�i�n�g� �i�s� �r�e�l�a�t�e�d� �t�o� �t�h�e� �h�i�g�h� �n�u�t�r�i�e�n�t� �i�n�t�a�k�e� 

�t�h�e� �f�i�r�s�t� �w�e�e�k� �a�f�t�e�r� �w�e�a�n�i�n�g� �a�n�d� �t�h�a�t� �a�b�r�u�p�t�l�y� �w�e�a�n�e�d� �p�i�g�s� 

�d�i�d� �n�o�t� �s�c�o�u�r� �d�u�e� �t�o� �t�h�e�i�r� �r�e�d�u�c�e�d� �f�e�e�d� �i�n�t�a�k�e� �p�o�s�t�w�e�a�n�i�n�g� 

�(�H�a�m�p�s�o�n�,� �1�9�8�6�a�)�.� 

�I�m�m�u�n�e� �R�e�s�p�o�n�s�e� 

�T�h�e� �a�n�t�i�b�o�d�y� �I�g�A� �i�s� �a�b�l�e� �t�o� �l�i�m�i�t� �i�n�t�e�s�t�i�n�a�l� �u�p�t�a�k�e� �o�f� 

�m�a�c�r�o�m�o�l�e�c�u�l�e�s� �a�n�d� �o�t�h�e�r� �n�o�n�-�r�e�p�l�i�c�a�t�i�n�g� �a�n�t�i�g�e�n�s� �f�r�o�m� �t�h�e� 

�i�n�t�e�s�t�i�n�a�l� �l�u�m�e�n� �a�n�d� �t�h�e�r�e�f�o�r�e� �p�r�e�v�e�n�t� �d�i�r�e�c�t� �o�r� �i�n�d�i�r�e�c�t� 

�i�m�m�u�n�o�l�o�g�i�c�a�l�l�y� �m�e�d�i�a�t�e�d� �t�i�s�s�u�e� �d�a�m�a�g�e� �(�O�g�r�a�,� �1�9�7�6�)�.� �T�h�i�s� 

�i�s� �i�m�p�o�r�t�a�n�t� �b�e�c�a�u�s�e� �i�n�g�e�s�t�e�d� �a�n�t�i�g�e�n�s� �c�a�n� �r�e�s�u�l�t� �i�n� �a� �l�o�c�a�l� 

�a�n�d� �s�y�s�t�e�m�i�c� �i�m�m�u�n�e� �r�e�s�p�o�n�s�e� �(�B�e�l�l�a�m�y� �a�n�d� �N�i�e�l�s�e�n�,� �1�9�7�4�)�.� 

�T�h�i�s� �a�n�t�i�b�o�d�y� �m�a�y� �b�e� �a�b�l�e� �t�o� �p�r�e�v�e�n�t� �t�h�e� �u�p�t�a�k�e� �o�f� �t�h�e� 

�l�i�p�o�p�o�l�y�s�a�c�c�h�a�r�i�d�e� �m�e�m�b�r�a�n�e� �o�f� �E�.� �c�o�l�i� �a�n�d� �p�r�e�v�e�n�t� �t�h�e� 

�i�m�m�u�n�e� �r�e�s�p�o�n�s�e� �b�y� �f�o�r�m�i�n�g� �a�n� �a�n�t�i�b�o�d�y�-�a�n�t�i�g�e�n� �c�o�m�p�l�e�x� �t�h�a�t� 

�p�r�e�v�e�n�t�s� �t�h�e� �a�b�s�o�p�r�t�i�o�n� �o�f� �t�h�i�s� �a�n�t�i�g�e�n� �(�A�n�d�r�e� �e�t� �a�l�.�,� 

�1�9�7�4�)�.� �W�e�a�n�l�i�n�g� �p�i�g�s� �c�a�n� �b�e�c�o�m�e� �h�y�p�e�r�s�e�n�s�i�t�i�v�e� �t�o� �t�h�e� 

�l�i�p�o�p�o�l�y�s�a�c�c�h�a�r�i�d�e� �m�e�m�b�r�a�n�e� �b�y� �a�b�s�o�r�b�i�n�g� �s�m�a�l�l� �a�m�o�u�n�t�s� �o�f� 

�t�h�i�s� �c�o�m�p�o�u�n�d� �w�h�i�c�h� �c�a�n� �r�e�s�u�l�t� �i�n�a� �l�o�c�a�l�i�z�e�d� �i�m�m�u�n�e� 

�r�e�s�p�o�n�s�e�,� �e�d�e�m�a� �a�n�d� �h�e�m�o�r�r�h�a�g�i�c� �g�a�s�t�r�o�-�e�n�t�e�r�i�t�i�s� �(�B�u�x�t�o�n� �a�n�d� 

�T�h�o�m�l�i�n�s�o�n�,� �1�9�6�1�;� �T�h�o�m�l�i�n�s�o�n�,� �1�9�6�3�)�.� 

�T�h�e� �i�m�m�u�n�e� �r�e�s�p�o�n�s�e� �b�e�c�o�m�e�s� �t�o�l�e�r�a�n�t� �t�o� �a�n�t�i�g�e�n�s� �t�h�a�t� 

�a�r�e� �c�o�n�s�t�a�n�t�l�y� �p�r�e�s�e�n�t�e�d�,� �h�o�w�e�v�e�r� �b�e�f�o�r�e� �t�o�l�e�r�a�n�c�e� �i�s� 

�a�c�h�i�e�v�e�d�,� �a� �t�r�a�n�s�i�t�o�r�y� �d�e�l�a�y�e�d� �h�y�p�e�r�s�e�n�s�i�t�i�v�i�t�y� �i�s� �o�b�s�e�r�v�e�d� 

�(�S�t�o�k�e�s� �e�t� �a�l�.�,� �1�9�8�3�)�.� �A�t� �w�e�a�n�i�n�g� �t�h�e� �p�i�g� �h�a�s� �t�h�e� �g�r�e�a�t�e�s�t
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�s�u�s�c�e�p�t�i�b�i�l�i�t�y� �t�o� �t�h�e� �a�d�v�e�r�s�e� �e�f�f�e�c�t�s� �o�f� �c�e�l�l�-�m�e�d�i�a�t�e�d� �a�n�d� 

�h�u�m�o�r�a�l� �i�m�m�u�n�e� �r�e�s�p�o�n�s�e�s�,� �a�n�d� �i�f� �t�h�e� �p�i�g� �d�o�e�s� �n�o�t� �r�e�a�d�i�l�y� 

�d�e�v�e�l�o�p� �t�o�l�e�r�a�n�c�e� �t�o� �d�i�e�t�a�r�y� �a�n�t�i�g�e�n�s�,� �p�r�o�f�o�u�n�d� �a�n�d� �l�o�n�g� 

�t�e�r�m� �e�f�f�e�c�t�s� �o�n� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t� �m�a�y� �o�c�c�u�r� �d�u�e� �t�o� �t�h�i�s� 

�h�y�p�e�r�s�e�n�s�i�t�i�v�i�t�y� �(�S�t�o�k�e�s� �e�t� �a�l�.�,� �1�9�8�3�)�.� �M�i�l�l�e�r� �a�n�d� �c�o�-� 

�w�o�r�k�e�r�s� �(�1�9�8�4�a�)� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �a� �m�i�s�d�i�r�e�c�t�e�d� �i�m�m�u�n�e� �r�e�s�p�o�n�s�e� 

�m�a�y� �b�e� �t�h�e� �u�n�d�e�r�l�y�i�n�g� �c�a�u�s�e� �o�f� �t�h�e� �p�o�s�t�w�e�a�n�i�n�g� �l�a�g� �a�n�d� �t�h�a�t� 

�t�h�e� �c�o�n�s�u�m�p�t�i�o�n� �o�f� �4�0�0� �g�r�a�m�s� �o�f� �c�r�e�e�p�-�f�e�e�d� �i�s� �n�e�e�d�e�d� �t�o� 

�p�r�e�v�e�n�t� �t�h�i�s� �d�i�e�t�a�r�y� �i�m�m�u�n�e� �r�e�s�p�o�n�s�e�.� 

�M�i�l�l�e�r� �a�n�d� �c�o�-�w�o�r�k�e�r�s� �(�1�9�8�4�b�)� �p�o�s�t�u�l�a�t�e�d� �t�h�a�t� �a� 

�t�r�a�n�s�i�e�n�t� �d�i�e�t�a�r�y� �h�y�p�e�r�s�e�n�s�i�t�i�v�i�t�y� �i�s� �r�e�p�o�n�s�i�b�l�e� �f�o�r� �t�h�e� 

�p�o�s�t�w�e�a�n�i�n�g� �s�c�o�u�r�i�n�g�.� �T�h�e�s�e� �r�e�s�e�a�r�c�h�e�r�s� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �t�h�e� 

�i�n�g�e�s�t�i�o�n� �o�f� �s�u�f�f�i�c�i�e�n�t� �q�u�a�n�t�i�t�i�e�s� �o�f� �c�r�e�e�p�-�f�e�e�d� �w�o�u�l�d� 

�p�r�e�v�e�n�t� �t�h�e� �p�o�s�t�w�e�a�n�i�n�g� �s�c�o�u�r�i�n�g� �c�a�u�s�e�d� �b�y� �t�h�i�s� �i�m�m�u�n�e� 

�r�e�s�p�o�n�s�e� �b�e�c�a�u�s�e� �t�h�e� �p�i�g� �w�o�u�l�d� �b�e�  ��t�o�l�e�r�i�z�e�d �� �t�o� �t�h�e� �d�i�e�t�a�r�y� 

�a�n�t�i�g�e�n�s� �a�n�d� �w�o�u�l�d� �n�o�t� �i�l�l�i�c�i�t� �a�n� �i�m�m�u�n�e� �r�e�s�p�o�n�s�e� �t�h�a�t� �w�o�u�l�d� 

�r�e�s�u�l�t� �i�n� �i�n�t�e�s�t�i�n�a�l� �d�a�m�a�g�e�.� �N�e�w�b�y� �a�n�d� �c�o�-�w�o�r�k�e�r�s� �(�1�9�8�3�)� 

�o�b�s�e�r�v�e�d� �s�l�i�g�h�t� �s�c�o�u�r�i�n�g� �i�n� �a�b�r�u�p�t�l�y� �w�e�a�n�e�d� �p�i�g�s�,� �n�o� 

�s�c�o�u�r�i�n�g� �i�n� �c�r�e�e�p�-�f�e�d� �p�i�g�s� �b�u�t� �s�e�v�e�r�e� �s�c�o�u�r�i�n�g� �i�n� �p�i�g�s� �g�i�v�e�n� 

�l�i�t�t�l�e� �c�r�e�e�p�-�f�e�e�d� �(�p�r�i�m�e�d�)�,� �t�h�e�r�e�b�y� �g�i�v�i�n�g� �s�u�p�p�o�r�t� �t�o� �t�h�e� 

�h�y�p�e�r�s�e�n�s�i�t�i�v�i�t�y� �t�h�e�o�r�y�.� �H�o�w�e�v�e�r�,� �R�i�s�l�e�y� �e�t� �a�l�.� �(�1�9�8�8�)� �a�n�d� 

�B�a�r�n�e�t�t� �e�t� �a�l�.� �(�1�9�8�9�)� �w�e�r�e� �u�n�a�b�l�e� �t�o� �s�u�b�s�t�a�n�t�i�a�t�e� �t�h�i�s� 

�d�i�e�t�a�r�y� �h�y�p�e�r�s�e�n�s�i�t�i�v�i�t�y� �t�h�e�o�r�y�.� �R�i�s�l�e�y� �e�t� �a�l�.� �(�1�9�8�8�)� 

�o�b�s�e�r�v�e�d� �a� �d�e�c�r�e�a�s�e� �i�n� �x�y�l�o�s�e� �a�n�d� �a�n� �i�n�c�r�e�a�s�e� �i�n� �o�v�a�l�b�u�m�i�n� 

�a�b�s�o�r�p�t�i�o�n� �t�h�e� �f�i�r�s�t� �w�e�e�k� �p�o�s�t�w�e�a�n�i�n�g� �i�n�d�i�c�a�t�i�n�g� �i�n�t�e�s�t�i�n�a�l
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�d�a�m�a�g�e�,� �b�u�t� �n�o� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �a�b�s�o�r�p�t�i�o�n� �b�e�t�w�e�e�n� �c�r�e�e�p� �f�e�d� 

�o�r� �n�o�n�-�c�r�e�e�p� �f�e�d� �p�i�g�s�.� �B�a�r�n�e�t�t� �e�t� �a�l�.� �(�1�9�8�9�)� �w�a�s� �u�n�a�b�l�e� �t�o� 

�d�e�t�e�c�t� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �s�y�s�t�e�m�i�c� �p�r�o�d�u�c�t�i�o�n� �o�f� �a�n�t�i�b�o�d�i�e�s� 

�t�o� �a� �d�i�e�t�a�r�y� �a�n�t�i�g�e�n� �(�o�v�a�l�b�u�m�i�n�)� �b�e�t�w�e�e�n� �c�r�e�e�p� �f�e�d� �a�n�d� �n�o�n�-� 

�c�r�e�e�p� �f�e�d� �p�i�g�s�.� 

�A� �d�e�l�a�y�e�d� �h�y�p�e�r�s�e�n�s�i�t�i�v�i�t�y� �i�n� �t�h�e� �i�n�t�e�s�t�i�n�e� �t�o� �d�i�e�t�a�r�y� 

�a�n�d� �b�a�c�t�e�r�i�a�l� �a�n�t�i�g�e�n�s� �m�a�y� �c�a�u�s�e� �i�n�t�e�s�t�i�n�a�l� �d�a�m�a�g�e� �(�N�e�w�b�y� �e�t� 

�a�l�.�,� �1�9�8�0�)�.� �A�t� �a� �h�i�g�h� �i�n�t�e�s�t�i�n�a�l� �p�H�,� �i�n�t�e�s�t�i�n�a�l� 

�a�d�m�i�n�i�s�t�r�a�t�i�o�n� �o�f� �a�n�t�i�g�e�n�s� �m�a�y� �r�e�s�u�l�t� �i�n� �a� �s�y�s�t�e�m�i�c� �c�e�l�l�u�l�a�r� 

�i�m�m�u�n�e� �r�e�a�c�t�i�o�n� �(�P�e�r�i�o�t�t�o� �e�t� �a�l�.�,� �1�9�7�4�)�.� �S�e�n�s�i�t�i�v�i�t�y� �t�o�a� 

�f�o�o�d� �a�n�t�i�g�e�n� �r�e�s�u�l�t�s� �i�n� �a� �h�y�p�e�r�s�e�n�s�i�t�i�v�i�t�y� �r�e�a�c�t�i�o�n� �t�h�a�t� 

�c�a�u�s�e�s� �i�n�t�e�s�t�i�n�a�l� �i�n�f�l�a�m�m�a�t�i�o�n� �a�n�d� �i�n�c�r�e�a�s�e�s� �i�n� �t�h�e� 

�a�b�s�o�p�r�t�i�o�n� �o�f� �o�t�h�e�r� �d�i�e�t�a�r�y� �a�n�t�i�g�e�n�s� �w�h�i�c�h� �i�s� �a�g�g�r�a�v�a�t�e�d� �b�y� 

�a� �d�e�f�i�c�i�e�n�c�y� �i�n� �I�g�A� �(�T�h�o�m�a�s� �e�t� �a�l�.�,� �1�9�7�3�)�.� �E�a�c�h� �o�f� �t�h�e�s�e� 

�f�a�c�t�o�r�s�,� �h�i�g�h� �i�n�t�e�s�t�i�n�a�l� �p�H�,� �d�i�e�t�a�r�y� �h�y�p�e�r�s�e�n�s�i�t�i�v�i�t�y� �a�n�d� �a� 

�d�e�f�i�c�i�e�n�c�y� �i�n� �I�g�A�,� �c�a�n� �o�c�c�u�r� �i�n� �t�h�e� �e�a�r�l�y� �w�e�a�n�e�d� �p�i�g� �a�n�d� 

�t�h�e�r�e�b�y� �c�a�u�s�e� �t�h�e� �p�o�s�t�w�e�a�n�i�n�g� �l�a�g�.� 

�A� �l�o�c�a�l�i�z�e�d� �c�e�l�l�-�m�e�d�i�a�t�e�d� �i�m�m�u�n�e� �r�e�a�c�t�i�o�n� �i�n� �t�h�e� 

�i�n�t�e�s�t�i�n�e� �m�a�y� �c�a�u�s�e� �v�i�l�l�o�u�s� �a�t�r�o�p�h�y� �a�n�d� �c�r�y�p�t� �h�y�p�e�r�p�l�a�s�i�a� 

�w�h�i�c�h� �w�o�u�l�d� �r�e�s�u�l�t� �i�n� �m�a�l�a�b�s�o�r�p�t�i�o�n� �(�M�a�c�D�o�n�a�l�d� �a�n�d� �F�e�r�g�u�s�o�n�,� 

�1�9�7�6�)�.� �T�h�i�s� �r�e�a�c�t�i�o�n� �i�s� �o�b�s�e�r�v�e�d� �w�h�e�n� �p�i�g�s� �b�e�c�o�m�e� 

�h�y�p�e�r�s�e�n�s�i�t�i�v�e� �t�o� �E�.� �c�o�l�i�,� �w�h�i�c�h� �c�a�u�s�e�s� �a� �l�o�c�a�l� �i�n�t�e�s�t�i�n�a�l� 

�i�n�f�l�a�m�m�a�t�i�o�n� �t�h�a�t� �c�a�u�s�e�s� �a�l�t�e�r�a�t�i�o�n�s� �i�n� �t�h�e� �m�u�c�o�s�a�l� �b�a�r�r�i�e�r�,� 

�a�n�d� �i�n�c�r�e�a�s�e�s� �i�n� �t�h�e� �u�p�t�a�k�e� �o�f� �m�a�c�r�o�m�o�l�e�c�u�l�e�s� �f�r�o�m� �t�h�e� 

�i�n�t�e�s�t�i�n�a�l� �l�u�m�e�n� �(�W�a�l�k�e�r� �a�n�d� �I�s�s�e�l�b�a�c�h�e�r�,� �1�9�7�4�)�.� �T�h�i�s



�4�1� 

�i�m�m�u�n�e� �r�e�s�p�o�n�s�e� �r�e�s�u�l�t�s� �i�n� �a� �l�o�c�a�l�i�z�e�d� �i�n�f�l�a�m�a�t�i�o�n� �a�n�d� 

�d�a�m�a�g�e� �t�o� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �l�i�n�i�n�g� �(�T�h�o�m�l�i�n�s�o�n� �a�n�d� �B�u�x�t�o�n�,� 

�1�9�6�2�)�.� �T�h�e� �a�b�s�o�r�p�t�i�o�n� �o�f� �m�a�c�r�o�m�o�l�e�c�u�l�e�s� �a�c�r�o�s�s� �t�h�e� 

�i�n�t�e�s�t�i�n�a�l� �l�i�n�i�n�g� �i�s� �n�u�t�r�i�t�i�o�n�a�l�l�y� �i�n�s�i�g�n�i�f�i�c�a�n�t� �b�u�t� �a�r�e� 

�i�m�p�o�r�t�a�n�t� �i�m�m�u�n�o�l�o�g�i�c�a�l�l�y� �(�S�w�a�r�b�r�i�c�k� �e�t� �a�l�.�,� �1�9�7�9�)�.� 

�K�i�l�s�h�a�w� �a�n�d� �S�l�a�d�e� �(�1�9�8�0�)� �r�e�p�o�r�t�e�d� �t�h�a�t� �i�n� �t�h�e� 

�p�r�e�r�u�m�i�n�a�n�t� �c�a�l�f�,� �t�h�e� �a�b�s�o�r�p�t�i�o�n� �o�f� �a�b�n�o�r�m�a�l�l�y� �l�a�r�g�e� 

�q�u�a�n�t�i�t�i�e�s� �o�f� �f�o�o�d� �a�n�t�i�g�e�n�s� �a�n�d�(�o�r�)� �b�a�c�t�e�r�i�a�l� �p�r�o�d�u�c�t�s� 

�d�u�r�i�n�g� �a� �h�y�p�e�r�s�e�n�s�i�t�i�v�i�t�y� �r�e�a�c�t�i�o�n� �i�n� �t�h�e� �g�u�t� �m�i�g�h�t� 

�p�e�r�p�e�t�u�a�t�e� �t�h�e� �h�y�p�e�r�s�e�n�s�i�t�i�v�i�t�y� �r�e�a�c�t�i�o�n� �a�n�d� �i�n�i�t�i�a�t�e� 

�s�e�c�o�n�d�a�r�y� �p�a�t�h�o�g�e�n�i�c� �r�e�a�c�t�i�o�n�s�.� �K�i�l�s�h�a�w� �a�n�d� �S�i�s�s�o�n�s� �(�1�9�7�9�)� 

�o�b�s�e�r�v�e�d� �t�h�a�t� �t�h�e� �s�o�y�a� �p�r�o�t�e�i�n�s� �g�l�y�c�i�n�i�n� �a�n�d� �f�S�-�c�o�n�g�l�y�c�i�n�i�n� 

�w�e�r�e� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �d�i�g�e�s�t�i�v�e� 

�d�i�s�t�u�r�b�a�n�c�e�s� �a�n�d� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �o�f� �s�e�r�u�m� �a�n�t�i�b�o�d�i�e�s� �i�n� �t�h�e� 

�p�r�e�r�u�m�i�n�a�n�t� �c�a�l�f�.� �T�h�e�y� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �t�h�e� �s�u�i�t�a�b�i�l�i�t�y� �o�f� 

�s�o�y�a�b�e�a�n� �p�r�o�d�u�c�t�s� �f�o�r� �n�u�t�r�i�t�i�o�n� �c�o�u�l�d� �b�e� �a�s�s�e�s�s�e�d� �b�y� 

�i�m�m�u�n�o�l�o�g�i�c�a�l� �m�e�t�h�o�d�s�.� 

�S�u�m�m�a�r�y� 

�T�h�e� �w�e�a�n�l�i�n�g� �p�i�g� �i�s� �f�a�c�e�d� �w�i�t�h� �m�a�n�y� �c�h�a�l�l�e�n�g�e�s� �a�t� �t�h�e� 

�t�i�m�e� �o�f� �w�e�a�n�i�n�g�,� �w�h�i�c�h� �i�n�c�l�u�d�e� �a� �n�e�w� �e�n�v�i�r�o�m�e�n�t�,� �a� �d�i�f�f�e�r�e�n�t� 

�d�i�e�t� �a�n�d� �t�h�e� �m�i�x�i�n�g� �w�i�t�h� �o�t�h�e�r� �p�i�g�s�.� �T�h�e�s�e� �c�h�a�n�g�e�s� �u�s�u�a�l�l�y� 

�r�e�s�u�l�t� �i�n� �a� �p�o�s�t�w�e�a�n�i�n�g� �l�a�g� �i�n� �g�r�o�w�t�h� �a�n�d� �s�c�o�u�r�i�n�g�.� �T�h�e� 

�t�r�a�d�i�t�i�o�n�a�l� �p�r�a�c�t�i�c�e� �o�f� �f�e�e�d�i�n�g� �a�n�t�i�b�i�o�t�i�c�s� �t�o� �w�e�a�n�l�i�n�g� �p�i�g�s� 

�t�o� �a�l�l�e�v�i�a�t�e� �t�h�i�s� �l�a�g� �p�h�a�s�e� �w�i�l�l� �p�r�o�b�a�b�l�y� �b�e� �p�r�o�h�i�b�i�t�e�d� �o�r
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�r�e�s�t�r�i�c�t�e�d� �i�n� �t�h�e� �n�e�a�r� �f�u�t�u�r�e�.� �T�h�e�r�e�f�o�r�e�,� �a� �n�e�e�d� �e�x�i�s�t�s� �t�o� 

�d�i�s�c�o�v�e�r� �a�l�t�e�r�n�a�t�i�v�e�s� �t�o� �t�h�e� �f�e�e�d�i�n�g� �o�f� �a�n�t�i�b�i�o�t�i�c�.� �O�n�e� 

�p�o�s�s�i�b�l�e� �a�l�t�e�r�n�a�t�i�v�e� �i�s� �t�h�e� �i�n�c�o�r�p�o�r�a�t�i�o�n� �o�f� �o�r�g�a�n�i�c� �a�c�i�d�s� 

�i�n�t�o� �t�h�e� �w�e�a�n�l�i�n�g� �d�i�e�t�.� 

�O�r�g�a�n�i�c� �a�c�i�d�s� �s�e�e�m� �t�o� �h�a�v�e� �t�h�e� �p�o�t�e�n�t�i�a�l� �t�o� �r�e�p�l�a�c�e� 

�a�n�t�i�b�i�o�t�i�c�s� �i�n� �s�t�a�r�t�e�r� �d�i�e�t�s� �b�e�c�a�u�s�e� �t�h�e�y� �h�a�v�e� �b�e�e�n� �r�e�p�o�r�t�e�d� 

�t�o� �i�m�p�r�o�v�e� �t�h�e� �g�r�o�w�t�h� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �w�e�a�n�l�i�n�g� �p�i�g�s�.� �T�h�i�s� 

�g�r�o�w�t�h� �i�m�p�r�o�v�e�m�e�n�t� �i�s� �b�e�l�i�e�v�e�d� �t�o� �b�e� �r�e�l�a�t�e�d� �t�o� �t�h�e� �a�b�i�l�i�t�y� 

�o�f� �o�r�g�a�n�i�c� �a�c�i�d�s� �t�o� �r�e�d�u�c�e� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �p�H� �a�n�d� �t�h�e�r�e�f�o�r�e� 

�p�r�e�v�e�n�t� �t�h�e� �p�r�o�l�i�f�e�r�a�t�i�o�n� �o�f� �e�n�t�e�r�i�c� �c�o�l�i�f�o�r�m�s�.� �H�o�w�e�v�e�r�,� 

�t�h�i�s� �h�y�p�o�t�h�e�s�i�s� �h�a�s� �n�o�t� �b�e�e�n� �s�u�b�s�t�a�n�t�i�a�t�e�d� �b�y� �t�h�e� 

�l�i�t�e�r�a�t�u�r�e�.� �B�e�f�o�r�e� �t�h�e� �f�u�l�l� �g�r�o�w�t�h�-�i�m�p�r�o�v�i�n�g� �p�o�t�e�n�t�i�a�l� �o�f� 

�o�r�g�a�n�i�c� �a�c�i�d�s� �c�a�n� �b�e� �r�e�a�l�i�z�e�d�,� �a� �b�e�t�t�e�r� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �t�h�e� 

�m�o�d�e� �o�f� �a�c�t�i�o�n� �o�f� �o�r�g�a�n�i�c� �a�c�i�d�s� �i�s� �n�e�c�e�s�s�a�r�y�.� 

�T�h�e� �c�a�u�s�e�s� �o�f� �p�o�s�t�w�e�a�n�i�n�g� �l�a�g� �i�n� �p�i�g�s� �p�r�e�s�e�n�t� �a� �c�o�m�p�l�e�x� 

�a�n� �i�n�t�e�r�r�e�l�a�t�e�d� �p�r�o�b�l�e�m� �t�h�a�t� �f�a�c�e�s� �t�h�e� �s�w�i�n�e� �i�n�d�u�s�t�r�y� �t�o�d�a�y�.� 

�N�o� �o�n�e� �m�a�n�a�g�e�m�e�n�t� �p�r�a�c�t�i�c�e� �w�i�l�l� �b�e� �a�b�l�e� �t�o� �a�l�l�i�e�v�a�t�e� �t�h�i�s� 

�p�r�o�b�l�e�m�.� �H�o�w�e�v�e�r�,� �w�i�t�h� �b�e�t�t�e�r� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �t�h�e� �c�h�a�n�g�e�s� 

�t�h�a�t� �o�c�c�u�r� �i�n� �t�h�e� �w�e�a�n�l�i�n�g� �p�i�g�,� �a� �g�r�o�u�p� �o�f� �p�r�a�c�t�i�c�e�s�,� �w�h�i�c�h� 

�i�n�c�l�u�d�e�s� �t�h�e� �f�e�e�d�i�n�g� �o�f� �o�r�g�a�n�i�c� �a�c�i�d�s�,� �m�a�y� �b�e� �d�e�v�e�l�o�p�e�d� �t�h�a�t� 

�w�i�l�l� �o�v�e�r�c�o�m�e� �t�h�e� �p�o�s�t�w�e�a�n�i�n�g� �l�a�g�.
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�C�H�A�P�T�E�R� �I�I�I� 

�O�B�J�E�C�T�I�V�E�S� 

�T�h�e� �p�u�r�p�o�s�e� �o�f� �t�h�i�s� �r�e�s�e�a�r�c�h� �p�r�o�j�e�c�t� �w�a�s� �t�o� �i�n�v�e�s�t�i�g�a�t�e� 

�t�h�e� �i�n�f�l�u�e�n�c�e� �o�f� �f�e�e�d�i�n�g� �o�r�g�a�n�i�c� �a�c�i�d�s� �o�n� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �p�H�,� 

�c�h�l�o�r�i�d�e� �i�o�n� �c�o�n�c�e�n�t�r�a�t�i�o�n�,� �v�o�l�a�t�i�l�e� �f�a�t�t�y� �a�c�i�d� �p�r�o�f�i�l�e� �a�n�d� 

�m�i�c�r�o�f�l�o�r�a� �p�o�p�u�l�a�t�i�o�n� �i�n� �w�e�a�n�l�i�n�g� �p�i�g�s�.� �T�h�e�s�e� �m�e�a�s�u�r�e�m�e�n�t�s� 

�w�e�r�e� �c�h�o�s�e�n� �b�e�c�a�u�s�e� �o�f� �t�h�e�i�r� �h�y�p�o�t�h�e�s�i�z�e�d� �r�e�l�a�t�i�o�n�s�h�i�p� �t�o� �a� 

�p�o�s�s�i�b�l�e� �m�e�c�h�a�n�i�s�m� �o�f� �a�c�t�i�o�n� �f�o�r� �o�r�g�a�n�i�c� �a�c�i�d�s�.� �T�h�e� 

�s�p�e�c�i�f�i�c� �o�b�j�e�c�t�i�v�e�s� �f�o�r� �e�a�c�h� �o�f� �t�h�e� �s�t�u�d�i�e�s� �w�e�r�e� �t�h�e� 

�f�o�l�l�o�w�i�n�g�:� 

�S�t�u�d�y� �1� �-� �G�r�o�w�t�h� �P�e�r�f�o�r�m�a�n�c�e� 

�a�)� �t�o� �i�n�v�e�s�t�i�g�a�t�e� �t�h�e� �i�m�p�r�o�v�e�m�e�n�t� �i�n� �g�r�o�w�t�h� �p�e�r�f�o�r�m�a�n�c�e� 

�(�A�D�G�,� �A�D�F�I� �a�n�d� �F�:�G�)� �i�n� �w�e�a�n�l�i�n�g� �p�i�g�s� �f�e�d� �d�i�e�t�s� �s�u�p�p�l�e�m�e�n�t�e�d� 

�w�i�t�h� �1�.�5�%� �f�u�m�a�r�i�c� �o�r� �c�i�t�r�i�c� �a�c�i�d�.� 

�b�)� �t�o� �i�n�v�e�s�t�i�g�a�t�e� �t�h�e� �e�f�f�e�c�t�s� �o�f� �t�h�e�s�e� �d�i�e�t�s� �o�n� 

�i�n�t�e�s�t�i�n�a�l� �p�H�,� �c�h�l�o�r�i�d�e� �i�o�n� �c�o�n�c�e�n�t�r�a�t�i�o�n� �a�n�d� �V�F�A� �p�r�o�f�i�l�e�.� 

�S�t�u�d�y� �2� �-� �M�i�c�r�o�b�i�a�l�/�O�r�g�a�n�i�c� �A�c�i�d� 

�a�)� �t�o� �i�n�v�e�s�t�i�g�a�t�e� �t�h�e� �g�r�o�w�t�h� �p�r�o�m�o�t�i�n�g� �e�f�f�e�c�t�s� �o�f� 

�s�t�a�r�t�e�r� �d�i�e�t�s� �c�o�n�t�a�i�n�i�n�g� �1�.�5�%� �f�u�m�a�r�i�c� �o�r� �c�i�t�r�i�c� �a�c�i�d� �w�i�t�h� 

�a�n�d� �w�i�t�h�o�u�t� �a� �m�i�c�r�o�b�i�a�l� �p�r�o�d�u�c�t� �(�L�a�c�t�o�b�a�c�i�l�l�u�s� �a�c�i�d�o�p�h�i�l�u�s�)�.� 

�4�4



�4�5� 

�S�t�u�d�y� �3� �-� �S�e�r�i�a�l� �S�l�a�u�g�h�t�e�r� 

�a�)� �t�o� �i�n�v�e�s�t�i�g�a�t�e� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �m�i�c�r�o�f�l�o�r�a� �p�o�p�u�l�a�t�i�o�n� 

�(�t�o�t�a�l� �a�n�a�e�r�o�b�e�s�,� �l�a�c�t�o�b�a�c�i�l�l�u�s�,� �c�l�o�s�t�r�i�d�i�a� �a�n�d� �E�.� �c�o�l�i�)� �a�s� 

�i�n�f�l�u�e�n�c�e�d� �b�y� �t�h�e� �d�a�y� �o�f� �s�a�m�p�l�i�n�g� �(�-�2�,� �0�,� �3�,� �7�,� �1�4� �a�n�d� �2�1� 

�d�a�y�s� �p�o�s�t�w�e�a�n�i�n�g�)� �a�n�d�(�o�r�)� �b�y� �t�h�e� �f�e�e�d�i�n�g� �o�f� �t�h�e� �o�r�g�a�n�i�c� 

�a�c�i�d�s�,� �f�u�m�a�r�i�c� �o�r� �c�i�t�r�i�c� �t�o� �w�e�a�n�l�i�n�g� �p�i�g�s�.� 

�b�)� �t�o� �i�n�v�e�s�t�i�g�a�t�e� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �p�H�,� �c�h�l�o�r�i�d�e� �i�o�n� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �a�n�d� �V�F�A� �p�r�o�f�i�l�e� �a�s� �i�n�f�l�u�e�n�c�e�d� �b�y� �t�h�e� �d�a�y� �o�f� 

�s�a�m�p�l�i�n�g� �(�-�2�,� �0�,� �3�,� �7�,� �1�4� �a�n�d� �2�1� �d�a�y�s� �p�o�s�t�w�e�a�n�i�n�g�)� �a�n�d�(�o�r�)� 

�b�y� �t�h�e� �f�e�e�d�i�n�g� �o�f� �t�h�e� �o�r�g�a�n�i�c� �a�c�i�d�s�,� �f�u�m�a�r�i�c� �o�r� �c�i�t�r�i�c� �t�o� 

�w�e�a�n�l�i�n�g� �p�i�g�s�.� 

�S�t�u�d�y� �4� �-� �E�s�c�h�e�r�i�c�h�i�a� �c�o�l�i� �C�h�a�l�l�e�n�g�e� 

�a�)� �t�o� �i�n�v�e�s�t�i�g�a�t�e� �t�h�e� �e�f�f�e�c�t� �o�f� �f�e�e�d�i�n�g� �w�e�a�n�l�i�n�g� �p�i�g�s� �a� 

�d�i�e�t� �c�o�n�t�a�i�n�i�n�g� �1�.�5�%� �f�u�m�a�r�i�c� �o�r� �c�i�t�r�i�c� �a�c�i�d� �o�n� �i�n�t�e�s�t�i�n�a�l� 

�p�H�,� �c�h�l�o�r�i�d�e� �i�o�n� �c�o�n�c�e�n�t�r�a�t�i�o�n�,� �V�F�A� �p�r�o�f�i�l�e� �a�n�d� �t�h�e� 

�i�n�c�i�d�e�n�c�e� �o�f� �s�c�o�u�r�i�n�g� �w�h�e�n� �o�r�a�l�l�y� �c�h�a�l�l�e�n�g�e�d� �w�i�t�h� �E�.� �c�o�l�i�.� 

�b�)� �t�o� �i�n�v�e�s�t�i�g�a�t�e� �t�h�e� �e�f�f�e�c�t� �o�f� �f�e�e�d�i�n�g� �a� �d�i�e�t� 

�c�o�n�t�a�i�n�i�n�g� �1�.�5�%� �f�u�m�a�r�i�c� �o�r� �c�i�t�r�i�c� �a�c�i�d� �o�n� �t�h�e� �i�n�t�e�s�t�i�n�a�l� 

�l�a�c�t�o�b�a�c�i�l�l�u�s� �a�n�d� �E�.� �c�o�l�i� �p�o�p�u�l�a�t�i�o�n� �i�n� �w�e�a�n�l�i�n�g� �p�i�g�s� �o�r�a�l�l�y� 

�c�h�a�l�l�e�n�g�e�d� �w�i�t�h� �E�.� �c�o�l�i�.� 

�S�t�u�d�y� �5� �-� �E�s�c�h�e�r�i�c�h�i�a� �c�o�l�i� �C�h�a�l�l�e�n�g�e� �G�r�o�w�t�h� �S�t�u�d�y� 

�a�)� �t�o� �i�n�v�e�s�t�i�g�a�t�e� �i�f� �f�e�e�d�i�n�g� �a� �d�i�e�t� �c�o�n�t�a�i�n�i�n�g� �f�u�m�a�r�i�c� 

�o�r� �c�i�t�r�i�c� �a�c�i�d� �c�a�n� �p�r�e�v�e�n�t� �t�h�e� �d�e�c�r�e�a�s�e� �i�n� �g�r�o�w�t�h� 

�p�e�r�f�o�r�m�a�n�c�e� �i�n� �w�e�a�n�l�i�n�g� �p�i�g�s� �c�h�a�l�l�e�n�g�e�d� �w�i�t�h� �E�.� �c�o�l�i�.



�C�H�A�P�T�E�R� �I�V� 

�G�R�O�W�T�H� �P�R�O�M�O�T�I�N�G� �E�F�F�E�C�T�S� �O�F� �O�R�G�A�N�I�C� �A�C�I�D�S� �W�I�T�H� �A�N�D� �W�I�T�H�O�U�T� �A� 
�M�I�C�R�O�B�I�A�L� �F�E�D� �T�O� �W�E�A�N�L�I�N�G� �P�I�G�S� 

�C�.�R�.� �R�i�s�l�e�y�!�,� �E�.�T�.� �K�o�r�n�e�g�a�y�?� �"�2�,� �M�.�D�.� �L�i�n�d�e�m�a�n�n�?� �a�n�d� �S�.�M�.� 
�W�e�a�k�l�a�n�d� 

�V�i�r�g�i�n�i�a� �P�o�l�y�t�e�c�h�n�i�c� �I�n�s�t�i�t�u�t�e� �a�n�d� �S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y�,� 
�B�l�a�c�k�s�b�u�r�g�,� �V�A� �2�4�0�6�1� 

�A�b�s�t�r�a�c�t� 

�T�h�e� �e�f�f�e�c�t� �o�f� �d�i�e�t�a�r�y� �f�u�m�a�r�i�c� �a�n�d� �c�i�t�r�i�c� �a�c�i�d� �o�n� �a�v�g� 

�d�a�i�l�y� �g�a�i�n� �(�A�D�G�)�,� �a�v�g� �d�a�i�l�y� �f�e�e�d� �i�n�t�a�k�e� �(�A�D�F�I�)� �a�n�d� 

�e�f�f�i�c�i�e�n�c�y� �o�f� �f�e�e�d� �u�t�i�l�i�z�a�t�i�o�n� �(�F�:�G�)�,� �g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �p�H�,� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �c�h�l�o�r�i�d�e� �i�o�n� �(�C�l�)� �a�n�d� �V�F�A� �o�f� �2�5�-�d�-�o�l�d� 

�c�r�o�s�s�b�r�e�d� �w�e�a�n�l�i�n�g� �p�i�g�s� �w�a�s� �e�v�a�l�u�a�t�e�d� �i�n� �o�n�e� �s�t�u�d�y� �(�n� �=� �1�4�4�)� 

�a�n�d� �t�h�e� �g�r�o�w�t�h� �p�r�o�m�o�t�i�n�g� �e�f�f�e�c�t� �o�f� �f�u�m�a�r�i�c� �a�n�d� �c�i�t�r�i�c� �a�c�i�d� 

�i�n� �c�o�m�b�i�n�a�t�i�o�n� �w�i�t�h� �a� �m�i�c�r�o�b�i�a�l�,� �L�a�c�t�o�b�a�c�i�l�l�u�s� �a�c�i�d�o�p�h�i�l�u�s�,� 

�w�a�s� �e�v�a�l�u�a�t�e�d� �i�n� �a� �s�e�c�o�n�d� �s�t�u�d�y� �(�n� �=� �1�9�2�)�.� �A� �2�0�%� �C�P� �c�o�r�n�-� 

�s�o�y�b�e�a�n� �m�e�a�l� �b�a�s�a�l� �d�i�e�t� �w�a�s� �u�s�e�d�.� �I�n� �s�t�u�d�y� �1�,� �p�i�g�s� �f�e�d� �1�.�5�%� 

�c�i�t�r�i�c� �a�c�i�d� �h�a�d� �i�m�p�r�o�v�e�d� �A�D�G� �a�n�d� �F�:�G� �d�u�r�i�n�g� �t�h�e� �f�i�r�s�t� �4�-�w�k� 

�w�i�t�h� �n�o� �e�f�f�e�c�t� �o�n� �A�D�G� �d�u�r�i�n�g� �w�k� �5�;� �1�.�5�%� �f�u�m�a�r�i�c� �a�c�i�d� �o�n�l�y� 

�n�u�m�e�r�i�c�a�l�l�y� �i�m�p�r�o�v�e�d� �F�:�G�.� �A�D�F�I� �w�a�s� �u�n�a�f�f�e�c�t�e�d� �b�y� �o�r�g�a�n�i�c� 

�a�c�i�d�s�.� �T�h�e� �p�H�,� �C�l� �a�n�d� �V�F�A� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �i�n�t�e�s�t�i�n�a�l� 

�c�o�n�t�e�n�t�s� �f�r�o�m� �t�h�e� �s�t�o�m�a�c�h�,� �j�e�j�u�n�u�m�,� �c�e�c�u�m� �a�n�d� �l�o�w�e�r� �c�o�l�o�n� �o�f� 

�2�7� �p�i�g�s� �k�i�l�l�e�d� �a�t� �t�h�e� �e�n�d� �o�f� �s�t�u�d�y� �1� �w�e�r�e� �n�o�t� �m�e�a�s�u�r�a�b�l�y� 

�a�f�f�e�c�t�e�d� �(�P� �<� �.�7�0�)� �b�y� �d�i�e�t�a�r�y� �o�r�g�a�n�i�c� �a�c�i�d�s�.� �W�i�t�h� �t�h�e� 

�e�x�c�e�p�t�i�o�n� �o�f� �f�u�m�a�r�i�c� �a�c�i�d�,� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �n�o�n�-�v�o�l�a�t�i�l�e� 

�a�c�i�d�s� �w�a�s� �n�o�t� �a�f�f�e�c�t�e�d� �b�y� �d�i�e�t�.� �T�h�e� �s�t�o�m�a�c�h� �a�n�d� �j�e�j�u�n�u�m� 

� � 

�1�D�e�p�t�.� �o�f� �A�n�i�m�.� �S�c�i�.� 
�R�e�p�r�i�n�t� �r�e�q�u�e�s�t�s� �t�o� �t�h�i�s� �a�u�t�h�o�r�.� 

�4�6



�4�7� 

�f�o�r� �p�i�g�s� �f�e�d� �f�u�m�a�r�i�c� �a�c�i�d� �h�a�d� �a� �g�r�e�a�t�e�r� �c�o�n�c�e�n�t�r�a�t�i�o�n� �(�P� �<� 

�-�0�5�)� �o�f� �f�u�m�a�r�i�c� �a�c�i�d� �c�o�m�p�a�r�e�d� �w�i�t�h� �t�h�e� �c�o�n�t�r�o�l� �a�n�d� �c�i�t�r�i�c� 

�a�c�i�d� �d�i�e�t�s�.� �I�n� �s�t�u�d�y� �2�,� �1�.�5�%� �f�u�m�a�r�i�c� �a�c�i�d� �s�u�p�p�l�e�m�e�n�t�a�t�i�o�n� 

�i�n�c�r�e�a�s�e�d� �(�P� �<� �.�0�3�)� �A�D�G� �a�n�d� �m�i�c�r�o�b�i�a�l� �a�d�d�i�t�i�o�n� �i�m�p�r�o�v�e�d� �A�D�G� 

�(�P� �<� �.�0�8�)� �a�n�d� �F�:�G� �(�P� �<� �.�0�2�)� �d�u�r�i�n�g� �t�h�e� �5�-�w�k� �t�e�s�t�;� �1�.�5�%� 

�c�i�t�r�i�c� �a�c�i�d� �h�a�d� �n�o� �e�f�f�e�c�t�.� �I�n� �c�o�n�c�l�u�s�i�o�n�,� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� 

�c�i�t�r�i�c� �o�r� �f�u�m�a�r�i�c� �a�c�i�d� �a�n�d�(�o�r�)� �a� �m�i�c�r�o�b�i�a�l� �p�r�o�d�u�c�e�d� �v�a�r�i�a�b�l�e� 

�i�m�p�r�o�v�e�m�e�n�t�s� �i�n� �A�D�G� �a�n�d� �F�:�G� �4� �a�n�d� �5� �w�k� �p�o�s�t�w�e�a�n�i�n�g� �w�i�t�h� 

�l�i�t�t�l�e� �e�f�f�e�c�t� �o�n� �i�n�t�e�s�t�i�n�a�l� �d�i�g�e�s�t�a� �m�e�a�s�u�r�e�m�e�n�t�s�.� 

�I�n�t�r�o�d�u�c�t�i�o�n� 

�E�a�r�l�y� �w�e�a�n�i�n�g� �e�x�p�o�s�e�s� �p�i�g�s� �t�o� �s�t�r�e�s�s�e�s� �(�e�n�v�i�r�o�n�m�e�n�t�a�l�,� 

�d�i�e�t�a�r�y� �a�n�d� �s�o�c�i�a�l�)� �t�h�a�t� �u�s�u�a�l�l�y� �r�e�s�u�l�t� �i�n� �a� �p�o�s�t�w�e�a�n�i�n�g� �l�a�g� 

�p�h�a�s�e� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �p�o�o�r� �g�r�o�w�t�h� �r�a�t�e�,� �s�c�o�u�r�i�n�g� �a�n�d� 

�g�e�n�e�r�a�l� �u�n�t�h�r�i�f�t�i�n�e�s�s� �(�T�z�i�p�o�r�i� �e�t� �a�l�.�,� �1�9�8�0�;� �B�a�r�n�e�t�t� �e�t� �a�l�.�,� 

�1�9�8�9�)�.� �T�h�e� �d�i�g�e�s�t�i�v�e� �t�r�a�c�t� �o�f� �t�h�e� �p�i�g� �i�s� �n�o�t� �f�u�l�l�y� 

�d�e�v�e�l�o�p�e�d� �u�n�t�i�l� �a�r�o�u�n�d� �f�i�v�e� �w�k� �o�f� �a�g�e� �a�n�d� �t�h�e� �a�b�i�l�i�t�y� �t�o� 

�p�r�o�d�u�c�e� �s�u�f�f�i�c�i�e�n�t� �q�u�a�n�t�i�t�i�e�s� �o�f� �H�C�l� �t�o� �l�o�w�e�r� �g�a�s�t�r�i�c� �p�H� �i�s� 

�l�i�m�i�t�e�d� �(�M�a�n�n�e�r�s�,� �1�9�7�6�)�.� �I�m�p�r�o�v�e�m�e�n�t�s� �i�n� �p�o�s�t�w�e�a�n�i�n�g� �g�r�o�w�t�h� 

�a�n�d� �e�f�f�i�c�i�e�n�c�y� �o�f� �f�e�e�d� �u�t�i�l�i�z�a�t�i�o�n� �h�a�v�e� �b�e�e�n� �a�c�h�i�e�v�e�d� �b�y� 

�s�u�p�p�l�e�m�e�n�t�i�n�g� �s�t�a�r�t�e�r� �d�i�e�t�s� �w�i�t�h� �f�u�m�a�r�i�c� �o�r� �c�i�t�r�i�c� �a�c�i�d�s� 

�(�K�i�r�c�h�g�e�s�s�n�e�r� �a�n�d� �R�o�t�h�,� �1�9�8�2�;� �F�a�l�k�o�w�s�k�i� �a�n�d� �A�h�e�r�n�e�,� �1�9�8�4�;� 

�G�i�e�s�t�i�n�g� �a�n�d� �E�a�s�t�e�r�,� �1�9�8�5�)� �o�r� �w�i�t�h� �m�i�c�r�o�b�i�a�l�s�,� �s�u�c�h� �a�s� 

�L�a�c�t�o�b�a�c�i�l�l�u�s� �a�c�i�d�o�p�h�i�l�u�s� �(�H�a�l�e� �a�n�d� �N�e�w�t�o�n�,� �1�9�7�9�;� �L�e�s�s�a�r�d� 

�a�n�d� �B�r�i�s�s�o�n�,� �1�9�8�7�)�.� 

�O�n�e� �p�r�o�p�o�s�e�d� �m�e�c�h�a�n�i�s�m� �o�f� �a�c�t�i�o�n� �f�o�r� �o�r�g�a�n�i�c� �a�c�i�d



�4�8� 

�s�u�p�p�l�e�m�e�n�t�a�t�i�o�n� �i�s� �t�h�e� �r�e�d�u�c�t�i�o�n� �o�f� �t�h�e� �g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� 

�t�r�a�c�t� �p�H�,� �w�h�i�c�h� �m�a�y� �a�i�d� �i�n� �p�r�o�t�e�i�n� �d�i�g�e�s�t�i�o�n� �a�n�d� �s�h�i�f�t� 

�m�i�c�r�o�b�i�a�l� �a�c�t�i�v�i�t�y� �i�n� �t�h�e� �g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t� �(�S�c�i�p�i�o�n�i� 

�e�t� �a�l�.�,� �1�9�7�8�;� �R�a�d�e�c�k�i� �e�t� �a�l�.�,� �1�9�8�8�)�.� �M�i�c�r�o�b�i�a�l�s� �m�a�y� 

�S�i�m�i�l�a�r�l�y� �d�e�c�r�e�a�s�e� �t�h�e� �p�H� �o�f� �t�h�e� �g�u�t� �b�y� �p�r�o�d�u�c�i�n�g� �l�a�c�t�i�c� 

�a�c�i�d� �a�n�d� �c�o�n�t�r�o�l� �o�t�h�e�r� �b�a�c�t�e�r�i�a�l� �a�c�t�i�v�i�t�y� �b�y� �t�h�e� �p�r�o�d�u�c�t�i�o�n� 

�o�f� �a�n�t�i�b�i�o�t�i�c� �s�u�b�s�t�a�n�c�e�s� �(�L�y�o�n�s�,� �1�9�8�7�)�.� 

�T�h�e� �p�u�r�p�o�s�e� �o�f� �t�h�e�s�e� �s�t�u�d�i�e�s� �w�a�s� �t�o� �f�u�r�t�h�e�r� �e�v�a�l�u�a�t�e� 

�t�h�e� �e�f�f�e�c�t�s� �o�f� �s�u�p�p�l�e�m�e�n�t�i�n�g� �s�t�a�r�t�e�r� �d�i�e�t�s� �w�i�t�h� �o�r�g�a�n�i�c� 

�a�c�i�d�s� �a�l�o�n�e� �a�n�d� �i�n� �c�o�m�b�i�n�a�t�i�o�n� �w�i�t�h� �a� �m�i�c�r�o�b�i�a�l�,� �a�n�d� �t�o� 

�d�e�t�e�r�m�i�n�e� �t�h�e� �e�f�f�e�c�t�s� �o�f� �o�r�g�a�n�i�c� �a�c�i�d�s� �o�n� �g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� 

�p�H�,� �c�h�l�o�r�i�d�e� �i�o�n�,� �a�n�d� �V�F�A�.� 

�E�x�p�e�r�i�m�e�n�t�a�l� �P�r�o�c�e�d�u�r�e�s� 

�G�r�o�w�t�h� �S�t�u�d�i�e�s� 

�S�t�u�d�y� �1�.� �T�w�o� �5�-�w�k� �t�r�i�a�l�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �t�o� �d�e�t�e�r�m�i�n�e� 

�t�h�e� �e�f�f�e�c�t� �o�f� �o�r�g�a�n�i�c� �a�c�i�d� �s�u�p�p�l�e�m�e�n�t�a�t�i�o�n� �o�n� �t�h�e� �g�r�o�w�t�h� 

�p�e�r�f�o�r�m�a�n�c�e� �o�f� �e�a�r�l�y� �w�e�a�n�e�d� �p�i�g�s�.� �A� �t�o�t�a�l� �o�f� �1�4�4� �c�r�o�s�s�b�r�e�d� 

�p�i�g�s� �(�m�e�a�n� �i�n�i�t�i�a�l� �a�g�e� �a�n�d� �w�t� �o�f� �2�5� �d� �a�n�d� �6�.�3� �k�g�,� 

�r�e�s�p�e�c�t�i�v�e�l�y�)� �w�a�s� �a�s�s�i�g�n�e�d� �t�o� �b�l�o�c�k�s� �b�y� �w�e�i�g�h�t� �a�n�d� �g�e�n�d�e�r� 

�a�n�d� �t�h�e�n� �r�a�n�d�o�m�l�y� �a�l�l�o�t�t�e�d� �w�i�t�h�i�n� �b�l�o�c�k�s� �t�o� �t�h�r�e�e� �d�i�e�t�a�r�y� 

�t�r�e�a�t�m�e�n�t�s� �w�i�t�h� �t�h�e� �r�e�s�t�r�i�c�t�i�o�n� �t�h�a�t� �l�i�t�t�e�r�m�a�t�e�s� �b�e� �b�a�l�a�n�c�e�d� 

�a�c�r�o�s�s� �t�r�e�a�t�m�e�n�t�s�.� �D�i�e�t�a�r�y� �t�r�e�a�t�m�e�n�t�s� �c�o�n�s�i�s�t�e�d� �o�f� �a� �2�0�%� �C�P� 

�c�o�r�n�-�s�o�y�b�e�a�n� �m�e�a�l� �b�a�s�e�d� �d�i�e�t� �f�o�r�m�u�l�a�t�e�d� �t�o� �m�e�e�t� �o�r� �e�x�c�e�e�d� 

�t�h�e� �n�u�t�r�i�e�n�t� �g�u�i�d�e�l�i�n�e�s� �o�f� �w�e�a�n�l�i�n�g� �p�i�g�s� �(�N�R�C�,� �1�9�8�8�)� �w�i�t�h� �1�)� 

�n�o� �s�u�p�p�l�e�m�e�n�t�a�t�i�o�n� �(�c�o�n�t�r�o�l�)�,� �2�)� �1�.�5�%� �f�u�m�a�r�i�c� �a�c�i�d� �a�d�d�e�d� �o�r



�4�9� 

�3�)� �1�.�5�%� �c�i�t�r�i�c� �a�c�i�d� �a�d�d�e�d� �(�T�a�b�l�e� �1�)�.� �P�i�g�s� �(�t�h�r�e�e� �p�e�r� �p�e�n�)� 

�w�e�r�e� �h�o�u�s�e�d� �i�n� �t�e�m�p�e�r�a�t�u�r�e� �c�o�n�t�r�o�l�l�e�d� �n�u�r�s�e�r�i�e�s� �w�i�t�h� �w�i�r�e� 

�b�o�t�t�o�m� �p�e�n�s� �(�.�6� �m�x� �.�9� �m�)�.� �T�e�m�p�e�r�a�t�u�r�e� �a�n�d� �v�e�n�t�i�l�a�t�i�o�n� 

�r�a�t�e�s� �w�e�r�e� �m�a�i�n�t�a�i�n�e�d� �a�t� �r�e�c�o�m�m�e�n�d�e�d� �l�e�v�e�l�s� �(�H�i�n�k�l�e� �e�t� �a�l�.�,� 

�1�9�7�8�;� �L�u�b�i�n�u�s� �a�n�d� �M�u�r�p�h�y�,� �1�9�7�9�)�.� �W�a�t�e�r� �a�n�d� �f�e�e�d� �w�e�r�e� 

�a�v�a�i�l�a�b�l�e� �a�d� �l�i�b�i�t�u�m�.� �A�t� �w�e�e�k�l�y� �i�n�t�e�r�v�a�l�s�,� �p�i�g�s� �w�e�r�e� 

�w�e�i�g�h�e�d� �a�n�d� �p�e�n� �f�e�e�d� �c�o�n�s�u�m�p�t�i�o�n� �w�a�s� �r�e�c�o�r�d�e�d�.� �A�v�e�r�a�g�e� 

�d�a�i�l�y� �g�a�i�n� �(�A�D�G�)�,� �a�v�g� �d�a�i�l�y� �f�e�e�d� �i�n�t�a�k�e� �(�A�D�F�I�)� �a�n�d� 

�e�f�f�i�c�i�e�n�c�y� �o�f� �f�e�e�d� �u�t�i�l�i�z�a�t�i�o�n� �(�F�:�G�)� �w�e�r�e� �c�a�l�c�u�l�a�t�e�d�.� 

�S�t�u�d�y� �2�.� �T�w�o� �5�-�w�k� �t�r�i�a�l�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �t�o� �e�v�a�l�u�a�t�e� 

�t�h�e� �m�a�i�n� �a�n�d� �i�n�t�e�r�a�c�t�i�v�e� �e�f�f�e�c�t�s� �o�f� �s�u�p�p�l�e�m�e�n�t�a�l� �o�r�g�a�n�i�c� 

�a�c�i�d�s� �(�f�u�m�a�r�i�c� �a�n�d� �c�i�t�r�i�c�)� �a�n�d�a� �m�i�c�r�o�b�i�a�l�?� �o�n� �t�h�e� �g�r�o�w�t�h� 

�p�e�r�f�o�r�m�a�n�c�e� �o�f� �w�e�a�n�l�i�n�g� �p�i�g�s�.� �A� �t�o�t�a�l� �o�f� �1�9�2� �p�i�g�s� �(�m�e�a�n� 

�i�n�i�t�i�a�l� �a�g�e� �a�n�d� �w�t� �o�f� �2�5� �d� �a�n�d� �7�.�0� �k�g�,� �r�e�s�p�e�c�t�i�v�e�l�y�)� �w�a�s� 

�a�s�s�i�g�n�e�d� �t�o� �b�l�o�c�k�s� �b�y� �w�e�i�g�h�t� �a�n�d� �g�e�n�d�e�r� �a�n�d� �r�a�n�d�o�m�l�y� 

�a�l�l�o�t�t�e�d� �w�i�t�h�i�n� �b�l�o�c�k�s� �t�o� �a� �2� �x� �3� �a�r�r�a�n�g�e�m�e�n�t� �o�f� �t�r�e�a�t�m�e�n�t�s� 

�w�i�t�h� �t�h�e� �r�e�s�t�r�i�c�t�i�o�n� �t�h�a�t� �l�i�t�t�e�r�m�a�t�e�s� �b�e� �b�a�l�a�n�c�e�d� �a�c�r�o�s�s� 

�t�r�e�a�t�m�e�n�t�s�.� �T�r�e�a�t�m�e�n�t�s� �c�o�n�s�i�s�t�e�d� �o�f� �t�w�o� �l�e�v�e�l�s� �o�f� �m�i�c�r�o�b�i�a�l� 

�(�w�i�t�h� �a�n�d� �w�i�t�h�o�u�t�)� �a�n�d� �t�h�r�e�e� �t�y�p�e�s� �o�f� �o�r�g�a�n�i�c� �a�c�i�d� 

�s�u�p�p�l�e�m�e�n�t�a�t�i�o�n� �(�n�o�n�e�,� �1�.�5�%� �f�u�m�a�r�i�c� �a�c�i�d� �o�r� �1�.�5�%� �c�i�t�r�i�c� 

�a�c�i�d�)�.� �P�i�g�s� �(�f�o�u�r� �p�e�r� �p�e�n�)� �w�e�r�e� �h�o�u�s�e�d� �i�n� �t�e�m�p�e�r�a�t�u�r�e� 

�c�o�n�t�r�o�l�l�e�d� �n�u�r�s�e�r�i�e�s� �w�i�t�h� �p�l�a�s�t�i�c�-�c�o�a�t�e�d� �w�i�r�e� �b�o�t�t�o�m� �p�e�n�s� 

�(�.�9� �m�x� �1�.�2�m�)�.� �A�s� �i�n� �s�t�u�d�y� �1�,� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �v�e�n�t�i�l�a�t�i�o�n� 

� � 

�3�L�a�c�t�o�b�a�c�i�l�l�u�s� �a�c�i�d�o�p�h�i�l�u�s�,� �s�t�r�a�i�n� �#� �B�T� �1�3�8�6� �s�u�p�p�l�i�e�d� �b�y� 
�B�i�o� �T�e�c�h�n�i�q�u�e�s� �L�a�b�o�r�a�t�o�r�i�e�s�,� �I�n�c�.�,� �R�e�d�m�o�n�d�,� �W�A�.� �A�d�d�e�d� �a�t�a� 
�l�e�v�e�l� �t�o� �s�u�p�p�l�y� �5� �x� �1�0�°� �o�r�g�a�n�i�s�m�s� �p�e�r� �p�i�g� �d�a�i�l�y�.
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�r�a�t�e�s� �w�e�r�e� �m�a�i�n�t�a�i�n�e�d� �a�t� �r�e�c�o�m�m�e�n�d�e�d� �l�e�v�e�l�s�.� �T�o� �p�r�e�v�e�n�t� 

�p�o�s�s�i�b�l�e� �c�r�o�s�s�-�c�o�n�t�a�m�i�n�a�t�i�o�n� �b�e�t�w�e�e�n� �m�i�c�r�o�b�i�a�l� �a�n�d� �n�o�n�-� 

�m�i�c�r�o�b�i�a�l� �f�e�d� �p�i�g�s�,� �t�h�e� �p�i�g�s� �f�e�d� �t�h�e� �m�i�c�r�o�b�i�a�l� �w�e�r�e� �h�o�u�s�e�d� 

�i�n� �o�n�e� �n�u�r�s�e�r�y� �a�n�d� �n�o�n�-�m�i�c�r�o�b�i�a�l� �f�e�d� �p�i�g�s� �w�e�r�e� �h�o�u�s�e�d� �i�n� �a� 

�s�e�p�a�r�a�t�e�,� �s�i�m�i�l�a�r� �n�u�r�s�e�r�y�.� �N�u�r�s�e�r�y� �a�n�d� �m�i�c�r�o�b�i�a�l� �t�r�e�a�t�m�e�n�t� 

�w�a�s� �a�l�t�e�r�n�a�t�e�d� �i�n� �t�h�e� �s�e�c�o�n�d� �t�r�i�a�l�;� �t�h�e� �u�n�i�f�o�r�m�i�t�y� �o�f� 

�p�e�r�f�o�r�m�a�n�c�e� �i�n� �t�h�e� �t�w�o� �n�u�r�s�e�r�i�e�s� �h�a�d� �b�e�e�n� �p�r�e�v�i�o�u�s�l�y� 

�d�e�m�o�n�s�t�r�a�t�e�d� �(�G�o�r�e� �e�t� �a�l�.�,� �1�9�8�6�)�.� �F�e�e�d� �a�n�d� �w�a�t�e�r� �w�e�r�e� 

�a�v�a�i�l�a�b�l�e� �a�d� �l�i�b�i�t�u�m�.� �P�i�g�s� �a�n�d� �f�e�e�d�e�r�s� �w�e�r�e� �w�e�i�g�h�e�d� �w�e�e�k�l�y� 

�a�n�d� �f�e�e�d� �c�o�n�s�u�m�p�t�i�o�n� �c�a�l�c�u�l�a�t�e�d�.� 

�S�m�a�l�l� �v�i�a�l�s� �c�o�n�t�a�i�n�i�n�g� �t�h�e� �c�o�r�r�e�c�t� �n�u�m�b�e�r� �o�f� �f�r�e�e�z�e�-� 

�d�r�i�e�d� �c�o�l�o�n�y�-�f�o�r�m�i�n�g� �u�n�i�t�s� �f�o�r� �a� �t�w�o�-�d�a�y� �f�e�e�d�i�n�g� �f�o�r� �e�a�c�h� 

�t�r�e�a�t�m�e�n�t� �w�e�r�e� �p�r�e�p�a�r�e�d� �a�n�d� �k�e�p�t� �f�r�o�z�e�n� �u�n�t�i�l� �t�h�e� �d�a�y� �o�f� 

�f�e�e�d�i�n�g�.� �T�h�e� �f�r�e�e�z�e�-�d�r�i�e�d� �m�i�c�r�o�b�i�a�l� �w�a�s� �r�e�h�y�d�r�a�t�e�d� �i�n� �w�a�t�e�r� 

�a�n�d� �m�i�x�e�d� �w�i�t�h� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �a�m�o�u�n�t� �o�f� �e�a�c�h� �d�i�e�t� �e�v�e�r�y� 

�o�t�h�e�r� �d�a�y� �t�o� �e�n�s�u�r�e� �u�n�i�f�o�r�m� �p�i�g� �i�n�o�c�u�l�a�t�i�o�n�.� �A�t� �t�h�e� �e�n�d� �o�f� 

�e�a�c�h� �t�w�o�-�d�a�y� �i�n�t�e�r�v�a�l�,� �t�h�e� �r�e�s�i�d�u�a�l� �f�e�e�d� �w�a�s� �w�e�i�g�h�e�d� �a�n�d� 

�d�i�s�c�a�r�d�e�d�.� �T�h�e� �a�m�o�u�n�t� �o�f� �f�e�e�d� �u�s�e�d� �a�t� �e�a�c�h� �m�i�x�i�n�g� �w�a�s� 

�e�s�t�i�m�a�t�e�d� �t�o� �b�e� �s�l�i�g�h�t�l�y� �g�r�e�a�t�e�r� �t�h�a�n� �t�h�e� �a�m�o�u�n�t� �o�f� �f�e�e�d� 

�t�h�a�t� �t�h�e� �p�i�g�s� �w�o�u�l�d� �e�a�t� �b�a�s�e�d� �o�n� �t�h�e� �p�r�e�v�i�o�u�s� �t�w�o� �d�a�y ��s� 

�i�n�t�a�k�e� �a�n�d� �t�h�e� �i�n�c�r�e�a�s�e�d� �n�e�e�d�s� �o�f� �t�h�e� �p�i�g�s�.� 

�A�t� �t�h�e� �c�o�n�c�l�u�s�i�o�n� �o�f� �s�t�u�d�y� �1�,� �2�7� �p�i�g�s� �(�9� �f�r�o�m� �t�r�i�a�l� �l�,� 

�1�8� �f�r�o�m� �t�r�i�a�l� �2�)� �w�e�r�e� �r�a�n�d�o�m�l�y� �s�e�l�e�c�t�e�d� �a�c�r�o�s�s� �a�l�l� �p�e�n�s� �a�n�d� 

�t�r�e�a�t�m�e�n�t�s� �t�o� �e�v�a�l�u�a�t�e� �t�h�e� �p�H� �a�n�d� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �c�h�l�o�r�i�d�e



�5�1� 

�i�o�n� �(�C�l�)� �a�n�d� �V�F�A� �i�n� �t�h�e� �s�t�o�m�a�c�h�,� �j�e�j�u�n�u�m�,� �c�e�c�u�m� �a�n�d� �l�o�w�e�r� 

�c�o�l�o�n�.� �P�i�g�s�,� �i�n� �a� �f�u�l�l�-�f�e�d� �s�t�a�t�e�,� �w�e�r�e� �k�i�l�l�e�d� �a�t� 

�a�p�p�r�o�x�i�m�a�t�e�l�y� �0�9�0�0� �v�i�a� �e�l�e�c�t�r�o�c�u�t�i�o�n� �f�o�l�l�o�w�e�d� �b�y� 

�e�x�s�a�n�g�u�i�n�a�t�i�o�n�.� �T�h�e� �v�i�s�c�e�r�a� �w�e�r�e� �e�x�p�o�s�e�d� �v�i�a� �a� �m�i�d�l�i�n�e� 

�i�n�c�i�s�i�o�n� �a�n�d� �t�h�e� �f�o�l�l�o�w�i�n�g� �s�e�c�t�i�o�n�s� �i�s�o�l�a�t�e�d�,� �d�o�u�b�l�y� �l�i�g�a�t�e�d� 

�a�n�d� �r�e�m�o�v�e�d�:� �e�n�t�i�r�e� �s�t�o�m�a�c�h�,� �1� �m� �s�e�c�t�i�o�n� �o�f� �j�e�j�u�n�u�m�,� �e�n�t�i�r�e� 

�c�e�c�u�m� �a�n�d� �.�3� �m� �s�e�c�t�i�o�n� �o�f� �l�o�w�e�r� �c�o�l�o�n� �(�n�e�a�r� �r�e�c�t�u�m�)�.� �T�h�e� 

�d�i�g�e�s�t�a� �w�e�r�e� �c�o�l�l�e�c�t�e�d�,� �a�n�d� �w�i�t�h�i�n� �3�0� �m�i�n�,� �p�H�4� �a�n�d� �c�h�l�o�r�i�d�e� 

�>� �c�o�n�c�e�n�t�r�a�t�i�o�n� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �b�y� �u�s�i�n�g� �2� �g� �o�f� �d�i�g�e�s�t�a�,� �i�o�n� 

�w�h�i�c�h� �w�e�r�e� �d�i�l�u�t�e�d� �i�n� �1�8� �m�l� �o�f� �d�e�i�o�n�i�z�e�d� �w�a�t�e�r� �a�n�d� �s�u�s�p�e�n�d�e�d� 

�v�i�a� �a� �m�a�g�n�e�t�i�c� �s�t�i�r� �b�a�r� �a�n�d� �e�l�e�c�t�r�o�m�a�g�n�e�t�i�c� �m�i�x�e�r�.� �T�h�e� �p�H� 

�a�n�d� �C�l� �c�o�n�c�e�n�t�r�a�t�i�o�n� �w�e�r�e� �m�e�a�s�u�r�e�d� �u�s�i�n�g� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� 

�e�l�e�c�t�r�o�d�e�s� �a�n�d� �s�t�a�n�d�a�r�d�s�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �1� �g� �o�f� �d�i�g�e�s�t�a� �w�a�s� 

�a�c�i�d�i�f�i�e�d� �w�i�t�h� �5�0�%� �(�v�/�v�)� �H�2�S�0�4� �f�o�r� �l�a�t�e�r� �d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� 

�V�F�A� �c�o�n�c�e�n�t�r�a�t�i�o�n� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �p�r�o�c�e�d�u�r�e�s� �o�f� �M�o�o�r�e� 

�(�1�9�7�7�)�.� 

�D�i�e�t� �p�H� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �i�n� �t�r�i�p�l�i�c�a�t�e� �b�y� �w�e�i�g�h�i�n�g� �2�0� �g� 

�o�f� �d�i�e�t� �i�n�t�o� �a� �2�5�0� �m�l� �b�e�a�k�e�r� �a�n�d� �a�d�d�i�n�g� �1�0�0� �m�l� �o�f� �d�e�i�o�n�i�z�e�d� 

�w�a�t�e�r�.� �T�h�i�s� �m�i�x�t�u�r�e� �w�a�s� �c�o�n�t�i�n�u�o�u�s�l�y� �m�i�x�e�d� �w�i�t�h� �a� �s�t�i�r� �b�a�r� 

�a�n�d� �e�l�e�c�t�r�o�m�a�g�n�e�t�i�c� �m�i�x�e�r� �w�h�i�l�e� �t�h�e� �p�H� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �v�i�a� �a�n� 

�e�l�e�c�t�r�o�n�i�c� �p�H� �m�e�t�e�r�®� �(�R�a�d�e�c�k�i� �e�t� �a�l�.�,� �1�9�8�8�)�.� 

�S�t�a�t�i�s�t�i�c�a�l� �A�n�a�l�y�s�i�s�.� �P�e�r�f�o�r�m�a�n�c�e� �d�a�t�a� �w�e�r�e� �a�n�a�l�y�z�e�d� 

� � 

�4�F�i�s�h�e�r� �S�c�i�e�n�t�i�f�i�c� �A�c�c�u�-�p�H�a�s�t� �c�o�m�b�i�n�a�t�i�o�n� �e�l�e�c�t�r�o�d�e� �#� �1�3�-� 
�6�2�0�-�2�8�1�.� 
�O�r�i�o�n� �R�e�s�e�a�r�c�h� �I�o�n�a�l�y�z�e�r� �c�h�l�o�r�i�d�e� �e�l�e�c�t�r�o�d�e� �#� �9�4�-�1�7�-�B� �a�n�d� 
�d�o�u�b�l�e� �j�u�n�c�t�i�o�n� �r�e�f�e�r�e�n�c�e� �e�l�e�c�t�r�o�d�e� �#� �9�0�-�0�2�.� 
�F�i�s�h�e�r� �S�c�i�e�n�t�i�f�i�c� �A�c�c�u�m�e�t� �p�H� �m�e�t�e�r� �#� �6�2�0�.



�5�2� 

�b�y� �u�s�i�n�g� �t�h�e� �g�e�n�e�r�a�l� �l�i�n�e�a�r� �m�o�d�e�l� �p�r�o�g�r�a�m� �(�G�L�M�)� �o�f� �t�h�e� 

�S�t�a�t�i�s�t�i�c�a�l� �A�n�a�l�y�s�i�s� �S�y�s�t�e�m� �(�S�A�S�,� �1�9�8�5�)� �u�s�i�n�g� �p�e�n� �m�e�a�n�s� �a�s� 

�t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �u�n�i�t�.� �G�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �m�e�a�s�u�r�e�m�e�n�t�s� �w�e�r�e� 

�a�n�a�l�y�z�e�d� �b�y� �G�L�M�,� �b�u�t� �b�y� �u�s�i�n�g� �t�h�e� �i�n�d�i�v�i�d�u�a�l� �p�i�g� �a�s� �t�h�e� 

�e�x�p�e�r�i�m�e�n�t�a�l� �u�n�i�t�.� �D�a�t�a� �f�r�o�m� �s�t�u�d�y� �2� �w�e�r�e� �a�n�a�l�y�z�e�d� �a�s� �a� �2� �x� 

�3� �a�r�r�a�n�g�e�m�e�n�t� �o�f� �t�r�e�a�t�m�e�n�t�s�.� �F�o�r� �s�t�u�d�y� �1�,� �t�h�e� �m�o�d�e�l� 

�c�o�n�t�a�i�n�e�d� �t�h�e� �m�a�i�n� �e�f�f�e�c�t�s� �o�f� �d�i�e�t�,� �r�e�p�l�i�c�a�t�e� �w�i�t�h�i�n� �t�r�i�a�l�,� 

�t�r�i�a�l� �a�n�d� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �i�n�t�e�r�a�c�t�i�o�n�s�.� �F�o�r� �s�t�u�d�y� �2�,� �t�h�e� 

�m�o�d�e�l� �c�o�n�t�a�i�n�e�d� �t�h�e� �m�a�i�n� �e�f�f�e�c�t�s� �o�f� �a�c�i�d�,� �m�i�c�r�o�b�i�a�l�,� 

�r�e�p�l�i�c�a�t�e� �w�i�t�h�i�n� �t�r�i�a�l�,� �t�r�i�a�l� �a�n�d� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� 

�i�n�t�e�r�a�c�t�i�o�n�s�.� �N�o�n�-�s�i�g�n�i�f�i�c�a�n�t� �i�n�t�e�r�a�c�t�i�o�n�s� �w�e�r�e� �r�e�m�o�v�e�d� 

�f�r�o�m� �t�h�e� �m�o�d�e�l�s� �b�a�s�e�d� �o�n� �r�e�s�u�l�t�s� �o�f� �p�r�e�l�i�m�i�n�a�r�y� �a�n�a�l�y�s�i�s�.� 

�C�o�m�p�a�r�i�s�o�n�s� �b�e�t�w�e�e�n� �d�i�e�t�a�r�y� �t�r�e�a�t�m�e�n�t�s� �o�r� �i�n�t�e�s�t�i�n�a�l� 

�s�e�c�t�i�o�n�s� �w�e�r�e� �m�a�d�e� �u�s�i�n�g� �n�o�n�-�o�r�t�h�o�g�a�n�o�l� �c�o�n�t�r�a�s�t�s� �o�r� �T�u�k�e�y ��s� 

�s�t�u�d�e�n�t�i�z�e�d� �r�a�n�g�e� �t�e�s�t�,� �r�e�s�p�e�c�t�i�v�e�l�y�.



�5�3� 

�R�e�s�u�l�t�s� 

�G�r�o�w�t�h� �S�t�u�d�i�e�s� 

�S�t�u�d�y� �1�.� �D�u�r�i�n�g� �t�h�e� �f�i�r�s�t� �4� �w�k� �p�o�s�t�w�e�a�n�i�n�g�,� �f�e�e�d�i�n�g� 

�c�i�t�r�i�c� �a�c�i�d� �i�n�c�r�e�a�s�e�d� �(�P� �<� �.�0�9�)� �A�D�G� �c�o�m�p�a�r�e�d� �w�i�t�h� �t�h�e� 

�c�o�n�t�r�o�l�-�f�e�d� �p�i�g�s�,� �w�h�e�r�e�a�s� �n�o� �e�f�f�e�c�t� �(�P� �<� �.�4�5�)� �w�a�s� �o�b�s�e�r�v�e�d� 

�f�o�r� �f�e�e�d�i�n�g� �f�u�m�a�r�i�c� �a�c�i�d� �(�T�a�b�l�e� �2�)�.� �D�u�r�i�n�g� �w�k� �5�,� �h�o�w�e�v�e�r� 

�A�D�G� �w�e�r�e� �s�i�m�i�l�a�r� �f�o�r� �p�i�g�s� �f�e�d� �c�i�t�r�i�c� �o�r� �f�u�m�a�r�i�c� �a�c�i�d�s� 

�c�o�m�p�a�r�e�d� �w�i�t�h� �t�h�e� �c�o�n�t�r�o�l�s�.� �T�h�e� �o�v�e�r�a�l�l� �A�D�G� �w�e�r�e� �n�o�t� 

�d�i�f�f�e�r�e�n�t� �(�P� �<� �.�3�4�)� �a�m�o�n�g� �c�o�n�t�r�o�l�-�f�e�d� �p�i�g�s� �a�n�d� �t�h�o�s�e� �f�e�d� 

�G�i�e�t�s� �w�i�t�h� �a�d�d�e�d� �c�i�t�r�i�c� �o�r� �f�u�m�a�r�i�c� �a�c�i�d�.� �D�i�e�t�a�r�y� �t�r�e�a�t�m�e�n�t�s� 

�d�i�d� �n�o�t� �a�f�f�e�c�t� �A�D�F�I� �(�P� �<� �.�4�0�)� �d�u�r�i�n�g� �a�n�y� �p�e�r�i�o�d� �o�f� �t�h�e� 

�s�t�u�d�y�.� 

�T�h�e� �a�d�d�i�t�i�o�n� �o�f� �c�i�t�r�i�c� �a�c�i�d� �i�m�p�r�o�v�e�d� �F�:�G� �(�P� �<� �.�0�5�)� 

�c�o�m�p�a�r�e�d� �w�i�t�h� �t�h�e� �c�o�n�t�r�o�l�s� �d�u�r�i�n�g� �t�h�e� �f�i�r�s�t� �4� �w�k�.� �A�l�s�o� 

�n�u�m�e�r�i�c�a�l� �m�e�a�n�s�,� �a�l�t�h�o�u�g�h� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t� �(�P� �<� �.�3�0�)�,� �f�a�v�o�r�e�d� 

�p�i�g�s� �f�e�d� �t�h�e� �c�i�t�r�i�c� �a�c�i�d� �d�i�e�t� �d�u�r�i�n�g� �w�k� �5�.� �T�h�u�s�,� �a� 

�r�e�s�u�l�t�i�n�g� �o�v�e�r�a�l�l� �t�r�e�n�d� �(�P� �<� �.�0�9�)� �f�o�r� �i�m�p�r�o�v�e�d� �F�:�G� �w�a�s� 

�o�b�s�e�r�v�e�d� �f�o�r� �p�i�g�s� �f�e�d� �d�i�e�t�s� �w�i�t�h� �a�d�d�e�d� �c�i�t�r�i�c� �a�c�i�d�.� 

�N�u�m�e�r�i�c�a�l�l�y�,� �F�:�G� �f�o�r� �p�i�g�s� �f�e�d� �f�u�m�a�r�i�c� �a�c�i�d� �w�e�r�e� �s�i�m�i�l�a�r� �t�o� 

�t�h�o�s�e� �o�b�t�a�i�n�e�d� �f�o�r� �p�i�g�s� �f�e�d� �c�i�t�r�i�c� �a�c�i�d�,� �b�u�t� �w�e�r�e� �n�o�t� 

�s�t�a�t�i�s�t�i�c�a�l�l�y� �d�i�f�f�e�r�e�n�t� �(�P� �<� �.�1�1�)� �f�r�o�m� �F�:�G� �f�o�r� �c�o�n�t�r�o�l�-�f�e�d� 

�p�i�g�s�.� 

�T�w�o� �p�i�g�s� �i�n� �t�r�i�a�l� �1� �w�e�r�e� �r�e�m�o�v�e�d� �d�u�e� �t�o� �p�o�o�r� �h�e�a�l�t�h� 

�w�h�i�c�h� �w�a�s� �b�e�l�i�e�v�e�d� �t�o� �b�e� �u�n�r�e�l�a�t�e�d� �t�o� �t�r�e�a�t�m�e�n�t�s�;� �o�n�e� �p�i�g� 

�w�a�s� �f�e�d� �t�h�e� �c�i�t�r�i�c� �a�c�i�d� �d�i�e�t� �a�n�d� �t�h�e� �o�t�h�e�r� �w�a�s� �f�e�d� �t�h�e



�5�4� 

�f�u�m�a�r�i�c� �a�c�i�d� �d�i�e�t�.� 

�S�t�u�d�y� �2�.� �T�h�e�r�e� �w�e�r�e� �n�o� �s�i�g�n�i�f�i�c�a�n�t� �i�n�t�e�r�a�c�t�i�v�e� �e�f�f�e�c�t� 

�(�P� �<� �.�7�5�)� �o�f� �o�r�g�a�n�i�c� �a�c�i�d�s� �a�n�d� �m�i�c�r�o�b�i�a�l�;� �t�h�u�s� �m�a�i�n� �e�f�f�e�c�t�s� 

�w�i�l�l� �b�e� �d�i�s�c�u�s�s�e�d�.� �C�o�n�t�r�a�r�y� �t�o� �r�e�s�u�l�t�s� �o�f� �s�t�u�d�y� �1�,� �t�h�e� 

�a�d�d�i�t�i�o�n� �o�f� �o�r�g�a�n�i�c� �a�c�i�d�s� �h�a�d� �n�o� �e�f�f�e�c�t� �o�n� �A�D�G� �d�u�r�i�n�g� �t�h�e� 

�f�i�r�s�t� �4� �w�k� �(�T�a�b�l�e� �3�)�;� �A�D�G� �w�a�s� �i�n�c�r�e�a�s�e�d� �(�P� �<� �.�0�7�)� �d�u�r�i�n�g� �w�k� 

�5� �f�o�r� �p�i�g�s� �f�e�d� �f�u�m�a�r�i�c� �a�c�i�d� �(�d�i�e�t�s� �2� �a�n�d� �5�)� �c�o�m�p�a�r�e�d� �w�i�t�h� 

�t�h�e� �c�o�n�t�r�o�l�s� �(�d�i�e�t�s� �1� �a�n�d� �4�)�.� �A� �r�e�s�u�l�t�i�n�g� �o�v�e�r�a�l�l� 

�i�m�p�r�o�v�e�m�e�n�t� �(�P� �<� �.�0�3�)� �i�n� �A�D�G� �w�a�s� �o�b�s�e�r�v�e�d� �f�o�r� �p�i�g�s� �f�e�d� 

�f�u�m�a�r�i�c� �a�c�i�d� �d�i�e�t�s�.� �A�g�a�i�n�,� �i�n� �c�o�n�t�r�a�s�t� �t�o� �r�e�s�u�l�t�s� �o�f� �s�t�u�d�y� 

�1�,� �p�i�g�s� �f�e�d� �c�i�t�r�i�c� �a�c�i�d� �h�a�d� �A�D�G� �d�u�r�i�n�g� �a�l�l� �p�e�r�i�o�d�s� �w�h�i�c�h� 

�w�e�r�e� �S�i�m�i�l�a�r� �(�P� �<� �.�7�0�)� �t�o� �t�h�o�s�e� �o�f� �c�o�n�t�r�o�l�-�f�e�d� �p�i�g�s�.� 

�T�h�e�r�e�f�o�r�e�,� �t�h�e� �o�v�e�r�a�l�l� �a�c�i�d� �e�f�f�e�c�t� �o�b�t�a�i�n�e�d� �(�P� �<� �.�0�3�)� �w�a�s� 

�d�u�e� �t�o� �f�u�m�a�r�i�c� �a�c�i�d�.� �A�D�F�I� �a�n�d� �F�:�G� �m�e�a�n�s� �w�e�r�e� �n�o�t� �i�n�f�l�u�e�n�c�e�d� 

�(�P� �<� �.�7�6�)� �b�y� �e�i�t�h�e�r� �f�u�m�a�r�i�c� �o�r� �c�i�t�r�i�c� �a�c�i�d� �d�u�r�i�n�g� �a�n�y� �o�f� �t�h�e� 

�p�e�r�i�o�d�s�.� 

�T�h�e� �a�d�d�i�t�i�o�n� �o�f� �t�h�e� �m�i�c�r�o�b�i�a�l� �d�i�d� �n�o�t� �i�m�p�r�o�v�e� �A�D�G� 

�d�u�r�i�n�g� �t�h�e� �f�i�r�s�t� �4� �w�k�,� �b�u�t� �A�D�G� �w�a�s� �g�r�e�a�t�e�r� �(�P� �<� �.�0�2�)� �d�u�r�i�n�g� 

�w�k� �5� �a�n�d� �t�h�e� �r�e�s�u�l�t�i�n�g� �o�v�e�r�a�l�l� �A�D�G� �w�a�s� �l�a�r�g�e�r� �(�P� �<� �.�0�8�)� �f�o�r� 

�m�i�c�r�o�b�i�a�l�-�f�e�d� �p�i�g�s� �c�o�m�p�a�r�e�d� �w�i�t�h� �c�o�n�t�r�o�l�-�f�e�d� �p�i�g�s�.� �A�D�F�I� �w�a�s� 

�n�o�t� �i�n�f�l�u�e�n�c�e�d� �b�y� �f�e�e�d�i�n�g� �t�h�e� �m�i�c�r�o�b�i�a�l� �d�u�r�i�n�g� �a�n�y� �o�f� �t�h�e� 

�p�e�r�i�o�d�s�.� �T�h�e� �a�d�d�i�t�i�o�n� �o�f� �t�h�e� �m�i�c�r�o�b�i�a�l� �d�i�d� �n�o�t� �a�f�f�e�c�t� �F�:�G� 

�d�u�r�i�n�g� �t�h�e� �f�i�r�s�t� �4� �w�k�,� �b�u�t� �F�:�G� �w�a�s� �r�e�d�u�c�e�d� �d�u�r�i�n�g� �w�k� �5� �(�P� �<� 

�-�0�1�)� �a�n�d� �o�v�e�r�a�l�l� �(�P� �<� �.�0�2�)� �f�o�r� �m�i�c�r�o�b�i�a�l�-�f�e�d� �p�i�g�s� �c�o�m�p�a�r�e�d� 

�w�i�t�h� �c�o�n�t�r�o�l�-�f�e�d� �p�i�g�s�.



�5�5� 

�G�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �M�e�a�s�u�r�e�m�e�n�t�s� �(�S�t�u�d�y� �1� �o�n�l�y�)�.� 

�T�h�e� �p�H� �o�f� �t�h�e� �o�r�g�a�n�i�c� �a�c�i�d� �d�i�e�t�s� �w�a�s� �l�o�w�e�r� �(�P� �<� �.�0�0�1�)� 

�t�h�a�n� �t�h�a�t� �o�f� �t�h�e� �c�o�n�t�r�o�l� �d�i�e�t� �(�T�a�b�l�e� �2�)�.� �A�t� �t�h�e� �e�n�d� �o�f� �t�h�e� 

�5�-�w�k� �s�t�u�d�y�,� �h�o�w�e�v�e�r� �t�h�e� �o�r�g�a�n�i�c� �a�c�i�d� �d�i�e�t�s� �d�i�d� �n�o�t� 

�s�u�b�s�t�a�n�t�i�a�l�l�y� �r�e�d�u�c�e� �t�h�e� �p�H� �i�n� �e�i�t�h�e�r� �t�h�e� �g�a�s�t�r�i�c� �d�i�g�e�s�t�a� �o�r� 

�i�n� �t�h�e� �d�i�g�e�s�t�a� �o�f� �t�h�e� �o�t�h�e�r� �i�n�t�e�s�t�i�n�a�l� �s�e�c�t�i�o�n�s� �m�e�a�s�u�r�e�d� �(�P� 

�<� �.�3�0�;� �T�a�b�l�e� �4�)�.� �T�h�e� �p�H� �o�f� �t�h�e� �s�t�o�m�a�c�h� �d�i�g�e�s�t�a� �w�a�s� �l�o�w�e�s�t� 

�f�o�l�l�o�w�e�d� �b�y� �c�e�c�u�m� �a�n�d� �l�o�w�e�r� �c�o�l�o�n� �d�i�g�e�s�t�a� �p�H�;� �t�h�e� �j�e�j�u�n�u�m� 

�d�i�g�e�s�t�a� �h�a�d� �t�h�e� �h�i�g�h�e�s�t� �p�H� �(�P� �<� �.�0�5�)�.� �T�h�e� �C�l �� �c�o�n�c�e�n�t�r�a�t�i�o�n� 

�o�f� �d�i�g�e�s�t�a� �f�r�o�m� �t�h�e� �v�a�r�i�o�u�s� �i�n�t�e�s�t�i�n�a�l� �s�e�c�t�i�o�n�s� �a�l�s�o� �w�a�s� �n�o�t� 

�a�f�f�e�c�t�e�d� �b�y� �d�i�e�t�a�r�y� �t�r�e�a�t�m�e�n�t�s� �(�P� �<� �.�2�4�)�,� �b�u�t� �C�l!"� �|� 

�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �s�t�e�a�d�i�l�y� �d�e�c�r�e�a�s�e�d� �(�P� �<� �.�0�5�)� �f�r�o�m� �a� �h�i�g�h� �i�n� 

�t�h�e� �s�t�o�m�a�c�h� �t�o� �a� �l�o�w� �i�n� �t�h�e� �l�o�w�e�r� �c�o�l�o�n� �(�T�a�b�l�e� �4�)�.� 

�N�o� �d�i�f�f�e�r�e�n�c�e�s� �(�P� �<� �.�7�0�)� �i�n� �t�h�e� �V�F�A� �c�o�n�c�e�n�t�r�a�t�i�o�n� �w�e�r�e� 

�o�b�s�e�r�v�e�d� �a�m�o�n�g� �d�i�e�t�a�r�y� �t�r�e�a�t�m�e�n�t�s�.� �A�c�e�t�i�c� �a�c�i�d� �w�a�s� �t�h�e� 

�p�r�i�m�a�r�y� �V�F�A� �d�e�t�e�c�t�e�d� �i�n� �t�h�e� �g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t�,� �b�u�t� �t�h�e� 

�c�e�c�u�m� �a�n�d� �l�o�w�e�r� �c�o�l�o�n� �e�x�h�i�b�i�t�e�d� �i�n�c�r�e�a�s�e�d� �(�P� �<� �.�0�5�)� �l�e�v�e�l�s� 

�o�f� �p�r�o�p�i�o�n�i�c� �a�c�i�d�,� �b�u�t�y�r�i�c� �a�c�i�d� �a�n�d� �t�o�t�a�l� �V�F�A� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� 

�c�o�m�p�a�r�e�d� �w�i�t�h� �t�h�e� �s�t�o�m�a�c�h� �a�n�d� �j�e�j�u�n�u�m� �(�T�a�b�l�e� �5�)�.� 

�N�o�n�-�v�o�l�a�t�i�l�e� �a�c�i�d� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �w�e�r�e� �g�e�n�e�r�a�l�l�y� �l�o�w� 

�t�h�r�o�u�g�h�o�u�t� �t�h�e� �g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t�,� �e�x�c�l�u�d�i�n�g� �f�u�m�a�r�i�c� 

�a�c�i�d� �i�n� �t�h�e� �f�u�m�a�r�i�c� �a�c�i�d� �f�e�d� �p�i�g�s�.� �F�u�m�a�r�i�c� �a�c�i�d� 

�c�o�n�c�e�n�t�r�a�t�i�o�n�,� �w�a�s� �g�r�e�a�t�e�r� �(�P� �<� �.�0�5�)� �i�n� �t�h�e� �s�t�o�m�a�c�h� �a�n�d� 

�j�e�j�u�n�u�m� �o�f� �f�u�m�a�r�i�c� �a�c�i�d� �f�e�d� �p�i�g�s� �a�n�d� �h�e�n�c�e�,� �t�o�t�a�l� �n�o�n�-� 

�v�o�l�a�t�i�l�e� �a�c�i�d� �c�o�n�c�e�n�t�r�a�t�i�o�n� �(�P� �<� �.�0�5�)� �i�n� �t�h�e� �s�t�o�m�a�c�h� �a�n�d



�5�6� 

�j�e�j�u�n�u�m� �i�n� �p�i�g�s� �f�e�d� �t�h�e� �f�u�m�a�r�i�c� �a�c�i�d� �d�i�e�t� �t�h�a�n� �t�h�a�t� �o�f� �p�i�g�s� 

�f�e�d� �e�i�t�h�e�r� �o�f� �t�h�e� �d�i�e�t�s� �w�i�t�h�o�u�t� �f�u�m�a�r�i�c� �a�c�i�d�.� 

�D�i�s�c�u�s�s�i�o�n� 

�T�h�e� �v�a�r�i�a�b�l�e� �r�e�s�p�o�n�s�e� �o�f� �t�h�e� �o�r�g�a�n�i�c� �a�c�i�d�s� �i�n� �i�m�p�r�o�v�i�n�g� 

�A�D�G� �a�n�d� �F�:�G� �i�n� �w�e�a�n�l�i�n�g� �p�i�g�s� �i�s� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �p�r�e�v�i�o�u�s� 

�r�e�s�e�a�r�c�h�.� �R�a�d�e�c�k�i� �a�n�d� �c�o�-�w�o�r�k�e�r�s� �(�1�9�8�8�)� �o�b�s�e�r�v�e�d� �a� �p�o�s�t�i�v�e� 

�r�e�s�p�o�n�s�e� �o�n� �A�D�G� �a�n�d� �F�:�G� �b�y� �f�e�e�d�i�n�g� �f�u�m�a�r�i�c� �a�c�i�d� �b�u�t� �n�o�t� �w�i�t�h� 

�c�i�t�r�i�c� �a�c�i�d�,� �w�h�e�r�e�a�s� �H�e�n�r�y� �e�t� �a�l�.� �(�1�9�8�5�)� �r�e�p�o�r�t�e�d� �i�n�c�r�e�a�s�e�s� 

�i�n� �A�D�G� �i�n� �p�i�g�s� �f�e�d� �c�i�t�r�i�c� �a�c�i�d� �b�u�t� �n�o�t� �i�n� �p�i�g�s� �f�e�d� �f�u�m�a�r�i�c� 

�a�c�i�d�.� �F�a�l�k�o�w�s�k�i� �a�n�d� �A�h�e�r�n�e� �(�1�9�8�4�)� �a�n�d� �G�i�e�s�t�i�n�g� �a�n�d� �E�a�s�t�e�r� 

�(�1�9�8�5�)� �r�e�p�o�r�t�e�d� �a� �n�u�m�e�r�i�c�a�l� �i�n�c�r�e�a�s�e� �(�P� �<� �.�0�7�)� �i�n� �A�D�G� �a�n�d� �a�n� 

�i�m�p�r�o�v�e�m�e�n�t� �(�P� �<� �.�0�5�)� �i�n� �F�:�G� �w�i�t�h� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �2�%� �f�u�m�a�r�i�c� 

�o�r� �c�i�t�r�i�c� �a�c�i�d�.� �K�i�r�c�h�g�e�s�s�n�e�r� �a�n�d� �R�o�t�h� �(�1�9�8�2�)� �r�e�p�o�r�t�e�d� �t�h�a�t� 

�t�h�e� �a�d�d�i�t�i�o�n� �o�f� �1� �t�o� �2�%� �f�u�m�a�r�i�c� �a�c�i�d� �i�m�p�r�o�v�e�d� �A�D�G�,� �F�:�G� �a�n�d� 

�s�t�i�m�u�l�a�t�e�d� �A�D�F�I�.� �T�h�i�s� �i�n�c�r�e�a�s�e� �i�n� �A�D�F�I�,� �h�o�w�e�v�e�r�,� �i�s� 

�i�n�c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �o�u�r� �r�e�s�u�l�t�s� �a�n�d� �t�h�e� �f�i�n�d�i�n�g�s� �o�f� �F�a�l�k�o�w�s�k�i� 

�a�n�d� �A�h�e�r�n�e� �(�1�9�8�4�)� �a�n�d� �G�i�e�s�t�i�n�g� �a�n�d� �E�a�s�t�e�r� �(�1�9�8�5�)�,� �w�h�o� 

�o�b�s�e�r�v�e�d� �a� �n�o�n�-�S�i�g�n�i�f�i�c�a�n�t� �d�e�p�r�e�s�s�i�o�n� �i�n� �A�D�F�I�.� 

�I�n� �o�u�r� �f�i�r�s�t� �s�t�u�d�y�,� �i�m�p�r�o�v�e�m�e�n�t�s� �i�n� �A�D�G� �a�n�d� �F�:�G� �w�e�r�e� 

�o�b�s�e�r�v�e�d� �p�r�i�m�a�r�i�l�y� �d�u�r�i�n�g� �t�h�e� �f�i�r�s�t� �4� �w�k� �o�f� �e�a�c�h� �t�r�i�a�l�.� �B�u�t� 

�i�n� �o�u�r� �s�e�c�o�n�d� �s�t�u�d�y�,� �i�m�p�r�o�v�e�m�e�n�t�s� �i�n� �A�D�G� �w�e�r�e� �a�l�s�o� �o�b�s�e�r�v�e�d� 

�d�u�r�i�n�g� �w�k� �5� �f�o�r� �p�i�g�s� �f�e�d� �f�u�m�a�r�i�c� �a�c�i�d�.� �T�h�e� �d�u�r�a�t�i�o�n� �o�f� �t�h�e� 

�e�x�p�e�r�i�m�e�n�t�s� �r�e�p�o�r�t�e�d� �b�y� �F�a�l�k�o�w�s�k�i� �a�n�d� �A�h�e�r�n�e� �(�1�9�8�4�)�,� 

�G�i�e�s�t�i�n�g� �a�n�d� �E�a�s�t�e�r� �(�1�9�8�5�)�,� �B�u�r�n�e�l�l� �e�t� �a�l�.� �(�1�9�8�8�)� �a�n�d� 

�R�a�d�e�c�k�i� �e�t� �a�l�.� �(�1�9�8�8�)� �w�a�s� �4� �w�k�.



�5�7� 

�F�e�w� �r�e�p�o�r�t�s� �h�a�v�e� �e�x�t�e�n�d�e�d� �t�h�e�i�r� �e�x�p�e�r�i�m�e�n�t�s� �p�a�s�t� �4� �w�k�.� 

�O�u�r� �r�e�s�u�l�t�s� �f�r�o�m� �s�t�u�d�y� �1� �s�u�g�g�e�s�t� �m�o�s�t� �o�f� �t�h�e� �r�e�s�p�o�n�s�e� �t�o� 

�o�r�g�a�n�i�c� �a�c�i�d�s� �o�c�c�u�r�s� �d�u�r�i�n�g� �t�h�e� �f�i�r�s�t� �4� �w�k� �p�o�s�t�w�e�a�n�i�n�g�.� �I�n� 

�a�g�r�e�e�m�e�n�t�,� �S�c�i�p�i�o�n�i� �e�t� �a�l�.� �(�1�9�7�8�)� �r�e�p�o�r�t�e�d� �s�i�g�n�i�f�i�c�a�n�t� 

�i�n�c�r�e�a�s�e�s� �i�n� �A�D�G� �b�y� �f�e�e�d�i�n�g� �1�%� �c�i�t�r�i�c� �a�c�i�d� �f�o�r� �t�h�e� �f�i�r�s�t� �3� 

�w�k�,� �b�u�t� �t�h�i�s� �i�n�c�r�e�a�s�e� �i�n� �A�D�G� �w�a�s� �l�o�s�t� �d�u�r�i�n�g� �w�k� �4�-�6� �o�f� �t�h�e� 

�e�x�p�e�r�i�m�e�n�t�.� �T�h�i�s� �t�r�a�n�s�i�t�o�r�y� �r�e�s�p�o�n�s�e� �t�o� �o�r�g�a�n�i�c� �a�c�i�d� 

�s�u�p�p�l�e�m�e�n�t�a�t�i�o�n� �m�a�y� �b�e� �r�e�l�a�t�e�d� �t�o� �t�h�e� �i�n�c�r�e�a�s�i�n�g� �m�a�t�u�r�i�t�y� �o�f� 

�t�h�e� �g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t� �o�f� �t�h�e� �w�e�a�n�l�i�n�g� �p�i�g�,� �w�h�i�c�h� �m�a�y� 

�o�v�e�r�c�o�m�e� �a�n�y� �p�o�s�s�i�b�l�e� �b�u�f�f�e�r�i�n�g� �e�f�f�e�c�t�s� �o�f� �t�h�e� �o�r�g�a�n�i�c� �a�c�i�d�.� 

�W�e� �d�o� �n�o�t� �h�a�v�e� �a�n� �e�x�p�l�a�n�a�t�i�o�n� �f�o�r� �t�h�e� �l�a�c�k� �o�f� 

�c�o�n�s�i�s�t�e�n�c�y� �i�n� �t�h�e� �r�e�s�p�o�n�s�e� �t�o� �c�i�t�r�i�c� �a�c�i�d� �a�n�d� �f�u�m�a�r�i�c� �a�c�i�d� 

�f�r�o�m� �s�t�u�d�y� �t�o� �s�t�u�d�y�.� �I�n� �s�t�u�d�y� �1�,� �c�i�t�r�i�c� �a�c�i�d� �g�a�v�e� �t�h�e� �b�e�s�t� 

�r�e�s�p�o�n�s�e�,� �w�h�e�r�e�a�s� �i�n� �s�t�u�d�y� �2�,� �f�u�m�a�r�i�c� �a�c�i�d� �g�a�v�e� �t�h�e� �b�e�s�t� 

�r�e�s�p�o�n�s�e�.� 

�T�h�e� �u�s�e� �o�f� �a� �m�i�c�r�o�b�i�a�l� �i�n� �i�m�p�r�o�v�i�n�g� �p�o�s�t�w�e�a�n�i�n�g� 

�p�e�r�f�o�r�m�a�n�c�e� �i�n� �p�i�g�s� �(�H�a�l�e� �a�n�d� �N�e�w�t�o�n�,� �1�9�7�9�;� �L�e�s�s�a�r�d� �a�n�d� 

�B�r�i�s�s�o�n�,� �1�9�8�7�)� �h�a�s� �h�a�d� �l�e�s�s� �c�o�n�s�i�s�t�e�n�t� �r�e�s�u�l�t�s� �t�h�a�n� �t�h�a�t� �o�f� 

�d�i�e�t� �a�c�i�d�i�f�i�c�a�t�i�o�n�.� �H�o�w�e�v�e�r�,� �o�u�r� �r�e�s�u�l�t�s� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e� 

�a�d�d�i�t�i�o�n� �o�f� �a� �m�i�c�r�o�b�i�a�l� �i�m�p�r�o�v�e�s� �F�:�G� �a�n�d� �t�e�n�d�s� �t�o� �i�m�p�r�o�v�e� 

�A�D�G�.� �A�s� �r�e�p�o�r�t�e�d� �b�y� �L�y�o�n�s� �(�1�9�8�7�)�,� �t�h�e� �s�u�c�c�e�s�s� �o�f� �a� 

�m�i�c�r�o�b�i�a�l� �i�s� �d�e�p�e�n�d�e�n�t� �u�p�o�n� �t�h�e� �g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� 

�e�n�v�i�r�o�n�m�e�n�t�.� �G�e�n�e�r�a�l�l�y�,� �m�i�c�r�o�b�i�a�l� �o�r�g�a�n�i�s�m�s� �(�S�t�r�e�p�t�o�c�o�c�c�u�s� 

�a�n�d� �L�a�c�t�o�b�a�c�i�l�l�u�s�)� �p�r�e�f�e�r� �a�n� �a�c�i�d�i�c� �e�n�v�i�r�o�n�m�e�n�t�,� �w�h�e�r�e�a�s� 

�c�o�l�i�f�o�r�m�s� �(�E�.� �c�o�l�i�)� �t�h�r�i�v�e� �i�n� �a� �m�o�r�e� �a�l�k�a�l�i�n�e� �e�n�v�i�r�o�n�m�e�n�t�.



�5�8� 

�T�h�i�s� �o�b�s�e�r�v�a�t�i�o�n� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �u�s�i�n�g� �a� �m�i�c�r�o�b�i�a�l� �i�n� �d�i�e�t�s� 

�f�o�r� �t�h�e� �y�o�u�n�g� �p�i�g� �w�h�o�s�e� �a�b�i�l�i�t�y� �t�o� �l�o�w�e�r� �g�a�s�t�r�i�c� �p�H� �i�s� 

�l�i�m�i�t�e�d� �(�M�a�n�n�e�r�s�,� �1�9�7�6�)� �m�a�y� �n�o�t� �r�e�s�u�l�t� �i�n� �a�n� �o�p�t�i�m�a�l� 

�m�i�c�r�o�b�i�a�l� �r�e�s�p�o�n�s�e�.� �I�f� �a�n� �a�c�i�d�i�c� �g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� 

�e�n�v�i�r�o�n�m�e�n�t� �i�s� �n�o�t� �m�a�i�n�t�a�i�n�e�d�,� �t�h�e� �m�i�c�r�o�b�i�a�l� �o�r�g�a�n�i�s�m� �m�a�y� 

�n�o�t� �b�e� �a�b�l�e� �t�o� �e�s�t�a�b�l�i�s�h� �i�t�s�e�l�f� �i�n� �t�h�e� �g�u�t� �a�n�d� �t�h�u�s� 

�c�o�l�i�f�o�r�m�s� �m�a�y� �b�e� �a�l�l�o�w�e�d� �t�o� �p�r�o�l�i�f�e�r�a�t�e� �a�n�d� �c�a�u�s�e� �s�c�o�u�r�i�n�g� 

�a�n�d� �p�o�o�r� �g�r�o�w�t�h� �p�e�r�f�o�r�m�a�n�c�e�.� �T�h�e� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �a� �m�i�c�r�o�b�i�a�l� 

�w�i�t�h� �a�n� �o�r�g�a�n�i�c� �a�c�i�d� �s�h�o�u�l�d� �r�e�s�u�l�t� �i�n� �a� �m�o�r�e� �f�a�v�o�r�a�b�l�e� 

�a�c�i�d�i�c� �e�n�v�i�r�o�n�m�e�n�t� �a�n�d� �r�e�s�u�l�t� �i�n� �b�e�t�t�e�r� �g�r�o�w�t�h� �p�e�r�f�o�r�m�a�n�c�e� 

�i�n� �w�e�a�n�l�i�n�g� �p�i�g�s�.� �I�n� �s�t�u�d�y� �2�,� �h�o�w�e�v�e�r� �w�e� �w�e�r�e� �u�n�a�b�l�e� �t�o� 

�d�e�t�e�c�t� �a�n�y� �i�n�t�e�r�a�c�t�i�v�e� �e�f�f�e�c�t�s� �b�e�t�w�e�e�n� �o�r�g�a�n�i�c� �a�c�i�d� 

�s�u�p�p�l�e�m�e�n�t�a�t�i�o�n� �a�n�d� �m�i�c�r�o�b�i�a�l� �a�d�d�i�t�i�o�n�,� �s�u�g�g�e�s�t�i�n�g� �t�h�a�t� �t�h�e� 

�1�.�5�%� �l�e�v�e�l� �o�f� �o�r�g�a�n�i�c� �s�u�p�p�l�e�m�e�n�t�a�t�i�o�n� �i�s� �u�n�a�b�l�e� �t�o� 

�s�u�b�s�t�a�n�t�i�a�l�l�y� �i�m�p�r�o�v�e� �t�h�e� �e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� �t�h�e� �m�i�c�r�o�b�i�a�l�.� 

�L�o�w�e�r�i�n�g� �t�h�e� �g�a�s�t�r�i�c� �p�H� �h�a�s� �a�l�s�o� �b�e�e�n� �s�u�g�g�e�s�t�e�d� �a�s� �a� 

�p�o�s�s�i�b�l�e� �m�o�d�e� �o�f� �a�c�t�i�o�n� �o�f� �d�i�e�t� �a�c�i�d�i�f�i�c�a�t�i�o�n� �(�S�c�i�p�i�o�n�i� �e�t� 

�a�l�.�,� �1�9�7�8�;� �B�u�r�n�e�l�l� �e�t� �a�l�.�,� �1�9�8�8�;� �R�a�d�e�c�k�i� �e�t� �a�l�.�,� �1�9�8�8�)�.� �T�h�e� 

�n�e�w�l�y� �w�e�a�n�e�d� �p�i�g� �m�a�y� �b�e� �u�n�a�b�l�e� �t�o� �s�u�b�s�t�a�n�t�i�a�l�l�y� �r�e�d�u�c�e� 

�g�a�s�t�r�i�c� �p�H� �d�u�e� �t�o� �l�i�m�i�t�e�d� �H�C�l� �s�e�c�r�e�t�i�o�n� �a�n�d� �t�h�e�r�e�f�o�r�e� �m�a�y� �b�e� 

�u�n�a�b�l�e� �t�o� �a�d�e�q�u�a�t�e�l�y� �a�c�t�i�v�a�t�e� �p�e�p�s�i�n�o�g�e�n� �t�o� �p�e�p�s�i�n�.� �L�o�w� 

�p�e�p�s�i�n� �a�c�t�i�v�a�t�i�o�n� �m�a�y� �l�e�a�d� �t�o� �p�o�o�r� �d�i�e�t� �u�t�i�l�i�z�a�t�i�o�n� �a�n�d� 

�u�n�d�i�g�e�s�t�e�d� �f�e�e�d� �p�a�r�t�i�c�l�e�s� �m�a�y� �r�e�a�c�h� �t�h�e� �l�o�w�e�r� 

�g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t�,� �w�h�i�c�h� �r�e�s�u�l�t�s� �i�n� �a� �h�i�g�h�e�r� �p�H� �a�n�d� 

�m�o�r�e� �r�a�p�i�d� �r�a�t�e� �o�f� �p�a�s�s�a�g�e� �(�K�i�d�d�e�r� �a�n�d� �M�a�n�n�e�r�s�,� �1�9�7�8�)�.� �T�h�e



�5�9� 

�a�d�d�i�t�i�o�n� �o�f� �a�n� �o�r�g�a�n�i�c� �a�c�i�d� �t�o� �a� �s�t�a�r�t�e�r� �d�i�e�t� �m�i�g�h�t� �a�i�d� �t�h�e� 

�p�i�g� �i�n� �a�c�t�i�v�a�t�i�n�g� �p�e�p�s�i�n�o�g�e�n� �a�n�d� �s�t�i�m�u�l�a�t�i�n�g� �H�C�l� �s�e�c�r�e�t�i�o�n�.� 

�O�u�r� �r�e�s�u�l�t�s�,� �h�o�w�e�v�e�r�,� �s�u�g�g�e�s�t� �t�h�a�t� �t�h�e� �i�n�c�l�u�s�i�o�n� �o�f� 

�o�r�g�a�n�i�c� �a�c�i�d�s� �i�n� �t�h�e� �s�t�a�r�t�e�r� �d�i�e�t� �d�o�e�s� �n�o�t� �s�u�b�s�t�a�n�t�i�a�l�l�y� 

�l�o�w�e�r� �t�h�e� �g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �p�H� �a�t� �t�h�e� �e�n�d� �o�f� �a� �5�-�w�k� �p�e�r�i�o�d�.� 

�B�u�r�n�e�l�l� �e�t� �a�l�.� �(�1�9�8�8�)� �a�l�s�o� �o�b�s�e�r�v�e�d� �l�i�t�t�l�e� �o�r� �n�o� �d�e�c�r�e�a�s�e� �i�n� 

�s�t�o�m�a�c�h�,� �s�m�a�l�l� �i�n�t�e�s�t�i�n�a�l� �a�n�d� �l�a�r�g�e� �i�n�t�e�s�t�i�n�a�l� �p�H� �b�y� �f�e�e�d�i�n�g� 

�1�.�0�%� �c�i�t�r�i�c� �a�c�i�d� �t�o� �w�e�a�n�l�i�n�g� �p�i�g�s� �f�o�r� �7� �o�r� �2�1� �d�a�y�s�.� �T�h�e�s�e� 

�d�a�t�a� �s�u�g�g�e�s�t� �t�h�a�t� �r�e�d�u�c�i�n�g� �g�a�s�t�r�i�c� �p�H� �m�a�y� �n�o�t� �b�e� �a� �m�a�j�o�r� 

�m�o�d�e� �o�f� �a�c�t�i�o�n� �o�f� �a�c�i�d�i�f�i�e�d� �d�i�e�t�s�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �t�h�e� �l�e�v�e�l� 

�o�f� �C�l �� �w�a�s� �e�x�p�e�c�t�e�d� �t�o� �r�e�f�l�e�c�t� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �o�f� 

�h�y�d�r�o�c�h�l�o�r�i�c� �a�c�i�d�,� �b�u�t� �t�h�e� �C�l �� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �t�h�e� �d�i�g�e�s�t�a� 

�m�o�r�e� �p�r�o�b�a�b�l�y� �i�n�d�i�c�a�t�e�d� �t�h�e� �l�e�v�e�l� �o�f� �c�h�l�o�r�i�d�e� �i�n� �t�h�e� �d�i�e�t�.� 

�T�h�e� �d�e�c�r�e�a�s�e� �i�n� �f�u�m�a�r�i�c� �a�c�i�d� �c�o�n�c�e�n�t�r�a�t�i�o�n� �f�r�o�m� �t�h�e� 

�s�t�o�m�a�c�h� �t�o� �t�h�e� �j�e�j�u�n�u�m� �s�u�g�g�e�s�t�s� �t�h�a�t� �t�h�i�s� �a�c�i�d� �m�a�y� �b�e� 

�d�i�r�e�c�t�l�y� �a�b�s�o�r�b�e�d� �f�r�o�m� �t�h�e� �s�t�o�m�a�c�h� �a�n�d� �t�h�u�s� �s�e�r�v�e� �a�s� �a�n� 

�a�d�d�i�t�i�o�n�a�l� �e�n�e�r�g�y� �s�o�u�r�c�e�.� �A�t� �w�e�a�n�i�n�g�,� �t�h�e� �p�i�g� �u�t�i�l�i�z�e�s� �i�t�s� 

�a�l�r�e�a�d�y� �l�o�w� �l�i�p�i�d� �s�t�o�r�e�s� �f�o�r� �e�n�e�r�g�y�,� �w�h�i�c�h� �a�d�d�s� �t�o� �t�h�e� �p�o�o�r� 

�p�o�s�t�w�e�a�n�i�n�g� �w�e�i�g�h�t� �g�a�i�n� �a�n�d� �s�t�r�e�s�s� �(�F�e�n�t�e�n� �e�t� �a�l�.�,� �1�9�8�5�)�.� 

�K�i�r�c�h�g�e�s�s�n�e�r� �a�n�d� �R�o�t�h� �(�1�9�8�2�)� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �f�u�m�a�r�i�c� �a�c�i�d� 

�c�o�u�l�d� �b�e� �u�s�e�d� �a�s� �a�n� �e�n�e�r�g�y� �s�o�u�r�c�e� �w�i�t�h� �a�n� �e�f�f�i�c�i�e�n�c�y� �c�l�o�s�e� 

�t�o� �t�h�a�t� �o�f� �g�l�u�c�o�s�e�.� �T�h�e�r�e�f�o�r�e�,� �o�r�g�a�n�i�c� �a�c�i�d�s� �m�a�y� �a�c�t� �a�s� �a�n� 

�e�n�e�r�g�y� �s�o�u�r�c�e�,� �w�h�i�c�h� �c�o�u�l�d� �a�s�s�i�s�t� �t�h�e� �w�e�a�n�l�i�n�g� �p�i�g� �i�n� 

�m�a�i�n�t�a�i�n�i�n�g� �i�t�s� �l�i�p�i�d� �s�t�o�r�e�s�.� �M�o�r�e� �r�e�s�e�a�r�c�h� �i�s� �r�e�q�u�i�r�e�d� �t�o� 

�s�u�b�s�t�a�n�t�i�a�t�e� �t�h�i�s� �h�y�p�o�t�h�e�s�i�s� �h�o�w�e�v�e�r�.



�6�0� 

�S�c�i�p�i�o�n�i� �e�t� �a�l�.� �(�1�9�7�8�)� �r�e�p�o�r�t�e�d� �t�h�a�t� �c�i�t�r�i�c� �a�c�i�d�,� �b�u�t� 

�n�o�t� �f�u�m�a�r�i�c� �a�c�i�d�,� �t�e�n�d�e�d� �t�o� �r�e�d�u�c�e� �g�a�s�t�r�i�c� �a�n�d� �d�u�o�d�e�n�a�l� �p�H� 

�a�n�d� �l�o�w�e�r�e�d� �t�o�t�a�l� �E�.� �c�o�l�i� �a�n�d� �a�n�a�e�r�o�b�i�c� �m�i�c�r�o�f�l�o�r�a�.� �O�u�r� 

�r�e�s�u�l�t�s�,� �h�o�w�e�v�e�r�,� �i�n�d�i�c�a�t�e� �t�h�a�t� �o�r�g�a�n�i�c� �a�c�i�d�s� �h�a�d� �l�i�t�t�l�e� �o�r� 

�n�o� �e�f�f�e�c�t� �o�n� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �m�i�c�r�o�f�l�o�r�a� �m�e�t�a�b�o�l�i�s�m� �a�s� 

�m�e�a�s�u�r�e�d� �b�y� �t�h�e� �V�F�A� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �(�V�a�r�e�l� �a�n�d� �P�o�n�d�,� �1�9�8�5�)�,� 

�t�h�e�r�e�f�o�r�e�,� �s�u�g�g�e�s�t�i�n�g� �l�i�t�t�l�e� �c�h�a�n�g�e� �i�n� �t�h�e� �m�i�c�r�o�f�l�o�r�a� 

�p�o�p�u�l�a�t�i�o�n�.� 

�C�o�n�c�l�u�s�i�o�n�s� 

�T�h�e� �s�u�p�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �a� �s�t�a�r�t�e�r� �d�i�e�t� �w�i�t�h� �o�r�g�a�n�i�c� 

�a�c�i�d�s� �a�n�d�(�o�r�)� �a� �m�i�c�r�o�b�i�a�l� �g�e�n�e�r�a�l�l�y� �i�m�p�r�o�v�e�d� �F�:�G� �a�n�d� �t�e�n�d�e�d� 

�t�o� �i�n�c�r�e�a�s�e� �A�D�G� �o�f� �w�e�a�n�l�i�n�g� �p�i�g�s�,� �a�l�t�h�o�u�g�h� �t�h�e� �m�a�g�n�i�t�u�d�e� �o�f� 

�r�e�s�p�o�n�s�e� �t�o� �c�i�t�r�i�c� �o�r� �f�u�m�a�r�i�c� �a�c�i�d� �w�a�s� �n�o�t� �c�o�n�s�i�s�t�e�n�t� �f�r�o�m� 

�s�t�u�d�y� �t�o� �s�t�u�d�y�.� �H�o�w�e�v�e�r�,� �o�u�r� �r�e�s�u�l�t�s� �d�o� �n�o�t� �s�u�p�p�o�r�t� �t�h�e� 

�h�y�p�o�t�h�e�s�i�s� �t�h�a�t� �o�r�g�a�n�i�c� �a�c�i�d�s� �c�a�n� �l�o�w�e�r� �t�h�e� �g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� 

�P�H� �o�r� �a�l�t�e�r� �b�a�c�t�e�r�i�a�l� �a�c�t�i�v�i�t�y� �a�s� �m�e�a�s�u�r�e�d� �b�y� �V�F�A� 

�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �a�t� �t�h�e� �e�n�d� �o�f� �t�h�e� �5�-�w�k� �t�r�i�a�l�s�.� �F�u�r�t�h�e�r� 

�i�n�v�e�s�t�i�g�a�t�i�o�n� �i�n�t�o� �t�h�e� �m�o�d�e� �o�f� �a�c�t�i�o�n� �a�n�d� �t�h�e�i�r� �i�n�t�e�r�a�c�t�i�v�e� 

�e�f�f�e�c�t�s� �o�f� �t�h�e�s�e� �f�e�e�d� �a�d�d�i�t�i�v�e�s� �i�s� �w�a�r�r�a�n�t�e�d�.



�6�1� 

�A�c�k�n�o�w�l�e�d�g�e�m�e�n�t�s� 

�A�u�t�h�o�r�s� �g�r�a�t�e�f�u�l�l�y� �a�c�k�n�o�w�l�e�d�g�e� �t�h�e� �J�o�h�n� �L�e�e� �P�r�a�t�t� 

�A�n�i�m�a�l� �N�u�t�r�i�t�i�o�n� �P�r�o�g�r�a�m� �f�o�r� �f�i�n�a�n�c�i�a�l� �s�u�p�p�o�r�t� �a�n�d� �t�h�e� 

�f�o�l�l�o�w�i�n�g� �c�o�m�p�a�n�i�e�s� �f�o�r� �d�o�n�a�t�i�n�g� �m�a�t�e�r�i�a�l�s�:� �F�u�m�a�r�i�c� �a�c�i�d�;� 

�M�o�n�s�a�n�t�o� �C�o�.�,� �S�t�.� �L�o�u�i�s�,� �M�O�.� �C�i�t�r�i�c� �a�c�i�d�;� �H�o�f�f�m�a�n�n�-�L�a�R�o�c�h�e�,� 

�N�u�t�l�e�y�,� �N�J�.� �M�i�c�r�o�b�i�a�l�;� �B�i�o� �T�e�c�h�n�i�q�u�e�s� �L�a�b�o�r�a�t�o�r�i�e�s�,� �I�n�c�.�,� 

�R�e�d�m�o�n�d�,� �W�A�.� �T�h�e� �a�s�s�i�s�t�a�n�c�e� �o�f� �t�h�e� �f�o�l�l�o�w�i�n�g� �p�e�o�p�l�e� �w�a�s� 

�a�l�s�o� �g�r�e�a�t�l�y� �a�p�p�r�e�c�i�a�t�e�d�:� �A�n�a�e�r�o�b�i�c� �M�i�c�r�o�b�i�o�l�o�g�y� �L�a�b�o�r�a�t�o�r�y� 

�t�e�c�h�n�i�c�i�a�n�s� �f�o�r� �g�a�s� �c�h�r�o�m�a�t�o�g�r�a�p�h�y� �a�d�v�i�c�e�;� �V�P�I� �S�w�i�n�e� �C�e�n�t�e�r� 

�s�t�a�f�f� �f�o�r� �t�h�e� �c�a�r�e� �o�f� �t�h�e� �a�n�i�m�a�l�s�;� �C�i�n�d�y� �H�i�x�o�n� �f�o�r� 

�s�e�c�r�e�t�a�r�i�a�l� �a�s�s�i�s�t�a�n�c�e�;� �a�n�d� �D�r�.� �W�.�E�.�C�.� �M�o�o�r�e�,� �D�r�.� �W�.�N�.� �E�i�g�e�l� 

�a�n�d� �D�r�.� �C�.�M�.� �W�o�o�d� �f�o�r� �e�x�p�e�r�t� �a�d�v�i�c�e� �i�n� �p�r�e�p�a�r�i�n�g� �t�h�i�s� 

�m�a�n�u�s�c�r�i�p�t�.
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�T�A�B�L�E� �1�.� �P�E�R�C�E�N�T�A�G�E� �C�O�M�P�O�S�I�T�I�O�N� �O�F� �D�I�E�T�S� 
� � 

� � 

� � 

�D�i�e�t�?� 

�I�t�e�m� �C�o�n�t�r�o�l� �F�u�m�a�r�i�c� �a�c�i�d� �C�i�t�r�i�c� �a�c�i�d� 

�C�o�r�n� �6�4�.�2�0� �6�2�.�5�0� �6�2�.�5�0� 
�S�o�y�b�e�a�n� �m�e�a�l� �(�4�4�%� �C�P�)� �3�3�.�1�1� �3�3�.�3�1� �3�3�.�3�1� 
�L�i�m�e�s�t�o�n�e� �-�6�0� �-�5�8� �-�5�8� 
�D�e�f�l�u�o�r�i�n�a�t�e�d� �p�h�o�s�p�h�a�t�e� �1�.�4�2� �1�.�4�4� �1�.�4�4� 
�S�a�l�t� �~�3�0� �~�3�0� �~�3�0� 
�T�r�a�c�e� �m�i�n�e�r�a�l� �p�r�e�m�i�x�?� �-�0�7� �0�7� �0�7� 
�V�i�t�a�m�i�n� �p�r�e�m�i�x� �~�2�5� �~�2�5� �-�2�5� 
�S�e�l�e�n�i�u�m� �p�r�e�m�i�x�?� �0�5� �.�0�5� �-�0�5� 
�F�u�m�a�r�i�c�/�c�i�t�r�i�c� �a�c�i�d�  �� �1�.�5�0� �1�.�5�0� 
� � 

 ��c�a�l�c�u�l�a�t�e�d� �t�o� �s�u�p�p�l�y� �2�0�%� �c�r�u�d�e� �p�r�o�t�e�i�n�,� �.�8�0�%� �C�a� �a�n�d� �.�6�5�%� �P�.� 
�S�u�p�p�l�i�e�d� �p�e�r� �k�g� �o�f� �d�i�e�t�:� �1�0�5� �m�g� �Z�n�,� �1�2�3� �m�g� �F�e�,� �4�2� �m�g� �M�n�,� 

�1�2� �m�g� �C�u�,� �a�n�d� �1�.�4� �m�g� �I�.� 
�S�s�u�p�p�l�i�e�d� �p�e�r� �k�g� �o�f� �d�i�e�t�:� �4�,�4�0�0� �I�U� �v�i�t�a�m�i�n� �A�,� �4�4�0� �I�U� �v�i�t�a�m�i�n� 
�D�,� �1�1� �I�U� �v�i�t�a�m�i�n� �E�,� �4�.�4� �m�g� �r�i�b�o�f�l�a�v�i�n�,� �2�2� �m�g� �d�-� 
�p�a�n�t�o�t�h�e�n�i�c� �a�c�i�d�,� �2�2� �m�g� �n�i�a�c�i�n�,� �4�8�9�.�5� �m�g� �c�h�o�l�i�n�e�,� �.�0�2�2� �m�g� 
�y�i�t�a�m�i�n� �B�1�9�,� �-�5� �m�g� �m�e�n�a�d�i�o�n�e� �a�n�d� �.�4�4� �m�g� �d�-�b�i�o�t�i�n�.� 

�S�u�p�p�l�i�e�d� �.�3� �m�g� �S�e� �p�e�r� �k�g� �o�f� �d�i�e�t�.
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�T�A�B�L�E� �2�.� �E�F�F�E�C�T�S� �O�F� �O�R�G�A�N�I�C� �A�C�I�D� �O�N� �T�H�E� �D�I�E�T� �p�H� �A�N�D� �P�E�R�F�O�R�M�A�N�C�E� �O�F� 
�W�E�A�N�L�I�N�G� �P�I�G�S� �(�S�T�U�D�Y� �1�)� 

� � 

� � 

� � 

� � 

�D�i�e�t� 

�I�t�e�m� �C�o�n�t�r�o�l� �F�u�m�a�r�i�c� �a�c�i�d� �C�i�t�r�i�c� �a�c�i�a� �S�E�M� 

�I�n�i�t�i�a�l� �w�t�,� �k�g� �6�.�3� �6�.�3� �6�.�3� �.�0�4�6� 
�F�i�n�a�l� �w�t�,� �k�g� �1�8�.�9� �1�9�.�1� �1�9�.�3� �.�3�5�3� 

�A�D�G�,� �J�y� 

�w�k� �1�-�4� �2�9�7� �3�0�8� �3�2�1� �9�.�3� 
�w�k� �5� �5�7�7� �5�7�6� �5�6�7� �2�5�.�9� 
�w�k� �1�-�5� �3�5�9� �3�6�7� �3�7�2� �9�.�9� 

�A�D�F�I�,� �g� 
�w�k� �1�-�4� �5�3�7� �5�1�3� �5�2�3� �1�9�.�3� 
�w�k� �5� �1�0�0�3� �9�9�6� �9�6�3� �2�5�.�0� 
�w�k� �1�-�5� �6�3�8� �6�1�8� �6�1�9� �1�8�.�4� 

�F�:�G� 
�w�k� �1�-�4�°� �1�.�8�3� �1�.�6�8� �1�.�6�4� �.�0�6�7� 
�w�k� �5� �1�.�9�8� �1�.�7�6� �1�.�7�2� �.�1�7�2� 
�w�k� �1�-�5� �1�.�7�8� �1�.�6�9� �1�.�6�7� �.�0�4�1� 

�D�i�e�t� �p�H�@� �6�.�4�2� �4�.�7�0� �4�.�9�0� �.�0�0�4� 
�a� �S�i�x�t�e�e�n� �p�e�n�s� �(�t�h�r�e�e� �p�i�g�s� �p�e�r� �p�e�n�)� �p�e�r� �t�r�e�a�t�m�e�n�t� �m�e�a�n�.� 
�b�y�e�a�n�s� �f�o�r� �c�o�n�t�r�o�l� �d�i�e�t� �v�s� �c�i�t�r�i�c� �a�c�i�d� �d�i�e�t� �d�i�f�f�e�r� �(�P� �<� �.�0�9�)�.� 
�C�m�M�e�a�n�s� �f�o�r� �c�o�n�t�r�o�l� �d�i�e�t� �v�s� �c�i�t�r�i�c� �a�c�i�d� �d�i�e�t� �d�i�f�f�e�r� �(�P� �<� �.�0�5�)�.� 
�G�v�e�a�n�s� �f�o�r� �c�o�n�t�r�o�l� �d�i�e�t� �v�s� �f�u�m�a�r�i�c� �a�c�i�d� �o�r� �c�i�t�r�i�c� �a�c�i�d� �d�i�f�f�e�r� �(�P� �<�.�0�0�1�)�.
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�T�A�B�L�E� �3�.� �E�F�F�E�C�T�S� �O�F� �O�R�G�A�N�I�C� �A�C�I�D� �W�I�T�H� �A�N�D� �W�I�T�H�O�U�T� �A� �M�I�C�R�O�B�I�A�L� 
�O�N� �P�E�R�F�O�R�M�A�N�C�E� �O�F� �W�E�A�N�L�I�N�G� �P�I�G�S� �(�S�T�U�D�Y� �2�)� 

�D�i�e�t� 

�1� �2� �3� �4� �5� �6� 
�F�u�m�a�r�i�c� �a�c�i�d� �%� �1�.�5� �1�.�5� 
�C�i�t�r�i�c� �a�c�i�d� �%� �1�.�5� �1�.�5� 
�M�i�c�r�o�b�i�a�l�®� �-� �-� �~�-� �+� �+� �+� 

�I�t�e�m�?� �:�¢� �S�E�M� 

�F�i�n�a�l� �w�t�,� �k�g� �1�9�.�0� �1�9�.�9� �1�9�.�0� �1�9�.�7� �2�0�.�2� �1�9�.�5� �.�3�5� 

�A�D�G�,� �g� 
�w�k� �1�-�4� �3�1�3� �3�3�0� �3�0�4� �3�1�8� �3�3�0� �3�1�5� �1�2�.�6� 
�w�k� �5�°� �4�6�0� �5�3�1� �4�8�7� �5�4�4� �5�6�3� �5�3�3� �2�7�.�3� 
�w�k� �1�-�5�4� �3�4�2� �3�7�0� �3�4�1� �3�6�3� �3�7�7� �3�5�9� �1�0�.�1� 

�A�D�F�I�,� �g� 
�w�k� �1�-�4� �4�9�4� �5�0�9� �4�7�8� �5�0�2� �5�0�5� �4�6�9� �1�7�.�9� 
�w�k� �5� �9�4�4� �1�0�2�4� �9�7�1� �9�9�2� �9�9�5� �9�8�7� �3�8�.�7� 
�w�k� �1�-�5� �5�8�8� �6�1�1� �5�8�3� �5�9�3� �6�0�1� �5�7�3� �1�9�.�4� 

�F�:�G� 
�w�k� �1�-�4� �1�.�5�8� �1�.�5�4� �1�.�5�6� �1�.�5�8� �1�.�5�3� �1�.�4�9� �.�0�3�9� 
�w�k� �5� �2�.�1�2� �2�.�0�2� �2�.�0�7� �1�.�7�8� �1�.�7�9� �1�.�8�5� �.�1�1�8� 
�w�k� �1�-�5� �1�.�7�0� �1�.�6�6� �1�.�6�9� �1�.�6�5� �1�.�6�0� �1�.�5�9� �.�0�3�5� 
� � 

 ��L�a�c�t�o�b�a�c�i�l�l�u�s� 
�p�u�p�p�l�y� �5� �x� �1�0�°� �C�F�U� �p�e�r� �p�i�g� �d�a�i�l�y�.� 

�E�i�g�h�t� �p�e�n�s� �(�f�o�u�r� �p�i�g�s� �p�e�r� �p�e�n�)� �p�e�r� �t�r�e�a�t�m�e�n�t� �m�e�a�n�.� 
�C�r�n�t�e�r�a�c�t�i�o�n� �o�f� �a�c�i�d� �a�n�d� �m�i�c�r�o�b�i�a�l� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t� �(�P� �<� �.�7�5�)�.� 
�c�o�n�t�r�a�s�t�s�,� �d�i�e�t�s� �1� �a�n�d� �4� �v�s� �d�i�e�t�s� �2� �a�n�d� �5� �d�i�f�f�e�r� �(�P� �<� �.�0�3�)�.� 
�S�c�o�n�t�r�a�s�t�s�,� �d�i�e�t�s� �1� �a�n�d� �4� �v�s� �d�i�e�t�s� �2� �a�n�d� �5� �d�i�f�f�e�r� �(�P� �<� �.�0�7�)�.� 

�a�c�i�d�o�p�h�i�l�u�s�,� �s�t�r�a�i�n� �#� �B�T� �1�3�8�6�.� �A�d�d�e�d� �a�t� �a� �l�e�v�e�l� �t�o



�6�5� 

�T�A�B�L�E� �4�.� �G�A�S�T�R�O�I�N�T�E�S�T�I�N�A�L� �P�H� �A�N�D� �C�H�L�O�R�I�D�E� �I�O�N� �C�O�N�C�E�N�T�R�A�T�I�O�N� �O�F� �E�I�G�H�T� �W�E�E�K� 
�O�L�D� �P�I�G�S� �F�E�D� �E�I�T�H�E�R� �T�H�E� �C�O�N�T�R�O�L�,� �1�.�5�%� �F�U�M�A�R�I�C� �O�R� �1�.�5�%� �C�I�T�R�I�C� �A�C�I�D� �D�I�E�T�S� 

� � 

� � 

� � 

�(�S�T�U�D�Y� �1�)� 

�D�i�e�t�?� 
�D�i�e�t� �P�o�o�l�e�d� 

�I�t�e�m� �C�o�n�t�r�o�l� �F�u�m�a�r�i�c� �C�i�t�r�i�c� �S�E�M� �M�e�a�n� 

�p�H� 
�S�t�o�m�a�c�h� �4�.�7�3� �4�.�3�0� �4�.�8�3� �.�3�1�8� �4�.�6�3�?� 
�J�e�j�u�n�u�n� �7�.�0�6� �7�.�0�1� �7�.�0�0� �.�1�9�6� �7�.�0�2�¢� 
�C�e�c�u�m� �5�.�9�6� �6�.�0�4� �6�.�0�5� �.�1�3�9� �6�.�0�2�%� 
�L�.� �c�o�l�o�n� �6�.�5�1� �6�.�5�3� �6�.�4�7� �-�1�3�3� �6�.�5�0�©�&� 

�C�h�l�o�r�i�d�e� �i�o�n� �(�M�)� 
�S�t�o�m�a�c�h� �.�0�8�2� �.�0�9�2� �.�0�8�2� �.�0�1�4� �.�0�8�5�>� 
�J�e�j�u�n�u�m� �.�0�8�2� �.�0�6�1� �.�0�9�2� �.�0�1�7� �.�0�7�8�%� 
�C�e�c�u�m� �.�0�2�8� �0�2�4� �0�4�5� �.�0�1�0� �.�0�3�2�°� 
�L�.� �c�o�l�o�n� �0�1�4� �0�1�6� �0�1�6� �.�0�0�2� �0�1�5�°� 
� � 

�n�a�s�h� �t�r�e�a�t�m�e�n�t� �m�e�a�n� �r�e�p�r�e�s�e�n�t�s� �9� �o�b�s�e�r�v�a�t�i�o�n�s�.� 
�b�e�d�@�p�o�o�l�e�d� �m�e�a�n�s� �w�i�t�h� �d�i�f�f�e�r�e�n�t� �s�u�p�e�r�s�c�r�i�p�t� �l�e�t�t�e�r�s� �d�i�f�f�e�r� �(�P� �<� �.�0�5�)�.� 
�T�u�k�e�y ��s� �s�t�u�d�e�n�t�i�z�e�d� �r�a�n�g�e� �t�e�s�t� �w�a�s� �u�s�e�d�.



�6�6� 

�T�A�B�L�E� �5�.� �M�E�A�N�S� �O�F� �I�N�T�E�S�T�I�N�A�L� �V�O�L�A�T�I�L�E� �F�A�T�T�Y� �A�C�I�D�S� �A�N�D� �N�O�N�-�V�O�L�A�T�I�L�E� �A�C�I�D�S� 
�O�F� �E�I�G�H�T� �W�E�E�K� �O�L�D� �P�I�G�S� �F�E�D� �E�I�T�H�E�R� �T�H�E� �C�O�N�T�R�O�L�,� �1�.�5�%� �F�U�M�A�R�I�C� �O�R� �1�.�5�%� �C�I�T�R�I�C� 

�A�C�I�D� �D�I�E�T�S� �(�S�T�U�D�Y� �1�)� 
� � 

� � 

� � 

�D�i�e�t�?� 
�D�i�e�t� �P�o�o�l�e�d� 

�I�t�e�m� �C�o�n�t�r�o�l� �F�u�m�a�r�i�c� �C�i�t�r�i�c� �S�E�M� �M�e�a�n� 

�V�o�l�a�t�i�l�e� �F�a�t�t�y� �A�c�i�d�s� �(�m�e�q�/�d�a�1�)�>� 
�S�t�o�m�a�c�h� 
�A�c�e�t�a�t�e� �8�2�.�5� �8�3�.�5� �7�9�.�6� �1�7�.�0�6� �8�1�.�9�4� 
�P�r�o�p�i�o�n�a�t�e� �6�.�9� �1�.�8� �1�.�7� �2�.�8�8� �3�.�5�¢� 
�B�u�t�y�r�a�t�e� �2�.�7� �1�.�4� �.�9� �1�.�4�8� �1�.�7�4� 
�T�o�t�a�l� �9�2�.�8� �8�7�.�4� �8�2�.�8� �2�0�.�8�8� �8�7�.�7�4� 

�J�e�j�u�n�u�m� 
�A�c�e�t�a�t�e� �3�7�.�3� �6�1�.�8� �3�6�.�1� �2�3�.�6�4� �4�5�.�1�9� 
�P�r�o�p�i�o�n�a�t�e� �0�.�0� �0�.�0� �0�.�0� �0�.�0�0� �0�.�0�©� 
�B�u�t�y�r�a�t�e� �0�.�0� �0�.�0� �0�.�0� �0�.�0�0� �0�.�0�2� 
�T�o�t�a�l� �4�3�.�3� �8�2�.�2� �4�9�.�8� �3�3�.�1�8� �5�8�.�4�4� 

�c�e�c�u�m� 

�A�c�e�t�a�t�e� �2�3�5�.�9� �2�0�5�.�8� �2�3�2�.�2� �3�5�.�6�8� �2�2�4�.�6�°� 
�P�r�o�p�i�o�n�a�t�e� �1�0�6�.�9� �9�2�.�1� �1�2�2�.�7� �1�5�.�2�1� �1�0�7�.�2�°�¢� 
�B�u�t�y�r�a�t�e� �5�6�.�8� �5�4�.�8� �6�1�.�5� �1�0�.�0�6� �5�7�.�7�¢� 
�T�o�t�a�l� �4�1�5�.�9� �3�6�5�.�5� �4�3�3�.�8� �5�7�.�7�9� �4�0�5�.�1�°� 

�L�o�w�e�r� �c�o�l�o�n� 
�A�c�e�t�a�t�e� �2�7�7�.�9� �2�8�4�.�8� �2�4�9�.�4� �3�4�.�4�5� �2�7�0�.�7�¢� 
�P�r�o�p�i�o�n�a�t�e� �8�7�.�0� �7�7�.�4� �9�2�.�6� �1�1�.�9�3� �8�5�.�7�4� 
�B�u�t�y�r�a�t�e� �5�1�.�8� �5�3�.�3� �6�3�.�0� �8�.�9�7� �5�6�.�0�°� 
�T�o�t�a�l� �4�5�1�.�7� �4�3�9�.�6� �4�4�0�.�9� �5�2�.�1�1� �4�4�4�.�0�°� 

�N�o�n�-�v�o�l�a�t�i�l�e� �a�c�i�d�s� �(�m�e�q�/�d�l�)� 
�S�t�o�m�a�c�h� 

�P�y�r�u�v�a�t�e� �0�.�0� �|� �0�.�0� �4� �-�3�0� �2� 
�L�a�c�t�a�t�e� �1�.�5� �e�i� �e�l� �~�5�6� �5� 
�F�u�m�a�r�a�t�e� �2�.�5�9� �4�4�4�.�2�£� �2�9�.�1�9� �6�3�.�5�3� �1�5�8�.�6� 
�S�u�c�c�i�n�a�t�e� �2�.�8� �4�.�2� �6� �2�.�1�8� �2�.�6� 
�T�o�t�a�l� �6�.�7�9� �4�4�8�.�6�%� �3�0�.�1�9� �6�3�.�2�1� �1�6�1�.�8� 

�J�e�j�u�n�u�n� 
�P�y�r�u�v�a�t�e� �0�.�0� �0�.�0� �0�.�0� �0�.�0�0� �0�.�0� 
�L�a�c�t�a�t�e� �.�6� �-�6� �6� �3�1� �6� 
�F�u�m�a�r�a�t�e� �0�.�0�9� �9�3�.�6� �1�8�.�6�9� �2�7�.�4�4� �3�7�.�4� 
�S�u�c�c�i�n�a�t�e� �0�.�0� �0�.�0� �2�.�0� �0�7�3� �7� 
�T�o�t�a�l� �.�6�9� �9�4�.�1�%� �2�1�.�1�9� �2�7�.�4�7� �3�8�.�6� 

�C�e�c�u�m� 

�P�y�r�u�v�a�t�e� �.� �0�.�0� �0�.�0� �0�.�0� �0�.�0�0� �0�.�0� 
�L�a�c�t�a�t�e� �0�.�0� �0�.�0� �0�.�0� �0�.�0�0� �0�.�0� 
�F�u�m�a�r�a�t�e� �5�.�8� �0�.�0� �2�.�8� �3�.�2�6� �2�.�9� 
�S�u�c�c�i�n�a�t�e� �0�.�0� �1�.�0� �-�6� �-�5�0� �5� 
�T�o�t�a�l� �5�.�8� �1�.�0� �3�.�4� �3�.�3�0� �3�.�4� 

�L�o�w�e�r� �c�o�l�o�n� 
�P�y�r�u�v�a�t�e� �0�.�0� �0�.�0� �4� �-�1�6� �1� 
�L�a�c�t�a�t�e� �0�.�0� �0�.�0� �0�.�0� �0�.�0�0� �0�.�0� 
�F�u�m�a�r�a�t�e� �-� �1�2�.�8� �1�2�.�9� �1�2�.�6� �§�.�9�1� �1�2�.�7� 
�S�u�c�c�i�n�a�t�e� �1�.�4� �4�.�9� �9� �1�.�9�6� �2�.�4� 
�T�o�t�a�l� �1�4�.�2� �1�7�.�8� �1�3�.�9� �.� �6�.�1�7� �1�6�.�7



�6�7� 

� � 
�A�b�a�c�h� �t�r�e�a�t�m�e�n�t� �m�e�a�n� �r�e�p�r�e�s�e�n�t�s� �9� �o�b�s�e�r�v�a�t�i�o�n�s�.� 
�P�r�o�t�a�l� �v�o�l�a�t�i�l�e� �f�a�t�t�y� �a�c�i�d� �c�o�n�c�e�n�t�r�a�t�i�o�n� �a�l�s�o� �i�n�c�l�u�d�e�s� �t�h�e� �a�c�i�d�s�:� �f�o�r�m�a�t�e�,� 
�i�s�o�b�u�t�y�r�a�t�e�,� �i�s�o�v�a�l�e�r�a�t�e�,� �v�a�l�e�r�a�t�e�,� �i�s�o�c�a�p�r�o�a�t�e� �a�n�d� �c�a�p�r�o�a�t�e�.� 
�C�¢�&�p�o�o�l�e�d� �m�e�a�n�s� �w�i�t�h�i�n� �a� �s�p�e�c�i�f�i�c� �a�c�i�d� �b�e�t�w�e�e�n� �i�n�t�e�s�t�i�n�a�l� �s�e�c�t�i�o�n�s� �w�i�t�h� 
�d�i�f�f�e�r�e�n�t� �s�u�p�e�r�s�c�r�i�p�t� �l�e�t�t�e�r�s� �d�i�f�f�e�r� �(�(�P� �<� �.�0�5�)�.� �T�u�k�e�y ��s� �s�t�u�d�e�n�t�i�z�e�d� �r�a�n�g�e� 
�f�e�s�t� �w�a�s� �u�s�e�d�.� 

�S�M�e�a�n�s� �o�f� �d�i�e�t�a�r�y� �t�r�e�a�t�m�e�n�t�s� �w�i�t�h�i�n� �a� �r�o�w� �w�i�t�h� �d�i�f�f�e�r�e�n�t� �s�u�p�e�r�s�c�r�i�p�t� 
�l�e�t�t�e�r�s� �d�i�f�f�e�r� �(�P� �<� �.�0�5�)�.� �T�u�k�e�y ��s� �s�t�u�d�e�n�t�i�z�e�d� �r�a�n�g�e� �t�e�s�t� �w�a�s� �u�s�e�d�.



�C�h�a�p�t�e�r� �V� 

�R�U�N�N�I�N�G� �H�E�A�D�:� �O�R�G�A�N�I�C� �A�C�I�D� �E�F�F�E�C�T� �O�N� �I�N�T�E�S�T�I�N�A�L� �D�I�G�E�S�T�A� 

�E�F�F�E�C�T� �O�F� �F�E�E�D�I�N�G� �O�R�G�A�N�I�C� �A�C�I�D�S� �O�N� �S�E�L�E�C�T�E�D� �I�N�T�E�S�T�I�N�A�L� 
�D�I�G�E�S�T�A� �M�E�A�S�U�R�E�M�E�N�T�S� �A�T� �V�A�R�Y�I�N�G� �T�I�M�E�S� �P�O�S�T�W�E�A�N�I�N�G� �I�N� �P�i�c�s�+� 

�C�.�R�.� �R�i�s�l�e�y ��,� �E�.�T�.� �K�o�r�n�e�g�a�y�'�?�,� �M�.�D�.� �L�i�n�d�e�m�a�n�n ��,� �C�.�M�.� �W�o�o�d�?� 
�a�n�d� �W�.�N�.� �E�i�g�e�l� 

�V�i�r�g�i�n�i�a� �P�o�l�y�t�e�c�h�n�i�c� �I�n�s�t�i�t�u�t�e� �a�n�d� �S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y�,� 
�B�l�a�c�k�s�b�u�r�g�,� �V�A� �2�4�0�6�1� 

�A�b�s�t�r�a�c�t� 

�P�i�g�s� �w�e�a�n�e�d� �a�t� �2�1�d� �o�f� �a�g�e� �(�n�=�7�2�)� �w�e�r�e� �f�e�d� �a� �2�0�%� �C�P� 

�c�o�r�n�-�s�o�y�b�e�a�n� �m�e�a�l� �b�a�s�e�d� �d�i�e�t� �(�c�o�n�t�r�o�l�)� �w�i�t�h� �1�.�5�%� �f�u�m�a�r�i�c� �o�r� 

�1�.�5�%� �c�i�t�r�i�c� �a�c�i�d� �a�d�d�e�d� �t�o� �o�b�s�e�r�v�e� �t�h�e� �e�f�f�e�c�t� �o�f� �t�h�e�s�e� �a�c�i�d�s� 

�o�n� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �d�i�g�e�s�t�a� �p�H�,� �c�h�l�o�r�i�d�e� �i�o�n� �c�o�n�c�e�n�t�r�a�t�i�o�n� 

�(�C�l�-�)�,� �V�F�A� �p�r�o�f�i�l�e� �a�n�d� �m�i�c�r�o�f�l�o�r�a� �p�o�p�u�l�a�t�i�o�n� �i�n� �t�h�e� �s�t�o�m�a�c�h�,� 

�j�e�j�u�n�u�m�,� �c�e�c�u�m� �a�n�d� �l�o�w�e�r� �c�o�l�o�n� �a�t� �-�2�,� �0�,� �3�,� �7�,� �1�4� �a�n�d� �2�1�4� 

�p�o�s�t�w�e�a�n�i�n�g�.� �F�e�e�d�i�n�g� �o�r�g�a�n�i�c� �a�c�i�d�s� �h�a�d� �n�o� �a�p�p�r�e�c�i�a�b�l�e� 

�e�f�f�e�c�t� �(�P� �<� �.�1�0�)� �o�n� �s�t�o�m�a�c�h�,� �j�e�j�u�n�u�m�,� �c�e�c�u�m� �o�r� �l�o�w�e�r� �c�o�l�o�n� 

�p�H�,� �C�l�-�,� �V�F�A� �p�r�o�f�i�l�e� �o�r� �m�i�c�r�o�f�l�o�r�a� �p�o�p�u�l�a�t�i�o�n�s�,� �e�x�c�e�p�t� �f�o�r� 

�i�n�c�r�e�a�s�i�n�g� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �f�u�m�a�r�i�c� �a�c�i�d� �i�n� �t�h�e� �s�t�o�m�a�c�h�s� 

�o�f� �p�i�g�s� �f�e�d� �f�u�m�a�r�i�c� �a�c�i�d�.� �T�h�e� �p�H� �o�f� �t�h�e� �g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� 

� � 

�i�t�h�e� �a�u�t�h�o�r�s� �g�r�a�t�e�f�u�l�l�y� �a�c�k�n�o�w�l�e�d�g�e� �t�h�e� �J�o�h�n� �L�e�e� �P�r�a�t�t� 
�A�n�i�m�a�l� �N�u�t�r�i�t�i�o�n� �P�r�o�g�r�a�m� �f�o�r� �f�i�n�a�n�c�i�a�l� �s�u�p�p�o�r�t� �a�n�d� �t�h�e� 
�f�o�l�l�o�w�i�n�g� �c�o�m�p�a�n�i�e�s� �f�o�r� �d�o�n�a�t�i�n�g� �m�a�t�e�r�i�a�l�s�:� �F�u�m�a�r�i�c� �a�c�i�d�;� 
�M�o�n�s�a�n�t�o� �C�o�.�,� �S�t�.� �L�o�u�i�s�,� �M�O�.� �C�i�t�r�i�c� �a�c�i�d�;� �H�o�f�f�m�a�n�-�L�a�R�o�c�h�e�,� 
�N�u�t�l�e�y�,� �N�J�.� �T�h�e� �a�s�s�i�s�t�a�n�c�e� �o�f� �t�h�e� �f�o�l�l�o�w�i�n�g� �p�e�o�p�l�e� �w�a�s� �a�l�s�o� 
�g�r�e�a�t�l�y� �a�p�p�r�e�c�i�a�t�e�d�:� �A�n�a�e�r�o�b�i�c� �M�i�c�r�o�b�i�o�l�o�g�y� �L�a�b�o�r�a�t�o�r�y� 
�t�e�c�h�n�i�c�i�a�n�s� �f�o�r� �m�i�c�r�o�b�i�o�l�o�g�i�c�a�l� �a�n�d� �g�a�s� �c�h�r�o�m�a�t�o�g�r�a�p�h�y� 
�a�d�v�i�c�e�;� �V�P�I� �S�w�i�n�e� �C�e�n�t�e�r� �s�t�a�f�f� �f�o�r� �t�h�e� �c�a�r�e� �o�f� �t�h�e� �a�n�i�m�a�l�s�;� 
�C�i�n�d�y� �H�i�x�o�n� �f�o�r� �s�e�c�r�e�t�a�r�i�a�l� �a�s�s�i�s�t�a�n�c�e�;� �a�n�d� �D�r�.� �W�.�E�.�C�.� �M�o�o�r�e� 
�f�o�r� �c�r�i�t�i�c�a�l�l�y� �e�v�a�l�u�a�t�i�n�g� �t�h�i�s� �m�a�n�u�s�c�r�i�p�t�.� 

�D�e�p�t�.� �o�f� �A�n�i�m�.� �S�c�i�.� 
�R�e�p�r�i�n�t� �r�e�q�u�e�s�t�s� �t�o� �t�h�i�s� �a�u�t�h�o�r�.� 
�D�e�p�t�.� �o�f� �F�o�o�d� �S�c�i�.� �a�n�d� �T�e�c�h�n�o�l�.� 
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�t�r�a�c�t� �g�e�n�e�r�a�l�l�y� �d�e�c�r�e�a�s�e�d� �f�r�o�m� �-�2� �t�o� �2�1� �d� �p�o�s�t�w�e�a�n�i�n�g� �w�i�t�h� 

�n�o� �c�o�r�r�e�s�p�o�n�d�i�n�g� �c�h�a�n�g�e� �i�n� �C�l�-� �o�v�e�r� �t�i�m�e�.� �S�t�o�m�a�c�h� �a�n�a�e�r�o�b�e�s� 

�d�e�c�r�e�a�s�e�d� �f�r�o�m� �-�2� �t�o� �3� �d� �p�o�s�t�w�e�a�n�i�n�g�.� �N�o� �a�g�e� �e�f�f�e�c�t�s� �o�n� 

�a�n�e�r�o�b�i�c� �b�a�c�t�e�r�i�a�l� �n�u�m�b�e�r�s� �w�e�r�e� �o�b�s�e�r�v�e�d� �i�n� �t�h�e� �o�t�h�e�r� 

�i�n�t�e�s�t�i�n�a�l� �s�e�c�t�i�o�n�s�.� �C�l�o�s�t�r�i�d�i�a� �c�o�u�n�t�s� �d�e�c�r�e�a�s�e�d� �f�r�o�m� �-�2� �t�o� 

�2�1� �d� �p�o�s�t�w�e�a�n�i�n�g� �i�n� �a�l�l� �i�n�t�e�s�t�i�n�a�l� �s�e�c�t�i�o�n�s�.� �L�a�c�t�o�b�a�c�i�l�l�u�s� 

�c�o�u�n�t�s� �w�e�r�e� �l�o�w�e�s�t� �a�t� �d� �0� �a�n�d� �3� �a�n�d� �g�r�e�a�t�e�s�t� �a�t� �d� �7� 

�p�o�s�t�w�e�a�n�i�n�g� �i�n� �t�h�e� �s�t�o�m�a�c�h�,� �j�e�j�u�n�u�m� �a�n�d� �l�o�w�e�r� �c�o�l�o�n�,� �b�u�t� �n�o� 

�a�g�e� �e�f�f�e�c�t� �w�a�s� �o�b�s�e�r�v�e�d� �f�o�r� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �c�e�c�u�m� 

� � 

�l�a�c�t�o�b�a�c�i�l�l�i�.� �E�s�c�h�e�r�i�c�h�i�a� �c�o�l�i� �c�o�u�n�t�s� �g�e�n�e�r�a�l�l�y� �i�n�c�r�e�a�s�e�d� 

�f�r�o�m� �-�2� �t�o� �3� �a�n�d� �7� �d� �p�o�s�t�w�e�a�n�i�n�g�.� �T�h�e� �f�e�e�d�i�n�g� �o�f� �o�r�g�a�n�i�c� 

�a�c�i�d�s� �t�o� �w�e�a�n�l�i�n�g� �p�i�g�s� �h�a�d� �l�i�t�t�l�e� �e�f�f�e�c�t� �o�n� �t�h�e�s�e� �i�n�t�e�s�t�i�n�a�l� 

�d�i�g�e�s�t�a� �m�e�a�s�u�r�e�m�e�n�t�s�,� �b�u�t� �p�o�s�t�w�e�a�n�i�n�g� �a�g�e� �d�i�d� �a�f�f�e�c�t� �t�h�e�s�e� 

�i�n�t�e�s�t�i�n�a�l� �m�e�a�s�u�r�e�m�e�n�t�s�.� 

�(�K�e�y� �w�o�r�d�s�:� �P�i�g�s�,� �p�H�,� �O�r�g�a�n�i�c� �A�c�i�d�s�,� �V�o�l�a�t�i�l�e� �F�a�t�t�y� �A�c�i�d�s�,� 
�M�i�c�r�o�o�r�g�a�n�i�s�m�s�.� �)� 

�I�n�t�r�o�d�u�c�t�i�o�n� 

�T�h�e� �f�i�r�s�t� �w�e�e�k� �a�f�t�e�r� �w�e�a�n�i�n�g� �3� �t�o� �4� �w�k� �o�l�d� �p�i�g�s� �i�s� 

�u�s�u�a�l�l�y� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �a� �p�e�r�i�o�d� �o�f� �p�o�o�r� �g�r�o�w�t�h�,� �g�e�n�e�r�a�l� 

�u�n�t�h�r�i�f�t�i�n�e�s�s� �a�n�d� �o�f�t�e�n� �s�c�o�u�r�i�n�g� �(�T�z�i�p�o�r�i� �e�t� �a�l�.�,� �1�9�8�0�;� 

�B�a�r�n�e�t�t� �e�t� �a�l�.�,� �1�9�8�9�)� �w�h�i�c�h� �m�a�y� �h�a�v�e� �a� �l�a�s�t�i�n�g� �d�e�t�r�i�m�e�n�t�a�l� 

�e�f�f�e�c�t� �o�n� �p�e�r�f�o�r�m�a�n�c�e�.� �T�h�i�s� �p�o�s�t�w�e�a�n�i�n�g� �l�a�g� �p�h�a�s�e� �m�a�y� �b�e� 

�r�e�l�a�t�e�d� �t�o� �t�h�e� �i�n�a�b�i�l�i�t�y� �o�f� �t�h�e� �w�e�a�n�l�i�n�g� �p�i�g� �t�o� �s�e�c�r�e�t�e� 

�s�u�f�f�i�c�i�e�n�t� �q�u�a�n�t�i�t�i�e�s� �o�f� �h�y�d�r�o�c�h�l�o�r�i�c� �a�c�i�d� �i�n� �t�h�e� �s�t�o�m�a�c�h� �t�o� 

�l�o�w�e�r� �g�a�s�t�r�i�c� �p�H� �(�M�a�n�n�e�r�s�,� �1�9�7�6�)�,� �t�o� �p�r�o�p�e�r�l�y� �d�i�g�e�s�t� �a� �c�o�r�n�-
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�s�o�y� �b�e�a�n� �m�e�a�l� �d�i�e�t� �(�K�i�d�d�e�r� �a�n�d� �M�a�n�n�e�r�s�,� �1�9�7�8�)�,� �o�r� �t�o� �i�n�h�i�b�i�t� 

�t�h�e� �p�r�o�l�i�f�e�r�a�t�i�o�n� �o�f� �c�o�l�i�f�o�r�m�s� �(�C�r�a�n�w�e�l�l� �e�t� �a�l�.�,� �1�9�7�6�)�.� 

�I�m�p�r�o�v�e�m�e�n�t�s� �i�n� �p�o�s�t�w�e�a�n�i�n�g� �g�r�o�w�t�h� �r�a�t�e� �a�n�d� �e�f�f�i�c�i�e�n�c�y� 

�o�f� �f�e�e�d� �u�t�i�l�i�z�a�t�i�o�n� �h�a�v�e� �b�e�e�n� �a�c�h�i�e�v�e�d� �b�y� �s�u�p�p�l�e�m�e�n�t�i�n�g� 

�s�t�a�r�t�e�r� �d�i�e�t�s� �w�i�t�h� �f�u�m�a�r�i�c� �o�r� �c�i�t�r�i�c� �a�c�i�d�s� �(�F�a�l�k�o�w�s�k�i� �a�n�d� 

�A�h�e�r�n�e�,� �1�9�8�4�;� �G�i�e�s�t�i�n�g� �a�n�d� �E�a�s�t�e�r�,� �1�9�8�5�;� �R�i�s�l�e�y� �e�t� �a�l�.�,� 

�1�9�9�0�)�.� �T�h�i�s� �i�m�p�r�o�v�e�m�e�n�t� �i�n� �g�r�o�w�t�h� �p�e�r�f�o�r�m�a�n�c�e� �h�a�s� �b�e�e�n� 

�h�y�p�o�t�h�e�s�i�z�e�d� �t�o� �b�e� �r�e�l�a�t�e�d� �t�o� �t�h�e� �l�o�w�e�r�i�n�g� �o�f� �g�a�s�t�r�i�c� �p�H� �a�n�d� 

�m�o�d�i�f�y�i�n�g� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �m�i�c�r�o�f�l�o�r�a� �b�y� �t�h�e�s�e� �a�c�i�d�s� �(�S�c�i�p�i�o�n�i� 

�e�t� �a�l�.�,� �1�9�7�8�;� �B�u�r�n�e�l�l� �e�t� �a�l�.�,� �1�9�8�8�;� �R�a�d�e�c�k�i� �e�t� �a�l�.�,� �1�9�8�8�)�.� 

�T�h�e� �p�r�e�s�e�n�t� �s�t�u�d�y� �w�a�s� �c�o�n�d�u�c�t�e�d� �t�o� �e�v�a�l�u�a�t�e� �t�h�e� 

�h�y�p�o�t�h�e�s�e�s� �c�o�n�c�e�r�n�i�n�g� �t�h�e� �m�e�c�h�a�n�i�s�m� �o�f� �a�c�t�i�o�n� �o�f� �o�r�g�a�n�i�c� 

�a�c�i�d�s� �b�y� �m�e�a�s�u�r�i�n�g� �t�h�e� �p�o�s�t�w�e�a�n�i�n�g� �c�h�a�n�g�e�s� �i�n� �i�n�t�e�s�t�i�n�a�l� 

�d�i�g�e�s�t�a� �p�H�,� �c�h�l�o�r�i�d�e� �i�o�n� �c�o�n�c�e�n�t�r�a�t�i�o�n�,� �V�F�A� �p�r�o�f�i�l�e� �a�n�d� 

�m�i�c�r�o�f�l�o�r�a� �p�o�p�u�l�a�t�i�o�n�s� �i�n� �p�i�g�s� �f�e�d� �f�u�m�a�r�i�c� �o�r� �c�i�t�r�i�c� �a�c�i�d�.� 

�M�e�t�h�o�d�s� �a�n�d� �M�a�t�e�r�i�a�l�s� 

�F�o�u�r� �t�r�i�a�l�s� �o�f� �1�8� �p�i�g�s� �e�a�c�h� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �t�o� �d�e�t�e�r�m�i�n�e� 

�t�h�e� �e�f�f�e�c�t� �o�f� �o�r�g�a�n�i�c� �a�c�i�d� �s�u�p�p�l�e�m�e�n�t�a�t�i�o�n� �o�n� �t�h�e� �i�n�t�e�s�t�i�n�a�l� 

�d�i�g�e�s�t�a� �p�H�,� �c�h�l�o�r�i�d�e� �i�o�n� �c�o�n�c�e�n�t�r�a�t�i�o�n� �(�C�l�-�)�,� �V�F�A� �p�r�o�f�i�l�e� 

�a�n�d� �m�i�c�r�o�f�l�o�r�a� �p�o�p�u�l�a�t�i�o�n� �i�n� �w�e�a�n�l�i�n�g� �p�i�g�s�.� �I�n� �e�a�c�h� �t�r�i�a�l�,� 

�f�e�m�a�l�e� �c�r�o�s�s�b�r�e�d� �p�i�g�s� �w�e�r�e� �r�a�n�d�o�m�l�y� �s�e�l�e�c�t�e�d� �f�r�o�m� �e�a�c�h� �o�f� 

�s�i�x� �p�a�t�e�r�n�a�l� �h�a�l�f�-�s�i�b� �l�i�t�t�e�r�s� �(�t�h�r�e�e� �p�i�g�s� �p�e�r� �l�i�t�t�e�r�)� �a�n�d� 

�w�e�r�e� �r�a�n�d�o�m�l�y� �a�s�s�i�g�n�e�d� �t�o� �a� �d�i�e�t�a�r�y� �t�r�e�a�t�m�e�n�t� �a�n�d� �a�n� 

�i�n�t�e�s�t�i�n�a�l� �d�i�g�e�s�t�a� �s�a�m�p�l�i�n�g� �d�a�y�,� �s�u�c�h� �t�h�a�t� �w�i�t�h�i�n� �a�n�d� �a�c�r�o�s�s� 

�l�i�t�t�e�r�s�,� �n�o� �d�i�e�t�a�r�y� �t�r�e�a�t�m�e�n�t� �a�n�d� �s�a�m�p�l�i�n�g� �d�a�y� �c�o�m�b�i�n�a�t�i�o�n
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�w�a�s� �r�e�p�e�a�t�e�d�.� �P�i�g�s� �w�e�r�e� �w�e�a�n�e�d� �a�t� �2�1�d� �o�f� �a�g�e�.� �D�i�e�t�a�r�y� 

�t�r�e�a�t�m�e�n�t�s� �c�o�n�s�i�s�t�e�d� �o�f� �a� �2�0�%� �C�P� �c�o�r�n�-�s�o�y�b�e�a�n� �m�e�a�l� �b�a�s�e�d� 

�d�i�e�t� �f�o�r�m�u�l�a�t�e�d� �t�o� �m�e�e�t� �o�r� �e�x�c�e�e�d� �t�h�e� �n�u�t�r�i�e�n�t� �g�u�i�d�e�l�i�n�e�s� 

�f�o�r� �w�e�a�n�l�i�n�g� �p�i�g�s� �(�N�R�C�,� �1�9�8�8�)� �w�i�t�h� �1�)� �n�o� �o�r�g�a�n�i�c� �a�c�i�d� 

�s�u�p�p�l�e�m�e�n�t�a�t�i�o�n� �(�c�o�n�t�r�o�l�)�;� �2�)� �1�.�5�%� �f�u�m�a�r�i�c� �a�c�i�d� �a�d�d�e�d�;� �o�r� �3�)� 

�1�.�5�%� �c�i�t�r�i�c� �a�c�i�d� �a�d�d�e�d� �(�T�a�b�l�e� �1�)�.� �S�a�m�p�l�i�n�g� �d�a�y�s� �w�e�r�e� �2� �d� 

�p�r�e�w�e�a�n�i�n�g� �(�-�2� �d�a�d� �p�o�s�t�w�e�a�n�i�n�g�)�,� �0�,� �3�,� �7�,� �1�4� �a�n�d� �2�1�4�d� 

�p�o�s�t�w�e�a�n�i�n�g�.� �P�i�g�s� �a�s�s�i�g�n�e�d� �t�o� �d� �-�2� �p�o�s�t�w�e�a�n�i�n�g� �w�e�r�e� �r�e�m�o�v�e�d� 

�f�r�o�m� �t�h�e� �s�o�w� �a�t� �1�9� �d�a�d� �o�f� �a�g�e� �a�n�d� �n�e�c�r�o�p�s�i�e�d�,� �w�h�e�r�e�a�s� �p�i�g�s� 

�a�s�s�i�g�n�e�d� �t�o� �d�a�d� �0� �p�o�s�t�w�e�a�n�i�n�g� �w�e�r�e� �r�e�m�o�v�e�d� �f�r�o�m� �t�h�e� �s�o�w� �a�t� �2�1� 

�d�a�d� �o�f� �a�g�e� �a�n�d� �a�l�l�o�w�e�d� �a�c�c�e�s�s� �t�o� �t�h�e� �s�t�a�r�t�e�r� �d�i�e�t� �f�o�r� �6� �h� �a�n�d� 

�t�h�e�n� �n�e�c�r�o�p�s�i�e�d�.� 

�P�i�g�s� �w�e�r�e� �h�o�u�s�e�d� �i�n�d�i�v�i�d�u�a�l�l�y� �i�n� �a�n� �e�n�v�i�r�o�n�m�e�n�t�a�l�l�y�-� 

�c�o�n�t�r�o�l�l�e�d� �n�u�r�s�e�r�y� �w�i�t�h� �w�i�r�e� �b�o�t�t�o�m� �p�e�n�s� �(�.�6� �m�x� �.�9� �m�)�.� 

�T�e�m�p�e�r�a�t�u�r�e� �(�H�i�n�k�l�e� �e�t� �a�l�.�,� �1�9�7�8�)� �a�n�d� �v�e�n�t�i�l�a�t�i�o�n� �r�a�t�e�s� 

�(�L�u�b�i�n�u�s� �a�n�d� �M�u�r�p�h�y�,� �1�9�7�9�)� �w�e�r�e� �m�a�i�n�t�a�i�n�e�d� �a�t� �r�e�c�o�m�m�e�n�d�e�d� 

�l�e�v�e�l�s�.� �W�a�t�e�r� �a�n�d� �f�e�e�d� �w�e�r�e� �a�v�a�i�l�a�b�l�e� �a�d� �l�i�b�i�t�u�m�.� 

�G�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �M�e�a�s�u�r�e�m�e�n�t�s�.� �O�n� �e�a�c�h� �s�a�m�p�l�i�n�g� �d�a�y�,� 

�t�h�e� �a�s�s�i�g�n�e�d� �p�i�g� �i�n� �a� �f�u�l�l�-�f�e�d� �s�t�a�t�e� �w�a�s� �k�i�l�l�e�d� �(�a�t� 

�a�p�p�r�o�x�i�m�a�t�e�l�y� �0�9�0�0�)� �b�y� �e�l�e�c�t�r�o�c�u�t�i�o�n� �f�o�l�l�o�w�e�d� �b�y� 

�e�x�s�a�n�g�u�i�n�a�t�i�o�n�.� �I�m�m�e�d�i�a�t�e�l�y�,� �t�h�e� �v�i�s�c�e�r�a� �w�e�r�e� �e�x�p�o�s�e�d� �v�i�a� �a� 

�m�i�d�l�i�n�e� �i�n�c�i�s�i�o�n� �a�n�d� �t�h�e� �f�o�l�l�o�w�i�n�g� �s�e�c�t�i�o�n�s� �w�e�r�e� �a�s�e�p�t�i�c�a�l�l�y� 

�i�s�o�l�a�t�e�d�,� �d�o�u�b�l�y� �l�i�g�a�t�e�d� �a�n�d� �r�e�m�o�v�e�d�:� �e�n�t�i�r�e� �s�t�o�m�a�c�h�,� �1�m� 

�s�e�c�t�i�o�n� �o�f� �j�e�j�u�n�u�m�,� �e�n�t�i�r�e� �c�e�c�u�m� �a�n�d� �.�3� �m� �s�e�c�t�i�o�n� �o�f� �l�o�w�e�r� 

�c�o�l�o�n� �(�n�e�a�r� �t�h�e� �r�e�c�t�u�m�)�.� �T�w�o� �g� �o�f� �i�n�t�e�s�t�i�n�a�l� �d�i�g�e�s�t�a� �w�e�r�e



�7�2� 

�d�i�l�u�t�e�d� �i�n� �1�8� �m�l� �o�f� �d�e�i�o�n�i�z�e�d� �w�a�t�e�r� �a�n�d� �m�i�x�e�d� �a�n�d� �s�u�s�p�e�n�d�e�d� 

�o�n� �a�n� �e�l�e�c�t�r�o�m�a�g�n�e�t�i�c� �m�i�x�e�r�.� �T�h�e� �p�H� �a�n�d� �C�l�-� �c�o�n�c�e�n�t�r�a�t�i�o�n� 

�w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �w�i�t�h�i�n� �3�0� �m�i�n� �o�f� �c�o�l�l�e�c�t�i�o�n� �u�s�i�n�g� �t�h�e� 

�a�p�p�r�o�p�r�i�a�t�e� �e�l�e�c�t�r�o�d�e�s �� �a�n�d� �s�t�a�n�d�a�r�d�s�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �1�g� �o�f� 

�i�n�t�e�s�t�i�n�a�l� �d�i�g�e�s�t�a� �w�a�s� �a�c�i�d�i�f�i�e�d� �w�i�t�h� �5�0�%� �(�v�/�v�)� �H�2�S�0�O�q�4� �f�o�r� 

�l�a�t�e�r� �d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �V�F�A� �c�o�n�c�e�n�t�r�a�t�i�o�n� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� 

�p�r�o�c�e�d�u�r�e�s� �o�f� �H�o�l�d�e�m�a�n� �e�t� �a�l�.� �(�1�9�7�7�)�.� 

�I�n�t�e�s�t�i�n�a�l� �d�i�g�e�s�t�a� �f�o�r� �m�i�c�r�o�b�i�a�l� �d�e�t�e�r�m�i�n�a�t�i�o�n�s� �w�e�r�e� 

�c�o�l�l�e�c�t�e�d� �i�n� �p�l�a�s�t�i�c� �z�i�p�-�l�o�c�k� �b�a�g�s� �a�n�d� �i�m�m�e�d�i�a�t�e�l�y� �f�l�u�s�h�e�d� 

�t�h�r�e�e� �t�i�m�e�s� �w�i�t�h� �o�x�y�g�e�n�-�f�r�e�e� �C�O�.� �I�n�t�e�s�t�i�n�a�l� �d�i�g�e�s�t�a� �w�e�r�e� 

�s�e�r�i�a�l�l�y� �d�i�l�u�t�e�d� �i�n� �p�r�e�-�r�e�d�u�c�e�d� �s�a�l�t� �m�e�d�i�a� �(�H�o�l�d�e�m�a�n� �e�t� �a�l�.�,� 

�1�9�7�7�)� �a�n�d� �p�l�a�t�e�d� �o�n� �s�e�l�e�c�t�i�v�e� �m�e�d�i�a�.� �F�o�r� �t�o�t�a�l� �a�n�a�e�r�o�b�i�c� 

�b�a�c�t�e�r�i�a�l� �c�o�u�n�t�s�,� �s�a�m�p�l�e�s� �w�e�r�e� �s�e�r�i�a�l�l�y� �d�i�l�u�t�e�d� �a�n�d� �c�u�l�t�u�r�e�d� 

�i�n� �r�o�l�l� �t�u�b�e�s� �c�o�n�t�a�i�n�i�n�g� �r�u�m�e�n� �f�l�u�i�d�-�g�l�u�c�o�s�e�-�c�e�l�l�u�b�i�o�s�e� �a�g�a�r� 

�(�H�o�l�d�e�m�a�n� �e�t� �a�l�.�,� �1�9�7�7�)� �w�i�t�h� �p�i�g� �f�e�c�a�l� �e�x�t�r�a�c�t� �r�e�p�l�a�c�i�n�g� �t�h�e� 

�r�u�m�e�n� �f�l�u�i�d� �(�M�o�o�r�e� �e�t� �a�l�.�,� �1�9�8�7�)� �a�n�d� �w�e�r�e� �i�n�c�u�b�a�t�e�d� �f�o�r� �f�i�v�e� 

�d�a�y�s� �a�t� �3�7�°�C�.� �L�a�c�t�o�b�a�c�i�l�l�u�s� �w�e�r�e� �e�n�u�m�e�r�a�t�e�d� �o�n� �t�o�m�a�t�o� �j�u�i�c�e� 

�a�g�a�r�®� �p�l�a�t�e�s� �a�n�d� �i�n�c�u�b�a�t�e�d� �f�o�r� �7�2� �h�.� �C�l�o�s�t�r�i�d�i�a� �w�e�r�e� 

�e�n�u�m�e�r�a�t�e�d� �o�n� �M�c�C�l�u�n�g� �T�o�a�b�e� �a�g�a�r� �p�l�u�s� �1�0�%� �e�g�g� �y�o�l�k� �w�i�t�h� �1�0� 

�g�/�l�i�t�e�r� �n�e�o�m�y�c�i�n �� �p�l�a�t�e�s� �a�n�d� �i�n�c�u�b�a�t�e�d� �f�o�r� �4�8� �h�.� 

� � 

�S�F�i�s�h�e�r� �S�c�i�e�n�t�i�f�i�c� �A�c�c�u�-�p�H�a�s�t� �c�o�m�b�i�n�a�t�i�o�n� �e�l�e�c�t�r�o�d�e� �#� �1�3�-� 
�6�2�0�-�2�8�1�;� �F�i�s�h�e�r� �S�c�i�e�n�t�i�f�i�c� �A�c�c�u�m�e�t� �p�H� �m�e�t�e�r� �#� �6�2�0�;� �O�r�i�o�n� 
�R�e�s�e�a�r�c�h� �I�o�n�a�l�y�z�e�r� �c�h�l�o�r�i�d�e� �e�l�e�c�t�r�o�d�e� �#� �9�4�-�1�7�-�B� �a�n�d� �d�o�u�b�l�e� 
�j�u�n�c�t�i�o�n� �r�e�f�e�r�e�n�c�e� �e�l�e�c�t�r�o�d�e� �#� �9�0�-�0�2�.� 

�B�a�c�t�o� �t�o�m�a�t�o� �j�u�i�c�e� �a�g�a�r�,� �D�i�f�c�o� �l�a�b�o�r�a�t�o�r�i�e�s�,� �#� �0�0�3�1�-�0�1�-�2�.� 
�B�a�c�t�o� �M�c�C�l�u�n�g� �T�o�a�b�e� �a�g�a�r�,� �D�i�f�c�o� �l�a�b�o�r�a�t�o�r�i�e�s�,� �#� �0�9�4�1�-�0�1�;� 

�B�a�c�t�o� �e�g�g� �y�o�l�k� �e�n�r�i�c�h�m�e�n�t�,� �D�i�f�c�o� �l�a�b�o�r�a�t�o�r�i�e�s�,� �#� �3�3�4�7�-�7�2�;� 
�N�e�o�m�y�c�i�n� �s�u�l�f�a�t�e�,� �S�i�g�m�a�,� �#� �N� �6�3�8�6�.



�7�3� 

�E�s�c�h�e�r�i�c�h�i�a� �c�o�l�i� �w�e�r�e� �e�n�u�m�e�r�a�t�e�d� �o�n� �M�a�c�C�o�n�k�e�y� �a�g�a�r�®� �(�t�r�i�a�l�s� 

�1� �a�n�d� �2�)� �o�r� �L�e�v�i�n�e� �e�o�s�i�n� �m�e�t�h�y�l�e�n�e� �b�l�u�e� �a�g�a�r�?� �(�t�r�i�a�l�s� �3� �a�n�d� 

�4�)� �p�l�a�t�e�s� �a�n�d� �i�n�c�u�b�a�t�e�d� �f�o�r� �7�2� �h�.� �A�l�l� �p�l�a�t�e�s� �w�e�r�e� �i�n�c�u�b�a�t�e�d� 

�a�n�a�e�r�o�b�i�c�a�l�l�y� �a�t� �3�7�4�C� 

�S�t�a�t�i�s�t�i�c�a�l� �A�n�a�l�y�s�i�s�.� �D�a�t�a� �w�e�r�e� �a�n�a�l�y�z�e�d� �b�y� �t�h�e� 

�g�e�n�e�r�a�l� �l�i�n�e�a�r� �m�o�d�e�l� �p�r�o�g�r�a�m� �(�G�L�M�)� �o�f� �t�h�e� �s�t�a�t�i�s�t�i�c�a�l� 

�a�n�a�l�y�s�i�s� �s�y�s�t�e�m� �(�S�A�S�,� �1�9�8�8�)� �u�s�i�n�g� �t�h�e� �i�n�d�i�v�i�d�u�a�l� �p�i�g� �a�s� �t�h�e� 

�e�x�p�e�r�i�m�e�n�t�a�l� �u�n�i�t�.� �F�o�r� �e�a�c�h� �i�n�t�e�s�t�i�n�a�l� �s�e�c�t�i�o�n�,� �t�h�e� �m�o�d�e�l� 

�c�o�n�t�a�i�n�e�d� �t�h�e� �m�a�i�n� �e�f�f�e�c�t�s� �o�f� �s�a�m�p�l�i�n�g� �d�a�y�,� �d�i�e�t�,� �t�r�i�a�l� �a�n�d� 

�t�h�e� �i�n�t�e�r�a�c�t�i�o�n�s�.� �N�o�n�-�s�i�g�n�i�f�i�c�a�n�t� �i�n�t�e�r�a�c�t�i�o�n�s� �w�e�r�e� �p�o�o�l�e�d� 

�i�n�t�o� �t�h�e� �e�r�r�o�r�.� �C�o�m�p�a�r�i�s�o�n�s� �b�e�t�w�e�e�n� �d� �-�2� �p�o�s�t�w�e�a�n�i�n�g�,� 

�c�o�n�s�i�d�e�r�e�d� �t�h�e� �b�a�s�e�l�i�n�e� �v�a�l�u�e�,� �a�n�d� �d� �0�,� �3�,� �7�,� �1�4� �o�r� �2�1� 

�p�o�s�t�w�e�a�n�i�n�g�,� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �b�y� �u�s�i�n�g� �n�o�n�-�o�r�t�h�o�g�o�n�a�l� 

�c�o�n�t�r�a�s�t�s�.� �C�o�m�p�a�r�i�s�o�n�s� �a�c�r�o�s�s� �i�n�t�e�s�t�i�n�a�l� �s�e�c�t�i�o�n�s� �a�n�d� �a�m�o�n�g� 

�d�i�e�t�a�r�y� �t�r�e�a�t�m�e�n�t�s� �w�e�r�e� �m�a�d�e� �w�i�t�h� �t�h�e� �T�u�k�e�y ��s� �s�t�u�d�e�n�t�i�z�e�d� 

�r�a�n�g�e� �t�e�s�t�.� �B�a�c�t�e�r�i�a�l� �c�o�u�n�t�s� �t�h�a�t� �w�e�r�e� �b�e�l�o�w� �d�e�t�e�c�t�a�b�l�e� 

�l�e�v�e�l�s� �(�l�e�s�s� �t�h�a�n� �1�0�°� �p�e�r� �g� �o�f� �w�e�t� �d�i�g�e�s�t�a�)� �w�e�r�e� �c�o�n�s�i�d�e�r�e�d� 

�a�s� �m�i�s�s�i�n�g� �v�a�l�u�e�s�.� �F�r�e�q�u�e�n�c�y� �o�f� �d�e�t�e�c�t�i�o�n� �o�f� �E�.� �c�o�l�i� �a�n�d� 

�c�l�o�s�t�r�i�d�i�a� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �t�h�e� �S�A�S� �L�o�g�i�s�t� �p�r�o�c�e�d�u�r�e� 

�(�1�9�8�8�)�.� 

�R�e�s�u�l�t�s� 

�p�H� �a�n�d� �C�l�-�.� �T�h�e� �p�H� �o�f� �t�h�e� �c�o�n�t�r�o�l� �d�i�e�t� �w�a�s� �d�e�c�r�e�a�s�e�d� 

�(�P� �<� �.�0�0�1�)� �b�y� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �t�h�e� �o�r�g�a�n�i�c� �a�c�i�d�s� �f�r�o�m� �6�.�4�2� �t�o� 
� � 

�8�B�a�c�t�o� �M�a�c�C�o�n�k�e�y� �a�g�a�r�,� �D�i�f�c�o� �l�a�b�o�r�a�t�o�r�i�e�s�,� �#� �0�0�7�5�-�0�5�-�5�.� 
�B�a�c�t�o� �L�e�v�i�n�e� �e�o�s�i�n� �m�e�t�h�y�l�e�n�e� �b�l�u�e� �a�g�a�r�,� �D�i�f�c�o� �l�a�b�o�r�a�t�o�r�i�e�s�,� 

�#� �0�0�7�5�-�0�1�-�9�.



�7�4� 

�4�.�7�0� �(�f�u�m�a�r�i�c� �a�c�i�d�)� �a�n�d� �4�.�9�0� �(�c�i�t�r�i�c� �a�c�i�d�)�,� �b�u�t� �n�o� 

�s�i�g�n�i�f�i�c�a�n�t� �e�f�f�e�c�t� �(�P� �<� �.�1�0�)� �o�f� �o�r�g�a�n�i�c� �a�c�i�d� �s�u�p�p�l�e�m�e�n�t�a�t�i�o�n� 

�w�a�s� �o�b�s�e�r�v�e�d� �o�n� �i�n�t�e�s�t�i�n�a�l� �p�H� �(�T�a�b�l�e� �2�)�.� �T�h�e� �p�H� �o�f� �t�h�e� 

�s�t�o�m�a�c�h� �d�i�g�e�s�t�a� �w�a�s� �l�o�w�e�s�t� �f�o�l�l�o�w�e�d� �b�y� �c�e�c�u�m� �a�n�d� �j�e�j�u�n�u�m� 

�d�i�g�e�s�t�a� �p�H�;� �t�h�e� �l�o�w�e�r� �c�o�l�o�n� �d�i�g�e�s�t�a� �h�a�d� �t�h�e� �h�i�g�h�e�s�t� �p�H� �(�P� �<� 

�-�0�5�)�.� �T�h�e� �C�l�-� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �d�i�g�e�s�t�a� �f�r�o�m� �t�h�e� �v�a�r�i�o�u�s� 

�i�n�t�e�s�t�i�n�a�l� �s�e�c�t�i�o�n�s� �w�a�s� �a�l�s�o� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t�l�y� �a�f�f�e�c�t�e�d� �b�y� 

�d�i�e�t�a�r�y� �t�r�e�a�t�m�e�n�t�s� �(�P� �<� �.�2�7�)�,� �b�u�t� �C�l�-� �c�o�n�c�e�n�t�r�a�t�i�o�n� �s�t�e�a�d�i�l�y� 

�d�e�c�r�e�a�s�e�d� �(�P� �<� �.�0�5�)� �f�r�o�m� �a� �h�i�g�h� �i�n� �t�h�e� �s�t�o�m�a�c�h� �a�n�d� �j�e�j�u�n�u�m� 

�t�o� �a� �l�o�w� �i�n� �t�h�e� �c�e�c�u�m� �a�n�d� �l�o�w�e�r� �c�o�l�o�n�.� 

�I�n� �t�h�e� �s�t�o�m�a�c�h�,� �p�H� �o�f� �t�h�e� �d�i�g�e�s�t�a� �d�e�c�r�e�a�s�e�d� �(�P� �<� �.�0�1�)� 

�w�i�t�h� �a�g�e� �(�T�a�b�l�e� �3�)�.� �P�o�s�t�w�e�a�n�i�n�g� �a�g�e� �h�a�d� �l�e�s�s� �o�f� �a�n� �e�f�f�e�c�t� 

�(�P� �<� �.�0�8�)� �o�n� �t�h�e� �p�H� �o�f� �t�h�e� �j�e�j�u�n�u�m� �d�i�g�e�s�t�a�.� �A�g�e� �a�f�f�e�c�t�e�d� �(�P� 

�<� �.�0�0�1�)� �t�h�e� �p�H� �i�n� �t�h�e� �c�e�c�u�m� �a�n�d� �l�o�w�e�r� �c�o�l�o�n� �d�i�g�e�s�t�a�,� �w�i�t�h� 

�t�h�e� �p�H� �d�e�c�r�e�a�s�i�n�g� �w�i�t�h� �a�g�e�.� �C�h�l�o�r�i�d�e� �i�o�n� �c�o�n�c�e�n�t�r�a�t�i�o�n� �w�a�s� 

�n�o�t� �m�e�a�s�u�r�a�b�l�y� �a�f�f�e�c�t�e�d� �(�P� �<� �.�1�0�)� �b�y� �p�o�s�t�w�e�a�n�i�n�g� �a�g�e� �f�o�r� �a�n�y� 

�o�f� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �s�e�c�t�i�o�n�s�.� 

�V�F�A� �a�n�d� �N�V�A�.� �T�h�e� �t�o�t�a�l� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �V�F�A� �w�a�s� �l�o�w�e�r� 

�i�n� �t�h�e� �u�p�p�e�r� �g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t� �(�s�t�o�m�a�c�h� �a�n�d� �j�e�j�u�n�u�m�)� 

�c�o�m�p�a�r�e�d� �w�i�t�h� �t�h�e� �l�o�w�e�r� �g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t� �(�c�e�c�u�m� �a�n�d� 

�l�o�w�e�r� �c�o�l�o�n�)�,� �w�i�t�h� �a�c�e�t�i�c� �a�c�i�d� �b�e�i�n�g� �t�h�e� �p�r�i�m�a�r�y� �V�F�A� 

�d�e�t�e�c�t�e�d� �i�n� �e�a�c�h� �o�f� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �s�e�c�t�i�o�n�s� �(�T�a�b�l�e� �4�)�.� �T�h�e� 

�i�n�c�r�e�a�s�e� �i�n� �t�o�t�a�l� �V�F�A� �c�o�n�c�e�n�t�r�a�t�i�o�n� �i�n� �t�h�e� �l�o�w�e�r� 

�g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t� �r�e�f�l�e�c�t�s� �a� �m�o�d�e�s�t� �i�n�c�r�e�a�s�e� �i�n� �a�c�e�t�i�c� 

�a�c�i�d� �a�n�d� �a� �l�a�r�g�e�r� �i�n�c�r�e�a�s�e� �i�n� �p�r�o�p�i�o�n�i�c� �a�n�d� �b�u�t�y�r�i�c� �a�c�i�d�.
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�N�o� �a�p�p�r�e�c�i�a�b�l�e� �d�i�e�t� �e�f�f�e�c�t� �w�a�s� �o�b�s�e�r�v�e�d� �o�n� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� 

�o�f� �V�F�A� �i�n� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �d�i�g�e�s�t�a�.� 

�T�h�r�o�u�g�h�o�u�t� �t�h�e� �g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t�,� �t�h�e� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �V�F�A� �i�n�c�r�e�a�s�e�d� �f�r�o�m� �-�2� �t�o� �2�1� �d� �p�o�s�t�w�e�a�n�i�n�g� 

�(�T�a�b�l�e� �5�)�.� �C�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �a�c�e�t�i�c�,� �p�r�o�p�i�o�n�i�c� �a�n�d� �t�o�t�a�l� �V�F�A� 

�i�n� �t�h�e� �s�t�o�m�a�c�h� �d�i�g�e�s�t�a� �i�n�c�r�e�a�s�e�d� �b�y� �d� �3� �p�o�s�t�w�e�a�n�i�n�g� �a�n�d� 

�g�e�n�e�r�a�l�l�y� �s�t�a�b�i�l�i�z�e�d� �t�h�e�r�e�a�f�t�e�r�.� �J�e�j�u�n�u�m� �d�i�g�e�s�t�a� �V�F�A� 

�e�x�h�i�b�i�t�e�d� �q�u�i�t�e� �s�i�m�i�l�a�r� �c�o�n�c�e�n�t�r�a�t�i�o�n� �p�a�t�t�e�r�n�s� �o�f� �V�F�A� �a�s� 

�t�h�a�t� �o�f� �t�h�e� �s�t�o�m�a�c�h� �d�i�g�e�s�t�a�.� �C�e�c�u�m� �d�i�g�e�s�t�a� �V�F�A� �w�e�r�e� 

�g�e�n�e�r�a�l�l�y� �s�t�a�b�l�e� �a�c�r�o�s�s� �d�a�y�s� �w�i�t�h� �t�h�e� �e�x�c�e�p�t�i�o�n� �o�f� �a�n� 

�i�n�c�r�e�a�s�e�d� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �p�r�o�p�i�o�n�i�c� �a�n�d� �t�o�t�a�l� �V�F�A� �o�n�d� �1�4� 

�p�o�s�t�w�e�a�n�i�n�g� �c�o�m�p�a�r�e�d� �w�i�t�h� �t�h�e� �b�a�s�e�l�i�n�e� �V�F�A� �c�o�n�c�e�n�t�r�a�t�i�o�n�.� 

�L�o�w�e�r� �c�o�l�o�n� �d�i�g�e�s�t�a� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �a�c�e�t�i�c� �a�c�i�d� �i�n�c�r�e�a�s�e�d� 

�f�r�o�m� �b�a�s�e�l�i�n�e� �v�a�l�u�e�s� �t�o� �d� �3� �a�n�d� �r�e�m�a�i�n�e�d� �r�e�l�a�t�i�v�e�l�y� �s�t�a�b�l�e� 

�t�h�e�r�e�a�f�t�e�r�.� �C�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �p�r�o�p�i�o�n�i�c� �a�n�d� �t�o�t�a�l� �V�F�A� �i�n� �t�h�e� 

�l�o�w�e�r� �c�o�l�o�n� �d�i�g�e�s�t�a� �i�n�c�r�e�a�s�e�d� �f�r�o�m� �b�a�s�e�l�i�n�e� �v�a�l�u�e�s� �t�o� �d� �1�4� 

�a�n�d� �2�1� �p�o�s�t�w�e�a�n�i�n�g�.� 

�P�i�g�s� �f�e�d� �f�u�m�a�r�i�c� �a�c�i�d�,� �a�s� �c�o�m�p�a�r�e�d� �w�i�t�h� �p�i�g�s� �f�e�d� �t�h�e� 

�c�o�n�t�r�o�l� �o�r� �c�i�t�r�i�c� �a�c�i�d� �d�i�e�t�,� �h�a�d� �a�n� �o�v�e�r�a�l�l� �g�r�e�a�t�e�r� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �f�u�m�a�r�i�c� �a�c�i�d�,� �a�n�d� �t�h�e�r�e�f�o�r�e� �t�o�t�a�l� �n�o�n�-� 

�v�o�l�a�t�i�l�e� �a�c�i�d�s� �(�N�V�A�)�,� �i�n� �t�h�e� �s�t�o�m�a�c�h� �d�i�g�e�s�t�a�.� �I�n� �t�h�e� 

�j�e�j�u�n�u�m�,� �o�n�l�y� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �f�u�m�a�r�i�c� �a�c�i�d� �w�a�s� �g�r�e�a�t�e�r� 

�(�P� �<� �.�0�5�;� �T�a�b�l�e� �6�)�.� �T�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �t�h�e� �o�t�h�e�r� �N�V�A� �w�e�r�e� 

�n�o�t� �a�f�f�e�c�t�e�d� �(�P� �<� �.�1�0�)� �b�y� �t�h�e� �d�i�e�t�a�r�y� �t�r�e�a�t�m�e�n�t�s�.� �L�a�c�t�i�c� 

�a�c�i�d� �w�a�s� �g�e�n�e�r�a�l�l�y� �l�o�w� �i�n� �t�h�e� �l�o�w�e�r� �g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t�,
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�h�o�w�e�v�e�r� �l�a�c�t�i�c� �a�c�i�d� �w�a�s� �a� �m�a�j�o�r� �N�V�A� �i�n� �t�h�e� �s�t�o�m�a�c�h� �a�n�d� �i�n� 

�t�h�e� �j�e�j�u�n�u�m�.� �T�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �t�o�t�a�l� �N�V�A�,� �e�x�c�l�u�d�i�n�g� 

�f�u�m�a�r�i�c� �a�c�i�d�,� �w�a�s� �g�e�n�e�r�a�l�l�y� �l�o�w� �t�h�r�o�u�g�h�o�u�t� �t�h�e� 

�g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t� �i�n� �r�e�l�a�t�i�o�n� �t�o� �t�h�e� �V�F�A� �c�o�n�c�e�n�t�r�a�t�i�o�n�.� 

�P�o�s�t�w�e�a�n�i�n�g� �a�g�e� �a�f�f�e�c�t�e�d� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �l�a�c�t�i�c� �(�P� 

�<� �.�0�0�1�)� �a�n�d� �f�u�m�a�r�i�c� �a�c�i�d� �(�P� �<� �.�0�0�2�)� �i�n� �t�h�e� �s�t�o�m�a�c�h� �d�i�g�e�s�t�a� 

�a�n�d� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �l�a�c�t�i�c� �(�P� �<� �.�0�1�)� �a�n�d� �t�o�t�a�l� �N�V�A� �(�P� �<� 

�-�0�0�2�)� �i�n� �t�h�e� �j�e�j�u�n�u�m� �d�i�g�e�s�t�a� �(�T�a�b�l�e� �7�)�.� �L�a�c�t�i�c� �a�n�d� �t�o�t�a�l� 

�N�V�A� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �t�h�e� �s�t�o�m�a�c�h� �d�i�g�e�s�t�a� �d�e�c�r�e�a�s�e�d� �a�f�t�e�r� 

�w�e�a�n�i�n�g�.� �T�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �f�u�m�a�r�i�c� �a�c�i�d� �i�n�c�r�e�a�s�e�d� �f�r�o�m� 

�t�h�e� �b�a�s�e�l�i�n�e� �l�e�v�e�l� �i�n� �t�h�e� �s�t�o�m�a�c�h� �a�n�d� �j�e�j�u�n�a�l� �c�o�n�t�e�n�t�s�,� �o�n�l�y� 

�i�n� �p�i�g�s� �f�e�d� �f�u�m�a�r�i�c� �a�c�i�d�.� �J�e�j�u�n�u�m� �d�i�g�e�s�t�a� �l�a�c�t�i�c� �a�c�i�d� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �d�e�c�r�e�a�s�e�d� �t�o� �n�e�a�r� �n�o�n�-�d�e�t�e�c�t�a�b�l�e� �l�e�v�e�l�s� �b�y� �d�a� �0� 

�p�o�s�t�w�e�a�n�i�n�g� �a�n�d� �i�n�c�r�e�a�s�e�d� �t�h�e�r�e�a�f�t�e�r�.� �T�h�e�s�e� �i�n�c�r�e�a�s�e�s� �i�n� 

�t�h�e� �j�e�j�u�n�u�m� �d�i�g�e�s�t�a� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �l�a�c�t�i�c� �a�n�d� �f�u�m�a�r�i�c� �a�c�i�d� 

�r�e�s�u�l�t�e�d� �i�n� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �t�h�e� �t�o�t�a�l� �N�V�A� �b�e�i�n�g� �g�r�e�a�t�e�r� 

�o�n� �d� �1�4� �p�o�s�t�w�e�a�n�i�n�g� �t�h�a�n� �t�h�e� �b�a�s�e�l�i�n�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�.� �T�h�e� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �f�u�m�a�r�i�c� �a�n�d� �t�o�t�a�l� �N�V�A� �i�n� �t�h�e� �c�e�c�a�l� �a�n�d� 

�l�o�w�e�r� �c�o�l�o�n� �c�o�n�t�e�n�t�s� �i�n�c�r�e�a�s�e�d� �t�o� �d� �7� �p�o�s�t�w�e�a�n�i�n�g� �a�n�d� 

�g�e�n�e�r�a�l�l�y� �l�e�v�e�l�e�d� �o�f�f� �t�h�e�r�e�a�f�t�e�r�.� 

�M�i�c�r�o�f�l�o�r�a�.� �T�h�e� �a�n�a�e�r�o�b�i�c� �c�u�l�t�u�r�a�l� �c�o�u�n�t�,� 

�l�a�c�t�o�b�a�c�i�l�l�u�s� �c�o�u�n�t�s�,� �a�n�d� �E�.� �c�o�l�i� �c�o�u�n�t�s� �a�l�l� �w�e�r�e� �g�r�e�a�t�e�r� �i�n� 

�t�h�e� �l�o�w�e�r� �g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t� �t�h�a�n� �i�n� �t�h�e� �u�p�p�e�r� 

�g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t�,� �w�h�e�r�e�a�s� �t�h�e� �n�u�m�b�e�r� �o�f� �c�l�o�s�t�r�i�d�i�a� �w�a�s� 

�n�o�t� �s�i�g�n�i�f�i�c�a�n�t�l�y� �g�r�e�a�t�e�r� �i�n� �t�h�e� �l�o�w�e�r� �g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l
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�t�r�a�c�t� �(�T�a�b�l�e� �8�)�.� �N�o� �a�p�p�r�e�c�i�a�b�l�e� �d�i�e�t�a�r�y� �e�f�f�e�c�t� �o�n� 

�i�n�t�e�s�t�i�n�a�l� �b�a�c�t�e�r�i�a�l� �n�u�m�b�e�r�s� �w�a�s� �o�b�s�e�r�v�e�d�.� 

�I�n� �t�r�i�a�l�s� �1� �a�n�d� �2�,� �E�.� �c�o�l�i� �w�e�r�e� �e�n�u�m�e�r�a�t�e�d� �o�n� �M�a�c�C�o�n�k�e�y� 

�a�g�a�r�.� �H�o�w�e�v�e�r�,� �t�h�i�s� �m�e�d�i�u�m� �d�i�d� �n�o�t� �s�u�p�p�o�r�t� �t�h�e� �g�r�o�w�t�h� �o�f� 

�t�y�p�i�c�a�l� �E�.� �c�o�l�i� �c�u�l�t�u�r�e�s� �u�n�d�e�r� �t�h�e� �c�o�n�d�i�t�i�o�n�s� �o�f� �t�h�i�s� 
� � 

�e�x�p�e�r�i�m�e�n�t�.� �T�h�e�r�e�f�o�r�e�,� �i�n� �t�r�i�a�l�s� �3� �a�n�d� �4�,� �L�e�v�i�n�e� �e�o�s�i�n� 

�m�e�t�h�y�l�e�n�e� �b�l�u�e� �a�g�a�r� �w�a�s� �u�s�e�d�.� �T�h�i�s� �w�a�s� �f�o�u�n�d� �t�o� �b�e� 

�s�a�t�i�s�f�a�c�t�o�r�y�;� �h�e�n�c�e�,� �t�h�e� �d�a�t�a� �p�r�e�s�e�n�t�e�d� �f�o�r� �E�.� �c�o�l�i� �c�o�u�n�t�s� 
� � 

�i�n� �T�a�b�l�e�s� �8� �a�n�d� �9� �a�r�e� �f�r�o�m� �t�r�i�a�l�s� �3� �a�n�d� �4�.� 

�S�t�o�m�a�c�h� �d�i�g�e�s�t�a� �a�n�a�e�r�o�b�i�c� �b�a�c�t�e�r�i�a� �w�e�r�e� �a�f�f�e�c�t�e�d� �(�P� �<� 

�-�0�0�4�)� �b�y� �p�o�s�t�w�e�a�n�i�n�g� �a�g�e�;� �a�n�a�e�r�o�b�e� �n�u�m�b�e�r�s� �d�e�c�r�e�a�s�e�d� �w�i�t�h�i�n� 

�s�i�x� �h� �o�f� �w�e�a�n�i�n�g� �a�n�d� �g�e�n�e�r�a�l�l�y� �r�o�s�e� �t�h�e�r�e�a�f�t�e�r� �(�T�a�b�l�e� �9�)�.� 

�A�n�a�e�r�o�b�e�s� �i�n� �t�h�e� �j�e�j�u�n�u�m� �d�i�g�e�s�t�a� �e�x�h�i�b�i�t�e�d� �a� �s�o�m�e�w�h�a�t� 

�S�i�m�i�l�a�r� �p�a�t�t�e�r�n� �t�o� �t�h�a�t� �o�f� �t�h�e� �s�t�o�m�a�c�h� �d�i�g�e�s�t�a�,� �w�h�e�r�e�a�s� 

�c�e�c�u�m� �a�n�d� �l�o�w�e�r� �c�o�l�o�n� �d�i�g�e�s�t�a� �a�n�a�e�r�o�b�e� �c�o�u�n�t�s� �w�e�r�e� �g�e�n�e�r�a�l�l�y� 

�s�t�a�b�l�e� �f�r�o�m� �-�2� �t�o� �2�1� �d� �p�o�s�t�w�e�a�n�i�n�g�.� �A�s� �i�n�d�i�c�a�t�e�d� �b�y� �d�i�r�e�c�t� 

�m�i�c�r�o�s�c�o�p�i�c� �c�l�u�m�p� �c�o�u�n�t�s� �(�D�M�C�C�)�,� �a�n�a�e�r�o�b�i�c� �c�o�l�o�n�y� �c�o�u�n�t�s� 

�w�e�r�e� �s�a�t�i�s�f�a�c�t�o�r�y� �a�n�d� �r�a�n�g�e�d� �f�r�o�m� �7�0� �t�o� �1�0�5�%� �o�f� �t�h�e� �D�M�C�C�.� 

�N�u�m�b�e�r� �o�f� �l�a�c�t�o�b�a�c�i�l�l�i� �i�n� �t�h�e� �s�t�o�m�a�c�h� �(�P� �<� �.�0�4�)�,� 

�j�e�j�u�n�u�m� �(�P� �<� �.�0�0�4�)� �a�n�d� �l�o�w�e�r� �c�o�l�o�n� �d�i�g�e�s�t�a� �(�P� �<� �.�0�2�)� �w�e�r�e� 

�i�n�f�l�u�e�n�c�e�d� �b�y� �p�o�s�t�w�e�a�n�i�n�g� �a�g�e�;� �n�o� �a�g�e� �e�f�f�e�c�t� �w�a�s� �o�b�s�e�r�v�e�d� 

�f�o�r� �n�u�m�b�e�r�s� �o�f� �l�a�c�t�o�b�a�c�i�l�l�i� �i�n� �t�h�e� �c�e�c�u�m� �(�T�a�b�l�e� �9�)�.� �N�u�m�b�e�r�s� 

�o�f� �l�a�c�t�o�b�a�c�i�l�l�i� �i�n� �t�h�e� �s�t�o�m�a�c�h� �d�i�g�e�s�t�a� �d�e�c�r�e�a�s�e�d� �f�r�o�m� �t�h�e� 

�b�a�s�e�l�i�n�e� �v�a�l�u�e� �t�o� �d� �0� �p�o�s�t�w�e�a�n�i�n�g� �a�n�d� �t�h�e�n� �n�u�m�e�r�i�c�a�l�l�y� 

�i�n�c�r�e�a�s�e�d� �t�o� �d� �7� �p�o�s�t�w�e�a�n�i�n�g�,� �a�n�d� �d�e�c�r�e�a�s�e�d� �(�P� �<� �.�0�5�)� �t�o



�7�8� 

�b�e�l�o�w� �b�a�s�e�l�i�n�e� �l�e�v�e�l�s� �a�t� �d� �1�4� �a�n�d� �2�1� �p�o�s�t�w�e�a�n�i�n�g�.� �J�e�j�u�n�u�m� 

�d�i�g�e�s�t�a� �l�a�c�t�o�b�a�c�i�l�l�u�s� �c�o�u�n�t�s� �e�x�h�i�b�i�t�e�d� �a� �s�i�m�i�l�a�r� �p�a�t�t�e�r�n� �t�o� 

�t�h�a�t� �o�f� �l�a�c�t�o�b�a�c�i�l�l�i� �i�n� �t�h�e� �s�t�o�m�a�c�h�,� �b�u�t� �t�h�e� �d�e�c�l�i�n�e� �i�n� 

�n�u�m�b�e�r�s� �a�t� �d� �1�4� �a�n�d� �2�1� �p�o�s�t�w�e�a�n�i�n�g� �w�a�s� �n�o�t� �a�s� �p�r�o�n�o�u�n�c�e�d�.� 

�L�o�w�e�r� �c�o�l�o�n� �d�i�g�e�s�t�a� �l�a�c�t�o�b�a�c�i�l�l�u�s� �n�u�m�b�e�r�s� �i�n�c�r�e�a�s�e�d� �f�r�o�m� 

�b�a�s�e�l�i�n�e� �c�o�u�n�t�s� �t�o� �d� �7� �p�o�s�t�w�e�a�n�i�n�g� �a�n�d� �s�t�a�b�i�l�i�z�e�d� 

�t�h�e�r�e�a�f�t�e�r�.� 

�C�l�o�s�t�r�i�d�i�a� �n�u�m�b�e�r�s� �i�n� �t�h�e� �s�t�o�m�a�c�h� �(�P� �<� �.�0�4�)�,� �j�e�j�u�n�u�m� �(�P� 

�<� �.�0�1�)�,� �c�e�c�u�m� �(�P� �<� �.�0�2�)� �a�n�d� �l�o�w�e�r� �c�o�l�o�n� �(�P� �<� �.�0�6�)� �w�e�r�e� 

�a�f�f�e�c�t�e�d� �b�y� �p�o�s�t�w�e�a�n�i�n�g� �a�g�e� �(�T�a�b�l�e� �9�)�.� �T�h�e� �c�l�o�s�t�r�i�d�i�a� 

�c�o�u�n�t�s� �g�e�n�e�r�a�l�l�y� �d�e�c�r�e�a�s�e�d� �f�r�o�m� �d� �-�2� �t�o� �d� �3� �p�o�s�t�w�e�a�n�i�n�g�,� 

�n�u�m�e�r�i�c�a�l�l�y� �i�n�c�r�e�a�s�e�d� �o�n� �@� �7� �a�n�d� �t�h�e�n� �d�e�c�r�e�a�s�e�d� �t�o� 

�u�n�d�e�t�e�c�t�a�b�l�e� �l�e�v�e�l�s� �(�<� �1�0�>� �o�r�g�a�n�i�s�m�s� �p�e�r� �g�r�a�m� �w�e�t� �d�i�g�e�s�t�a�)� 

�b�y� �d�a� �2�1� �p�o�s�t�w�e�a�n�i�n�g� �i�n� �a�l�l� �o�f� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �s�e�c�t�i�o�n�s�.� �T�h�e� 

�f�r�e�q�u�e�n�c�y� �o�f� �d�e�t�e�c�t�i�o�n� �o�f� �c�l�o�s�t�r�i�d�i�a� �w�a�s� �n�o�t� �a�f�f�e�c�t�e�d� �(�P� �<� 

�-�1�0�)� �b�y� �t�h�e� �d�i�e�t�a�r�y� �t�r�e�a�t�m�e�n�t�s� �f�o�r� �a�n�y� �o�f� �t�h�e� �i�n�t�e�s�t�i�n�a�l� 

�s�e�c�t�i�o�n�s�.� �E�n�u�m�e�r�a�t�i�o�n� �o�f� �c�l�o�s�t�r�i�d�i�a� �w�a�s� �n�o�t� �c�o�n�d�u�c�t�e�d� 

�d�u�r�i�n�g� �t�r�i�a�l� �3�,� �d�u�e� �t�o� �l�i�m�i�t�e�d� �i�n�c�u�b�a�t�o�r� �s�p�a�c�e�.� 

�N�o� �e�f�f�e�c�t� �o�f� �p�o�s�t�w�e�a�n�i�n�g� �a�g�e� �w�a�s� �d�e�t�e�c�t�e�d�,� �b�u�t� �t�h�e� 

�p�a�t�t�e�r�n� �o�f� �E�.� �c�o�l�i� �c�o�u�n�t�s� �w�a�s� �s�i�m�i�l�a�r� �f�o�r� �a�l�l� �t�h�e� �i�n�t�e�s�t�i�n�a�l� 

�s�e�c�t�i�o�n�s�,� �s�u�c�h� �t�h�a�t� �E�.� �c�o�l�i� �n�u�m�b�e�r�s� �w�e�r�e� �g�r�e�a�t�e�s�t� �o�n� �d� �3� �o�r� 
� � 

�7� �a�n�d� �t�h�e�n� �g�e�n�e�r�a�l�l�y� �d�e�c�r�e�a�s�e�d� �t�o� �d� �2�1� �p�o�s�t�w�e�a�n�i�n�g�.� �T�h�e� 

�f�r�e�q�u�e�n�c�y� �o�f� �d�e�t�e�c�t�i�o�n� �o�f� �E�.� �c�o�l�i� �w�a�s� �n�o�t� �a�f�f�e�c�t�e�d� �(�P� �<� �.�4�0�)� 
� � 

�b�y� �t�h�e� �d�i�e�t�a�r�y� �t�r�e�a�t�m�e�n�t�s� �f�o�r� �a�n�y� �o�f� �t�h�e� �i�n�t�e�s�t�i�n�a�l� 

�s�e�c�t�i�o�n�s�.
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�D�i�s�c�u�s�s�i�o�n� 

�p�H� �a�n�d� �C�i�~�.� �A�n� �i�m�p�r�o�v�e�m�e�n�t� �i�n� �A�D�G� �a�n�d� �f�e�e�d� �e�f�f�i�c�i�e�n�c�y� 

�h�a�s� �b�e�e�n� �o�b�s�e�r�v�e�d� �w�i�t�h� �t�h�e� �s�u�p�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �w�e�a�n�l�i�n�g� �p�i�g� 

�d�i�e�t�s� �w�i�t�h� �o�r�g�a�n�i�c� �a�c�i�d�s� �(�F�a�l�k�o�w�s�k�i� �a�n�d� �A�h�e�r�n�e�,� �1�9�8�4�;� 

�G�i�e�s�t�i�n�g� �a�n�d� �E�a�s�t�e�r�,� �1�9�8�5�;� �R�i�s�l�e�y� �e�t� �a�l�.�,� �1�9�9�0�)�.� 

�I�m�p�r�o�v�e�m�e�n�t� �i�n� �g�r�o�w�t�h� �p�e�r�f�o�r�m�a�n�c�e� �h�a�s� �b�e�e�n� �h�y�p�o�t�h�e�s�i�z�e�d� �t�o� 

�b�e� �a� �d�i�r�e�c�t� �r�e�s�u�l�t� �o�f� �t�h�e� �r�e�d�u�c�t�i�o�n� �o�f� �i�n�t�e�s�t�i�n�a�l� �p�H� �a�n�d� �t�h�e� 

�m�o�d�i�f�i�c�a�t�i�o�n� �o�f� �i�n�t�e�s�t�i�n�a�l� �m�i�c�r�o�f�l�o�r�a� �b�y� �t�h�e� �o�r�g�a�n�i�c� �a�c�i�d�s� 

�(�S�c�i�p�i�o�n�i� �e�t� �a�l�.�,� �1�9�7�9�;� �B�u�r�n�e�l�l� �e�t� �a�l�.�,� �1�9�8�8�)�.� �I�n� �t�h�e� 

�p�r�e�s�e�n�t� �s�t�u�d�y�,� �n�o� �i�m�p�r�o�v�e�m�e�n�t� �i�n� �g�r�o�w�t�h� �p�e�r�f�o�r�m�a�n�c�e� �w�a�s� 

�o�b�s�e�r�v�e�d� �d�u�r�i�n�g� �t�h�e� �f�i�r�s�t� �2�1� �d� �p�o�s�t�w�e�a�n�i�n�g� �b�y� �f�e�e�d�i�n�g� �t�h�e� 

�o�r�g�a�n�i�c� �a�c�i�d�s� �(�d�a�t�a� �n�o�t� �s�h�o�w�n�)�.� 

�S�c�i�p�i�o�n�i� �e�t� �a�l�.� �(�1�9�7�9�)� �r�e�p�o�r�t�e�d� �a� �n�u�m�e�r�i�c�a�l� �r�e�d�u�c�t�i�o�n� 

�i�n� �t�h�e� �s�t�o�m�a�c�h� �a�n�d� �j�e�j�u�n�u�m� �p�H� �o�f� �w�e�a�n�l�i�n�g� �p�i�g�s� �f�r�o�m� �4�.�5�5� �a�n�d� 

�6�.�5�7� �t�o� �3�.�5�0� �a�n�d� �6�.�4�3�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �b�y� �f�e�e�d�i�n�g� �d�i�e�t�s� 

�c�o�n�t�a�i�n�i�n�g� �1�.�0�%� �c�i�t�r�i�c� �a�c�i�d�.� �B�u�r�n�e�l�l� �e�t� �a�l�.� �(�1�9�8�8�)� �o�b�s�e�r�v�e�d� 

�a� �n�u�m�e�r�i�c�a�l� �d�e�c�r�e�a�s�e� �i�n� �t�h�e� �p�H� �o�f� �t�h�e� �s�m�a�l�l� �i�n�t�e�s�t�i�n�e� �f�r�o�m� 

�6�.�7�6� �t�o� �6�.�1�9� �i�n� �7�-�w�k� �o�l�d� �w�e�a�n�l�i�n�g� �p�i�g�s� �f�e�d� �a� �s�t�a�r�t�e�r� �d�i�e�t� 

�w�i�t�h� �1�.�0�%� �s�o�d�i�u�m� �c�i�t�r�a�t�e�.� �B�o�t�h� �i�n�v�e�s�t�i�g�a�t�o�r�s� �u�s�e�d� �c�o�m�p�l�e�x� 

�G�i�e�t�s� �c�o�n�t�a�i�n�i�n�g� �d�r�i�e�d� �w�h�e�y� �w�h�i�c�h� �r�e�s�u�l�t�e�d� �i�n� �a� �l�o�w�e�r� �d�i�e�t� 

�p�H� �t�h�a�n� �d�i�e�t�s� �w�h�i�c�h� �d�o� �n�o�t� �n�o�t� �c�o�n�t�a�i�n� �d�r�i�e�d� �w�h�e�y�.� �W�e� �a�l�s�o� 

�o�b�s�e�r�v�e�d� �a� �n�o�n�-�s�i�g�n�i�f�i�c�a�n�t� �d�e�c�r�e�a�s�e� �i�n� �g�a�s�t�r�i�c� �a�n�d� �j�e�j�u�n�a�l� 

�P�H� �b�y� �f�e�e�d�i�n�g� �1�.�5�%� �f�u�m�a�r�i�c� �o�r� �c�i�t�r�i�c� �a�c�i�d� �i�n� �a� �s�i�m�p�l�e� �d�i�e�t� 

�(�T�a�b�l�e� �2�)�.� �O�u�r� �d�a�t�a�,� �a�n�d� �t�h�e� �d�a�t�a� �o�f� �S�c�i�p�i�o�n�i� �e�t� �a�l�.� �(�1�9�7�9�)� 

�a�n�d� �B�u�r�n�e�l�l� �e�t� �a�l�.� �(�1�9�8�8�)�,� �s�u�g�g�e�s�t� �t�h�a�t� �t�h�e� �s�u�p�p�l�e�m�e�n�t�a�t�i�o�n
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�o�f� �s�t�a�r�t�e�r� �d�i�e�t�s� �w�i�t�h� �o�r�g�a�n�i�c� �a�c�i�d�s� �d�o�e�s� �n�o�t� �s�u�b�s�t�a�n�t�i�a�l�l�y� 

�r�e�d�u�c�e� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �p�H�;� �t�h�e�r�e�f�o�r�e�,� �d�e�c�r�e�a�s�i�n�g� �t�h�e� 

�i�n�t�e�s�t�i�n�a�l� �p�H� �i�s� �p�r�o�b�a�b�l�y� �n�o�t� �a� �p�r�i�m�a�r�y� �m�o�d�e� �o�f� �a�c�t�i�o�n� �o�f� 

�o�r�g�a�n�i�c� �a�c�i�d�s�.� 

�R�e�d�u�c�t�i�o�n� �o�f� �i�n�t�e�s�t�i�n�a�l� �p�H� �m�i�g�h�t� �b�e� �b�e�n�e�f�i�c�a�l� �t�o� �t�h�e� 

�w�e�a�n�l�i�n�g� �p�i�g�.� �W�e�a�n�l�i�n�g� �p�i�g�s� �d�o� �n�o�t� �s�e�c�r�e�t�e� �s�u�f�f�i�c�i�e�n�t� 

�q�u�a�n�t�i�t�i�e�s� �o�f� �h�y�d�r�o�c�h�l�o�r�i�c� �a�c�i�d� �t�o� �s�i�g�n�i�f�i�c�a�n�t�l�y� �r�e�d�u�c�e� 

�g�a�s�t�r�i�c� �p�H� �u�n�t�i�l� �5�-�w�k� �o�f� �a�g�e� �(�M�a�n�n�e�r�s�,� �1�9�7�6�;� �C�r�a�n�w�e�l�l�,� 

�1�9�8�5�)�.� �I�n�a�b�i�l�i�t�y� �t�o� �l�o�w�e�r� �i�n�t�e�s�t�i�n�a�l� �p�H� �m�a�y� �l�i�m�i�t� �t�h�e� 

�a�c�t�i�v�a�t�i�o�n� �o�f� �p�e�p�s�i�n�o�g�e�n�,� �c�a�u�s�e� �p�o�o�r� �p�r�o�t�e�i�n� �d�e�n�a�t�u�r�a�t�i�o�n� 

�a�n�d� �a�l�l�o�w� �t�h�e� �p�r�o�l�i�f�e�r�a�t�i�o�n� �o�f� �c�o�l�i�f�o�r�m�s� �w�h�i�c�h� �m�a�y� 

�c�o�n�t�r�i�b�u�t�e� �t�o� �t�h�e� �p�o�o�r� �g�r�o�w�t�h� �p�e�r�f�o�r�m�a�n�c�e� �c�o�m�m�o�n�l�y� �o�b�s�e�r�v�e�d� 

�t�h�e� �f�i�r�s�t� �w�e�e�k� �p�o�s�t�w�e�a�n�i�n�g�.� �T�h�e� �i�n�c�r�e�a�s�i�n�g� �a�b�i�l�i�t�y� �o�f� �t�h�e� 

�w�e�a�n�l�i�n�g� �p�i�g� �t�o� �l�o�w�e�r� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �p�H� �a�s� �i�t� �g�e�t�s� �o�l�d�e�r� �w�a�s� 

�d�e�m�o�n�s�t�r�a�t�e�d� �i�n� �o�u�r� �s�t�u�d�y� �b�y� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �p�H� �d�e�c�r�e�a�s�i�n�g� 

�f�r�o�m� �a�d� �-�2� �t�o� �d�a� �2�1� �p�o�s�t�w�e�a�n�i�n�g� �(�T�a�b�l�e� �3�)�.� 

�T�h�e� �o�r�g�a�n�i�c� �a�c�i�d�s� �w�e�r�e� �e�x�p�e�c�t�e�d� �t�o� �s�t�i�m�u�l�a�t�e� �t�h�e� 

�s�e�c�r�e�t�i�o�n� �o�f� �H�C�l�,� �b�u�t� �t�h�i�s� �w�a�s� �n�o�t� �c�o�n�f�i�r�m�e�d� �i�n� �o�u�r� �s�t�u�d�y� 

�(�T�a�b�l�e� �2�)�.� �I�f� �H�C�l� �s�e�c�r�e�t�i�o�n� �w�a�s� �s�t�i�m�u�l�a�t�e�d�,� �t�h�e� �s�t�o�m�a�c�h� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �C�l�-� �s�h�o�u�l�d� �h�a�v�e� �i�n�c�r�e�a�s�e�d� �f�r�o�m� �a� �l�o�w� �a�t� �d� �0� 

�t�o� �a� �h�i�g�h� �a�t� �d� �2�1� �p�o�s�t�w�e�a�n�i�n�g�.� �T�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �C�l�-� 

�r�e�m�a�i�n�e�d� �s�t�a�b�l�e� �f�r�o�m� �d� �7� �t�o� �d�a� �2�1� �p�o�s�t�w�e�a�n�i�n�g� �h�o�w�e�v�e�r� �(�T�a�b�l�e� 

�3�)�.� �T�h�i�s� �o�b�s�e�r�v�a�t�i�o�n� �s�u�g�g�e�s�t�s� �t�h�a�t� �t�h�e� �C�l�-� �c�o�n�c�e�n�t�r�a�t�i�o�n� �i�s� 

�m�o�r�e� �a� �r�e�f�l�e�c�t�i�o�n� �o�f� �t�h�e� �l�e�v�e�l� �o�f� �s�o�d�i�u�m� �c�h�l�o�r�i�d�e� �i�n�g�e�s�t�e�d� 

�i�n� �t�h�e� �d�i�e�t�,� �r�a�t�h�e�r� �t�h�a�n� �g�a�s�t�r�i�c� �H�C�l� �s�e�c�r�e�t�i�o�n�.
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�V�F�A�_�a�n�d� �N�V�A�.� �T�h�e� �l�a�c�k� �o�f� �a� �d�i�e�t�a�r�y� �e�f�f�e�c�t� �o�n� �t�h�e� �V�F�A� 

�p�r�o�f�i�l�e� �s�u�g�g�e�s�t�s� �t�h�a�t� �t�h�e� �o�r�g�a�n�i�c� �a�c�i�d�s� �w�e�r�e� �u�n�a�b�l�e� �t�o� 

�m�o�d�i�f�y� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �m�i�c�r�o�f�l�o�r�a� �p�o�p�u�l�a�t�i�o�n� �a�n�d�(�o�r�)� �t�h�e�i�r� 

�m�e�t�a�b�o�l�i�s�m� �(�V�a�r�e�l� �a�n�d� �P�o�n�d�,� �1�9�8�5�)�.� �H�o�w�e�v�e�r�,� �t�h�e� �i�n�c�r�e�a�s�e� �i�n� 

�s�u�c�c�i�n�i�c� �a�c�i�d� �i�n� �t�h�e� �s�t�o�m�a�c�h� �o�f� �f�u�m�a�r�i�c� �a�c�i�d� �f�e�d� �p�i�g�s� �m�a�y� 

�i�n�d�i�c�a�t�e� �s�o�m�e� �m�o�d�i�f�i�c�a�t�i�o�n� �o�f� �m�i�c�r�o�b�i�a�l� �m�e�t�a�b�o�l�i�s�m�.� �L�a�c�k� �o�f� 

�a� �d�i�e�t�a�r�y� �e�f�f�e�c�t� �o�n� �t�h�e� �V�F�A� �p�r�o�f�i�l�e� �w�a�s� �a�l�s�o� �o�b�s�e�r�v�e�d� �i�n� 

�p�r�e�v�i�o�u�s� �w�o�r�k� �c�o�n�d�u�c�t�e�d� �b�y� �o�u�r� �l�a�b� �(�R�i�s�l�e�y� �e�t� �a�l�.�,� �1�9�9�0�)� �a�n�d� 

�s�u�g�g�e�s�t�s� �t�h�a�t� �t�h�e� �m�o�d�e� �o�f� �a�c�t�i�o�n� �o�f� �o�r�g�a�n�i�c� �a�c�i�d�s� �o�n� �g�r�o�w�t�h� 

�p�e�r�f�o�r�m�a�n�c�e� �m�a�y� �n�o�t� �b�e� �r�e�l�a�t�e�d� �t�o� �c�h�a�n�g�e�s� �i�n� �t�h�e� �i�n�t�e�s�t�i�n�a�l� 

�m�i�c�r�o�f�l�o�r�a�.� 

�T�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �N�V�A� �d�e�c�r�e�a�s�e�d� �f�r�o�m� �t�h�e� �u�p�p�e�r� �t�o� 

�t�h�e� �l�o�w�e�r� �g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t�.� �T�h�i�s� �d�e�c�r�e�a�s�e� �i�n� �N�V�A�,� 

�n�o�t�a�b�l�y� �f�u�m�a�r�i�c�,� �s�u�g�g�e�s�t�s� �t�h�a�t� �f�u�m�a�r�i�c� �a�c�i�d� �m�a�y� �b�e� �d�i�r�e�c�t�l�y� 

�a�b�s�o�r�b�e�d� �b�y� �t�h�e� �p�i�g� �a�n�d�(�o�r�)� �u�t�i�l�i�z�e�d� �b�y� �t�h�e� �i�n�t�e�s�t�i�n�a�l� 

�m�i�c�r�o�f�l�o�r�a�.� �I�f� �f�u�m�a�r�i�c� �a�c�i�d� �i�s� �d�i�r�e�c�t�l�y� �a�b�s�o�r�b�e�d� �b�y� �t�h�e� 

�p�i�g�,� �t�h�i�s� �N�V�A� �m�a�y� �s�e�r�v�e� �a�s� �a�n� �a�d�d�i�t�i�o�n�a�l� �e�n�e�r�g�y� �s�o�u�r�c�e�.� 

�K�i�r�c�h�g�e�s�s�n�e�r� �a�n�d� �R�o�t�h� �(�1�9�8�2�)� �r�e�p�o�r�t�e�d� �t�h�a�t� �f�u�m�a�r�i�c� �a�c�i�d� 

�c�o�u�l�d� �b�e� �u�s�e�d� �a�s� �a�n� �e�n�e�r�g�y� �s�o�u�r�c�e� �w�i�t�h� �t�h�e� �e�n�e�r�g�y� �e�f�f�i�c�i�e�n�c�y� 

�e�q�u�a�l� �t�o� �t�h�a�t� �o�f� �g�l�u�c�o�s�e�.� �T�h�i�s� �a�d�d�i�t�i�o�n�a�l� �e�n�e�r�g�y� �w�o�u�l�d� �b�e� 

�i�m�p�o�r�t�a�n�t� �t�o� �t�h�e� �n�e�w�l�y� �w�e�a�n�e�d� �p�i�g� �w�h�o�s�e� �i�n�t�a�k�e� �o�f� �f�e�e�d� �a�n�d� 

�b�o�d�y� �r�e�s�e�r�v�e�s� �a�r�e� �l�i�m�i�t�e�d� �(�F�e�n�t�e�n� �e�t� �a�l�.�,� �1�9�8�5�)�.� �O�u�r� 

�o�b�s�e�r�v�a�t�i�o�n� �s�u�g�g�e�s�t�s� �t�h�a�t� �o�r�g�a�n�i�c� �a�c�i�d�s� �m�a�y� �p�r�o�m�o�t�e� �g�r�o�w�t�h� 

�i�n� �w�e�a�n�l�i�n�g� �p�i�g�s� �b�y� �s�e�r�v�i�n�g� �a�s� �a� �r�e�a�d�i�l�y� �a�v�a�i�l�a�b�l�e� �s�o�u�r�c�e� �o�f� 

�e�n�e�r�g�y�.
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�T�h�e� �i�n�c�r�e�a�s�e� �i�n� �V�F�A� �a�n�d� �N�V�A� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �i�n� �t�h�e� 

�g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t� �c�o�i�n�c�i�d�e�s� �w�i�t�h� �t�h�e� �i�n�c�r�e�a�s�e� �i�n� �f�e�e�d� 

�c�o�n�s�u�m�p�t�i�o�n� �(�R�e�r�a�t� �e�t� �a�l�.�,� �1�9�8�7�)� �t�h�a�t� �i�s� �n�o�r�m�a�l�l�y� �o�b�s�e�r�v�e�d� �a� 

�f�e�w� �d�a�y�s� �a�f�t�e�r� �w�e�a�n�i�n�g�.� �N�e�w�l�y� �w�e�a�n�e�d� �p�i�g�s� �n�o�r�m�a�l�l�y� �h�a�v�e� �a� 

�p�e�r�i�o�d� �o�f� �d�e�p�r�e�s�s�e�d� �f�e�e�d� �i�n�t�a�k�e� �s�h�o�r�t�l�y� �a�f�t�e�r� �w�e�a�n�i�n�g� �a�n�d� 

�t�h�e�n� �i�n�c�r�e�a�s�e� �t�h�e�i�r� �f�e�e�d� �c�o�n�s�u�m�p�t�i�o�n� �b�y� �d� �7� �p�o�s�t�w�e�a�n�i�n�g� 

�(�F�e�n�t�e�n� �e�t� �a�l�.�,� �1�9�8�5�)�.� �B�u�r�n�e�l�l� �e�t� �a�l�.� �(�1�9�8�8�)� �r�e�p�o�r�t�e�d� �t�h�a�t� 

�t�h�e� �a�v�e�r�a�g�e� �f�e�e�d� �c�o�n�s�u�m�p�t�i�o�n� �i�s� �1�6�8� �g�/�d� �d�u�r�i�n�g� �t�h�e� �f�i�r�s�t� 

�w�e�e�k� �p�o�s�t�w�e�a�n�i�n�g�.� �S�i�m�i�l�a�r�l�y�,� �r�e�l�a�t�e�d� �r�e�s�e�a�r�c�h� �i�n� �o�u�r� �l�a�b� 

�h�a�s� �f�o�u�n�d� �t�h�e� �f�e�e�d� �c�o�n�s�u�m�p�t�i�o�n� �o�f� �w�e�a�n�l�i�n�g� �p�i�g�s� �t�o� �b�e� �2�2�.�5� �g� 

�t�h�e� �f�i�r�s�t� �2�4� �h� �p�o�s�t�w�e�a�n�i�n�g�,� �9�3� �g�/�d� �f�o�r� �t�h�e� �f�i�r�s�t� �3� �a�d� 

�p�o�s�t�w�e�a�n�i�n�g� �a�n�d� �2�3�0�.�5� �g�/�d� �f�o�r� �t�h�e� �f�i�r�s�t� �7� �d� �p�o�s�t�w�e�a�n�i�n�g� 

�(�O�g�u�n�b�a�m�e�r�u� �e�t� �a�l�.�,� �u�n�p�u�b�l�i�s�h�e�d� �d�a�t�a�)�.� �I�n� �t�h�e� �p�r�e�s�e�n�t� 

�s�t�u�d�y�,� �t�h�e� �l�o�w� �f�e�e�d� �i�n�t�a�k�e� �w�a�s� �e�v�i�d�e�n�t� �f�r�o�m� �t�h�e� �s�m�a�l�l� �a�m�o�u�n�t� 

�o�f� �d�i�g�e�s�t�a� �t�h�a�t� �w�a�s� �f�o�u�n�d� �i�n� �t�h�e� �s�t�o�m�a�c�h� �o�n�d� �0�,� �3� �a�n�d� �7� 

�p�o�s�t�w�e�a�n�i�n�g�.� �L�o�w� �f�e�e�d� �i�n�t�a�k�e� �f�o�l�l�o�w�i�n�g� �w�e�a�n�i�n�g� �m�a�y� �b�e� �t�h�e� 

�u�n�d�e�r�l�y�i�n�g� �c�a�u�s�e� �o�f� �t�h�e� �p�o�o�r� �g�r�o�w�t�h� �p�e�r�f�o�r�m�a�n�c�e� �o�b�s�e�r�v�e�d� 

�d�u�r�i�n�g� �t�h�e� �f�i�r�s�t� �w�e�e�k� �p�o�s�t�w�e�a�n�i�n�g�.� 

�M�i�c�r�o�f�l�o�r�a�.� �T�h�e� �a�d�d�i�t�i�o�n� �o�f� �o�r�g�a�n�i�c� �a�c�i�d� �h�a�d� �n�o� �m�a�j�o�r� 

�e�f�f�e�c�t� �o�n� �t�h�e� �b�a�c�t�e�r�i�a�l� �p�o�p�u�l�a�t�i�o�n�s�,� �i�n� �c�o�n�t�r�a�s�t� �t�o� �t�h�e� 

�f�i�n�d�i�n�g�s� �o�f� �S�c�i�p�i�o�n�i� �e�t� �a�l�.� �(�1�9�7�9�)� �w�h�o� �o�b�s�e�r�v�e�d� �a� �d�e�c�r�e�a�s�e� 

�i�n� �t�o�t�a�l� �a�n�a�e�r�o�b�e�s� �a�n�d� �E�.� �c�o�l�i� �b�y� �f�e�e�d�i�n�g� �c�i�t�r�i�c� �a�c�i�d� �t�o� 
� � 

�w�e�a�n�l�i�n�g� �p�i�g�s�.� �T�h�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �s�t�u�d�i�e�s� �m�a�y� �b�e� �d�u�e� �t�o� 

�d�i�f�f�e�r�e�n�t� �m�e�d�i�a� �u�s�e�d�;� �S�c�i�p�i�o�n�i� �e�t� �a�l�.� �(�1�9�7�9�)� �u�s�e�d� �V�i�o�l�e�t� �R�e�d� 

�B�i�l�e� �a�g�a�r� �f�o�r� �E�.� �c�o�l�i� �a�n�d� �R�C�M� �(�O�x�o�i�d�)� �f�o�r� �a�n�a�e�r�o�b�e�s� �a�n�d� �u�s�e�d
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�G�a�s�-�p�a�k� �j�a�r�s� �f�o�r� �i�n�c�u�b�a�t�i�n�g� �a�n�a�e�r�o�b�i�c� �b�a�c�t�e�r�i�a�.� �W�e� �u�s�e�d� 

�L�e�v�i�n�e� �e�o�s�i�n� �m�e�t�h�y�l�e�n�e� �b�l�u�e� �a�g�a�r� �i�n� �G�a�s�-�p�a�k� �j�a�r�s� �f�o�r� �E�.� �c�o�l�i� 

�a�n�d� �r�o�l�l�-�t�u�b�e�s� �w�i�t�h� �p�i�g� �f�e�c�a�l� �e�x�t�r�a�c�t�-�g�l�u�c�o�s�e�-�c�e�l�l�u�b�i�o�s�e� 

�a�g�a�r� �f�o�r� �e�n�u�m�e�r�a�t�i�o�n� �o�f� �t�o�t�a�l� �a�n�a�e�r�o�b�i�c� �c�o�u�n�t�.� �T�h�e� �g�e�n�e�r�a�l� 

�l�a�c�k� �o�f� �a� �d�i�e�t�a�r�y� �e�f�f�e�c�t� �o�n� �i�n�t�e�s�t�i�n�a�l� �m�i�c�r�o�f�l�o�r�a� �i�n� �o�u�r� 

�s�t�u�d�y� �s�u�g�g�e�s�t�s� �t�h�e�s�e� �a�c�i�d�s� �m�a�y� �p�r�o�m�o�t�e� �g�r�o�w�t�h� �b�y� �a�n�o�t�h�e�r� 

�m�e�c�h�a�n�i�s�m�.� 

�T�o�t�a�l� �a�n�a�e�r�o�b�i�c� �c�o�u�n�t�s� �g�e�n�e�r�a�l�l�y� �d�e�c�r�e�a�s�e�d� �f�r�o�m� �-�2� �t�o� �3� 

�d� �p�o�s�t�w�e�a�n�i�n�g� �a�n�d� �t�h�e�n� �i�n�c�r�e�a�s�e�d� �b�y� �d� �7� �i�n� �a�l�l� �t�h�e� 

�i�n�t�e�s�t�i�n�a�l� �s�e�c�t�i�o�n�s�.� �T�h�e� �c�h�a�n�g�e� �i�n� �t�h�e�s�e� �b�a�c�t�e�r�i�a�l� �n�u�m�b�e�r�s� 

�i�n� �t�h�e� �s�t�o�m�a�c�h� �a�n�d� �j�e�j�u�n�u�m� �c�o�r�r�e�s�p�o�n�d�s� �t�o� �t�h�e� �l�e�v�e�l� �o�f� �f�e�e�d� 

�i�n�t�a�k�e�,� �(�O�g�u�n�b�a�m�e�r�u� �e�t� �a�l�.�,� �u�n�p�u�b�l�i�s�h�e�d� �d�a�t�a�)� �w�h�e�r�e�a�s� �i�n� �t�h�e� 

�c�e�c�u�m� �a�n�d� �l�o�w�e�r� �c�o�l�o�n� �t�h�e�s�e� �b�a�c�t�e�r�i�a� �n�u�m�b�e�r�s� �r�e�f�l�e�c�t� �t�h�e� 

�r�e�l�a�t�i�v�e� �p�e�r�c�e�n�t� �o�f� �d�r�y� �m�a�t�t�e�r� �i�n� �t�h�e� �d�i�g�e�s�t�a�.� �A�s� �s�t�a�t�e�d� 

�p�r�e�v�i�o�u�s�l�y�,� �t�h�e� �l�e�v�e�l� �o�f� �f�e�e�d� �i�n�t�a�k�e� �i�s� �l�o�w� �s�h�o�r�t�l�y� �a�f�t�e�r� 

�w�e�a�n�i�n�g�,� �w�h�i�c�h� �w�o�u�l�d� �r�e�s�u�l�t� �i�n� �l�i�t�t�l�e� �i�n�t�e�s�t�i�n�a�l� �d�i�g�e�s�t�a� �t�o� 

�s�u�p�p�o�r�t� �b�a�c�t�e�r�i�a�l� �g�r�o�w�t�h� �(�M�o�r�i�s�h�i�t�a� �a�n�d� �O�g�a�t�a�,� �1�9�7�0�)�.� �B�y� �d� 

�7� �p�o�s�t�w�e�a�n�i�n�g�,� �h�o�w�e�v�e�r� �t�h�e� �f�e�e�d� �i�n�t�a�k�e� �w�o�u�l�d� �b�e� �s�u�f�f�i�c�i�e�n�t� 

�t�o� �s�u�p�p�o�r�t� �a� �l�a�r�g�e�r� �b�a�c�t�e�r�i�a�l� �p�o�p�u�l�a�t�i�o�n�.� �O�u�r� �a�n�a�e�r�o�b�i�c� 

�c�o�u�n�t�s� �f�o�r� �t�h�e� �c�e�c�u�m� �a�n�d� �c�o�l�o�n� �w�e�r�e� �s�i�m�i�l�a�r� �t�o� �t�h�o�s�e� 

�r�e�p�o�r�t�e�d� �b�y� �V�a�r�e�l� �(�1�9�8�7�)� �a�n�d� �M�o�o�r�e� �e�t� �a�l�.� �(�1�9�8�7�)�,� 

�r�e�s�p�e�c�t�i�v�e�l�y�.� 

�C�l�o�s�t�r�i�d�i�a� �n�u�m�b�e�r�s� �l�i�n�e�a�r�l�y� �d�e�c�r�e�a�s�e�d� �t�o� �u�n�d�e�t�e�c�t�a�b�l�e� 

�l�e�v�e�l�s� �b�y� �1�4� �a�n�d� �2�1� �d� �p�o�s�t�w�e�a�n�i�n�g�.� �T�h�i�s� �d�e�c�l�i�n�e� �i�n� �n�u�m�b�e�r�s� 

�m�a�y� �b�e� �d�u�e� �t�o� �t�h�e� �c�h�a�n�g�e� �i�n� �d�i�e�t� �f�r�o�m� �a� �l�i�q�u�i�d� �m�i�l�k� �d�i�e�t
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�(�h�i�g�h� �c�l�o�s�t�r�i�d�i�a� �c�o�u�n�t�s�)� �t�o� �a� �d�r�y� �c�o�r�n�-�s�o�y�b�e�a�n� �m�e�a�l� �b�a�s�e�d� 

�G�i�e�t� �(�l�o�w� �c�l�o�s�t�r�i�d�i�a� �c�o�u�n�t�s�)�.� �T�h�e� �b�i�o�l�o�g�i�c�a�l� �s�i�g�n�i�f�i�c�a�n�c�e� 

�o�f� �t�h�e� �m�o�d�e�s�t� �c�h�a�n�g�e�s� �i�n� �c�l�o�s�t�r�i�d�i�a�l� �n�u�m�b�e�r�s� �i�s� �q�u�e�s�t�i�o�n�a�b�l�e� 

�d�u�e� �t�o� �t�h�e� �f�a�c�t� �t�h�a�t� �t�h�i�s� �p�o�p�u�l�a�t�i�o�n� �o�f� �c�l�o�s�t�r�i�d�i�a� �(�l�i�p�a�s�e� 

�p�o�s�i�t�i�v�e� �a�n�d� �n�e�o�m�y�c�i�n� �r�e�s�i�s�t�a�n�t�)� �m�a�d�e� �u�p� �l�e�s�s� �t�h�a�n� �.�0�1�%� �o�f� 

�t�h�e� �t�o�t�a�l� �i�n�t�e�s�t�i�n�a�l� �m�i�c�r�o�f�l�o�r�a�.� 

�L�a�c�t�o�b�a�c�i�l�l�u�s� �a�n�d� �E�.� �c�o�l�i� �n�u�m�b�e�r�s� �w�e�r�e� �n�o�t� �a�f�f�e�c�t�e�d� �b�y� 

�t�h�e� �s�u�p�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �o�r�g�a�n�i�c� �a�c�i�d� �t�o� �t�h�e� �w�e�a�n�l�i�n�g� �d�i�e�t�.� 

�O�u�r� �b�a�c�t�e�r�i�a�l� �c�o�u�n�t�s� �o�f� �l�a�c�t�o�b�a�c�i�l�l�u�s� �a�n�d� �E�.� �c�o�l�i� �a�r�e� 
� � 

�S�i�m�i�l�a�r� �t�o� �p�r�e�v�i�o�u�s� �r�e�p�o�r�t�s�:� �f�e�c�a�l� �l�a�c�t�o�b�a�c�i�l�l�u�s� �c�o�u�n�t�s� �9�.�7� 

�t�o� �9�.�9� �a�n�d� �E�.� �c�o�l�i� �c�o�u�n�t�s� �6�.�2� �t�o� �6�.�4� �(�D�a�n�i�e�l�s�o�n� �e�t� �a�l�.�,� 

�1�9�8�9�)�.� �I�t� �w�a�s� �e�x�p�e�c�t�e�d� �t�h�a�t� �t�h�e� �o�r�g�a�n�i�c� �a�c�i�d�s� �w�o�u�l�d� �l�o�w�e�r� 

�t�h�e� �i�n�t�e�s�t�i�n�a�l� �p�H�,� �w�h�i�c�h� �w�o�u�l�d� �r�e�s�u�l�t� �i�n� �a� �m�o�r�e� �f�a�v�o�r�a�b�l�e� 

�e�n�v�i�r�o�n�m�e�n�t� �f�o�r� �l�a�c�t�o�b�a�c�i�l�l�u�s� �a�n�d� �i�n�h�i�b�i�t� �t�h�e� �p�r�o�l�i�f�e�r�a�t�i�o�n� 

�o�f� �E�.� �c�o�l�i� �(�C�r�a�n�w�e�l�l� �e�t� �a�l�.�,� �1�9�7�6�)�.� �T�h�i�s� �e�f�f�e�c�t� �w�a�s� �n�o�t� 

�o�b�s�e�r�v�e�d� �a�n�d� �m�a�y� �b�e� �a�t�t�r�i�b�u�t�e�d� �t�o� �t�h�e� �l�a�c�k� �o�f� �a�n� �i�n�t�e�s�t�i�n�a�l� 

�p�H� �c�h�a�n�g�e� �w�i�t�h� �t�h�e� �1�.�5�%� �l�e�v�e�l� �o�f� �o�r�g�a�n�i�c� �a�c�i�d� 

�s�u�p�p�l�e�m�e�n�t�a�t�i�o�n�.� 

�T�h�e� �p�o�p�u�l�a�t�i�o�n� �o�f� �l�a�c�t�o�b�a�c�i�l�l�i� �d�i�d� �d�e�c�l�i�n�e� �a�f�t�e�r� 

�w�e�a�n�i�n�g�,� �d�O� �a�n�d� �3� �p�o�s�t�w�e�a�n�i�n�g�,� �a�n�d� �t�h�e�n� �i�n�c�r�e�a�s�e�d� �b�y� �d� �7� 

�p�o�s�t�w�e�a�n�i�n�g�.� �C�o�n�c�u�r�r�e�n�t�l�y�,� �E�.� �c�o�l�i� �c�o�u�n�t�s� �w�e�r�e� �g�e�n�e�r�a�l�l�y� 
� � 

�g�r�e�a�t�e�r� �o�n� �d� �3� �a�n�d� �7� �p�o�s�t�w�e�a�n�i�n�g�.� �T�h�e�s�e� �b�a�c�t�e�r�i�a� �a�r�e� 

�n�o�r�m�a�l�l�y� �c�o�n�s�i�d�e�r�e�d� �a�n�t�a�g�o�n�i�s�t�i�c�,� �i�.�e�.� �l�a�c�t�o�b�a�c�i�l�l�u�s� 

�i�n�h�i�b�i�t�s� �t�h�e� �c�o�l�o�n�i�z�a�t�i�o�n� �a�n�d� �p�r�o�l�i�f�e�r�a�t�i�o�n� �o�f� �E�.� �c�o�l�i� �b�y� 

�b�l�o�c�k�i�n�g� �p�o�s�s�i�b�l�e� �i�n�t�e�s�t�i�n�a�l� �r�e�c�e�p�t�o�r�s� �o�f� �E�.� �c�o�l�i� �a�n�d
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�s�e�c�r�e�t�i�n�g� �t�o�x�i�c� �m�e�t�a�b�o�l�i�t�e�s� �(�D�a�n�i�e�l�s�o�n� �e�t� �a�l�.�,� �1�9�8�9�)�.� �I�t� �i�s� 

�d�u�r�i�n�g� �t�h�i�s� �t�i�m�e�,� �t�h�e� �f�i�r�s�t� �w�e�e�k� �p�o�s�t�w�e�a�n�i�n�g�,� �w�h�e�n� �t�h�e� 

�n�u�m�b�e�r�s� �o�f� �l�a�c�t�o�b�a�c�i�l�l�u�s� �a�r�e� �l�o�w� �a�n�d� �t�h�e� �n�u�m�b�e�r� �o�f� �E�.� �c�o�l�i� 

�a�r�e� �h�i�g�h�,� �t�h�a�t� �t�h�e� �p�i�g� �i�s� �m�o�s�t� �s�u�s�c�e�p�t�i�b�l�e� �t�o� �s�c�o�u�r�i�n�g� �a�n�d� 

�p�o�o�r� �g�r�o�w�t�h� �p�e�r�f�o�r�m�a�n�c�e�.� 

�I�m�p�l�i�c�a�t�i�o�n�s� 

�T�h�e� �s�u�p�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �o�r�g�a�n�i�c� �a�c�i�d�s� �i�n� �d�i�e�t�s� �f�o�r� 

�w�e�a�n�l�i�n�g� �p�i�g�s� �l�o�w�e�r�e�d� �d�i�e�t�a�r�y� �p�H�,� �b�u�t� �d�i�d� �n�o�t� �l�o�w�e�r� �t�h�e� 

�i�n�t�e�s�t�i�n�a�l� �p�H�,� �i�n�c�r�e�a�s�e� �c�h�l�o�r�i�d�e� �i�o�n� �c�o�n�c�e�n�t�r�a�t�i�o�n�,� �m�o�d�i�f�y� 

�t�h�e� �V�F�A� �p�r�o�f�i�l�e� �n�o�r� �s�i�g�n�i�f�i�c�a�n�t�l�y� �c�h�a�n�g�e� �t�h�e� �i�n�t�e�s�t�i�n�a�l� 

�b�a�c�t�e�r�i�a�l� �p�o�p�u�l�a�t�i�o�n�s� �t�h�a�t� �w�e� �m�e�a�s�u�r�e�d�.� �T�h�e�s�e� �r�e�s�u�l�t�s� 

�s�u�g�g�e�s�t� �t�h�a�t� �t�h�e� �m�o�d�e� �o�f� �a�c�t�i�o�n� �o�f� �o�r�g�a�n�i�c� �a�c�i�d�s� �m�a�y� �n�o�t� �b�e� 

�r�e�l�a�t�e�d� �t�o� �r�e�d�u�c�i�n�g� �g�a�s�t�r�i�c� �p�H� �a�n�d�(�o�r�)� �a�l�t�e�r�i�n�g� �t�h�e� 

�i�n�t�e�s�t�i�n�a�l� �m�i�c�r�o�f�l�o�r�a�,� �b�u�t� �s�u�g�g�e�s�t�s� �t�h�a�t� �o�r�g�a�n�i�c� �a�c�i�d�s� �m�a�y� 

�a�c�t� �a�s� �a�n� �a�d�d�i�t�i�o�n�a�l� �e�n�e�r�g�y� �s�o�u�r�c�e� �f�o�r� �t�h�e� �w�e�a�n�l�i�n�g� �p�i�g�.� 

�H�o�w�e�v�e�r� �m�o�r�e� �r�e�s�e�a�r�c�h� �i�s� �n�e�e�d�e�d� �t�o� �s�u�b�s�t�a�n�t�i�a�t�e� �t�h�i�s� 

�h�y�p�o�t�h�e�s�i�s�.
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�T�A�B�L�E� �1�.� �P�E�R�C�E�N�T�A�G�E� �C�O�M�P�O�S�I�T�I�O�N� �O�F� �D�I�E�T�S� 
� � 

� � 

� � 

�D�i�e�t�?� 

�I�t�e�m� �C�o�n�t�r�o�l� �F�u�m�a�r�i�c� �a�c�i�d� �C�i�t�r�i�c� �a�c�i�d� 

�G�r�o�u�n�d� �c�o�r�n� �6�4�.�2�0� �6�2�.�5�0� �6�2�.�5�0� 
�S�o�y�b�e�a�n� �m�e�a�l� �(�4�4�%� �C�P�)� �3�3�.�1�1� �3�3�.�3�1� �3�3�.�3�1� 
�L�i�m�e�s�t�o�n�e� �-�6�0� �5�8� �.�5�8� 
�D�e�f�l�u�o�r�i�n�a�t�e�d� �p�h�o�s�p�h�a�t�e� �1�.�4�2� �1�.�4�4� �1�.�4�4� 
�S�a�l�t� �~�3�0� �~�3�0� �-�3�0� 
�T�r�a�c�e� �m�i�n�e�r�a�l� �p�r�e�m�i�x�?� �-�0�7� �-�0�7� �0�7� 
�V�i�t�a�m�i�n� �p�r�e�m�i�x� �2�5� �2�5� �2�5� 
�S�e�l�e�n�i�u�m� �p�r�e�m�i�x�?� �0�5� �0�5� �0�5� 
�F�u�m�a�r�i�c�/�c�i�t�r�i�c� �a�c�i�d�  �� �1�.�5�0� �1�.�5�0� 
� � 

�A�c�a�l�c�u�l�a�t�e�d� �t�o� �s�u�p�p�l�y� �2�0�%� �c�r�u�d�e� �p�r�o�t�e�i�n�,� �.�8�0�%� �C�a� �a�n�d� �.�6�5�%� �P�.� 
�D�s�u�p�p�l�i�e�d� �p�e�r� �k�g� �o�f� �d�i�e�t�:� �1�0�5� �m�g� �Z�n�,� �1�2�3� �m�g� �F�e�,� �4�2� �m�g� �M�n�,� 
�1�2� �m�g� �C�u�,� �a�n�d� �1�.�4� �n�g� �I�.� 
�S�s�u�p�p�l�i�e�d� �p�e�r� �k�g� �o�f� �d�i�e�t�:� �4�,�4�0�0� �I�U� �v�i�t�a�m�i�n� �A�,� �4�4�0� �I�U� 
�v�i�t�a�m�i�n� �D�,� �1�1� �I�U� �v�i�t�a�m�i�n� �E�,� �4�.�4� �m�g� �r�i�b�o�f�l�a�v�i�n�,� �2�2� �m�g� �d�-� 
�p�a�n�t�o�t�h�e�n�i�c� �a�c�i�d�,� �2�2� �m�g� �n�i�a�c�i�n�,� �4�8�9�.�5� �m�g� �c�h�o�l�i�n�e�,� �.�0�2�2� �m�g� 
�y�i�t�a�m�i�n� �B�i�2�,� �-�5� �m�g� �m�e�n�a�d�i�o�n�e� �a�n�d� �.�4�4� �m�g� �d�-�b�i�o�t�i�n�.� 

�S�u�p�p�l�i�e�d� �.�3� �m�g� �S�e� �p�e�r� �k�g� �o�f� �d�i�e�t�.
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�T�A�B�L�E� �2�.� �M�E�A�N�S� �O�F� �T�H�E� �I�N�T�E�S�T�I�N�A�L� �D�I�G�E�S�T�A� �p�H� �A�N�D� �C�H�L�O�R�I�D�E� �I�O�N� 
�C�O�N�C�E�N�T�R�A�T�I�O�N� �I�N� �W�E�A�N�L�I�N�G� �P�I�G�S� �F�E�D� �E�I�T�H�E�R� �T�H�E� �C�O�N�T�R�O�L�,� �1�.�5�%� �F�U�M�A�R�I�C� �O�R� 

�1�.�5�%� �C�I�T�R�I�C� �A�C�I�D� �D�I�E�T� 
� � 

�I�n�t�e�s�t�i�n�a�l� �S�e�c�t�i�o�n� 
� � 

� � 

�I�t�e�m�?�P� �S�t�o�m�a�c�h� �J�e�j�u�n�u�m� �C�e�c�u�m� �L�o�w�e�r� �c�o�l�o�n� 

�p�H� 
�C�o�n�t�r�o�l� �4�.�0�7� �6�.�7�6� �6�.�3�6� �7�.�0�6� 
�F�u�m�a�r�i�c� �3�.�8�7� �6�.�4�2� �6�.�1�6� �6�.�8�9� 
�C�i�t�r�i�c� �3�.�8�2� �6�.�6�9� �6�.�1�9� �6�.�9�3� 
�S�E�M� �1�8� �1�0� �-� �1�0�2� �~�0�8�2� 
�P�o�o�l�e�d� �M�e�a�n�s� �3�.�9�2� �6�.�6�3� �6�.�2�4�&� �6�.�9�6�°� 

�C�h�l�o�r�i�d�e� �i�o�n� �c�o�n�c�e�n�t�r�a�t�i�o�n� �(�M�)� 
�C�o�n�t�r�o�l� �1�4�4� �«�1�3�1� �~�0�3�3� �0�1�6� 
�F�u�m�a�r�i�c� �-�0�8�8� �~�1�2�8� �0�3�1� �0�1�6� 
�C�i�t�r�i�c� �-�1�1�8� �e�1�1�1� �0�3�8� �0�1�8� 
�S�E�M� �~�0�1�4� �~�9�2�0� �.�0�0� �0�0� 
�P�o�o�l�e�d� �M�e�a�n�s� �-�1�0�7�°� �-�1�2�3�°� �.�0�3�4� �.�0�1�6� 
� � 

�a�k�a�c�h� �m�e�a�n� �v�a�l�u�e� �r�e�p�r�e�s�e�n�t�s� �2�4� �o�b�s�e�r�v�a�t�i�o�n�s�.� 
�o� �d�i�e�t� �o�r� �d�a�y� �b�y� �d�i�e�t� �i�n�t�e�r�a�c�t�i�o�n� �w�a�s� �o�b�s�e�r�v�e�d� �(�P� �<� �.�1�0�)�.� 

�c�d�e�f� �P�o�o�l�e�d� �m�e�a�n�s� �w�i�t�h�i�n� �a� �r�o�w� �w�i�t�h� �d�i�f�f�e�r�e�n�t� �s�u�p�e�r�s�c�r�i�p�t� �l�e�t�t�e�r�s� 
�d�i�f�f�e�r� �(�P� �<� �.�0�5�)�.� �T�u�k�e�y ��s� �s�t�u�d�e�n�t�i�z�e�d� �r�a�n�g�e� �t�e�s�t� �w�a�s� �u�s�e�d�.
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�T�A�B�L�E� �3�.� �M�E�A�N�S� �O�F� �T�H�E� �I�N�T�E�S�T�I�N�A�L� �D�I�G�E�S�T�A� �p�H� �A�N�D� �C�H�L�O�R�I�D�E� �I�O�N� 
�C�O�N�C�E�N�T�R�A�T�I�O�N� �O�N� �-�2�,� �0�,� �3�,� �7�,� �1�4� �A�N�D� �2�1� �D�A�Y�S� �P�O�S�T�W�E�A�N�I�N�G� �I�N� �T�R�E�A�T�E�D� 

�A�N�D� �U�N�T�R�E�A�T�E�D� �P�r�I�c�s�®� 
� � 

�I�n�t�e�s�t�i�n�a�l� �S�e�c�t�i�o�n� 
� � 

� � 

�I�t�e�m�?� �S�t�o�m�a�c�h� �J�e�j�u�n�u�m� �C�e�c�u�m� �L�o�w�e�r� �c�o�l�o�n� 

�p�H� 
�a� �-�2� �4�.�8�2�)� �6�.�5�8� �6�.�7�9� �7�.�1�9� 

�0� �3�.�9�8�)� �6�.�7�0� �6�.�7�2�,� �7�.�0�1� 
�3� �3�.�9�2�)�,� �6�.�7�9� �6�.�3�6� �.�,� �7�.�1�6� 
�7� �3�.�7�1� �6�.�8�0� �6�.�0�5�.�0�,� �7�.�1�7�0�,� 

�1�4� �3�.�4�7�0�0� �6�.�3�5� �5�-�7�9� �o�e� �6�.�7�6�.� �o�s� 
�2�1� �3�.�6�2� �6�.�5�4� �§�.�7�3� �6�.�4�7� 

�S�E�M� �2�6�7� �~� �1�5�0� �~� �1�4�3� �-�1�1�6� 

�C�h�l�o�r�i�d�e� �i�o�n� �c�o�n�c�e�n�t�r�a�t�i�o�n� �(�M�)� 
�d� �-�2� �~�1�2�6� �2�1�2�4� �~�0�4�4� �~�0�1�9� 

�0� �-�0�9�6� �«�1�1�3� �0�1�9� �-�0�2�3� 
�3� �.�0�8�8� �0�9�2� �-�9�3�0� �0�1�4� 
�7� �«�1�1�1� �«�1�2�3� �-�9�0�3�0� �-�0�1�4� �©� 

�1�4� �1�1�0� �2�1�4�2� �9�4�5� �0�1�5� 
�2�1� �e�l�i�l� �«�1�4�7� �~�9�3�0� �0�1�6� 

�S�E�M� �-�0�2�0� �9�2�7� �-� �0�0�7� �-�0�0�4� 
� � 

�a�n�o� �t�r�e�a�t�m�e�n�t� �o�r� �d�a�y� �b�y� �t�r�e�a�t�m�e�n�t� �i�n�t�e�r�a�c�t�i�o�n� �w�a�s� �o�b�s�e�r�v�e�d� �(�P� �<� �.�1�0�)�,� 
�p�h�e�r�e�f�o�r�e� �a�l�l� �a�g�e� �d�a�t�a� �w�e�r�e� �p�o�o�l�e�d� �a�c�r�o�s�s� �t�r�e�a�t�m�e�n�t�s�.� 
�e�e� �e�e�n�,� �m�e�a�n� �v�a�l�u�e� �r�e�p�r�e�s�e�n�t�s� �1�2� �o�b�s�e�r�v�a�t�i�o�n�s�.� 

�c�o�n�e� �M�e�a�n� �@�i�f�f�e�r�s� �f�r�o�m� �d�a�y� �-�2� �(�P� �<� �.�0�5�,� �.�0�1�,� �.�0�0�1�)�.� �D�e�t�e�r�m�i�n�e�d� �b�y� 
�u�s�i�n�g� �n�o�n�-�o�r�t�h�o�g�o�n�o�l� �c�o�n�t�r�a�s�t�s�.
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�T�A�B�L�E� �4�.� �M�E�A�N�S� �O�F� �I�N�T�E�S�T�I�N�A�L� �D�I�G�E�S�T�A� �V�F�A� �(�M�E�Q�/�D�L�)� �I�N� �W�E�A�N�L�I�N�G� �P�I�G�S� 
�F�E�D� �E�I�T�H�E�R� �T�H�E� �C�O�N�T�R�O�L�,� �1�.�5�%� �F�U�M�A�R�I�C� �O�R� �1�.�5�%� �C�I�T�R�I�C� �A�C�I�D� �D�I�E�T�S�?� 
� � 

�I�n�t�e�s�t�i�n�a�l� �S�e�c�t�i�o�n� 
� � 

� � 

�I�t�e�m �� �S�t�o�m�a�c�h� �J�e�j�u�n�u�m� �C�e�c�u�m� �L�o�w�e�r� �c�o�l�o�n� 

�A�c�e�t�i�c� �a�c�i�d� 
�C�o�n�t�r�o�l� �7�0�.�4� �3�4�.�4� �1�5�9�.�7� �1�8�0�.�2� 
�F�u�m�a�r�i�c� �7�4�.�6� �2�6�.�0� �1�9�9�.�3� �1�9�0�.�9� 
�C�i�t�r�i�c� �6�0�.�9� �4�3�.�9� �1�8�4�.�5� �1�7�2�.�1� 
�S�E�M� �6�.�6� �6�.�3�9� �1�7�.�7�3� �1�8�.�6�0� 
�P�o�o�l�e�d� �M�e�a�n�s� �6�8�.�6� �3�4�.�8� �1�8�1�.�2�°�¢� �1�8�1�.�1�°� 

�P�r�o�p�i�o�n�i�c� �a�c�i�d� 
�C�o�n�t�r�o�l� �4�.�0� �4� �7�5�.�7� �5�8�.�4� 
�F�u�m�a�r�i�c� �4�.�6� �9� �9�0�.�7� �5�5�.�6� 
�C�i�t�r�i�c� �2�.�9� �3�.�8� �7�8�.�7� �6�2�.�2� 
�S�E�M� �1�.�6�0� �2�.�2�0� �6�.�6�6� �7�.�1� 
�P�o�o�l�e�d� �M�e�a�n�s� �3�.�8�¢� �1�.�7�°� �8�1�.�7�°� �5�8�.�7� 

�B�u�t�y�r�i�c� �a�c�i�d� 
�C�o�n�t�r�o�l� �1�.�7� �2� �4�6�.�5� �2�8�.�7� 
�F�u�m�a�r�i�c� �2�.�2� �5� �5�5�.�0� �2�9�.�4� 
�c�i�t�r�i�c� �5�.�2� �3�.�8� �4�8�.�2� �3�2�.�0� 
�S�E�M� �1�.�5�9� �2�.�2�0� �8�.�7�9� �4�.�1� 
�P�o�o�l�e�d� �M�e�a�n�s� �3�.�0�&� �1�.�5�%� �4�9�.�9�°� �3�0�.�0� 

�T�o�t�a�i�t� 
�C�o�n�t�r�o�l� �7�8�.�3� �3�8�.�2� �2�8�5�.�7� �2�9�2�.�5� 
�F�u�m�a�r�i�c� �8�3�.�8� �2�8�.�2� �3�6�8�.�0� �2�9�5�.�8� 
�c�i�t�r�i�c� �6�1�.�8� �5�3�.�6� �3�3�5�.�8� �2�9�0�.�8� 
�S�E�M� �8�.�6� �1�0�.�3� �2�6�.�8�2� �2�9�.�4�6� 
�P�o�o�l�e�d� �M�e�a�n�s� �7�4�.�6� �4�0�.�0� �3�2�9�.�8�°� �2�9�3�.�0�°� 
� � 

�b� 
�c� 

�P�<� �.�0�5�)�.� �T�u�k�e�y ��s� �s�t�u�d�e�n�t�i�z�e�d� �r�a�n�g�e� �t�e�s�t� �w�a�s� �u�s�e�d�.� 
�T�o�t�a�l� �v�o�l�a�t�i�l�e� �f�a�t�t�y� �a�c�i�d� �c�o�n�c�e�n�t�r�a�t�i�o�n� �a�l�s�o� �i�n�c�l�u�d�e�s� �f�o�r�m�i�c�,� 

�i�s�o�b�u�t�y�r�i�c�,� �i�s�o�v�a�l�e�r�i�c�,� �v�a�l�e�r�i�c�,� �i�s�o�c�a�p�r�o�i�c� �a�n�d� �c�a�p�r�o�i�c� �a�c�i�d�s�.� 

�a�n�o� �t�r�e�a�t�m�e�n�t� �o�r� �t�r�e�a�t�m�e�n�t� �b�y� �d�a�y� �i�n�t�e�r�a�c�t�i�o�n� �w�a�s� �o�b�s�e�r�v�e�d� �(�P� �<� �.�1�0�)�.� 
�a�c�h� �m�e�a�n� �v�a�l�u�e� �r�e�p�r�e�s�e�n�t�s� �2�4� �o�b�s�e�r�v�a�t�i�o�n�s�.� 
�©�p�o�o�l�e�d� �m�e�a�n�s� �w�i�t�h�i�n� �a� �r�o�w� �w�i�t�h� �d�i�f�f�e�r�e�n�t� �s�u�p�e�r�s�c�r�i�p�t� �l�e�t�t�e�r�s� �d�i�f�f�e�r
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�M�E�A�N�S� �O�F� �T�H�E� �I�N�T�E�S�T�I�N�A�L� �D�I�G�E�S�T�A� �V�F�A� �(�M�E�Q�/�D�L�)� �O�N� �-�2�,� �0�,� �3�,� 
�1�4� �A�N�D� �2�1� �D�A�Y�S� �P�O�S�T�W�E�A�N�I�N�G� �I�N� �T�R�E�A�T�E�D� �A�N�D� �U�N�T�R�E�A�T�E�D� �P�I�G�S� 
� � 

�I�n�t�e�s�t�i�n�a�l� �S�e�c�t�i�o�n� 
� � 

� � 

� � 

�I�t�e�m�?�,�b� �S�t�o�m�a�c�h� �J�e�j�u�n�u�n� �C�e�c�u�m� �L�o�w�e�r� �c�o�l�o�n� 

�A�c�e�t�i�c� �a�c�i�d� 
�d� �-�2� �5�.�7� �6�.�3� �1�4�8�.�5� �8�8�.�7� 

�0� �1�.�8� �2�.�4� �1�6�5�.�2� �8�5�.�2� 
�3� �8�4�.�2�0�)� �4�4�.�1�0�)� �1�9�8�.�4� �1�8�5�.�1�5�"� 

�1�a� �8�6�.�8�.� �4�5�.�8�0� �1�9�0�.�2� �2�1�8�.�7� 
�1�1�6�.�3�0�,� �5�3�.�4� �e�s� �1�9�5�.�3� �2�8�2�.�8� 

�2�1� �1�1�7�.�0� �5�6�.�6� �1�8�9�.�4� �2�2�5�.�9� 
�S�E�M� �9�.�4�1� �9�.�0�4� �2�5�.�0�7� �2�6�.�3�1� 

�P�r�o�p�i�o�n�i�c� �a�c�i�d� 
�d�a�d� �-�2� �0�.�0� �0�.�0� �7�4�.�2�1� �2�9�.�5� 
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�d ¬�p�o�o�l�e�d� �m�e�a�n�s� �w�i�t�h� �d�i�f�f�e�r�e�n�t� �s�u�p�e�r�s�c�r�i�p�t� �l�e�t�t�e�r�s� �d�i�f�f�e�r� �(�P� �<� �.�0�5�)�.� 
�g�u�k�e�y ��s� �s�t�u�d�e�n�t�i�z�e�d� �r�a�n�g�e� �t�e�s�t� �w�a�s� �u�s�e�d�.� 

�E�a�c�h� �m�e�a�n� �v�a�l�u�e� �r�e�p�r�e�s�e�n�t�s� �9� �o�b�s�e�r�v�a�t�i�o�n�s�.� 
�S�N�u�m�b�e�r� �w�i�t�h�i�n� �p�a�r�e�n�t�h�e�s�e�s� �i�s� �t�h�e� �s�t�a�n�d�a�r�d� �e�r�r�o�r� �o�f� �t�h�e� �m�e�a�n�.� 
�M�e�a�c�h� �m�e�a�n� �v�a�l�u�e� �r�e�p�r�e�s�e�n�t�s� �6� �o�b�s�e�r�v�a�t�i�o�n�s�.
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�T�A�B�L�E� �9�.� �M�E�A�N�S� �O�F� �T�H�E� �I�N�T�E�S�T�I�N�A�L� �D�I�G�E�S�T�A� �A�N�A�E�R�O�B�I�C� �B�A�C�T�E�R�I�A�,� 
�L�A�C�T�O�B�A�C�I�L�L�U�S�,� �C�L�O�S�T�R�I�D�I�A� �A�N�D� �E�S�C�H�E�R�I�C�H�I�A� �C�O�L�I� �C�U�L�T�U�R�A�L� �C�O�U�N�T�S� �O�N� �-�2�,� 

�0�,� �3�,� �7�,� �1�4� �A�N�D� �2�1� �D�A�Y�S� �P�O�S�T�W�E�A�N�I�N�G� �I�N� �T�R�E�A�T�E�D� �A�N�D� �U�N�T�R�E�A�T�E�D� �P�I�G�S� 
� � 
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� � 

�I�t�e�m�?�»� �S�t�o�m�a�c�h� �J�e�j�u�n�u�n� �c�e�c�u�m� �L�o�w�e�r� �c�o�l�o�n� 
� � 

�T�o�t�a�l� �a�n�a�e�r�o�b�i�c� �c�u�l�t�u�r�a�l� �c�o�u�n�t� 
�d� �-�2� �8�.�9� 

�0� �8�.�1� 
�3� �8�.�7� 
�7� �9�.�2� 

�8�.�0� 
�8�.�4� 

�o�a� 

�-�7� �1�0�.�8� �1�1�.�0� 
�a� �1�0�.�9� �1�0�.�9� 
�4� �1�0�.�6� �1�1�.�0� 
�-�9� �1�0�.�8� �1�1�.�0� 

�1�4� �5� 
�2�1� �-�3� 

�S�E�M� �2�2� 

�1�0�.�6� �1�0�.�9� 
�1�0�.�6� �1�0�.�8� 

�2� �~�0�9� �-�1�l�l� 

�L�a�c�t�o�b�a�c�i�l�1�i�©�®� 
�a� �-�2� �8� 

�0� �7� 
�3� �7� 
�7� �8� 

�1�4� �7� 
�2�1� �7� 

�S�E�M� 

�C�l�o�s�t�r�i�d�i�a�®� 
�d� �-�2� �6�.� 

�0� �5�.� 
�3� �5�.� 
�7� �6�.� 

�1�4� �N� 
�2�1� �N� 

�E�s�c�h�e�r�i�c�h�i�a� �c�o�l�i�9� 
�a� �-�2� �6� 

�0� �5� 
�3� �5� 
�7� �6� 

�1�4� �5� 
�2�i� �5� 
� � 

�a�n�o� �t�r�e�a�t�m�e�n�t� �o�r� �d�a�y� �b�y� �t�r�e�a�t�m�e�n�t� �i�n�t�e�r�a�c�t�i�o�n� �w�a�s� �o�b�s�e�r�v�e�d� �(�P� �<� �.�1�0�)�.� 
�P�u�j�c�r�o�b�i�a�l� �c�o�u�n�t�s� �a�r�e� �e�x�p�r�e�s�s�e�d� �a�s� �t�h�e� �l�o�g�y�9� �o�f� �t�h�e� �c�u�l�t�u�r�a�l� �c�o�u�n�t� �p�e�r� 
�g�r�a�m� �o�f� �w�e�t� �d�i�g�e�s�t�a�.� 
�e�e� �e�e�h�,� �m�e�a�n� �v�a�l�u�e� �r�e�p�r�e�s�e�n�t�s� �1�2� �o�b�s�e�r�v�a�t�i�o�n�s�.� 

�c�o�e�f� �M�e�a�n� �d�i�f�f�e�r�s� �f�r�o�m� �d�a�y� �-�2� �(�P� �<� �.�0�5�,� �.�0�1�,� �.�0�0�1�)�.� �D�e�t�e�r�m�i�n�e�d� �b�y� 
�y�s�i�n�g� �n�o�n�-�o�r�t�h�o�g�o�n�o�l� �c�o�n�t�r�a�s�t�s�.� 

�E�a�c�h� �m�e�a�n� �v�a�l�u�e� �r�e�p�r�e�s�e�n�t�s� �9� �o�b�s�e�r�v�a�t�i�o�n�s�.� 
�N�u�m�b�e�r� �w�i�t�h�i�n� �p�a�r�e�n�t�h�e�s�e�s�_�i�s� �t�h�e� �s�t�a�n�d�a�r�d� �e�r�r�o�r� �o�f� �t�h�e� �m�e�a�n�.� 

�N�D� �=� �n�o�t� �d�e�t�e�c�t�a�b�l�e� �(�<� �1�0�°� �o�r�g�a�n�i�s�m�s� �p�e�r� �g�r�a�m� �o�f� �w�e�t� �d�i�g�e�s�t�a�)�.� 
�E�a�c�h� �m�e�a�n� �v�a�l�u�e� �r�e�p�r�e�s�e�n�t�s� �6� �o�b�s�e�r�v�a�t�i�o�n�s�.



�C�h�a�p�t�e�r� �V�I� 

�R�U�N�N�I�N�G� �H�E�A�D�:� �I�N�T�E�S�T�I�N�A�L� �E�F�F�E�C�T�S� �O�F� �O�R�G�A�N�I�C� �A�C�I�D�/�E�.� �C�O�L�I� 

�E�F�F�E�C�T� �O�F� �F�E�E�D�I�N�G� �O�R�G�A�N�I�C� �A�C�I�D�S� �O�N� �S�E�L�E�C�T�E�D� �I�N�T�E�S�T�I�N�A�L� 
�D�I�G�E�S�T�A� �M�E�A�S�U�R�E�M�E�N�T�S� �A�T� �V�A�R�I�O�U�S� �T�I�M�E�S� �P�O�S�T�W�E�A�N�I�N�G� �I�N�_� �P�I�G�S� 

�C�H�A�L�L�E�N�G�E�D� �W�I�T�H� �E�N�T�E�R�O�T�O�X�I�G�E�N�I�C� �E�S�C�H�E�R�I�C�H�I�A� �c�o�L�i�?� 

�C�.�R�.� �R�i�s�l�e�y ��,� �E�.�T�.� �K�o�r�n�e�g�a�y�?�'�2�,� �M�.�D�.� �L�i�n�d�e�m�a�n�n ��,� �C�.�M�.� �W�o�o�d�?� 
�a�n�d� �W�.�N�.� �E�i�g�e�l ��.� 

�V�i�r�g�i�n�i�a� �P�o�l�y�t�e�c�h�n�i�c� �I�n�s�t�i�t�u�t�e� �a�n�d� �S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y�,� 
�B�l�a�c�k�s�b�u�r�g�,� �V�A� �2�4�0�6�1� 

�A�b�s�t�r�a�c�t� 

�I�n� �S�t�u�d�y� �1�,� �p�i�g�s� �(�n�=�7�2�)� �w�e�a�n�e�d� �a�t� �2�1� �+� �2� �d�a�d� �w�e�r�e� �f�e�d� �a� 

�2�0�%� �C�P� �c�o�r�n�-�s�o�y�b�e�a�n� �m�e�a�l� �b�a�s�e�d� �d�i�e�t� �(�c�o�n�t�r�o�l�)� �w�i�t�h� �1�.�5�%� 

�f�u�m�a�r�i�c� �o�r� �1�.�5�%� �c�i�t�r�i�c� �a�c�i�d�.� �H�a�l�f� �o�f� �t�h�e�s�e� �p�i�g�s� �w�e�r�e� �o�r�a�l�l�y� 

�c�h�a�l�l�e�n�g�e�d� �o�n� �d� �3�,� �7� �o�r� �1�4� �p�o�s�t�w�e�a�n�i�n�g� �w�i�t�h� �1�0�1�9� �E�.� �c�o�l�i� 

�(�0�1�5�7�:�K�8�8�+�)� �t�o� �o�b�s�e�r�v�e� �t�h�e� �e�f�f�e�c�t� �o�f� �t�h�e�s�e� �t�r�e�a�t�m�e�n�t�s� �o�n� 

�i�n�t�e�s�t�i�n�a�l� �d�i�g�e�s�t�a� �p�H�,� �c�h�l�o�r�i�d�e� �i�o�n� �c�o�n�c�e�n�t�r�a�t�i�o�n� �(�C�l�-�)�,� �V�F�A� 

�p�r�o�f�i�l�e� �a�n�d� �m�i�c�r�o�f�l�o�r�a� �i�n� �t�h�e� �s�t�o�m�a�c�h�,� �j�e�j�u�n�u�m�,� �c�e�c�u�m� �a�n�d� 

�l�o�w�e�r� �c�o�l�o�n� �a�n�d� �o�n� �s�c�o�u�r�i�n�g� �w�h�e�n� �n�e�c�r�o�p�s�i�e�d� �o�n� �5�,� �9� �a�n�d� �1�6�a� 

�p�o�s�t�w�e�a�n�i�n�g�.� �O�r�g�a�n�i�c� �a�c�i�d�s� �h�a�d� �n�o� �a�p�p�r�e�c�i�a�b�l�e� �e�f�f�e�c�t� �(�P� �<� 

�-�1�8�)� �o�n� �i�n�t�e�s�t�i�n�a�l� �m�e�a�s�u�r�e�m�e�n�t�s� �e�x�c�e�p�t� �f�o�r� �f�u�m�a�r�i�c� �a�n�d� 

� � 

�I�t�h�e� �a�u�t�h�o�r�s� �g�r�a�t�e�f�u�l�l�y� �a�c�k�n�o�w�l�e�d�g�e� �t�h�e� �J�o�h�n� �L�e�e� �P�r�a�t�t� 
�A�n�i�m�a�l� �N�u�t�r�i�t�i�o�n� �P�r�o�g�r�a�m� �f�o�r� �f�i�n�a�n�c�i�a�l� �s�u�p�p�o�r�t� �a�n�d� �t�h�e� 
�f�o�l�l�o�w�i�n�g� �c�o�m�p�a�n�i�e�s� �f�o�r� �d�o�n�a�t�i�n�g� �m�a�t�e�r�i�a�l�s�:� �F�u�m�a�r�i�c� �a�c�i�d�;� 
�M�o�n�s�a�n�t�o� �C�o�.�,� �S�t�.� �L�o�u�i�s�,� �M�O�.� �C�i�t�r�i�c� �a�c�i�d�;� �H�o�f�f�m�a�n�n�-�L�a�R�o�c�h�e�,� 
�N�u�t�l�e�y�,� �N�J�.� �T�h�e� �a�s�s�i�s�t�a�n�c�e� �o�f� �t�h�e� �f�o�l�l�o�w�i�n�g� �p�e�o�p�l�e� �w�a�s� �a�l�s�o� 
�g�r�e�a�t�l�y� �a�p�p�r�e�c�i�a�t�e�d�:� �A�n�a�e�r�o�b�i�c� �M�i�c�r�o�b�i�o�l�o�g�y� �L�a�b�o�r�a�t�o�r�y� 
�t�e�c�h�n�i�c�i�a�n�s� �f�o�r� �m�i�c�r�o�b�i�o�l�o�g�i�c�a�l� �a�n�d� �g�a�s� �c�h�r�o�m�a�t�o�g�r�a�p�h�y� 
�a�d�v�i�c�e�;� �V�P�I� �S�w�i�n�e� �C�e�n�t�e�r� �s�t�a�f�f� �f�o�r� �t�h�e� �c�a�r�e� �o�f� �t�h�e� �a�n�i�m�a�l�s�;� 
�C�i�n�d�y� �H�i�x�o�n� �f�o�r� �s�e�c�r�e�t�a�r�i�a�l� �a�s�s�i�s�t�a�n�c�e�;� �a�n�d� �D�r�.� �W�.�E�.�C�.� �M�o�o�r�e� 
�f�o�r� �c�r�i�t�i�c�a�l�l�y� �e�v�a�l�u�a�t�i�n�g� �t�h�i�s� �m�a�n�u�s�c�r�i�p�t�.� 

�D�e�p�t�.� �o�f� �A�n�i�m�.� �S�c�i�.� 
�3�R�e�p�r�i�n�t� �r�e�q�u�e�s�t�s� �t�o� �t�h�i�s� �a�u�t�h�o�r�.� 

�D�e�p�t�.� �o�f� �F�o�o�d� �S�c�i�.� �a�n�d� �T�e�c�h�n�o�l�o�g�y�.� 
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�9�6� 

�s�u�c�c�i�n�i�c� �a�c�i�d�s� �w�e�r�e� �g�r�e�a�t�e�r� �i�n� �t�h�e� �s�t�o�m�a�c�h� �(�P� �<� �.�0�0�1�)� �a�n�d� 

�j�e�j�u�n�u�m� �(�P� �<� �.�0�5�)� �o�f� �p�i�g�s� �f�e�d� �f�u�m�a�r�i�c� �a�c�i�d�.� �C�e�c�u�m� �p�H� 

�d�e�c�r�e�a�s�e�d� �(�P� �<� �.�0�0�2�)� �a�n�d� �j�e�j�u�n�u�m� �C�l�-� �i�n�c�r�e�a�s�e�d� �(�P� �<� �.�0�3�)� 

�f�r�o�m� �5� �t�o� �1�6� �d� �p�o�s�t�w�e�a�n�i�n�g�.� �E�.� �c�o�l�i� �c�h�a�l�l�e�n�g�e� �h�a�d� �n�o� 

�s�i�g�n�i�f�i�c�a�n�t� �e�f�f�e�c�t� �o�n� �p�H�,� �C�l�-�,� �l�a�c�t�o�b�a�c�i�l�l�u�s� �o�r� �E�.� �c�o�l�i� 

�c�o�u�n�t�s�,� �b�u�t� �d�i�d� �i�n�c�r�e�a�s�e� �(�P� �<� �.�0�5�)� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� 

�l�a�c�t�i�c� �a�c�i�d� �i�n� �t�h�e� �j�e�j�u�n�u�m�,� �t�o�t�a�l� �V�F�A� �i�n� �t�h�e� �l�o�w�e�r� �c�o�l�o�n� �a�n�d� 

�t�h�e� �s�e�v�e�r�i�t�y� �o�f� �s�c�o�u�r�i�n�g�.� �J�e�j�u�n�u�m� �l�a�c�t�o�b�a�c�i�l�l�u�s� �c�o�u�n�t�s� 

�d�e�c�r�e�a�s�e�d� �(�P� �<� �.�0�0�1�)�,� �w�h�e�r�e�a�s� �l�o�w�e�r� �c�o�l�o�n� �l�a�c�t�o�b�a�c�i�l�l�u�s� 

�c�o�u�n�t�s� �i�n�c�r�e�a�s�e�d� �(�P� �<� �.�0�0�4�)� �f�r�o�m� �5� �t�o� �1�6� �@�d� �p�o�s�t�w�e�a�n�i�n�g�.� �E�.� 

�c�o�l�i� �c�o�u�n�t�s� �d�e�c�r�e�a�s�e�d� �i�n� �t�h�e� �j�e�j�u�n�u�m� �(�P� �<� �.�0�7�)�,� �c�e�c�u�m� �(�P� �<� 

�-�0�2�)� �a�n�d� �l�o�w�e�r� �c�o�l�o�n� �(�P� �<� �.�0�0�1�)� �f�r�o�m� �5� �t�o� �1�6� �d�a� �p�o�s�t�w�e�a�n�i�n�g�.� 

�I�n� �S�t�u�d�y� �2�,� �p�i�g�s� �(�n�=�9�6�)� �w�e�a�n�e�d� �a�t� �2�1� �+� �2� �d�a� �w�e�r�e� 

�S�i�m�i�l�a�r�l�y� �f�e�d� �o�r�g�a�n�i�c� �a�c�i�d�s�.� �H�a�l�f� �o�f� �t�h�e�s�e� �p�i�g�s� �w�e�r�e� �o�r�a�l�l�y� 

�c�h�a�l�l�e�n�g�e�d� �w�i�t�h� �E�.� �c�o�l�i� �o�n� �d� �3� �p�o�s�t�w�e�a�n�i�n�g� �t�o� �o�b�s�e�r�v�e� �t�h�e� 

�e�f�f�e�c�t� �o�f� �t�h�e�s�e� �t�r�e�a�t�m�e�n�t�s� �o�n� �g�r�o�w�t�h� �p�e�r�f�o�r�m�a�n�c�e� �a�n�d� 

�s�e�v�e�r�i�t�y� �o�f� �s�c�o�u�r�i�n�g� �d�u�r�i�n�g� �t�h�e� �f�i�r�s�t� �1�5� �d� �p�o�s�t�w�e�a�n�i�n�g�.� �T�h�e� 

�E�.� �c�o�l�i� �c�h�a�l�l�e�n�g�e� �d�e�c�r�e�a�s�e�d� �(�P� �<� �.�0�5�)� �A�D�G� �b�y� �2�0�%� �a�n�d� �F�:�G� �1�9�%� 

�f�r�o�m� �7� �t�o� �1�5� �d� �p�o�s�t�w�e�a�n�i�n�g� �a�n�d� �i�n�c�r�e�a�s�e�d� �(�P� �<� �.�0�0�1�)� �t�h�e� 

�s�e�v�e�r�i�t�y� �o�f� �s�c�o�u�r�i�n�g� �b�e�t�w�e�e�n� �4� �a�n�d� �1�1� �d� �p�o�s�t�w�e�a�n�i�n�g�,� �b�u�t� 

�f�e�e�d�i�n�g� �t�h�e� �o�r�g�a�n�i�c� �a�c�i�d�s� �h�a�d� �n�o� �m�e�a�s�u�r�a�b�l�e� �e�f�f�e�c�t� �o�n� �g�r�o�w�t�h� 

�p�e�r�f�o�r�m�a�n�c�e� �o�r� �s�c�o�u�r�i�n�g�.� 

�(�K�e�y� �w�o�r�d�s�:� �P�i�g�s�,� �p�H�,� �O�r�g�a�n�i�c� �A�c�i�d�s�,� �V�o�l�a�t�i�l�e� �F�a�t�t�y� �A�c�i�d�s�,� 
�L�a�c�t�o�b�a�c�i�l�l�u�s�,� �E�s�c�h�e�r�i�c�h�i�a� �c�o�l�i�.�)



�9�7� 

�I�n�t�r�o�d�u�c�t�i�o�n� 

�T�h�e� �s�t�r�e�s�s� �t�h�a�t� �a�c�c�o�m�p�a�n�i�e�s� �t�h�e� �w�e�a�n�i�n�g� �o�f� �3� �w�k� �o�l�d� 

�p�i�g�s� �u�s�u�a�l�l�y� �r�e�s�u�l�t�s� �i�n� �a� �p�e�r�i�o�d� �o�f� �p�o�o�r� �g�r�o�w�t�h� �p�e�r�f�o�r�m�a�n�c�e� 

�a�n�d� �s�c�o�u�r�i�n�g� �(�T�z�i�p�o�r�i� �e�t� �a�l�.�,� �1�9�8�0�;� �B�a�r�n�e�t�t� �e�t� �a�l�.�,� �1�9�8�9�)�.� 

�S�c�o�u�r�i�n�g� �i�s� �n�o�r�m�a�l�l�y� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �p�r�o�l�i�f�e�r�a�t�i�o�n� �o�f� 

�e�n�t�e�r�o�t�o�x�i�g�e�n�i�c� �E�s�c�h�e�r�i�c�h�i�a� �c�o�l�i� �(�K�e�n�w�o�r�t�h�y� �a�n�d� �C�r�a�b�b�,� �1�9�6�3�;� 

�M�c�A�l�l�i�s�t�e�r� �e�t� �a�l�.�,� �1�9�7�9�)� �w�h�i�c�h� �m�a�y� �b�e� �d�u�e� �t�o� �i�m�m�a�t�u�r�i�t�y� �o�f� 

�t�h�e� �g�u�t� �(�M�i�n�i�a�t�s� �a�n�d� �R�o�e�,� �1�9�6�8�)�,� �h�i�g�h� �g�a�s�t�r�i�c� �p�H� �(�S�m�i�t�h� �a�n�d� 

�J�o�n�e�s�,� �1�9�6�3�)�,� �o�r� �a� �c�h�a�n�g�e� �i�n� �d�i�e�t� �(�T�h�o�m�l�i�n�s�o�n�,� �1�9�6�3�)�.� 

�A�n�t�i�b�i�o�t�i�c�s� �a�r�e� �u�s�u�a�l�l�y� �f�e�d� �t�o� �r�e�d�u�c�e� �t�h�e� �s�c�o�u�r�i�n�g� �a�n�d� �t�o� 

�i�m�p�r�o�v�e� �g�r�o�w�t�h� �p�e�r�f�o�r�m�a�n�c�e� �(�C�h�o�p�r�a� �e�t� �a�l�.�,� �1�9�6�4�a�;� �C�h�o�p�r�a� �e�t� 

�a�l�.�,� �1�9�6�4�b�)�,� �b�u�t� �w�i�t�h� �p�u�b�l�i�c� �c�o�n�c�e�r�n� �o�v�e�r� �f�o�o�d� �s�a�f�e�t�y�,� 

�a�l�t�e�r�n�a�t�i�v�e�s� �t�o� �a�n�t�i�b�i�o�t�i�c�s� �a�r�e� �n�e�e�d�e�d�.� 

�O�r�g�a�n�i�c� �a�c�i�d�s� �m�a�y� �b�e� �a�n� �a�l�t�e�r�n�a�t�i�v�e� �f�o�r� �i�m�p�r�o�v�i�n�g� 

�g�r�o�w�t�h� �p�e�r�f�o�r�m�a�n�c�e� �w�h�e�n� �a�d�d�e�d� �t�o� �w�e�a�n�l�i�n�g� �d�i�e�t�s� �(�F�a�l�k�o�w�s�k�i� 

�a�n�d� �A�h�e�r�n�e�,� �1�9�8�4�;� �G�i�e�s�t�i�n�g� �a�n�d� �E�a�s�t�e�r�,� �1�9�8�5�;� �R�i�s�l�e�y� �e�t� �a�l�.�,� 

�1�9�9�0�)�.� �O�r�g�a�n�i�c� �a�c�i�d�s� �a�r�e� �h�y�p�o�t�h�e�s�i�z�e�d� �t�o� �i�m�p�r�o�v�e� �g�r�o�w�t�h� 

�p�e�r�f�o�r�m�a�n�c�e� �b�y� �r�e�d�u�c�i�n�g� �g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �p�H� �a�n�d� �d�e�c�r�e�a�s�i�n�g� 

�c�o�l�i�f�o�r�m� �n�u�m�b�e�r�s� �(�S�c�i�p�i�o�n�i� �e�t� �a�l�.�,� �1�9�7�9�;� �K�i�r�c�h�g�e�s�s�n�e�r� �a�n�d� 

�R�o�t�h�,� �1�9�8�2�;� �B�u�r�n�e�l�l� �e�t� �a�l�.�,� �1�9�8�8�)�.� �T�h�e� �p�u�r�p�o�s�e� �o�f� �t�h�i�s� 

�s�t�u�d�y� �w�a�s� �t�o� �o�b�s�e�r�v�e� �t�h�e� �e�f�f�e�c�t� �o�f� �f�e�e�d�i�n�g� �o�r�g�a�n�i�c� �a�c�i�d�s� �o�n� 

�t�h�e� �s�e�v�e�r�i�t�y� �o�f� �s�c�o�u�r�i�n�g�,� �i�n�t�e�s�t�i�n�a�l� �d�i�g�e�s�t�a� �m�e�a�s�u�r�e�m�e�n�t�s�,� 

�a�n�d� �g�r�o�w�t�h� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �w�e�a�n�l�i�n�g� �p�i�g�s� �c�h�a�l�l�e�n�g�e�d� �o�r�a�l�l�y� 

�w�i�t�h� �a�n� �e�n�t�e�r�o�t�o�x�i�g�e�n�i�c� �E�.� �c�o�l�i� �d�o�s�e�.� 
� 



�9�8� 

�M�e�t�h�o�d�s� �a�n�d� �M�a�t�e�r�i�a�l�s� 

�S�t�u�d�y� �1�.� �T�h�r�e�e� �t�r�i�a�l�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �i�f� 

�o�r�g�a�n�i�c� �a�c�i�d� �s�u�p�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �w�e�a�n�l�i�n�g� �d�i�e�t�s� �a�f�f�o�r�d�e�d� �a�n�y� 

�p�r�o�t�e�c�t�i�o�n� �a�g�a�i�n�s�t� �s�c�o�u�r�i�n�g� �o�r� �i�n�f�l�u�e�n�c�e�d� �t�h�e� �i�n�t�e�s�t�i�n�a�l� 

�d�i�g�e�s�t�a� �p�H�,� �c�h�l�o�r�i�d�e� �i�o�n� �c�o�n�c�e�n�t�r�a�t�i�o�n�,� �V�F�A� �p�r�o�f�i�l�e� �a�n�d� 

�m�i�c�r�o�f�l�o�r�a� �p�o�p�u�l�a�t�i�o�n� �i�n� �e�a�r�l�y� �w�e�a�n�e�d� �p�i�g�s� �c�h�a�l�l�e�n�g�e�d� �w�i�t�h� �~� 

�e�n�t�e�r�o�t�o�x�i�g�e�n�i�c� �E�s�c�h�e�r�i�c�h�i�a� �c�o�l�i�.� �E�a�c�h� �t�r�i�a�l� �i�n�c�l�u�d�e�d� �1�8� 

�p�i�g�s�,� �s�i�x� �f�r�o�m� �e�a�c�h� �o�f� �t�h�r�e�e� �p�a�t�e�r�n�a�l� �h�a�l�f�-�s�i�b� �l�i�t�t�e�r�s� 

�w�e�a�n�e�d� �a�t� �2�1� �+� �2� �d� �o�f� �a�g�e�.� �P�i�g�s� �w�e�r�e� �r�a�n�d�o�m�l�y� �a�s�s�i�g�n�e�d� �t�o� �a� 

�d�i�e�t�a�r�y� �o�r�g�a�n�i�c� �a�c�i�d� �t�r�e�a�t�m�e�n�t� �a�n�d� �c�h�a�l�l�e�n�g�e� �d�a�y� �(�3�,� �7� �o�r� �1�4� 

�d� �p�o�s�t�w�e�a�n�i�n�g�)�,� �w�i�t�h� �t�h�e� �r�e�s�t�r�i�c�t�i�o�n� �t�h�a�t� �l�i�t�t�e�r�m�a�t�e�s� �b�e� 

�b�a�l�a�n�c�e�d� �a�c�r�o�s�s� �a�l�l� �t�r�e�a�t�m�e�n�t�s�.� �T�h�e�s�e� �1�8� �p�i�g�s� �w�e�r�e� �t�h�e�n� 

�r�a�n�d�o�m�l�y� �a�s�s�i�g�n�e�d� �t�o� �a�n� �o�r�a�l� �c�h�a�l�l�e�n�g�e� �t�r�e�a�t�m�e�n�t�:� �1�)� �n�o�n�-� 

�c�h�a�l�l�e�n�g�e�d� �-� �5� �m�l� �o�f� �t�r�y�p�t�i�c�a�s�e� �s�o�y� �b�r�o�t�h�>�,� �a�n�d� �2�)� 

�c�h�a�l�l�e�n�g�e�d� �-� �5� �m�l� �o�f� �t�r�y�p�t�i�c�a�s�e� �s�o�y� �b�r�o�t�h� �w�i�t�h� �a�p�p�r�o�x�i�m�a�t�e�l�y� 

�1�0�1�°� �E�.� �c�o�l�i� �(�0�1�5�7�:�K�8�8�+�)� �©�.� �D�i�e�t�a�r�y� �t�r�e�a�t�m�e�n�t�s� �c�o�n�s�i�s�t�e�d� �o�f� 

�a� �2�0�%� �C�P� �c�o�r�n�-�s�o�y�b�e�a�n� �m�e�a�l� �b�a�s�e�d� �d�i�e�t� �f�o�r�m�u�l�a�t�e�d� �t�o� �m�e�e�t� �o�r� 

�e�x�c�e�e�d� �t�h�e� �n�u�t�r�i�e�n�t� �g�u�i�d�e�l�i�n�e�s� �f�o�r� �w�e�a�n�l�i�n�g� �p�i�g�s� �(�N�R�C�,� �1�9�8�8�)� 

�w�i�t�h� �1�)� �n�o� �s�u�p�p�l�e�m�e�n�t�a�t�i�o�n� �(�c�o�n�t�r�o�l�)�,� �2�)� �1�.�5�%� �f�u�m�a�r�i�c� �a�c�i�d� 

�a�d�d�e�d� �o�r� �3�)� �1�.�5�%� �c�i�t�r�i�c� �a�c�i�d� �a�d�d�e�d� �(�T�a�b�l�e� �1�)�.� 

�P�i�g�s� �w�e�r�e� �h�o�u�s�e�d� �s�i�x� �p�e�r� �p�e�n� �i�n� �a�n� �e�n�v�i�r�o�n�m�e�n�t�a�l�l�y�-� 

�c�o�n�t�r�o�l�l�e�d� �n�u�r�s�e�r�y� �w�i�t�h� �p�l�a�s�t�i�c� �c�o�a�t�e�d� �w�i�r�e� �b�o�t�t�o�m� �p�e�n�s� �(�.�9� 

�m�x� �1�.�2�m�)�.� �P�r�i�o�r� �t�o� �o�r�a�l� �c�h�a�l�l�e�n�g�i�n�g� �w�i�t�h� �E�.� �c�o�l�i�,� �p�i�g�s� 

�w�e�r�e� �m�o�v�e�d� �t�o� �a�n� �e�n�v�i�r�o�n�m�e�n�t�a�l�l�y�-�c�o�n�t�r�o�l�l�e�d� �i�s�o�l�a�t�i�o�n� 
� � 

�S�t�r�y�p�t�i�c�a�s�e� �s�o�y� �b�r�o�t�h�,� �B�B�L� �M�i�c�r�o�b�i�o�l�o�g�y� �S�y�s�t�e�m�s� �#� �1�1�7�6�8�.� 
�p�e�n�n� �S�t�a�t�e� �R�e�f�e�r�e�n�c�e� �C�e�n�t�e�r�:� �E�T�E�C� �0�1�5�7�:�K�8�8�a�c�:�H�1�3�.
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�t�r�a�i�l�e�r� �w�i�t�h� �e�x�p�a�n�d�e�d� �m�e�t�a�l� �b�o�t�t�o�m� �p�e�n�s� �(�.�9� �m� �x� �1�.�2� �m�)� �t�o� 

�p�r�e�v�e�n�t� �p�o�s�s�i�b�l�e� �c�r�o�s�s�-�c�o�n�t�a�m�i�n�a�t�i�o�n�.� �T�e�m�p�e�r�a�t�u�r�e� �(�H�i�n�k�l�e� 

�e�t� �a�l�.�,� �1�9�7�8�)� �a�n�d� �v�e�n�t�i�l�a�t�i�o�n� �r�a�t�e�s� �(�L�u�b�i�n�u�s� �a�n�d� �M�u�r�p�h�y�,� 

�1�9�7�9�)� �w�e�r�e� �m�a�i�n�t�a�i�n�e�d� �a�t� �r�e�c�o�m�m�e�n�d�e�d� �l�e�v�e�l�s� �i�n� �b�o�t�h� 

�f�a�c�i�l�i�t�i�e�s�.� �W�a�t�e�r� �a�n�d� �f�e�e�d� �w�e�r�e� �a�v�a�i�l�a�b�l�e� �a�d� �l�i�b�i�t�u�m�.� 

�A�l�l� �p�i�g�s� �w�e�r�e� �s�c�o�r�e�d� �d�a�i�l�y� �f�o�r� �t�h�e� �i�n�c�i�d�e�n�c�e� �o�f� 

�s�c�o�u�r�i�n�g� �u�s�i�n�g� �t�h�e� �f�o�l�l�o�w�i�n�g� �5�-�p�o�i�n�t� �s�y�s�t�e�m�:� �1�=�h�a�r�d� �f�e�c�e�s� 

�(�r�a�r�e�l�y� �s�e�e�n�)�,� �2�=�n�o�r�m�a�l� �c�o�n�s�i�s�t�e�n�c�y� �o�f� �f�e�c�e�s� �(�n�o� �s�c�o�u�r�s�)�,� 

�3�=�s�o�f�t�,� �p�a�r�t�i�a�l�l�y�-�f�o�r�m�e�d� �f�e�c�e�s� �(�m�i�l�d� �s�c�o�u�r�s�)�,� �4�=�l�o�o�s�e�,� �s�e�m�i�-� 

�l�i�q�u�i�d� �f�e�c�e�s� �(�m�o�d�e�r�a�t�e� �s�c�o�u�r�s�)�,� �a�n�d� �5�=�w�a�t�e�r�y� �f�e�c�e�s� �(�s�e�v�e�r�e� 

�s�c�o�u�r�s�)�.� �A�f�t�e�r� �b�e�i�n�g� �c�h�a�l�l�e�n�g�e�d�,� �t�h�e� �p�i�g�s� �w�e�r�e� �o�b�s�e�r�v�e�d� 

�e�v�e�r�y� �8� �h� �f�o�r� �4�8� �h� �f�o�r� �t�h�e� �i�n�c�i�d�e�n�c�e� �o�f� �s�c�o�u�r�i�n�g�.� �T�w�o� �d�a�y�s� 

�a�f�t�e�r� �t�h�e� �c�h�a�l�l�e�n�g�e�,� �p�i�g�s� �w�e�r�e� �k�i�l�l�e�d� �b�y� �e�l�e�c�t�r�o�c�u�t�i�o�n� 

�f�o�l�l�o�w�e�d� �b�y� �e�x�s�a�n�g�u�i�n�a�t�i�o�n�.� �V�i�s�c�e�r�a� �w�e�r�e� �e�x�p�o�s�e�d� �b�y� �a� 

�m�i�d�l�i�n�e� �i�n�c�i�s�i�o�n� �a�n�d� �t�h�e� �f�o�l�l�o�w�i�n�g� �s�e�c�t�i�o�n�s� �w�e�r�e� �a�s�e�p�t�i�c�a�l�l�y� 

�i�s�o�l�a�t�e�d�,� �d�o�u�b�l�y� �l�i�g�a�t�e�d� �a�n�d� �r�e�m�o�v�e�d�:� �e�n�t�i�r�e� �s�t�o�m�a�c�h�,� �1�m� 

�s�e�c�t�i�o�n� �o�f� �j�e�j�u�n�u�m�,� �e�n�t�i�r�e� �c�e�c�u�m� �a�n�d� �.�3� �m� �s�e�c�t�i�o�n� �o�f� �l�o�w�e�r� 

�c�o�l�o�n� �(�n�e�a�r� �r�e�c�t�u�m�)�.� �T�h�e� �i�n�t�e�s�t�i�n�a�l� �d�i�g�e�s�t�a� �c�o�n�t�e�n�t�s� �w�e�r�e� 

�c�o�l�l�e�c�t�e�d�,� �a�n�d� �w�i�t�h�i�n� �3�0� �m�i�n�,� �p�H� �a�n�d� �c�h�l�o�r�i�d�e� �i�o�n� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d�.� �T�w�o� �g� �o�f� �i�n�t�e�s�t�i�n�a�l� �d�i�g�e�s�t�a� 

�w�e�r�e� �d�i�l�u�t�e�d� �i�n� �1�8� �m�l� �o�f� �d�e�i�o�n�i�z�e�d� �w�a�t�e�r� �a�n�d� �s�u�s�p�e�n�d�e�d� �v�i�a� �a� 

�m�a�g�n�e�t�i�c� �s�t�i�r� �b�a�r� �a�n�d� �e�l�e�c�t�r�o�m�a�g�n�e�t�i�c� �m�i�x�e�r�.� �T�h�e� �p�H� �a�n�d� �C�l�-� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �w�e�r�e� �m�e�a�s�u�r�e�d� �u�s�i�n�g� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� 

�e�l�e�c�t�r�o�d�e�s �� �a�n�d� �s�t�a�n�d�a�r�d�s�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �1�g� �o�f� �i�n�t�e�s�t�i�n�a�l� 
� � 

�7�P�i�s�h�e�r� �S�c�i�e�n�t�i�f�i�c� �A�c�c�u�-�p�H�a�s�t� �c�o�m�b�i�n�a�t�i�o�n� �e�l�e�c�t�r�o�d�e� �#� �1�3�-� 
�6�2�0�-�2�8�1�;� �F�i�s�h�e�r� �S�c�i�e�n�t�i�f�i�c� �A�c�c�u�m�e�t� �p�H� �m�e�t�e�r� �#� �6�2�0�;� �O�r�i�o�n



�1�0�0� 

�d�i�g�e�s�t�a� �w�a�s� �a�c�i�d�i�f�i�e�d� �w�i�t�h� �5�0�%� �(�v�/�v�)� �H�2�S�0�4� �f�o�r� �l�a�t�e�r� 

�d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �V�F�A� �c�o�n�c�e�n�t�r�a�t�i�o�n� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� 

�p�r�o�c�e�d�u�r�e�s� �o�f� �H�o�l�d�e�m�a�n� �e�t� �a�l�.� �(�1�9�7�7�)�.� 

�I�n�t�e�s�t�i�n�a�l� �d�i�g�e�s�t�a� �f�r�o�m� �t�h�e� �j�e�j�u�n�u�m�,� �c�e�c�u�m� �a�n�d� �l�o�w�e�r� 

�c�o�l�o�n� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �i�n� �p�l�a�s�t�i�c� �z�i�p�-�l�o�c�k� �b�a�g�s� �f�o�r� �m�i�c�r�o�b�i�a�l� 

�d�e�t�e�r�m�i�n�a�t�i�o�n� �a�n�d� �w�e�r�e� �i�m�m�e�d�i�a�t�e�l�y� �f�l�u�s�h�e�d� �w�i�t�h� �o�x�y�g�e�n�-�f�r�e�e� 

�C�O�2�.� �M�i�c�r�o�b�i�a�l� �a�n�a�l�y�s�i�s� �w�e�r�e� �n�o�t� �c�o�n�d�u�c�t�e�d� �o�n� �t�h�e� �s�t�o�m�a�c�h� 

�d�i�g�e�s�t�a�.� �I�n�t�e�s�t�i�n�a�l� �d�i�g�e�s�t�a� �w�e�r�e� �s�e�r�i�a�l�l�y� �d�i�l�u�t�e�d� �i�n� �p�r�e�-� 

�r�e�d�u�c�e�d� �s�a�l�t� �m�e�d�i�a� �(�H�o�l�d�e�m�a�n� �e�t� �a�l�.�,� �1�9�7�7�)� �a�n�d� �t�h�e�n� �p�l�a�t�e�d� 

�o�n�t�o� �s�e�l�e�c�t�i�v�e� �m�e�d�i�a�.� �T�o�t�a�l� �l�a�c�t�o�b�a�c�i�l�l�u�s� �a�n�d� �E�.� �c�o�l�i� �w�e�r�e� 

�8� �p�l�a�t�e�d� �o�n�t�o� �t�o�m�a�t�o� �j�u�i�c�e� �a�g�a�r �� �a�n�d� �L�e�v�i�n�e� �e�o�s�i�n� �m�e�t�h�y�l�e�n�e� 

�3�,� �r�e�s�p�e�c�t�i�v�e�l�y� �a�n�d� �i�n�c�u�b�a�t�e�d� �a�n�a�e�r�o�b�i�c�a�l�l�y� �a�t� �3�7�°�C� �b�l�u�e� �a�g�a�r� 

�f�o�r� �t�h�r�e�e� �d�a�y�s�.� 

�D�a�t�a� �w�e�r�e� �a�n�a�l�y�z�e�d� �w�i�t�h� �t�h�e� �g�e�n�e�r�a�l� �l�i�n�e�a�r� �m�o�d�e�l� 

�p�r�o�g�r�a�m� �(�G�L�M�)� �o�f� �t�h�e� �S�t�a�t�i�s�t�i�c�a�l� �A�n�a�l�y�s�i�s� �S�y�s�t�e�m� �(�S�A�S�,� �1�9�8�8�)� 

�u�s�i�n�g� �t�h�e� �i�n�d�i�v�i�d�u�a�l� �p�i�g� �a�s� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �u�n�i�t�.� �T�h�e� 

�m�o�d�e�l� �c�o�n�t�a�i�n�e�d� �t�h�e� �m�a�i�n� �e�f�f�e�c�t�s� �o�f� �p�o�s�t�w�e�a�n�i�n�g� �a�g�e�,� �d�i�e�t�,� 

�c�h�a�l�l�e�n�g�e� �t�r�e�a�t�m�e�n�t�,� �t�r�i�a�l� �a�n�d� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n�s�.� �N�o�n�-� 

�s�i�g�n�i�f�i�c�a�n�t� �i�n�t�e�r�a�c�t�i�o�n�s� �w�e�r�e� �p�o�o�l�e�d� �w�i�t�h� �t�h�e� �e�r�r�o�r�.� 

�C�o�m�p�a�r�i�s�o�n�s� �a�m�o�n�g� �i�n�t�e�s�t�i�n�a�l� �s�e�c�t�i�o�n�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �b�y� 

�T�u�k�e�y ��s� �s�t�u�d�e�n�t�i�z�e�d� �r�a�n�g�e� �t�e�s�t�.� �C�o�m�p�a�r�i�s�o�n�s� �b�e�t�w�e�e�n� 

�c�h�a�l�l�e�n�g�e� �d�a�y�s� �a�n�d� �b�e�t�w�e�e�n� �d�i�e�t�a�r�y� �t�r�e�a�t�m�e�n�t�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d� 

� � 

�R�e�s�e�a�r�c�h� �I�o�n�a�l�y�z�e�r� �c�h�l�o�r�i�d�e� �e�l�e�c�t�r�o�d�e� �#� �9�4�-�1�7�-�B� �a�n�d� �d�o�u�b�l�e� 
�j�u�n�c�t�i�o�n� �r�e�f�e�r�e�n�c�e� �e�l�e�c�t�r�o�d�e� �#� �9�0�-�0�2�.� 

�B�a�c�t�o� �t�o�m�a�t�o� �j�u�i�c�e� �a�g�a�r�,� �D�i�f�c�o� �l�a�b�o�r�a�t�o�r�i�e�s�,� �#� �0�0�3�1�-�0�1�-�2�.� 
�B�a�c�t�o� �L�e�v�i�n� �e�o�s�i�n� �m�e�t�h�y�l�e�n�e� �b�l�u�e� �a�g�a�r�,� �D�i�f�c�o� �l�a�b�o�r�a�t�o�r�i�e�s�,� 

�#� �0�0�7�5�-�0�1�-�9�.



�1�0�1� 

�b�y� �o�r�t�h�o�g�o�n�a�l� �c�o�n�t�r�a�s�t�s�.� 

�S�t�u�d�y� �2�.� �T�w�o� �1�5�-�d� �t�r�i�a�l�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �t�o� �d�e�t�e�r�m�i�n�e� 

�w�h�e�t�h�e�r� �o�r� �n�o�t� �d�i�e�t�a�r�y� �o�r�g�a�n�i�c� �a�c�i�d� �w�o�u�l�d� �d�e�c�r�e�a�s�e� �t�h�e� 

�e�f�f�e�c�t�s� �o�f� �a�n� �e�n�t�e�r�o�t�o�x�i�g�e�n�i�c� �E�.� �c�o�l�i� �c�h�a�l�l�e�n�g�e� �o�n� �g�r�o�w�t�h� 

�p�e�r�f�o�r�m�a�n�c�e� �o�f� �e�a�r�l�y� �w�e�a�n�e�d� �p�i�g�s�.� �I�n� �e�a�c�h� �t�r�i�a�l�,� �4�8� 

�c�r�o�s�s�b�r�e�d� �p�i�g�s� �(�m�e�a�n� �i�n�i�t�i�a�l� �a�g�e� �a�n�d� �w�t� �o�f� �2�1� �+� �2� �@� �a�n�d� �5�.�5� 

�k�g�,� �r�e�s�p�e�c�t�i�v�e�l�y�)� �w�e�r�e� �a�s�s�i�g�n�e�d� �t�o� �b�l�o�c�k�s� �a�c�c�o�r�d�i�n�g� �t�o� 

�w�e�i�g�h�t� �a�n�d� �g�e�n�d�e�r� �a�n�d� �r�a�n�d�o�m�l�y� �a�l�l�o�t�t�e�d� �t�o� �t�h�r�e�e� �d�i�e�t�a�r�y� 

�t�r�e�a�t�m�e�n�t�s� �a�n�d� �t�w�o� �c�h�a�l�l�e�n�g�e� �t�r�e�a�t�m�e�n�t�s� �w�i�t�h� �t�h�e� �r�e�s�t�r�i�c�t�i�o�n� 

�t�h�a�t� �l�i�t�t�e�r�m�a�t�e�s� �b�e� �b�a�l�a�n�c�e�d� �a�c�r�o�s�s� �t�r�e�a�t�m�e�n�t�s�.� �D�i�e�t�a�r�y� 

�o�r�g�a�n�i�c� �a�c�i�d� �a�n�d� �E�.� �c�o�l�i� �c�h�a�l�l�e�n�g�e� �t�r�e�a�t�m�e�n�t�s� �w�e�r�e� �t�h�e� �s�a�m�e� 

� � 

�a�s� �i�n� �S�t�u�d�y� �1� �b�u�t� �t�h�e� �c�h�a�l�l�e�n�g�e� �w�a�s� �o�n�l�y� �a�d�m�i�n�i�s�t�e�r�e�d� �a�t� �3� �d� 

�p�o�s�t�w�e�a�n�i�n�g�.� �P�i�g�s� �w�e�r�e� �e�v�a�l�u�a�t�e�d� �d�a�i�l�y� �f�o�r� �t�h�e� �i�n�c�i�d�e�n�c�e� �o�f� 

�s�c�o�u�r�i�n�g� �u�s�i�n�g� �t�h�e� �a�f�o�r�e�m�e�n�t�i�o�n�e�d� �5�-�p�o�i�n�t� �s�c�o�r�i�n�g� �s�y�s�t�e�n�.� 

�P�i�g�s� �w�e�r�e� �h�o�u�s�e�d� �t�w�o� �p�e�r� �p�e�n� �i�n� �e�n�v�i�r�o�n�m�e�n�t�a�l�l�y�-�c�o�n�t�r�o�l�l�e�d� 

�n�u�r�s�e�r�i�e�s� �w�i�t�h� �w�i�r�e� �b�o�t�t�o�m� �p�e�n�s� �(�.�6� �m�x� �.�9� �m�)�.� �N�o�n�-� 

�c�h�a�l�l�e�n�g�e�d� �a�n�d� �c�h�a�l�l�e�n�g�e�d� �p�i�g�s� �w�e�r�e� �h�o�u�s�e�d� �i�n� �s�e�p�a�r�a�t�e�,� 

�S�i�m�i�l�a�r� �n�u�r�s�e�r�i�e�s� �w�h�i�c�h� �w�e�r�e� �r�e�v�e�r�s�e�d� �i�n� �t�h�e� �s�e�c�o�n�d� �t�r�i�a�l�.� 

�W�a�t�e�r� �a�n�d� �f�e�e�d� �w�e�r�e� �a�v�a�i�l�a�b�l�e� �a�d� �l�i�b�i�t�u�m�.� �A�t� �3� �d� �i�n�t�e�r�v�a�l�s�,� 

�p�i�g�s� �w�e�r�e� �w�e�i�g�h�e�d� �a�n�d� �p�e�n� �f�e�e�d� �c�o�n�s�u�m�p�t�i�o�n� �w�e�r�e� �r�e�c�o�r�d�e�d�.� 

�A�v�e�r�a�g�e� �d�a�i�l�y� �g�a�i�n� �(�A�D�G�)�,� �a�v�g� �d�a�i�l�y� �f�e�e�d� �i�n�t�a�k�e� �(�A�D�F�I�)� �a�n�d� 

�e�f�f�i�c�i�e�n�c�y� �o�f� �f�e�e�d� �u�t�i�l�i�z�a�t�i�o�n� �(�F�:�G�)� �w�e�r�e� �c�a�l�c�u�l�a�t�e�d�.� 

�P�e�r�f�o�r�m�a�n�c�e� �d�a�t�a� �w�e�r�e� �a�n�a�l�y�z�e�d� �u�s�i�n�g� �t�h�e� �g�e�n�e�r�a�l� �l�i�n�e�a�r� 

�m�o�d�e�l� �p�r�o�g�r�a�m� �(�G�L�M�)� �o�f� �t�h�e� �S�t�a�t�i�s�t�i�c�a�l� �A�n�a�l�y�s�i�s� �S�y�s�t�e�m� �(�S�A�S�,� 

�1�9�8�8�)� �u�s�i�n�g� �p�e�n� �m�e�a�n�s� �a�s� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �u�n�i�t�.� �S�c�o�u�r



�1�0�2� 

�s�c�o�r�e�s� �w�e�r�e� �s�i�m�i�l�a�r�l�y� �a�n�a�l�y�z�e�d� �b�y� �u�s�i�n�g� �p�i�g�s� �a�s� �t�h�e� 

�e�x�p�e�r�i�m�e�n�t�a�l� �u�n�i�t�.� �T�h�e� �m�o�d�e�l� �c�o�n�t�a�i�n�e�d� �t�h�e� �m�a�i�n� �e�f�f�e�c�t�s� �o�f� 

�d�i�e�t�,� �c�h�a�l�l�e�n�g�e� �t�r�e�a�t�m�e�n�t�,� �t�r�i�a�l� �a�n�d� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n�s� �a�s� 

�w�e�l�l� �a�s� �a�d�j�u�s�t�m�e�n�t�s� �m�a�d�e� �f�o�r� �A�D�G� �f�r�o�m� �1� �t�o� �3� �d� �p�o�s�t�w�e�a�n�i�n�g� 

�a�n�d� �b�o�d�y� �w�e�i�g�h�t� �a�t� �3� �d� �p�o�s�t�w�e�a�n�i�n�g�.� �N�o�n�-�s�i�g�n�i�f�i�c�a�n�t� 

�i�n�t�e�r�a�c�t�i�o�n�s� �w�e�r�e� �p�o�o�l�e�d� �w�i�t�h� �t�h�e� �e�r�r�o�r�.� 

�R�e�s�u�l�t�s� 

�P�H� �a�n�d� �C�l�-�.� �T�h�e� �p�H� �o�f� �t�h�e� �c�o�n�t�r�o�l� �d�i�e�t� �w�a�s� �d�e�c�r�e�a�s�e�d� 

�(�P� �<� �.�0�0�1�)� �b�y� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �t�h�e� �o�r�g�a�n�i�c� �a�c�i�d�s� �f�r�o�m� �6�.�4�2� 

�(�c�o�n�t�r�o�l� �d�i�e�t�)� �t�o� �4�.�7�0� �(�f�u�m�a�r�i�c� �a�c�i�d�)� �a�n�d� �t�o� �4�.�9�0� �(�c�i�t�r�i�c� 

�a�c�i�d�)�.� �N�e�i�t�h�e�r� �o�r�g�a�n�i�c� �a�c�i�d�s� �n�o�r� �E�.� �c�o�l�i� �c�h�a�l�l�e�n�g�e� �h�a�d� �a�n� 

�a�p�p�r�e�c�i�a�b�l�e� �e�f�f�e�c�t� �(�P� �<� �.�1�8�)� �o�n� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �p�H� �o�r� 

�c�h�l�o�r�i�d�e� �i�o�n� �(�C�l�-�)� �c�o�n�c�e�n�t�r�a�t�i�o�n� �f�o�r� �a�n�y� �o�f� �t�h�e� �i�n�t�e�s�t�i�n�a�l� 

�s�e�c�t�i�o�n�s� �m�e�a�s�u�r�e�d� �(�T�a�b�l�e�s� �2� �a�n�d� �3�)�.� �N�o� �s�i�g�n�i�f�i�c�a�n�t� �e�f�f�e�c�t� 

�(�P� �<� �.�3�4�)� �o�f� �p�o�s�t�w�e�a�n�i�n�g� �a�g�e� �w�a�s� �o�b�s�e�r�v�e�d� �f�o�r� �p�H� �i�n� �t�h�e� 

�s�t�o�m�a�c�h�,� �j�e�j�u�n�u�m� �o�r� �l�o�w�e�r� �c�o�l�o�n� �d�i�g�e�s�t�a�.� �C�e�c�u�m� �d�i�g�e�s�t�a� �p�H� 

�d�e�c�r�e�a�s�e�d� �(�P� �<� �.�0�0�2�)� �f�r�o�m� �5� �t�o� �1�6� �d� �p�o�s�t�w�e�a�n�i�n�g�.� �N�o� 

�t�r�e�a�t�m�e�n�t� �i�n�t�e�r�a�c�t�i�o�n�s� �w�e�r�e� �n�o�t�e�d� �(�P� �<� �.�1�3�)� �f�o�r� �i�n�t�e�s�t�i�n�a�l� 

�p�H� �(�T�a�b�l�e� �2�)�.� �T�h�e� �p�H� �o�f� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �d�i�g�e�s�t�a� �i�n�c�r�e�a�s�e�d� �(�P� 

�<� �.�0�5�)� �f�r�o�m� �a� �l�o�w� �i�n� �t�h�e� �s�t�o�m�a�c�h� �d�i�g�e�s�t�a� �t�o� �a� �h�i�g�h� �i�n� �t�h�e� 

�j�e�j�u�n�u�m� �a�n�d� �l�o�w�e�r� �c�o�l�o�n� �d�i�g�e�s�t�a�;� �t�h�e� �c�e�c�u�m� �d�i�g�e�s�t�a� �p�H� �w�a�s� 

�i�n�t�e�r�m�e�d�i�a�t�e�.� 

�C�h�l�o�r�i�d�e� �i�o�n� �c�o�n�c�e�n�t�r�a�t�i�o�n� �i�n�c�r�e�a�s�e�d� �(�P� �<� �.�0�3�)� �f�r�o�m� �5� 

�t�o� �9� �a�n�d� �1�6� �@� �p�o�s�t�w�e�a�n�i�n�g� �i�n� �t�h�e� �j�e�j�u�n�u�m� �d�i�g�e�s�t�a�.� �A� �d�i�e�t� �b�y� 

�p�o�s�t�w�e�a�n�i�n�g� �a�g�e� �i�n�t�e�r�a�c�t�i�o�n� �(�P� �<� �.�0�1�)� �w�a�s� �o�b�s�e�r�v�e�d� �f�o�r� �c�e�c�u�m



�1�0�3� 

�d�i�g�e�s�t�a� �C�l�-� �c�o�n�c�e�n�t�r�a�t�i�o�n�.� �T�h�e� �C�l�-� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �t�h�e� 

�c�o�n�t�r�o�l� �d�i�e�t� �w�a�s� �h�i�g�h�e�s�t� �o�n� �d� �5� �a�n�d� �l�o�w�e�s�t� �o�n� �d� �1�6� 

�p�o�s�t�w�e�a�n�i�n�g� �c�o�m�p�a�r�e�d� �w�i�t�h� �t�h�e� �f�u�m�a�r�i�c� �a�n�d� �c�i�t�r�i�c� �a�c�i�d� �d�i�e�t�s�.� 

�N�o� �o�t�h�e�r� �d�i�e�t� �o�r� �p�o�s�t�w�e�a�n�i�n�g� �a�g�e� �e�f�f�e�c�t�s� �o�n� �p�H� �a�n�d� �C�l�-� �w�e�r�e� 

�o�b�s�e�r�v�e�d� �f�o�r� �a�n�y� �o�f� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �s�e�c�t�i�o�n�s�.� �T�h�e� �C�l�-� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �d�e�c�r�e�a�s�e�d� �(�P� �<� �.�0�5�)� �f�r�o�m� �a� �h�i�g�h� �i�n� �t�h�e� �s�t�o�m�a�c�h� 

�a�n�d� �j�e�j�u�n�u�m� �d�i�g�e�s�t�a� �t�o� �a� �l�o�w� �i�n� �t�h�e� �c�e�c�u�m� �a�n�d� �l�o�w�e�r� �c�o�l�o�n�.� 

�N�V�A� �a�n�d� �V�F�A�.� �P�i�g�s� �f�e�d� �t�h�e� �f�u�m�a�r�i�c� �a�c�i�d� �d�i�e�t� �h�a�d� �a� 

�g�r�e�a�t�e�r� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �f�u�m�a�r�i�c� �a�n�d� �t�o�t�a�l� �n�o�n�-�v�o�l�a�t�i�l�e� 

�a�c�i�d�s� �(�N�V�A�)� �i�n� �t�h�e� �s�t�o�m�a�c�h�,� �j�e�j�u�n�u�m� �a�n�d� �c�e�c�u�m� �d�i�g�e�s�t�a� �a�n�d� �a� 

�g�r�e�a�t�e�r� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �s�u�c�c�i�n�i�c� �a�c�i�d� �i�n� �t�h�e� �s�t�o�m�a�c�h� �a�n�d� 

�j�e�j�u�n�u�m� �d�i�g�e�s�t�a� �c�o�m�p�a�r�e�d� �w�i�t�h� �p�i�g�s� �f�e�d� �e�i�t�h�e�r� �t�h�e� �c�o�n�t�r�o�l� �o�r� 

�c�i�t�r�i�c� �a�c�i�d� �d�i�e�t�s� �(�T�a�b�l�e� �4�)�.� �T�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �s�u�c�c�i�n�i�c� 

�a�c�i�d� �i�n� �t�h�e� �l�o�w�e�r� �c�o�l�o�n� �d�i�g�e�s�t�a� �w�a�s� �g�r�e�a�t�e�r� �i�n� �p�i�g�s� �f�e�d� �t�h�e� 

�c�i�t�r�i�c� �a�c�i�d� �d�i�e�t� �t�h�a�n� �p�i�g�s� �f�e�d� �e�i�t�h�e�r� �t�h�e� �c�o�n�t�r�o�l� �o�r� �f�u�m�a�r�i�c� 

�a�c�i�d� �d�i�e�t�s�.� �T�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �l�a�c�t�i�c� �a�c�i�d� �w�a�s� �g�r�e�a�t�e�r� �i�n� 

�t�h�e� �u�p�p�e�r� �g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t� �(�s�t�o�m�a�c�h� �a�n�d� �j�e�j�u�n�u�m�)� �a�s� 

�c�o�m�p�a�r�e�d� �w�i�t�h� �t�h�e� �l�o�w�e�r� �g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t� �(�c�e�c�u�m� �a�n�d� 

�l�o�w�e�r� �c�o�l�o�n�)�,� �w�h�e�r�e�a�s� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �f�u�m�a�r�i�c�,� �s�u�c�c�i�n�i�c� 

�a�n�d� �t�o�t�a�l� �N�V�A� �w�e�r�e� �g�r�e�a�t�e�r� �o�n�l�y� �i�n� �t�h�e� �s�t�o�m�a�c�h� �d�i�g�e�s�t�a� 

�c�o�m�p�a�r�e�d� �w�i�t�h� �t�h�e� �o�t�h�e�r� �i�n�t�e�s�t�i�n�a�l� �s�e�c�t�i�o�n�s�.� 

�T�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �l�a�c�t�i�c�,� �s�u�c�c�i�n�i�c� �a�n�d� �t�o�t�a�l� �N�V�A� �i�n� 

�t�h�e� �j�e�j�u�n�u�m� �d�i�g�e�s�t�a� �a�n�d� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �f�u�m�a�r�i�c� �a�c�i�d� �i�n� 

�t�h�e� �l�o�w�e�r� �c�o�l�o�n� �d�i�g�e�s�t�a� �i�n�c�r�e�a�s�e�d� �f�r�o�m� �5� �t�o� �1�6� �d� �p�o�s�t�w�e�a�n�i�n�g� 

�(�T�a�b�l�e� �5�)�.� �N�o� �e�f�f�e�c�t� �(�P� �<� �.�1�7�)� �o�f� �E�.� �c�o�l�i� �c�h�a�l�l�e�n�g�e



�1�0�4� 

�t�r�e�a�t�m�e�n�t�,� �o�r� �d�i�e�t�a�r�y� �t�r�e�a�t�m�e�n�t� �b�y� �E�.� �c�o�l�i� �c�h�a�l�l�e�n�g�e� 

�t�r�e�a�t�m�e�n�t� �i�n�t�e�r�a�c�t�i�o�n� �w�a�s� �o�b�s�e�r�v�e�d� �f�o�r� �N�V�A�,� �e�x�c�e�p�t� �f�o�r� �a�n� 

�i�n�c�r�e�a�s�e� �(�P� �<� �.�0�5�)� �i�n� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �l�a�c�t�i�c� �a�c�i�d� �i�n� 

�t�h�e� �j�e�j�u�n�u�m� �d�i�g�e�s�t�a� �o�f� �p�i�g�s� �c�h�a�l�l�e�n�g�e�d� �w�i�t�h� �E�.� �c�o�l�i� �a�s� 

�c�o�m�p�a�r�e�d� �t�o� �n�o�n�-�c�h�a�l�l�e�n�g�e�d� �p�i�g�s� �(�1�8�.�6� �v�s� �9�.�6� �m�e�q�/�d�l� �-� �d�a�t�a� 

�n�o�t� �s�h�o�w�n�)�.� 

�O�r�g�a�n�i�c� �a�c�i�d�s� �s�u�p�p�l�e�m�e�n�t�a�t�i�o�n� �h�a�d� �n�o� �e�f�f�e�c�t� �o�n� �t�h�e� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �v�o�l�a�t�i�l�e� �f�a�t�t�y� �a�c�i�d�s�,� �e�x�c�e�p�t� �f�o�r� �p�i�g�s� �f�e�d� 

�t�h�e� �f�u�m�a�r�i�c� �a�c�i�d� �d�i�e�t� �h�a�v�i�n�g� �a� �l�o�w�e�r� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �a�c�e�t�i�c� 

�a�c�i�d� �i�n� �t�h�e� �j�e�j�u�n�u�m� �d�i�g�e�s�t�a� �t�h�a�n� �p�i�g�s� �f�e�d� �e�i�t�h�e�r� �t�h�e� �c�o�n�t�r�o�l� 

�o�r� �c�i�t�r�i�c� �a�c�i�d� �d�i�e�t�s� �(�T�a�b�l�e� �6�)�.� �T�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �V�F�A� 

�w�e�r�e� �g�r�e�a�t�e�r� �i�n� �t�h�e� �l�o�w�e�r� �g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t� �t�h�a�n� �t�h�e� 

�u�p�p�e�r� �g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t�.� 

�T�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �a�c�e�t�i�c� �a�c�i�d� �i�n�c�r�e�a�s�e�d� �i�n� �t�h�e� 

�s�t�o�m�a�c�h� �a�n�d� �c�e�c�u�m� �d�i�g�e�s�t�a� �f�r�o�m� �5� �t�o� �1�6� �d� �p�o�s�t�w�e�a�n�i�n�g� �(�T�a�b�l�e� 

�7�)�.� �T�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �p�r�o�p�i�o�n�i�c� �a�c�i�d� �i�n�c�r�e�a�s�e�d� �i�n� �t�h�e� 

�c�e�c�u�m� �a�n�d� �l�o�w�e�r� �c�o�l�o�n� �d�i�g�e�s�t�a� �f�r�o�m� �5� �t�o� �1�6� �d� �p�o�s�t�w�e�a�n�i�n�g�.� 

�S�i�m�i�l�a�r�l�y�,� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �b�u�t�y�r�i�c� �a�c�i�d� �i�n�c�r�e�a�s�e�d� �i�n� 

�c�e�c�u�m� �a�n�d� �l�o�w�e�r� �c�o�l�o�n� �d�i�g�e�s�t�a� �f�r�o�m� �5� �t�o� �1�6� �d�a�d� �p�o�s�t�w�e�a�n�i�n�g�.� 

�T�h�e� �t�o�t�a�l� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �V�F�A� �i�n�c�r�e�a�s�e�d� �i�n� �t�h�e� �s�t�o�m�a�c�h�,� 

�c�e�c�u�m� �a�n�d� �l�o�w�e�r� �c�o�l�o�n� �d�i�g�e�s�t�a� �f�r�o�m� �5� �t�o� �1�6� �d�a� �p�o�s�t�w�e�a�n�i�n�g�.� 

�P�i�g�s� �c�h�a�l�l�e�n�g�e�d� �w�i�t�h� �E�.� �c�o�l�i� �h�a�d� �g�r�e�a�t�e�r� �l�o�w�e�r� �c�o�l�o�n� 

�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �p�r�o�p�i�o�n�i�c� �(�7�6�.�4� �v�s� �5�4�.�0� �m�e�q�/�d�l�;� �P� �<� �.�0�1�)�,� 

�b�u�t�y�r�i�c� �(�3�8�.�3� �v�s� �2�3�.�1� �m�e�q�/�d�l�;� �P� �<� �.�0�1�)� �a�n�d� �t�o�t�a�l� �V�F�A� �(�3�8�9�.�8� 

�v�s� �2�9�6�.�0� �m�e�q�/�d�l�;� �P� �<� �.�0�3�)� �t�h�a�n� �n�o�n� �E�.� �c�o�l�i� �c�h�a�l�l�e�n�g�e�d� �p�i�g�s�.� 
� 


