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Effect of 6.0% polyphosphate treatment on microbial growth and 

composition of microbial flora of three representative seafoods were 

investigated. 

Polyphosphate treatment washed off microorganisms by 1 log in 

peeled shrimp (107 to 106 and 106 to 105) and cooked crab meat (106 

to 105) and by 2 logs in red snapper fillet (106 to 104). Phosphate 

treatment more readily washed off Pseudomonas sp. and Moraxglla sp. 

and Lactobacillus sp., Corynebacterium sp. and Acinetobacter sp. were 

the most difficult to wash off. Polyphosphate also raised pH from 7.1 

to 7.5 in cooked shrimp, from 7.7 to 8.2 in cooked crab meat and from 

6.6 to 7.5 in red snapper fillet. The alkaline pH of up to 9.0, 

however, had no effect on the growth rates of Pseudomonas I, II and 

III sp., A. putrifacien sp., Micrococcus sp., Moraxella sp., Flavobac- 

terium-Cytophaga sp., Acinetobacter sp., and Lactobacillus sp. 

Microbial growth was inhibited immediately following phosphate 

treatment. The phosphate induced lag period was almost 4 days at 1.10C 

for shrimp and crab meat but was not observed in red snapper fillet. 



The degree of inhibition by phosphate depended on the initial 

number and kind of bacteria, especially those belonging to genera 

Pseudomonas, Moraxella, LactobaciHus and Corynebacterium. If still 

present in phosphate-treated seafoods, Pseudomonas sp. and Moraxella 

sp.. quickly outgrew all others at 1.1°C. LactobaciHus sp. and 

Corynebacterium sp. became the predominant microorganisms when 

Pseudomonas sp. and Moraxella sp.' were absent. 
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EFFECT OF POLYPHOSPHATE ON MICROBIAL CHARACTERISTICS OF SEAFOODS 

INTRODUCTION 

Phosphates, the inorganic anion complex of phosphorous that 

occur naturally in various forms, are well known for their seques- 

tering action. The chains of phosphate units, known as polyphosphate, 

have been used extensively as additives in fresh and frozen meat, 

poultry and seafood products. The most important reasons for using 

polyphosphates are to reduce weight loss during frozen storage, to 

minimize drip loss, to prevent toughening of the product when stored 

in the frozen state and to cut down the weight loss during cooking 

(Ellinger, 1972). Commercial mixtures of phosphate are also used to 

inhibit the growth of certain bacteria. Dipping chicken parts in 

polyphosphate solutions reduced the number of bacteria (Steinhauer 

and Banwart, 1964; Chen et al., 1973; Foster and Mead, 1976). Chen 

reported that soaking chicken parts in 3.0% polyphosphate solution 

was effective in controlling gram-positive micrococci and staphylo- 

cocci, but did not prevent the growth of gram-negative rods. Foster 

and Mead (1976) found that the final concentration of 0.35% poly- 

phosphate in minced chicken breast decreased the viability of 

Salmonella sp. at -20C or -20oC but not at 10C or -50C. Elliott and 

co-workers (1964) showed that non-fluorescent Pseudomonas sp. were 

completely inhibited in the presence of polyphosphates in a broth 

medium, whereas fluorescent strains grew after an extended lag 

period. They speculated that polyphosphates had chelated metal ions 

essential to microbial growth. FDA (Food and Drug Administration) 
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lists polyphosphates under GRAS (Generally Recognized As Safe) cate- 

gory and leaves their applications to individual processors. 

Polyphosphate treatment is now widely adapted by the seafood industry 

of the Pacific Northwest as a result of pioneering works done by 

Dr. Crawford and his co-workers at the Seafoods Laboratory in Astoria, 

Oregon (Crawford, D.L., 1980). 

This investigation was undertaken to detemine the influence 

of a polyphosphate mixture on microbial population and their growth 

characteristics in representative Oregon seafood products. 



LITERATURE REVIEW 

Application of polyphosphates in foods 

Numerous types of phosphates have been used as legal food 

additives in meat, poultry and seafood products. Shults and Wier- 

bicki (1972) found that tetrasodium pyrophosphate was the most 

effective food-grade phosphate for raising the pH in meat and in- 

creasing the swelling and water holding capacity of beef muscle. 

Maximum water holding effect was obtained with 0.5% of pyrophosphate 

or tripolyphosphate. Higher levels of phosphate had no additional 

effect on swelling, especially inithe presence of 1.0% NaCl. Sodium 

hexametaphosphate or metaphosphate had only limited effect on beef 

muscle. Froning (1965) reported that the addition of a polyphosphate 

mixture (Kena) to ground chicken meat in the range of 0.5-1.0% had 

improved the quality of chicken rolls. He showed that adding 6.0% 

polyphosphates in carcass chilling water had significantly reduced 

cooking losses and increased moisture retention in cooked chicken 

rolls. Shults and Wierbicki (1973) reported that 0.25-0.50% pyro- 

phosphate with or without 1.0% NaCl had the greatest effects on 

raising pH and increasing swelling and water holding capacity of 

chicken meat. They also found that besides 0.25-5.0% pyrophosphates, 

a mixture of tripolyphosphates, hexametaphosphate and pyrophosphate 

(1:1:1) was equally effective. Kena (FP-28) and tripolyphosphate 

were reported to be the most efficient forms of polyphosphate that 

prevented the loss of natural juice during cooking of chicken meat 



4 

(Grey et al., 1978). Injection of a 5.0% polyphosphate solution 

into the breast of broiler chicken carcasses during processing, gave 

a net increase in the weight of carcasses subsequently chilled, 

frozen, thawed or cooked. In a similar study, Griffith and Wilkinson 

(1978) showed that the polyphosphate injected birds were signifi- 

cantly more tender and juicier than the controls. Besides increasing 

the water holding capacity of the meat products, the polyphosphates 

may also prevent the discoloration of meat, improve its texture, and 

prevent the development of off-flavors and off-odors (El linger, 

1972). In red meats, poultry and seafoods, the optimum level of 

polyphosphate invariably fall within the range of 0.35-0.50% residual 

polyphosphate (Mahon et al., 1971). Sharma and Seltzer reported the 

the stability and shelf!ife (dry state), rehydration, texture and 

flavor (following rehydration) of freeze-dried shrimp can be signi- 

ficantly improved by coating raw shrimp with Kena powder, holding 

it for a period of 10-12 min, then rinsing and cooking in 2% salt 

water at 750C prior to freeze dehydration. Approximately 0.25% of 

Kena is retained in freeze-dried shrimp after such treatment. 

Mechanism of polyphosphates action 

The mode of phosphate action, (with or without NaCl) on water 

holding capacity, pH and meat swelling has been a point of speculation 

by several investigators. Swift and Ell is (1956) noted that the effec- 

tiveness of pyrophosphate was related to the ionic strength and pH of 

the solution. They concluded that pyrophosphate dissolved proteins. 
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especially actomyosin.  Sodium salts of phosphates elevated the 

pH of chilled raw meat from its isoelectric point of approximately 

5.5 toward the alkaline side, thus increasing the water holding and 

water binding capacities of meat protein (Shults and Wierbicki, 1972). 

Pyrophosphate was more effective in raising pH and causing meat 

swelling than tripolyphosphate. They suggested that this was due to 

ATPase in raw meat which partially converted tripolyphosphate to 

effective pyrophosphate form. Shults and Wierbicki (1972) described 

a series of events that happened in meat treated with phosphate in 

the presence of 1.0-2.0% NaCI. There was an initial increase in 
++    ++ 

the meat swelling due to replacement of Ca  by Na  on meat protein, 

followed by a decrease in meat swelling when NaCI concentration 
++    +    + 

reached 3.0 to 5.0% due to the exchange of Mg  and K by Na . When 

NaCI concentration exceeded 5.0% there was again a rapid increase 

in the meat swelling this time solely due to an ionic effect of NaCI 

on meat protein. Pyrophosphate, tripolyphosphate and commercial 

mixture of polyphosphate were the most effective in reducing meat 

shrinkage at 0.5% and this effect was enhanced by the presence of 

1.5% NaCI. Bendall (1954) stated the effective polyphosphates should 

have chemical structures similar to that of ATP. These are pyro- 

phosphate and tripolyphosphate. Sutton (1973) studied the hydrolysis 

of P32 labelled sodium tripolyphosphates in cod and beef muscle. The 

kinetics of hydrolysis reaction is represented by the following 

formula. 
k           k 

(P3010)5"  1~^  (P207)4~  ^ (P04)3" 



In cod, k, = kp and only orthophosphate (PO. ) had remained after 

30-40 hr at 0oC. 

In beef, k^ « k •, and W*  (beef) « k^ (cod), thus the accumula- 

tion of pyrophosphate (PoOy ") was observed in beef and the hydrolysis of 

orthophosphate took a much longer time. He also stated the effect 

of tripolyphosphate on muscle protein was an irreversible reaction. 

Sherman (1961) speculated fluid absorption at low temperature 

involved two contrasting mechanisms. First was an ion absorption 

due to ionic strength of solution. Ions were held by electrostatic 

attraction to the ionic groups of opposite charge on the meat proteins, 

and water molecules were bound electrostatically by these ions. 

Second was to solubilize meat proteins, especially actomyosin. The 

existence of second mechanism was confirmed by Yasui et al., (1964). 

They reported only pyrophosphate could cause changes in the size and 

shape of myosin B, extracted from myofibril. Polyphosphates 

weakened the binding of myosin A with F-actin in actomyosin, result- 

ing in a formation of free F-actin and myosin A. Since myosin A 

was soluble at a lower ionic strength than myosin B, the solubility 

of the protein would be changed when myosin B was dissociated into 

myosin A and F-actin, upon addition of polyphosphates to the protein 

system. Tripolyphosphate was effective only after it was first 

hydrolysed by myosin B-tripolyphosphatase. Tripolyphosphatase 

activity on myosin B was recognizable only in the presence of divalent 

cations and at a higher ionic strength. The inorganic tripolyphos- 

phatase activity was favored in an acid medium. Same mechanism for 
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tenderization or swelling of fresh muscle of beef, poultry and 

swine, is expected to operate also in fish muscles (ETlinger, 1972). 

Inhibition of microorganisms by pdlyphosphates 

The ability of pdlyphosphates to protect food, such as bakery 

products, from microbial spoilage was reported by Kohl and El linger 

(1968). The most effective polyphosphates were those having an 

average length of 20-33 phosphate units. Commercial mixtures of 

phosphates are shown to inhibit the growth of certain bacteria. 

Dipping chicken carcasses in polyphosphate solutions reduced the 

number of bacteria. Steinhauer and Banwart (1964) found that 8.0% 

of two commercial blends of polyphosphate added in cooling water 

had lowered total plate count and significantly reduced the number 

of lipolytic bacteria. Both types of polyphosphate inhibited odor 

development, slime formation and discoloration. Ebel (1965) found 

that condensed phosphates had inhibited growth of Staphylococcus 

aureus and Bacillus subtilis in culture media, and had a preserva- 

tive effect on fish. Phosphates with average chain length of 6 was 

more effective than those of 4. Chen et al., (1973) reported that 

soaking chicken parts in 3.0% polyphosphate solution was effective 

in controlling gram-positive micrococci and staphylococci, but did 

not prevent the multiplication of gram-negative rods. Foster and 

Mead (1976) found that the final concentration of 0.35% polyphosphate 

in samples of minced chicken breast decreased the viability of 

Salmonella sp. during storage at -20C or -20oC but not at 10C or -50C. 
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Elliott and co-workers (1964) showed that non-fluorescent Pseudomonas 

sp. were completely inhibited in the presence of 3.0%. and 8.0% poly- 

phosphates in broth medium, whereas fluorescent strains grew out after 

two days lag. They speculated that inhibition was due to polyphos- 

phates chelating metal ions essential to growth, and the higher pH 

brought about by polyphosphate did not cause the inhibition. Kelch 

and Buhlmann (1958) studied the anti-microbial effect of commercial 

phosphate blends, Curafos and Fibrisol, used in curing meat. They 

found that Curafos which contained higher percentage of sodium tri- 

polyphosphate (NarP30,o) had stronger inhibitory effects on S^ aureus 

and S^. faecal is with or without heat. Curafos at 0.5% and 1.0% 

inhibited the spore germination of Bacillus subtil is while Fibrisol, 

which contained sodium acid pyrophosphate (25%) and NaCl (50%) 

instead of sodium tripolyphosphate, showed no effect on the same 

microorganism. Sodium hexametaphosphate at the concentration of 

0.2-1.0% could prevent normal germination and outgrowth of bacterial 

spores and the effect of sodium hexametaphosphate at pH 6 was 1.5 to 

2 times as great as it was at pH 7 (Gould, 1967). Post and co-workers 

(1963) found that gram-positive bacteria were inhibited by 0.1% 

sodium hexametaphosphate but gram-negative rods were capable of growth 

at phosphate concentration as high as 10%. They also found that the 

presence of NaCl or MgSO. protected Pseudomonas fluorescens from lysis 

when exposed to sodium hexametaphosphate. They speculated that sodium 

hexametaphosphate interfered with the metabolism of divalent cations, 

especially magnesium ion, and inhibited cell division and caused loss 



of cell-wall integrity. Later in 1968 they reported that 10.0%. dips 

of sodium hexametaphosphate, sodium tripolyphosphate and trisodium 

pyrophosphate would inhibit or delay spoilage of the cherries from 

infections by Penicillium expansum, Rhizopus nigricans and Botrylis 

sp. Firstenberg-Eden et al., (1981) rated the effectiveness of phos- 

phates in inhibiting colony forming ability of Moraxel1a-Aci netobacter 

cells as Na5P3010 > Na.P^ > Na^O.. They also noted that filter 

sterilized solution was more inhibitory than heated ones and inhibition 

was not related to pH. Orthophosphate was used to suppress the pro- 

liferation of bacteriophage in dairy starter (Hargrove, 1961) and 

pyrophosphate was used to inactivate T-even coliphages (Van Vunakis 

et al., 1962). Longer chain polyphosphates are claimed to be more 

effective in inhibiting yeast fermentation of fruit juices (Kohl and 

El linger, 1970). 
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MATERIALS AND METHODS 

Phosphate solution 

Brifisol D510, produced by American Hoechst Corporation, 

Somerville, N.J., which is the mixture of food grade sodium tri- 

polyphosphate and sodium hexametaphosphate, was obtained from Dr. 

D. L. Crawford of the Seafoods Laboratory, Astoria Oregon. The 6.0% 

w/v phosphate solution was prepared in sterilized water and stored 

in cold room (320F) until use. The pH of this solution was 8.7. 

Seafood samples preparation 

Shrimp sample I was obtained from a local supermarket during off 

season. Frozen Dungeness crab samples were obtained from a pro- 

cessor in Newport, Oregon. Shrimp sample II and Red Snapper fillet 

were obtained from commercial processing plants immediately after 

being processed in Newport, Oregon on the days of their catch. 

Samples were wrapped in a sterile plastic bag, placed on ice, 

transported to the laboratory and were analyzed on the same day. 

Seafoods were ground in a sterile meat grinder. The ground meat was 

then thoroughly mixed and aseptically divided into two portions. The 

first portion was aseptically delivered to sterilized 20 ml culture 

tubes and capped. This served as untreated control. The other 

portion was weighed, and transferred to a sterilized beaker containing 

6.0% phosphate solution. The volume of phosphate solution was double 

that of the weight of sample. The ground meat was well mixed with the 
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solution and allowed to stand for 10 minutes at room temperature. 

After this the content was poured into a sterile strainer and 

drained for 10 minutes. The treated meat was then delivered equally 

into a set of 20 ml culture tubes. Both treated and untreated 

samples were stored at 1.10C (340F) and a tube from each set was 

removed once everyday and frozen at -40oC. Viable counts were made 

at the same time from the frozen samples upon completion of the 

storage trial. 

Microbiological Analysis 

Viable count: The entire content of the tube was transferred 

to a sterile osterizer jar and blended with sterile Butterfield's 

phosphate buffer (pH 7.2) to give a 1 to 10 dilution. A series of 

1 to 10 dilutions were prepared from this mixture with sterile 

phosphate buffer, and 0.1 ml of the proper dilutions were spread- 

plated in duplicate on Tryptone-Peptone-Yeast Extract-NaCl-Glucose 

(TPE) agar plates. This medium was developed earlier in this 

laboratory for recovery of microorganisms from seafoods (Lee and 

Pfeifer, 1974). The plates were then incubated at 250C and the 

colonies counted after 48 hrs. 

Microbial identification 

Viable count plates containing isolated colonies of 30 to 100 

were chosen and all the colonies on the plates were transfered to 

master plates on a designated spot with sterile tooth picks. Each 
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colony on the master plate was then identified according to the 

replica-plate computer method of Corlett, Lee, and Sinnhuber (1965), 

as modified by Lee and Pfeifer (1975). The procedure involved 

simultaneous transfer of 30 colonies with nichrome wire replicator 

onto 12 selective and differential media. The growth and other 

differential responses of each isolate on these plates were then 

recorded and the microbial identities determined by a key (Lee and 

Pfiefer, 1975). 

Effect of pH on microbial growth 

Microorganisms isolated and identified from seafoods homogenate 

were randomly selected and their sensitivity to pH were tested in TPE 

broth. Duplicate series of TPE broth, with pH adjusted with either 

sterile 1.0% HC1 or 20.0% NaOH solutions to give final pH of 6.0, 6.5, 

7.0, 7.5, 8.0, 8.5 and 9.0, were inoculated with Pseudomonas I sp., 

Pseudomonas II sp., Pseudomonas III sp., A. putrifacien sp., Moraxella 

sp., Acinetobacter sp., F1avobacterium-Cytophaga sp., Micrococcus sp., 

and Lactobacillus sp. The inocula had been grown on TPE agar slants 

at 250C for 48 hrs and the growth was then transferred and grown in 

TPE broth at 250C for 48 hrs. A 0.1 ml or more of the broth culture 

that gave 0.01 absorbance at 420 nm (Bausch & Lomb Spectronic 20) was 

inoculated into each Bellco side arm flask (Vinyard, NJ) containing 

50 ml of pH adjusted TPE broth. These flasks were then incubated at 

250C and the microbial growth was measured by absorbance. 
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RESULTS AND DISCUSSION 

Effect of Phosphate on Microbial Growth and Population of Seafoods 

Shrimp I (retail sample) 

The daily microbial counts obtained from shrimp homogenate 

treated with or without 6.0% phosphate and stored at 1.10C for a 

period of up to 14 days are presented in Figure 1. The phosphate 

treatment resulted in partial wash off of microorganisms from shrimp 

7     fi 
and reduced the microbial load by one log (from 10 to 10 ). It also 

delayed the onset of logarithmic growth of bacteria remaining on the 

shrimp. The rates of microbial growth for both treated and untreated 

samples, however, appeared the same. The maximum level of growth 
g 

reached in the untreated sample: was 8 x 10 cells/g at the end of the 

seventh day, but the maximum level of growth was not reached at the 

end of the fourteenth day for the treated sample. Microbial count of 

shrimp I sample was higher than those reported in the literature (10 

cells/g as compared to 10 - 10 cells/g), indicating perhaps the 

shrimp was old and microbial growth had already taken place. The 

major benefit of phosphate treatment for such high count shrimp, there- 

fore, appears to be the reduction of initial count. 

Microorganisms from the shrimp I were identified to the genus 

level and the results are presented in Table 1. In untreated shrimp 

Moraxella sp. were the most predominant group at 0 day (73.7%) and 

they retained their dominance throughout a 6-day storage period. 
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3 6 

Days at 1.10C (340F) 
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Figure 1. Growth of microorganisms in cooked, peeled and 
deveined shrimp homogenate with or without 6.0% 
polyphosphate and stored at l.TC (340F). 

▲ = without 6.0% polyphosphate 

• = with 6.0% polyphosphate 



Table 1. Percent distribution of microorganisms in cooked, peeled, and deveined shrimp homogenate with 
or without 6.0% polyphosphate and stored at 1.10C .(340F). 

Microorganism 
Untreated 

Days at 1.10C 

0 
Treated 

10 

Pseudomonas I 

Pseudomonas II 

Pseudomonas III 

A. putrifacien 

Moraxella 

Acinetobacter 

Lactobacillus 

Arthrobacter 

Micrococcus 

Unknown* 

2.0 

11.2 - 4.4 3.3 - - 

6.6 - - - - - 

73.7 90.0 90.0 53.3 58.3 31.1 

- - • - 10.0 5.0 - 

- 1.7 - 16.7 13.3 25.6 

- - - - 2.2 - 

6.6 5.0 2.2 6.7 3.3 2.2 

2.2 3.3 3,3 10.0 16.7 41.1 

3.3 

17.8 

78.9 

# Microorganism/gm 1.4xl07   8.7xl07   5.7xl08    3.7xl05   6.i05    1.8xl06   1.5x10 

# Microorganism identified     45      60      90        30      60     .90      100 

8 

^Corynebacterium sp. 
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Pseudomonas III sp. were the second most predominant group with 

11.2% at 0 day but their proportion was reduced to 4.4% at the end of 

the sixth day. The other isolates of minor significance were Altero- 

monas putrifacien sp. (6.6%), Micrococcus sp. (6.6%), Lactobacillus 

sp. (1.7%) and an unidentified group (2.2%). None of these micro- 

organisms showed noticeable changes in their proportion during storage 

at 1.10C. In the phosphate-treated sample, Moraxella sp. still were 

the most predominant group at 0 day with 53.3% of the total, but their 

proportion decreased to 31.0% after seven days and finally to 3.3% 

after ten days. Pseudomonas sp. seemed to have been more readily 

washed off by phosphate treatment and lactobacillus sp. and Acineto- 

bacter sp. were detected for the first time in phosphate treated 

samples. Acinetobacter sp. however, had eventually disappeared during 

1.10C storage, leaving Lactobacillus sp. and the unidentified group as 

the only groups that grew in this sample. The phosphate seemed to 

have favored growth of two groups of bacteria. Lactobacillus sp. which 

occupied 16.7% of the total at 0 day, remained at this level throughout 

the storage period. When this was converted to actual number of micro- 

organisms, it represented an increase from 6x10 cells/g at 0 day to 

2.7x10 cells/g after the tenth day. The unidentifiable group was the 

only group that increased in proportion; they became the most predom- 

inant group by reaching 78.9% of the total. Further tests revealed 

that these bacteria were non-motile, non-spore forming, non-branching, 

gram-positive rods. Catalase, esculin hydrolysis and methyl red tests 

were positive but arginine dihydrolase, cytochrome oxidase, gelatin 

liquefaction, nitrate, urease and Voges-Proskaur 
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tests were negative. No growth was observed in Simmon's citrate or 

MacConkey agar. They produced acid but no gas from glucose, maltose, 

mannitol, salicin, starch and sucrose. Optimum growth temperature 

was 250C. These characteristics most closely resembled those of 

Corynebacterium sp. Animal and Plant Health Inspection Service, 

National Veterinary Services Laboratories in Ames, Iowa, had confirmed 

our preliminary identification (Schlater, Linda K. , 1982). 

Shrimp II (processing in-line sample) 

Shirmp II sample was obtained from the processing line in Newport, 

Oregon. 

The daily microbial count of shrimp sample II are presented in 

Figure 2. Differences in microbial counts and the extents of micro- 

bial growth in shrimp II and I were quite obvious. The microbial 

growth was so slow that the onsets of logarithmic growth phase were 

delayed for almost 12 days even without phosphate, and hardly any 

microbial growth took place in the phosphate treated sample for a 

period of 18 days. Again, phosphate treatment reduced the initial 

6    5 
microbial load by 1 log (10 to 10 ). Maximum levels of growth were 

not reached in 18 days at 1.10C in both treated and untreated samples 

and the highest count the untreated sample reached after 16 days was 

3.3 x 10 cells/g. The identities of microorganisms shown in Table 2 

also revealed a contrast from those of shrimp sample I. At 0 day, 

Pseudomonas III sp. were the most predominant group (64.8%) followed 

by Acinetobacter sp. of 25.0%. The other minor groups found were 

Flavobacterium-Cytophaga sp. (5.7%), Moraxella sp. (3.4%), and 
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Figure 2. 

5 10 

Days at l.TC (340F) 

Growth of microorganisms in cooked, peeled and 
deveined shrimp homogenate with or without 6.0% 
polyphosphate and stored at l.TC (340F). 

O = without 6.0% polyphosphate 

□ = with 6.0% polyphosphate 



Table 2.    Percent distribution of microorganisms in cooked, peeled and deveined shrimp homogenate with 
or without 6.0% polyphosphate antfostored at 1.10C (340F). 

Pseudomonas I 

Pseudomonas II 

Pseudomonas III 

Moraxella 

Acinetobactor 

Days at 1.10C 
'i Untreated Treated 

Microorganism 0 7 15        0 7 16 

Flavobacterium Cytophaga 

64.8 

3.4 

25.0 

5.7 

67.4 

3.4 

14.6 

6.8 

0.8 

97.4 

92.0 

2.3 

3.4 

91.2 

2.6 

0.9 

94.3 

1.2 

2.3 

1.1 

Micrococcus 

# Microorganism/gm sample 

# Microorganism identified 

1.1 7.8 1.7 2.3 5.2 

l.lxlO6 2xl06 3.3xl07 1.7xl05       7.4xl05 

88 89 117 88 116    • 

1.1 

5x10- 

88 

WD 
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Micrococcus sp. (1.1%). The microbial count, as well as the composition 

of shrimp sample II microbial flora, resembled more closely to those 

of published data which showed that the majority of shrimp flora were 

Flavobacterium-Cytophaga sp., Acinetobacter sp. and Pseudomonas III sp. 

in order of descending frequency (Lee and Pfeifer, 1977). In the 

untreated sample, Pseudomonas III sp. retained the early predominance 

until the seventh day, but they seemed to have been overgrown by 

Moraxella sp. after this period. Acinetobacter sp. and Flavobacterium- 

Cytophaga sp. which showed a combined total of 30.7%, had disappeared 

after the fifteenth"day. Micrococcus sp. seemed to remain as a minor 

proportion of the flora throughout the storage period. Phosphate 

treatment reduced the microbial load by 1 log. Pseudomonas III sp. 

were again the most predominant group from the 0 day (92.0%) and they 

retained predominance through the end of the test period (94.0%). . 

Moraxella sp., Acinetobacter sp. and Flavobacterium-Cytophaga sp. were 

found in smaller proportions throughout the storage period of 16 days. 

It was noted that the freshness of the shrimp sample might have caused 

the differences in microbial load and compositions between these two 

samples. After being kept refrigerated on the retail supermarket shelf 

for some time, the proportion of Moraxella sp. had increased and 

outnumbered the other groups in the untreated shrimp sample I. This 

was possible because Moraxella sp. was shown to be as equally capable 

of rapid growth at low temperature as the fastest growing Pseudomonas 

sp. (Lee and Pfeifer, 1977). Phosphate treatment seemed to have more 

readily washed off Moraxella sp. (73.7% to 53.3%) and Pseudomonas III ^ 
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(11.2% to 3.3%) and this decrease in numbers allowed the minor groups 

such as Acinetobacter sp. and Lactobacillus sp. to become detectable. 

Thereafter, phosphate environment seemed to have favored the growth of 

Lactobacillus sp. and Corynebacterium sp. An increase of these two 

groups was observed after 10 days due to their slow growth. It was 

interesting to note that these two groups were both fermentative- 

Generally, acid producing bacteria tend to be suppressed by their own 

waste as time proceeded. It may be due to the buffering capacity of 

phosphate that enhanced growth of these two groups, while acid produced 

had suppressed others. It was observed by Grau, F.H. (1981) that the 

lactate content and slightly higher than normal pH of beef muscle (6.0 

to 6.3) were important factors controlling the growth of fermentative 

gram-negative bacteria as well as Bacillus thermosphacta. In lower 

pH meat (5.4-5.6) Lactobacillus sp. were reported to produce an anti- 

microbial agent inhibitory to Serratia liquefaciens sp. (Gill and 

Newton, 1978). Lactobacillus sp. and Corynebacterium sp. are not of 

marine origin and they could have been introduced during various stages 

of retail handling. Lactobacillus sp. were found in very small 

percentage (2.0%) in shrimp after being properly processed (Lee and 

Pfeifer, 1977) but they were not detectable in shrimp sample II which 

was obtained immediately from the processing line. For some unexplain- 

able reason the number and proportion of bacteria in shrimp sample II 

remained almost unchanged throughout the storage period. Moraxella 

sp. were again washed off more readily than other bacteria. 
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Crab toeat 

The microbial counts obtained from cooked crab meat homogenate 

with or without 6% phosphate and stored at 1,10C for up to 30 days 

are presented in Figure 3. Here again, phosphate treatment reduced 

6    5 the microbial load by 1 log (10 to 10 ) and delayed the onset of 

logarithmic growth phase for 4 days. The maximum level of growth in 
g 

the untreated sample was 1,3 x 10 cells/g after 22 days. For the 

treated sample, it required 28 days for the microbial count to reach 
g 

6.7 x 10 cells/g. The microbial flora of crab meat with or without 

6% phosphate are shown in Table 3. Microorganisms isolated at 0 day 

were different from those found in corresponding shrimp samples, but 

were similar to those reported by Lee and Pfeifer (1975). In 

untreated crab, the most predominant group was Flavobacterium-Cytophaqa 

sp. which represented 29.2% of the total, followed by Acinetobacter 

sp. (23.2%). The other groups found were Pseudomonas III sp. (9.7%), 

Arthirobacter sp. (4.4%), Lactobacillus sp. (3.45%), Moraxella sp. 

(2.4%) and Micrococcus sp. (0.9%). The only group which increased 

rapidly toward the end of the storage period was Moraxella sp. They 

comprised 2.4% of the total at 0 day but had increased to 77.5% by 

the twelfth day. The predominance of Moraxella sp. appears to be due 

to their rapid growth and high initial numbers while the predominance 

of Pseudomonas sp. seems to have- been due more to the high intial 

number than to the growth as noted by Lee and Pfeifer (1975). They 

showed Moraxella sp. were the predominant group in raw crab that 

accounted for 45% of the total. During processing, they have decreased 
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10 20 

Days at 1.10C (340F) 

30 

Figure 3. Growth of microorganisms in cooked crab meat homogen- 
ate wither without 6.0% polyphosphate and stored at 
1.10C (340F). 

A = without 6.0% polyphosphate 

# = with 6.0% polyphosphate 



Table 3.    Percent distribution of microorganisms in cooked crab meat homogenate with or without 6.OX polyphosphate and stored 
at 1.10C (340F). 

Microorganism 
Untreated 

Days at 1.1°C 

Treated 
12 14 20 28 

Pseudomonas I 1.7 1.7 4.2 4.2 

Pseudomonas II 0.8 

Pseudomonas III 

Moraxella 

Acinetobactor 

9.7 16.5 - 7.5 

2.4 46.1 74.2 77.5 

23.8 6.1 9.2 4.2 

2.5 

17.8 

18.6 

4.3 

9.4 

17.9 

0.8 

1.7 

41.2 

0.8 

9.2 

0.8 

25.2 

Flavobacterium-Cytophaga 29.2 22.6 15.8 9.2 28.8 44.4 16.7 0.8 

Lactobacillus 

Arthrobacter 

3.5 

4.4 

0.9 

5.2 

4.2 

28.0 

7.7 

14.5 

37.6 85.0 69.7 

Micrococcus 0.9 2.6 1.7 

# Microorganism/gm 

H  Microorganism identified 

1.7xl05   3.5xl05   2.3xl06  2.75xl08 

113 116 120 120 

6xlOH    3xlOH    3.3x10°   8.5x10°    2xlOc 

118      117      120       120       119 
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to as low as 20% and by the time the crab meat was ready to freeze, 

they accounted for 27% of the total. In this instance, the reduction 

was caused by heat inactivation. The numbers of Flavobacterium- 

Cytophaga sp., Acinetobacter sp. and Pseudomonas III sp. had increased 

slightly at the end of the test period instead of decreasing as 

reported by Lee and Pfeifer (1975). This might have been due to 

refrigeration temperature fluctuation caused by frequent opening and 

closing of the door. Phosphate treatment again washed off greater 

proportion of Moraxella sp. and Pseudomonas III sp. and those remaining 

after the phosphate treatment were Acinetobacter sp., Flavobacterium- 

Cytophaga sp., Lactobacillus sp. and Arthrobacter sp.. Flavobacterium- 

Cytophaga sp. and Arthrobacter sp. are known to grow slowly at 

refrigeration temperatures (Lee and Pfeifer, 1975). The growth of 

Acinetobacter sp. and their presence throughout the storage period 

might have been due to their high initial numbers (Lee and Pfeifer, 

1975). It was shown that Acinetobacter sp. comprised 15% of the 

total flora in raw crab and remained at this level throughout 

processing states. It was again noted that Lactobacillus sp., which 

showed selective advantage in phosphate treated shrimp, also increased 

in number in phosphate treated crab meat and became a major group of 

bacteria found at the end of 28 days. The presence of fermentable 

carbohydrate in shrimp and crab meat (0.5%) could have favored 

Lactobacillus sp. growth. 

Red snapper fillet 

Figure 4 shows the microbial counts obtained from red snapper 
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Days at l.TC (340F) 

Figure 4. Growth of microorganisms in Red Snapper fillet homo- 
genate with or without 6.0% polyphosphate and stored 
at 1.10C  (340F). 

A   = without 6.0% polyphosphate 

#  = with 6.0% polyphosphate 



Table 4. Percent distribution of microorganisms in Red Snapper fillet homogenate with or without 6.OX 
polyphosphate and stored at 1.10C (340F). 

  
Untreated 

Days at i.rc 
Trea ted 

Microorganism 0 2 6 0 3 6 9 

Pseudomonas I 14.0 16.5 18.9 2.4 19.5 20.2 8.9 

Pseudomonas II 24.6 38.8 32.2 - 1.2 5.6 5.6 

Pseudomonas III 8.8 10.6 6.7 9.6 3.5 5.6 2.2 

A. putrifacien 14.0 - 7.8 - - - - 

Moraxella 8.8 4.7 22.2 1.2 1.2 - - 

Acinetobacter 3.5 9.4 - 15.7 2.3 1.1 2.2 

Flavobacter ium-Cytophaga 10.5 7.1 - 21.7 6.9 2.2 - 

Lactobacillus 5.3 1.2 - 24.1 62.1 75.2. 72.2 

Arthrobactor - - - 18.1 - - - 

Micrococcus 1.8 - - - 2.3 - - 

Yeasts & Mold - - - - 1.2 - 1.1 

Unknown* 8.8 11.8 12.2 

3x108 

3.6 

4.2xlOz' 

- - 7.8 

H  Microorganism/gm 1.5x106 5.8x106 1.3xl05 1.2xl06 4.0xl07 

§  Microorganism identified 57 85 90 83 87 89 90 

*Corynebacterium sp. 
ro 
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fillet with or without 6% phosphate and stored at 1.10C for up to 10 

days. The onset of log phase was almost immediate. The untreated 

sample began with 1.5 x 10 cells/g at 0 day and reached the maximum 
g 

level of 1.4 x 10 cells/g at the seventh day. The treated sample 

4 7 retained 4.2 x 10 cells/g at 0 day but it also increased to 4 x 10 

cells/g after 10 days. The rates of microbial growth were also 

different in treated and untreated samples, indicating perhaps different 

groups of bacteria were involved. Phosphate treatment again reduced 

the microbial load but this time by 2 logs and altered the microbial 

population more drastically. Table 4 reveals the compositions of 

microorganisms in treated and untreated fish. Pseudomonas II sp. 

were the most predominant group in untreated sample at 0 day at 24.6%. 

It was followed by Pseudomonas I sp. (14.0%) and Pseudomonas III sp. 

(8.8%). This distribution pattern was maintained throughout the test 

period of 7 days. The second predominant groups were Flavobacterium- 

Cytophaga sp. (10.5%), A. putrifacien sp. (14.0%), Moraxella sp. 

(8.8%) and an unidentifiable group (8.8%). Among these groups, only 

Moraxella sp. and the unknown group increased toward the end of the 

sixth day and had respectively accounted for 22.2% and 12.2% of the 

total flora. The other minor groups were Acinetobacter sp. (3.5%), 

Lactobacillus sp. (5.3%) and Micrococcus sp. (1.8%). In treated sample, 

Moraxella sp. again were the easiest to be washed off during phosphate 

treatment. A. putrifacien sp. were not detected on the treated sample 

became detectable during storage. Bacteria groups that became similarly 

detectable were Acinetobacter sp. (15.7%), Flavobacterium-Cytophaga sp. 
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(21.7%), Lactobacillus sp. (24.1%) and Arthrobacter sp. (18.1%). The 

most drastic increase, however, was made by Lactobacillus sp. which 

increased in proportion from 24.1% to 72.2% at the end of the ninth 

day. Pseudomonas sp. and Acinetobacter sp. showed slight increases 

while  Moraxella sp., Falvobacterium-Cytophaga sp. and Arthrobacter 

sp. had decreased during storage. The unknown group which was later 

identified as Corynebacterium sp. was found in all samples. 

Some bacteria were washed off during phosphate treatment from red 

snapper fillet as was the case with shrimp and crab meat. 

Lactobacillus sp. again were the most difficult to wash off and were 

selectively favored by phosphate treatment. The types of microorgan- 

isms present in raw red snapper fillet were similar to those ot raw 

crab. The predominant groups such as Pseudomonas sp., Moraxella sp. 

and Flavobacterium-Cytophaga sp. might have originated from either the 

fishes themselves or from the environment. The environment could have 

been the sea floor where they were caught or the environment of the 

processing plant. Corynebacterium sp. might have been picked up 

during filleting along with yeasts and molds which were present in the 

red snapper fillet but could not have come from the ocean bottom 

environment where red snapper had been caught. 

Effect of Phosphate on pH of Seafoods 

Phosphate treatment always raised the pH of seafoods. The 

original pH of a 6.0% phosphate solution was 8.7 when cooked shrimp 

was treated, its pH had increased from 7.1 to 7.5, cooked crab showed 
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a pH change from 7.7 to 8.2, and the pH of raw red snapper fillet had 

changed from 6.6 to 7.5. The elevated pH of treated seafoods could 

have influenced growth and selection of bacteria. 

Effect of pH on Microorganisms in Growth Media 

In order to test the effect of pH, growth of bacteria under 

different pH was measured, and the results are presented in Figure 5 

through Figure 13. The pH of growth media between 6.5 and 8.5 had 

almost no influence on growth rates of Pseudomonas I, II, and III sp., 

Moraxella sp., Flavobacterium-Cytophaga sp., Acinetobacter sp. and 

Micrococcus sp. At pH 9, the maximum turbidity of all microorganisms 

had decreased. Generation times of nine selected cultures presented 

in Table 5 show Lactobacillus sp., the usually slow growing micro- 

organisms, had a generation time similar to that of Pseudomonas sp. at 

pH 7.5-8.5.  Ihe effect of higher pH was even less evident for 

Moraxella sp., Flavobacterium-Cytophaga sp., Acinetobacter sp. and 

Micrococcus sp. 

Since the pH level that showed any effect on microbial growth was 

9 and the maximum pH reached in phosphate treated seafood did not 

reach above 8.2, the higher pH that resulted from this treatment could 

have played no major role in selective growth of bacteria, with an 

exception of Lactobacillus sp. 
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Hours at 250C 

Figure 5. Effect of pH on the growth of Pseudomonas I sp. in 
TPE broth at 250C. 

▲ = pH 7.0 

O = pH 8.5 

• = pH 7.5 

O = OH 9.0 

A = pH 8.0 



32 

13 

Hours at 250C 

20 22 

Figure 6. Effect of pH on the growth of Pseudomonas II sp. in 
TPE broth at 250C. 

A = pH 7.0 

O = pH 8.5 

D = pH 7.5 

▲ = pH 9.0 

O = PH 8.0 
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Figure 7. 

12 

Hours at 250C 

Effect of pH on the growth of Pseudomonas HI sp. in 
TPE broth at 250C. 

O = pH 7.0 

O = pH 8.5 

A = pH 7.5 

A = pH 9.0 

= pH 8.0 
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Figure 8. Effect of pH on the growth of Alteromonas 
putrifacien sp. in TPE broth at 250C.  — 

• = pH 7.0 

O = pH 8.5 

▲ = pH 7.5 

D = pH 9.0 

O = pH 8.0 
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Figure 9. 

Hours at 250C 

Effect of pH on the growth of Micrococcus sp. in 
TPE broth at 250C. 

■ = pH 7.0 

• = pH 8.5 

O = pH 7.5 

□ = pH 9.0 

A = pH 8.0 
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Figure 10. 

15 20 

Hours at 250C 

25 30 

Effect of pH on the growth of Flavobacterium 
Cytophaga sp. in TPE broth at 250C. 

□ = pH 7.0 

O = pH 8.5 

A = pH 7.5 

A = pH 9.0 

O = pH 8.0 
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Figure 11. 

Hours at 250C 

Effect of pH on the growth of Moraxella sp. in TPE 
broth at 250C. 

O = pH 7.0 

A = pH 8.5 

O = pH 7,5 

□ = pH 9.0 

= pH 8.0 
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Hours at 250C 

Figure 12. Effect of pH on the growth of Acinetobacter sp. 
in TPE broth at 250C. 

• = pH 7.0 

A = pH 8.5 

□ = pH 7.5  O 

O = pH 9.0 

pH 8.0 
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10 

Hours at 250C 

20 23 

Figure 13. Effect of pH on the growth of Lactobacillus sp. 
in TPE broth at 250C. 

A = pH 6.0   O = pH 6.5    □ = pH 7.0 

V = pH 7.5   • = pH 8.0    ▲ = pH 8.5 

O = pH 9.0 



Table 5. Growth characteristics of selected group of bacteria in different pH at 250C. 

pH Microorganisms 
Pseudomonas 

Type I 
Pseudomonas 
Type II 

Pseudomonas 
Type III 

Alteromonas 
putrifacien Moraxella 

Flavobacterium 
& Cytophaga Aclnetobacter Micrococcus Lactobacillus 

6 Onset of log 
phase (hr) 

5.1 2.6* - 5.5 8.5* 9.4 - 0 9.8 

Generation 
Time (hr) 

0.7 0.8* 1.4* 0.8 2.2* 1.1* - 2.0* 7.6 

6.5 Onset of log 
phase (hr) 

5.4 1.7* - 5.7 - - - - 8.3 

Generation 
Time (hr) 

0.7 0.8* - 0.8 - - - - 7.3 

7 Onset of log 
phase (hr) 

4.7 7.4 8.2 4-2 7.5 12.8 12.4 9.2 7.8 

Generation 
Time (hr) 

0.6 0.9 1.1 0.7 1.2 1.8 1.8 2.0 1.3 

7.5 Onset of log 
phase (hr) 

5.1 6.3 10.1 5.4 7.2 10- 0 12.0 12.0 9.3 

Generation 
Time (hr) 

0.8 1.2 1.5 0.8 1.2 1.4 1.9 2.0 7.5 

8 Onset of log 
phase (hr) 

7.7 5.7 9.0 6.8 7.3 10.2 13.7 13.4 •  9.7 

Generation 
Time (hr) 

1.0 1.0 1.6 0.9 1.3 1.4 1.7 2.2 1.1 

8.5 Onset of log 
phase (hr) 

5.9 6.8 10.6 5.7 8.8 10.7 16.2 13.3 9.3 

Generation 
Time {hr) 

1.0 1.0 1.5 0.8 1.3 1.6 2.4 2.3 1.4 

9 Onset of log 
phase (hr) 

7.7 5.6 13.3 9.5 9.5 13.3 17.4 11.8 22.2 

Generation 
Time (hr) 

1.1 1.3 2.0 1.1 1.6 1.9 2.3 2.5 3.6 

*<:hri ■ Pfoifor 
- ■ 4^ 

O 
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SUMMARY AND CONCLUSION 

Commercially prepared seafoods (cooked, deveined and peeled shrimp, 

cooked crab and red snapper fillet) were ground and treated with 6.0% 

polyphosphate solution. Microbial counts were made during storage at 

1.10C (340F). After identification, nine selected microorganisms were 

isolated and tested for their sensitivities to elevated pH. The 

results and conclusions may be summarized as follows: 

1. The 6% phosphate treatment raised pH of all seafoods tested. 

The pH of cooked shrimp has increased from 7.0 to 7.5 (shrimp I) and 

7.9 to 8.4 (shrimp II). The pH of cooked crab was raised from 7.7 to 

8.2 and the pH of raw red snapper fillet had changed from 6.6 to 7.5. 

2. Treating and draining wtith phosphate solution has also 

reduced the microbial loads of the seafood by at least 1 log. Pseudomonas 

sp. and Moraxella sp. were the groups that were more readily washed 

off. Lactobacillus sp., Corynebacterium sp. and Acinetobacter sp. 

tended to remain and became the more predominant group in phosphate 

treated seafood. 

3. The identities of microbial flora of the phosphate treated 

samples were related to the specific microbial characteristics of 

the seafood and the degree of freshness. 

4. The treatment of phosphate delayed the onset of log phase 

growth for almost four days in shrimp and crab but not for red snapper 

fillet. The delays might have been caused by a selective elimination 

of rapid growing Pseudomonas sp. and Moraxella sp. 
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5. Moraxella sp, or Pseudomonas sp. were the most predominant 

microorganisms found at 0 day in shrimp and red snapper fillet, while 

Acinetobacter sp. and Flavobacterium-Cytophaga sp. were the majorities 

in cooked crab meat. Phosphate treatment more readily washed off 

Moraxella sp. and Pseudomonas sp. The reduction of these predominant 

bacteria allowed the minor groups of bacteria to become significant. 

Acinetobacter sp. and Flavobacterium-Cytophaga sp. tended to decrease 

in number during refrigerated storage. Lactobacillus sp. or 

Corynebacterium sp. tended to grow better at elevated pH brought about 

by phosphate treatment and, whenever they were present, they tended to 

outgrow others. 

6. The elevated pH that resulted from phosphate treatment had 

no apparent impact on the growth of microorganisms except for 

Lactobacillus sp. 

7. Both Lactobacillus sp. and Corynebacterium sp. favored by 

phosphated treatment were fermentative bacteria. Phosphate apparently 

favored fermentative growth over that of oxidative growth of 

Pseudomonas sp. and Moraxella sp. 
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