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INTRODUCTION -·----... -·-·----- ---· 

Delicate and perishable small fruits like straw-

berries and raspberries require extra care in handling, 

shipping and orocessin~. Berry growers must put their 

product on the market in r:ood condition, which requires care-

ful handling during picking, storing and subsequent shipping 

to the market so that the fruits retain freshness and quality. 

On the other hand, the fruit preservation industries are 

interested in the qualitv of their finished product, which 

is larp;ely dependent upon the ouali ty of the raw berrie s. 

The consumer is interested in keeping quality and other con-

siderations when selecting a frozen product. The initial 

microbial load on fresh berries is very important to the 

fro zen food industry since the microbial content of the 

finished product depends upon it, which in turn influences 

the keening ouality, taste, flaveur, etc. of the finished 

product. The method of food Preservation at low tempera tures 

is not ne\·J, but develooed markedly wi th the introduction of 

new and ef ficient refrigeration uni ts, where lo1t1 te:-!1oeratures 

can be attained very efficiently . 

Foods preserved by refrigeration and freezing are 

not as sterile as are heat treated nroducts in cans, and 

although the numbers of mi cro-organisms a re reduc ed by pro-

longed low temperature treatrnent, sorne still r emain viable. 

The :nicrobial content of the fresh fruit s may vary with such 
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factors as rainfall, weather conditions, location, variety 

of fruit, conditions of uicking, handling and subsequent 

shippin~ . All these factors have an influence on the 

microbial content of the fresh fruit and on the quality of 

the finished oroduct. 

Microbiological assay of the fresh and finished 

oroduct is i mnortant a lso from the health point of view. 

The keeping quality of a frozen product is mainly dependent 

upon its microbial content, both quantitative and quali

tative. Fruits grown, collected, shipped and processed for 

freezing and cold storage under insanitary conditions can 

be a Great health hazard, vThich demands a routine microbiol-

08ical examination of fresh fruits and finished product, 

especially with reference to the fecal contaminants and the 

other suoilage organisms . Needless to add, that the spoil

a ge organisms alter the texture, colour, f lavour, and 

taste of the fresh and the frozen fruits. The fruit growers 

and processors should exerci se great care in handling fruits 

and reali ze that microbiological examination of their 

products is an index of quality. 

The aim of this project is first a study of the 

microbiological flora of freshly picked sœall fruits, straw

berries and raspberries , as affected by variety, rainfall, 

location and pre-treatments, and secondly the effect of 

post-harvest storage treatments on the nQmbers and kinds of 

micro-organisms. 
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LITERATURE REVIEW 

~~CROBIOLOGY OF FRESH FRUIT 

(a) Quantitative microbiology 

Considering the manner in which strawberries and 

raspberries grow and their close proximity to soil (especially 

strawberries) their microbial flora is expected to consist 

largely of common soil organisms. However other sources of 

contamination are found before the fruit reaches the consumer 

even when all precautions are taken during and after collection. 

Wide variation in the microbial count of different lots of 

fresh material occur and Lochhead and Jones (1936); ~Iundt (1950) 

and Smart (1934) think that weather conditions at harvesting 

time are responsible. Lochhead and Jones (1936) reported that 

fresh strawberries and raspberries carried as many as 20,000 

and 50,380 organisms per gram respectively. Strawberries in 

the fresh state carry comparatively large number of surface 

micro-organisms depending on methods of handling and condition 

of growth. Counts of 75,000 to 100,000 organisms per gram 

were obtained by Berry (1934) and of 19,000 to 800,000 per gram 

by V~goon {1931). Comparing these data to those reported for 

other fruits, Smart {1939) reported a count of 5,000 micro

organisms per gram of cultivated blueberries and ~~rshall and 

Walkley (195lb) reported that total count of 140,000 micro

organisms on the surface of apple was recorded. 



- s -

Insects are considered responsible for infection of 

fruit 'flith micro-organisrns. Yeasts are found not only in 

the intestines of many insects but also are capable of multi-

-~- plying there (Woll, 1956). Lüthi (1959) indicated the numbers-~~~ 

of micro-organisms on the surface of the fruit rises as the 

result both of increasing opportunity for microbial reproduction 

offered by the ripening fruit and of augmented infection 

resulting from increased visits by insects. 

Marshall and Walkley (195la, 195lb) in their system

atic studies of the occurrence of micro-organisms on apples 

found an enormous difference in the numbers of organisms 

present on healthy and damaged fruit. Niethammer (1942) 

examined a great quantity of plant material which includes 

apples, pears, cherries, and gooseberries and found that fungi 

far outnumbered all other organisms in healthy fruit and seeds. 

A survey of the literature indicates that the great 

variations encountered in microbial load of fresh material, 

may be due to the influence of such variables, as weather 

conditions, condition of fruit, and method of picking the 

fruit. 

(b) Qualitative microbiology 

Smart (1934, 1935) reported that fruit on arrival at 

the factory carried on its surface many kinds of micro-organisms. 

Moulds of the genera Aspergillus, Penicillium, Mucor, Rhizopus, 

and Sterigmatocystis and yeasts such as Saccharomyces and 
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Torula were all common. Certain bacteria, Staphylococcus 

aureus, Bacillus termo and Bacillus subtilis also occur in 

abundance. Magoon (1931, 1932) observed on an average the 

following ratio of types on frozen fruits; 65% bacteria, 

23% moulds, and 12% yeasts. The bacteria generally originate 

from the soil and are transferred to the product by hands 

and containers while yeasts are chiefly air-borne and mould 

spores are ubiquitous. 

Numerous varieties of yeasts are found in all fruits. 

The yeast flora on apples and in apple juice were recently 

studied in detail by ~~rshall and Walkley, 195la, 195lb, 1952a, 

1952b; Clark, Wallace and Davis, 1954; Clark and Wallace, 1954. 

Clark, Wallace and Davis (1954) have shown that all yeasts 

which were isolated from apples in the Province of Quebec 

belong to the family Cryptococcaceae. The frequent appearance 

of specifie species of yeasts (apiculated yeast) in certain 

years is a well known fact which has never been explained 

(Lüthi, 1959): Observations made by ~~rshall and Walkley 

(195la) showed that the appearance of Mucor on fruits which were 

infected ~rlth Penicillium was quite frequent and concluded 

that Mucor and Penicillium alternate with each other. The same 

authors have ranked Aspergillus second in frequency to Penicillium 

in fruit juices. Among other genera which occur are Alternaf-ia, 

Cladosporium, Botrytis, Oospora and Fusarium. Olliver and 

Rendle (1934) were able to show that while the moulds occurred 

frequently on strawberries, they were practically never found 
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on the other berries such as raspberries, loganberries or 

blackberries. 

Smart (1934) isolated from fresh strawberries the 

following organisms: 

Bacteria: 

Yeasts: 

Achromobacter acidum 

Achromobacter album 

Achromobacter butyri 

Aerobacter aerogenes 

Bacillus albolactis 

Bacillus cereus 

Bacillus fluorescens 

Bacillus megatherium 

Bacillus mycoides 

Flavobacterium annulatum 

Flavobacterium butyri 

Flavobacterium flavum 

Sarcina .§12. 

Spirillum volutans 

Staphylococcus albus 

Staphylococcus aureus 

Proteus vulgaris 

Saccharomyces ~· 

Torula colliculosa 

Bergy et al. 

Bergy et al. 

Bergy et al. 

Ivügula 

Frankland 

Ford 

de Bary 

Flugge 

Ber gy et 

Ber gy et 

Ber gy et 

Ehrenberg 

Rosenbach 

Rosenbach 

Hauser 

al. 

al. 

al. 



Moulds: 

- e -

Al temaria .êE.. 

Aspergillus .êl?.• 

Botrytis .§12• 

Cladosporium .2.:2• 

Monila .212.• 

Mucor .êl?.• 

Penicillium lill• 

Oidium .ê.P• 

Rhizopus §E.• 

Stemphylium .ê.P• 

Borgstrom (1955) reported that on arrival at factory fruit 

carries on i ts surface large numbers of micro-organisms. r-1oulds 

of the genera Aspergillus, Penicillium, ~1ucor, Rhizopus, and 

Sterigmatocystis and yeasts such as Saccharomyces, Torula are 

most common. Certain bacteria, such as Staphylococcus aureus, 

Bacillus termo, Bacillus subtilis, also occur in abundance. 

MICROBIOLOGY OF FROZEN FRUITS 

(a) Quantitative microbiology 

Preservation of food by low temperatures, although 

not new was in commercial use for more than 95 years, conse

quently refrigeration of foods has assumed new importance 

because of the gr eat improvements made in equipment and in the 
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technique of refrigeration processes. 

Low temperatures inhibit microbial growth, but frozen 

foods are not sterile in the same sense that canned products 

are, for they are not subjected to same temperature treatment. 

{Borgstrom, 1955; Prescott and Tanner, 1938). One factor which 

the food technologist should not overlook is that all bacteria, 

yeasts, and fungi even of the same species, will not behave 

alike at low temperatures. At the freezing temperature many 

are killed, but sorne surely survive (Prescott and Tanner, 1938). 

Berry (1946) and Hartsell (1951) have reported similar species 

variation in resistance to low temperatures in pathogenes. 

Prescott, et al. {1932) reported that yeasts and moulds are 

especially sensitive to low temperatures. In vegetative stage 

bacteria and fungi are sensitive to low temperatures, this 

effect is not always immediate and may require long periods of 

freezing temperature (Borgstrom, 1955), and one decisive factor 

is the freezing temperature, as reported by Prescott, et al. 

1932; Swift, 1937 and Haines, 1938. 

Prescott, et al. (1932}; Haines (1934) reported 

that yeasts and moulds from berries and vegetables were espec

ially sen si ti ve to low temperature. They, hov·1ever, reported 

that soil bacteria, \'lhich survived the freezing temperatures 

in nature were not very susceptible to cold. Moulds are 

particularly resistant to low temperatures; they are able to 

grow even at -6.6°C (20°F), Diehl, et al. 1934; Berry, 1934. 

Russian investigators also came to the conclusion that moulds 
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can deve1op at lower temperatures than other micro-organisms 

(Panassenko and Tatarenko, 1940). 

Smart (1937) reported a 99% reduction in microbial 

content of fresh blueberries by storing at freezing tempera

tures for seven months, but there were sufficient numbers of 

bacteria, yeasts and moulds viable in the frozen berries to 

cause spoi1age in the thawed berries in a short time at room 

temperature. Regarding general microflora of the frozen 

fruits and vegetables, pronounced decreases in number are ob

tained, varying with such factors as the nature of the product, 

temperature, and the type of container (Prescott, et al. 1932; 

Berry, 1933a). Haines (1938) reported that freezing is bacteri

cidal to greatest extent if it takes place slowly and the 

products are afterwards stored at a comparatively high temper

ature. These findings are quite contrary to the demand of 

modern freezing technique, which dictates a rapid freezing and 

subsequent storage at lower temperature. 

Ear1iest experiments on the effect of freezing upon 

suspensions of bacteria were those of Park (1901), where he 

froze suspensions of typhoid bacilli in distilled water at 

-5°C (23°F) and sterilization of the suspension required 22 

weeks. Prescott (1931) reported a reduction in number of 

bacteria frozen in tap water in ice trays of an ordinary 

refrigerator. McCleskey and Christopher (1941) reported that 

Staphylococcus aureus and sorne Salmonella species survived in 
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unsliced strawberries stored for 14 months at- 18°C (0°F). In 

the same paper they reported that temperatures higher than 

10°C (18°F) are more lethal to rnicro-organisms as the process 

of protein denaturation is less serious at lower temperatures. 

Death of frozen rnicro-organisrns may be ascribed to the denatur

ation and subsequent flocculation of the cellular protein 

(Borgstrom, 1955). This concept is in opposition to the idea 

that death is due to the mechanical action of the ice crystals 

since the death is most common at -2°C (28°F) where such intra

cellular crystals do not form because of the salt content in 

the cell (Weisar and Osterut, 1945), and the immediate death 

seems to result principally from the mechanical action of extra

cellular ice. An extensive investigation on the occurrence of 

micro-organisms in frozen berries was made by Wallace and 

Tanner (1934; 1935). They reported that the nurnber of micro-

organisms increased during pretreatment and packaging, but 

deminished substantially during freezing and storage. Magoon 

(1932) reported that at lower temperature
5

there is a very 

considerable reduction in count, but not complete sterilization. 

The viability of micro-organisms is greatly increased at low 

temperature, in food stuffs such as eggs , milk or juices, 

(McFarlane, 1940a, 1940b, 1941, 1942; Berry, 1932b, l932c, 1932d, 

l933b, 1935; Berry and Diehl, 1934). Smart (1934, 1935) 

reported in frozen strawberries a reduction of 99.3% in number 

of viable organisms after one year of storage. In spite of the 

high mortality rate, no less than 1,000,000 bacteria per gram 

of frozen berries remained. This high count after freezing 
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for such a long period can be attributed to initial high count, 

due to excessive handling, since the samples were taken from 

the processing line. 

(b) Qualitative microbiology 

Smart (1934) iso1ated 26 species of bacteria, yeasts 

and mou1ds from frozen strawberries, raspberries and cherries 

held at -9.4°C (15°F) for three years. Smart (1939) found 

the following micro-organisms repeatedly in commercially frozen 

fruits: 

Bacteria: 

Yeasts: 

Moulds: 

Achromobacter butyri 

Bacillus mycoides 

Bacil1us aterrimus 

Pseudomonas syncyanea 

Spirillum volutans 

Saccharomyces unisporus 

Saccharomyces exignus 

Aspergillus ..êl?.• 

Ivlucor ..ê..Q• 

Oidium .2.2.• 

Penicillium lill.• 

Rhizopus lill.• 

Bergy et al. 

F1ugge 

Lehman and Nelli~an 

(Ehrenberg) Iviigula 

(Ehrenberg) 

Jorgensen 

Pess-Hansu 

Nickerson (1950) found F1avobacterium, Vibrio, Bacillus, 

Cellu1omonas, Phytomonas, Pseudomonas, ~ücrococcus, Strepto

coccus (feacalis), I•Iycobacterilli'll, Staphylococcus, Leuconostoc, 
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Achromobacter, Alcaligenes, Aerobacter, Erwinia, and Sarcina 

from frozen foods. However, Smart (1939) isolated most 

frequently bacteria belonging to the genera Sarcina, Flavobac

terium, and Bacillus, from commercially frozen vegetables a 

result no doubt influenced by lower pH of fruits. Lochhead 

and Jones (1936) reported that bacteria were by far the most 

predominant organisms in frozen pack vegetables, whereas yeasts 

and moulds were relatively more numerous in acid fruits. In 

the same paper they reported that Micrococci and species of 

Flavobacterium withstand freezing better than other freeze

sensitive organisms. Hucker (1954) reported that the predomin

ating types of organisms on frozen vegetables are gram-negative 

rods, resembling the Flavobacterium estereoromaticum. Small 

number of the isolates belong to Achromobacter §Q• or to the 

species of Micrococcus. Berry (1933a) found that the growth 

of Cladosporium §Q• at -2°C (28.4°F) and Oidium ~· and 

Torula ~· at -4°C {24.8°F) occured on small fruits in non

airtight containers. In the same paper he reported isolation 

of Torula ~· after four weeks storage and Monila ~· after 

six weeks storage from strawberries packed in 50% sucrose 

solution held at -4°C. 

EFFECT OF pH ON MICROFLORA 

Bread and Clea ry (1932), reported that freezing temp

eratures, although not necessarily lethal to micro-organisrns, 
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may marked1y influence the action of deleterious agents present. 

There is an appreciable enhancement of the bactericidal effect 

of hydrogen ion at low temperatures. Smart (1939) found that 

defrosted vegetables became unfit for consumption in 24 hr at 

30°C, while the fruits, aside from being softened in texture, 

were still edible, he attributed this difference in spoilage 

to the difference in acidity. The high acidity of fruits 

inhibits the growth of bacteria, while the pH of most vegetables 

is within the growth range for micro-organisms. Smart (1934) 

pointed out that yeasts and moulds were relatively more numerous 

in acid fruits, as compared to non-acid fruits and vegetables. 

Berry (1932a) reported that the acidity of strawberries has 

a decidedly bactericidal influence although moulds and spores 

were relatively resistant. Stille (1943) reported that more 

yeast cells were killed by cold temperatures at a low pH than 

at a higher pH and the same author (1950) reported that this 

was true for all micro-organisms. 

According to Ko (1918), juices of half ripe fruit 

bas greater bactericidal power than juice from ripe fruit. 

Lüthi (1959) indicated that accelera tion of the death rate is 

also very greatly dependent upon pH, storage tempera ture and 

species of micro-organisms. It was pointed out that in apples 

and pears, malic and citric acids are the most common, while 

in ber ries citric a cid can predominate . Bach (1932) reported 

that the undissociat ed part of or ganic acids i s the a ct i ve 

factor in germicidal action and actual pH ha s little effect. 
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~cFarlane (1940a, 1940b) reported that frozen fruits 

and berries all have such a low pH that the substrate is 

unfavourable for most organisms that might be factors in 

spoilage during freezing. Douglas and Edin (1930) reported 

that apple juice with a pH of 2~0 killed Eberthella typhosa 

in 5-9.5 min, Salmonella paratyphi in three hours, and that 

Escherichia coli was not killed in 48 hr, Salmonella paratyphi 

in 24-30 hr, but Escherichia coli was not killed in 24 hr. In 

the same paper they reported that at pH values below 4.0, those 

bacteria, including the spore forming bacteria, which are not 

adapted to fruit juice, will not survive storage. Wallace 

and Park (1953a) reported that in frozen cherries and frozen 

cherry juice {pH 3.5) no organisms were found at the end of 

four week storage at -8°C or -17°C or - 40oc. An exceptional 

case was described by Wallace and Park (1953b), where the 
' 

formation of toxin in strawberry and raspberry preserves took 

place. McFarlane (1942) reported that mortality of both 

Saccharomyces ~· and Escherichia coli frozen cells was greater 

at pH 3.6 to 3.7 than at higher pH values. Lochhead and Jones 

(1936) reported that with the more acid products, strawberries 

and raspberries, increase in number of micro-organisms after 

defrosting was slight at 5-l0°C (41-50°F') but more pronounced 

at room temperature, though less striking than in the case of 

less acid vegetables, and in the same paper they reported that 

Coli-aerogenes types and anaerobie spores showed no indication 

of development in the fruit during the holding period. 
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E~9!1-1....QON1'M-II_N_A_r:rr.? _.AND _ _ p_~_TJLQ.9~l'J~ 

The literature of food microbiology contains ~any 

recorts on the effect of freezin~ and low temperatures for 

different lenv,ths of time on different pathogenic organisms 

and fecal contaminants. 

The oresence of ~~~he~icp~~ ~2J~ or other coliforms 

in a food product is considered as an index of fecal contamin

a tian. Burke-Gaffney ( 1932) , referring to ~9S..he..r._;i,ç_l.:!_i_?:_ ~.oJ..~ 

quoted Theobald Smith's statement, ''It is safe to infer that 

any organisr:1 so uniforr1allv present in the intestinal tract ••• 

reallv belon~s there, and that its nresence outside the intes

tines in the sail and water may be regarded as due to conta~in

ation v:i th feca l dischar c~~es of !:'.en or anüw ls 11 • The sar1e 

author in 1932 reryorted that such a statement may be applicable 

equall y \vell to the entera cocci, of the human and animal intes

tines, Kline (1935) substantiated this belief. Sherman (1937) 

stated that the oresence of enterococci should be attributed 

to survival r a ther than F-ro~~h. Slocum and Bayles (1941) 

reported that coliforms are ~ore abundant on the vegetables 

the edible portion of vvhich is in the .ground than on t hose the 

edible portion of which is above t he soil. 

Straka and James (1932, 1933, 1935), James (1933) 

and Wallace and Park (1933a, 1933b), re9orted t hat the s pores 

and t oxin of 9_1.-.• .9 .. ot~lin_um are not destroyed by f reezing and 

there is little danger of botulism from frozen foods if handled 
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properly and used immediately after defrosting. Allowed to 

thaw and stand for days at room temperature, however, foods 

containing spores of this organism may become dangerous. 

Prescott and Tanner (1938} reported that 99% of typhoid bacilli 

died when frozen in water, in the same paper they reported 

that there was little, if any, danger of typhoid from food 

substances frozen and stored at temperatures below 0°C unless 

the infection was massive. Prescott and Geer (1936) reported 

that very small numbers of Salmonella species and of 

Clostridium botulinum survive for periods of several weeks at 

temperatures as low as 20°C (4.0°F). They carried out experi

ments in which packaged spinach, heavily inoculated with detoxi

fied spores of type A Clostridium botulinum and found that at 

temperatures considerably below 10°C, no development of toxin 

was produced during the period of one month in either inoculated 

or uninoculated samples. At 10°C no toxin development occurred 

within a period of 31 days. The production of certain acids 

by other bacteria normally occurring in the food, were found 

by the same authors to delay, or in sorne instances to inhibit, 

toxin production at 20°C. The same fact was noted with fruits 

or vegetables having pronounced natural acidity. McCleskey 

and Christopher (1941), Feller (1933} and James (1932) have 

discussed the health aspects of frozen fruits and vegetables 

and they considered frozen fruits and vegetables were recog

nized potential carriers of disease producing bacteria. 
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ARTIFICIAL INOCULATION EXP:t;RIMENTS 

The fate of micro-organisms in frozen foods has 

been studied by n~~erous workers, incluàing Berry (1933a, 

1933b), Prescott et al, (1932), Wallace and Park (1933b), 

Wallace and Tanner (1935), and Smart (1939). McCleskey and 

Christopher (1941) reported that certain pathogenic bacteria 

inoculateà into sliced sweetened strawberries and held at 18°C 

(4°F) were recovered after varying periods of storage, as 

follows, Eberthella typhosa, six months; Staphylococcus aureus, 

five months; Salmonella aertrycke and Salmonella schottmulleri, 

one month; Salmonella paratyphi, was not recovered at any time 

from the frozen berries. Eberthella typhosa inoculated into 

unsliced but S\veetened berries vœ.s still present in small 

nurnbers after 14 months storage at -18°C. The death rate of 

Eberthella typhosa in strawberries held at room temperature 

was very rapid, and such that heavily inoculated berries were 

free of living germs after 6 hrs. Held at 5°C (41°F) the 

dea th rate was such tlnt about 98% were killed in one day and 

sterility reached in eight days. These results were substanti-

ated by Wallace and Park (1933a, 1933b). McFarlane (1942) 

insisted upon the importance of pH of strawberries in such 

stuàies. Kiser (1943) reported a quantitative study on the 

rate of destruction of an Achromobacter §E by freezing and 

found that during the first 300 hr of freezing at -28°C the 

destruction of Achromobacter §E was proportional to the number 

of viable organisms present, whereas during subsequent periods 
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no such relation existed, and total sterilization did not 

al1r.rays result. Tanner and Wallace (1931) reported that many 

frozen fruits and vegetables were not sterile even after 

storage at -16°C (3.2°F), although considerable reduction in 

the original numbers of micro-organisms was observed. In the 

same paper they reported that micro-organisms suspended in 

cherry juice and in strawberry juice, having characteristically 

low pH, decreased more rapidly in numbers than when in other 

menstura having a higher pH. Douglas and Edin (1930) and 

Scholz (1943) reported that pathogenic bacteria die off in 

apple juice within a few hours to a few days. Wallace and Park 

(1953a), reported that while the artificial infection of sour 

cherry preserves \dth colon-typhoid type bacteria showed that 

they could remain viable for only 4-7 weeks at this temperature. 

Prescott and Tanner (1938) reported that for certain strains 

or species of bacteria, hovrever, i t may ha pp en that if the 

material is not actually frozen solid the organisms become 

adapted to low temperatures after a time and slow growth may 

take place, increasing materially with the lapse of time, 

until the number of organisms may reach very large figures. 

While this is characteristically true in the cold storage above 

the freezing temperature, it is not likely to occur at lower 

temperature ranges. As a group pathogenic bacteria seem to 

have less resistance to freezing storage than common saprophytes 

(American Society of Refrigerating Engineers, 1946). 
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INFLUENCE OF ANTHOCYANII\ PIGMENT ON MICROFLORA 

B1ank and Suter (1948) investigated the effect of 

anthocyanin on pathogenic bacteria and reported that concen-

tration of 0.02 and 0.1 M had no bactericida1 action, and 

their work was substantiated by r.:andrik (1953). Masque1ier 

and Jensen (1953a, 1953b), studied the bactericida1 action of 

red wines and reported that the pigment isolated from grapes 

to be used in red wines were not bactericidal, in the same 

papers they reported that on hydrolysis, a fraction containing 

partially demethoxy1ated oenido1 {ma1vidin) had definite bacteri

cidal activity. ~msquelier and Jensen (1953a, 1953b) reported 

that as wine aged oenside (nia1vidin-3-monog1ucoside) was con

verted to oenido1 {ma1vidin), and the oenidol thus formed 

possessed a phenol coefficient of 33. Recent1y Masque1ier 

(1958) has stated that cyanidin and pelargonidin were not bacter

icidal. Pratt, Powers and Somaatmadja (1960a) reported that 

strawberry and grape anthocyanines were pelargonidin 3-mono

glucoside, cyanidin 3-monog1ucoside, and de1phinidin 3-monoglu

coside, and influenced the growth of E. coli and L. acidophilus 

in the presence of both pe1argonidin 3-monog1ucoside and de1-

phinidin 3-monoglucoside. Later Pratt, Powers and Somaatmadja 

(1960b) conc1uded that pelargonidin 3-monog1ucoside and de1-

phinidin 3-monoglucoside inhibited the growth of E. coli, 

5-desoxy-3-methoxy-apigeninidin ch1oride-4-methy1 ether, apigin

inidin-chloride-4-methy1 ether and pe1argonidin-3-monoglucoside, 

al1 inhibited the growth of Staphylococcus aureus. Jakov1iv 
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(1948) reported that in citrus juice as in strawberries there 

was every evidence to indicate the presence of specifie bacteri

cidal substances. 

~ŒTHODS 

The committee on microbiological examination of foods 

has developed methods intended to be used for the preparation 

of sarnples of frozen foods. The following in the SWMJary of 

the recommendation of the committee (American Public Health 

Association, 1946). 

"A rnechanical blendor (Waring-blendor, Turmix, etc.) 

should be used in the preparation of frozen fruit and vegetables. 

This conclusion has been arrived at after trying many different 

methods of preparation with frozen products. The mechanical 

blendor gives higher counts, but at any rate more uniform 

results are obtained. If the blendor is equipped with a variable 

transformer, it is advisable to increase the speed of the motor 

gradually to full speed. After blending allow the suspension 

to stand for 2-3 minutes to permit the foam to subside, and 

then make the further dilutions as des ired. Pour melted tryp

tone glucose extract agar (pH 7.0) cooled to 45°C (ll3°F) into 

the Petri dishes immedia tely, and thoroughly mix the dilution 

water with agar by gently rotating the plates in a figure of à 

motion with slight tilting of the Petri dish. Cool to harden, 
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and incubate at 32°C (90°F) for 4 days. It is of primary 

importance that the agar is poured immediately after the inoc

ulum is introduced, otherwise many bacteria will adhere to the 

glass and an inaccurate count will result." 

Goresline (1948), reported that in the preparation of 

samples of frozen fruits the package should be held at room 

temperature for 1 - 2 hrs before opening, in order partially 

to defrost the contents and then portions are eut from various 

parts of the contents of the package with a sterilized scalpel. 

However Borgstrom (1955) reported that samples for the bacteri

ological investigation from the thawed product are not preferred. 

If the product has thawed, the water frozen in the product 

melts, as does the water which is retained as a coating during 

the preparation, consequently this water contains more bacteria 

per unit weight than the product itself. Therefore, a propor

tionate amount of water must be sampled but this is very diffi

cult, hence sampling of an unthawed product is preferable. This 

recommendation was further endorsed by Nickerson (1950). 

Devereux (1932a, 1932b) reported an yeast extract 

medium for the examination of milk, which would permit earlier 

detection of milk of poor quality. Devereux and Etchells 

(1933) developed a yeast extract medium to be used in standard 

plate method for determining the total viable count in milk. 

The American Public Health Association (1958) recommended tryp

tone glucose yeast extract agar medium for the total plate 
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counts in frozen fruits. This medium differs from nutrient 

agar in that yeast extract and peptonozed mi1k are substituted 

for meat extract and peptone, and dextrose is added. Counts 

at the end of 24 hr incubation were on the average comparable 

to nutrient agar counts made at the end of 48 hr, resu1ting 

in a saving of 24 hr for the completion of the test. Also 

counts at the end of 48 hr were on the average 45% higher than 

similar counts on nutrient agar. Food microbio1ogists need 

a selective medium that favours the growth of lactic acid 

bacteria and at the same time, inhibits or prevents the growth 

' of all other micro-organisms. Recent descriptions of a 1iver 

infusion, sorbic acid medium (Vaughn and Emard, 1951, and Emard 

and Vaughn 1952) and "Tween 80" media by Rogosa, lv:li tchel1 and 

Wiseman, 1951, Evans and Niven, 1951 attained this objective. 

The former authors c1aimed that their medium for lactobacil1i, 

does not need autoc1aving and the heat necessary to dissolve 

the agar is sufficient to maintain the medium free of contamin-

ation for at least 6 months in the refrigerator. Briggs (1953) 

devised a practica1 medium for the growth of a11 varieties of 

lactobaci11i, a tomato juice agar \dth Tween 80 incorporated. 

The use of anethol and thymol in media to favour the growth of 

1actic acid bacteria ha s been described ôy lv~rthinsen and Vaughn, 

1958. The selective inhibition caused either by anetho1 or 

thymol was observed to be a function of concentration and was 

not enhanced by varying the pH value of the basal medium. The 

prospective usefulness of either of these compounds as selective 
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agents in the medium for isolation of lactic acid bacteria is 

restricted to conditions where these bacteria predominate. 

Slocum and Bayles (1941) stated that brilliant green 

bile 2% was slightly more efficient than standard lactose broth 

and much superior to ricinoleate broth as a presumptive medium 

for the detection of all coliforms. The results indicated that 

there is an advantage in the use of a combination of brilliant 

green bile 2% and standard lactose broth for the detection of 

coliforms in food products. Gehm and Heukelekian (1935) indi

cated that the eosin methylene blue smear plate method is 

satisfactory for direct rapid E. coli enumeration. The outstand

ing advantages are: 

(l) Confirmed results in 24 hrs. 

{2) Less work involved. 

(3) Medium cheaper and easy to prepare. 

(4) Less equipment required. 

(5} Gives counts comparable with those obtained with 

brilliant green broth. 

The direct microscopie count shows great promise as 

a quality control test for frozen food. This method was pro

posed by the cornmittee on Microbiological Examination of Foods 

(American Public Health Association, 1946). A great advantage 

of this procedure is the speed with which the test is conducted. 

A period of 15-30 min is required for the completion of various 

steps involved. The data obtained with the microscopie count, 
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hov:ever, must be properly interpreted. 'rhe direct count may be 

less accurate than the viable plate count when material which 

contains few bacteria is examined. However, the direct method 

will indicate whether or not the count is within a desirable 

range and this is adequate for sorne purposes. The culture media 

ordinarily used do not provide for the growth of certain types 

of bacteria which may be present in sorne food products in con

siderable numbers, such organisms may be detected with the 

direct microscopie count. The direct microscopie examination 

of food products is a tedious procedure and allovts no differ

entiation between living and dead cells. With sorne products, 

such as corn, due to the presence of starch, it is extremely 

difficult to detect bacteria. 

Burris' tube method is used primarily for determining 

the microbial content of milk, Burri (1928) and Cunningham and 

Andrews (1933). Details of the method are given in "Standard 

methods for the examina tion of the dairy products" (American 

Public Health Association, 1933). It provides a n inexpensive 

and relatively accurate procedure for determining the microbial 

content of f rozen and unfrozen (line samples) vegetables at the 

process ing plant level. Another obvious a dvantage of the Burri 

technique is that by va rying the medium and/or the incubation 

temperature it is possible to detect different types of bacteria. 

This i s particula rly usef ul "Ythen special contamination problems 

are encount er ed (Jones and Jean, 1959). 
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Wilson (1935) conducting researches concerning the 

accuracy and precision of bacterial counts in milk, summed up 

his work as follows: "It is impossible to avoid the conclusion 

that the bacterial count is an inaccurate and unreliable method 

of ascertaining the number of organisms in milk. The final 

result, which even with a standard technique is correct only 

within limits estimated at 90%, bears no constant relationship 

to the total number of bacteria, either alive or dead, in the 

sample. As a figure therefore, it possesses no special signi

ficance, and its value is purely relative." Wilson's work was 

carried out on milk, therefore the sampling error was probably 

not nearly so great as it would have been with certain other 

foods. Ziegler and Halvorson (1935) found that the standard 

plate count was more accurate and precise than the serial 

dilution method even when 10 tubes were used at each dilution. 

The standard plate count is more precise and accurate than the 

cotton swab technique and serial dilution described in "Recom

mended methods for the microbiological examina tion of foods" 

(American Public Health Association, 1958}. Bacterial counts 

are not precise and vary w~th the methods and media used. In 

general, the methods for bacterial counts on f rozen foods are 

very similar to those used for other food products, as des cribed 

in "Standard methods for the examination of water and sewage" 

(American Public Health Association , 1936). However, certain 

f eatures of the methods are modifi ed for best results. An 

incubation temperature of 25°C (77°F) was found to give higher 

bacterial counts on fro zen food products than either 20°C or 
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37°C. Petri dish cultures are incubated for 72 hr to obtain 

a maximum count when plating on nutrient agar. 

To differentiate between food particals and bacterial 

colonies, techniques such as surface swab and serial dilution 

(most probable number, decimal dilution) were used previously. 

Angelloti, et al. (1958) evaluated the cotton S\~b technique 

with reference to the recovery of a known contamination and 

the precision between successive recoveries of known contamin-

ation and they concluded that the swab technique gave low 

recoveries and low precision. Goetz and Tsuneishi (1951) 

reported that 2,3,5-triphenyltetrazolium chloride, as a compon

ent of bacterial media, facilitated the detection and counting 

of micro-organisms but Weinberg (1953) reported that 2,3,5-tri

phenyl-tetrazolium chloride was a gro\~h inhibitor of many 

organisms in concentrations as low as 0.04% and 0.05%. The 

ability of bacteria to reduce the 2,3,5-triphenyl-tetrazolium 

chloride to the insoluble, red coloured formazan could, there-

fore, not be utilized to obtain total counts if the indicator 

solution was incorporated into the growth medium (Weibull, 1953). 

With several food products, both after processing and in the raw 

sterile state, no reduction of indicator occurred when it was 

added to the product, and since 2,3,5-triphenyl-tetrazolima 

chloride solution is capable of diffusing through a thin layer 

of agar within a reasonable period of time the tetrazolium 

flooding technique was developed by Solberg and Proctor (1960). 

Incubated plates are flooded with 2 ml. of a O.l%aqueous solu

tion of 2,3,5-triphenyl-tetrazolium chloride and excess fluid 
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removed by inverting the plates. After 3-5 hrs. at room temper

ature, the colonies take up a distinct red colour, and are 

easy to differentiate from food particles. The tetrazolium 

flooding technique offers investigators in the food field an 

opportunity to obtain more accurate estimates of the actual 

numbers of bacteria present in many food products of low bacterial 

count. The data of Ziegler and Halvorson, (1935), illustrated 

the superiority of the plate count method over the serial 

dilution method when accuracy is desired and the flooding tech

nique with tetrazolium allows extention of the lower range of 

numbers in which the standard plate count is normally employed. 
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METHODS AND I~:'iA TERIALS 

SAHPLE SOURCES AND CHARACTERISTICS 

Strawberry and raspberry samples were collected from 

the plantation at Macdonald College with the cooperation of 

the Department of Horticulture. Strawberry samples were also 

collected from the Experimental Farm, Canadian Department of 

Agriculture, L'Assomption with the cooperation and assistance 

of Dr. St. 1\'Ia.rie. Both these plantations have commercial and 

experimental varieties under test, and from these four varieties 

of strawberries were collected from l1acdonald College, i.e. 

Sparkel, Valentine, Sangua and Premier, while nine varieties 

were sampled at L'Assomption, i.e. Sparkel, Redcoat, Early Dawn, 

Cavalier, Senator Dunlap, Grenadier, Pocahantas, Guardsman and 

Armore. The raspberry samples were taken from four popular 

varieties of this area, namely, Latham, Viking, Newburg and 

September. 

Strawberries were sampled at regular intervals from 

June 16th until the end of July. Raspberries were sampled 

from July 15th to August 15th. Records were obtained for mean 

daily temperature, amount of rainfall and hours of sunshine 

for this period of time at each station. 

Strav1berries from 1 'Assomption Experimental Farm were 

sprayed with a fungicide mixture of Captan and ~~lathion. The 

mixture consisted of 3 lb. of Captan per lOO gallons of water 

and one pint of r-1alathion per 80 gallons of wa ter. The 
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strawberries were sprayed on r~y 20th and again on the 2nd of 

June at a rate of 200 gallons per acre. 

~lETHOD OF SAlviPLING 

Samples were collected on alternate days, two varieties 

at a time, as far as possible, but times were changed to suit 

weather conditions. All samples were collected about 7.30 am 

and processed as soon as possible. Samples were collected 

either in round, half pint, wax paper containers made by Seal 

Right Canada Ltd or in 8 ounce capacity, sterile disposable 

plastic containers made by Falcon Plastic Company. The wax , 

paper containers were tested for sterility and 10 boxes were 

tested. To each container 50 ml of sterile distilled water was 

added then agitated for one minute and was plated on each of 

the different media used in this study, and incubated for 48 

hr at 30°C. The results indicated that the wax paper containers 

were sterile and fit for sampling the berries. 

Samples from L'Assomption were collected by their 

staff in small berry boxes and were transported back to the 

laboratory as quickly as possible. Medium sized berries were 

selected and transferred to the sampling containers. 

At Macdonald College the samples were collected in 

six containers pre-cooled at -l5°C in a pail insulated with 

fiber glass. Before sampling, the fiber glass pail was packed 
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with crushed ice to keep the contents cool. The sampling took 

about an hour and during this time the temperature inside the 

container rose to about 15-20°C. Sarnples were collected from 

six parts of each row of each variety. Two samples were taken 

from the two ends of the row, leaving about 1.5 ft to eliminate 

the "end effect" and four samples were collected from the 

remaining part of the rows. Berries from at least four plants 

were included in a sample and only medium sized berries were 

collected, since very small or very large berries affected the 

weight to surface area relationship, and thus would affect the 

microbial counts. Berries lying on the soil were not included 

and only berries on the top of the bedding were selected. All 

feasible steps were taken to avoid possible sources of contamin

ation, while sampling, but it was not possible to avoid the 

contaminating effect of strong winds. To avoid contamination 

by the picker, hands were Nashed thoroughly with cresol-soap 

solution and after picking every box, hands were wiped with 

alcohol and dried. The sample containers were not filled com

pletely to avoid compression on the berries by the lid. 

Samples were brought from the field and then placed 

in the cold room (16°C) until they were plated. Out of six 

boxes of a single variety, one box was used as the fresh sample, 

one was frozen at -17°C for 96 hr, one left at room temperature 

(25°C) for 48 hr, and two left in the refrigerator (10°C) for 

48 hr and 96 hr respectively. Samples could not be kept at 

room temperature for 96 hr, as there was always too much mould 
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growth and the samples were not suitable for microbiological 

assays. 

PREPARATION OF THE SAMPLE 

Each lot of fruit was sampled three times. Ten 

grams were weighed into a 100 ml beaker with a Petri dish caver. 

The beaker was washed previously with soap and water and dipped 

in boiling water for three minutes and inverted on a clean 

sheet of paper to dry. After each weighing, the beaker and for

ceps were dipped in boiling water as before. The 10 gm sample 

was blended with lOO ml of autoclaved distilled water in a 

Waring blendor. The speed of the blendor was increased gradu

ally with a variable transformer and then the suspension was 

allowed to stand for 2 min for the froth to subside (American 

Public Health Association, 1958). After each blending the jar 

was washed with cresol-soap solution and rinsed \dth sterile 

distilled water. Tests showed that this gave adequate sterility. 

These blended samples were then used for microbiological and 

other tests. 

Frozen samples were treated similarly but were 

weighed before thawing (Borgstrom, 1955 and Nickerson, 1950) 

and blended as described above. 



A . 

- 3'3 -
i 

QUANTITATIVE DETERl.VIINATION OF r.UCROORGANISI't!S 

The samples were assayed for a total number of 

bacteria. In addition special groups of micro-organisms were 

counted including lactics, yeasts, moulds and coliforms. 

Dilutions made as follows vTere used in the determinations. 

From the blended samples three dilutions of 102 , 103, 104 were 

made in distilled water. Aliquots were plated to give 103, 

104 and 105 dilutions as desired. After placing the aliquots 

into each of the plates, the melted and cooled agar media were 

poured immediately and after distributing the sample were allowed 

to solidify. The colonies were counted with the aid of a 

Quebec colony counter after three days incubation at 30°C. 

The three plates were counted that contained from 30 to 300 

colonies. 

Total numbers 

Total numbers were estirnated by plate counts on a 

medium containing the following: 

Tryptone (Bacto) ••••••••••••••• 5.0 gm. 

Yeast extract (Bacto) •••••••••• 2.5 grn. 

Glucose •••••••••••••••••••••••• 1.0 gm. 

Agar (Bacto) ••••••••••••••••••• 15.0 gm. 

Distilled water •••••••••••••••• 1000 ml. 

(Final pH adjusted to 7.0 before autoclaving ). 

This medium encourages the gro\~h of widely different types of 
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micro-organisms (mainly bacteria) and in replicate experiments 

gave relative results. 

Yeasts 

Yeasts were counted on potato dextrose agar ("Difco"). 

The reaction of the medium was adjusted to pH 4.5 before auto

claving as specified by American Public Health Association 

(1948). 

Lactic acid bacteria 

Freshly prepared tomate juice a gar was used for the 

estimation of lactics and contained: (Society of American 

Bacteriologists, 1957} 

Tryptone (Bacto} • • • • • • • • • • • • • • • 10.0 gm. 

Yeast extract (Bacto} •••••••••• 10.0 gm. 

Agar (Bacto} ••••••••••••••••••• 12.0 gm. 

Distilled water •••••••••••••••• BOO ml. 

Heat to 100°C and adjusted to pH 7.2 before 

autoclaving , then add 

Tomate juice • • • • • • • • • • • • • • • • • • • 250 ml. 

Tomate juice was taken from canned unseasoned tornatoes 

(commercial tomate juice preparations contain preservatives}. 

It was prepared by filtering juice from a can through cheese 

cloth, refrigerating overnight, filtering and then autoclaving 

to precipitate proteins. After cooling a nd refrigerating for 
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12 hr the preparation was refiltered and adjusted to pH 7.0. 

The tomato juice agar was not heated excessively as this 

destroyed its solidifying properties. A small amount of pre

cipitate appeared in the medium and this was dispersed through

out the medilli~ by mixing before pouring the plates and did not 

effect the quality of the medium. 

Moulds 

Moulds were counted on Sabouraud dextrose agar 

("Difco"). 

Coliforms 

This group of bacteria was estimated as described 

(Recommended methods for the microbiological examination of 

foods, American Public Health Association, (195$)) by the 

most probable number (MPN) method. Determinations were made 

by inoculating five tubes of each of the following aliquots 

(10.0, 1.0 and 0.1 ml) of a 102 dilution of the sample. The 

aliquots were added to suitable volumes of brilliant green 

broth ("Difco") tubed with Durham tubes included to show the 

presence of gas. After incubation at 37°C for 48 hr the number 

of positive tubes was compared to the standard chart (Recom

mended methods for the microbiological examination of foods, 

American Public Health Association (195$)) and the number of 

coliforms recorded. 
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TETRAZOLIUIVi FLOODING TECHNIQUE 

This method v-ms originally tested as a means of 

difîerentiating colonies from fruit particles (Solberg and 

Proctor, 1960). Each plate after incubation was removed from 

the incubator and was flooded with 2 ml of a O.l%aqueous solu

tion of 2,3,5-triphenyltetrazolimn chloride. The flooded 

plate was gently rocked back and forth and from side to side 

several times so that the entire area was covered by the solu

tion. The excess solution was poured off, the Petri dish cover 

replaced and the plate inverted and allowed to rernain at room 

temperature for 3-5 hr. The metabolizing bacterial colonies 

normally reduced the indicator solution within the first hour 

but the additional time was necessary to allow slower metabol

izing colonies to reduce the tetrazolium and this resulted in 

colour i ntensification within all the colonies. In counti ng 

the colonies the Quebec colony counter was found satisfactory. 

The method vras used for estimating total numbers and for 

lactics but was abandoned when repeated tests indicated that 

estimat ing the number of colonies before a nd after flooding with 

the dye gave similar results. 

DETERMINATION OF pH OF THE FRUIT 

The pH of the fruits was determi ned with a Beckman 

gl a ss electrode pH meter . In the beginni ng of the s tudy the 

pH determinations were made respectively on the whole ~t 
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suspension, on the supernatant, and on the sediment after centri

fuging. But in the latter part of the study pH determinations 

were made only on the whole suspension, since simultaneous 

comparative determinations by the three methods agreed and the 

whole suspension method was easier. The pH meter was stand-

ardized with pH 7.0 buffer. 

EXPERI~ŒNTAL INOCULATION OF RASPBERRIES WITH ESCHERICHIA COLI 

The inoculum of Escherichia coli (Mac No. 22) was 

grown in nutrient broth for 4$ hr at 37°C, the cells were 

centrifuged and suspended in normal saline (0.9% NaCl). The 

berries were placed on a clean sheet of paper and spread in an 

even layer, then the suspension of Escherichia coli in normal 

saline was sprayed uniformally over the berries with an atom

izer and covered with a clean plastic tray. After 3-4 hr at 

room temperature the berries were divided into three equal 

lots. One portion was treated as the 0 hr sample; one portion 

was placed in refrigerator (l0°C) for 48 hr; the third portion 

placed in the deepfreeze (-17°C) for 96 hr. The determinations 

of most probable numbers of coliforms were made by inoculating 

in brilliant green bile broth as described previously. 
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EXTRACTION OF ANTHOCYANIN PIGr.'ŒNT OF RASPBERRIES 

The anthocyanin in the present study was isolated 

from fresh raspberries. The raspberries 1-vere macerated in a 

Waring blendor and the pulp removed from the juice by pressing 

through cheese cloth. The pigment ltlas extracted following the 

method of Pratt, Pov1ers and Somaatmadja, 1960. To the fruit 

juice was added acidified (1% HCl) N-butanol; 2 parts to 1 

part of fruit juice. The pigment was extracted from the solvent 

into an aqueous phase by the addition of petroleum ether to the 

pigment-butanol solution. The aqueous phase vms separated 

and concentrated to thick syrup in a rotary evaporator at a 

low tenperature and used for various tests. 

DETEID,UNATION OF BACTERICIDAL PROPERTIES OF RASPBERRY PIGr.ŒNT 

The bactericidal property of the pigment was tested 

against Escherichia coli. The organism was grown in nutrient 

broth and seeded on Endo agar plates. The surface of the 

agar was dried by leaving the poured plate in the incubator 

at 37°C and then inoculum was spread uniformally with a glass 

rod. Filter paper dises impregnated with the pigment preparation 

were placed on the seeded agar surface and allowed to stand 

in the refrigerator for six hours, before incubating the plates 

at 37°C for 48 hr. The diameter of the inhibition zones was 

measured in millimeters. 
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COLLECTION AND I'-'1AH!TENANCE OF CULTURES 

During this study colonies were picked at random 

from the plates and isolated as a pure culture on the same 

media as they were growing initially. Then the bacteria 

'!flere maintained on nu trient agar ( 11Difco 11 ) wi th 0. 5% yeast 

extract (Bacto). The yeasts were maintained on Sabouraud 

maltose agar (nDifco") and the moulds on Potato Dextrose agar 

("Difco"). All the cultures were stored at l6°C in a cold 

room and transfers made every three months of yeasts and 

bacteria, whereas the moulds were not transferred. 
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RESULTS -----"·-· 

In this study 44 samples of strawberries and 23 

raspberry samoles were colledted. Data concernin~ the time 

of sampling, the variety, the source and ra infall are 

given in Table I. As outlined in "Methods" section these 

samples were taken to the laboratory and assayed for total 

numbers of microflora, fungi, yeasts, lactobacilli and coli

for~s. The examinations were perforned on the fresh 

(untreated) fruit and after storat;e at room temperature for 

4è hours; after storage at 10°C fo r 4è hours, and 96 hours; 

and after storage at -17°C for 96 hours. The individual 

data for each sample are given in the APpendix Tables I-V. 

The effects of these storage conditions on each ~roup in the 

microbial population are considered separately. 

NUiviBER OF MICRO-ORGANISMS ON FRESH STRAW13ERRIES AND RASPBERRIES 
- . - -.. ------ --·· - - - ----- ... _.., _ . ... . - .. . --~ .... - .. . - • • ~ _ ,_ ___ .. _'"' ... . 4 - • • ' • , . · - • ....... · ~ · .. - ....... ... - .... . - · - ·-· - - - -· · · - - --· - --· 

J1.1icrobiolo g;ical assay of strawberries from 

Ma cdonald College and Experimental Station, Canadian Depart

ment of A~riculture, L'Assomption indicated that the micro

bial content of different lots of fresh material varied 

over wide range. The average counts are .!Siven in Table II. 

The total microbial count on strawberries from L'Assomption 

was four times as high as on samples from ~iacdonald ColleP:;e 

(P <0.05) v-;hich might be expected considering differences 

in sanpling methods for the tv-ro si tes . The other groups of 

organisms do not vary s i gnificantly on the strawberries from 
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TABLE I 

INFORMATION CONCERNING INDIVIDUAL SAiviPLES OF 

STRAWBERRIES AND RASPBERRIES 

Total Rainfall 
Sarnple in the Last 3 
No. Date Variety Days (Inches) 

Strawberries from Macdonald College 

1 17/6 Sparkel 0.7 
2 21/6 Sangua 0.68 
3 21/.6 Premier " 4 22/6 Premier 0.4 
5 22/6 Valentine ft 

6 22/6 San gua " 7 23/6 Red coat 
8 23/.6 Sparkel 
9 23/.6 Valentine 

10 24/.6 Sparkel 0.58 
11 27/6 Premier 0.6 
12 27/6 Sangua " 13 27/6 Valentine " 14 2/7 Redcoat 0.12 
15 2/7 Sparkel " 16 3~7 Premier 0.02 
17 $ 7 Premier 0.08 
là 8'/7 Sparkel " 

L'AssomEtion ExEerimental Station 

19 21/6 Redcoat 0.67 
20 21/6 Cavalier " 
21 21/6 Senator Dunlap " 
22 21/6 Grenadier tl 

23 21/6 Pocahantas tt 

24 21/6 Early Dawn 1t 

25 27/6 Grenadier 0.63 
26 27/6 Armore tl 

27 27/6 Sparkel tt 

28 27/6 Cavalier " 
29 27/6 Early Dawn tt 

30 27/6 Senator Dunlap tt 

31 27'/6 Po cahan tas " 
32 27/6 Guardsman tf 

33 27/6 Redcoat " 
34 27'/6 Tenn Beauty " 



Sample 
No. 
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Table I (Continued) 

INFORivlATION CONCERNING INDIVIDUAL SAiviPLES OF 
STRAWBERRIES AND RASPBERRIES 

Date Variety 

Total Rainfall 
in the Last 3 
Days (Inches) 

L'Assom2tion Ex2erimental Station 

35 1/7 Guardsman 
36 1/7 Redcoat 
37 1/7 Sparkel 
38 1/7 Cavalier 
39 $/7 Grenadier 
40 8/7 Guardsman 
41 $/7 Senator Dunlap 
42 8/7 Early Da"tm 
43 $/7 Redcoat 
44 8/7 Sparkel 

Ras2berries from Macdonald College 

1 15/7 Viking 
2 18/7 Latham 
3 25/7 Viking 
4 26/7 Viking 
5 26/7 Newburg 
6 26/7 Viking 
7 27/7 Newburg 
8 28/7 Viking 
9 28/7 September 

10 2$/7 Lat ham 
11 29/7 September 
12 29/7 Newburg 
13 29/7 Viking 
14 31/7 Newburg 
15 31/7 September 
16 31/7 Newburg 
17 1/$ Latham 
là 1/$ September 
19 1/8 Lat ham 
20 1/8 September 
21 4/8 Lat ham 
22 4/8 September 
23 4/8 Newburg 

0.16 
tt 

If 

n 

0.56 
n 
ft 

tt 

" n 

0.5 
1.72 
1.07 

tt 

ft 

0.06 
tt 

" " n 
tt 

0.16 
n 
fi 

0.10 
" tt 

" 
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TABLE II 

MICROFLORA OF FRESH STRAWBERRIES AND RASPBERRIES 

Average Counts/Gram Wet Weight (Thousands) 
Total 
l'·iicrobial Lacto- Coli-
Count Fungi bacilli Yeasts forms 

Stra'!flberries from 
Macdonald College. 
(Average of là 
Determinations) 1542 666 241 805 0.010 

Strawberries from 
L'Assomption. 
(Average of 26 

6295 578 Determinations) 587 142 0.013 

Raspberries from 
Macdonald College 
(Average of 23 

176 760 Determinations) 900 490 0.0004 



two locations. "Captan" spray does not influence signifi-

cantly the func;al population of strawberries as show in 

Table III. The original fun~al ponulation was not signi-

ficantly different in numbers nor was there a significant 

difference after storage at room temperature for l~B hours. 

Raspberries carry a smaller population of micro-organisms as 

cor.mared to stra'!trberries (Table II). The results in Table 

II show that there is not a great difference in numbers 

between the nopulation of any of the groups of micro-organisms 

on strawberries and raspberries. 

EF'FECT OF STORAGE AT ROOM TEKPERATURE 
• ~.,.., • -·-· . .,,,, ,..,..,.. __ 4-·---·-w••• · •· •• ·---,.---·---.. .--• . -· ··--·-"'-

The results presented in Table IV show that total 

nl~ber of ~icro-organisms on strawberries and raspberries 

increases and the numbers belonging to each r,roup increase 

also, \I'Ihen held at room termerature for 1~8 hours. The 

results in Table III show that even "Captan" soraY does not 

influence the increase in fungal population of strawberries 

during this storage treatment. The pH of strawberries rose 

slightly durinn; this treatment from 3.3 to 3.5, whereas the 

pH of raspberries showed a slight decrease from 3.4 to 3.3. 

The raspberries carried comparativel~r fewer organisms than 

strawberries but demonstrated a similar increase in numbers. 

~F-~EC}'_ QF.. -~P.9.~~G~ __ A1 __ l_O_~c 

(a) 4..ét .... b9.l.lT_S ___ ~:t_g_:r_ag~ 

During this storage treatment the total number 

of organisms on strawberries and raspberries decreased 
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TABLE III 

EFFECT OF "CAFTAN" SPRAY ON FUNGAL POPULATION OF STRAWBERRIES 

Strawberries 
Sprayed "~:li th 
11 Captan". 
(L'Assomption) 
(Average of 26 
Determinations) 

Strawberries 
Unsprayed. 
(IVIacdonald 
College). 

(Average of 18 
Determina ti ons) 

Difference 

t Not s i gnif icant. p 

Count/Gram Wet 
Weight. Fresh 
Strawberries. 
(Thousands). 

567 

677 

11o* 

= 0.5 

Count/Gram V/et 
Weight After 
4S Hr at ( 25°C) 
Room Temperature 
(Thousands) 

S71 

SS$ 

17* 
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TABLE IV 

EFFECT OF STORAGE AT ROOM TElfœERATURE (25°C) 

Strawberries Raspberries 

Count/Gram 
Count/Gram 

Count/Gram 
Count/Gram 

Wet \'leight Wet Weight 
Wet Weight After Wet Weight After 
Control • . Treatment Control. Treatment 
( Thousands) (Thousands) (Thousands) (Thousands) 

Total 
Iücrobial 391$ 7343 900 1565 
Count 

Fungi 769 $$0 490 6$1 

Yeasts 191 345 176 2$3 

Lactobacilli 691 971 760 997 

Coliforms 0.011 0.015 0.0004 0.0006 
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TABLE V 

EFFECT OF STORAGE AT 10°C FOR 48 HOURS 

Strawberries Raspberries 

Count/Gram 
Count/Gram 

Count/Gram 
Count/Gram 

tl/et Weight Wet \'ieight 
vlet \'/eight A ft er Wet Weight After 
Control. Treatment Control. Treatment 
(Thousands) (Thousands) (Thousands) {Thousands) 

Total 
r--1icrobial 3918 2460 900 732 
Count 

Fungi 769 678 490 457 

Yeasts 191 147 176 140 

Lactobaci1li 691 506 760 622 

Coliforms 0.011 0.0042 0.0004 0.00015 



anpreciably (Table V) as did the numbers of each microbial 

group, except the numbers of fungi i ncreased significantly 

(P <0.001) on strawberries from lf~cdonald College. This 

increase can be explained by the use of "Captan" spray on the 

L'Assomption nlantation "•J'hile at Macdonald College nlants 

were not spraved. The average pH of strawberries and rasp-

berries i ncreased from 3.3 to 3.55 and from 3.4 to 3.5 

respectively. Rasnberries carried fewer organisms as corn-

nared to strawberries except for lactobacilli. 

{b) q6 hours storage ··- ---·-- ---·----- -~ . 

The data in Table VI indicate that the numbers 

of micro-organisms belonging to all the p;roups studied, 

decreased considerably after storage at refrigerator temper

atures for 96 hours. Cornparison of data (Table V and VI) 

showed that the berries carried fewer organisms after this 

storage treatment than at l0°C for 48 hours. The oH of 

strawberries and raspberries also i ncreased from 3.3 to 3.5 

and from 3.4 to 3.5 respectively. 

EFf~ÇK _Qt~_SIQ.~-(}~ ___ A_!__l3E~OW __ F:B.EE~NÇ_~~J~f~-~l\_T_UR~S 

The r esult s (Table VII) show t hat the numbers of 

micro-organisms (total count, f ungi, yeasts, l a ctics and 

coliforms) on berries decreased greatly , a s result of stor

a ge a t sub-freezing te:!1nerature (-17°C). The reduction 

vari ed from 62?~ of the yeasts to 90~~ of the coliforms, while 

the fungi a nd l a ct ics were each reduced bv 70%. After this 
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TABLE VI 

EFFECT OF STORAGE AT 10°C FOR 96 HOURS 

Total 
lvlicrobial 
Count 

Fungi 

Yeasts 

Lactobacilli 

Coliforms 

Stra'l."lberries 

Count/Gram 
Wet Weight 
Control. 
(Thousands) 

3918 

769 

191 

691 

0.011 

Count/Gram 
Wet \Veight 
A ft er 
Treatment 
(Thousands) 

1875 

398 

152 

454 

0.0017 

Raspberries 

Count/Gram 
\'let Weight 
Control. 
(Thousands) 

900 

490 

176 

760 

0.0004 

Count/Gram 
Wet Weight 
After 
Treatment 
(Thousands) 

628 

393 

119 

517 

0.00007 
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TABLE VII 

EFFECT OF STORAGE AT BELOW FREEZING TEMPERATURE (-17°C}. 

Total 
I'llicrobial 
Count 

Fungi 

Yeasts 

Lactobacilli 

Coliforms 

Strawberries 

Count/Gram 
\vet Weight 
Control. 
(Thousands) 

3918 

769 

191 

691 

0.011 

Count/Gram 
Wet Weight 
A ft er 
Treatment 
(Thousands) 

509 

231 

71 

208 

0.0011 

Raspberries 

Count/Gram 
Wet Weight 
Control. 
(Thousands) 

900 

490 

176 

760 

0.0004 

Count/Gram 
Wet Weight 
A ft er 
Treatment 
( Thousands) 

397 

326 

80 

309 

0.00007 
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'l'ABLE VIII 

CLASSIFICA'riOH OF LICRO-ORGANISES ISOLA'l'ED FRO~i FRESH ·- ..... ..... .... ___ .......... - ... -~-- --· ·- ----······-- .. ~ ·--·- --·- --------- - -· ,., ------· .. -·--- ---· -~ ---·--

AND FROZEN BERRIES ----. _,_ ' -· . - --···---- -------·-··· 

A. STRA~ffiERRIES ----------------- ---.. _________________________ ;.... ___ __ __ .. _______ ... , ... -.. -.. ----- ....... - ··· ---..... · ·- -~- .... -.... ·--··----

Fresh Fruit Numbers Frozen Fruit Numbers 

BAq_TE_RIA BACTERIA 

Bacillus cereus var. 
··· ffiic..9_:i:_~e~--- ·---·· 9 

f. J__a_y9_1?.~ ç~ _e_r_i~ P,_i .fJ~_s_~lll 4 

~).=_qg)j._g_~p.e ~ .. ::3..2.P.. 2 

As:tt~.9..:'TIY.,Ç§_S ST?. 1 

§_piril_l._~ §2.12 

YEASTS -------
§g._c ffia.r_o_m_y~ e .ê. §l2.R 

fJafl?.~_D..':l_lg l?.P.l?. 

Picq_~-~- .ê.E 

§chi A_o_s_a cc .h.~ T.Q.l2!Y.f J3§. .§.P. 

2 

2 

1 

6 

2 

l 

1 

7 

5 

Bacillus cereus var. 
·-!n"i~2l~EL~---· .... -·-

f1AY..9 ba _C.~-e_~:l_U]t! 4_i_f:_f,lt_S_1.!rll 

YEASTS -----

!i_~D-~-~I}Ula . . ~.P..E. 

Pichia sn 
-·-·-··-·- • •. :..o;.. 

S chi z_p sac_charOlJ!YS:..§l..§. §B. 

Candtda. _§J)...P. 

FUNGI - ----

l 

6 

1 

5 

2 

3 

1 

1 

2 

7 

9 
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TABLE VIII (Continued) 

CLASSIFICATION OF NICRO-ORGANISI·:IS ISOLATED FROM FRESH -.. ·- --- ·----- ----·--- •. ~fNb·- ·F"ROZE-NBE1UiïËS .. . - -··---··. ··-··-- -·- . -· 
··--·----- ---·· - ·----

A. STRAWBERRIES -· ·--
---·-·· ·- ·--·---· ··-·--· - ·-- ·-· --··---·-·- ___ ., ___ ... ___ ____ -·---··- ····-- --·------·- ·-

Fresh Fruit 

FUNGI 

AJ t~rna.r..t.ê: .êJ?.P. 

Qos12_or~ §.JP 

C1a_qQ_~norj.um §.R 

f.uêg~.m .:?21?. 

P. a ç 1J]. i l:ll!l .2Q 

Numbers 

4 

2 

1 

4 

1 

Frozen Fruit Numbers 

FUNGI -···---·-
A1ternaria ~F..P. 4 .. _., .. .. - ·-· .... ... --. ·-- · 

9..9..§.P.9I.é! §J?.. 1 

Ç.l_a_do3porium .eM 3 

Fusarium 
· ~ · .. ··- ·· ·---··· ... .... _p_pp 4 

···-- --·· ---- ----··--·- - ·-·-----.. ·-- ···---·- -·--- .. -----
Fresh Fruit 

BACTERIA ---
Baci11us cereus var. 
----œJ.c-2f~.~e~ .. -- -

f~?-Y.9_Qaq_t~r.iu.m ?..P.Q 

~..9-~J.no_~Y.~~-~ .s.J?. 

Sarcina su -- -·- . -·-··· ~ 

Numbers 

2 

2 

1 

1 

1 

1 

Frozen Fruit 

BACTERIA 

Numbers 

2 

2 
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TABLE VIII (Continued) 

CLASSIFICATION OF ~:;ICRO-ORGAfUSI'-:3 ISOLATED FROI··I FRESH 
-----------·--·-- -------------Af,rb--FROZËf.rBËRR1ES -------------

B. RASPBERRIES 

---------· ----- --·- -··--· -· -------·- ·--· ---·-····----·· --·----------·----
Fresh Fruit 

YEASTS 

ê_§l_~c_h_a.romy_c_e_~ §ill?. 

g_?nA~_da -~-ill?. 

FUNGI - ----·--

Penicillium snn - - ··· ... ·- ···- --·- --· 
!)._l.Y~.J:l)aria É'Jill. 

Oospo_ra ..êJ2 

Clados-oorium sn -

Numbers 

5 

5 

8 

8 

5 

1 

1 

3 

Frozen Fruit 

YEASTS 

Candi~ J3_p 

FUNGI 

P_~__gJ.cJ.]J:..i.~. ~P. 

0 0 s J2..Q.!'_~ §.P. 

Al !-_~r_rg_ria .ê.EP. 

Nu.rnbers 

1 

1 

1 

1 

1 

1 

3 
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treatment the pH of the stra1..-vberries drooped from 3.4 to 3.1 

and from 3.4 to 3.2 in rasDberries. Co~~ercially frozen, 

unsliced and unsugared berries from the local markets were 

also assayed, and the results showed that the total numbers 

of micro-orp;anisms and the m.L~bers of the other groups of 

organisms were so low to be of any si~nificance. 

CLASSIFICATION OF f:.tiCRO-ORGANISNS ISOLATED FROr-1 FRESH AND 
FROZEN BERRIES----------··------·--·-···-------··----· -- - ·-.. - _, ___ ... ___ _ 

Pure cultures of organisms were isolated and 

bacteria classified according to Bergey et al. (Bergey's 

Manual of Determinative Bacteriology, Vlilliams and T;l]illiams, 

Baltimore, Seventh Edition, 1953), yeasts were cla ssif ied 

according to Lodder and Kreger-Van Rij (The Yeasts, A Taxon

omie Study, Interscience Publishers, New York, 1952), and 

fungi according to Gilman (A r.Ianual of Soil Funp:i , The Im·Ta 

State College Press, Ames, 1945). 

The results in Table VIII gives the names of 

or,ganisms selected at random f ro:'!l fresh strawberries. Amongst 

the bacteria, F)-_a..Y.QP.§...C_t_e_r_i~J'!l .ê .. :9P, !3~5?~)._lu~ ~~:r-~1.!..~ var. ~y_soides, 

?..?_~_cina _e_pD, and _S..Q:Lr.UJ:ul'l! _S.P.Q vre re the most cornmon. The 

yeasts isolated included S'i_c_ç_h_g_!.9.!P:Y~~~ _s_pp, H.§.n_s_~rgila .~.E.Q, 

E:içh:ta S 'Cl and S~h_i_zg~ac_cJ!.~J:9!.!1Y_c_8..§ 9.2• The fungi isolated 

were speci es of A~2~~~ll~~,_Penicil~i~, Alte~n~~~~ ' pos~o~, 

.Q.~_a_d.Q_s_pg;ri~!]!_ , fusa rium and p_a c_!-.YJ:L.':l:ll!· The bacteria from 

f roz en strawberries were classified as Bacillus _ç_er~ va r. 
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isolated belon~ed to the same genera as those found on fresh 

strawberries but in addition C~nftida §2P were isolated from 

frozen strawberries. The fungi isolated were species of 

Asper~~llu_~, Pe~jci)JiQ~, A~~~rnaria, Oospora, Cladosoorium 

Fresh raspberries carried bacteria (Table VIII) 

Two speci es 

of yeasts were isola ted, Candid~ and Sa,s..c]laro!1}YCel:!_. The funp;i 

were classified as species of Q_kc?:9. .S.P.or:i.~. and Oosoora. 

Frozen r a spberries, carried onl v two s pecies of ba cteri a, 

ëa:r:PJ.DÊ-. and fJ_avgb?-cterium and four species of yeasts namely, 

Çan_q._i.c!_q, ê._ç_hizo_s§:_ç_~.r.P.I!!YS~_s_ , Hans!3n1:!l~ and Pi_c_l)ia while 

three species of fun r;i were isola ted, !\J._!..ernaria, peni çill:Ll.WI. 

and Oospora. 

RE_L_A_'l'_IOE§.HJJ: __ B~-T.~;Eli_f:IICI_t_O_FJ._QRA _[\j'ill_ __ V }\jt_I_~TJ •. OF_~yiT 

The results presented in Figs . I, II, III (Appendix 

Table VI) indicate the variety of the berries has little 

influence on the ~icrobial popula tion of strawberries and 

raspberries. All groups of organisms behave the sa~e way 

under all the storage conditions s tudied on t hes e varieties, 

however, minor differences are appa rent eg . the initial load 

varies considerablv; the effect of storage a t room temperatur e 

on t he numbers of fun~i s hows a Y>l.arked i ncrease with sorne 

vari eties a nd a very small increase with ethers, etc. These 



- S6 -

FIG. 1 

EFFECT OF STORAGE ON THE MICROFLORA OF INDVIDUAL VARIETY OF SMALL FRUITS 
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FIG. tt 

EFFECT OF STORAGE ON THE MtCROFLORA OF INDIVIDUAL VARtETY OF SMALL FRUITS 
A. STRAWBERRIES (CONTINUED) 
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FIG. Ill 

EFFECT OF STORAGE ON THE MICROFLORA OF INDIVIDUAL VARIETY OF SMALL FRUITS 

B· RASPBERRIES 
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data indicate that these varieties behave differently as 

regards their microbial flora but the tests are too limited 

to demonstrate the si~nificance of this difference. 

INFLUENCE OF RAINFALL ON THE TOTAL HICROFLORA OF STRAw1lERRIES ÏUJDRASPBËiiRÏEs··. -·-· . . ... . . .... . -·· -··· ... - · ·--·--- ·- - -- .. ·-· ---- --··-· ··-. - --· 

The data nresented in Figs. IV and V indicate that 

the amount of rainfall bears no exact relationshin to nicro-

bial Population of strawberries and raspberries. 'rhe re sul ts 

shm".'ed that the splashing and \•vashinr; effects of rain corn-

pensa te each other l'l)"i th strawberries, 1:1hereas in raspberries 

(Fig . V) washing effect is more apparent. The splashinf: 

effect is more :narked in strm.vberries, \vhenever two success-

ive rainfalls are separated by a dry spell. 

ARTIFICIAL INOCULATION OF RASPBERRIES WI'l'H ESCHERICHIA 
Q_d].:t·· ··n:~jÇë# .2.2)" ·- ·· · - · - ··-··----·- · ····· ··· ·· · ·· · · · ·· -=,·~c·:.: .. ~:~.-.:.-:::··==== 

The results Fi~. VI (Appendix Table VII) showed 

that 56~la of the ~s_ch~r:Lc_h_i_a _c_o):i were nonviable after hold

ing the berries f or 48 hours at l0°C, while 86% were non

viable after stora~e at -l7°C for 96 hours. 

BACTERICIDAL PROPERTIES OF THE ANTHOCYANI N PIGIŒNT OF RAsPBE1{R.IEs· ---···-- ···--····--- ·-· ---·-- ···-- ··-·----·---· · ·-······- - -····· · ---·-
·- --·-- ---· 

Endo a gar (Difco ) plates seeded with Escherichia 
. . . .. ·- ·· ··- . - - . . 

coli (Ea c (} 22) showed (Plate I) that after incubation at 

37°C f or 48 hours, very distinct zones of i nhibit ion were 

produced around f ilt er paper dises impregnated vrith extra cted 

·oip;ment. The diameter of the inhibition zones varied f rom 
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FIG. IV 

EFFECT OF RAINFALL ON TOTAL MICROFLORA OF STRAWBERRIES 
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FIG. V 

EFFECT OF RAINFALL ON TOTAL MICROFLORA OF RASPBERRIES 
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FIG .VI 

ARTIFICIAL INOCULATION OF RASPBERRIES WITH E. COLl 
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Plate.l. Bactericidal property of Anthocyanin pigment 

(A) pH of the pigment extract 3.8 

(B) pH of the pigment extract 6.8 
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24mm to 30mm. This property of the pigment is greatly influ

enced bv the pH of the preparation, as shmm in Plate I 

the acti vi tv of the n igment is lost v.;hen the ·oH is raised 

to 4.0 but is active below pH 3.5. 
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DISCUSSION ___ ,,_, __ - ---··-- ..... ~· .. ~ 

The results of this study indicate a wide vari-

ation in the nicrobial content of fresh strawberries and 

raspberries, due to their close proximity to soil, weather 

conditions and other sources of contamination, these results 

are substantiated by the nrevious workers Lochhead and Jones 

(1936) and IvTundt {1950). Numbers of micro-orp_:anisms on 

strawberries varied from 1.5 to 6.2 million ner gram wet 

weight and these figures are higher than those obtained by 

Berry {1934) and Iilagoon {1931). Quantitatively raspberries 

carried fe"v'ler micro-organisrr_s than strawberries, which may 

be attributed to the 1atters proximity to soil, and this did 

not influence any particular ~roup of or~anisms. Rasnberries 

carried a •:';reat number of fungi, an observation ".vhich do es 

not support Oliver and Rend1e (1934), who c1aimed that fungi 

were never found on raspberries. Numbers of rnicro-or8anisms 

on strav'lberries increased after rainfal1, this finding is 

sv.bstantia ted by nrevious work (I·'iundt, 1950) , whereas the 

numbers of micro-organisms decreased when ever the dry spell 

\'ll'as short between the periods of rainfal1. This indicates 

that washing and sp1ashing affects of rain cornpensate each 

other. Conversely, the numbers of micro-organisms on rasp-

barries decreased after r ainfall, which was a constant 

feature and cou1d be attributed orirnari1y to the wa shing 

affect of rain and their distance from soil in contrast to 
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strav.rberries. The numbers of micro-organisœs on straw-

berries from L'Assomption were significantly higher as corn-

pared to strawberries from !·:lac donald College, which may be 

either due to the influence of location, the 1:1ay the sarnples 

were picked, the mannuring of t~e plantation at L'Assomption 

or the cornbination of all these factors. It was observed 

that the variety of the berries influenced the microbial 

content of the fruit and tha t all groups or orp;anisms behaved 

the same way under different storage treatments. From these 

results no f. eneralization could be made, as to which variety 

is superior to the other. Results indicated an increase 

in nurnbers of t'tlicro-organisms on strawberries and raspberries 

after storage for 48 hours at room temperature (250C), due 

to ripening of berries and congenial conditions for the 

development of micro-or~anisms at this storage te~perature. 

This was supported bv previous work of Lochhead and Jones 

(1936) and Lüthi (1959). 

The numbers of micro-organisms decreased when 

berries were held at 10°C (Refrigeration) for 48 hours, 

except for an increase in the numbers of fungi on straw-

berries f rom Macdonald College. This may be attributed 

either to the condition of the berry plantation at f.,iacdonald 

Col lege, which vvas weedy, had infection of black root rot 

and was not sprayed by any fungicide, whereas the plantation 

at 1 'Assom?tion ha d no \•leeds , 'IllaS nore vigo rous and had no 

i ncidence of black root rot, and was sprayed \·.fi th fungicide 

"Captan". 
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Numbers of micro-organisns decreased considerably 

after 96 hours stora~e at l0°C (Refrigeration), which is 

connected with the prolonged action of low temperature 

(Borgstrom, 1955) and low pH of berries, apparentlv unfavour

ab1e conditions for organisms to deve1op. A great decrease 

in the numbers of rr. icro-organisms occurred when berries 

were he1d at -17°C for 96 hours, simi1ar resu1ts were ob

tained by nrevious workers (Park, 1901; Prescott and Tanner, 

193 8; Berry, 193 3a; Smart, 1934 and I:iagoon, 1932) • The 

reduction i n the numbers of ~icro-organis~s on berries after 

storas e at -17°C for 96 hours is attributed to sub-freezing 
r 

temperature and to the low pH of the berries. These con-

clusions a re substantiated by previous workers (Berry , 1932a; 

Beard and Cleary , 1932; NcFar1ane, 1940; Sti1le, 1950 and 

Lüthi, 1959). The resu1ts showed that storage at -17°C for 

96 hours reduced the pH of berries. Another fa ctor, is the 

presence of the bactericidal anthocyanin nigment in straw-

berries and raspberries. The bactericidal properties of 

anthocyanin ha ve been reported previously by Pratt et al. 

(1960a; 1960b). Organisms surviving storage at subfreezing 

temper ature may be members of soecies which a re extreme1y 

psychrophi1ic as renorted bv Prescott et al. (1932) and Haines 

(1931~). The results showed that the microbial population of 

frozen berries main1y consi sts of ba cteria belon~inv, to 

genera Fla ~ob~_g_ter.J:E!Yl , sarci.n_é! and '!3.9-c~~1us; yeasts be1ong

i ng to gener a Sacch"\).J'O_qi.YQes_, Ftall§..§_!lUl.~, Ca_!fdi_cJg a nd P~.~hj..§:. 
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and func;i belonged to genera A~_e_r:g:J:ll~~, P.l ternarié!, 

Penicillium and Fusarium. These results are substantiated --·-·----- -------
by the previous workers (Nickerson, 1950; Hucker, 1954; 

and Smart, 1934). 

Storage of artificially inoculated raspberries 

with ~. ~li at 10°C for 48 hours and -17°C for 96 hours 

shov-;ed that 56% and 86~f of initial ~. coli content was non 

viable at these storage treatments, respectively. These 

results are substantiated by previous workers (McCleskey 

and Christopher, 1941). The results indicated that low 

tertnerature markedly influenced the deleterious action of 

low pH and anthocyanin pigment. Experiments ~dth anthocyanin 

pigment extracted from raspberries show that it had a bacteri-

cidal action a gainst ~~_c_he:r.ichia. _çpl~ and the results 

further pointed that bactericidal property of the pigment 

was lost as soon as the pH of the oigment extract was raised 

above ).8, the natural pH of the raspberries. These results 

suggested the influence of low pH on the bactericidal oro-

pertie s of anthocya nin pigment. The results show that low 

temperature, pH and anthocyanin pigment, exert their influ-

ence on microbial flora of raspberries and strawberries, apart 

from other factors such as the l ocation, condi tion of the 

plantation, the method of harvesting , fungicide sprays and 

storage treatments, ~rhich exert their influence on the 

microbial f lora of raspberries and strawberries. 
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The microbial flora of the smal l fruits, straw-

berries and raspberries, were investigated. Total numbers 

of micro-organisms and special groups, namely lactics, 

yeasts, fungi and coliforms were determined on the fresh 

berries and the berries after various treatments. The mi cro-

bial-content of berries was influenced by the location of 

the plot, by rainfall, and by the method of harvesting. The 

variety of the berries influenced the microbial content but 

the data were not suf:ficient to draw any f irm conclusions. 

Numbers of micro-organisrn s increased on strawberries after 

a r ainfall and decreased on raspberries, v-Jhich can be explained 

by the washinp; and splashing effects of the rain. Raspberries 

were found to have fewer micro-organisms than strawberries. 

Storage at room temoerature for 48 hours increased 

the numbers of micro-orr;anisms on bot h stra1...rberries a nd 

raspberries, while storage at l0°C for 48 hours and 96 hours 

decrea sed the numbers. Storage at sub-freezin~ tempera ture 

(-l7°C) f or q6 hours markedly lowered the numbers of micro-

organisms. Raspberries were artificially inoculated with 

E~ç_h_e..r..i_ç_lf_t.g_ coli but the numbers fell r aoidly after storage 

at 10°C f or 48 hours and -17°C f or 06 hours. The antho-

cvanin uig~ent extracted from r aspberries had bactericidal 

properties whi ch vvere influenced by the pH . At lovv- temper

atures, the a cid oH of ber ries and the anthocyanin pigment 
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have a decided influence on the microflora durin~ storage. 

Microbial isolates selected at random were classi-

fied and no particular group of organisss was predo~inant 

although after storage under sorne conditions sorne of the 

types appeared to be absent. Representative bactera, veasts 

and fun~i were identified. 
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Appendix Table I 

EFFECT OF STORAGE CONDITION ON THE TOTAL NUI•IBER 

OF MICRO-ORGANISMS OF SEALL FRUITS 

A. STRAWBERRIES FROM lf~CDONALD COLLEGE 

48 Hour Treatment 96 Hour Treatment 
Room Temp. 

10°C l0°C -17°C Sample Untreated (25°C) 

1 133 146 265 20 
2 1263 1670 1033 650 633 
3 1216 1360 4100 3000 92 
4 99 121 80 68 67 
5 106 150 90 75 74 
6 110 147 91 66 61 
7 112 135 96 83 90 
8 159 720 450 516 106 
9 990 1933 723 606 546 

10 221 281 188 160 176 
11 3430 4660 1560 900 1833 
12 5630 7760 4730 4060 2300 
13 8000 10200 6760 5230 2533 
14 316 356 243 156 173 
15 2830 4860 2900 3660 180 
16 2130 2760 3600 2000 165 
17 506 620 450 316 375 
18 520 723 406 353 266 

Mean 1542 2144 1375 1288 536 

(Counts/Gram Wet Weight, in Thousands) 
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Appendix Table I (Continued} 

EFFECT OF STORAGE CONDITION ON THE TOTAL NUNBER 
OF MICRO-ORGANISMS OF SMALL FRUITS 

B. STRAWBERRIES FROM L'ASSOMPTION 

48 Hour Treatment 96 Hour Treatment 
Room Temp. 

l0°C 10°C -17°C Sample Untreated (25°C} 

19 736 876 353 433 154 
20 173 227 153 144 41 
21 99 134 81 68 41 
22 69 300 663 121 6 
23 93 123 36 lOO 26 
24 36 43 260 136 7 
25 6300 9600 3950 8600 216 
26 1230 15000 4000 4600 90 
27 196 383 123 63 93 
28 7060 9830 5830 3700 49 
29 1900 3000 1500 900 1246 
30 2750 4000 9960 3700 760 
31 6400 8730 4400 3130 1680 
32 1246 1503 996 720 650 
33 183 183 130 93 104 
34 64 18860 400 69 54 
35 1960 2860 1400 1000 105 
36 2400 4730 18600 2200 197 
37 1560 6060 12860 11320 122 
38 28100 88000 2830 1860 706 
39 17530 38300 130 3000 713 
40 26030 37000 3260 2130 713 
41 2700 4900 2530 1330 118 
42 27060 42300 7900 6630 211 
43 18400 23300 6830 5900 1190 
44 4900 5860 3400 2100 2553 

I'-Iean 6295 12542 3545 2462 455 

(Counts/ Gram Wet Weight, in Thousands} 
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Appendix Table I (Continued) 

EFFECT OF STORAGE CONDITION ON THE TOTAL N~~BER 
OF MÏCRO-ORGANISIJ!S OF SrJIALL FRUITS 

c. RASPBERRIES FROM l•IACDONALD COLLEGE 

48 Hour Treatment 96 Hour Treatment 
Room Temp. 

10°C 10°C Sample Untreated (25°C) -17°C 

1 8000 10200 6430 5230 2533 
2 506 620 450 316 373 
3 336 523 166 133 217 
4 520 693 406 320 266 
5 593 806 383 350 340 
6 570 913 460 356 216 
7 620 923 516 430 35 
8 606 753 496 426 446 
9 620 883 513 436 410 

10 663 920 566 503 423 
11 533 733 673 610 326 
12 520 750 460 460 246 
13 626 873 503 496 350 
14 470 580 390 280 260 
15 950 1160 900 830 520 
16 210 310 150 106 140 
17 480 740 390 320 280 
là 230 340 186 171 154 
19 570 700 500 450 340 
20 1190 1850 950 900 690 
21 720 1630 620 480 340 
22 260 380 103 123 117 
23 916 2280 730 720 310 

Mean 900 1565 732 628 397 

(Counts/Gram Wet Weight, in Thousands) 
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Appendix Table II 

EFFECT OF STORAGE CONDITIONS ON N~lliERS 

OF FUNGI ON Slf~LL FRUITS 

A. STRAWBERRIES FROM J'.1ACDONALD COLLEGE 

48 Hour Treatment 96 Hour Treatment 
Room Temp. 

10°C 10°C -17°C Samp1e Untreated (25°C) 

1 21 29 13 14 10 
2 53 63 6530 270 206 
3 250 590 83 430 37 
4 463 620 236 263 239 
5 124 1~~ 110 81 82 
6 76 55 40 44 
7 38 54 27 16 23 
8 69 943 186 220 42 
9 913 1250 736 576 470 

10 74 104 54 42 47 
11 440 596 346 250 273 
12 1480 1646 1313 1236 760 
13 5660 6600 5030 3230 2123 
14 226 366 186 153 161 
15 290 366 335 383 161 
16 273 316 353 250 158 
17 870 1063 776 770 610 
18 88.3 116.3 786 59.3 52.3 

Mean 666 889 953 489 331 

(Counts/Gram Wet Weight, in Thousands) 
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Appendix Table II (Continued) 

EFFECT OF STORAGE CONDITIONS ON N~ffiERS 
OF FUNGI ON SMALL FRUITS 

B. STRAWBERRIES FROM L'ASSOMPTION 

48 Hour Treatment 96 Hour Treatment 
Room Temp. 

l0°C -l7°C Sample Untreated (25°C) 1ooc 

19 66 326 43 55 37 
20 75 127 60 43 12 
21 73 80 53 48 20 
22 39 41 23 10 14 
23 390 430 323 313 96 
24 13 21 0 0 10 
25 53 123 10 96 là 
26 lOO 250 0 153 l 
27 130 280 86 56 à3 
2à 253 370 170 113 166 
29 140 226 86 63 73 
30 563 580 136 llO 153 
31 420 640 316 186 166 
32 343 633 236 llO 160 
33 136 236 120 66 57 
34 10 71 80 176 l 
35 27 213 166 13 là 
36 183 866 132 340 193 
37 150 313 102 623 134 
38 lOO 263 806 416 ll 
39 790 936 170 143 8 
40 186 270 246 190 17 
41 1386 1503 170 53 2 
42 8300 12310 6400 4200 2180 
43 940 1003 410 326 26 
44 395 536 173 llO 263 

Mean 587 872 404 308 151 

( Counts/Gram \'let \veight, in Thousands) 
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Appendix Table II (Continued) 

EFFECT OF STORAGE CONDITIONS ON NUNBERS 
OF FUNGI ON Slf~LL FRUÏTS 

c. RASPBERRIES FRO!v1 r4ACDONALD COLLEGE 

48 Hour Treatment 96 Hour Treatment 
. Room Temp. 

10°C l0°C -17°C Sample Untreated (25°C} 

1 300 660 503 323 212 
2 870 1063 776 770 613 
3 320 493 156 llO 186 
4 883 1163 886 593 523 
5 893 1040 666 506 683 
6 870 950 720 636 580 
7 603 533 710 650 613 
8 760 863 590 536 550 
9 636 960 636 546 416 

10 723 870 636 546 446 
11 736 930 883 856 476 
12 260 333 226 220 163 
13 936 103 810 743 563 
14 220 310 170 130 130 
15 660 1320 650 600 470 
16 120 220 90 86 60 
17 180 240 140 120 70 
18 190 210 150 120 90 
19 190 270 170 130 80 
20 310 670 300 200 310 
21 470 1110 430 380 170 
22 130 200 lOO 116 58 
23 123 240 120 130 46 

Mean 490 681 457 393 326 

(Counts/Gram Wet Weight, in Thousands} 
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Appendix Table III 

EFFECT OF STORAGE CONDITIONS ON NUJ.\1BERS OF 

LACTOBACILLI ON SMALL FRUITS 

A. STRAvJBERRIES FROM ~lAC DONALD C OLLEGE 

48 Hour Treatment 96 Hour Treatment 

Room Temp. 
l0°C 10°C -17°C Sample Untreated (25°C) 

1 22 30 140 195 14 
2 39 lOO 300 293 13 
3 433 526 120 630 à3 
4 206 223 162 149 144 
5 189 217 158 136 93 
6 72 97 56 40 41 
7 32 33 25 16 13 
à 36 9à6 700 210 2à 
9 916 1660 703 600 416 

10 43 55 33 20 17 
11 443 580 320 230 323 
12 1226 1430 1373 903 516 
13 9230 12230 7760 6130 2660 
14 193 306 113 80 92 
15 323 430 356 1660 166 
16 196 360 413 180 160 
17 706 930 616 530 440 
là 310 486 306 250 180 

Mean 805 1148 758 680 299 

(Counts/Grarn Wet Weight, in Thousands) 
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Appendix Table III (Continued) 

EFFEC'l' OF STORAGE CONDITIONS ON NŒ·iBERS OF 
LACTOBACILLI ON SI11JALL FRUITS 

B. STRAWBERRIES FROI>1 L' ASSOiwlPTION 

48 Hour Treatment 96 Hour Treatment 
Room Temp. 

Sample Untreated (25°C) 10°C 10°C -17°C 

19 63 796 43 53 41 
20 35 65 21 10 16 
21 66 78 46 39 10 
22 196 83 30 243 25 
23 260 26 120 136 133 
24 à 16 100 0 10 
25 100 153 50 50 260 
26 650 250 0 250 473 
27 140 313 133 93 73 
28 400 543 260 170 263 
29 166 233 113 60 70 
30 1023 590 300 250 80 
31 760 916 553 400 340 
32 440 520 283 193 193 
33 180 246 123 93 97 
34 20 1900 36 25 1 
35 163 63 136 106 11 
36 123 643 235 236 170 
37 163 340 763 303 144 
38 10 1706 270 456 70 
39 706 1370 113 523 17 
40 306 4000 610 493 56 
41 8530 1650 960 476 6 
42 156 406 180 123 97 
43 2433 3000 636 573 74 
44 640 736 490 346 310 

Mean 578 794 254 228 117 

(Count s/Gram Wet Wei ght, in Thousands) 
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Appendix Table III (Continued) 

EFFECT OF STORAGE CONDITIONS ON Nffi.ŒERS OF 
LACTOBACILLI ON SiviALL FRUITS 

c. RASPBERRIES FROJ.\1 :VlACDONALD COLLEGE 

48 Hour Treatment 96 Hour Treatment 

Room Temp. 
10°C 10°C -17°C Sample Untreated (25°C) 

1 2230 12230 7760 6130 2660 
2 706 930 616 530 473 
3 273 426 153 150 150 
4 310 486 306 250 180 
5 373 523 296 223 310 
6 343 453 273 206 193 
7 380 493 253 196 205 
8 386 446 310 276 196 
9 403 510 340 256 236 

10 423 486 353 286 236 
11 376 486 613 573 256 
12 260 366 206 193 170 
13 390 473 326 313 190 
14 190 240 140 130 103 
15 480 570 330 280 220 
16 130 280 120 93 90 
17 260 360 220 190 170 
18 170 260 130 lOO 100 
19 170 230 150 120 80 
20 430 570 380 340 290 
21 670 1080 600 540 370 
22 660 150 56 66 43 
23 460 890 390 460 190 

Mean 760 997 622 517 309 

(Counts/Gram Wet Weight, in Thousands) 
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Appendix Table IV 

EFFECT OF STORAGE CONDITIONS ON THE Nill1BERS OF 

YEASTS ON S~~LL FRUITS 

A. STRA\VBERRIES FRŒ-1 MACDONALD COLLEGE 

48 Hour Treatment 96 Hour Treatment -
Room Temp. 

10°C l0°C -17°C Sample Untreated (25°C) 

1 4 6 86 126 3 
2 30 25 236 250 40 
3 273 1400 80 430 13 
4 116 146 92 80 72 
5 143 193 121 96 82 
6 69 97 53 44 34 . 
7 23 34 16 13 11 
8 79 520 233 16 33 
9 327 530 230 163 146 

10 70 79 51 41 35 
11 306 456 206 146 130 
12 1246 1663 1053 943 643 
13 813 1153 643 593 260 
14 106 240 63 56 53 
15 76 176 186 250 46 
16 100 166 203 126 43 
17 436 510 30 230 243 
18 126 256 lOO 66 76 

Mean 241 425 204 203 109 

(Counts/Gram Wet Weight, in Thousands) 
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Appendix Table IV (Continued} 

EFFECT OF STORAGE CONDITIONS ON THE NU1.fll3ERS OF 
YEASTS ON SMALL FRUITS 

B. STRAWBERRIES FROM L'ASSOMPTION 

48 Hour Treatment 96 Hour Treatment 
Room Temp. 

l0°C 10°C -17°C Sample Untreated (25°C) 

19 26 80 30 31 14 
20 41 120 30 21 10 
21 66 48 54 46 1 
22 400 420 0 63 0 
23 96 125 83 151 0 
24 21 6 10 10 0 
25 10 100 0 10 2 
26 0 200 0 20 0 
27 176 293 120 93 0 
28 173 303 106 66 70 
29 130 233 86 66 43 
30 623 55 33 56 136 
31 183 313 llO 86 53 
32 460 820 330 216 188 
33 150 257 123 90 53 
34 0 453 60 18 1 
35 133 10 113 86 5 
36 100 173 69 220 35 
37 0 10 10 343 0 
38 llO 1403 153 326 31 
39 10 80 66 llO 1 
40 153 550 306 196 21 
41 76 30 173 lOO 3 
42 73 113 40 33 20 
43 313 540 153 120 88 
44 183 303 96 76 90 

Mean 142 266 90 102 33 

(Counts/Gram Wet Weight , in Thousands) 
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Appendix Table IV {Continued) 

EFFECT OF STORAGE CONDI'l'IONS ON THE NUHBERS OF 
YEASTS ON S1~IALL FRUITS 

c. RASPBERRIES FROI~ MACDONALD COLLEGE 

48 Hour Treatment 96 Hour Treatment 

Room Temp. 
10°C 10°C -17°C Sample Untreated {25°C) 

1 813 1153 646 600 260 
2 436 510 300 230 243 
3 40 80 13 10 6 
4 126 256 100 66 76 
5 143 283 90 66 85 
6 123 280 86 50 36 
7 163 233 123 86 85 
8 136 186 106 86 89 
9 186 346 150 103 62 

10 136 200 106 86 78 
11 126 193 146 143 58 
12 53 116 60 66 27 
13 190 256 153 150 86 
14 43 100 26 23 30 
15 330 380 260 210 130 
16 33 100 30 10 16 
17 90 140 60 30 30 
18 170 320 140 120 60 
19 170 230 140 120 71 
20 420 620 340 300 210 
21 130 380 100 $0 76 
22 30 110 16 26 là 
23 0 160 30 86 12 

Mean 176 283 140 119 $0 

{ Counts/Gram Wet ~V'eight, in Thousands) 
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Appendix Table V 

EFFECT OF STORAGE CONDITIONS ON THE NUMBERS OF 

COLIFOR1v1S ON sr~lALL FRUITS 

A. STRAw'BERRIES FROM I•..::ACDONALD COLLEGE 

48 Hour Treatment 96 Hour Treatment 
Room Temp. 

l0°C l0°C -l7°C Sample Untreated (25°C) 

l 1.8 1.8 0 1.8 0 
2 0 0 0 0 0 
3 0 1.8 3.6 3.6 0 
4 0 0 0 0 0 
5 0 0 0 0 0 
6 0 0 0 0 0 
7 1.8 5-4 1.8 0 0 
8 1.8 3.6 3.6 0 0 
9 0 1.8 3.6 0 0 

10 0 0 0 0 0 
ll 1.8 0 0 0 0 
12 1.8 0 0 0 1.8 
13 1.8 0 1.8 0 0 
14 1.8 0 0 0 0 
15 1.8 0 0 0 0 
16 1.8 0 0 0 0 
17 0 0 0 0 0 
18 1.8 3.6 0 0 1.8 

Mean 1.0 1.0 0.8 0.3 0.2 

(M.P.N./Gram Wet Weight) 
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Appendix Table V (Continued) 

EFFECT OF STORAGE CONDITIONS ON THE NUMBERS OF 
COLIFORMS ON SMALL FRUITS 

B. STRAWBERRIES FRŒ,! L' ASSŒ-1PTION 

48 Hour Treatment 96 Hour Treatment 

Samp1e Untreated 
Roo~ Temp. 
(25 C) 10°C 10°C -17°C 

19 3.6 5.4 3.6 1.8 1.8 
20 1.8 1.8 0 1.8 0 
21 0 0 1.8 0 0 
22 0 1.8 0 0 0 
23 1.8 3.6 1.8 0 0 
24 1.8 5.4 1.8 1.8 0 
25 1.8 3.6 0 0 0 
26 0 1.8 0 0 0 
27 0 0 0 0 0 
28 0 0 0 0 0 
29 1.8 0 0 0 0 
30 0 1.8 0 0 0 
31 0 0 0 0 0 
32 0 1.8 0 0 0 
33 1.8 3.6 0 0 0 
34 3.6 5 ·4 0 0 1.8 
35 3.6 7.2 1.8 1.8 1.8 
36 0 0 0 0 0 
37 1.8 3.6 0 0 0 
38 0 0 0 0 0 
39 0 0 0 0 0 
40 0 0 0 0 0 
41 0 0 0 0 0 
42 1.8 0 0 0 0 
43 1.8 3.6 0 0 0 
44 0 0 0 0 0 

Mean 1.7 2.8 1.03 0.48 0.3 

(M.P.N./Gram Wet Weight) 
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Appendix Table V (Continued) 

EFFECT OF STORAGE CONDITIONS ON THE NU1JIBERS OF 
COLIFORr.'IS ON S!'-:1ALL FRUITS 

c. RASPBERRIES FROI'-I MACDONALD COLLEGE 

4g Hour Treatment 96 Hour Treatment 

Room Temp. 
10°C 10°c -17°C Samp1e Untreated (25°C} 

1 0 0 0 0 0 
2 .o 1.e 0 0 0 
3 1.e 1.e 0 0 0 
4 0 0 0 0 0 
5 0 0 1.e 0 0 
6 0 0 0 0 0 
7 0 0 0 0 0 
g 0 0 0 0 0 
9 1.8 3.6 0 1.8 0 

10 0 0 0 0 0 
11 0 0 0 0 0 
12 0 0 0 0 0 
13 3.6 5.4 0 0 1.e 
14 0 0 0 0 0 
15 0 0 0 0 0 
16 0 0 0 0 0 
17 1.8 1.8 0 0 0 
18 0 0 0 0 0 
19 0 0 0 0 0 
20 0 0 0 0 0 
21 0 0 0 0 0 
22 0 0 0 0 0 
23 0 0 1.8 0 0 

IVIean 0.4 0.6 0.15 0.07 0.07 

(M.P.N./Gram Wet Weight) 
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EFFECT OF STORAGE ON 'rHE 1'-IICROFLORA OF INDIVIDUAL VARIETY OF SMALL FRUITS 

A. STRAWBERRIES 

0 Hour Room Tempera- RefriTeration 
-17°C Variety Control ture. 48 Hr. (10°C 96 Hr. 96 Hr. 

11777 32685 1901 265 Total Count 
CAVALIER 142 253 190 63 Fungi 

148 773 212 116 Lactics 
108 608 137 37 Yeasts 

1849 3013 1699 306 Total Count 
SENATOR DUNLAP 674 721 70 58 Fungi 

l-' 680 772 255 32 Lactics 0 

246 68 59 49 Yeasts l-' 

7966 16066 3907 311 Total Count 
GRENADIER 294 366 83 13 Fungi 

334 535 272 100 Lactics 
140 200 61 1 Yeasts 

3246 4426 1615 853 Total Count 
POCAHANTAS 405 535 249 131 Fungi 

510 471 268 236 Lactics 
139 159 118 26 Yeasts 

2665 15114 2555 488 Total Count 
EARLY DAWN 2817 4185 1421 754 Fungi 

llO 218 61 59 Lactics 
74 117 36 21 Yeasts 

(Counts/Gram Wet Weight) 
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EFFECT OF STORAGE ON THE Iv1ICROFLORA OF I NDIVIDUAL VARIETY OF sr\lALL FRUI TS 

A. STRAWBERRIES 

0 Hour Room Tempera- Refri r eration 
-17°C Variety Control ture. 48 Hr. (l0°C 96 Hr. 96 Hr. 

1314 2379 2596 439 Total Count 
SPARKEL 251 466 255 157 Fungi 

209 422 384 81 Lactics 
89 205 126 35 Yeast s 

2334 2684 1592 998 Total Count 
SANG UA 536 599 515 336 Fungi 

445 542 412 190 Lactics l--' 

448 595 412 239 Yea st s 0 
l'V 

3032 4094 1970 1051 Total Count 
VALENTINE 2232 2664 1295 891 Fungi 

3445 4702 2288 1056 Lacti cs 
471 1027 395 139 Yeasts 

1476 1904 1256 506 Total Count 
PREMIER 459 637 392 263 Fungi 

396 523 343 230 Lactics 
246 525 202 lOO Yeast s 

3691 4930 1477 318 Total Count 
RED COAT 264 475 159 82 Fungi 

504 837 175 81 Lactics 
119 220 88 42 Yeasts 

(Counts/Gram Wet Weight) 



Appendix Table VI (Continued) 

EFFECT OF STORAGE ON THE IvTICROFLORA OF INDIVIDUAL VARIETY OF Sl'•IALL FRUITS 

A. STRAWBERRIES 

Variety 
0 Hour Room 'rempera- Refriferation 
Control ture. 48 Hr. {l0°C 96 Hr. 96 Hr. -17°C 

9745 13754 1283 489 Total Count 
185 372 104 65 Fungi 
303 1527 264 86 Lactics 
249 460 166 71 Yeasts 

G UARDS!'f.tAN 

1230 15000 4600 90 Total Count 
lOO 250 153 1 Fungi 

50 250 250 73 Lactics 1-' 
0 

ARMORE 

0 200 20 0 Yeasts w 

B. RASPBERRIES 

1776 2325 1160 671 Total Count 
VIKING 678 705 490 435 Fungi 

1822 2419 1220 594 Lactics 
238 368 160 92 Yeasts 

587 922 415 351 Total Count 
LATHAM 486 710 389 275 Fungi 

445 617 333 265 Lactics 
192 292 109 99 Yeasts 

(Counts/Gram Wet Weight) 



Appendix Table VI (Continued) 

EFFECT OF STORAGE ON THE MICROFLORA OF INDIVIDUAL VARIETY OF SII.tALL FRUITS 

B. RASPBERRIES 

Variety 
0 Hour Room Tempera- RefriTeration 

-17°C Control ture. 48 Hr. (10°C 96 Hr. 96 Hr. 

630 891 511 369 Total Count 
443 715 406 303 Fungi 
419 424 269 190 Lactics 

SEPTEf.1BER 

210 328 150 89 Yeasts 

554 941 391 221 Total Count 
369 446 287 282 Fungi 1-' 

298 465 212 178 Lactics 0 
~ 

72 165 56 42 Yeasts 

NEWBURG 

(Counts/Gram Wet Weight) 
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Appendix Table VII 

EFFECT OF STORAGE CONDITIONS ON ARTIFICIALLY INOCULATED 

COLIFORMS ON RASPBERRIES 

0 Hour l\'1PN % Reduced After % Reduced After 
Sample Co1iforms 48 Hours 

(10°C) 
96 Hour Stor-

No. (Thousands) Refrigeration age at -17°C 

1 17 53.5 90.0 

2 92 41.3 63.4 

3 160 42.5 78.2 

4 240 33.3 97.9 

5 920 61.9 98.9 

6 170 80.5 94.5 

7 160 42.5 66.2 

8 920 80.4 94.6 

9 540 68.5 90.92 

10 240 67.0 86.0 

11 350 62.8 93.4 

12 920 41.3 73.9 

Mean 394 56.2 85.6 
±16.1 ±12.2 


