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INTRODUCTION

ilie  production of black rasp b erries is an im portant industry  

in the State of Michigan; approxim ately 180,000 cases (No. 2) were 

p ro cessed  in the year 1949. This represented  about 80 per cent of 

the total p ro cessed  black rasp b erries of the United States (21). A 

substantial portion of the h erries for  freezin g  w ere also  grown in 

M ichi gan (21).

S everal shipm ents of canned and frozen  black raspberries  

w ere se ized  by the United States Government in 1949 and 1950 under 

the F ederal Food, Drug, and C osm etic Act (9). They w ere condemned  

as being adulterated because of e x c ess iv e  mold count. The p ro cesso rs  

were a d /ised  that canned or frozen  blac^. raspberries with high mold  

counts could not be shipped or sold  in in terstate com m erce. The 

requirem ents of the law  and the presen ce of high mold counts has 

posed a ser iou s threat to the black raspberry industry in M ichigan, 

and, as a resu lt, the production dropped to about 140,000 ca ses  in 

1 9 1 0  ( 2 1 ) .

P r o c e ss o r s  cla im  that the w eather conditions in M ichigan in 

1950 during the la tter part of the growing season  tended to be

1



favorable for the developm ent of mold on the fruit in the fie ld , thereby  

making it d ifficult to produce a product having a Eufficiently low mold  

count to m eet governm ent sp ec ifica tio n s . However, there is a conflict 

among investigators about the cause of a high mold count in the p roc­

e sse d  product. Ife lse l and E isenberg {13) believed  that poor quality, 

such as overripe cr decom posed black rasp b erries, resu lts in a prod­

uct having a high mold count. Fabian et a l . (8) stated that the p r e s ­

ence of a high mold count of 60 per cent per ten sam p les, or ?6 

per cent for one sam ple, is  not indicative of fruit decom position, as 

they found sound b err ies  that had a high m old count. They also r e ­

ported a relationship between the weather conditions during h a rv est­

ing the b err ie s  and the mold count. The mold count in creased  as 

the tem perature and hum idity in creased .

The author fe lt  that there was a need for further study to 

determ ine the factors that might influence the mold count of p rocessed  

black ra sp b err ies.

This investigation  was carried  out in the v icin ity  of Lawrence 

and K eeler, M ichigan. A study was made of the mold count at various 

stages of m aturity of the b e r r ie s , under different w eather conditions. 

The e ffect of different methods of washing the harvested fruit was 

studied a lso , and a study was made to determ ine the d ifferences that 

occur in the m old count when various dilution m ethods w ere used.



LITERATURE CITED

Molds are of econom ic im portance not only because of their  

value to industry and m edicine, but a lso  because of the damage they 

cause to food and other products. M olds, a group of the fungi, are 

m icroscop ic organ ism s, sim ple in m orphological structure, without 

differentiation of body into true roots, flow ers, or vascu lar bundles.

They are devoid of chlorophyll, and are distinguished by a branched 

network of filam ents o r  threads known as hyphae. M ost bacteria  

and fungi have rather specific  m eans by which they penetrate the 

host and rela te  th em selves to the host t issu e . They enter the host 

tissu e  through natural openings, through wounds, or by d irect p en e­

tration (33). B er r ie s , like other fruits and vegetab les, are naturally  

protected against m olds by a layer  of skin which has to be broken 

or d isso lved  before the nutrients inside the fru it becom e available 

to the organ ism s. S late, Braun, and Mundinger (26), and Fabian  

et a l. (8) reported  that m echanical injury of the skin of b erries is  

one of the m ost common m eans by which molds enter and cause  

decay. L oree (19) stated that soft b erries quickly break down and 

are attacked by m olds. A lternaria  hum lcola Oudemans and Cladosporlum



epiphyllum  P ersoon  w ere reported by Bene.ce (2) to be the m ost com ­

mon m olds found in black rasp b erries (Rubus occ id en ta lis). while 

P u llaria  sp ., Trichoderm a sp ., A spergillus sp ., Qospold sp ., M cnilla  

cp., and Mucor sp . were found le s s  frequently. In general, berry  

fruits such as ra sp b err ies, b lackberries, and dew berries are subject 

to attack by the sam e molds (11).

Among the factors affecting the germ ination of fungous spores 

are: (1) tem perature, (2) m oisture, (3) oxygen, (4) the hydrogen-ion

concentration, and ( 5 ) the v iab ility  cf the sp o res . The growth r e ­

quirem ents for fungi w ere review ed by L illy  and Barnett (18), Walker 

(33), Clayton (4), Dugger (7), and Lauritzen (17).

F actors that Influence the Mold Count in B err ies

Since, in the case  of black raspberries, the tem perature 

during the growing season  is  near the optimum for the growth 

of m olds, the m oisture required by m olds for germ ination may be 

supplied either by rain or by the soft m ature fruit, the air furnishes 

adequate oxygen supply, the hydrogen-ion concentration of the fruit 

is  sufficiently  low to be favorable for the growth of m olds, and as 

spores are ubiguitous in nature, it  is  d ifficult to produce b err ies  

free  from  m olds. Weather plays an im portant role in influencing



the mold count in blacr rasp b erries (8, 13, 28). The number of molds 

in b err ies  was found to be influenced by severa l factors , which are 

d iscu ssed  below.

T em perature. M icroorganism s which bring about decay of 

fruits and vegetab les are reduced in growth with the lowering of tem ­

perature ''elow the optimum. When these organism s are grown on 

suitable m edia over constant tem peratures, a correlation  is shown 

between rate cf growth and the tem perature. F or many, the optimum  

lie s  betw een 20° and 30° C ., while above and below the optimum, 

growth rates decline. When the tem perature is near the optimum, 

the enzym atic activ ity  and the rate of spore germ ination are increased

(21). Optimum tem perature and growth rates of a given sp ec ies  may 

differ on various substrates (36). The growing tem perature range 

A ltem a ria  solani is  from  a minimum of 1° to 3° C., to an opti­

mum of 26° to 28° C., and a maximum of 37° to 45° C. (18). H elsel 

and E isenberg (13), Fabian et a l . (8), and Steinkraus (28) have reported  

that mold growth in black raspberries was rapid at high tem peratures 

around 80°(±) F .

Humidity requirem ents for m old s. The spores of many sp ecies  

of fungi w ill not germ inate un less they are in contact with free  water.



Water is e ssen tia l to activate certain  enzym e sy stem s, to initiate 

other internal chem ical changes, and to in crease  the volum e of the 

germ inating spores of fungi (18). Spores of som e sp ecies of fungi 

are capable of germ ination on dry surfaces in an atm osphere of high 

hum idity, usually  95 per cent or above (18, 11). Others are capable 

of producing short germ  tubes under conditions of extrem ely  low- 

relative hum idity (18). Snow, Chrichton, and Wright (27) found the 

m eld growth on locu st beans, Scotch beans, bran, oats, bonem eal, 

and lin seed  caice in storage was m ore dependent on relative humidity 

than on m oisture content of the food, and at 75 to 100 per cent re la ­

tive hum idity the m olds grew rapidly. Fabian e t a l. (8), Steinkraus

(28), and H elsel and E isenberg (13) stated  that, in black rasp b erries, 

mold counts in creased  in humid w eather and warm tem peratures.

The form er two authors m entioned that mold counts in b err ies  w ere  

low in hot and dry weather. Steinkraus (28) stated that the mold 

count in black rasp b erries in creased  rapidly during rainy weather. 

Fabian et a l. (8) stated  that m oist weather favors mold growth by 

supplying w ater between the crev ices  of drupelets where the mold  

spores are lodged. A lso , they stated that the osm otic action resu lt­

ing from  the p resen ce of m oisture on the surface of the berries  

brings nutrients out of the ripe b err ies  for the growth of mold sp ores.



Increased  amounts of w ater into drupelets cau ses them to break dur­

ing handling, and a lso  fa c ilita tes  the breakdown of the skin of the 

drupelets by the enzym e system  of m olds. They found that, at the 

pea. of the black raspberry  p rocessin g  period, mold counts increased  

on b err ies  when the hum idity in creased  due tc rainfall. S late, Braun, 

and Mundinger (26) stated that during wet seasons many grow ers 

are troubled with fruit rot and various m olds, such as Botrytis sp ., 

Fusarium  sp ., and A ltem a ria  sp ., which m ay cause the fruit to rot 

just about the tim e that it becom es ripe. H else l and E isenberg (13) 

reported that a m oist environm ent along with warm tem peratures  

favored growth of m olds and other m icroorgan ism s which decom pose  

the b e r r ie s , and a lso  that the rains prevented picking the b err ies  at 

su ffic ien tly  frequent in terva ls , resulting in the fru it becom ing overripe  

and decom posing on the b u sh es. Darrow and Waldo (5) m entioned  

that rasp b erries becom e soft due to rainy weather, and are subject 

to decay by mold fungi.

M aturity of b err ies  and its  e ffect on mold count. It was re ­

ported by L oree (19) and Dodge and W ilcox (6) that soft b erries break 

down e a s ily  and therefore are attacked by m olds. H elsel and E isen ­

berg (13) stated that soft ripe black raspberries have higher mold  

counts than firm  ripe b e r r ie s . Fabian et a l. (8) found higher mold



counts in firm  ripe black rasp b erries in som e ca ses than in the 

b err ies  of m ere advanced stages of m aturity. Needham and F e lle r s

(22) reported that a m oderately high mold count might be obtained 

from  soft, m ushy, or  overripe blacr. b err ies which showed no v isib le  

evidence of mold. Darrow and Waldo (5) stated that soft, overripe  

b erries w ere attacked e a s ily  by fungi which caused decay of the 

fruit. Rendell (2.r;) reported that forty -eigh t hours was am ple, even  

under average w eather conditions, in Scotland for the raspberries to 

change from  a decidedly unripe state to one of m aturity or r ip en ess, 

and also  that the changes a ssoc ia ted  with ripening continued even  

fa ster  after the fru it was actually picked. He also  found that logan­

b err ies  ripened m ore quickly than other v a r ie tie s , and occasion ally  

changes w ere so rapid that b erries in red stage turned black and 

sh r ive lled  the next day.

E ffect of harvest on mold count. R aspberries, because of 

their perishab le nature, require very  careful handling. The m ost 

com m on cause of decay is  m echanical injury resulting from  c a re less  

handling during harvesting of the fru it (8). B err ies  injured or bruised  

in handling are subject to attack by mold fungi which cause decay (5). 

Special care should be taken to rem ove the b erries from  bushes 

without breaking or  crum bling them , and only a few  b erries should



be held in the hand at a tim e, to avoid hruising. The b erries should 

not be picked when wet u n less for im m ediate use , as they mold  

quickly, e sp e c ia lly  in warm w eather. Ripe b err ies  le ft on the bushes 

becom e soft and are certa in  to cause trouble in la ter pickings (19). 

H else l and E isenberg (13) stated that, with proper handling, the mold 

count of black rasp b err ies could be reduced, while Fabian et a l. (8) 

reported that proper handling of the b erries did not m ateria lly  aid  

in reducing the m old count. Loree (19) recom m ended harvesting of 

the raspberries on alternate days during the peak of the season . 

Darrow and Waldo (5) stated that picking of the raspberries m ust 

be done at le a s t  two or  three tim es each week, depending on loca lity , 

variety , and w eather conditions. H arvesting of raspberries may be 

required at le a s t  every  other day in hot or wet weather, and on every  

third or fourth day in dry regions of the W est (5). S late, 3raun, and 

Mundinger (26) stated  that under norm al conditions raspberries should 

be picked on alternate days; in very  hot weather, every  day; and 

once in three days if the w eather is  cool.

Holding of b err ies  and its effect on mold count. It was r e ­

ported by Dodge and W ilcox (6) that delay beyond a few  hours b e ­

tween picking and sa le  to the consum er affords an opportunity for  

the developm ent of fruit rots and m olds in ra sp b err ies. Loree (19)
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advised that b err ie s  should be kept out of the heat of the sun after 

they have been picked. H else l and E isenberg (13) stated that sound 

blacl rasp b erries picked during rainy weather could be held for a 

reasonable length of time without an appreciable in crease in the mold 

count. Fabian et a l . (8) found a highly sign ificant increase in the 

mold count of black rasp b erries by holding the b erries for various 

lengths of tim e under warm , humid conditions. Stevens and W ilcox

(29), wo r .ing with Rhi '.opus rot of straw b erries, found an in crease  

in decay cf ’ e r r ie s  that had been washed, and then dried by exposure 

to sunlight.

Washing and sortin g . It was reported by Steinkraus (28) that 

washing and sorting procedures during the processin g  operation of 

black rasp b erries helped in reducing the m old count. Fabian et a l.

(8) did not find sign ificant d ecrea ses  in mold count of the b err ies  

by washing them. Haynes and his co -w ork ers (12) found significant 

d ecrea ses  in mold count of straw b erries by treating them with water 

p ressu re  and d etergen ts. Howard (14) advised that proper sorting  

and washing procedures would help in reducing the mold count of 

tom atoes.
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Mold Counting

At the beginning of this century, the manufacture of various 

tomato products becam e com m ercia lly  important. As a resu lt, there 

were radical changes in som e of the manufacturing m ethods, which 

tended to produce a c leaner and m ore w holesom e product. For the 

purpose of giving the m anufacturer a means of comparing the various 

methods of handling the products, Howard (14) introduced a method 

for determ ining the quality cf a tomato pulp or catchup. He fe lt  that 

the p ro cesso rs  handled the product in such a way as to allow the 

decom position of the product by bacteria , y ea sts , and molds to occur  

at som e tim e during p rocessin g , though the m aterial might be r e la ­

tively  free from  decayed or  putrid m ateria l. P resco tt, Burrage, 

and Philbuck (24) and Darling and Bitting and Bitting (cited by Fabian 

et a l ., 8) c r it ic ise d  the procedures used. Their chief cr itic ism s  

concerned the following: (1) the d ifficu lties and sources of erro r  in

distinguishing between plant tissu es and m icroorgan ism s at low m icro ­

scopic m agnification; (2) only the rod-type bacteria  were counted, 

while the coccu s form s w ere ignored; (3) yeasts and mold spores  

were counted together, since they could not be distinguished from  

each other; and (4) the method fa iled  to distinguish between large  

m asses of hyphae and one hypha in the field . Bitting and Bitting



{cited by Fabian et a l .. 8) a lso  reported that no relation ex isted  b e­

tween the num ber of organ ism s and the decom position of the product, 

since the number of organism s was not always coincident with putre­

factive activ ity .

Many attem pts w ere made tc im prove the Howard method.

Vinci nt. (32) stated that the d irect method of counting bacteria  devised  

by P resco tt and Breed in 1911, which a lso  is described  in Standard 

Methods of B acterio log ica l A nalyses of Milk (APHA, 1916), elim inates  

the sources of error . The advantages of this method are: (1) the

b a c illi can be distinguished from  c o c c i or inert m ateria l, while doubt 

is  often encountered when using the Z eiss  counter; and (2) co cc i can 

be counted, since they are stained ea s ily  and can be observed when 

this method is used. B artere lli and M archelli (1) suggested  a m odifi­

cation of both the Howard and Vincient m ethods, in which the tomato 

product was diluted, filtered , and the filtrate  fixed  with a lcohol-ether  

and stained with B o effler 's  m ethylene blue before it was subjected  

to m icroscop ic  count. Another m odification of the Howard method 

was suggested  by M iller (20), in which the tomato pulp was boiled  

with Lioeffler’s m ethylene blue and Z ieh l-N ee lsen 's  carbofuchsin.

With this procedure the m icroorgan ism s are stained a deeper color  

than the tomato tis su e s , and in addition to this differential effect the
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com bination of the two sta in s facilita te  the differentiation of yeasts  

from  m old sp ores and b acteria . However, the sam e c r it ic ism s are 

valid for M iller 's method as for the Howard method.

Using the Howard mold count procedure on black rasp b erries, 

Stein .raus (28)  found that when the sam ples w ere diluted beyond a 

one-to-one ratio with pectin  solution there was a decrease  in mold 

count, but that this d ecrease  was not in d irect proportion to the dilu­

tion. The slope of the dilution curve was found to be greater if the 

initial mold count was higher.

Standards for  the Num ber of Molds 
Allowed in Food Products

The F ed era l Food, Drug, and C osm etic Act of 1906 states  

that a food product is  deem ed adulterated " if it  co n sists  in whole o r  

in part of a filthy, decom posed or putrid anim al or vegetable sub­

stance"  (31). F ive years after the enactm ent of th is act, Howard 

(14) introduced the f ir s t  standards for the maximum number of m olds, 

y ea sts , and bacteria  to be allow ed in tomato products; under this 

standard a tomato product was to be condemned if molds w ere p r e s ­

ent in m ore than 25 per cent of the m icroscop ic  fie ld s , tw enty-five  

yeasts and spores in 1 /6 0  m illilite r , or tw enty-five m illion  of b ac­

ter ia  per m illilite r . In 1916 this was m odified to perm it 66 per
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cent of molds in the m icroscop ic  fields (3); 125 yeasts and spores in

1/60 m illilite r , or one hundred m illion  bacteria  per m illilite r . Howard 

and Stephenson (15) showed there was a very  c lo se  relationship b e ­

tween the amount of spoilage of tomato products and faulty cleaning  

or superfic ia l sorting of the tom atoes. Tice (cited by Fabian et a l.,

8) stated that when tom atoes w ere properly handled the mold count 

was of greater  im portance in judging the condition of the product 

than the counts of other m icroorgan ism s.

According to FDA standards during 1931, the tomato products 

were lim ited  to 50 per cent mold count; in 1938 a change was made 

which lim ited  the m old count in tomato ju ice to 25 per cent. Stand­

ards for catchup, puree, and paste w ere changed to 40 per cent mold 

count and 15 per cent for tomato juice in 1940, but later in the 

sam e year FDA ra ised  the lim its  of mold count to 20 per cent for  

tomato ju ice, while retaining 40 per cent fo r  the other tomato prod­

uces (8).

Application of Howard Method to B err ies

Although the m old count procedure orig in a lly  was designed  

for tomato products, it has been used for a great number of foods, 

including red and black rasp b err ies. The application of the Howard



mold count method to b err ies  and berry products was f ir s t  suggested  

by Ifeedham and F e lle r s  (22). At the p resen t tim e an unofficial 

mold standard for black rasp b erries is  50 per cent, the sam e as for 

catchup. Fabian et a l . (C) suggested  that black rasp b erries, because  

of their structure, should have a standard of their own and should 

not be judged according to the standards of other products. They 

recom m ended 76 per cent m eld count if one sam ple was used as a 

representative cf a le t , or 60 per cent if at lea st ten sam ples were 

taken and averaged. H elsel and E isenberg (13) recom m ended that it  

should not exceed  10 per cent, even under adverse conditions.



EXPERIMENTAL PROCEDURE

During the season s of 1951 and 1952 from  farm s in the v ic in ity  

of Law rence, M ichigan, black raspberries w ere carefu lly  harvested  

and put in clean quart berry  boxes. Some exam ples were also  obtained 

at K eeler, M ichigan, during the season  of 1952. The harvested  b er­

r ie s  w ere taken d irectly  to the factory, transferred  to clean cans, 

covered , and frc /er i. Since the mold counts could not be made con­

currently with harvest, blac,-; raspberry sam ples obtained near Law­

rence were frozen  in the Lawrence F rozen  Foods fr eeze r , and those  

co llected  at K eeler w ere frozen  in the deep freeze  at Burnette Farm s  

Packing Company, and la ter  transferred  to Lawrence F rozen  Foods 

freezer . All the frozen  sam ples of black rasp b erries were brought 

by refrigerated  truck to the H orticulture Department of Michigan State 

College and stored at 0° F . until they w ere exam ined.

Experim ental Plan

1. E ffect of the stage of m aturity upon the mold count in 

black rasp b erries. Sam ples of black raspberries w ere harvested at 

the following stages of maturity:

16



(1) Shiny-black: F irm -r ip e , shiny-blac with occasional red  

drupelets. V ery sound fruit.

(2) Dull-black: Dull appearance, hairs m ore prom inent in 

crev ices  between drupelets than in the shiny-black stage, f irm er  than 

soft ripe fruit.

(3) Soft ripe: F ruit in very  advance stage of r ipeness.

(4) Com posite: Aggregate sam ple of a ll the above stages of 

m aturity.

2. E ffect of harvesting black raspberries after ra in fa ll. Sam ­

ples of b err ies  at each stage of m aturity, as w ell as a com posite  

sam ple, were co llected  from  eight different fie ld s . These w ere taken 

thirteen, seventeen , tw enty-four, forty-eigh t, and seventy-tw o hours 

afte r ra in fa ll.

Sam ples w ere a lso  co llected  from  ten different fields at each  

of the stages m entioned above when there had been little  or no rain  

for four days.

3. E ffect of shaking the b u sh es. Sam ples of each stage of 

m aturity w ere co llected  from  Logan and Cumberland v a r ie tie s . Then 

the bushes from  which these sam ples w ere taken, were shaken, and 

another se t of sam ples co llected .
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The mold count for each se t of sam ples was determ ined and 

a com parison was made between the number of molds in the b err ies  

of the two v a r ie ties  tested . A lso , a com parison between the resu lts  

obtained before and after shaking the bushes was made.

4. E ffect of holding black ra sp b err ie s . On July 17, 1952, s ix  

lots of dry black rasp b erries w ere co llected  from  six  different fie ld s , 

and each was divided into three portions. One was frozen  im m ediately, 

another after holding for s ix  hours at 76° to 78° F ., and the la s t  one 

after holding under the sam e conditions for tw elve hours. This trea t­

ment was repeated for b err ies  harvested  on July 21, 1952.

S im ilar  experim ents w ere conducted for black raspberries  

harvested  im m ediately  after rain on July 18 and 23, 1952.

5. E ffect of d ifferent m ethods of w ashing. Four sam ples of 

b err ies  from  three regular receip ts of a M ichigan food p ro cesso r  

were taken at the end of the season  in 1952 and subjected to three 

kinds of w ater-p res sure washing to determ ine the effect of washing

on the mold count of b e rr ie s . The fru it obtained from  a shaker-spray  

washing was tarcen as a control. The d ifferent washing treatm ents 

used w ere shaker and spray washing, shaker and sink washing, and 

shaker, spray, and sink washing.
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6A. C om parison of o ffic ia l m old count method with the m odi­

fied method. F or th is study, pulp of seven ty-five  sam ples of b erries  

was diluted with 3 per cent pectin solution in the ratio of 1:1 accord­

ing to the original Howard m old-count m ethod, and the per cent of 

mold in the m icro sco p ic  fie ld s in each sam ple was recorded. Then 

the m ixture of pulp and pectin solution was further diluted with 3 per 

cent pectin solution to 2:1, and the mold count in each sam ple was 

recorded.

6B. E ffect of dilution on mold count. Sixty-tw o sam ples of 

black ra sp b err ies  containing from  20 to 100 per cent m old counts, 

as determ ined by the m odified technique, w ere taken to study the e f­

fect of dilution with 3 per cent pectin solution on mold count of the 

b e r r ie s . The m ixture of black raspberry pulp and 3 per cent pectin  

solution made for observation of m old count was diluted with pectin  

solution to bring the ratio of pectin to pulp to 1:1, 2:1, 4:1, 6:1, 8:1, 

10:1, 12:1, and 14:1, and the per cent of m olds in the b err ies  d eter­

m ined at each lev e l of dilution.

A sum m ary of the experim ental plan is  given in Table I. The 

offic ia l weather data for July, 1951 and 1952, are sum m arized in 

Table II.
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TABLE I 

EXPERIMENTAL PLAN

Code
Sample

No. of 
Sam ples

Date of 
Sam ple 

C ollection
T re atments

Experim ent 1. E ffect of M aturity on the Mold Count
of B err ies

Experim ent 2a. E ffect of H arvesting After Rain at
Diffe rent Daily Intervals

IB a- J 40 7/13 /51 C ollected 1 day after previous 
harvest.

I3 a -2 40 7 /14/51 C ollected  2 days after previous 
harvest.

IBa-3 20 7/15 /51 C ollected  3 days after previous 
harvest.

IB a - 4 20 7 /16 /51 C ollected 4 days after  previous 
harvest.

Ii3a-5 20 7 /17 /51 C ollected 5 days a fter  previous 
harvest.

Experim ent 2b. E ffect of H arvesting After Rain at
D ifferent Hourly Intervals

IBb- 1 32 7 /15 /52 C ollected  at 13-14 h rs . after rain
IBb-2 32 7 /15 /52 C ollected at 17-18 h r s . after rain.
IB b -3 32 7 /15 /52 C ollected  at 23-24 h rs . after rain.
IBb-4 32 7 /16 /52 C ollected at 4 8 hrs. after rain.
IBb-5 32 7 /17 /52 C ollected  at 72 hrs. after rain.

Experim ent 3. E ffect of Shaking Bushes Before
H arvesting the B err ies

IC-1 24 7 /13 /51 Logan va r ie ty --n o  shaking.
IC-2 24 7/13 /51 Logan v a r ie ty --a fter  shaking.
IC-3 24 7 /13 /51 Cumberland v a r ie ty --n o  shaking.
IC-4 24 7 /13 /51 Cumberland v a r ie ty --a fter  shaking
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Code
Sample

No. of 
Sam ples

Date of 
Sam ple 

C ollection
Treatm ents

E xperim ent 4a. E ffect of Holding the B err ies
After H arvesting Wet

ID-A-1 6 7 /10 /52 C ollected after rain, frozen im ­
m ediately.

6 7 /23 /52 C ollected after rain, frozen  im ­
m ediately.

ID-A - 2 6 7 /18 /52 C ollected after rain, held for  6 
hours before freezin g .

6 7 /23 /52 C ollected  after rain, held for  6 
hours before freezing .

ID-A- 3 6 7 /18 /52 C ollected  after rain, held for 12 
hours before freezin g .

6 7 /2 3 /5 2 C ollected  after rain, held for  12 
hours before freezing .

Experim ent 4b. E ffect of Holding the B err ies
A fter H arvesting Dry

I-D-B -1 6 7 /17 /52 Dry b err ies  frozen  after 0 hours 
holding.

6 7 /21 /52 Dry b err ies  frozen  after 0 hours 
holding.

I - D - 3 - 2 6 7 /17 /52 Dry b err ies  frozen  after 6 hours 
holding.

6 7 /21 /52 Dry b err ie s  frozen  after 6 hours 
holding.

I -D -B -  3 6 7 /17 /5 2 Dry b err ies  frozen  after 12 hours 
holding.

6 7 /21 /52 Dry b err ies  frozen  after 12 hours 
holding.
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Date of 
Code No. of Z, ,

„ , „ . Sample Treatm entsSample Sam ples _ ,,C ollection

Experim ent 5. E ffect of Washing 

I E - 1 12 7 /18 /5 2  Control.
IE -2 12 7 /18 /52  Control + spray-w ashed.
I E - 3 12 7 /18 /52  Control + sink-w ashed.
I E -4 12 7 /13 /52  Control + spray-w ashed + sink-

washed.

Experim ent 6a. E ffect of Diluting Black Raspberry  
Pulp With P ectin  Solution

I3b 1 8 7 /15 /52  Com parison of officia l method with
m odified technique.

IBb 2 1 7 /15 /52
I3b 3 5 7 /15 /52
I3b 4 8 7 /15 /52
IBb 5 8 7 /15 /52
IDA 1 3 7 /23 /52

. 7 /18 /52
IDA 2 7 /23 /52
IDA 3 2 7 /2  3/52
ID3 1 2 7 /17 /52

7 /17 /52
IDB 2 5 7 /21 /52

7 /17 /52
IDB 3 5 7 /21 /52

IE 1 2 7 /18 /52
IE 2 4 7 /18 /52
IE 3 3 7 /18 /52
IE 4 2 7 /18 /52

HI 16
7 /18 /52
7 /22 /52
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Code
Sample

No. of 
Sam ples

Date of 
Sam ple 

C ollection
Treatm ents

Expe rim ent 6b. E ffect of Dilutions on Mold Count

With above sam p les. P ectin  so lu -
tion was added to bring the
ratio of pectin to pulp as 4:1,
6:1, 8:1, 10:1, 12:1, and 14:1.
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TABLE II

OFFICIAL WEATHER DATA FOR JULY, 1951, 
IN PAW PAW, MICHIGAN

Tempe rature Daily

Date P rec ip ­ P ersonal O bservation at
Max. Min, itation Law rence, Michigan
i° F.) <° f .) (inches)

7 /1 /51 74 53 0.25
7 , 2 /51 80 51
7 /3 /51 81 56
7 /4 /51 78 58
7 /5 /51 75 50 0.02
7 /6 /51 85 47
7 /7 /51 88 58
7 /8 /51 80 63 0.68
7 /9 /51 83 63 0.87
7 /10 /51 85 62 Hot and slightly  humid.
7 /11 /51 78 62 0.03 Light showers in the afternoon  

and heavy rain in the night.
7 /12 /51 77 58 0.10 Cool morning, show ers till noon
7/13 /51 82 56 Cool m orning, slightly  warm  in 

the afternoon- -no rain.
7 /14 /51 84 55 Warm day--no rain.
7 /15 /51 86 59 Hot sunny day, heavy dew in 

the night—no rain.
7 /16 /51 88 5 8 Hot sunny day, heavy dew in 

the n ight--no rain.
7 /17 /51 80 56 Cool in the m orning--w arm  day. 

Heavy dew in the night--no  
rain.

7 /18/51 87 60 Hot and humid day.
7 /19 /51 83 57 Hot and humid day.
7 /20 /51 80 46 Warm and humid day.
7 /21/51 86 63 Cloudy and cool day. Light 

show ers. Heavy rain in the 
night.

C lim atological Data (Michigan) W. S. Dept. C om m erce, 
Weather Bureau.
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TABLE II (Continued)

Tempe rature Daily
P r e c ip ­ P ersonal O bservation atDate Max. Min. itation Lawrence, Michigan

(° F.) (° F.) (inches)

7 /22 /£  1 84 58 4.85 Cool day. Showers in the m om  
ing. Cool night with heavy  
dew.

7/23/51 77 59 0.03 Cool day.
7/24/51 87 56 Hot and humid. Heavy dew in 

the night.
7/25/51 88 59 Warm and humid.
7 /26/51 89 62
7/27/51 85 65 0.91
7 /28/51 79 5 4
7/29/51 85 62
7/30/51 90 58 *

7/31/51 82 67 0.24
7 /1 /52 89 60
7 /2 /52 96 68
7 /3 /5 2 89 67
7 /4 /52 83 57
7 /5 /52 90 53
7 /6 /52 92 62
7 /7 /5 2 94 62
7 /8 /52 89 60 1.16 Light rain till 2:00 p.m. Then 

it was cool for  the re s t  of 
the day.

7 /9 /52 75 47 Slightly warm and humid.
7 /10 /52 84 52 Warm and dry.
7 /11 /52 85 61 Hot and dry.
7 /12/52 95 69 Hot and dry.
7 /13 /52 92 68 Hot and humid, cool and c lear  

night.
7 /14 /52 87 70 0.35 Cloudy, rained heavily  at 4:30 

p.m . and again from  5:45 
p.m . to 7:00 p.m.



TABLE II (Continued)
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Tem perature Daily

Max. Min. itation  
(° F .) (° F.) (inches)

7 /15 /52 7 3 63 0.40

7 /16/52 82 62 0.23

7 /17 /52 84 68
7/18 /52 89 72 0.85

7 /19/52 85 70 0.15
7 /20/52 92 68
7 /21 /52 90 77
7 /22/52 98 68 0.10

7 /23 /52 92 66 0.50

7 /24/52 84 53
7/25/52 86 55
7/26 /52 84 70 0.07
7 /27 /52 90 55
7 /28 /52 86 65 0.23
7 /29/52 78 47
7 /30 /52 77 55
7 /31 /52 77 45

P ersonal O bservation at 
Lawrence, Michigan

No rain was observed at K eeler, 
Law rence, or Benton Harbor. 
Cloudy in the morning. 
Slightly warm and humid.

Cloudy t il l  la te afternoon. Oc­
casional show ers between  
8:30 a .m . and 1:00 p.m .
Sunny from  3:30 p.m . till 
evening.

Warm and humid.
Rain in the m orning from  6:00 

to 8:00 a.m. ,  then warm and 
humid day. Slight drizzling  
at 3:00 p .m . Heavy rain  
from  4:30 to 11:00 p.m .

Cool m orning, warm and humid.
Hot and humid.
Hot and humid.
Hot and humid. Light rain in 

the evening.
Rain from  5:00 to 8:00 a.m . 

Warm and humid day.
Warm and dry.
Warm and dry.
Cloudy day.
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Methods of Procedure

The follow ing procedures w ere carried  out on each sam ple 

unless otherw ise stated.

Thawing of b e r r ie s . The cans containing black rasp b erries  

were kept in a container holding boiling-hot w ater. In this way thaw­

ing of b err ies  could be e a s ily  attained within fifteen  to twenty m in­

utes. All the sam ples w ere thawed in this m anner, and then pulped.

Pulping of black raspberry sa m p les . Sam ples w ere prepared  

for m icroscop ic  exam ination by pulping the b err ies  with a laboratory  

pulper* having screen  openings of 0.027 inch in diam eter.

Method for  m old counting. One part by weight of the black  

raspberry pulp was diluted with two parts by weight of 3 per cent 

pectin solution. The pulped berry  sam ples w ere exam ined for  mold 

filam ents by the A.O.A.C. O fficial method (23). All m old counts 

reported were based on exam ination of at le a s t  one hundred m icro ­

scopic fie ld s . This method was proposed orig inally  and adopted by 

H elsel and E isenberg (13), because the deep color and density of

C efaly laboratory pulper.
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pulp prepared from  fresh  and frozen  b err ies  made mold counting d if­

ficu lt when pure pulp was used.

The dilution technique describ ed  above is  a m odification of 

that described  in the Methods of A nalysis of A.O.A.C. (23), in which 

the pulp was diluted with equal parts of 3 p er  cent pectin solution by 

weight.

The a ir  bubbles incorporated during pulping of frozen rasp ­

berry sam ples w ere ea s ily  rem oved by adding sm all amounts of 

antifoam to the sam ple and stirring  thoroughly with a g la ss rod, 

although the a ir  bubbles in the sam ples could be elim inated if the 

sam ples w ere allow ed to se ttle  about thirty m inutes. Howard (16), 

working on the use of different instrum ents, while making a m icro ­

scop ical exam ination for mold in tomato products, found it better  

to use e ith er  a large or medium sca lp el with pointed end for  taking 

the test  m ateria l after stirr in g .

Preparation  of pectin so lution . A 3 per cent solution of apple

pectin (100 grade) was prepared. One hundred m illiliters  of the d is ­

tilled  w ater was heated in a beaker on a hot plate, and pectin was

added slow ly  in a sprinkling manner to the liquid, which was agitated

Antifoam m anufactured by Dow Chem ical Company.



sim ultaneously  with a g lass rod. A sm all amount of antifoam was 

added to the hot solution to avoid foam  form ation. After the solution  

was cooled, 5 m illilite r s  of 36 per cent form aldehyde per 100 m illi­

liter s  of solution was added to prevent any m icrobial growth in the 

pectin solution. This addition of form aldehyde was a slight m odifica­

tion of the method described  in A.O.A.C. (2 3).

Dilution method fo r  estim ation  mold count in the b e r r ie s . The 

dilutions of the sam ples w ere made gravim etric ally . F ifty  gram s of 

3 per cent pectin  solution was added to 50 gram s of black raspberry  

pulp in order to make a 1:1 ratio of pectin  to pulp. The sam e m ix­

ture was diluted further to the d esired  concentration by adding 3 per  

cent pectin  solution. When the pectin  solution was added to the black  

raspberry pulp, the m ixture was stirred  thoroughly to make it uni­

form . As the dilution in creased , the in tensity  of co lor  decreased , 

and it  was e a s ie r  to exam ine the sam ples fo r  mold count.



RESULTS

The tables presen ted  in the text sum m arize the original data 

which are given in the Appendix.

E ffect of Stage of Maturity of B err ies  on Mold Count

Berr ie s  that w ere harvested  in the shiny-black stage had an 

average m eld count of 4 . 0 ,  4.5, 5.5, 9.5, and 11.5 per cent for the 

tim e in tervals cf th irteen, seventeen , twenty-four, forty-eigh t, and 

seventy-tw o hours after rain, resp ective ly . The mean mold count in 

b erries for a ll in tervals was 7 per cent. The dull-black b err ies  

were found to contain an average of 10.3, 7.0, 13.5, 16.0, and 22.5 

per cent, resp ectiv e ly , for the sam e intervals with a mean of 13.9 

per cent; and the soft b e r r ie s , 35.8, 50.0, 47.3, 6 l .0 ,  and 59.3 per  

cent, resp ectively , for the sam e intervals,  with a mean of 50.7 

yer cent (Table III).

Exam ination of Table IV shows that, as the b erries advanced 

in m aturity from  the sh iny-b lack to the soft-b lack  stage, the mold  

count in creased . This in crease  was found to be highly significant, 

and can be explained by the fact that the skin of the advanced mature

30
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TABLE III

AVERAGE MOLD COUNT OF BERRIES AT DIFFERENT STAGES 
OF MATURITY, COLLECTED AT DIFFERENT INTERVALS 

AFTER RAIN, DURING THE 1952 SEASON1

Stages of M aturity

Hourly
Intervals

Daily
Intervals

13-14
<%)

17-18
v%)

1 day
(%)

2 days 
<%)

3 days 
(%>

Shiny-black ............................... 4.0 4.5 5.5 9.5 11.5

Dull .................................................. 10. 3 7.0 13.5 16.0 22.5

Soft ................................................. 35.8 50.0 47.3 61.0 59.3

C om posite sam ple . . . . 24.3 34.0 40.3 38.5 41.8

Mean value ............................... 18.6 23.9 2 6 .6 31.3 33.8

O riginal data in Table XII (Appendix).

b er r ie s  was e a s i ly  broken or  d isso lv ed  by the m olds, so that water 

and nutrients becam e availab le for  the growth of the mold. The 

com posite  sam p les w ere found to contain an average mold count of 

24.3, 34.0, 40.3,  38.5, and 41.8 for the periods of th irteen, seventeen , 

tw enty-four, fo r ty -e ig h t, and seventy-tw o hours after rain, with a 

mean of 35.8 p er cent. A verages for com posite sam ples w ere found 

to be always sign ifican tly  low er than that of the soft ripe stage , and
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TABLE IV

AVERAGE MOLD COUNT OF BERRIES COLLECTED AT 
DIFFERENT STAGES OF MATURITY, AND 

ANALYSIS OF VARIANCE

A verage Mold Count of
No. of S. D.IT L.

Shiny- 
Black  

<%)

Dull
(%)

Soft
(%)

Com­
posite

<%)

Sam ­
ples

r
Value

5% 1%

7.0 13.9 50.7 35.8 160 57.9** 3.7 4.88

Highly sign ificant.

higher than that of the sh iny- and dull-black stages (Table IV). The 

rate of in crease  in the mold count of the com posite sam ple was 

greater than the rate of in crease  in the soft b erries — the dull-black  

or shiny-b lack b er r ie s  (Figure 1). The shiny-black had the low est rate of 

mold in crease  with tim e, while the dull-b lack raspberries had the 

next low est rate of in crea se . The higher rate of m old in crease  

with tim e for the com posite sam ple may be the resu lt of m ixing the 

soft fru it--w h ich  have high m old counts--w ith  shiny-b lack and dull- 

black fru it having low  m old counts, and so giving the m old more 

surface area  and m edia to grow upon. A lso , it is  com m only be­

lieved  that the em p ir ica l methods for counting m old would give such
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results when soft fruit having high mold count is m ixed with fruit 

in other stages of m aturity containing a small  number of m olds.

Data obtained seem  to indicate that the soft b erries were r e ­

sponsible for the high mold count in the com posite sam ples.

Effect of Harvesting After Rain at D ifferent Intervals

Hourly interv a l s . For  this experim ent the sam ples were co l ­

lected  cn July Is, 1952. Examination of Table II shows that on July- 

12 and 13, pr icr  to the collection  of sam ples, the temperature ranged 

from 68° to 95° F. ,  with an average of 81° F . No rain fe ll untill 

the evening of the fourteenth. This period was not favorable for the 

germ ination and growth of mold spores.  After the rain on the four­

teenth, the tem perature ranged from  62° to 84° F ., with an average 

of 72° F . during the three-day period of sam ple collection . The 

humidity was high due to the rainfall, and weather conditions during 

this period seem ed  to be favorable for the growth of m olds.

Examination of Table V shows that the sam ples which were 

collected  thirteen hours after rain had an average of 4.0, 10.3, 35.8, 

and 24.3 per cent, resp ectively , for the shiny-black, dull, soft, and 

com posite sam ples.
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TABLE \

ANALYSIS OF VARIANCE OF THE MOLD COUNT IN BERRIES 
COLLECTED AT DIFFERENT INTERVALS AFTER RAIN1

Stage of Maturity
Ave rage Mo 1 d Count in

13
Ir  s .

17
hrs.

24
hrs.

4b
hrs.

Shiny-black ..................................... ... 4.0 4.5 4.5 6.9

D u l l -b la c k ............................................ 10.3 7.0 12.4 20.8

Soft-black ............................................. 35.8 50.0 61.3 61.4

Composite sam ple . . . . . . . 24.3 34.0 31.2 29.1

Total average .................................. 18.6 23.9 27.4 29 .6

Original data in Tables XII and XIII (Appendix)

*  Significant.

**  Highly significant.
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B erries {%)

72 , 96
his .  hrs,

120  
h r s .

No.
of

Sam ­
ples

Sam ­
ple 
F  

V alue

L. S. D.

5% 1%

9. 5 2.4 4.0 2.602* 0.52

16.3 2.4 4.0 3.02* 4,06

70.3 9.2 22.5 7.39** 7.82 10.38

46.2 4.8 8.4 75 6.11* 5.45 7.24

35.6 4.7 9.7



The next co llection , seventeen  hours after the rain, had an 

average of 4.5, 7.0, 50.0, and 34.0 per cent for the sam e stages of 

m aturity, resp ec tiv e ly . A nalysis of variance (Table V) indicated that 

there was no significant d ifference in the mold count of the shiny- 

black and dull-b lack  b err ie s  co llected  between thirteen and seventeen  

hours after rain, but that there were highly significant d ifferences in 

the soft-b lacl; and com posite sam ples. Black raspberries co llected  

twenty-four hours after rain had an average of 5.5, 13.5, 47.25, and 

40.25 per cent for  the sh iny-b lack , dull-b lack, soft, and com posite  

sam ples, resp ective ly . A nalysis of variance showed that there was 

no sign ificant d ifference between the mold count of shiny-black and 

dull-black b e r r ie s  co llected  tw enty-four hours after rain and those 

collected  th irteen  hours a fter  rain. There were significant d iffer­

ences in the soft and com posite sam ples.

The reg ress io n  curve (Figure 1) indicates that the number of 

m olds in black rasp b erries in crea ses  with the in crease  of time fo l ­

lowing rainfall. This was m ore noticeable for  the soft fru it and the 

com posite sam ples than for the shiny-b lack and dull-b lack fruit, 

where the in crease  was neglig ib le.

Day in terva ls. The average m old count in the black raspber­

r ie s  one, two, three, four, and five  days after rain was 27.4, 29.6,



3<i

36.6, 4.7, and 9.7, resp ectiv e ly  (Table V). A nalysis of variance  

showed that there w ere sign ificant d ifferences between the mold 

counts in b err ie s  after these in tervals (Table V). There was a 

noticeable in crease  in m old count of the b err ie s  up to the third day 

after rain; then the m old counts d ecreased  rapidly (Figure 2). It 

was observed  that sh iny-b lack  b err ies  took tw enty-four hours to reach  

the dull stage during the growing season , and another tw enty-four  

hours to becom e soft.  On this bas is ,  the m old count for the b err ies  

that w ere shiny black tw enty-four hours after rain in creased  from  

4.: to 20.8 p er  cent after forty -eigh t hours, which was the count for  

the dull-b lack , and to 70.3 per cent sifter seventy-tw o hours, which 

was the count for  the soft b e r r ie s . On the fourth day, they sh r iv ­

eled and dried up, and so w ere elim inated. The sam ples co llected  

on the fourth and fifth days represented  the fru its that w ere in the 

green and red stages during the rainy period, and so they matured  

under norm al dry conditions and m ight be expected to have low er  

mold count. The data obtained during the fourth and fifth days c o r ­

respond with data p rev iou sly  obtained during dry conditions.

From  the resu lts  obtained, the author fe e l s  that the b est tim e 

for harvesting the b err ies  in rainy w eather to get low m old count 

would be as soon as p ossib le  after  rain.
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E ffect of V ariety on the Mold Counts

Data obtained (Table VI) showed that the Hogan variety  b err ies  

had an average m old count of 12.7, 39.7, 87.0, and 79.7 per cent for  

the shiny-b lack , dull-b lack, soft, and com posite sam p les, respect i / e ly .  

The averages fcr  the Cumberland variety  w ere 12.0, 24.0, 67.7, and

5 3.3 per cent for the sam e stages of m aturity. The b err ies  of the

Logan variety  had sign ificantly  higher mold counts than of the Cum­

berland variety  at all the stages cf m aturity except the shiny-black  

stage (Table VI). The resu lts obtained seemed to indicate that the

Cumberland variety  b err ies  were m ore resistan t to m olds than the

berries  of Logan variety . T herefore, it would seem  that the Cum­

berland variety , or any other variety  which proves to be m ore re ­

sistant to m olds, should be grown in areas that have trouble with 

mold count in berr ies .

E ffect on the Mold Count in B err ies  of Shaking the 
B ushes B efore H arvesting

Experim ent 1 showed that soft b err ies  had the h ighest mold 

count, and it was concluded that they might be the cause of the high 

mold count in the com posite sam ple. The e a s ie s t  way to elim inate  

the soft b err ies  seem ed  to be by shaking the bushes before harvesting.



TABLE VI

AVERAGE MOliD OF LOGAN AND CUMBERLAND BLACK 
RASPBERRIES IN DIF E'ER ENT STALES OF MATURITY 

BEFORE AND AFTER SHAKING THE BUSHES
FOR HARVEST1

V ariety

Shiny-B lack

3 e fo r e  After 
Shaking Shaking

Lo^an ................... ...................  12.7 3.3

Cumberland . . ...................  12.0 6.0

Total m eans ...................  12.3 4.7

Treatm ent . . . 

V a r i e t y ...............

F V alue

1
O riginal data in Table XIV (Appendix). 

* Significant.

**  H ighly significant.
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Dull -B lack Soft Composite

lief ore 
Shakin*

A fter
Shading

Before After 
Shaking Shaking

Before
Shaking

After
Shaking

39.7 10.0 87.0 59.3 79.7 41.0

24.0 10.7 67.7 40.0 5 3.3 31.3

31.8 10.3 77.3 49.7 66.5 36.2

39.33**

4.79*

43.55**

21.27**

83.48**

29.40**
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Sam ples that w ere harvested  before shaking the bushes had 

an average of 12.3 per cent m old for the sh iny-b lack  b err ie s , 31.fi 

per cent for  the dull-blacl: b e r r ie s , 77.3 per cent for the soft b er ­

r ie s , and 66.5 per cent for  the com posite sam p les. After ‘shaking 

the bushes, the b e rr ie s  in the sh iny-b lack  stage had an average of 

4.7 per cent m old count; the dull-b lack  stage, 10.3 per cent; the soft 

stage, 4 9 .’7 p er  cent; and the com posite sam p les, 36.2 per cent (Table 

VI) . The d ecrea se  in number cf molds was 62 .2  per cent for the 

shiny-b lack , 67.7 p er  cent for the dull-b lack , 35.8 per cent for the 

soft—ripe, and 43.6 p er cent for  the com posite sam ples (Table VII).

Shaking the bushes before harvest sign ificantly  d ecreased  the 

mold counts In b e rr ie s  at a ll stages of m aturity. The greater  per  

cent d ecrea ses  in the sh iny-b lack  and dull stages w ere due to low er  

initial mold counts of the b e rr ie s  (Figure 3).

These resu lts  are in agreem ent with the statem ent of H else l 

and E isenberg (13), that:

S evera l in stances w ere reported in which grow ers rem oved  
overrip e b err ie s  by shaking the bushes before beginning to pick  
the crop. This was said  to have resu lted  in their picking only  
sound b err ie s  for  the packing plants. There was other evidence  
to indicate that som e grow ers w ere aware of the moldy condition  
of som e of their  b e rr ie s  and that they were in terested  in d e liv ­
ering on ly  sound fru it to packers.
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TABLE VE

REDUCTION IN MOLD COUNT OF LOGAN AND CUMBERLAND 
3 LACK RASPBERRIES OF DIFFERENT STAGES OF 

MATURITY AFTER SHAKING THE BUSHES

V ariety
Shiny-
Black

<%)

Dull-
Black

<%)

Soft-
Ripe
(%)

Com­
posite

(%)

Logan ............................................................. 73.6 74.8 31.8 48._

C u m b e r la n d .............................................. 50.0 61.1 40.9 41.3

Combined (both va r ie ties) . . . 62 .2 67.5 35.8 45.6

E ffect on the Mold Count of Holding Dry and Wet 
Black R aspberries A fter H arvesting

The tim e that e la p ses  between harvesting and processin g  has 

been found to have a great e ffec t on the m old count of the final prod­

uct 8̂). Data obtained showed that when b err ies  w ere harvested  and 

p rocessed  im m ediately , they had an average mold count of 45.2 per  

cent; when held for  s ix  hours before p ro cessin g , the m old count in ­

creased  to an average of 60 per cent; and when held for twelve 

hours, it in creased  to 77.2 per cent. These in crea ses  w ere found 

to be sign ificant (Table VIII). A high correlation  was found to e x is t  

between the holding tim e and the num ber of m olds in b err ies  (Figure
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TABLE VIII

MOiiD COUNT OF DRY AND WET BLACK RASPBERRIES FROZEN 
IMMEDIATELY AFTER HARVEST, AND FROZEN AFTER 

HOLDING FOR SIX AND TWELVE HOURS 
AT 76° TO 7 8° F . 1

Holding Time (hours)
No. Sam ­

. D.
0 A 12 of ple

Tj . S
o

Sam ­ F
5% 1%

Dry Wet Dry Wet Dry Wet ples Value

Mold
Count
Avg.
Pet.

4. .0 45.3 61.2 58.8 74.3 79.8 72 6.2  1** 17.40 23.10

* O riginal data in Tables XV and XVI (Appendix).

** H ighly significant.

4). No sign ificant d ifference was found between holding the wet and 

dry b err ie s  (Table VIII and F igure 4). The average mold count for 

b erries that w ere p ro cessed  im m ediately  after harvesting was 45.0 

per cent fo r  the dry b er r ie s  and 45.3 p er  cent for the wet b err ie s . 

B erries that w ere held fo r  s ix  hours had an average mold count of 

61.2 per cent for the dry b err ie s  and 58.8 per cent for the wet 

b e rr ie s , and those held for twelve hours contained an average of <4.3 

per cent m old count for the dry b e rr ie s  and 7 9 .8  for  the w et b err ies .
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The lack of sign ifican t difference:: betw een the held wet and 

dry b er r ie s  m ay h a /e  been due to the use of individual quart sa m ­

p les. It m ight be expected  that in large  stacks of cra tes , where the 

evaporation would be d ecrea sed , the m old count of wet b err ie s  would 

in crease  at a m ore rapid rate than that of the dry b e r r ie s .

The resu lts  obtained for holding are in genera l agreem ent  

with those of Fabian e t a l . (8), who found that the mold count doubled 

when black ra sp b err ies  w ere held  for  8 -1 /4  hours under warm , humid 

conditions, and in cr ea se d  from  2 to i  tim es when stored  for twenty - 

eight to th irty hours. S tevens and W ilcox (29), working on straw ­

b e r r ie s , stated  that once the fungus is inside the b erry  no amount 

of external drying is  su ffic ien t to stop its developm ent. They w ere  

of the opinion that the m oisture inside the fru it was enough to allow  

the fungus to grow  su ffic ien tly  to d estroy  the berry. Their ex p er i­

ments indicated that the rate of growth of Rhizopus n igricans in crea ses  

very rapidly w ith the in crea se  of tem perature above 10° C. (50° F .), 

and when contam inated b e r r ie s  w ere  held  for a few  hours at a r e la ­

tively  high tem perature ( i .e .,  at 30° C .), the fungus developed in the 

t is su e s  to such an extent as to cause the breakdown of the b e r r ie s .

Data obtained are not in agreem ent with the resu lts  obtained  

by S tevens and W ilcox (29), who stated  that the higher shipping
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quality of straw b erries packed wet seem ed  to be due to the lact that 

the tem perature of the fruit was low ered by washing in cold w ater, 

and that by evaporation the b err ies  w ere kept cool for a con sid er­

able tim e. They a lso  found that the drying of washed b err ie s , e s ­

p ecia lly  by exposure to sunlight, in creased  decay caused by Rhi '.opus 

sp ., as the subsequent exposure of the dry berries to prevailing high 

tem peratures favored developm ent of the fungus within the t issu es .

E ffect of Washing Treatm ent on the 
Mold Count in 3 e r r ie s

It is  a w ell-know n fact that washing the product is  n ecessary , 

not only for the rem oval of dirt, but a lso  for the reduction in the 

number of m icroorgan ism s, and thus a product with low er mold count 

is obtained. The better and m ore thorough the method of washing, the 

few er the number of organism s that w ill rem ain on the product. In 

com m ercia l p ractice  there are sev era l methods in which different 

princip les are used fo r  the rem oval of d irt and m icroorgan ism s. 

Soaking in w ater, treating the product in a sh ak er-sp ray  washer and 

using h igh -p ressu re sprink lers are among the methods em ployed.

One of these methods m ight be effective in one or more of the prod­

ucts but le s s  effective  or unsuitable for others. Each p ro cessor  

uses the method which proves to give the b est resu lts under his
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cond itions. In th is experim en t, som e of the methods w ere used and 

the resu lts  obtained w ere com pared.

Three lo ts  of b e rr ie s  of d ifferent m old counts w ere subjected  

to the washing treatm en ts. The f ir s t  lot had an average mold count 

of 37.0 p er  cent; the second lot, 5 5.5 per cent; and the third lot,

7 6 . 5  p er cent when washed in a shaker w asher before p ro cessin g . 

These re su lts  w ere  considered  as controls with which the resu lts  

of other treatm ents w ere com pared.

When the b er r ie s  w ere w ashed by a spray  w asher, the m old  

count was reduced to 33.5, 48.5, and 71.0 per cent for the f ir s t ,  

second, and third lo ts , r e sp ec tiv e ly  (Table IX).

The m old count in be rides washed in the shaker w asher, fo l­

lowed by a sink, w asher, had an average m old count of 31.0, 44.0, 

and 55.0 per cen t for  the f ir s t , second, and third lo ts , resp ective ly . 

B err ies  washed by this m ethod had low er m old counts than those  

washed in the shaker w asher alone, or those washed in a shaker 

w asher and then spray-w ashed .

When the b err ie s  w ere w ashed in a shaker w asher, then in a 

spray w asher, and fin a lly  in a sink w asher, they had a m old count 

of 27.0, 41.0, and 45.5 per cent, resp ec tiv e ly .
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TABLE IX

E FFE C T  OF WASHING OH MOLD COUNT 
OF BLACK RASPBERRIES1

T reatm ents
Shake r 
W ashed 

A

Shake r 
W ashed  

and 
Spray  

W ashed 
T*

Shake r 
Washed 

and 
Sink 

Washed 
C

Shake r 
W ashed, 

Spray 
W ashed, 

and 
Sink 

Washed 
D

F
Value

i_. S

5%

. D.

1%

Avg. of lots. {%) <;%) K%) (%)

I 37.0 33.5 31.0 27.0 23.44** 2.28 3.27

II 55.5 48.5 44.0 41.0 16.44** 4.97 7.13

HI 76.5 71.0 55.5 45.5 256.37** 3.56 4.08

Combined 56.3 51.0 43.5 37.8 103.98** 2.30 3.15

O riginal data in Table XVII (Appendix).

** Highly sign ifican t.

The data obtained showed that the g rea test reduction of mold  

count occu rred  in b err ie s  which had the h ighest in itia l m old count 

(Lot III). S ince the so ft b e rr ie s  seem ed  to be the cause for a high  

m old count in a com posite  sam p le , it  m ight be expected  that any 

treatm ent bringing about their  rem oval, such as a high w ater-p res sure
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wash, would re su lt  in a low er m old co\int for the rem aining intact 

firm  b e r r ie s . T his m ay explain the grea ter  reduction in m old count 

when b e r r ie s  having a it • m old count are washed.

The a n a ly sis  of variance of Lot II indicated no significant 

d ifferen ces betw een T reatm ents B and C, and C and Dt* This 

lot indicated that it  made no d ifference in m old count whether 

the b e r r ie s  w ere sprayed ^r sink-w ashed after sh aker-w ash ing , and 

that b e r r ie s  subjected to shaker- and sink-w ashing had a sim ilar  

m old count as those subjected to sh ak er-, s in k -, and spray-w ashing  

con secu tively . F rom  th is data alone it  m ight be in ferred  that spray- 

washing is  of no additional value in  the reduction of m old count 

where sink-w ash ing is  practiced , and that, with shaker-w ashed  b e r ­

r ie s , sink-w ash ing contributes no m ore to the m old count reduction  

than spray-w ash ing .

The a n a ly sis  of variance of Lots I and III indicated that a ll 

tream tm ents d iffered  with re sp ec t to their  influence on the m old  

count. In con trast to Lot II, sign ificant d ifferen ces w ere found

 ̂ A - Shaker w asher treatm ent.
B - Shaker w asher treatm ent and spray w asher treatm ent.
C - Shaker w asher treatm ent and sink washing treatm ent.
D - Shaker w asher treatm ent and spray and sink washing

trea tm en ts .
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between treatm en ts B and C, and C and 13. T hese data showed that 

sink - washing w as m ore e ffective  than spray-w ash ing and that the com ­

bination of sh a k er-, s in k -, and spray-w ash ing  was m ore effective  

that’ sh ak er- and sink-w ash ing.

When a ll three lo ts  w ere com bined, it  was found that the ad­

ditional washing treatm en ts resu lted  in the reduction of m old counts. 

The con sisten cy  of the treatm ent e ffec ts  from  rep lication  to r e p li­

cation and lot to lo t, particu larly  when the rep lication  and lot 

m eans varied , em phasized  the valxie of the treatm ents over a rather 

wide range of in itia l m old  counts.

In gen era l, these re su lts  would indicate for the reduction of 

m old count in black ra sp b err ie s  that spray-w asliing after shaker- 

washing i s  not greatly  e ffec tiv e , and that for e ffective  reduction in  

m old count the b e r r ie s  should be sink-w ashed  with high p ressu re  

(F igure 5).

h o t III, in which the g re a te st  in itia l m old count and the h ighest 

reduction was obtained, had a steep er  slope than the other two cxirves 

(F igure 5)

A few  w ork ers carried  out s im ila r  exp erim en ts. Fabian et a l . 

(8 ) stated  that b e r r ie s  w ashed under p ressu re  did not show a s ig n i­

ficant reduction In m old count. T hese r e su lts  do not agree with the
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data obtained by the author. It m ight be p ossib le  that the sam ples  

which 1 ablan and h is co -w o rk ers used had a very low  in itia l m old  

count when com pared to that of the b e r r ie s  used by the author.

The data obtained during th is work are In general agreem ent  

with those of H aynes et a l . (12), who found 54 per cent reduction In 

m old count of stra w b err ies  when they w ere washed with Santom erse  

in a soaker w ash er, follow ed by rinsing with w ater In a sh ak er-sp ray  

w asher. They did not find co n sisten t reduction of m old count either  

with or without a detergen t when the b e r r ie s  w ere sprayed on a 

stationary screen , which m ay be considered  com parable to the action  

of the c o n v ey er-b e lt-sp ra y  w asher used in th is work. Further, they 

noted 51 per cent m old -count d ecrea se  when the b e r r ie s  w ere treated  

with Santom erse under forced  im m ersio n  w asher, com parable to sink- 

washing procedure in  th is work.

E ffect of hlutior s oi Mold Count of ^ilack
R aspberry Pulp

C om pariso of o ffic ia l m et .od with m odified technique for  

m easuring  m old count in black r a sp b e r r ie s . The m old count as 

orig in a lly  d ev ised  by Howard (14) was intended to count the number 

of fie ld s  containing hyphae in  tom ato products, and the sam e method
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was la ter  adopted to determ ine the num ber of f ie ld s  containing hyphae 

in b er r ie s  and b erry  products.

i or determ ining m old count m ore accurately  in black ra sp ­

b e r r ie s , I le ls e l  and E isenberg  (13) suggested  the m odified  technique 

in wMcl pectin solution was added to berry pulp in a ratio of 2 :1 , 

in stead  of equal parts by w eight em ployed in the m odified  Howard 

m ethod. This procedure was adopted during the course of th is work 

to determ ine the m old count of black rasp b err ies .

A com parison  of m old counts by both of the auove-m entioned  

m ethods w as m ade to determ ine w hether there w ere any sign ificant 

d ifferen ces. S even ty-five  rep resen tative  sam ples of black ra sp b err ies  

with m old counts ranging from  6 to 100  per cent w ere exam ined for  

the com parison .

The experim en ta l r e su lts  showed a lin ear relationsh ip  b e­

tween the m old  count and the dilution le v e ls  (Figure 7).

A n a ly sis  of variance indicated highly sign ifican t d ifferen ces b e ­

tween m old counts at the le v e ls  ranging from  30 to 70 per cent, and 

sign ifican t d ifferen ces at the 20 to 30 and 80 to 90 per cent le v e ls .

No sign ifican t d ifferen ces  w ere obtained between m old counts of tne 

6 to 2 0 , 70 to 80, and 90  to 100  per cent le v e ls  and when the average  

of a ll le v e ls  was com pared, ■ .o sig  if ic a r t  d ifferen ces w ere found 

(Table X).
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TABLE X

ANALYSIS OF VARIANCE OF MOLD COUNTS ESTIMATED BY 
OFFICIAL METHOD AND MODIFIED TECHNIQUE FOR 

MEASURING MOLD IN BLACK RASPBERRIES1

L evel
Mold

Count
(%)

Ave rage

O fficial
Method

1:1
(%)

Mold Count

M odified 
Technique 

2:1
(%>

F Value

1 6 -2 0 11.0 8.0 3.24"

2 20-30 22.5 18.5 6.40*

3 30-40 34.0 29.1 10.44**

4 40- - 0 44 .6 33.7 38.34**

5 50-60 53.5 46.5 18.54**

5 60-70 64.9 5 7.1 15.19**

7 70-80 73.6 71.4 2.03"

8 8 0 - 9 0 85.0 80.0 6.73*

9 9 0 - 1 0 0 93.8 90.0 2.27"

6 - 1 0 0 54.34 49.25 1 .2 6 "

O riginal data in Table XVIII (Appendix). 

* S ign ificant.

* *  H ighly sign ificant.

Not sign ifican t.
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T hese r e su lts  are In agreem en t with the observation  of H e lse l  

and E isenber^  (13) that m old counts by either m ethod w ere about the 

sam e for any particu lar sam ple of b e r r ie s .

E ffect of adding d ifferen t am ounts of pectin solution to olack  

raspberry  pulp on m old count. A fter com paring the o ffic ia l method  

with m odified  technique suggested  by H e lse l and E isenberg ’13) for  

m easuring  m old count in black ra sp b err ie s , a study was m ade to 

determ ine the e ffec t of d llu tf ig b lack raspberry pulp with greater  

am ounts of pectin  solution.

-dilution cu rves w ere determ ined for m old counts ranging from  

20  to 100  per cent in black ra sp b err ie s , by diluting the m ixture of 

pulp and pectin  solution  with additional am ounts of the la tter . The 

additions of pectin solution  to b erry  pulp were m ade so that the 

proportion of pectin  to pulp w as 1 :1 , 2 :1 , 6 :1 , 8 :1 , 1 0 :1 , 1 2 :1 , and 

14:1, in which the per cen ts of pulp w ere 50.0, 33.0, 20.0 , 14.3, 11.1, 

9.1 7 .7 , and 6 . 6 , r e sp ec tiv e ly  (Table XI).

The r e su lts  obtained showed highly sign ificant correlation  

ra tio s betw een m old counts and dilutions (i igure 8 ). The reduction  

in m old  count of b e r r ie s  w as not in d ir ec t proportion to the dilution  

of the sam ple with pectin  solution.
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TABLE XI

EFFEC T OF ADDING DIFFERENT AMOUNTS OF PECTIN  
SOLUTION TO BLACK RASP3ERRY PU LP  

ON MOLD COUNT1 
(average m old count in various dilutions)

D ilu ­
tion
(p ec­
tin
to

pulp)

P et.
of 

Pulp 
in 

Sam - 
pie

Le v els  of Mold Count

2 0 -
30

30-
40

40-
50

50-
60

6 0 -
70

70-
80

80-
90

90-
100

1 : 1 L0 22.9 34.0 44.6 5 3.5 64.9 7 3.8 85.0 94.7

2 : 1 33.3 19.1 29.1 34.3 47.3 58.0 70.9 80.0 91.1

4:1 2 0 .0 16.0 2b. 3 29.4 41.3 52.6 63.1 72.5 86.0

6:1 14.3 12.9 2 2 .0 25.7 37.0 49-7 56.2 67.5 78.9

8 : 1 1 1 . 1 11.3 18.0 24.3 33.3 44.3 50.7 5 9-5 72.7

10:1 9 . 1 8.3 15.4 21.7 29.3 39.1 43.8 55.5 65.8

12:1 7.7 6.0 13.7 18.9 27.3 35.4 38.2 49-5 54.9

14: 1 6 .6 3.7 10.3 14.9 23.0 33.1 34.9 43.5 46.7

1 O riginal data in Table XIX (Appendix).



S
fd

u
4

o
g

 
'/

/ 
a

'/
z

jy

9
-j

fe
V

s'
/'/

/'£
*

/ 
OV

Z 
£

’£
*

Mo id  Coat i t

os
~ 

ok

£

"K
-V .

V •s

Q
s.
V

£

&f\

n
*

C>

''t-
V >1
<v
>
f t

»v
N

V \• s .

"♦k i t

OD
VV. '

V.
s.
>
fc>

"V

i)
a
Ci

*
r-



These r e su lts  are in  gen era l agreem ent with those obtained 

Steinkraus ( 2 b ) .



D I S C U S S IO N

Fx^ erim e :ai res :lts i :d’c ite d  a c lo se  correla tion  between  

stage of m aturity and m old count of black ra spbc r r ic s . It has been 

recogn ised  that so ft fru its are m ore su scep tib le  to attack by fungi 

and other m icro o rg a n ism s, and the experim en ta l work dem onstrated  

that b e r r ie s  in advanced sta g e s  of m aturity alw .s  a n d  r  higher 

mold count than those in e a r lie r  ripening stages under s im ila r  con­

d itions. T his may be due to m echanical injury of the skin caused  

by wind or rain while the b e r r ie s  w ere on the bushes, or by the 

disso lv in g  of the skin between individual drupelets by m old enzym es, 

perm itting the m olds to en ter the fru it. The p resence of sugar and 

acids in the fru its favors rapid developm ent of m olds after they 

once enter the b e r r ie s  under proper environm ental conditions. A 

c lo se  correla tion  a lso  ex isted  betw een the m old counts in  soft b er ­

r ie s  and of com posite  sam p les which w ere a m ixture of so ft fruit 

having a high m old count, with dull or sh iny-b lack  ra sp b err ies  

having low er m old counts. The berry m aturity and the tim e in ter ­

val between ripening and harvesting of the b e r r ie s  for d elivery  to 

the factory seem ed  to be dom inant factors influencing the m old  

count of black ra sp b err ie s .

64



There wns no doubt that w eather conditions during the h ar­

vesting period of black ra sp b err ies  affected  the conditions of the 

fruit. The exp erim en ta l re su lts  indicated a definite trend towards 

higher m old counts with a delay of harvest following a rain. it  wJ'S 

observed  that the fa rm ers  waited too long after a ruin to pick the 

b e r r ie s , affording an opportxmity for the m olds to develop. The 

pickers w ere found to leave fo liage-h idden  fru its unharvested, 

which then becam e overrip e , in fected , and served  as a source of 

further in fection . It was • noted that rain hastened the m aturity of 

the b e r r ie s . Heavy rain not only m ade the fru it soften m ore  

quickly, but so m etim es bru ised  the b e r r ie s , which then becam e m ore  

su scep tib le  to attack by m old s. In 1951, there was a heavy rain on

July 21. A fter two days, a sligh t fungus growth was observed  on 

bruised  drupelets near the caps of m o st sh iny-b lack  b e r r ie s . At 

the sam e tim e, b e r r ie s  in m ore advanced stages of m aturity had 

profuse ex tern a l m y c e lia l growth. Uninjured, firm  sh iny-b lack  ra sp ­

b e r r ie s  did not show any v is ib le  sym ptom s of m old, though they w ere  

among heavily  in fected  fru it in the sam e c lu s te r s . In many c a se s  

the f ir s t  v is ib le  sym ptom s of m old attack either in the dull or 

sh iny-b lack  sta g es  often w ere found to be on the drupelets near the 

place w here the fru it i s  detached from  the recep tac le . This ind icates
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that the m old m ight have entered  the berry through the b asa l portion  

of the fru it when it  was loosened  from  the cap. In dry weather, 

profuse m y c e lia l growth was noted near the basal portions of dull- 

black b e r r ie s  ju st m aturing into the soft stage.

The data obtained showed sign ifican t in crea se  in m old count 

of soft ripe and com posite  sam ple of b e r r ie s  within tw enty-four  

hours after rain . A fter tw enty-four hours, the m old count in creased  

considerab ly . The g r e a te s t  change in the m old count of b e r r ie s  was 

noted in black r a sp b err ie s  that w ere picked from  bushes which had 

not been harvested  for four days. This undoubtedly was due to the 

dropping-off of many of the o lder heavily  infected  fru its , and the 

fact that w eather conditions w ere unfavorable for germ ination and 

growth of m old sp o res . O bservations m ade at the fa c to r ies  showed  

that the m old count in the black ra sp b err ies  was low at the b eg in ­

ning of the sea so n , when the weather was hot and dry, but m old  

count in the b e r r ie s  In creased  la ter  in the season , follow ing ra in ­

fa ll.

T herefore, i t  would seem  to be e sse n tia l to develop a system  

of harvesting which would in su re  the co llection  of b err ie s  before  

they becom e too m ature. At t im es , such a system  may require the 

harvesting  of be r id es when they are wet from  dew or rain. On the



b asis of the data obtained during the course of this investigation , it  

is  ju stifiab le  to a ssu m e that the harvesting of black ra sp b err ies  

should be m ade within tw enty-four hours aftex’ rainfall.

F a rm ers  have often x-eported that they had a m ajor problem  

in procuring help in harvesting berxd.es when they were wet, and as 

a resu lt they w ere left xmnarvested for som e tim e. Thus, m olds 

would have a cnance to attack the fru it during a wet period and 

would develop rapidly in sid e  the fru it if the weather becam e hot 

follow ing the rain .

B e s id es  harvesting the fru it within tw enty-four itours after  

rain fa ll, another method could be em ployed to rem ove soft, overripe  

frxiits with high m old counts. From  the experim ental resu lts  it  was 

found that shaking the bushes of Cumberland and Logan var ie ties  

b efore  h arvest caused appreciable reduction in m old count. To 

make p ra ctica l u se of these findings, one m ust either supply leather  

g loves to p ickers in order to obtain their cooperatio . in tne snaking 

operation, or d ev ise  a m echan ical m eans of shaking the bushes b e­

fore h arvest. It i s  a com m on b e lie f of the grow ers that the growing 

of the Logan variety  would avoid high m old count, sin ce  this variety  

of b e rr ie s  m atures e a r lie r  than the Cumberland variety . H ow ever, 

the factua l data do not support th is view , and the m old count of
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black ra sp b err ie s  i s  m ore  dependent on weather conditions during 

the harvesting period than on the variety.

The tim e in terval between Harvesting the b err ies  and pro­

cess in g  them is  generally recognized  by everyone concerned with the 

industry as an im portant factor in influencing the mold count. Tuere  

was definite evidence from  these experim ents that the mold court 

in creased  as the tim e of holding the b err ie s  at the factory was pro­

longed before processin g . The data showed no significant difference  

in the in c r ea se  of mold count between dry and wet b err ies  when 

they w ere held under identica l conditions. When the mold was p r e s ­

ent ir.side the b err ie s ,  it  seem ed  to find a favorable medium for 

rapid developm ent under proper environm ental conditions. In addi­

tion, it was difficult to estim ate  the mold count in the b err ie s  by 

visual appearance of the fruit.

Whe n fruit was rece iv ed  at the factory, it  was found possib le  

to reduce the m old count by applying high water p ressu re  during 

p rocessin g  of the b e r r ie s .  A combination of treatm ent with shaker  

w asher, water spray on the belt, and washing with water in sink by 

thorough agitatio . seem ed  to be the m ost effective method for r e ­

ducing mold count in b e rr ie s  under norm al factory operations. When 

Mg', water p ressu re  was used o i ly  the f irm  b err ies  having lower mold 

counts.



6 9

T lie mo Id-count metliod lias been used for many vears as an 

objective te s t  for determ ing the relative  amoiuit of decom position in 

fruit products. The m old-count proceedure i s  a convenient and often 

n e c e ssa r y  te s t  for proper evaluation of the quality of froze;, or 

canned ra sp b err ies , because the origi \ l appearance of the fres;_ 

fruit is  so a ltered  by the p rocessing  as to make d irect visual exam i­

nation difficult and inadequate. F or proper evaluation of the m old  

population it  i s  n ec e ssa r y  to prepare the sam ples in a way that fa ­

c ilita tes  accxirate exam ination. The greater  dilution of two parts 

pectin solution to one part of pulp prepared the sam ple for ea s ier  

examination than the offic ia l method now in general use. Tnis 

change ir the method caused a ligliening of the deep color and de­

creased  the density of pulp taken from  frozen  ra sp b err ies . The 

experim ental resu lts  showed no significant d ifferences in the o v er ­

all mold count between the o ffic ia l and modified m ethods, with the 

m odified method generally  showing slightly  lower m old counts. When 

the m ixture of raspberry  pulp and pectin solution was diluted further, 

i t  was noted that there was a p ro g ress iv e  d ecrea se  with dilution, but 

the reduction in m old count was not in proportion to the amounts of 

dilution. Highly significant correlation  ratios at a ll le v e ls  of dilutions 

w ere obtained, indicating a nonlinear relationship  between mold count 

in the b er r ie s  and dilutions of the sam ples.



SUMMARY AN CONCLUSIONS

A study was made to determine: (1) the mold coimt of black

ra sp b err ie s  co llected  at various stages of maturity and at different 

in terva ls  after rain; (2) the effect of Holding dry and wet b err ies  ou 

the mold count; (3) the effect of snaking the black raspberry bushes 

before liar esting; (4) the effect of different methods of wasuing on 

the mold count; and (5) the relationship oetweeu various dilution 

m ethods and the mold count.

The data obtained during the 1951 and 1952 seaso n s showed

that:

1. Soft, ripe black ra sp b err ies  had higher mold coicnts tn.au 

any other stage of m aturity, and elim inating these fru its  would 

greatly  reduce the mold count.

2. Weather conditions play an important part in the mold

count, and the fruit should be harvested  im m ediately  after a rain to

keep the m old count at a low er leve l.

3. The m old counts of the Cumberland black raspberry were

significantly  low er at a ll s ta g es  of maturity than the Logan variety.

4. Shaking the bushes before harvesting significantly reduced  

the m old count.
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t. Holding the b err ies  after harvesting caused highly sign ifi­

cant in cre a se s  in the mold count, and the results obtained indicated 

that the fruit shoxild be processed  le s s  than s ix  hours after picking.

v.  Washing seem ed to be effective in reducing the mold 

court of b e r r ie s .  Sxibjecting b err ies  to water washing by shaker 

washer, water spray on the conveyer belt, and sink washing with 

t:.e rough agitation, of the fruit was found to be the m ost effective  

method in reducing the mold count.

7.  No significant d ifferences were found between the official 

and modified methods of mold counting.

8. Adding different amounts of pectin solution to black rasp ­

berry pulp lowered the mold count, but its  decrease  was not in d i­

rect  proportion to the amounts of pectin solution.
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TABLE XII

MOLD COUNT ON FRUIT HARVESTED AT DIFFERENT HOURLY 
INTERVALS AFTER RAINS (19i2  SEASON)

Sta^e: of 
Matu rity

F ie ld
No.

T .ours Af .̂e r Rain

i 3-14 17-18
(%)

23-24
(%)

48
■.%)

72
Co)

Shiny-black . . . 1. 2 0 2 8 6

2. 0 2 0 0 12

3. 4 0 0 8 14

4. 0 2 0 10 16

* 14 16 20 20 14

6. 6 4 4 6 8

7. 0 4 8 10 12

8. 6 8 10 14 10

Dull-blac! . . . . 1. 8 8 8 12 24

2. 4 6 0 6 30

3. 8 0 6 8 14

4. 12 2 6 20 22

r.—' * 28 22 38 40 36

6. 8 0 14 12 18

7. 4 6 20 12 14

8. 10 12 16 18 22
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TA3L.E XII (Continued)

Stages of 
Maturity

F ield
Ho.

Hours After Rain

13-14
(%)

17-18
(%)

23-24
(%)

48
(%)

72
<%>

Soft ........................... 1 . 12 24 40 62 56

2. 72 72 22 24 42

3. 16 42 20 72 54

4. 14 12 18 40 42
f 28 62 90 46 68

6. 70 90 56 78 100

7. 46 6o 86 100 24

8. 28 38 46 66 88

Composite . . . . 1 . 32 56 30 20 30

2. 22 20 12 40 52

3. 14 20 26 18 40

4. 10 24 32 30 28

5. 24 38 56 36 50

6. 52 62 84 52 62

7. 24 32 50 66 20

8. 16 20 32 46 52
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TA3L.E XJH

EFFECT OF HARVESTING 2LACK RASPISERR J.ES AT DIFFERENT  
INTERVALS AFTER RAIN ON JUDY 11 AND 12, 19:1

r nterval
Mold Count (pe r cent)

Since F ie ld  Maturity Stages Corn-
P rev iou s No. posite
H arvest Shiny- Dull- Soft- Sani-

llack Nlaek Ripe pies

1 day

2 days .

1. 4 18 74 22

2. 4 4 62 8

3. 4 12 100 20

4. 4 10 80 20

5. 2 12 76 20

6. 0 14 46 30

7. 8 10 70 26

8. 6 14 92 48

9. 4 12 64 24

10. 2 10 62 22

1 . 0 2 50 14

2. 6 18 68 30

3. 8 20 80 26

4. 4 16 52 20

5 . 6 20 46 24

6. 4 18 100 22

7. 4 4 72 8

8. 4 12 6o 20

9. 4 74 48 22

10. 8 62 42 30
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TACLE x n i  (Continued)

Mold Count tper cent) 
Interval  *---------------------------------- —--------------------------

Since F ie ld  Maturity Stacie: Com-
•  O

P rev iou s No. -------------------------------------- -—■—*—  posite
H arvest Shiny- Dull- Soft- Sam-

Black 31ack Ripe pies

3 days . . 1 . 0 0 100 6

2. 8 40 100 7 6

3. 0 18 5 6 68

4. 8 20 90 5 4

_  * 16 26 94 62

4 days . . 1 . 0 8 8 4

2. 4 4 12 6

3. 2 4 10 4

4. 2 12 10 4

r 4 6 6 6

1 days . . l . 2 4 10 4

2. 4 8 16 12

3. 4 10 20 6

4. 6 18 24 10

5 . 4 12 42 10
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TABLE X iv

E FFE C T  OF SHAKING BUSHES ON MO! D COUNT OF 3ERRILS

Mold Count {per cent)

V ariety F ie ld
No.

Shiny
Blacl ;

Dull - 
Black Soft Compo: ',ite

B e ­
fore

Af-
te r

B e ­
fore

Af­
ter

Be - 
fore

Af- 
te r

B e ­
fore

A f­
ter

Lo^ran . . 1. 16 6 34 10 82 60 90 50

z. 14 4 40 12 76 54 84 40

3. 4 0 46 8 88 60 76 38

4. 20 4 52 14 94 62 82 40

5. 4 0 28 4 92 6o 70 38

6. 18 6 38 12 90 60 76 40

Cumbe r-
land . . . 1. 2 6 20 8 86 56 60 40

2. 10 4 24 6 70 40 56 30

3. 16 8 44 16 68 38 62 34

4. 10 4 24 14 82 52 60 32

5. 20 8 12 12 54 28 40 26

6. 14 6 20 8 46 26 42 26
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TABLE XV

EFFE C T  OF HOLDING WET BERRIES FOR ZERO, SIX, AND 
TWELVE HOURS AT 76° TO 78° F.

Date of C ollection Sam ple
No.

Mold Count (per cent)

0 Hours 6 Hours 12 Hours

July 18, 1 9 5 2 ....................... 1 . 78 7 4 100

2. 22 28 98

3. 56 72 94

4. 36 42 L 2

5 • 62 84 100

6. 42 66 82

July 23, 1 9 5 2 ....................... 1 . 44 68 84

2. 10 16 24

3. 54 • 70 92

4. 42 60 7 8

n. 62 80 94

6. 36 46 60
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TAI2L.ii: XVI

E F FE C T  OF HOLDING DRY BLACK RASPBERRIES FOR ZERO, 
SIX, AND TWELVE HOURS AT 7 6° TO 7 8° F.

Date of C ollection Sample
No.

Mold Count (per cent)

0 Hours 6 Hours 12 Hours

July 17, 1 9 : 2 ....................... 1. 32 76 86

2. 60 84 90

3. 72 40 56

4. 22 30 42

— • 44 68 72

6. 30 5 6 66

July 21, 1 9 - 2 ....................... 1. 52 70 92

2. 64 80 96

3. 76 86 100

4. 32 54 68

5 . 26 36 58

6. 30 54 66
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TABLE XVII

EFFECT OF WASHING WITH WATER ON MOLD COUNT
OF 3  ACK RASPBERRIES

Mold Count (per cent)

Lot Sample
No.

Shaker
Washed

and
Spray-

Washed

Shaker
Washed

and
Sink

Washed

Shake r 
Washed, 
Spray  

Washed, 
and 

Sink 
W ashed

I a. 30 28 26 24

b. 42 38 36 32

c . 30 42 40 38

d. 26 26 22 22

II a. 60 5 6 48 40

b. 44 32 32 34

c . 52 48 42 40

d. 66 5 8 54 50

HI a. 82 76 60 5 6

b. 74 70 56 44

c . 74 68 5 2 40

d. 76 70 54 42
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TA3LE X V i n

MEASUREMENT OF MOLD IN 3  LACK RASP3ERRIES ES TIMA TEE 
3  Y ORIGINAL HOWARD METHOD AND MODIFIED TECHNIQUE

Mold Count (%) Mold Count (%) Mold Count (%)

Official Modified Official Modified Official Modified
Me thod Method Method Method Me tho d Method

a 6 40 32 72 70
6 4 42 38 74 64
6 6 42 28 74 72

10 8 4 6 32 74 76
10 6 46 36 7 6 74

12 8 48 34 76 76
12 10 48 36 78 76
14 6 50 42 82 74
16 12 50 46 82 76
18 14 32 46 84 76

20 18 52 48 84 80
20 16 54 42 86 84
20 20 3 6 46 86 78
22 12 56 50 88 84
22 18 5 8 52 88 88

24 20 62 52 90 88
24 20 62 56 90 86

28 24 64 58 92 88

30 28 64 54 92 86

32 26 66 58 94 74

32 28 68 68 94 94

36 32 68 54 94 92

36 26 70 68 96 96

36 30 70 70 96 96

36 34 72 68 100 100
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TABLE XIX

EFFE C T  OF DILUTING BLACK RASPBERRY PULP  
WITH PECTIN SOLUTION

Mold Count (per cent) at Dilution:

1:1 2: 1 4: 1 6:1 8.1 10:1 12:1 14:1

20 18 14 12 8 8 6 4

20 16 12 10 8 8 4 4

22 18 16 12 10 8 6 4

22 IP 14 12 10 8 6 4

24 20 18 14 10 6 6 2

24 20 16 12 10 8 6 4

28 24 22 18 16 12 8 4

30 28 22 20 16 14 10 6

32 26 22 18 16 12 12 8

32 28 20 20 14 12 10 6

36 32 34 26 22 20 18 18

36 30 28 24 20 18 16 12

36 34 30 26 22 18 14 14

36 26 28 20 16 14 16 8

40 32 24 18 24 18 14 8

42 38 32 28 22 22 18 . 14

42 32 24 24 22 20 20 16

46 32 28 24 22 20 18 16

46 36 34 30 28 24 20 16

48 34 30 28 28 24 22 18

48 36 34 28 24 24 20 16



2; 1

42

46

46

48

42

50

r.2

52

52

56

58

54

58

60

68

68

70

68

72

64

76

74

70

TA3LE XIX (Continued)

M old Count (per cent) at Dilution:

4:1 6:1 8:1 10:1 12:1

36 32 30 26 24

3b 32 32 24 26

40 36 34 26 26

40 38 32 30 26

3b 34 30 30 24

46 42 36 32 30

46 40 36 34 32

46 42 36 32 30

44 42 38 34 32

50 44 40 32 30

52 48 42 36 30

48 44 40 38 32

52 48 40 36 32

54 50 46 40 36

68 72 64 58 5 6

58 56 52 38 32

60 58 54 42 36

5 b 50 46 42 38

66 54 46 44 36

52 42 40 36 30

6b 54 42 40 38

70 64 58 50 42

66 62 58 48 44



1:1

78

82

82

84

84

86

86

88

88

90

90

92

94

94

96

96

100

100

TABLE XDC (Continued)

Mold Count (per cent) at Dilution:

2:1 4:1 6:1 8:1 10:1 12:1

76 70 66

74 72 68

76 70 62

76 68 48

80 72 64

84i 78 74

70 74 68

84 74 78

88 82 78

88 76 72

86 80 74

88 86 82

74 76 70

94 92 90

96 94 92

96 92 56

98 84 86

100 94 88

60 54 48

62 58 52

56 54 46

28 24 16

56 50 48

66 64 60

66 60 56

68 64 62

74 70 56

68 62 58

70 64 60

76 66 60

68 64 50

80 74 58

72 72 66

52 38 32

84 76 52

84 76 58
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KUCHIBHATL.A LAKSHMI NARASIMHAM ABSTRACT

A study was made to determ ine various factors that might in ­

fluence the mold count of p ro cessed  black raspberries in Michigan 

during the seasons of 1951 and 1952. E ffects of different stages  

of m aturity of b e r r ie s  harvested  at different in tervals after rains, 

shaking the black raspberry bushes before harvesting the fruit, hold­

ing wet and dry b e r r ie s  for different in tervals before processing  

and subjecting the b e r r ie s  to various w ater-p ressu re  washings were  

studied. The relationship between various dilution methods and mold  

count in b e r r ie s  was a lso  determined. The b e r r ie s  w ere carefu lly  

harvested  to prevent any m echanical injury. They w ere frozen  at 

the fa c to r ies  and brought to Michigan State College for  further e x ­

amination.

The frozen  black rasp b err ies  w ere thawed by keeping the cans  

containing them in a v e s s e l  holding boiling-hot water. After thawing, 

the sam ples w ere pulped by a laboratory pulper with screen  openings 

of 0.027 inch in d iam eter. One part of black raspberry pulp obtained 

as above was diluted with two parts by weight of 3 per cent pectin  

solution. The pulped berry  sam ples w ere exam ined for  mold f i la ­

m ents by the m odified procedure of the offic ia l m old—count method.
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Soft ripe black raspberries  were found to have higher mold 

counts than any other stage of maturity, and seem ed to be respon­

sible for the higher mold counts of the com posite  sam ples. Highly 

significant d ifferences between maturity stages and a definite in­

c r e a s e  in the mold count with time following rainfall were observed, 

indicating that weather conditions play an important role in influenc-  

ing the m old count of b er r ie s .  Highly significant reduction of mold  

count in b e r r ie s  was obtained by shaking the black raspberry bushes  

before harvesting the fruit. The b err ie s  of Logan variety  had higher  

m old counts than those of the Cumberland variety  at all s tages  of 

m aturity except the shiny-black stage.

The time that e la p ses  between harvesting the b e rr ie s  and 

p ro cess in g  them was found to have a great e ffect on the mold count 

of the final product. A significant in crease  in the mold count of the 

b e r r ie s  and a high correlation  between holding tim e and the number 

of m olds in b e r r ie s  were found. No significant difference between  

holding the wet and dry b e r r ie s  was observed  in this study.

Washing seem ed  to be effective  in reducing the mold count 

of b e r r ie s .  Black rasp b err ies  subjected to water washing by shaker  

w asher , w ater spray on the conveyor belt, and sink washing with
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thorough agitation of the fruit was found to be the m ost effective  

method for reducing the mold count.

No significant differences were obtained when mold counts de­

termined by modified technique were compared with those obtained 

by the official method. Adding different amounts of pectin solution 

to black raspberry pulp lowered the mold count, but its decrease  

was not in direct proportion to the amounts of pectin solution added.


