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IINTRODUC TION

1he production of black raspbherries is an important industry
in the State of Michipan; approximuately 180,300 cases (No. 2) were
proce:sed in the year 1949. This represented ahout 80 per cent of
the total processed black raspberrie:c of the United States (21). A
zubsctartial portion of the "erries for freeriny were alsc :rown in
Michiran (2:;.

Several shipmments of canned and frozen black raspberries
were seized by the United States (Government in 1949 and 1950 under
the Federal Food, Drug, and Cosraetic Act (9). They were condemned
as beiny adulterated because of excessive mold count. The processors
were advised that canned cr frc:zen blac.. raspberries with hizh mcld
counts could not be shipped or sold in interstate commerce. The
requirements of the law and the precence of high mold counts has
posed a serious threat to the black raspberry industry in Michigan,
and, as a result, the production dropped to about 140,000 cases in
19:0 (21).

Processors claim that the weather conditions in Michigan in

1950 during the latter part of the growing season tended to be
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favorable for the development of mold on the fruit in the field, thereby
making it difficult to produce a product having a cufficiently low mold
count to meet governraent cpecifications. Iilowever, there is a conflict
amony investigators about the cause of a high mold count in the proc-
essed product. Ifelsel and Eisenbery (13) believed that poor quality,
cuch a: overripe cr deccrnposed black raspberries, results in a prod-
uct having a hirh mold count. Fabian et al. (8) stated that the pres-
ence of a hirh mold count of 60 per cent per ten samples, or 76
per cent for one sample, is not Indicative of fruit decomposition, as
they found sound berries that had a high mocld count. They also re-
ported a relationchip between the weather conditions during harvest-
ing the berries and the mold count. The mold count increaced as
the temperature and humidity increased.

The author felt that there was a need for further study to
determine the factors that might influence the mold count of processed
black raspberries.

This investigation was carried out in the vicinity of Lawrence
and Keeler, Michigan. A study was made of the mold count at various
stages of maturity of the berries, under different weather conditions.
The effect of different methods of washing the harvested fruit was
studied also, and a study was made to determine the differences that

occur in the mcld count when various dilution methods were used.



LITERATURE CITED

Molds are of economic importance not conly because of their
value to industry and rnedicine, but also because of the damage they
cause tc food and other products. Molds, a group of the fungi, are
microscopic or:ranisms, simple in morpholorical structure, without
differentiation of body intc true rcots, flowers, or vaccular bundles.
They are devoid of chlorcphyll, and are distin:ruiched by a b;:a.nched
network of filaments or threads kncwn as hyphae. Most bhacteria
and funzyi have rather specific means by which they penetrate the
host and relate thernselves to the host tissue. They enter the host
tissue throuzh natural openinrs, throuzsh wcunds, or by direct pene-
tration (33). Berries, like other fruits and vegetables, are naturally
protected against molds by a layer of skin which has to be broi:en
or dissolved before the nutrients inside the fruit become available
to the organisms. Slate, Braun, and Mundinger (26), and Fabian
et al. (8) reported that mechanical injury of the skin of berries is
one of the 1most common means by which molds enter and cause
decay. Loree (19) stated that soft berries quici:ly break down and

are attacked by molds. Alternaria humicola Oudemans and Cladosporium
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epiphyllum Persoon were reported by Benexe (2) to be the most com-

mon molds found in blaci raspberries (Rubus occidentalic), while

Pullaria sp., 1'richoderma sp., Asperaillus sp., Qospold sp., Mcnilla

cp., and Mucor sp. were found less frequently. In general, berry
{ruits such as raspberries, blackberries, and dewberries are subject
to attac:. by the sarne molds (11).

Among the facters affectiny the germnination of fungous spores
are: (1) temperature, (2) moisture, (3) oxyren, (4) the hydrogen-ion
concentraticn, and (%) the -iability cf thé spores. The growth re-
quirements for fungi were reviewed by Lilly and Barnett (18), Walker

{33), Clayton (4), Dugger (7}, and Loauritzen (17).
Facters that Influence the Mold Ccunt in Berries

Since, in the case of black raspberries, the temperature
during the growing season is near the optimum for the growth
of molds, the moisture required by molds for germination may be
supplied either by rain or by the soft mature fruit, the air furnishes
adequate oxygen supply, the hydrogen-ion concentration of the fruit
is sufficiently low to be favorable for the growth of molds, and as
spores are ubiguitous in nature, it is difficult to produce berries

free from molds. Weather plays an important role in influencing



the r.aold count in blac:. raspberries (8, 13, 28). The number of meclds
in berries was found to be influenced by several factors, which are

discussed below.

Temperature. Microorganisms ‘which bring about decay of
fruits and vegetahles are reduced in ;rowth with the lowering of tern-
perature "elow the optiinuri. When these organisms are ;rown on
suitable media over cconstant temperatures, a correlation is shown
between rate cf rrowtb and the temperature. For many, the optimum
lies between 20° and 30° C., while above and below the optirmum,
growth rates decline. When the temperature iz near the optimum,
the enzymauatic activity and the rate of spore vermination are increased
{21). Optimum temperature and growth rates of a given species may
differ on wvarious substrates (36). The growing temperature range

of Alternaria 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). ielsel
and Eicenberg (13), Fabian et al. (8), and Steinxraus (28) have reported
that mold growth in black raspberries was rapid at high temperatures

around 80°(x) F.

Humidity requirements for molds. The spores of many species

of funoi will not germinate unless they are in contact with free water.



Water is essential to activate certain enzyme systems, to initiate
other internal chemical changes, and to increase the wvolume of the
germinating cpores of fungi (18). Spores of some species of fungi
are capable of germination on dry surfaces in an atrmcuphere of hicrh
humidity, usually 95 per cent or above (18, 11). Otherz are capable
of producing short erm tubec under conditions of extremely low
relative hurnidity (18). Sncw, Chrichton, and Wricht (27) found the
racld srowth on locust beans, SCOtéh beans, bran, oats, bonemeal,
and linseed caxe in storage was more dependent on relative humidity
than on moisture content of the food, and at 75 to 100 per cent rela-
tive humidity the inolds grew rapidly. Fabian et al. (8), Stein..raus
{28), and Helsel and Eicsenberyg (13) stated that, in blac:: raspberries,
mold counts increaced in humid weather and warm temperatures.
The former two authors mentioned that mold counts in berries were
low in hot and dry weather. Steinkraus (28) stated that the mold
count in blaci: raspberries incre‘ased rapidly during rainy weather.
Fabian et al. (8) stated that moist weather favors mold growth by
supplying water between the crevices of drupelets where the mold
spores are lodred. Also, they stated that the osmotic action result-
ing from the presence of moisture on the surface of the hHerries

brings nutrients out of the ripe berries for the growth of mpold spores.



7
Increased amounts of water into drupelets causes them to break dur-
ing handling, and also facilitates the brea. down of the sxin of the
drupelets by the enzyme systemn of molds. They found that, at the
pea.. of the bhlack raspberry processing period, mold counts increased
on berries when the humidity increased due tc rainfall. Slate, Braun,
and Mundinzer (26) stated that during wet seasons many growers
are trcubled with fruit rot and various molds, such as Botrytis sp.,

Fusarium sp., and Alternaria sp., which may cause the fruit to rot

just about the time that it beccmes ripe. Iielsel and Eisenber: (13)
reported that a moist environment along with warm temperatures
favored growth of molds and other microorganisms which decorapose
the berries, and also that the rains prevented picliting the berries at
sufficiently frequent intervals, resulting in the fruit becomingz overripe
and decomposing on the bushes. Darrow and Waldo (5) mentioned
that raspberries become soft due to rainy weather, and are subject

to decay by mold fungi.

Maturity of berries and its effect on mold count. It was re-

ported by Loree (19) and Dodge and Wilcox (6) that soft berries break
down easily and therefore are attacked by molds. Helsel and Eisen-
bery (13) stated that soft ripe black raspberries have higher mold

counts than firm ripe berries. Fablan et al. (8) found higher mold



counts in firm ripe black raspberries in some cases than in the
berries cof mcre advanced stages of maturity. INeedham and Fellers
(22) reported that a moderately high mold count misht be obtained
frorn soft, mushy, or overripe blac~ bherries which showed no wisible
evidence of t:old. Darrow and Waldo (5) stated that soft, overripe
berries were attacked easily by fungi which caused decay of the
fruit. Rendell (2") reported that forty-eight hours was ample, even
under averagze weather conditions, in Scotland for the raspberries to
change frcm a decidedly unripe state to one of maturity or ripeness,
and also that the changes acssociated with ripening continued even
faster after the fruit was actually pici.ed. He also found that logan-
berries ripened more quickly than other varieties, and occasionally
changes were so rapid that berries in red stage turned blaci: and

shrivelled the next day.

Effect of harvest on mold count. Raspberries, because of

their perishable nature, require very careful handling. The most
commeon cause of decay is mechanical injury resulting from careless
handling during harvestinz of the fruit (8). Berries injured or bruised
in handling are subject to attack by mold fungi which cause decay (5).
Special care should be taken to remove the berries from bushes

without breakins or crumbling them, and only a few berries should
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be held in the hand at a time, to avoid bhruising. The berries should
not be pic-ed when wet unless for irnmediate use, as they mold
quickly, especially in warm weather. Ripe berries left on the bushes
become soft and are certain to cause trouble in later pickings (19).
rielsel and Eisenberg (13, stated that, with proper handling, the mold
count of black raspberries could be reduced, while Fabian et al. (8)
reported that proper handlin: of the berriec did‘not materially aid

in redu:ings the mold count. Lcree (19) recormmended harsesting of
the raspterrie- on alternate davs during the pea.. of the season.
Darrow and Waldo (5, stated that picking of the raspberries must

be done at least two or three time: each week, depending on locality,
variety, and weather conditions. Harvesting of raspberries may be
required at least every other day in hot or wet weather, and on every
third or fourth day in dry rezions of the West (5). Slate, Braun, and
Mundinger (26) stated that under normal conditions racpberries should
be picked on alternate days; in very hot weather, every day; and

once in three days if the weather is cool.

Holdine of berries and its effect on mold count. It was re-

ported by Dodge and Wilcox (6) that delay beyond a few hours be-
tween pic'.ing and sale to the consumer affords an opportunity for

the development of fruit rots and molds in raspberries. Loree (19)
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advised that berries should be <ept out of the heat of the sun after
they have been picl.ed. llelsel and Eisenberg (13) stated that sound
blac: raspberrie: pic..ed durin: ré.iny weather could be held for a
reasonable length of time without an appreciable increase in the mold
ccunt. Fablan et al. :{8) found a highly significant increase in the
mold count of hlac:: raspberries by hoelding the berries for various
lengths of time under warm, burnid conditions. Stevens and Wilcox
(29), wor. ins with Rhi-cpuc rot of strawberries, found an increase
in decay cf erries that had heen washed, and then dried by exposure

to sunlicht.

Washinoe and cortins. It was reported by Steinkraus (28) that

washing and sorting procedures during the processing operation of
blac:. raspberries helped in reducing the mold count. Fabian et al.
(8) did not find significant decreases in mold count of the berries
by washing them. Haynes and his co-woriers (12) found significant
decreases in mold count of strawberries by treating them with water
pressure and detergents. fioward (14) advised that proper sorting
and wachinog procedures would help in reducing the mold count of

tomatoes.
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Mold Counting

At the beginning of this century, the manufacture of ~arious
tomato products became cormmercially irmportant. As a result, there
were radical chanjes in some of the manufacturing methods, which -
tended to produce a cleaner and more wholesome prcduct. For the
purpose of g¢iving the rnanufacturer a means of comparing the various
methods of handlins the preducts, ioward (14) introduced a rnethod
for deterralnin:s the quality cf a tomato pulp or catchup. e felt that
the prccessors handled the product in such a way a: tc allow the
decomposition of the product by bacteria, yeasts, and molds to occur
at some time during processinz, thouh the material might be rela-
tively free from decayed or putrid material. Prescott, Burrage,
and Philbuci (24) and Darling and 3itting and Bittin» (cited by Fabian
et al., 8) criticized the procedures used. Their chief criticisms
concerned the following: (1) the difficulties and sources of error in
distinguishin~ between plant tissues and microorganisms at low micro-
scopic magnification; (2) only the rod-type bacterié were counted,
while the coccus forms were ignored; (3) yeasts and mold spores
were counted together, since they could not be distinguished from
each other; and (4) the method failed to distinguish between large

masses of hyphae and one hypha in the field. Bitting and Bitting
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{(cited by Fabian et al., 8) also reported that no relation existed be-
tween the number of orranisms and the decomposition of the product,
since the nurnber of organisris was not always coincident with putre-
factive activity.

Many atternpts were made tc improve the Iioward method.

Vinci nt (32) ctated that the direct method of counting bacteria de-ised
hy Prescott and Breed in 1911, which also is described in Standard
Methods cf 3acteriolosical Analyses of Milk (APHA, 1916), elirainates
the scurces of error. The advantages of this methed are: (1) the
bacilli can be distinguished from cocci or inert material, while doubt
is often encountered when ucing the Zeiss counter; and (2) coccl can
be counted, :since they are stalned easily and can be observed when
this method is used. DBarterelli and Marchelli (1) suggested a modifi-
cation of both the Howa:rd and Vincient metiiods, in which the tomato
product was diluted, filtered, and the filtrate fixed with alcohol-ether
and stained with Loeffler!s methylene blue before it was subjected
to microscopic count. Another modification of the Howard method
was sungested by Miller (20), in which the tomato pulp was boiled
with Loeffler!s methylene blue and Ziehl-Neelsen!s carbofuchsin,
With this procedure the microorganisms are stained a deeper color

than the tomato tissues, and in addition to this differential effect the
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combination of the two stains facilitate the differentiation of yeasts
from mold spores and bacteria. Ilowewver, the same criticisms are
valid for Miller!s method as for the Howard method.

Using the Howard mold count procedure on black raspberries,
Steini.raus (28) found that when the samples were diluted beyond a
one -to-one ratio with pectin solution there was a decrease in mold
count, but that this decrease was not in direct 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 Number of Molds
Allowed in Food Products

The Federal Food, Drug, and Cosmetic Act of 1906 states
that a food product is deemed adulterated !!if it consists in whole or
in part of a filthy, decomposed or pﬁtrid animal or vegetable sub-
stance!! (31). Five years after ti'xe enactment of this act, Howard
(14) introduced the first standards for the maximum number of molds,
veasts, and bacteria to be allowed in tomato products; under this
standard a tomato product was to be condemned if molds were pres-
ent in more than 25 per cent of the microscopic fields, twenty-five
yeasts and spores in 1/60 milliliter, or twenty-five million of bac-

teria per milliliter. In 1916 this was modified to permit 66 per
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cent of molds in the microscopic fields (3); 12¢Y yeasts and spores in
1/50 milliliter, or cne hundred million bacteria per milliliter. lYioward
and Stephenson (15) showed there was a very close relationship be-
tween the arnount cof cpoilage of tomato products and faulty cleaning
or rsuperficial sorting of the tomatoes. Tice (cited by Fabian et al.,
8) stated that when tormatoes were properly handled the mold count
was of greater importance in judging the condition of the product
than the count: of other microcr~ranisms,.

According to FDA standards during 1931, the tomato products
were limited to -0 per cent mold count; in 1938 a chanrre was made
which limited the mold count in tormato juice to 27 per cent. Stand-
ards for catchup, puree, and paste were changed to 40 per cent mold
count and 1% per cent for tomato juice in 1940, but later in the
came year FDA raised the limits of mcld count to 20 per cent for
tomato juice, while retaininy 40 per cent for the other tomato prod-

uces (8).
Application of Howard Method to Berries

Although the mold count procedure originally was designed
for tomato products, it has been used for a great number of foods,

includinr red and blacik raspberries. The applicai::lon of the Howard



mold count method to berries and berry products was first suggested
by INeedhanr: and Fellers (22). At the precent time an unofficial
mold standard for black raspberries is 50 per cent, the same as for
catchup. Fabian et al. (8) suggested that black raspberries, because
of their structure, should have a standard of their own and should
not be judged according to the standards of other products. They
recorarmended 76 per cent mcld count if one sample was used as a
representative cf a lct, or 60 per cent if at least ten samples were
taken and averaged. Ielsel and Eisenber: (13; reccrmmmended that it

cshould not exceed 0 per cent, even under adverse ccnditions.



EXPERIMENTAL PROCEDURE

During the seasons of 1921 and 1952 from farrns in the wicinity
of iL.awrence, Michiran, blaci: raspherriec were carefully harvested
and put in clean quart berry boxes. Somec examples were also obtained
at Keeler, Michiran, durin; the season of 1952. The harvested ber-
ries were tal:en directly tc the factory, transferred to clean cans,
covered, and {roven. Since the rcld counts could not be made con-
currently with barvest, blac. raspberry samples obtained near Law-
rence vere frozen in the Lawrence Frozen Foods freezer, and those
collected at Keeler were frozen in the deep freeze at Surnette Farms
Pac..ing Company, and later transferred to Lawrence Frozen Foods
freezer. All the frozen samples of blaci: raspberries were brought
by refrigerated trucx to the Horticulture Department of Michigan State

Collegpe and stored at 0° F. until they were examined.
Experimental Plan

1. Effect of the stage of maturity upon the mold count in

blacl. raspberries. Samples of black raspberries were harvested at

the following stages of maturity:

16



(1) Shiny-blacl: Firm-ripe, shiny-blac  with occasional red
drupelets. Very sound fruit.

(2) Dull-black: Dull appearance, hair:s raore prominent in
crevices between drupelets than in the shiny-black ctape, firmer than
soft ripe fruit.

{3) Soft ripe: Fruit in very adsrance stage of ripeness.

(4) Cormnposite: Agregate carmple of all the above stages of

maturity.

2. Effect of harvestinys bhlac!: raspberries after rainfall. Sam-

ples of berries at each stare of maturity, as well as a composite
sample, were collected from eight different fields. These were taken
thirteen, seventeen, twenty-four, forty-eight, and seventy-two hours
after rainfall.

Samples were also collected from ten different fields at ea;.ch

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

for four days.

3. Effect of shalking the buches. Samples of each stage of

maturity were collected from Logan and Cumberland varieties. Then
the bushes from which these samples were taken, were shaken, and

another set of camples ccllected.
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The mold count for each set of samples was determined and

a comparison was made between the number of molds in the berries
of the two varieties tested. Also, a compariscn between the results

obtained before and after sha.:ing the bushes was made.

4. Effect of holdiny black raspberries. On July 17, 1952, six

lcts of dry black raspberries were collected from six different fields,
and each was divided intc three portions. One was frozen immediately,
ancther after hclding for six hours at 76° to 78° F., and the last one
after holding under the same conditions for twelve hours. This treat-
ment was repeated for berries harvested on July 21, 1952,

Similar experiments were conducted for blaci: raspberries

harvested immediately after rain on July 18 and 23, 1952.

5. Effect of different methods of washing. Four samples of

berries from three regular receipts of a Michigan food processor
were tal:en at the end of the season in 1922 and subjected to three
kinds of water-pressure washing to determine the effect of washing

on the mold count of berries. The fruit obtained from a shaker-spray
washing was taxen as a control. The different washing treatments

used were shaker and spray washing, shaker and sink washing, and

shaker, spray, and sink washing.
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6A. Comparison of official mold count method with the modi-

fied method. For this study, pulp of seventy-five samples of berries

was diluted with 3 per cent pectin solution in the ratio of 1:1 accord-
ing to the original Howard mold-count method, and the per cent of
mold in the microscopic fields in each sample was recorded, Then
the mixture of pulp and pectin solution was further diluted with 3 per
cent pectin solution to 2:1, and the mold count in each sample was

recorded.

6B. Effect of dilution on mold count. Sixty-two samples of

black raspberries containing from 20 to 100 per cent mold counts,
as determined by the modified technique, were taken to study the ef-
fect of dilution with 3 per cent pectin solution on mold count of the
berries., The mixture of black raspberry pulp and 3 per cent pectin
solution made for observation of mold 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 molds in the berries deter-
mined at each level of dilution.

A summary of the experimental plan is given in Table I. | The
official weather data for July, 1951 and 1952, are summarized in

Table 1I.

RELLE A TEre
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TABLE 1

EXPERIMENTAL PLAN

Code No. of EI;) :rtfploef ' T t t
l reatments
Sample Samples . . iection

Experiment 1. Effect of Maturity on the Mold Count
of Berries

Experiment 2a. Effect of i{farvesting After Rain at
Different Daily Intervals .

13a-) 40 7/13/51 Collected 1 day after previous
harvest.

I3a-2 40 7/14/51 Collected 2 days after previous
harvest.

13a-3 20 7/15/51 Collected 3 days after previous
harvest.

I3a-4 20 7/16/51 Collected 4 days after previous
harvest.

I13a-5 20 7/17/51 Collected 5 days after previous
harvest.

Experiment 2b. Effect of Harvesting After Rain at
Different IHourly Intervals

I3b-1 32 7/15/52 Collected at 13-14 hrs. after rain.
I3b-2 32 7/15/52 Collected at 17-18 hrs. after rain.
I:3b-3 32 7/15/52 Collected at 23-24 hrs. after rain.
I3b-4 32 7/16/52 Collected at 48 hrs. after rain.
I3b-5 32 7/17/52 Collected at 72 hrs. after rain.

Experiment 3. Effect of Shaking Bushes Before
Harvesting the Derries

IC-1 24 7/13/51 Logan variety--no shaking.
1C-2 24 7/13/51 Logan variety--after shaking.
IC-3 24 7/13/51 Cumberland variety--no shal:ing.

1C-4 24 7/13/51 Cumbeérland variety--after shaking.
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TABLE I (Continued)

Code No. of ;):::plc;f - ¢ ¢
reatments
Sample Samples Collection

Experiment 4a. Effect of Holding the Berries
After llarvesting Wet

ID-A-2

ID-A-3

I-D-B-1

1-D-B-2

Experiment

7/18/52
7/23/52
7/18/52
7/23/52
7/18/52

7/23/52

Collected after rain, frozen im-
mediately.

Collected after rain, frozen im-
mediately.

Collected after rain, held for 6
hours hefore freezing.

Collected after rain, held for 6
hours before free=zing.

Collected after rain, held for 12
hours before freezing.

Collected after rain, held for 12
hours before freezing.

4b. Effect of i{olding the Berries

After Harvesting Dry

7/17/52
7/21/52
7/17/52
7/21/52
7/17/52

7/21/52

Dry berries frozen after 0 hours
holding.

Dry berries frozen after 0 hours
holding.

Dry berries frozen after 6 hours
holding.

Dry berries frozen after 6 hours
holding.

Dry berries frozen after 12 hours
holding.

Dry berries frozen after 12 hours
holding.
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TABLE 1 (Continued)

Code No. of Date of ,
Sample Samples Sample Freatments
Collection
Experiment 5. Effect of Washing
IE-1 12 7/18/52 Control.
IE-2 12 7/18/52 Control + spray-washed.
IE-3 12 7/1L/82 Control + sink-washed.
IE-4 12 T/15/52 Control + spray-washed + sinl--
washed.
Experiment 6u. Effect of Diluting 3lacl: Raspberry
Pulp With Pectin Solution
I3b 1 8 7/15/52 Comparison of official method with
modified technique.

I3b 2 1 7/15/52
I3b 3 5 7/15/52
I3b 4 8 7/18/52
I3b 5 8 7/15/52
IDA 1 3 7/23/52

7/18/%52
IDA 2 6 7/23/52
INA 3 2 7/23/52
I3 1 2 T/17/82

7/17/52

° £

ID3 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 7718/52
IE 4 2 7/18/52

18/52

111 16 /18

7/22/52
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TABLE I (Continued)

ere———
——r

Code lio. of Date of
Sample Samples Sample Treatments
P Pl€s  collection

Experiment 6b. Effect of Dilutions on Mold Count

With above samples. Pectin solu-
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 WEATIIER DATA FOR JULY, 1951,
I PAW PAW, MICHIGAN

Temperature Daily
Date Precip- Personal Observation at
Max. Min, itation Lawrence, Michigan
(° F.) (° F.) (inches)

/1751 74 53 0.25

7;2/%1 80 51

7/3/51 81 56

7/4/51 78 58

/7701 75 0] 0.02

/5751 85 47

/7751 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, showers till noon.

7/13/¢51 82 56 Cool morning, slightly warm in
the afternoon--no rain.

7/14/51 84 55 Warm day--no rain.

7/18/51 86 59 Hot sunny day, heavy dew in
the night--no rain.

7/16/71 88 =8 Hot sunny day, heavy dew in
the night--no rain.

7/117/51 80 56 Cool in the morning--warm 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

showers. Heavy rain in the

night.

Weather

Climatological Data (Michigan) W. S. Dept. Commerce,

Bureau.
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TABLE II (Continued)

Temperature Daily
Date Precip- Personal Observation at
Max. Min. itation Lawrence, Michigan
(° F.) (° F.) (inches)
7/22/°1 84 58 4.85 Cool day. Showers in the morn-
ing. Cool night with heavy
dew.
7/23/51 77 £9 0.03 Cool day.
7/24/51 81 56 ilot and humid. ifeavy dew in
the night.
7/25/51 88 59 Warm and humid.
7/26/01 89 62
7/27/21 o 5 0.91
1/28/%1 79 =4
7/29/¢t1 85 62
7/30/51 90 58
7/31/%1 82 57 0.24
7/1/52 89 60
7/2/52 96 68
7/3/52 89 67
7/4/52 83 57
7/5/52 90 53
7/6/52 92 62
7/1/52 94 62
7/8/52 89 60 1.16 Light rain till 2:00 p.m. Then
it was cool for the rest 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 IHot and humid, cool and clear
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.
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TABLE II (Continued)

e

—

Temperature Daily
D Precip- Personal Observation at
ate :
Max. Min. itation Lawrence, Michigan
° F.) F.) {inches)

7/15/52 73 63 0.40 No rain was observed at Keeler,
Lawrence, or Benton Iiarbor.
Cloudy in the morning.
Slightly warrn and humid.

7/16/52 82 62 0.23 Cloudy till late afternoon. Oc-
casional showers between
8:30 a.m. and 1:00 p.m.
Sunny frorm 3:30 p.m. till
evening.

7/11/52 84 68 Warm and humid.

7,18/52 89 72 0.85 Rain in the morning 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.

7/19/52 85 70 0.15 Cool morning, warm and humid.

7/20/52 92 68 Hot and humid.

v/21/52 90 77 Hot and humid.

7/22/52 98 68 0.10 Hot and humid. Light rain in
the evening.

7/23/%52 92 66 0.50 Rain from 5:00 to 8:00 a.m.
Warm and humid day.

7/24/52 84 53 Warm and dry.

7/25/52 86 55 Warm and dry.

7/26/52 84 70 0.07 Cloudy day.

7/21/52 90 55

7/28/52 86 65 0.23

7/29/52 78 47

7/30/52 77 55

7/31/52 77 45
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Methods of Procedure

The following procedures were carried out on each sample

unless otherwise stated.

Thawing of berries. The cans containing blacl: raspberries

were kept in a container holding boiling-hot water. In this way thaw-
iny of berries could be easily attained within fifteen to twenty rain-

utes. All the samples were thawed in this manner, and then pulped.

Pulping of blac!c raspberry samples. Samples were prepared

for microscopic examination by pulping the berries with a laboratory

pulperl having screen openings of 0.027 inch in diameter.

Method for mold 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 samples were examined for mold
filaments by the A.0.A.C. Official method (23). All mold counts
reported were “ased on examination of at least one hundred micro-
scopic fields. This method was proposed originally and adopted by

Helsel and Eisenberg (13), because the deep color and density of

Cefaly laboratory pulper.
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pulp prepared tfrom fresh and frozen berries made mold counting dif-
ficult when pure pulp was used.

The dilution technique described above is a modification of
that described in the Methods of Analysis of A.O0.A.C. (23), in which
the pulp was diluted with equal parts of 3 per cent pectin solution by
weight.

The air bubbles incorporated during pulpinr of frozen rasp-
berry samples were easily removed by addin: small amounts of
antifoa.ml to the sample and stirringy thorougzhly with a glass rod,
although the air bubbles in the samples could be eliminated if the
samples were allowed to settle about thirty minutes. Howard (16),
wor:xing on the use of different instruments, while rmaking a micro-
scopical examination for mold in tomato products, found it better
to use either a large or medium scalpel with pointed end for taking

the test material after stirring.

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

pectin (100 grade) was prepared. One hundred inilliliters of the dis-
tilled water was heated in a beaiter on a hot plate, and pectin was

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

Antifoam manufactured by Dow Chemical Company.
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simultaneously with a glass rod. A small amount of antifoam was
added to the hot sclution to avoid foam formation., After the solution
was cooled, 5 milliliters of 36 per cent formaldehyde per 100 milli-
liters of solution was added to prevent any microbial prowth in the
pectin solution. 'IT'his addition of formaldehyde was a slight modifica-

tion of the method described in A.Q.A.C. (23).

Dilution method for estimatins mold count in the berries. The

dilutions of the saimples were made gravimetrically. Fifty grams of
3 per cent pectin solution was added to 50 grams of black raspberry
pulp in order to make a 1l:1 ratio of pectin to pulp. The same mix-
ture was diluted further to the desired concentration by adding 3 per
cent pectin solution. When the pectin solution was added to the i:lack
raspberry pulp, the mixture was stirred thoroughly to make it uni-

form. As the dilution increased, the intensity of color decreased,

and it was easier to examine the samples for mold count.



RESULTS

The tables presented in the text summmarize the original data

which are given in the Appendix.
Effect of Stage of Maturity of Berries on Mold Count

Berries that were harvested in the shiny-black stage had an
average mcld ccunt of 4.0, 4.5, 5.5, 9.5, and 11.5 per cent for the
time intervals cf thirteen, seventeen, twenty-four, forty-eight, and
seventy-two hours after rain, respectively. The mean mold count in
berries for all intervals was 7 per cent. The dull-black berries
were found to contain an average of 10.3, 7.0, 13.5, 16.0, and 22.5
per cent, respectively, for the same intervals with a mean of 13.9
per cent; and the soft berries, 35.8, 50.0, 47.3, 61.0, and 59.3 per
cent, respectively, for the same intervals, with a mecan of 50.7
per cent (Table III).

Examination of Table IV shows that, as the berries advanced
in maturity from the shiny-black to the soft-black stage, the mold
count increased. This increase 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 SEASON!

Hourly Daily
Intervals Intervals

Stages of Maturity »
13-14 17-18 1 day 2 days 3 days

(%) %o) (%) (%) (%)
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 6‘1.0 59.3
Composite sample .. .. 24.3 34.0 40.3 38.5 41.8
Mean value . ........ 18.6 23.9 26.6 31.3 33.8

1
Original data in Table XII (Appendix).

berries was easily broken or dissolved by the molds, so that water
and nutrients became available for the growth of the mold. The
composite samples were found to contain an average mold count of
24.3, 34,0, 40.3, 38.5, and 41.8 for the periods of thirteen,vseventeen,
twenty-four, forty-eight, and seventy-two hours after rain, with a
mean of 35.8 per cent. Averages for composite samples were found

to be always significantly lower than that of the soft ripe stage, and



32
TABLE 1V

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

et —

Average Mold Count of

No. of F L.. S. D,
Shiny- Com- Sam-
Dull Soft
Black ("l;o) (;’) posite ples Value 5% 1%
(%) (%)
7.0 13.9 50.7 35.8 160 57.9%% 3.7 4.88

——

%% I1i /hly siynificant.

higher than that of the shiny- and dull-black stages (Table IV). The
rate of increase in the mold count of the composite sample was
greater than the rate of increase in the soft berries--the dull-black
or shiny-black berries (Figure 1). The shiny-black had the lowest ratec of
mold increase with time, while the dull-black raspberries had the

next lowest rate of increase. The higher rate of mold increase

with time for the composite sample may be the result of mixing the
soft fruit--which have high mold counts--with shiny-black and dull-
black fruit having low mold counts, and so giving the mold more
surface area and media to grow upon. Also, it is commonly be-

lieved that the empirical methods for counting mold would give such
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re:ults when scft fruit havings hirh 1iold count is mmixed with fruit
in cther staes of maturity containins a sirrall number of raolds.

Data obtained seem to indicate that the scft berries were re-

cponsible for the hizh rold count in the composite saraples.
Effect of Harvesting After Rain at Different Intervals

dAcurly intervalc. Ior this experirmnent the samples were col-

lected cn July 12, 1952, Examination of Table II shows that on July
12 and 13, pricr to the collection cf samples, the ternperature ranged
from 68° tc 95° F., with an avera_e of &1° L Nec rain fell untill
the eveningy of the fourteenth. 'This pericd was nct favorable for the
germination and growth of mcld spores. After the rain on the four-
teenth, the temperature ranged frora 62° to 84° F., with an average
of 72° F. durin: the three-day period of sample ccllection. The
humidity was hiish due to the rainfall, and weather conditions during
this period seemed to be favorable for the gro.wth of molds.
Examination of Table V shows that the samples which were
collected thirteen hours after rain had an average of 4.0, 10.3, 35.8,
and 24.3 per cent, respectively, for the shiny-black, dull, soft, and

composite samples.



35
TADLE V

ANALYSIS OF VARIANCE OF THE MOLD COUNT IN DERRIES
COLLECTED A1 DIFFERENT INTERVALS AFTER RAIN!

Average Mold Count in

Stare of Maturity

15 17 24 45

hrs. hrs. hrs. hrs.
Shiny-blacs . .. v v et ot e . 4.0 4.5 4.7 5.9
Dull-blac:: ... ... ........ 10.3 7.0 12.4 20.8
Soft-black ..... e e e e e e 35.8 50.0 61.3 61.4
Composite samp}e ....... i 24.3 34.0 31.2 29.1
Total average ... ........ 18.6 23.9 27.4 29.6

|

1
Original data in Tables XII and XIII (Appendix).

* Sianificant.

** Highly significant.




TADLE VvV (Continued)
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Lerries (%) No. Sam-
1.. D.
of ple

T2 . 96 120 Sam- F

hrs. hrs. hrs. ples Value 5% 1%

9.: 2.4 4.0 75 2.602% 0.52
16.3 2.4 4.0 TE 3.02% 4.06
70.3 9.2 22.5 i) 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 collection, seventeen hours after the rain, had an
average of 4.5, 7.0, 50.0, and 34.0 per cent for the same stages of
maturity, respectively. Analysis of variance (Table V) indicated that
there was no significant difference in the mold count of the shiny-
black and dull-black berries collected between thirteen and se-venteen
hours after rain, but that there were highly significant differences in
the soft-blacl: and composcsite saraples. Black raspberries collected
twenty-four hours after rain had an average of £.5, 13.5, 47.25, and
40.25 per cent for the shiny-blacl, dull-black, soft, and composite
samples, respectively. Analysis of variance chowed that there was
no significant differenée between the mold count of shiny-black and
dull-black berries collected twenty-four hours after rain and those
collected thirteen hours after rain. There were significant differ-l
ences in the soft and composite samples.

The regression curve (Figure 1) indicates that the number of
molds in black raspberries increases with the increase of time fol-
lowins rainfall. This was more noticeable for the coft fruit and the
composite samples than for the shiny-black and dull-black fruit,

where the increase was negligible.

Day intervals. The average mold count in the black raspber-

ries one, two, three, four, and five days after rain was 27.4, 29.6,

i e
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36.6, 4.7, and 9.7, respectively (Table V). Analy:is of variance
showed that there were sirnificant differences between the mold
counts in berries after these intervals (Table V). There was a
noticeable increase in mold count of the berries up to the third day
after rain; then the mold counts decreased rapidly (Fizure 2). It
was observed that shiny-black berries took twenty-four hours to reach
the dull staze duringy the growiny season, and another twenty-four
hours to hecome soft. On this basis, the mold count for the berries
that were chiny black twenty-four hours after rain increased from
4.7 to 20.8 per cent after forty-eight hours, which was the count for
' the dull-black, and to 70.3 per cent after seventy-two hours, which
was the count for the soft berries. On the fourth day, they shriv-
eled and dried up, and so were eliminated. The samples collected
on the fourth and fifth days represented the fruits that were in the
green and red stages during the rainy period, and so they matured
under normal dry conditions and might be expected to have lower
mold count. The data obtained during the fourth and fifth days cor-
respond with data previously obtained during dry conditions.

From the results obtained, the author feels that the best time
for harvesting the berries in rainy weather to get low mold count

would be as coon as possible after rain.
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Effect of Variety on the Mold Counts

Data obtained (1able VI) showed that the l.ozan -—ariety berries
had an averaze mold count of 12.7, 39.7, £7.0, and /9.7 per cent fcr
the chiny-black, dull-black, soft, and composite samples, respecti’ely.
‘The averares fcr the Cumberland wvariety were 12.0, 24.0, 67,7, and
53.3 per cent for the same stares of maturity. 7The berries of the
Lozan -variety had significantly higher raold counts than of the Cum-
berland -rariety at all the starec cf :naturity except the shiny-black
stance (Table VI). The results obtained seemed to indicate that the
Cumberland variety berries were more resistant to rmolds than the
berries of Loran variety. Therefore, it would seem that the Cum-
berland variety, or any other variety which proves to be more re-
sistant to molds, should be grown in areas that have trouble with
mold count in berries.

Effect on the Mold Count in Berries of Shaking the
Bushes 3efore liarvesting

Experiment 1 showed that soft berries had the highest mold
ccunt, and it was concluded that they might be the cause of the high
mold count in the composite sample. The easiest way to eliminate

the soft berries seemed to be by shaking the bushes before harvesting.
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TABLE VI

AVERAGE MOLD OF LOGAN AND CUMBERLAND L LACK
RASPBERRIES l{ DIFFERENT STAGES OF MATURIT Y/
BEFORE AND AFTER SIIAKING THE BUSHES
FOR HARVESTI!

Shiny-Black

Variety
Before After
Shaking Shatl-in:
Lorsan . .. .. ..o e e e e .« .o 12.7 3.3
Cumberland . . . . . ¢ i i t v o o v e et e e e 12.0 6.0
Total means ... . . . ¢ ¢ ¢ ¢ ¢ o « « e s e e e e e e 12.3 4,7
F Value
Treatment .. ....... 14,607k
Variety . ... .. ... ¢..... Gt e e s e e et e 0.25

|
|

1
Original data in Table XIV (Appendix).

* Significant,

*%* Hishly significant.




TADLE VI (Continued)
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Dull-3lack Soft Composite
Jefore After Before After Defore After
Shakin:« Sha.in- Shakinr Shakin¢ Shaking Shakiny>»

© 39,7 10.0 87.0 £9.3 79.7 41.0
24.0 10.7 67.7 40.0 £3.3 - 31.3
31.8 10.3 77.3 49,7 66.: 36.2
39, 3 3%k 43, 55%k 83.4 8%

4. 79% 21.27%% 29.40%%

!
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Samples that were harve:ted before shakings the bushes had
an average of 12.3 per cent mold for the shiny-black berrie:, 31.8
per cent for the dull-blacl berries, 7/.3 per cent for theﬂ soft ber-
ries, and 66.5 per cent for the composite samples. After shaking
the bushes, the berries in the shiny-blacl: staze bad an average of
4. per cent racld count; the dull-black staze, 10.3 per cent; the soft
staze, 49.7 per cent; and the ccinposite samples, 36.2 per cent (Table
VI;. The decrease in numher cof molds wac 62.2 per cent for the
~hiny-blacl, 67.2 per cent for the dull-black, 35.8 per cent for the
coft—ripe, and 4.5 per cent for the composite samples (Table VII).

Shaking the bushes before harvest cignificantly decreased the
mold countc in berries at all stagec cf :naturity. The sreater per
cent decreases in the shiny-black and dull stages were due to lower
initial mold counts of the berries (Fioure 3).

These results are in agreement with the statement of Helsel
and Eisenberg (13), that:

Several instances were reported in which growers removed
overripe berries by shaking the bushes before beginning to pick
the crop. This was said to have resulted in their picking only
sound herries for the packing plants. There was other evidence

to indicate that some srowers were aware of the raoldy condition
of some of their berries and that they were interested in deliv-

ering only sound fruit to packers.
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REDUCTION IN MOLD COUNT OF LOGA:l AIND CUMBERILAIID

3i,ACK RASPLERRIES OF DIFFERENT STAGES OF

MATURITY AFTER SHAKING THE BUSHES

Shiny- Dull- Soft- Com-

Variety Black Black Ripe posite
(%) {%) (%o) (%)
Logan . . . v v i e i e et e e e e e e . 73.6 74.8 31.8 48._
Cumberland ... .. .......... 50.0 61.1 40.9 41.3
Combined (bcth varieties) ... .. 62.2 67.C 3.8 45.6

Effect on the Mold Count of liolding Dry and Wet
Blacl: Raspberries After Ilarvesting

The time that elapses between harvesting and processing has

been found to have a great effect on the mold count of the final prod-

uct (8). Data obtained showed that when berries were harvested and

processed immediately, they had an average mold count of 45.2 per

cent; when held for six hours before processing, the mold count in-

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

hours, it increased to 77.2 per cent. These increases were found

to be significant (Table VIII). A high correlation was found to exist

between the holdinsy time and the number of molds in berries (Figure
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TABLE VIII

MOi.D COUNT OF DRY AND WET BLACK RASPBERRIES FROZEN
IMMEDIATELY AFTER HARVEST, AND FROZEN AF TER
HOLDING FOR SIX AND TWELVE iOURS
AT 76° TO 78° .1

Holding Time (hours)

Ho. -
fo. Sam- g p
o 6 12 of ple
Sam- F
1:; Value 5% 1%
Dry Wet Dry Wet Dry Wet P
Mold
COURt 4.0 403 1.2 58.8 743 79.8 72 6.21%k 17.40 23.10
.
Pect.

1
Original data in Tables XV and XVI (Appendix).

*% tiighly significant.

4). No significant difference was found between holding the wet and
dry berries (Table VIII and Figure 4). The average mold count for
berries that were processed immediately after harvesting was 45.0
per cent for the dry berries and 45.3 per cent for the wet berries.
Berriec that were held for six hours had an average mocld count of
61.2 per cent for the dry berries and 58.8 per cent for the wet
berries, and those held for twelve hours contained an average of 74.3

per cent mold count for the dry berries and 79.8 for the wet berries.
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The lack of sirnificant difference: betweer the held wet and
dry berrie: may hare been due to the use of individual quart sam-
ples. It raight be expected that in larse stacks of crates, where the
evaporation would be decreaced, the mold count of wet berries would
Increase at a more rapid rate than that of the dry berries.

The recults obtained for holdiny are in general agreement
with those of Fabian et al. (8), who found that the 1mold count dou!led
when black raspberries were heid for 8-1/4 hourcs under warm, humid
conditions, and increased fror: 2 to ! times when stored for twenty-
ei: ht to thirty hours. Stevens and Wilcox (29), workins on straw-
berries, stated that once the funzus is inside the berry no armmount
of external. drying is sufficient to stop its development. They were
of the opinion that the inoisture inside the fruit was enough to allow
the fungu: to grow sufficiently to destroy the berry. Thelr experi-

ments indicated that the rate of growth of Rhizopus nigricans increases

very rapldly with the increase of temperature above 10° C. (50° F.),
and when contarninated berries were held for a few hours at a rela-
tively high temperature (i.e., at 30° C.), the fungus developed in the
tissues to such an extent as to cause the breakdown of the berries.
Data obtained are not in agreement with the results obtained

by Stevens and Wilcox (29), who stated that the higher shipping
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quality of strawberries packed wet seemed to be due to the fact that
the temperature of the fruit was lowered by washing in cold water,
and that by evaporation the berries were kept cool for a consider-
able tiine. They also found that the drying of washed berries, e:-
.pecially by exposure to sunlizht, increased decay caused by Rhiopus
sp., as the subsequent exposure of the dry berries to pre-vailing high
temperatures favored development of the fungus within the tissues.

Effect of Washing Treatment on the
Mold Count in Derries

It is a well-known fact that washing the product is necessary,
not only for the removal of dirt, but also for the reduction in the
number of microorganisins, and thuc a product with lower mold count
is obtained. The better and more thorough the method of washing, the
fewer the number of organisms that will remain on the product. In
cormmmercial practice there are several methods in which different
principles are used for the remowval of dirt and microorganisms.
Soaking in water, treating the product in a shaker-spray washer and
using high-pressure sprinklers are among the methods employed.
One of these methods might be effective in one or more of the prod-
ucts but less effective or unsuitable for others. Each processor

uses the method which proves to give the best results under his
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conditions. In this experiment, some of the methods were used and
the results obtained were compared.

Three lots of berries of different mold counts were subjected
to the waching treatments. The first lot had an averaze mold count
of 37.0 per cent; the second lot, .5.5 per cent; and the third lot,
75,5 per cent when washed in a shaker washer before processing.
Thece results were considered as controls with which the results
of other treatments were compared.

When the berries were washed by a spray washer, the mold
count was reduced to 33.5, 48.5, and 71.0 per cent for the first,
se~ond, and third lots, respectively {(Table IX).

The mold count in berries washed in the shaker washer, fol-
lowed by a sinl: washer, had an average mold. count of 31.0, 44.0,
and 5.0 per cent for the flrst, second, and third lots, respectively.
3Berries washed by this method had lower mold counts than those
washed in the shai:er washer alone, or those washed in a shaker
washer and then spray-washed.

When the berries were washed in a shaker washer, then in a
spray washer, and finally in a sink washer, they had a mold count

of 27.0, 41.0, and 45.5 per cent, respectively.
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TABLE IX

EFFECT OF WASHING OIN MOLD COUNT
OF BLACK RASPIERRIES!

Shal.er
Shaker Shaker Wacshed,
Washed Washed Spray

Shaker and and Waczhed, ) ~- 5. b
Treatments Waczhed )
A Spray Sink and Value 59 1
Washed Washed Sink o7 %
3 C Washed

D

Avg. of lots {%o) %) (%o) (%o)
I 37.0 33.% 31.0 27.0 23.44%k 2,28 3.27
II 5.5 48.% 44.0 41.0 16.44%% 4,97 7.13
II1 76.5 71.0 55.5 45.5 2-6.37% 3,56 4.08
Combined 56.3 £1.0 43.F 37.8 103.98%* 2,30 3.1%

1
Original data in Table XVII (Appendix}.

*¥ Highly significant.

The data obtained showed that the greatest reduction of mold
count occurred in berries which had the highest initial mold count
(1.ot III). Since the soft berries seemed to be the cause for a high
mold count in a composite sample, it might be expected that any

treatment bringing about their removal, such as a high water-pressure



wash, would result irr a lower mold count for the remairdng intact
firm berries. 7This may explain the ;reater reductior ir mold count
when berries having a " i;! mold count are washed.

The analysis of variance of Lot Il indicated no si-aificant
differences bctween JYreatments B and C, arnd C and D.l This
let indicated that it made no difference in mold count whetlier
the berrics were sprayed -r sink-washed after shaker-washing, and
that berries subjected to shaker- and sink-washing had a similar
mold count as those subjected to shaker-, sink-, and spray-washine
consecutively. From this data alone it might bn;: inferred that sprayv-
wasbing is of no additional value i.: the reductlon of mold count
where sink-washing is practiced, a=d that, with shaker-washed ber-
ries, sink-washing contributes no more to the mold count reduction
than spray-washing.

The analysis of variance of I.ots I and IIl indicated that all
treamtments differed with respect to thelr influence on the mold

count. In contrast to Lot II, significant differences were found

1 A - Shaker washer treatment.
B - Shaker washer treatment and spray washer treatment.
C - Shaker washer treatment and sink washing treatment.
1 - Shaker washer treatment and spray and sink washing

treatments.
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between treatments B and C, and C and D). These data showed that
sink-washing was more effective than spray-washing and that the com-
bination of shaker-, sink-, and spray-washing was more effective

thar shaker- and si:k-washing.

When all three lots were combined, it was fourd that the ad-
ditional washing treatments resuilted in the reduction of mold counts.
'l'hé consistency of the treatment effects from replication to repli-
cation and lot to lot, particularly when the replication and lot
means varied, emphasized the value of the treatments over a rather
wide range of initial mold counts.

In general, these results would indicate for the reduction of
mold count in black raspberries that spray-washing after shaker-
washing is not greatly effective, and that for effective reduction in
mold count the berries should be sink-washed with high pressure
(I'igure 5).

T.ot III, ir which the greatest initial mold count and the highest
reduction was obtained, had a steeper slope than the other two curves
(Figurc 5)

A few workers carried out similar experiments. l'aliian et al.

(8) stated that berries washed under pressure did not show a signi-

ficant reduction in mold count. These results do not agree with the
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data obtained by the author. It might be possible that the samples
which .'ablan and his co-workers used had a very low initial mold
count when compared to that of the berries used by the author.

The data obtaired during this work are in general agreement
with those of Haynes et al. (12), who found 54 per cent reduction in
mold count of strawherries when they were washed with Santomerse
in a soaker washer, followed by rinsing with water in a shaker-spray
washer. They did not find consistent reductiorn of mold count either
with or without a detergent when the berries were sprayed on a
stationary screen, which may be considered comparable to the action
of the conveyer-belt-spray washer used in this Work. Further, they
noted 51 per cent mold-count decrease when the berries were treanted
with Santomerse under forced immersion washer, comparable to sink-

washing procedure in this work.

Effect of ilutiors o0:. Mold Cout of .ilack
Raspber>y Pulp

Compariso . of official met.od wit: modified techunique for

measurirg mold cowt in black raspLerries. The mold count as

originally devised by Howard (14) was intended to count the number

of fields containing hyphae in tomato prodicts, and the same method
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was later adopted to determine the number of fields cortainirg hyphae
in berries ard berry products.

:'or determinir, mold count more accurately in black rasp-
berries, lielsel and Eisenbery (13) suggested the modified technique
in whicl pectin solutior was added to berry pulp in a ratio of 2:1,
instead of equal parts by weight employed in the modified oward
method. This procedure was adopted during the course of tnis work
to determine the mold count of black raspberries.

A comparison of mold counts by both of the a:ove-mentioned
methods was made to determine whether there were any significaﬁt
differences. Seventy-five representative samples of black raspberries
with mold counts ranging from € to 100 per cent were examined for
the comparison,

The experimental results showed a linear relationship be-
tween the mold count and the dilution levels {Figure 7).

Analysis of variance indicated highly significant differences ’be-—
tween mold counts at the levels ranging from 30 to 70 per cent, and
significant differences at the 20 to 30 and 80 to 90 per cent levels.
No significant differences were obtained ! etween mold counts of the
6 to 20, 70 to 80, and 90 to 100 per cent levels and when the average
of all levels was compared, -0 sig ificart differences were found

(Table X).

-~
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TAZLE X
ANALYSIS OF VARIANCE OF MOIJ.D COUNTS ESTIMATED BY

OFFICIAL, METHOD AND MODIFIED TECHNIQUE ¥}OR
MEASURING MOLD I'T 3LACK RASPBERRIES]

A~verage Mold Count

Mold

Lewt  Cow Qe Memifed
(%) 1:1 2:1
(%) (%)
1 6-20 11.0 8.0 3.24
2 20- 30 22.5 18.5 5.40%
3 30-40 34.0 | 29.1 10.44%%
4 ~ 40-_0 44.6 33.7 38.34%%
= 50-60 £3.5 46.5 18.54%%
5 50-70 64.9 57.1 15.19%#%
7 70-80 . 73.6 71.4 2.03"
8 80-90 85.0 80.0 6.73%
9 90-100 93.8 90.0 2.27
6-100 54,34 49.25 1.26°

! Original data in Table XVIII (Appendix).
* Significant.
** Highly significant.

" Mot significant.
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These results are in agreement with the observation of lielsel
and Eisenber; (13) that mold counts by either method were about the

same for any particular sample of berries.

Effect of adding different amounts of pectin solution to nlack

raspberry pulp or mold count. After comparing the official method

with modified technique suggested by Helsel and Eisenbcrg .13) for
measuring mold count in black rasphberries, a study was made to
determire the effect of dilutiig bhlack raspberry pulp with greater
amounts of pectin solutior. |

Oilution curves were determined for mold counts ranging from
20 to 100 per cent in black raspberries, by diluting the mixture of
pulp and pectin solution with additional amounts of the latter. The
additions of pectin solution to berry pulp were made so that the
proportion of pectin to pulp was 1:1, 2:1, 6:1, 8:1, 10:1, 12:1, and
14:1, in which the per cents of pulp were 50.0, 33.0, 20.0, 14.3, 11.1,
9.1 7.7, and (.6, respectively (Table XI).

The results obtained showed highly significant correlation
ratios between mold counts and dilutions (iigure 8). The reduction
in mold count of berries was not in direct proportion to the dilution

of the sample with pectin solution.



TA3LE XI

EFFECT OF ADDING DIFFERENT AMOUNTS OF PECTIII
SOLUTION TO ILACK RASP3ERRY PULP
O!l MOLD COUNT!
(average mold count in various dilutions)

Dilu- Pct.

tion of lL.evels of Mold Count

tpec- Pulp

tin in 20~ 30- 40- 0= 60 - 70- 80 - 90 -
to Sar- 30 40 50 60 70 80 90 100
pulp) ple

1:1 20 22.9 34.0 44.6 r3.5 64.9 73.8 85.0 94.7

2:1 33.3 19.1 29.1 34.3 47.3 ©8.0 70.9 80.0 91.1
4:1 20.0 15.0 26.3 29.4 41.3 52.6 63.1 72.5 86.0
6:1 14.3 12.9 22.0 2.7 37.0 49.7 56.2 67.5 78.9

8:1 11.1 11.3 18.0 24.3 33.3 44.3 50.7 59.5 12.7

10:1 9.1 8.3 12.4 21.7 29.3 39.1 43.8 £5.5 55.8
12:1 7.7 5.0 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

Original data in Table XIX (Appendix).



\\QR\R &~
Fftect of Adding Dittere it Ao ts of Fectir

Soletior or Mold Cowrit €2
Y 1/%7] N \
evels .
e Correlation
047 a’ﬁ.w\ cerit Mold oo
90 |
5.0 é&w» 0.015

&O

238 30 ~40 0. 9/6 £ 0,023 | /
70 b / /

4.2 4

0-50 0.939 t 0.0/4
GO 1/
.M.W.Ut /
50 ~-60 0.949%+ 0.013
50 / /
“%

%

449.¢7 S
6O0- 70 0.8/¢£0.04°F

Mold Counl
IS
O
l

34.0 70— 80

229 é@m +0.048
zo +

90-100 05894 0.026

50.0 33.3 20.0 193,11 94,3766 o

Percent ot Fulp i1, Sarmple




These results are in general a,;:reement with those obtained by

steinkraus (28).
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DISCUSSION

Fx.erime .Jal res:lis iidicated a close correlation between
stage of maturity and mold count of black raspberries. It has been
recognized that soft fruits are more suscetible to attack by fungi
a:.d other microorganisms, and the experimental work demostr:ted
that berries in adva.iced stages of maturity alvw ..s ::od & higher
mold count tha.. those in earlier ripeuning stages under similar coa-
ditions. This may -be due to mechonical injury of the skin caused
by wind or rain while the berries were oa the bushes, or by the
dissolving of the skin between individual drupelets by mold enzymes,
permitting the molds to enter the fruit. The presence of sugar and
acids in the fruits favors rapid development of molds after they
once enter the berries under proper eavironmental conditions. A
close correlation also existed between the mold counts in soft ber-
ries and of composite samples which were a mixture of soft fruit
having a high mold count, with dull or shiny-black raspberries
having lower mold counts. The berry maturity and the time inter-
val between ripening and harvesting of the berries for delivery to
the factory seemed to be dominant factors influencing the mold

count of black raspberries.
64



There was no doubt that weather conditlons during the hazx-
vesting period of black raspberries affected the conditious of the
fruit. The experimentcl results indicated a definite trend tovards
higher mold counts with a delay of harvest following a rain. It wes
observed that the farmers waited too loug after a roin to pick the
berries, affording an opportunity for the molds to develop. The
pickers were found to leave foliage-hidden fruits uahirvested,
which then became overripe, infected, and served as a source of
further infection. It was-.aoted that rain hastened the maturity of
the berries. Heavy rai. not only m:ude the fruit softe:. more
quickly, but sometimes bruised the berries, which then became more
susceptible to attack by molds. In 1951, there was a heavy rain on
July 21. After two days, a slight fungus growth was observed on
bruised drupelets near the caps of most shiny-black berries. At
the same time, berries in more advanced stages of maturity had
profuse external mycelial growth. Uninjured, firm shin,-black rasp-
berries did not show any visible symptoms of mold, though they were
among heavily infected fruit in the same clusters. In many cases
the first visible symptoms of mold attack either in the dull or
shiny-black stages often were found to be oa the drupelets near the

place where the fruit is detached from the receptacle. This indicates
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that the mold might have entered the berry through the basal portio.
of the fruit when it was loosened from the cap. In dry weather,
profuse mycellal growth was noted near the basal portions of dull-
black berries just maturing iato the soft stage.

The data obtained showed significunt increase in mold couat
of soft ripe and composite sample of berries within twenty-four
hours after rain. Aftex twenty-four hours, the mold count increased
cousiderably. The greatest change in the mold count of berries was
noted in black raspberries that were picked from bushes which had
not been harvested for four days. This undoubtedly was due to the
dropping-off of many of the older l:savily infected fruits, and the
fact that weather conditions were unfavorable for germination and
growth of mold spores. Observations made at the factories showed
that the mold count in the black raspberries was low at the begin-
ning of the season, when the weather was hot and dry, but mold
count in the berries increased later in the season, following rain-
fall.

Therefore, it would seem to be essential to develop a system
of harvesting which would insure the collection of berries before
they become too mature. At times, such a system may require the

harvesting of berries when they are wet from dew or rain. On the

et
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basis of tihe data obtained during the course of this investigaiion, it
is justifiable to assume that the harvesting of black raspberries
should be made within twenty-four hours after rainfall.

Farmers have often reported that they had a major problem
in procuring help in harvestii.g berries when they were wet, aand as
a result they were left wn:arvested for some time. Thus, molds
would have a cnance to attack tie fruit during a wet period und
would develop rapidly inside the fruit if the weather became hot
following the raia,

Besides harvesting the fruit within twenty-four hours after
rainfali, another method could be employed to remove soft, overripe
fruits with high mold counts. From the experimental resulis it was
found that shaking the bushes of Cumberland and Logan varieties
before harvest caused appreciable reduction in mold count. To
make practical use of these findings, one must either supply leather
gloves to pickei's in order to obtain their cooperatio . in tnhe shaking
operation, or devise a mechanical means of shaking the bu;hes be-
fore harvest. It is a common belief of the growers that the growing
of the Il.ogan variety would avoid high mold count, since this variety
of berries matures earlier than the Cumberland variety. However,

the factual data do .ot support this view, and the mold count of
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Llack raspberries 1s more dependent on weather conditions during
the harvesting period thar on the variety.

Tre time interval between narvesti.g the berries and pro-
cesslng them is generally recognized by everyorne concerned -with the
;--dustr';; as an importaant factor in influenclug the mold cou..i. Tuere
was definite evidence from these experiments that the mold court
ircreased us the time of holding tihe berries :t the factory was pro-
longed bLefore processing. The data showed no significant difference
in the i::crease of mold count between dry and wet bLerries when
they were held under identical coaditions. When the mold was pres-
ent irside the berries, it seemed to find a favorable medium for
rapid development wunder proper environme:.tal conditions. 1. addi-
tion, it was difficult to estimate the mold count in the berries by
visual appearance of the fruit.

When fruit was recelved at the factory, it was found possible
to reduce the mold count by applying high water pressure during
processing of the berries. A combination of treatment with shaker
washer. water spray on the belt, and washing with water in sink by
thorough agitatio . seemed to be the most effective method for re-
ducing mold count in berries under normal factory operations. When
Tis» waier pressure was 'sed o:l; the firm Lewrries haviay lower mold

courts.
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The mold-count method has been used for many vears as an
objective test for determing the relative amowunt of decomposition in
fruit products. 7The mold-count proceedure is a convenient a.id often
necessary test for proper evaluation of the quality of froze.. or
canned raspberries, because the origi ~. appearance of the fies:.
fruit is so altered by the processing as to make direct visial exami-
nation difficult and inadequate. For proper evaluation of tiie mold
population it is necessary to prepare the samples 12 a way ti:at fa-
cilitates accurate examinatio.:.. The greater dilution of two parts
pectin solution to one part of pulp prepared ti.e sample for easier
examinatiorn than the official method now in general use. Tnuis
clange ir the method cavsed a lighening of the deep color aud de-
creased the density of pulp taken from frozen raspverries. The
experimental results showed no significant differences in the over-
all mold count between the official and modified methods, with the
modified method generally showing slightly lower mold counts. Whea
the mixture of raspberry pulp and pectin solution was diluted further,
it was noted that there was a progressive decrease with dilution, but
tl.e reduction in mold count was not in proportiorn to the amounts of
dilution. Highly significant correlation ratios at all levels of dilutions
were obtained, indicating a nonlinear relationship between mold count

in the berries and dilutions of the samples.



SUMMARY AN ° CONC: ., USIONS

A study was made to determine: (1) the mold cownt of black
raspberries collected at various stages of maturity a:d at different
intervals after rain; (2) the effect of nolding dry and wet berries o:
the mold count; (3) the effect of suaking tihe black raspberry wushes
before ha. -estirg; (4) the effect of differe:t methods of wasuing on
the mold cownt; aad (5) tle relatioasuip veiweea variouws dilutioa
metiods and the mold count,

The data obtained during the 1951 and 1952 seaso.us showed
that:

1. Soft, ripe black raspberries thad higher mold counts tnaa
any other stage of maturity, and eliminating these fruits would
greatly reduce the mold count.

2. Weather conditions play an important part 1i the mold
count. and the fruit should be harvested immediately after a rain to
keep the mold count at a lower level.

3. The mold counts of the Cumberland black raspberry were
significantly lower at all stages of maturity than the Logan variety.

4. Shaking the bushes before harvesting significantly reduced

the mold count.
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“. Holdirg the berries afier iarvesiuing caused highly signifi-
cant ircreases ir the mold count, and tlie results obtainred indicated
that the frult stould be processed less than six hours after picking.

t. Washking seemed to Le effective in reducing the mold
court of berries. Subjecting berries to water washing by shtakeu
washer, water spray on the conveyer belt, and sirnrk washing witn
t..crougl agitatior of the frudt was found to pbe the most effective
meti.od i reducing the mold count.

7. No significant differences were found vetween the official
and modified meti.ods of mold couuting.

§. Adding different amounts of pectin solution to black rasp-
berry pulp lowered the mold count, but its decrease was .aot in di-

rect proportion to the amounts of pectin solutioa.
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TA3SLE XI1I

MOLD COUNT ON FRUIT IIARVESTED AT DIFFERENT YWOURLY
IIITERVALS AFTER RAINS (1952 SEASOI])

T ours After Rain

Stare: of ¥ield
Maturity Jo. 13-14 17-18 23-24 48 72
(%) (%) (%) o) ()
Shiny-bhlack ... 1. 2 0 2 8 5
2. 0 2 0 12
3. 4 0 0 8 14
4. 0 2 0 10 16
I, 14 16 20 20 14
6. 6 4 4 6 8
1. 0 4 8 io0 12
8. 6 - 8 10 14 10
Dull-blaci: .. .. 1. 8 8 8 12 24
2. 4 6 0 30
3. 8 0 6 14
4. 12 2 6 20 22
E. 28 22 38 40 36

8 14 i2 18




TABLE XII {Continued)

77

Zlour:z After Rain
Stacves of Field

Maturity ilo. 13-14 i7-18  23-24 48 72
{%o) (%o) (%) () (')
Soft ........ 1. 12 24 40 62 56
2. 72 72 22 24 42
3. 16 42 20 72 £ 4
4. 14 12 18 40 42
3 28 62 90 46 68
6. 70 90 56 78 100
7. 46 60 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




78
TABLE X111

EFFECT OF IIARVESTIII(: ZLACK RASPIERRIES AT DIFFERENT
INITERVALS AFTER RAIN ON JULY 11 AIID 12, 19:1

Mold Count (per cent)

Interval

Since Field Maturity Stages Com-
Previous No. posite
I{arvest Shiny- Dull- Soft- Sam-
Dlack Slack Ripe ples

1 day .. 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

2 days . . 1. 0 2 50 14

2 6 18 68 30

3. 8 20 80 26

4 4 16 52 20

. 6 20 46 24

6. 4 18 100 22

7. 4 4 72 8

8. 4 12 60 20

4 4 438 22

10. 8 62 42 30




TASLE XIII (Centinued)

Mold Count (per cent)

Inter.al
Since Field Maturity Stagec- Com-
Pre-ious - No. pocite
clarvest Shiny- Dull - Soft- Sam-
Zlack 3lack Ripe ples
3 days . . 1, 0 0 100
2. 8 40 100 ;
3. 0 18 56 68
4. 8 20 90 =4
T, 16 256 94 62
4 days . . 1. 0 8 8 4
2. 4 4 12 6
3. 2 4 10 4
4. 2 12 10 4
L. 4 6 6 6
. days . . 1. 2 4 10 4
2. 4 8 16 12
3. 4 10 20 6
4. 6 18 24 10
E 4 12 42 10
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TASBLE IV

EFFECT OF SHAKING 3USH:ES OIT MO: D COUIIT OF BERRILES

Mcld Count {(per cent)

Vars Field Shiny- Dull- Soft Composite
ariety o. 3laci: 3lack
Be- Af- Be- Af- 3e- Af- “Be- Af -
fore ter fore ter fore ter fore ter
Loran . . 1. 16 6 34 10 = 82 50 90 50
2. 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 60 70 38
€. 18 6 38 12 90 50 76 40
Cumber-
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 -4 28 40 26
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TADLE XV

EFFECT OF IOLDIIG WET 3ERRIES ¥Y¥OR ZERO, SIX, AIND
TWELVE HOURS AT 76° TO 78° F.

Mold Count (per cent)

Date of Collection Sainple

Io. 0 Xiours £ ilours 12 Fours

July 18, i952 . ... ... 1. 78 74 100
IZ. 22 28 98
3. 56 72 94
4. 36 42 L2
| L. 62 84 100
6. 42 656 82

July 23, 1952 . ... ... 1. 44 68 84
2. 10 16 24
3. 54 - 70 92
4. 42 60 78
s 62 80 94

6. 36 a6 60
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TAZILE XVI

EFFECT OF IOLDING DRY BLACK RASPBERRIES FOR ZERO,
SIX, AND TWELVE ¥OURS AT 76° TO 78° F.

Mold Count (per cent)

Date cf Collection Sa;n:le
’ 0 Ifours 5 :iours 12 Ilours
July 17, 1922 .. .. ... 1. 32 756 86
2. 50 84 90
3, 72 40 56
4. 22 30 42
r. 44 68 72
6. 30 r6 66
July 21, 1922 .. ... .. 1. 52 70 92
2. 64 80 96
3. 76 86 100
4. 32 54 68
5. 26 36 58




TA3LE XVII

EFFECT OF WASIIIIY WIT: WATER O MOL.D COUNT

OF 3 .ACK RASPBERR!ES
Mold Count {(per cent)
Shaker
Sample Shaler Shaker Washed,
Lot No Washed Washed Spray
: and and Washed,
Spray Sink and
Washed Washed Sink
Washed
I a, 30 28 26 24
b. 42 38 36 32
c. o 42 40 38
d. 26 25 22 22
iI a. 60 6 48 40
b. 44 32 32 34
c. 52 48 42 40
d. 66 =8 54 50
I a. 82 76 60 56
b. 74 70 56 44
c. 74 68 52 40
d. 76 70 54 42
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TA3LE X%V

MEASUREMENT OF MOLD IN 3LACK RASP3ERRIES ESTIMA TEL:
37 ORIGINAL HJOWARD MET:OD AND MODIFIED TECHNIQUE

— ——

Mold Count (%) Mold Count (%) Mold Count (7))
Official Modified Official Modified Official Modified
Method Method Metbhod Method Method Method

4 5 40 32 : 72 70
5 4 42 38 74 54
5 5 42 28 74 72

10 8 456 32 74 76

10 5 46 356 76 74

12 8 48 34 76 76

12 10 48 36 78 76

14 6 50 42 82 74

16 12 =0 46 82 76

18 14 L2 46 84 76

20 18 n2 48 84 80

20 15 £ 4 42 86 84

20 20 =6 44 86 78

22 12 56 50 88 84

22 18 © 8 52 88 88

24 20 62 52 90 88

24 20 62 5 90 86

28 24 64 58 92 88

30 28 64 4 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




EFrFECT OF DILUTING 3LACK RASPIJERRY PULP

TA3LE XIX

WIiTH PECTIII SOLUTION

85

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 i2 8 8 £ 4
20 i6 12 10 e 8 4 4
22 18 16 12 10 g 6 4
22 i& 14 12 10 8 6 4
24 20 18 14 10 ) 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 25 22 18 16 12 12 8
32 28 20 20 14 12 10 6
356 32 34 26 22 ZO- 18 18
36 30 28 24 20 18 16 12
356 34 30 26 22 18 14 14
36 26 28 20 15 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




TA3BLE XIX (Continued)
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Mold Count (per cent) at Dilution:

1:1 2:1 4:1 6:1 8:1 10:1 12:1 14:1
T0 42 36 32 30 26 24 20
£ 46 38 32 32 24 25 20
£ 2 46 40 36 34 26 26 22
L2 48 40 36 32 30 25 22
4 42 38 34 30 30 24 24
£ 6 L0 46 42 36 32 30 26
n6 r2 46 40 36 34 32 24
£8 52 46 42 36 32 30 26
62 52 44 42 38 34 32 28
62 56 £0 44 40 32 30 28
64 c8 52 48 42 36 30 28
64 £ 4 48 44 40 38 32 30
66 58 n2 48 40 36 32 32
68 60 54 50 46 40 36 34
68 68 68 72 64 58 56 52
70 68 58 56 52 38 32 28
70 70 60 58 54 42 36 34
72 68 I2¥ 50 46 42 38 38
74 72 66 54 46 44 36 22
74 64 52 42 40 36 30 26
74 76 6t 54 42 40 38 38
76 74 70 64 58 50 42 40
76 70 66 62 58 48 44 42




TABLE XIX (Continued)
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Mold Count (per cent) at Dilution:

1:1 2:1 4:1 6:1 8:1 10:1 12:1 14:1
78 76 70 66 60 54 48 46
82 74 72 68 62 58 52 44
82 76 70 62 56 54 46 46
84 ki 58 48 28 24 156 14
84 80 72 64 56 50 48 42
86 84 78 74 66 64 60 56
86 76 74 68 66 60 56 42
88 84 74 78 68 64 62 58
88 B& 82 78 74 70 56 46
90 88 16 72 .68 62 58 50
90 86 80 74 70 54 60 52
92 88 86 82 76 66 60 52
94 74 76 70 68 64 50 48
94 94 92 90 80 74 58 44
96 96 94 92 72 72 66 44
96 96 92 56 52 38 32 28
100 98 84 86 84 76 52 48
100 100 94 88 84 76 58 54

|
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KUCHIBHATLA LAKSHMI NARASIMHAM ABSTRACT

A study was made to determine various factors that might in-
fluence the mold count of processed black raspberries in Michigan
during the seasons of 1951 and 1952. Effects of different stages
of maturity of berries harvested at different intervals after rains,
shaking the black raspberry bushes before harvesting the fruit, hold-
ing wet and dry berries for different intervals before procescing
and subjecting the berries to various water-pressure washings were
studied. The relationship between various dilution methods and mold
count in berries was also determineci. The berries were carefully
harvested to prevent any mechanical injury. They were frozen at
the factories and brought to Michigan State College for further ex-
amination.

The frozen black raspberries were thawed by keeping the cans
containing them in a vessel holding boiling-hot water. After thawing,
the samples were pulped by a laboratory pulper with screen openings
of 0.027 inch in diameter. 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 samples were examined for mold fila-

ments by the modified procedure of the official mold-count method.
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Soft ripe black raspberries were found to have higher mold
counts than any other stage of maturity, and seemed to be respon-
sible for the higher mold counts of the composite samples. Highly
significant differences between maturity stages and a definite in-
crease in the mold count with time following rainfall were observed,
indicating that weather conditions play af‘ important role in influenc-
ing the mold count of berries. Highly significant reduction of mold
count in berries was obtained by shaking the black raspberry bushes
before harvesting the fruit. The berries of Logan variety had higher
mold counts than those of the Cumberland variety at all stages of
maturity except the shiny-black stage.

The time that elapses between harvesting the berries and
processing them was found to have a great effect on the mold count
of the final product. A significant increase in the mold count of the
berries and a high correlation between holding time and the number
of molds in berries were found. No significant difference between
holding the wet and dry berries was observed in this study.

Washing seemed to be effective in reducing the mold count
of berries. Black raspberries subjected to water washing by shaker

washer, water spray on the conveyor belt, and sink washing with
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thorough agitation of the fruit was found to be the most 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.



