
Table Ill. Distribution of Paz in Seed Kernels from P3*- 
Labeled DEF-Treated Plants as Compared to Unlabeled 

Phosphorus Distribution in Control Plants 
Treafed Planfs Confral  Plants ~- 

P32, P, 

Fraction grama fractions, % g r a m  fractions, % 
Phosphorus c.p.m. per Total P 3 %  in mg.  per Total P in 

Inorganic 1125 61.2 0 .34  3 . 2  
Phytin 540 29.4 8.80 82.6 
Carbohydrate 

rster 0 0 . 0  0 .0; 0 . 7  
Phosphatide 44 2 . 4  0 62 5 . 8  
Nucleic acid 130 7 .1  0 82 7 . 7  
Total P'J 1839 100.1 10.65 100.0 
Separate de- 

termination 1835 11 . I 5  
(1 Coirected for self-absorption. 

6 Sum of individual fractions. 

Standard erroi of radioactike 
count bet\v.een duplicates o f  samples not over jCc. 

as \vas phosphorus. .Apparently the in- 
crraqe of radioactivity in the cottonseed 
kernel afrtsr treatment \\ iith labeled-DEF 
is due mainly to breakdo\vn products of 
the DEF and not from the unaltered 
defoliant i r x l f .  The concentration of the 
latter in the developing kernel remains at 
a coiirtant level (0.2 to 0.3 p.p.m.). 

Entrance of DEF into the kernels from 
surface contamination is somewhat 
higher in this case than in actual practice 
since the open bolls nx re  harvested 5 
hours after spraying instead of 7 to 10 
da)-a after defoliation, a s  is customary. 
Contamination could alL;o be minimized 
by using ;I suitable rriethod of kernel 
processing. \ lore inveztigations should 
be carried out since it i!j not known con- 
cliisively at  present jrhether DEF or its 
breakdo\vn products (&) are toxic irith 
respect to cholinrsterase in vitro. 
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Table IV. Distribution of S 3 j  in Seed Kernels from S3j- 
Labeled DEF-Treated Plants as Compared to Unlabeled 

Sulfur Distribution in Control Plants 
Treated Plants Confrol Plants 

s, s 35 

Sulfur c.p.m. per Tofal Sa5 in mg.  per Total S in 
Fracfion groma fractions, 70 g r a m  frocfions, % 

Soluble or- 
ganic (non- 
protein) 265 8 . 3  0.146 9 . 6  

Soluble sulfate 3 0 . 2  0.063 4 . 2  
Insoluble 

sulfate 266 8 . 4  0,165 10.9 
Insoluble 

organic 
(protein) 2649 83.2 1.140 1 3 . 3  

Total sulfurh 3185 100.1 1.514 100.0 
Separate de- 

termination 3120 . . .  
a Corrected for self-absorption. 

* Sum of individual fractions. 

- -  

Standard error of radioactive 
count between duplicate samples not over 5 yG. 
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F U N G I C I D E  EFFECTS ON F L A V O R  

The Effect of Some Fungicides on the 
Flavor of Canned Strawberries 

FF-TI AVOR in canned strawberries 0 has been attributed to captan and 
thylate. Tapio ( 9 )  mentioned captan 
induces in stra\vberries a "bitter flavor" 
which persists in canntd fruit and jam.  
hlarsh et  d. ( 6 )  were unable to detect 
captan in canned fruit. Crang and 
Clarke ( 2 )  found 11 to 1.9 p.p.m. captan 
arid an undescribed off-flavor in canned 
fruit in one year. 

Suakvberries sprayed i.vith thiram \vere 
found by hlarsh et a/. ( 6 )  to have a 

marked off-flavor when canned, \\bile 
Tapio ( 9 )  found no off-flavor. Crang 
and Clarke (2) report definite off-flavor 
in canned fruit in t v o  years out of five. 
although certain individuals ivere able 
to detect differences in all trials. 

The objective of the present study \vas 
to determine whether off-flavors \\-ere 
detectable in strawberries that \rere 
canned subsequent to field treatment 
with Phaltan. captan. or Thylate. The 
ability of individuals to detect off-flavor 

G. W. HOPE 

Canada Department of Agriculture, 
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due to added fungicide \vas also de- 
termined. 

Materials and Methods 

In  1960 and 1961 Spaihle stid\$ berries 
were spra)ed with Phaltan (SO\V, 50'5 
,V-trichlorometh~lthiophthalimide), cap- 
tan (50\V. 50% S-trichloromethk lth10-4- 
cyclohexene-1 . 2-dicarboximide) . or 
Thylate (65% bisdimethylthiocarbam- 
oyl disulfide) The rate of application 
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In two consecutive years, strawberries sprayed with captan or thiram for mold control did 
not develop off-flavors when canned in plain or enamelled cans. In one year, an off- 
flavor was found in fruit which had been sprayed with Phaltan and canned in unlined cans. 
Captan added to sweetened strawberry juice was detected at 5 p.p.m. and Phaltan, at 
25 p.p.m. Berries carrying 
residues of 6.5 p.p.m. captan or 13.1 p.p.m. thiram had less than 1 p.p.m. fungicide 
after canning by the cold-pack method. 

Thylate was not tasted at concentrations up to 25 p.p.m. 

was 4 pounds per 200 gallons pcr acre. 
Sprays were applied when blossom buds 
were visible, when one third of the blos- 
soms were open, a t  petal fall, and 10 days 
after petal fall. Sprayed plots and un- 
sprayed checks were randomized in four 
blocks. 

Samples of berries from each plot \vere 
collected a t  intervals of O! 3, and 9 days 
after final spraying and preserved for 
residue analysis by freezing a t  -10' F. 
without further treatment or  by canning 
in sucrose sirup by the cold-pack method. 
I n  1962, the samples of canned and 
frozen berries were analyzed for both 
Thylate and  captan. Xlethods of the 
A.O.A.C. ( 7 )  were folloived? except that 
Thylate was stripped from the fruit Xvith 
benzene rather than chloroform, as 
decomposition of thiram in chloroform 
extracts was very rapid. 

I n  both years, the remainder of the 
fruit picked on the third day following 
the final spray application \vas bulked, 
hulled, and canned (univashed) in 457, 
sucrose sirup by the cold-pack method. 
Two complete series \vere prepared-one 
in plain and  the other in fruit enamel 
cans ( I I IZ  Continental Can Co.). ,411 
canned fruit was stored a t  77' to 80' F. 

I n  1960, the canned fruit \vas tasted 
after 3 months in storage; in 1961, fruit 
was sampled after 2 days and  after 2, 5, 
9, and 12 months in storage. At each 
sampling period, cans \rere torn down 
and  examined for visible signs of corro- 
sion. 

The  canned fruit was compared for 
flavor differences by methods similar to 
those suggested by \Tiley et 01. ( 7 7 ) ,  iMc- 
Ardle el al. (5), and Rfurphy et  al. (7). 
Three cans of each treatment were taken 
a t  random from storage. The  entire con- 
tents was comminuted and divided into 
1-ounce samples. The  samples of all 
fungicidal treatments \rere coded and 
submitted to each taster together with a 
labeled reference standard prepared from 
unsprayed fruit. Samples from one type 
of can were assessed in morning sessions, 
and  thosr from the other in the afternoon. 
Tests were repeated on three consecutive 
days in 1960 and four consecutive days in 
1961. These tests were considered to 
be replications. I n  1960, a coded check 
was not included, but in 1961 a coded 
sample from the same lot as the standard 
was submitted as an  unknoirn. 

Each of 18 volunteer tasters was asked 
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to compare the flavor of c ich codcd 
sample to the standard and  indiczte his 
assessment-by checking the appropriate 
square of the score sheet (7)--as better 
than standard, equal to standard, in- 
ferior to standard but not off-flavor, 
slightly off? or  definitely off. Scores \\-ere 
subsequently assigned to these assecs- 
ments on a 5-point scale ranging from 

Since human beings are  inclined to 
think there is a difference if the possi- 
bility of a difference is suggested, some 
measure of this factor must be made. 
Serving t\vo identical samples-the 
labeled standard and  the coded unknown 
from the same can-affords a n  oppor- 
tunity to evaluate this factor. The  scores 
of each volunteer taster were examined 
to determine the frequency with which he 
correctly scored the coded check through- 
out the 1961 experiment (40 tastings). 
A Chi-squared test \vas applied to de- 
termine departure from chance distribu- 
tion. Three judges correctly scored the 
coded check a t  a probability level of 
0.001. These three judges ivere selected 
as the taste panel, and only their scores 
Jvere considered in determining the 
presence or absence of off-flavor in the 
treated samples. 

Il'hen the results sho\ved that the 
selected panel was unable to establish 
differences in flavor between treated and 
untreated cmned fruit: their ability to 
detect the fungicides \v2s tested b>- the 
following method. Juice \vas extracted 
from untreated strewberries by cooking 
and pressing. Sucrose \vas added a t  
457, by weight. Fungicides were added 
to the juice to give concentrations of 0, 
5, 10, 15: 20: and 25 p.p.m. The  dilution 
series of each fungicide was submitted 
separately, along Tvith an  identified 
"standard" containing no fungicide. to 
each judge. Judges were requestrd to 
compare each sample to the standard. 
Code numbers were jumbled. No more 
than one series \vas tested a t  any one 
session. The experiment was replicated 
four times. Judges' reactions \\-ere 
recorded! scored. and analyzed. 

+2  to -2 (4) .  

Results 

I n  1960. the flavor scores of s t idu-  
berries canned after field treatment n i th  
various fungicides showed differences 
which \rere significant a t  the 17' level of 

F O O D  C H E M I S T R Y  

Table 1. Analysis of Variance of 
Taste Panel Scores Assigned to 

Canned Strawberries (1 960) 
Source o f  Degrees o f  M e a n  Variance 
Variation Freedom Square Ratio, F 

Treatments 5 2 . 0 2  4 . 1 2 a  
Fungicides 2 2 . 9 0  5 . 8 2 4  

1 0 . 9 0  1 .84  Enamels 
2 1 . 6 9  3 .4 jb  F X E  
2 0.35 0.71  Judges 
2 1 . 1 5  2.35 Replication 

Remainder 44 0 . 4 9  
Total 5 3  

Significant at P = 0.01. 
i' Significant at P = 0.05. 

Table II. Mean Taste Panel Scores 
Assigned to Strawberries Receiving 
Various Field Treatments Prior to 
Canning in Plain or Enamelled Cans 

(1 960) 
Signifi- 
cance 

of 
Mean Differ-  
Score 11 - x ence 

Phaltan, plain -0.33 1 , 3 3  0.001 
Phaltan, enamel 0 , 5 5  0 , 4 j  0 . 2 0  

1 00 0 0 . 5 0  Captan, plain 
Captan, enamel 0 . 6 8  0 , 3 2  0 . 2 0  

0 . 6 7  0 . 3 3  0 . 2 0  Thylate, plain 
Thylate, enamel 0 . 8 9  0 .11  0 .11  

Treofmenf 

probability (Table I). l'hese diff'erences 
bvere associated with the fungicide and 
not with can enamel. The  enamel X 
fungicide interaction was significant. 

TVhen treatment mean scores Lvere 
compared (Table 11), only Phaltan plain 
had the negative score considered by 
l l u rphy  et al.  (7) to be indicative of 
off-flavor. This flavor \vas identified by 
panel members as "tinny" or  "metallic," 
and not characteristic of the fungicide. 
Etching or corrosion of the container was 
not evident. 

I n  1961. differences between treat- 
ments \vere not significant a t  the 5% 
level. but highly significant differences 
appeared bet\veen storage periods. 
There \\.ere no significant interactions 
bet\veen fungicides, can linings, and 
storage periods. Mean scores for treat- 
ments did not differ significantly from 
the mean scores for the corresponding 
untreated checks (Table 111). S o  
\risible corrosion was noted on the con- 



Table 111. Difference in Mean Scores of Canned Strawberries Sprayed 
with Fungicide Prior to Canning and Similar Unsprayed Berries at Different 

Storage Periods (1 961) 
Plain Cans Enamelled Cans 

Months Months 
-. 

Difference 2 Days 2 5 9 12 2 D a y s  2 5 9 12 

Phaltan is. clirck 0 . 0 8  0 . 3 4  0 0 . 1 6  0 .08  0 0 .09  0 0 . 0 9  0.09 
Captan ims. check 0 0 . 2 5  0 . 2 1  0 . 0 9  0 . 0 9  0 .08  0 . 1 7  0 . 5 0  0 . 0 9  0 
Thylate L J .  chrck 0 0 . 3 4  0 . 5 8  0 . 1 6  0 0 . 0 8  0.09 0 0 . 0 8  0 
L.S.D.(P = 0.05) 0.11  0 . 5 2  0 . 6 9  0 . 5 0  0 . 2 5  0 . 1 7  0 . 3 6  0 .52  0 . 4 4  0 . 3 6  

Table V. Mean Panel Scores Assigned to Strawberry Purees to which 
Fungicide Was Added after Cooking 

Concentration, P. P.M. __. 
Fungicide 0 5 10 15 20 25 D“ 

I’haltan 0 . 9 2  0 . 7 5  0 . 5 8  0 . 5 8  0 . 3 3  0 . 2 5  0 . 6 6  
Captan 0 . 9 2  -0 .25  -0 .42  -0 .67  -0 .84  - 0 . 9 2  0 . 6 6  
Thylate 0 . 9 2  0 . 7 5  1 .oo 0 . 9 2  0 . 7 5  1 . 0 0  0 .48  
a ‘Tukey‘s confidence interval at 5yo probability (Si. 

tainrr walls or ends a t  any period u p  to 
1 year of srurage a t  77‘ to 80’ F. 

Fungicide residues ori the fruit har- 
vested and frozen immediately after 
spraying \ \ w e  relatively high but de- 
creased as the interval between applica- 
tion and harvest increased (Table 117).  
At the 3-day interval, there \cere 6.5 
p.p.m. capran and 13.1 p.p.m. thiram. 
The cannrd fruit. on the other hand, 
contained less than 1 p.p.m. of fungicide, 
even xchrn canned immediately after 
spraying. Recovery tests for fungicides 
added to canned straivberries after 
processing gave average values of 103.27, 
for captan and 82.47, for Thylate. 

LVhen the fungicides were added to 
sweetened strawberry puree subsequent 
to cooking, the panel was unable to 
detect an)- flavor difference as a result of 
the addition of Thylate in concentrations 
u p  to 25 p.p.m. (Table 7J). 

Xlean panel scores for purees contain- 
ing Phaltan were inversely related to 
fungicide concentration, ‘but a statistically 
significant difference bet\veen treated 
and untreated puree did not occur until 
the 25 p.p.In. level had been reached. 

LVhen captan was added to the cooked, 
sweetened stralvberry puree, the mean 
panel scores for t reatmmt decreased as 
the concentration increai3ed. The  scores 
showed differences bet’iceen 0 and 5 
p.p.m. captan, but no differences be- 
tween 10 and 25 p,p.m. 

The off-flavor in the captan and 
Phaltan series \cas characterized as 
”earth!.“ or  “must\.“ when detected, 

u i th  some individuals finding a suggey- 
tion of ”metallic.” 

Discussion 

Off-flavors, associated with the addi- 
tion of captan, Thylate, or Phaltan to 
cooked. sweetened strawberry puree, 
were not readily discernible, and not all 
individuals \cere reliable in detecting the 
presence of the fungicide. This is in 
agreement with the findings of Crang and 
Clarke ( 2 ) .  Taste thresholds were 
relatively high, possibly higher than the 
residues normally present on harvested, 
washed fruit. The practical importance 
of such off-flavors is questionable. 

Sprayed berries had residues of 6.5 
p.p.m. captan or 13.1 p.p.m. ‘Thylate 
when harvested 3 days after the final 
spray. This is in agreement with Fahey 
et al .  (3)  and hfarsh et ai.  (6). Kegligible 
residues were found in canned fruit and 
no off-flavors were detected \yhich could 
be associated with these two fungicides. 

Crang and Clarke (2) state that in 
1954 canned fruit contained 11 to 15 
p.p.m. captan. This appears to be a 
misstatement of the findings of hfarsh 
et  al .  (ti). who report that this quantity 
was present on fresh fruit? but “captan 
was not found” in the canned straw- 
berries. They suggest the off-flavor may 
be caused by a decomposition product. 

\Vhile no off-flavors caused by Thylate 
or  captan were found in the canned 
fruit in the present study, possibly larger 
residues on the ra\c fruit could lead to 

Table IV. Fungicidal Residues on 
Strawberries (1961) 

Days 
ofter  Residue on Fruit, P . P . M .  

Fungicide Spraying Frozen Canned 

Captan 0 1 4 . 8  <0.2 
3 6 . 5  < 0 . 2  
9 3 . 8  <0.2 

their development in storage. Since 
there apparently is some change in the 
fungicides during canning, these off - 
flavors could be associated with a 
degradation product or a reaction in- 
volving the can lining. 
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