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Flavor evaluation tests on pentachloronitrobenzene-treated potatoes showed statis- 
tically significant flavor changes for only six of 19 treatment amounts. Potatoes grown 
in fine sandy loam had a slight tendency toward greater flavor changes than those grown 
in silt loam and land having a high content of organic matter. Variance analyses showed 
that pentachloronitrobenzene did not alter the flavor of potatoes grown in treated soil 
to the extent that consumer acceDtance could be affected adversely. Taste panels of ~. 

untrained individuals were apt to show wide ranges of acuity in 

IELD TESTS have shown that three F serious obstacles to potato pro- 
duction-potato scab (Streptomyces sca- 
b ies ) ,  black scurf (Rhizoc tonia  s o l a n i ) ,  and 
tuber flea beetle idamage-may be over- 
come by use of the organic compound 
pentachloronitrotienzene (PCNB) (5). 
Since the 1930's. the potato scab prob- 
lem in Nebraska has been so acute that 
several areas have discontinued pro- 
duction as a consequence. S o w  that soil 
treatment Lsith pentachloronitrobenzene 
isill control these diseases, i t  is necessary 
to know M-hether any flavor changes 
occur in the tubers grolsn in treated soil. 
Some reports 12--4) indicate that the 
flavor of produce groivn in soils treated 
Ivith relatively large amounts of certain 
other pesticides is appreciably altered. 
The degree of acceptability on the open 
market of table stock potatoes grown in 
pentachloronitrotienzene-treated soils is 
indicated in this study. 

Less than 0.05 p,p.m. of pentachloro- 
nitrobenzene can be recovered from 
potatoes grown in soil which has been 
treated \sith 100 pounds of active chemi- 
cal per acre: and pentachloronitro- 
benzene fed in amounts 1000 times that 
found as residues in crops grown in soil 
treated with this chemical \cas not toxic 
to animals. Thii3 pesticide is registered 
with the United States Department of 
Agriculture and has been classified in 
the no-residue category because it is 
seemingly innocuous to animals (7 ) .  

This report prlssents some findings of 
organoleptic tests on potatoes grown in 
Indiana, Maine, Nebraska, Ohio: and 
Oregon in 1957 on pentachloronitro- 
benzene-treated amd untreated plots. 

Soil Treatment Procedures 

The treatment amounts. soil types, 
and methods of applying pentachloro- 
nitrobenzene \sere varied from one 
planting location to another. Potatoes 
tested in this study \sere grown on the 
following classes of soil : light mineral 
or very fine sandy loam, heavy mineral 
or silt loam. and muck soil or land having 

a high content of organic matter. Un- 
treated plots were planted a t  each loca- 
tion and in each type of soil throughout 
the study. In each location, penta- 
chloronitrobenzene was applied to the 
surface and then mixed in the soil by 
mechanical means. Poundage of the 
compound refers to active pentachloro- 
nitrobenzene in every instance. Table I 
summarizes details of the procedures. 

Flavor €valuation Procedures 

Tkso pounds of tubers that were firm 
and free of greening \\ere selected for 
each cooking sample. Injuries from 
potato scab, black scurf, and tuber flea 
beetle were present on some of the 
untreated samples. Samples were stored 
at approximately 33' F. The week before 
testing, they \cere kept a t  room temper- 
ature in paper or cloth bags. 

To prepare the potatoes, raw tubers 
were washed, peeled, and cut in approxi- 
mately 1-inch cubes. TWO pounds of 
raw potatoes, 600 ml. of water, and 2 
grams of salt were measured into each 
metal pan and the potatoes were covered 
and cooked until tender-approximately 
20 minutes. ilihen done, they were 
drained in sieves. beaten 30 seconds with 
an electric mixer. then set over hot water 
to keep warm while serving. S o  addi- 
tional seasonings were used. Individual 
portions of each sample were served 
while warm in small paper cups on metal 
serving trays to each of the tasters. 

Each member of the judging panel 
received four (or five) sample cups at  
each testing period. One cup was 
labeled R and contained an untreated 
check sample for reference. The other 
three (or four) cups, labeled with five- 
digit code numbers from a random' 
number table, contained the two (or 
three) different treatments and another 
untreated sample. 

Flavor was judged at  tables in a room 
separate from that in which the samples 
were prepared. The judges were re- 
quested to score the coded samples in 
direct relation to the reference sample on 
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detec.ting flavor changes. 

a printed ballot using a four-point differ- 
ence scale. The potato samples were 
judged as having the same flavor as the 
reference or being slightly different, 
moderately different, or estremely differ- 
ent in flavor. These judgments were 
later scored with zero being assigned to 
the first category of no difference from 
the reference sample and one, t\\.o> and 
three being assigned to the other cate- 
gories, respectively. Hence, the loiser 
the score? the less the flavor change. 

The tests were all run t\sice using 24 
judges who had not been screened as to 
tasting acuity. There \sere three alter- 
nates \sho were used when necessary to 
keep the number of judgments per day 
constant throughout the study. The 
taste panel was composed of nine males 
and 13 females: with alternates of 
two females and one male. The plan 
provided two scores per sample per 
taster, producing a total of 1344 flavor 
judgments. These evaluations of palat- 
ability were subjected to variance anal- 
yses ( 6 )  in order to determine hvhether 
real differences existed in the flavor of 
the potatoes tested. The data \sere not 
coded before statistical treatment. 

Results 

Mean flavor scores in the stud\ (Table 
I) suggest that potatoes gronn on light 
soils evidence more flavor change than 
those grown on heavy and muck soils. 
O n  the basis of the over-all anallses of 
variance, hoLvever, differences in flavor 
scores assume additional meanine;. 

Variance analyses in Table I1 show 
that in only four of the nine soil locations 
did the treatments produce significantly 
different flavors in potatoes. These were 
in Ohio light soil. Maine muck soil, 
Indiana muck soil. and Oregon heavy 
soil. In  the four instances where the 
treatment mean square was statistically 
significant. least significant differences 
(L.S.D.s) were calculated at  the 5% 
and 1% levels ( 6 ) .  These values were 
then used to determine whether or not 
the differences between the means of 
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Table 1. Mean Flavor Scores for Cooked Potatoes Grown in Untreated Plots 
and Plots Treated with Pentachloronitrobenzene" 

Location o f  Test 
ond Soil Type 

Light soil 
Untreated 
Treatment 1 
Treatment 2 

Untreated 
Treatment 1 
Treatment 2 

Heavy soi! 

Light soil 
Untreated 
Treatment 1 
Treatment 2 

L.S.D. 0 05 
L.S.D. 0 01 

Muck soil 
Untreated 
Treatment 1 
Treatment 2 

Light soil 
Untreated 
Treatment 1 
Treatment 2 

Untreated 
Treatment 1 
Treatment 2 
Treatment 3 

hluck soil 

L.S.D. 0 .OS  
L.S.D. 0.01 

Muck soil 
Untreated 
Treatment 1 
Treatment 2 

L.S.D. 0 .05  

Heavy soil 
Untreated 
Treatment 1 
Treatment 2 

L.S.D. 0 .05  
L.S.D. 0.01 

Light soil 
Untreated 
Treatment 1 
Treatment 2 

Pototo 
Variety 

No. 315 

Progress 

Ka tahdin 

Cobbler 

Netted Gem 

Netted Gem 

Method of  
Applicofion 

NEBRASKA 

Band ( 1  6 in. > 
Band (1 6 in. ). 

Band ( 1 6  in.). 
Band (16 in.). 

O H I O  

Spray' (5 ft.k 
Spray (5  f t . )  

Spray' (5 ft.) 
Spray (5 ft.) 

MAINE 

. . .  
Bandc 
Bandc 

Broadcast" 
Broadcast" 
Broadcastc 

INDIANA 

. . .  
Broadcast 
Broadcast 

OREGON 

Broadcast 
Broadcast* 

, . .  

Broadcad 
Broadcast* 

Dosage, 
Lb./Acre 

30 ' ( 6 5 ) d  
60 (130) 

j o ( i i 2 )  
100 (225)  

, . .  

60 
100 

. . .  
100 
150 

lOO(225) 
200 (450) 

, . .  
50 

100 
200 

, . .  

100 
200 

. . .  
50 

1 50 

. . .  
50 

1 50 

Panel Flavor Scorerb 
(Sample Means) 

0.938' 
1 .208)  1 .10  
1.146J 

0 833'1 
0 . 9 3 8 '  0 875 
0.8331 

0 .729)  f 

0.334 
0.446 

0.604) 
0 .750 ,  0.71 
0.771) 

0.854' 
1 . 1 8 8 \  1.01 
0 9791 

1 . 1 6 7 ) ~  
0.302 
0.402 

1 ,083'1 
1 .167)  0 . 9 7  
0.667) f 
0.389 

0 438' 
0 4381 0 .56  
0.812 I Q  
0.231' 
0.308 

0.646'' 
0 .938}  0 .81  
0,854) 

a Means of 24 judges' scores, 2 replications. 
in flavor judged to be present. 
theses are equivalent amounts in broadcast. 
broadcasting. 

b The lower the flavor score, the less change 
Numbers in paren- 

e Spraying in 5 feet widths is similar to 
Significant at the 1 % level. * As powder. 

c Chemical applied as 20% dust. 

f Significant at the 5% level. 

each treatment and the control plots 
were significant. The results of these 
comparisons are presented in Table I. 

Undoubtedly the most statistically 
significant and consistent finding in 
Table I1 is that the 24 tasters are not all 
equally discerning potato tasters and that 
they do not rate potatoes similarly. In  
four cases. significant differences were 
found in the same potatoes tasted on two 
different days (or rrays)-i.e.: in the case 
of potatoes grown in Oregon light. 
hiaine light, Ohio muck. and Xebraska 
heavy soils. The reasons for this occur- 
rence are unknown, although it is prob- 
ably not due to experimental error. 
Possibly, it was a consequence of using 
scoring, rather than ranking ballots. 

There was a significant amount of 
interaction between treatments and trays 
(or replications) in three instances: 
when potatoes were tasted from Maine 
muck, Nebraska light, and Nebraska 
heavy soils. This may mean that the 
tasters did not give the same treatments 
the same relative ratings on the two 
different days of sampling. 

The  coefficients of variation in Table 
I1 are high, ranging from 74.8% to 
100.37,. This is another indication of 
the tasters' failure to rate the treatments 
the same relative to one another. 

The nine locations planted (Table I) 
can be subdivided in this fashion: four 
light soil, two heavy soil, and three muck 
soil. The  treatments which produced 
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statistically significant flavor changes in 
the potatoes were used on one light soil, 
one heavy soil, ,and t\vo muck soils. 
However. a chi square test ( 6 )  showed 
no significant relationship when the soil 
types and the number of locations that 
produced significant mean scores were 
compared ( p  = 0.'300). 

.q chi square test was also made to 
determine whether there was any associ- 
ation between the 'use of over 100 pounds 
per acre of pentac:nloronitrobenzene and 
the presence of a significant flavor change, 
as evidenced by a high mean flavor 
score. The test proved not to be signifi- 
cant (p = 0.990), and hence the use of 
over 100 pounds p-r acre of pentachloro- 
nitrobenzene is not associated with a 
flavor change in this study. 

Again using chi square, the possibility 
was investigated that there might be some 
relationship between the methods of 
applying pentachloronitrobenzene and 
the following variables: types of soil, 
the treatments yielding significant flavor 
differences, and the amounts of pesticide 
used per acre. In none of these tests 
was ,b found to be significant a t  the 570 

level-i.e., there was no statistically 
significant relationship between methods 
of application of pentachloronitroben- 
zene (spray, band, or broadcasting) 
and the three other factors enumerated 
above. 

The  term flavor change rather than 
off-flavor has been used in this report, 
purposely, because it was not clear at the 
conclusion of the study that the change 
in flavor of some of the potato samples 
was to the detriment of the product. 
Some of the tasters reported that they 
felt the change \vas an improvement in 
the flavor-i.e., that on some days the 
potatoes marked with five-digit numbers 
tasted less watery and were of better 
texture than the samples marked R. 
This was not, however. uniformly true at  
all times. O n  some occasions, some 
tasters described tbe change in the 
samples as a definite off-flavor. 
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The eflFects on rats of the antioxidant 6-eth0x.y- 1,2-dihydro-2,2,4-trimethylquinoline 
have been investigated. The following aspects are emphasized: acute toxicity, 
chronic toxicity, skin toxicity, weight of vital organs, and reproductive ability. 

TABILIZATION O F  CAROTENE, provi- S tamin A ,  in dehydrated alfalfa and 
other forage products has been a pro- 
blem for many years. Many antioxi- 
dants have been tried, but 6-ethoxy- 
1,2 - dihydro - 2,2,4 - trimethyl - quinoline 
(EMQ) has proved to be the most active 
and usable compound found to date ( 7 ) .  
When added to alfalfa meal a t  a level of 
0.015% (150 p.p.rn.) it affords consider- 
able protection to carotene. Use in feeds 
should be permittt-d only if no chronic 
toxicity were appxen t  a t  the proposed 
levels. Acute tox city tests and tests on 
skin reactions are important, because the 
results might be used to prevent un- 
desirable reaction:; in individuals apply- 
ing the materials to alfalfa, or handling 
the treated material as such, or incor- 
porating it into finished feeds. 

Acute Toxicity 

Acute oral toxicity was determined in 
rats. Twenty and SOYO solutions of 

E M Q  in cottonseed oil were given by 
stomach tube at  dosage levels of 125 to 
1000 mg. per kg. Five of seven rats 
receiving 1000 mg. per kg. died. as did 
tWo out of five receiving 800 mg. per 
kg.. and one of five receiving 640 mg. per 
kg. Symptoms noted before death or 
recovery were loose stools attributable to 
the oil, and a depression developing on 
the second day and lasting 4 or 5 days. 

Acute intraperitoneal and intravenous 
toxicity was determined on mice. The  
E M Q  was mixed with half its volume of 
Tween 80 and suspended in phvsiological 
saline to produce 2 or 5% emulsions. 
Control animals receiving corresponding 
amounts of the emulsifying agent in saline 
showed no symptoms. The depression 
noted in rats given EMQ orally was 
much more apparent in mice re- 
ceiving the material intraperitoneally or 
by vein. i i t  a dosage level of 1000 mg. 
per kg. intraperitoneally. there was ex- 
citement and uncertain gait, followed by 
prostration within 5 minutes. Within a 

few minutes, the animals were comatose. 
Five of seven mice died. With a dose of 
800 mg. per kg. or less, all animals sur- 
vived, being free of symptoms the follow- 
ing day. A mild depression lasting a 
few hours was seen with a dose as low as 
400 mg. per kg. FolloMing intravenous 
injection of lethal dosages, there was im- 
mediate convulsive jumping followed 
within seconds by prostration and coma. 
Death occurred in 2 minutes to a few 
hours. With nonlethal injections. there 
\vas a depression lasting less than a day. 
The LDjo was 178 mg. per kg. [19, 20 
confidence limits were 152 to 208 mg. per 
kg. as calculated previously ( 5 ) ] .  

Chronic Toxicity 

The chronic toxicity tests were made 
on 2'0 weanling albino rats from the 
colony, described previously in detail 
(8). by incorporation of E M Q  into the 
diet and feeding ad libitum for consider- 
able periods. Thorough mixing was ob- 
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