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As a part of regional research on flavor effects of pesticides, 28 herbicides were applied

to major processing crops.

Manufacturers’ suggested rates were used with all chemicals,

and some were applied in excess of the suggested rate to increase effectiveness of weed

control.

Flavor evaluation of processed products by experienced taste panels indicated

that 11 herbicides reduced product flavor scores; two produced slight off-flavors when
applied at their suggested rates; three produced slight off-flavors when applied in
excess; 17 of the chemicals studied did not reduce flavor scores of any products treated.
The flavor changes observed were of low magnitude and might not have been detected

by a consumer panel.

FLAVOR CHANGES In processed fruits
and vegetables caused by the use of
pesticides (insecticides, fungicides, and
herbicides) on growing crops have been
noted frequently during the past decade
(7-3). These may result from ap-
plication of the pesticide to the crop
during its growing season or from an
accurnulation in the soil of pesticide
residues from past seasons.

A study of the influence of pesticides
on the flavor of fresh and processed
fruits and vegetables was initiated on a
regional basis in 1954 at the agricultural
experiment stations in the northeast
region. The effects of herbicides on the
flavor of processed fruits and vegetables
were studied cooperatively at The
Pennsylvania State University and The
University of Maryland.

Procedure

Herbicides were applied to major
processing crops grown on horticultural
farms at the Pennsvlvania and Mary-
land stations. Manufacturers’ suggested
rates and methods of application were
followed when this information was
furnished for the chemical. Rates for
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Table I. Taste Panel Flavor Evaluation of Herbicide-Treated Crops
Flavor Compared fo Standard
Applica- Slight
tion off-
Rote, Crop  Befter Equal Poorer flavor
Herbicide Food Product Lb./Acre  Years Number of Tests

ACP 103 Corn, canned 1.5 2 j _1

Total 3 1
ACP M 118 Lima beans, canned 3.0 1 1 3
4.5 2 o 6
Total 1 9
ACP M 119 Lima beans, canned 2.0 1 1 1
3.0 2 1 5
Total 2 6
ACP M 622 Tomatoes, canned 10.5 1 2
Total 2
Atrazine Corn, canned 2.0 1 4
Total 4

Benzac 103 A Corn, canned 1.5 1 1 1

Total 1 1
Chlorazine Lima beans, canned 4.0 1 1 1

6.0 2 1 5 2

Corn, canned 12.0 1 . 1 1

Total 2 7 3
CIPC (Chloro- Beets, canned 3.0 2 4
IPC) Carrots, canned 6.0 1 1 1
Lima beans, canned 4.0 1 1 1
6.0 2 1 5
Spinach, frozen 3.0 1 2
6.0 1 2
Tomatoes, canned 6.5 1 - 2
Total 3 17
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Herbicide
Crag-Sesone

Dalapon

Diuron
Emid

Endothal

EPTC

FwW-450

Monuron
(Karmex-W)
(Telvar)

Natrin

Neburon
(Kloben)

Niagara (5521)

Premerge
(Dinitro)
(DNBP)

Randox (CDAA)

Salt

Simazine

Stoddard Solvent

2,4-D Amine

Trietazine

URAB

Vegadex (CDEC)

Table I. (continued)
Applica-
tion
Rate, Crop
Food Product Lb./Acre  Years
Strawberries, frozen 1.5 2
3.0 2
6.0
Total
Potatoes, stored, 6.0 1
baked
Total
Corn, canned 1.5 2
Total
Corn, canned 1.5 2
Total
Beets, canned 6.0 1
9.0 3
Total
Beets, canned 6.0 2
Strawberries, frozen 1.5 2
3.0 2
6.0 2
Total
Beets, canned 10.0 2
Total
Beets, canned 0.75 1
0.3 1
Corn, canned 1.5 2
Spinach, frozen 3.5 2
Total
Tomatoes, canned 9.0 2
Total
Corn, canned 3.0 2
Lima beans, canned 4.0 1
6.0 2
Tomatoes, canned 4.5 2
7.0 1
Strawberries, frozen 1.0 2
2.0 2
4.0 2
Total
Lima beans, canned 6.0 1
9.0 2
Total
Corn, canned 3.0 3
Lima beans, canned 4.0 1
6.0 2
13.3 1
Tomatoes, canned 10.0 1
11.5 1
Total
Beets, canned 9.0 2
Tomatoes, canned 8.0 1
9.0 2
Total
Beets, canned 200 1
400 2
Total
Corn, canned 2.0 1
3.0 2
Tomatoes, canned 3.0 2
Total
Carrots, canned 100 gal. /acre 1
Total
Corn, canned 0.75 2
2.0 1
Total
Clorn, canned 4.0 1
8.0 1
Lima beans, canned 4.0 1
8.0 2
Total
Corn, canned 2.25 1
Total
Beets, canned 6.0 3
Corn, canned 6.0 1
9.0 2
Spinach, frozen 6.0 2
Tomatoes, canned 9.0 2

Total

Flavor Compared to Standard

Slight
off-
Better Equal Poorer flavor
Number of Tests
2
1 1
2
1 5
1
1
501
3 1
o2
1 2 1
1 3
_n
1 13
1 3
1 1
1 1
2
3 7
R
3 1
2
2
1 3
4
1 11
4
4
2 1 1
1 1
4 1 1
4
3 2 1
2
1 1
S
1 19 5 3
1 1
4 1
= > _
1 3
2
2 8
4
2
2
3 21
3 1
3 1
2 1
8 3 1
1 1
4
1 5
2
3 1
62
11 3
2
2
3 1
50
6 1 1
2
2
1 1
1 5
2 10
2
2
6
2
1 3
4
o
1 19
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other chemicals were based on earlier
published reports. Application rates in
excess of that suggested or previously
reported for a chemical were used on
some crops in an attempt to obtain
better weed control. When a single
application rate was used for a chemical
on one crop, it was the rate suggested by
the manufacturer or previously re-
ported for use on that crop. When two.
rates were used for a chemical on one
crop, the suggested rate and an ap-
plication in excess of the suggested rate
were used. When three application
rates were used for a chemical on one
crop, they were /9%, 1X, and 2X the
suggested rate. The products were
harvested and processed by commercial
methods at the station pilot plants.
Products from untreated check plots
were processed and used as standards for
flavor comparison. After an 8-week
storage period the processed foods were
presented to experienced taste panels at
each of the stations.

The taste panel methodology em-
ployed was that designed for the regional
study of the effects of pesticides on the
flavor of fruits and vegetables (8).
Samples were presented to the judges in
sets of six, including an unknown
standard sample which had received no
herbicide treatment. The judges were
asked to compare the flavor of these six
samples to the standard, which was a
seventh and known sample, and to place
each in one of five categories on the NE—
15 score sheet (/). Mean scores for each
sample were calculated from values
previously assigned to the categories.
A minimum of 40 individual judgments
constituted a panel test. Thess in-
dividual judgments were averaged to
obtain the mean score, which became
the sample score. The mean score of
the untreated standard sample was also
thus obtained, since it was presented as
an unknown. Treatment and standard
means scores were compared statistically
for differences.

Results and Discussion

A summary of the flavor evaluation of
herbicide-treated crops is given in Table
1. Results are the combined data from
Pennsylvania and Maryland panels,
except for the frozen strawberries from
Neburon, EPTC, and Crag-Gesone
treated plots, which were analvzed only
by the Pennsylvania panel. The data
are presented as the number of panetl
test results which terminated in the
various flavor categories when the treated
samples were compared to the standard
sample. The score sheet category
headed ‘‘definite off-flavor, not ac-
ceptable” was eliminated from the table,
since no sample means scores were
sufficiently low to place them in this
category.

On the basis of data summarized in
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Table I the herbicides studied may be
divided into two groups.

Group I. Herbicides which produced
tests rated poorer than the standard
sample. This group included ACP 103,
Benzac 103A, Chlorazine, Diuron, Emid,
FW 450, Neburon, Niagara 5521,
Randox, Simazine, and 2,4-D Amine.

Group II. Herbicides for which no
tests scored lower than the standard sam-
ple. Included in this group were ACPM
118, ACPM 119, ACPM 622, Atrazine,
Chloro-IPC, Crag-Sesone, Dalapon,
Endothal, EPTC, Monuron, Natrin,
Premerge, salt, Stoddard Solvent, Tri-
etazine, URAB, and Vegedex.

Of the six slight off-flavor tests
encountered, two occurred in sweet corn
which had been treated with chemicals
(Neburon and 2,4-D Amine) at their
suggested rate of application. The
remaining four slight off-flavor tests
occurred in products which had been
treated with chemicals (Neburon, Ni-
agara, and Randox) applied at concen-
trations higher than their suggested
rates. However, these chemicals also
vielded products with flavor mean
scores lower than the standard sample

ESSENTIAL OILS

when treatments were at the suggested
rate of application.

Treatments in excess of the suggested
levels were not included for six of the
chemicals listed in Group II. These
six herbicides (ACPM 622, Atrazine,
Dalapon, Natrin, Stoddard Solvent, and
URAB) were somewhat favored by this
bias.

The extent to which these herbicide
flavor changes would influence consumer
acceptance of the processed products
cannot be determined from these data.
Since experienced taste panels were
employed for these analyses, the judges
were undoubtedly more sensitive to
flavor changes than most consumers
would be. Thus, some of the flavor
eflects observed might not be detected by
a consumer panel. Although none of
the sample mean scores was sufficiently
low to be considered unacceptable in
flavor, any flavor impairment of proc-
essed foods is undesirable and should
be controlled as closely as possible.
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Mentha piperita and M. arvensis oils have been analyzed by gas-liquid partition chro-
matography. Compositional criteria thus established are utilized for determination of
geographical origins, recognition of biochemical relationships governing formation of
oil in the plant, evaluation of manufacturing processes, and detection of subtle adultera-

tions.

Data and their treatment should prove of value not only to processors of essential

oils, but also in characterization, analysis, and quality control of complex natural and
synthetic compositions produced by the food, drug, and cosmetic industries.

1L OF PEPPERMINT is one of the few
O essential oils whose production
and processing have assumed great com-
mercial importance in many countries.
Of all flavors competing for man’s
taste that of peppermint has long proved
and remains one of the most popular.
From less than 2000 pounds to well over
2 million pounds per year, such is the
remarkable development of the pepper-
mint oil industry in the United States
since the early 19th century. Produc-
tion has more than doubled during the
last two decades (3).
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To the food industry, oil of peppermint
is an essential raw material for flavoring
a wide range of consumer products,
particularly baked goods, confection-
eries, and alcoholic liqueurs. Large
quantities are also used by the phar-
maceutical industry to maskobjectionable
tastes or modify the nauseating, griping
effects of many medicinals.

Canadian Food and Drug Regulations
permit use of both Mentha piperita and
Mentha arvensis oils of the required flavor-
ing strength for these purposes (73)
and are in this respect considerably
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broader in scope than those applying
in the United States, where a ruling of
the U. S. Department of Agriculture
forbids mint oil to be designated as
peppermint oil, and the U. S. Federal
Food and Drugs Act requires that prep-
arations containing M. arvensis oil
must be labeled ‘“flavored with corn
mint” or ‘“flavored with field mint”
(20).

This situation requires some explana-
tory comments regarding the botanical
classification of peppermint. Accord-
ing to Guenther (78), the plants used in



