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INTRODUCTION

The present study is directed at masking the odor of diphenyl
ag used In the shipment of oranges. For & more complote discupeion of
this problem, the reader is referred to Dr. Pearl's mencrandum of July 13

to Mr. Strange.

The odor of diphenyl is rather strong and unpleasant to most
people. Thorefore, the primary aim of resking here 18 to concecl the di-
phenyl odor so that the cobserver is not aware of its presence, or does
not consider the resulfant odor obJjectionable. The second alm is to
convert the resultant odor to one very similar to that of an crange. An
orange with a nonorcngelike odor might be viewed with a certoin anount

of suspicion, even if the odor is pleasant.

The first stage of this investigation was the inmpregnation of
small kraft strips with benzene solutions of déiphenyl and mesking chemicals.
The air-dried strips were then exemined for odor by 2 "jury" and a pre-

lininary sorting of 'good and bad" chemicals effectod.

The second stage wes a mixing of various chemicals into "bouguets”
to improve the 'good" chemicals found in the first stage. Various fruit
odore and oile were tried here, and the cost of the additives was also

considered.

h modification of this technigue was the storing of the impregnated
strip with an orange in a closed Jar to provide a mixed odor from the

orange and the chemicals. Psychologica;ly, it was probebly better for the
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Jury members to smell an orangs under these conditions than Just a

card.

Finelly a pllot-plant occale of testings was tried with wax coat-
ings of the diphenyl and mesking chemlicels applied to 1 x 1 x 1-ft. and
6 x 8 x 8~inch boxes. The oranges in these boxes wore stored at LO and
73°. The more satisfactory nixtures found in this stage were then sent

to the co-operator for more extensive trials.

Wax coatinge were also applled to 2 x 2-inch kraft strips for
fungicidal testes by the Bacteriology Group. The samples of blenﬂiﬁga
sent to the co-operator on July 29 under these conditions showed no daif-
ference in fungicidal behavior from diphenyl alone. Therefore, it can be
assumed that the chemicals added did not affect the action of diphenyl.

Tests of a secondi group of blendings are now in process.

EXPERIMENTAL
PREPARATION OF 1.5 x 2.75-INCH STRIPS

&4 stock solution (12%) of diphenyl in benzene wes used., The
dropwise addition of 0.5 cc. of Bolution to one surface of a 50-1b. kraft
strip and subsequent air.drying for 5-15 minutes in the hood depoesited 60 mg.
of diphenyl on & surface area of 4.125 sq. in., or the equivalent of 4.63 1b.
pe%:;q. ft. The strip was then placed in & covered Jar and opened only

for odor tests.

The various mesking chenmicals were added to the benzene solutions

vith a capillary pipet, one drop being roughly 10 mg. The ratio of chemical
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to diphenyl ranged from 1:6 to 1:400. The last dilution was generally

too wenk to provide any masking effect.

The odor in sech Jer, aﬁsuming very little evaporatlon, wae
that of 60 mg. of diphenyl and the added chemical, emanating from onc or
both sides of the paper strip. Since the benzene solution, when original-
1y edded, penetrated parﬁly to the other side of the strip, the edor
might be considered as éoming from both sides. In later experiments,
with the application of a hot wax nixture, the latter solidified almost
immedistely when brushed on the inslde of a kraft box, so that very

little penetration into the kraft liner occurred.

La£er tests were tried with the kraft strip stored with an
orange 1in a 3idc-mouth Mason Jer. At fipst, me£al alrtight 1ldse were
used on the Jars, but the sweating of the orange produced a muasty odor.
Consequently, piééea of qualitative fllter pepor wers éubstituted as covers, .
giving a porous cover and a ruch cleaner odor which was more similar to that

in a kreft box.

The use of Jers cbntaining oranges allowed many teste to be run
on 8mall amounte of moterial. Duplicede end triplicate tests could be
s
rade, eliminating the factor that a single orange night produce an off-

odor.

For odor tests, each member of a "jury" was allowed to open
2 Jer and smell the contents without seeing the label. Generally, a
control jar, containing only diphenyi, wves nged initially and at inter-

vels throughout the test because some of the masking chemicals provided
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a "dcadcning” effect on the nose of the obeerver, invalideting subseguent

obeervations. Ehgehol especially wae very effective in this regerd.

In later teste & more carcful effort was rnde to avold killing
or deadening the senre of smell of the Jjury members. Odor tests were made
at 15 to 30-minute intervals., Thie linlted the number of cdor tests to

10 to 15 per day but better results were obtained.

The Jury was composed of both men and women, the latter beoing
more critical of chemical smells and disliking anything not of a known

agreeable "household" nature. Two of the men, A and S, were well-skilled

in detecting foint odors and could detect & faint diphenyl odor where the

women would not notice it or would report & "chemical" or medicinal odor.
Diphenyl was often described as 'leapray." The men wore more tolerant

of laboratory odors, often considering them pleasant. whereas & person

working outseide 2 chemical loboratory would deem them objectionadble. Thus,

the men, as a group, would often apmrove of a blend, whercas the women
would not. Tho reverse case occurred when only a very slight troce of
diphenyl was prosent, being notlced more by 4 and § than by the woreon.
Chemical N, when not too strong, gove an odor very cgreeable to the women

(especlally G) even though it was not too orangelike.

Therefore, the purpoere of the testes listed in Teble VIIT and the
followiné tebles was the production of 2 bouquet contalning enougﬂ N to
setisfy the women Jury members and not too much to be discernible to the
nen mombers, and also glving a final odor &inmilar to orenges. Scveral

of the beat blends given In the final tobles will be sent to Mr, Weathers
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for further eveluation. Fungicidal tests will also be run on these blends

to note the effect of additives on the diphenyl.
TESTING OF COATINGS IN ORANGE-FILLED BOXES

Each box was painted on the four inner side walls (1 foot square
or 48 sguarc inches ) with a molten wax-diphenyl mixture. The latter wos
made by edding a molton mixture of 1 part of Parawax and 4 parts of petrola-
tum to 5 parte of molten diphenyl. Then were added varyling volumes of
different chemicals to 18-gram portions (or 6 g. for the small boxes) of
the second molten mixture. These were most easlly added dircctly from
burets; the mixture wae stirred thoroughly and set asidc. Eech nmixture,
numbered as in the tables, was remclted when nceded and the entire con-
tents brushed on the ineide of the respective box. The latter was closed
and the wax was allowed to solidify for sevef&l minutes. Each box was

then filled with oranges and tests werc mede.

EXPERIMENTAL RESULTS
TABLE I
Prelininory tests of various chemicals were made with impreg-
nated cﬁrds stored in glass jars. No orange® were uscd herc. The best

chemicals--B, A, D, and E--were then selected for further tests.
TABLES II AND IIT

Chemicals B, A, D, and E were tested in 1 x 1 x 1-ft. kraft
boxes filled with oranges. The key to the box numbers ie given in Table II.

The evzluation of the boxes 1s shown in Table III. Mixtures 7 to 12 were
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selected and samplos of these blends sent to Mr. Weathers., The costs of

these blends are given In Table IV.
TABLE V

Varying amounts of a new scries of chemicals were used on im-
pregnated kraft stripe. (The code lettors here are a new series and bear
no relatioﬂ to those in the preceding tables. Tables V to XI repreagent
o new Beries of blends)., Blends D, E, and F scemed most effoctive in
binary mixtures with A. Tt will be notlced that varying the relative
amounts of the two componente had & decided effect on the resultant odor.

These tests were run in glase Jars without oranges.
TABLE VI

These bipary mixtures werc prepared from calculations based
on the Crocker-Henderson odor classification system {'"Odor Directory, "
E. C. Crpcker end Florence N. Dillon, The American Perfumer, April-May,
1949 ). 4n attempt wos made to predict resultant odors of mixtures
from the odor data given for the individual components. The only ones
that were succeasful contained Chemical J mixed with F, E, or K.
Although most of these odors had the characteristics desired in &
blended orange odor, the Jury ogrecd that they were not suitable for

an orango.
TABLE VII

A Berice of odor tests was carricd ocut in Jars containing

impregnoted kraft stripe and oranges. In this series, motel 1ids were
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used on the jJjers and several promising sarples may have heen rejected be-

ceuse of a musty odor from the sweating orange. Blends containing

chemicals N, 4, and O seemed to be the most promieing.

TABLE VIII

These blendings in Jars with paper covers geve bouguets with
odors approaching that of an orange. Increasing the amount of Chemical A
and cutting down the proportion of ¥ and O was beneficial. Chemical 0

was preferred to G for removing the ruety odor inhcrent in Chemical N,
TABLE IX.

Odor tests were conducted with orange-filled kraft boxes. A
geries of threc blends was used, also diphenyl alone and hoxes containing
only oronges. Each type wee run in triplicate to check the preclelon of

the jury decicions. As shown in the table, the Jury could unhesitatingly

“detecet a box containing only oranges., Boxes cortaining diphenyl alone

were plicked by tho majority of the jury members as bed, but some crrors

vere observed. Of the thrce types of blendings supplied, the jury preferred

NAO 182, olthough a sweet rathcr than en orangelike odor was evident.

TLBLE X

Morc work was then done on a smeller scale, starting with

forrmle NAO 182. The best one was 0.2% NO (1-2), 6.2% of 4, 0.8% of I,

\

and 0.8% of M,
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TABLE XTI

Threoe promising blends were tried in 8-inch boxes filled with
oranges. The jury liked them although they scemed a 1little pungent, with

& lime odor.

CONCLUSION

Five of the moat promising blends given in Tables IX, X, and XI
will be Bent to Mr. Weathors for further trial. Fungicidal tests on
these blends will also be run by thé Bacteriolegy Group. Meanwhile, moro
improvements of the selected blends will be tried, with evaporation tests
to note whethor or not the maskiné chemicals evaporate at a more rapild
rate than the diphenyl. ff {8 conceivable that the initial odor is

pleasing but the final onc upnpleasant. -

THE INSTITUTE OF PAPER CHEMISTRY

John W. Green, Resezrch sseocliate

PO Ean

R. C. McKee, Chilef, Contalner Sectlon
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PRELIMINARY TESTS OF PAPER STRICS TREATED WITH
DIPHENYL AND VARICUS MASKING AGENTS

Amount,

%

I
1
16
L
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L
16
I
16
L
16
4
16
I
16
L
L
16
16
16
16
16
16
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TABIE I (Continued)

PRELIMINARY TESTS OF PAPER STRIPS TREATED WITH
DIPHENYL AND VARIOUS MASKING AGENTS

Conmpound Anount, Odor Ranking
Added % ++ - -- o Conclusion

90% Sulfur,
10% Diphenyl {
and B . 1
B4C ‘
B+A
A,B,C

-
no
£

++
++

e
ot

Note: 1In thie and following tablem, ++ is excellent, + falr, - not so
good, and = bad. In the evaluation by the nmen, + might pean that
the diphenyl was masked but the odor wes not too good, whereas a
+ by 2 woman meant that the resultant odor wes good.
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TABLE II
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KEY TO BOXES OF ORANGES WITH VARIOUS BLENDINGS.

ADIED TO DIPHENYL

Nuribor B A D E
1(13) - - - - blenk with no diphonyl at ell - - --
2 00 00 00 00
3 25 25 00 00
b 25 25 25 00
5 75 25 25 00
6 25 25 00 25
7 75 25 00 25
8 50 00 50 00
9 5 00 50 00

10 50 00 00 50
11 75 00 00 50
12 00 00 00 75

Numbers represcnt 0.0l of a cc. cdded to mixture of 9 g. diphenyl,

1.8 g. TParawax, and 7.2 g.' petrolatum.
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‘ TABLE ITT

TESTING OF ODCR OF ORANGES PACKED WITH DIPHENYL, ETC.
(1) Tested in a Warm Roon, after Being Stored 48 hr. at ho°

Box 1 2 3 4 5 -6 Conclusion
13 {1} ++ ++ ++ ++ -+ ++ +
2 - - - - - - -
3 + + - + - + -
b + + + ++ .- + +
5 + + + ++ -- -- +
6 - - - - ++ -- --
7 - - = ++ B ++ + ++
8 '+ + + 0 - -- +
9 -- ? + ++ ++ ? --
10 + ? Ha ++s ++ ++ ++
11 ++ ? 8 -- ++ x ++
12 ? 3 a8 +s -- +~ p +
(2) samo, aftor 48 Morc HoureStorage at 73°
Box 1 2 3 L(7-26) Conclusion
13 (1) ++ + 0 ++ ++ 0 -+
2 ++ - B -- - p --
3 +n + - -- -
b - ++ - -- -
5 ++ - + - -
6 ++ 4 - +n 4
7 ++ ++ - -~ o+
8 ++ + -- -- -
9 +a -- - ++ -
10 - + -- H ¢ -
11 -- g +x - ++ +
12 -- ++ - ++ 0,8 +
(3) samo, oftor Storage at 73° for 72 Hours
Box 1 2 3 L 5 6 7 8 9 Conclusion
13 (1) ++ ++ +H o H o  ++ ++ ++ 0 -+
2 - -- - ~- ++ -- -- “- 8 -~
3 -- - + - ++ +4 “a - -
L -~ -- -- ~ ++ + - - -~
5 + - - - +=+ o -+ - - - :
6 + - -- . ++ ++ -- ++ ++ -
7 + -- ++ ++ + + ++ ++ ++ +
8 + + - -- ++ + ot - ++ +
9 + ++ ++ ++ + ++ ++ -+ ++
10 + - -+ ++ - ++ ++ ++ 0 +
11 + - 8 - + ++ - +
12 - + + o .- + ++ ++ +

+ excellent odor, + foir, - unsatisfactory, and -- bad. o orandc, 8 safrol
and e cugenol. x = bed odor, p = seatisfoctory odor, both unidentified.
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TABLE IV

SAMPLES OF BLENDINGS SENT TO MR. WEATHERS
ON FRIDAY, JULY 29

Amount 7 8 9 10 11 12
Chenical cc. ¢ ccs ¢ cc. ¢ cc. ¢ cc., ¢ cc. ¢
B 90 12 60 8 90 12 60 8 90 12
A 30 20
c 30 5 60 10 60 10 90 1k
D 60 26 60 26
Total cost 37, 3l 38 18 por] 1k

Note: The above volumes are to be added to 5 pounds of & nmolten mixture of
diphenyl 5, Parawax 1, and petrolatum 4 parts. The coste are based
on quotations in the Drug and 01) Reportor, assuning 1 c¢ec. of the
above welighs 1 gran. -

TABLE V

ODOR TESTS ON IMPREGNATED KRAFT STRIPS IN GLASS JALRS

Chemical A Added, Jury
Added % G A S Py R Conclueion
B . L O + = =
-2 4 +
b L + -
2 2 + -
1 2 = = 0ff odor
1 s =
c L 0 + + = Off odor
1 2 +
D k 0 -+ ++
1 2 - - - Off odor
1 L - +
4 L ++ + Lemon odor
w I 0 + + Off odor
1 L ++ - = Orange odor
o o + + s -
2 N - + - +
1 2 = = = =
L b + = = rod odor
1 2 - - ‘
F 4 0 + ++
2 2 - + -
1 2 = = =
1 2 ++
1 b ++ o+ Orenge odor
2 b - -
Iy b - = = Bad odor
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TABLE VI

ODOR TESTS ON IMPREGNATED KRAFT STRIPS IN GLASS JARS

Jury
Chemical % Chenical % 5 ? A Conclusion
G 2 " E 2 = = = =
P F 2 - = = =
2 " 2 = = = Bed odor
2 I 2 = - = Brd odor
o J 2 = + = -
J 2 r 2 + + + +
2 E 2 + = = + Lirme odor
2 K 2 = + ++ + Lire odor
G 1.3
and T 1.3 E 1.3 + + = +
G 1.3
amd K 1.3 E 1.3 = - - Bad codor
L 2 E 2 - + + Bad odor
G- 2 = + = -
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TABLE VII
ODCR TESTS ON IMPREGNATED KRAFT STRIPS IN GLASS JARS CONTAINING FRUIT

Chenicales Added

(vased on diphenyl), % Jury
M A J H Total A &5 P M G I D Conclusion
L b 8 = = = - = = = Medicinal odor
4 b L 12 - _ - - = = - 1 i
L L i 12 + + + = = = = Cff odor
L I = = + 4+ - = =
L 1 5 = + = = = =
4 L B8 = 4+ = = Cinnamon odor
b K 1 g - 4+ = - = = =
Chemicals .Added (numbers give relative emounts, total 1s 4% in each case)
M A Jd N
E o1 1 1 + + - - = Bitter odor
Ly ¥ 4 1 - +H o+ = =
L, o0 4 1 + ++ = = 4+ (lean odor
1 01 b1 =+ = = -
A 2 2 + + = - =
2 21 (5%) + +H o= + Lime or off odor
(2%) = = ¢
1 3 + = = Too nuch lime odor
L = T 4+ = = Off odor
N A G Total
2 1 L =+ - =+ o+ o+ Sweet, strong but not
msty
4 1 -l - o+ Musty and ewcet
2 1 L + o+ + = 4+ Off odor
1 2 1 L H+ ++ ++ Too sweet
8 ++ ++ Too strong
2 2 1 4 —H+ - + o+ Musty
1 b 1 2 - + + More sweet than orange
L - ++ ++ More orange than sweet
1 8 1 2 -+ o+ Morc sweet than orange
b -+ o+ o+ More orange than sweet
1 8 =2 2 + o+ +
b + o+ + More orange than sweet
2 1 4 - - ++ = Musty off odor
k 1 L - H 4+ = Flat odor, slightly sweet
2 2 1 2 + o+ Too swect
L o+ ++ 4+ ++ ++  Sweet
2 L 1 L H o+ o+
i1 2 1 L +H H o Good
8 =+ o+ ++ Musty, vory ewect
14 1 4 - o+ o+ Orange
1 8 2 Y + + 4+ Orange
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TABLE VIII

ODOR TESTS ON IMPREGNATED KRAFT STRIPS IN GLASS JARS CONTAINING FRUIT

_Jury
Chemical Added % W R M I G ‘Container ILab. Conclusion
NAO 141 L + 4+ Sweet and orange
2 + 4 , Less orangoe
NAO 181 4 = + +
2 = + + More sweet than
orange
N4AO 182 L + A A b+ 2= Orange
2 + + o+ 4 Sweet and orange
NAG 1h1 L - + + o+ 3+ 3= Sweet
2 - - +
NAG 181 L - o+ o+ Orange and sweet
2 = - + + Orange and swect
NAG 182 N + + 4 L+ 2= Orange
2 - = =
Bionk (diphenyl ondy) = - = - = 5¢ 1=
Oranges only . he 2=

NAQ 182 L oo+
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TABLE IX

ODOR TESTS ON DIPHENYL, MIXTURES IN 8-INCH BOXES
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CONTAINING FRUIT

Jury
© Box Contente Tine W & B G M M D Conclusion
1 he NAG 182 9:00 = = = = +
6 10:40 ++ + o+
11 2:40 = = = = =
Average - + = = = =+ =
2 Diphenyl alone  G:20 ++ = = = 4+
7 11:00 - + = = = +
7 1:00 = + -
12 3:00 -+ =
Average - - = = = = -
3 4% NAO 182 9:40 T =+
8 , 11:30 o+ o= =+ ++
13 4:00 + = ++
Avernge H - = o + Sweet cdor
rather than orange
by Oranges only 10:00 HOOH
9 2:00 ST - S R
Lvorage : ++ ++ ++ +H+ ++ ++ The jury can still
detoct an untroated
orange
5 4% NaG 1M1 10:20 + = ++ 4+
10 2:20 = = ++ =
15 L:20 + = = - 4+ 4+
.veroege - = = 4 4 - - A Blight
diphenyl odor
Repeat the next morning
5 - - = + =
8 + 4+ -
13 ) - + o+
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TABLE X

ODOR TESTS ON DIPHENYL MIXTURES IN JARS CONTAINING FRUIT

Chemical Added

0.5% NO (1:2), 1.5%
orange and
2% E
2% D
2% F
1% F and
1% J
1% M and 1% J
14 Fond 1% E

0.5% NO (1:2), 3.5% A
and 2% D

Same as cbove with

0.5% M
1% NO (1:2), 7% A

1% NO (1:2), 6%
and 1% M o

A alone edded to
orange, no diphenyl

L and M (b:1) added,
no diphenyl

0.2% NO {1:2), 6.2% A,-

0.8%F and 0.8% M
0.3% NO (1:2), 6.8% A,
0.9% of M and
0.1% J

0.1% J and F (1:1)

Jury

.

+

Mi

' ill'

+1+

Ma G D W

+ + —
-+ 4t
= N
+ + =
+ + =
+ +

+ +
++ ~
+ ++ ++
s —+ ++

Conclusion

Diphenyl odor
Sweet odor
Musty, stale -
Sweet odor

Sweet odor
Musty odor

A little spice
needed

Diphenyl odor

Pungent odor

Orangoe odor

Very good

Better than A alone

Best yet

These bring out the
sweet odor too nuch
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TABLE XI

ODOR TESTS IN 8-INCH BOXES FILLED WITH FRUIT

Jury
Chemicals Added W & § M ML G D Conclusion
8% of NO-A-M P 1:28:L:} nmixture + + o+ ++ + Slight lime

8% of NO-,-M P 1:130:2:2 mixture -+ + + + 4+ + +

& of AMP 6:1:1 nixture H o+ o+ ++ + DTungent lime
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to Table I -

lemon oll

orange oil

line oil

eugenol

gafrol

rothyl salicyloate
Ammorask

cyclohexyl acetnte
fenchone

2-naphthyl mcthyl ether
isoceugcenol

Neutroscent

norpholinc

pinecne

cervone

methyl phenylacetate
octyl acetate

diphenyl cther (Dowtherm)
cyclohexanol

to Tables V to XI

orange oil

anisc

cltroncllol
geraniol

verbena

splike

plporonal

cugorr>

riosuyl phenolacctete
sofrol

Yara-Yara

methyl anthranilate
lime oil

vanillin

courarin

lemon oil




