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Intreducticn

S;:ices are the chief source of flevors used in the pickle in-
austry. With few‘exceptions the principal and chearscteristic flavcr
of a sgice is contained in thet comporent which is volatile with
steam. This volatile component is termed the essentisl o0il of the
spice, When the sgice is extracted in vineger or comtinations of

1 is dissclved., The
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vinegar and suger, sume of the essential o
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fleaver is in this way mede availatle to the pi
practicelly inscluble in weter, and only slightly soluble in acetic
acid sclutions. Therefore, it is slmost a certainty that only a small
portion of the spice oil is availavle when the spices as extrgcted in
this way., Part I of this werk is a determinaticn of the extraction
efficiency of vinegar sclutions,

Essential oils from spices are often used, as such, to flavor
pickles, The water insoluble o0il mey be inccrporsted into the flavor-
ing sclution by any one of the following three generslly accepted
rethods: 1) A solution of oil in a sclvent such as ethyl alcchol is
added cirectly to the spicing liquor. 2) The oil is "cut" with sugar
or salt, 3) An oil-vmter emulsicn is prepared and added to the
ligquor. ihen organic solvents such as alcohcls or sugar are used, the
emulsion which ferms upon the additicn of the sclution to vinegar is
unstable., That is, the 01l globules coalesce repidly, rise to the sur-
face of the spicing liquer and are partially lost by subscquent vola-
tilizetion. Opecially prcpared emulsions are usecd tc meintain the oil
in suspensicn until the flevor is either dissclved bty the pickle

liquor, or abscrted by the pickle, Part II of this wcrk concerns the

143859



i h i 0il in the spicecd ;ickle, ome o ne method
loceticn of the spice o0il in th picecd pickl Some of t thocls

ons were studied in

e

used to incerjpcrate the cils in sclut

Part III.

review of Literature

~

'sis of Volatile il in Epices

Clevenger (1033) designed en e ;aratus for the determination

[OR

of the wvelatile oil in spices by steem distillaticn., The agraratus
consists of 50 to 2000 ml,. shert necked rcund bettow flasks, oil
separatory tra;s and a Lopkins tyrpe condenser, Ccnditions found most
suitaltle for ¢‘stilletion were aslso studlied by Clevenger (1933, 193,
15%2¢). Lower yields incicete a lack of uniformity of mixing semple
with the water, incomplete uistillation or the loss of some volatile

0il during the distillation, Conciticns found mest suiltable for dis-

tillaticn of nutmeg and pimenta were as shown below,

Spice Size of sample Size of flask Volume of water  Tine
o) (ml.) {nl.) (krs.)
Nutmeg 25 5C0 2C0 L
Fimenta 100 1000 L,00 5

esults were comp ileq from the work of several collaberators. They
were found to be quite corcsistent after the ccllsboratcrs became fam-
ilier with the method. The nethod wrs adopted terntatively by the
Acsociation of (fficial Agricultural Chemists (193i;) and cfficially

for sage andé merjoram anelysis (19792;. Cccking and Liddleton (103€

develored a method similer to that of Clevenger for a determination

of the volatile cil contert of varicus drugs. The receiver which was

used was designed for oils lighter than water, Turpentine wess used as



& solvent for cils heavier then weter, They founc thet in some ceses
tetter yields were obtained wlen the meterisl was distilled in the
whele form. Rownn and ven Duuren (1937) ccapared several methcds for
the dctermination of volatile cil in spices and found that the method
cf Cocking and lliddleton gave the most consistent results. KRowan and
van Duuren modificd the methed slightly by using a 10 per cent sodium
chloride soluticn instead of water in the distillaticn flask, They

&lso used a special receiver for oil heavier than water, The sazples

were cdistilled until the amount of volatile oil remained constent.

Omlsions

Znulsions used in food industrlies are generally stasbilized
with gums such as acacia and tragacantk, In the pickle indusbry it
Les Leen convenient to edd vinegar to the emulsion for tle purpose of
greserving it. The starches and gw.s would prrotablly bte attacked by
Lacteria end yeasts. This addition of acid to an emulsion may changs
the statility of the oil auspgension as well as affect the gum stabil-
izers. Xrantz and Gerdon (1026, 193C) studied the effect of the
hydrozen lon concentration on gum acacie and jum tragecanth eaulsions.
Enulsions containing 2% per cent cottonsced ¢il or Nujol (& mineral
0il) wers made, In L0 ml. of emulsion .5 gm. of gum tragacanth, or
2.5 gn. of gum acacim were used. The stable range of acacia vmas
pil 2 - 10, tlkalies were detrimental., The globules were iore uniforp
end smaller than in trsgacantlh enulsions, The stability range for
tragacanth emulsiorns was pi 1.9 - 2,3. Rapid separstion took ;lace on

the allaline side. Clsyton (1032 fouund that the viscosity of Zum
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tragacanth sclutions was reducel by the additicn ¢

chleride. Limburg (1026) cbserved thet the jcolatin concentratica

roqulired to statilize a zinersl oil-water exnulsicn was o function of
pd valae, [lis cobservations nare siiova in *he table below,

Gelatin requirszd pil
(gm./1liter)
L0005, 2.8
00125 L.7
.Cl1 D5
ol Z4H

4all {122L) in exyeriments with gun acaecia wnd gum tragacants eaalsions
concluded thut the brst pil range wus 4.2 = L5 for emalsions conteine

ing one ¢z, of ecacie and 1.J oz. of tregacanth per gallon., Gray (1227)
nzs shown thet the addition of vinegor to mayonnsise emulsions does not

Sl

cause the emulsion to brealr dovm, Lut mersly dilutes the emulsion, T/hit-

<

more and Lineian (10022; added lLydrochloric ecid tu five per cent orange
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carstion was

0il gelatin cuwalsions and cbserved that the rate of oil s

9
ck
C
L‘v-‘
3
[«
5,
ry
.

cnulclon had startec
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projorticnal to the acidity, once th:
it is Imowm that particles of an cmulsicn zarry an elsctric
- preventing coalescence,

charge which aids in stablizing the emulsicn t

G}

The edditicon of electrulytes affects the charge ana often cmuses the
eaulsion to breek. Clayton [1935) studied the efrect of somec inorganic
snlts on cylinder oil emulsions, Potaessiun chloride added to the
e.rulsion increased the jotentianl difference at first, but finally re-
duced the potential to nil at & councentration of BOUU niillincles ,er
liter. Aluminum chloride, having a trivalsznt cation, reduced the po-
tentinl to zero at a conconirstion of £1 millimolss per liter,
Lhutnegar (1212) listed the coggoulating efficicney of cations as ALD

Cr>Ba2Sr ¥ Dp¥a. It is particulsrly significant suers of food

Ies
(&)



emulsions that the sodiuwn ion has the lesst coagulating power, Uray
{(1287) observed trat the addition of salt (M«Cl) to sa cil-water
causzs the emulsicon to te thicker and more permancat, Iz alsc found
that small amcunts of slum tendsd to treak the enulsiosn,

ennistar and Hing (1J38) found that sollum snlts ¢f sulpharie
acid esters yicldud cil-wabter emulsions which were relutivel
toward acids, This fact males tle use ¢f sodiunm lauryl sulfonate de-
sirable in the pickle indus*ry, wiere acetic acid is used., Lowever,
experience has siown that it 1s well to te certain of the non-toxicity
of any sutrtance used in foods, This substance is widely used in
dentifrices et concontrations varying from 1.25 to two per cent,
Iitchin and Granen (1227) made olservations on the effects of the sul-
fonates on the mecuths of humnans and dogs. They found no evidence of
inflammation in elither cass. Epstein ef al (1977) fed a sulfcnate to
rats end observed thet, when dalily inteke was TO grams per ret, the
aninals saffered en irpairment of azpetite, They conclude that the
results were falrly conclusive as to lgck of systemic toxicity.

Correspondencs with the Food and Zrus Adminlstration revealsd that the

[ox

use of sodium leuryl sulfonate must be nade on the responsilility of
the manufacturer. It is the undcrstanding ol the Administretion that
scientific work so far conductgd has not shown that this chemical,

when used in very swall guaentities in food products would be regarded

as dangerous to health. As it would be used in pickle flavoring, the

concentration would be less tian .0l per cent,



Pert I = Extraction Liriciency of Vinegar Solutions

The sclutions used for extracting the spices were 120 grain

vineger (177 acetic acld, aad sucrose solution in 130 grain vinegsar,

3
(=]
H
(4]
@
D
[

-

Q
{0
0
1%}
[
I

..Lg
£2
'4.
=
[
2]

™
3

e spices used were whole clsves, whole di
nutmess, UCloves and dill seed were uscd ia the whole form in the
extraction and subseguent distillation, The cassia quills and vhole
nutmegs were broken in a food grinder l.redis*ely befcre the extraction,

Cill seed weas extracted with 170 grain vinegar only

ot

The apparatus used to deteraince the voletile o0il in the sjices
is shovm in Figure 1. It is tne same s the one recommsuded ty the
Lscociation of (fficial Agricultural Chenists (103L, 123%) for s ices.
Preliminery distillations were run on unextracted s.ices in which the
effects of tiuse, temperature ol bath, quantity of wmter used, the size
of flask and the condition of the spice were studied. The effect of
the lexngth of time of distillation was different for different spice
as is shown in Teble 1.

it was found that. the mazimum temperature to which the oil
bath could be reised without lcss of some volatile oil was 125°C, =
130°%c, (25797, - 2%°7.). This temgerature was optimum for the szaller
flasks, 250, 500 and 1000 ml., when they were submerged to slightly
above the water level in tihe llask., Eowever, it was necessary to sub-
merge a 2000 inl. flask to sligltly below weter level at these tem-

t

[

peratures, In order to prevent lcss of some ol the volatile c¢il,

vas found necessary to rest the tip of the condenser {(Iijure Za)
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“able 1 Per Conv Volatilo Cil (Ltainzad Arom Cpices After Dis-
tillluu fer Varicus Lengths of Time,
Spice Per cent oil
5 hours 8 hours 11 aours
Allspice . 2.2 2.0
Cessic 1.0 1.1 1.1
Cinncnon O 1.1 1.1
Cloves 1.2 17.0 13.L
Table 2 Ter cent .olat:le Uil Cbtained From Cpices by Different
Investigetions
Reported b
SriCa ESCUT STULY P Y
CLIVINGOR JILDILEISTER
Allspice 2.7 = 3.0 2.7 - L.3 3.0 = L.5
Cloves 17.0 - 18.4 18,0 - 18.2 16.0 - 19.0
Cassi& 1015 1.5 - L&.O 102
Dill Seed 2.9 2.0 - L.0
Nutmegs 9.)4. 6.8 - 8.7 7.0 - 15.0
Cinnamon 1.1 3.2 - 3.3 0.5 - 1.0







Figure 1

The Clevenger epparstus showing treps
for oils lighter then wmter (left)
and for oils heavier then water (ri




Figure 2

The tip of the condenser (a) is
resting egainst the opening of
the distillation tube at (b).



esainst the opening of the distillation tute (Figure 2b). althoug:
ost of the voletile oils are slightly solubls in vubter, the volume of
water used could be verisd consideraily without cianging the muount of
volatile oil producecd, Tor example, 25 grans of cloves distilled with
60 zl, of water

1led with 1Z5 ml, of vweter, Lowever, 1P Lours of distillation were
rejuired to obttain *the oil from the flask containing 65 ml. of water,
whnile cnly 1C hours were necescary to distill &11 of the oil from the

lask containing 125 ml, of water,
The slze of the flask used was deternined by the amocunt cf oil
present in the s;ice since it wvas necessary; to use a larzer auount of
some sgices, such as cassia or @111 to obtain a saflicient gquantity of
0il to mesasure. To determine the effect of the size of the flask on
the yield of wvolatile oils, whcle clcoves were distilled in two diff-
erent sizes of flasiks - 250 ml, and 530 ml, Tue esuount cf oil dis-
tilled was 18.)y per cent from each flask in 12 and 1} hours,

when finely ground spice was used, there was a tendency for it

to stick to the tottem of the flacks and teccme charred. hicle or

jo N

-broken spice did not do this,

«

levenger methed wns used throughout the experiemtn to

determine the volstile oil, first in unextracted s;

~
'Y

ices, end then in

extractoed s;pices, The per cent volatile oil In wvarious unextracted
spices as determined in this experiment Is showm in Talle 2, <long with

N - -1 A~ \ ER
tlcse reportad brr Clevenger et o1 (1933, 1324, 1977, 12L1) and Cille-

meister and Hoff wn (1914).
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Extrection Ifllcicney ol Vinegar

A study wes also made of the extracticn eflficiency of v
under certain conditions, Tihe influence of time anc tengcraﬁure and
the adliticn of sugar to vinegar upon the amount of volatlile oil ex-
tracted from spices was determined, ILxtractlons were made on whole
cloves with 120 gruin vincgar ond 1)0 grain vinegar - Z5 per cent
sugar solutions st 2CCYF, end at 15C0F, The extraction at Z009T, was
mede by heating the flask conteining the spice end solution to 230°r,
and allowing it to cool irmedistely, The extraction mixtures at 150°F,
were held et trat temperature for four hours in a constent temperature
water bath. Samgles were allowed to stand one, seven and €1 days be-
fore distillation., Croken cessia and nutmegs were extracted in simi-
lar solutions at 15C°r. only, for four hours, The nutmegs stood in
the extracting sulutions one, 14 and OO deys before distillation. The
di11l seed waus extracted in 130 grain vinegar and 6OF grain vinegor at
2.0°0, for three Lcurs. (Tebles 3 and L)

At the proper time the extracting solutions were pcured ofl,
thie s.lices were washed with two portions cf cold water and then were
distilled., The 01l wnich was obtained in this distillation hed not
been extracted froa the spice by the vinegnr solution. In Table 3 are
shown tie amounts of oil in per cent extracted by the sclutions under
all ccnditions, The effect of time of stending ugon the extraction
efficiency was not consistent, Under one set of conditions, for ex-
emple, the per cent cil extracted from cloves increassd from 15 to 2C
per cent in seven days, but getually decreased to eight per cent in

21 da;s, ien the effect of teuperature and the addition cof sugar were
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Table L The Influence of Temperature and Acdition of Sucrose on the
Extraction Efficiency of Vinegar

Per cent of

Spice Solution Temperature | total oil
extracted
Cloves 130 gr. vinegar -~ 200°F, 4.7
" " 150°F, 15.0
" 25% sucrose in 200°F, 13.5
130 gr. vinegar
" " 150°F. 10.0
Cinnamon 130 gr. vinegar 150°F. T3
" 130 gr. vinegar 150°F, 67
with sucrose
Nutnegs 130 gr. vinegar 150°F. 25
" 170 gr. vinegar 150°F, 26

with sucrose
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studled, it was cbserved that, while temperature elcns did not
appreciably affect the amount of ¢il extracted, the addition cof sugar
cecreascd the amount of 03l extracted from cloves and cinnamcn, but
slightly increascd the amount extracted from nutmsgs as shown in
Talle L.

kn experiment wus done to diteraine the influence of repeated
extraction of cloves with 130 grain vinegar, Seven flasis containing
25 grans of whole cloves and 100 ml. of 120 grain vinegar were heated
in & steamer to 2009F. after which the, were ellowcld %o ciond lLefire
tle viregar wes changed, cr the spice was distilled, Eech time new
vineger vas put cn the spice, 70 nl. were used, since th
led absorbed and reteired 30 ml, from thre previcus additicn, The re-
sultes are shevm in Teblle F,
In edditicn to the wurl alove, three spices, dill herv, all-
spice, and cassie, were picked out cf a mixture of whole spices cun-
sisting cf nusterd end celery seed, be, lcaves, chill peppers, card-
emon, girger root, allspice enc cassia {with the leotter two predom-
inating), which kad been used to meke genulre dill pickles at a piclile

rlent, These three spices were tested fur their voletile o1l content,

Tre results are shovn teloiw,

Ter cert voletile il

Spice Alter use in Tornally precent
rma¥ing cill pickles in unused spice
i1l herd .8 .25 = Cu, =
Alls)ice 1.6 340
Cossia 1.7 1.2

* Yield fron ccmmercial steam Cistillaticon

Iowever, the ccdor cof the oils cbteined from these splcces Indicated
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that all the distillate

but retrer a mizture of spice ol



lebls 5 rer cent of Volatile (i1 Zetrecved Jron ey oouf
AR SNV AL I IS S A A S S
Tuwer of Total number Per cent Per cent Total
tiues of days velatile rensved per cent
extructed extractad oil 1={t by this extracted
in cloves extraction
0 el 0 0
1 1 1£.8 1.5 5.5
2 2 15.8 0 5.5
3 2 1%5.8 0 6.5
L L 15.2 1.6 17.5
5 1C U 0.8 22,
7 15 2.8 1.5 23.2

9 a1 5.6 3.2 L7.3
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acted as an excellent abtsorbent for spice oils,

Part II = The Iceation end [‘echarism of Abscrpticn of Voletile
Cil by Fickles
wnetler the essonticl cils ere extracte rom the s .lces or
etl th ticl oils er tracted f tl

ecdec, as suck, to the flavering scluticn, th cceur as sunll glob-

ules in the plickling trine, A prelininery experirent was performed

in order to cetermine the form end locaticn cf these oil glchules in
splced picliles, To B0 z2llens of pickles which Lad been sweetened,
tut not spiced, was sdded encugh si-ice ¢il, in emulsicn form, tu nale

the final concentralion 1 pert oil to TOCC perts of plcile end liguor,

Lfter severel weelry, sumples cof the liquor wore exenined

[N
3
Foe
G
o]
o)
1)
(¢}
C
[
[}

ically for the presence of ¢il globules, None were found., A 1:5000

¢iluticn ¢f erlce ©il in a frech vineger-suygar scluticn cf the sene
comp.osition, cortainred oil globules which were easily found, Assuming

& drcp of the liquer containing 1:5000 parts of oil to have a vclune
of 0,05 ml., and the size of the cil globules to have a diameter cf
o

O microns, then ecch drop of liquor would contein 153 globules cof

0il., If the oil jlobtules were 10 microns in dismeter, there would be

pae

20,000 per drcp. Since globules of this size would be eesily dis-
cerrelle under the nmicroscope, it was as:cumed that they hed been either
ebsorbed by the picliles or had eveoporeted

It is well ¥known that volatile oils are readily atsorbed by
scne etler solulle subls*tences, A deternmiretion of crude fabt ves race
cn the epidermis, parenchjua and the control portion (placentel tissue

and the seeds) of procecssecd-unspiced picrles. Ti.e epidernis wes

screped from the picxle with a sharp knife, end the placentel tissue



and seeds were cut and screped from the remaining rerenchjyua, Thece
tissues were then dried in flowirg het air et 15590, for 12 hkcours,
cocled in a desiccateor and welghed inte a Cfoxhlet extrscticn thintle,

Tre Scoxhlet spparetis uced for the cetermirnaticn cf ether extrect is

stovm in Iigure %3, Anh;C¢rcus eth,l ether wes used as the solvent,

Two sizce of pickles were used for the extrection, nemely, LECC-40CCts
and 10CC's, =* It was found that in the sualler pickles %iie centrel

reatest ancunt of crude fat, while in tre
larger pickles, the epldcrmls conteincd mest of the fat. This is showm
in Table 6.

Tiie location ¢f ether soluble counstituerts having been deter-
mined, stuins were rsadc on whole pickles, cut jpickles and laumecllar
sections, and viewed undsr microscopes Leving msgnificaticns from
2x to 450x. It weas thought thet, if the sgice oil which hed entered
the pickle were given some coler, it would be secn more ecsily unier
the miIcrcscope. the stein uscd fer this purpise wus Sudean IV, which

is a red, oil soluble dye. The following three procecdures were used,

1) A pickle wes sllcwed to stand in a concentrated sclution of Sudan

pde
(=0

IV in ¢ill ¢il for one week, .lhen lauwellar scctions of tiis pich

vere cotserved under tiie nicrcscope, 1t was cbserved thet the epidermeal

"

ieliscd

[4

rer > cel was staired " e + The skin et the
legyer cf cells was staired a very deep red. The skin at the
blossom end of the pickle was nct as doe;ly stalred as thet et the
stem end. o internsel arees were stained,

2) A cut pickle was ;laced in a Suden IV - dill oil nixture for 2

hcurs. The oil penetreted feirly well intc tle expcsed centrel peor-

* Pickle size 1s evyrressed as tie nunler of icikiles centelned in a
1,5 gellon terrel,
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Figure 3

The Soxhlet apparstus used for the
determination of ether extract.
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Table 6 Ether Lxtroct of Zpidermis, Farenchyrna and Central Porticn
of Irocessed Pickles,
Size of Per cent Per cent Per cent of total
Section of whole ether ether extract
pickles pickle extract of pickle
L500-6000 |Epidermis 30 3.5 38.5
Parenchyma 53 1.9 36.5
Central
portion 17 L.0 25.0
1000 Epidermis 11 L. 31.3
Parenchyma 59 1.2 L5.5
Central
portion 30 1.2 23.0
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tion, and wes concentrated in the epide:rinis, Lut wzs not gyparent in
the interior cf the pearencljustous ceclls,
%) Driecd lemellar sections were put into this Sulan IV - @ill oll

solution for 2 hours, washed in 20 por cert alecl .l for 20 seconde,

tletted end dried. Similer sections were stained in alcoliclic Sudan
iV.e The slkin and sculur cducts In the center portion of the control

htly The pickle which hed been in the «ill

0il was cstained hecvily in the vesculer ducts, in the nuclei of thre

e
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cells just tenceth the epliderrmis, as well &s in the e_ldermis
Tle alove facts 1led tc an ervpariment to ditermine the vole-
. . a - . . \
L.C ontant ve o 7128 & % rle sectiong which led lzon %re S
tile c¢il content ol ;dckles and pickle sections wihiich led lzon treetzd

witlh reletively concenbtrated dill il emulsions, 3111 ¢lil weas used

it
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fer this purjose salt stock pickles were procecsed, all of the
selt beling removed. To these pickles enoush water and <ill cil emu:l-
sicn were ecdcd to give the crgired fincl concentretion of oil. Two
Gifferent sizez of pickles were used, 5000 - 750C's end 12C0 - 14CG's.,
Finel concentrations c¢f ¢il were 1 pert tc 120 psrts pickle and brine,
1:200, 1:100C and 1:2000. The ratio cf pickles to brine was 6:%2,
After the jickles had remcined in thece sclutions for three deys, they
were removed, washed, greound and distilled in the Clevenger apparatus
for the determinaticn of vclatile oil corntent. & similar distillation

ed

e
(¢

¢f unsp ickles revceled thst they contalined less then 05 per cent

voletile cil, The recsult

(n

as s.ovmn in Tatle 7 incicate thet the size

of tre pickle did nct influence the wrcunt of oil alscrted, and that a

grester per cent of o0il wns sbscrted in the higher dilutions. Unuer
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the ccnditions of this experiment, the picitlcs atscorbed & maximum of
63 per cent of the o0il added to the s icing liguor.

In the detervinaetion of the lucstion ¢f the vilatile 01l in

flavered picklees (1000 size) twe ¢ifferent preocedures were use~d, In

[on

one set the _izkles were peeled telore thiey were sy lced, and in the

other st the ;[iclrles were peoerled after they were spiced. The con-
centretion cf s;ice c¢il usced was 1:20C, The ratio of pickles to bringc
was 2:1. The results of this experiment ere shovn in Talle 8. The
ceta show thnt most ¢f the cil is abscrbed bty the epidernis of the
pickle,

This work wes continued to deterrine how much of the oil in
the pickle was actuelly in scluticn, Piclles were tremtel as belire
vwith e:alsions of éill oil. The ratio of pickle to brine in this
ex; erinent wes ©:3, As rnuch fluid as poscible wes removed from the
Fickles in a hond »recc, erd the pulp from the pickles distill.d in
the Clevenger ayrsratus o dotermine the anmount of oil retained in the

v in Tatle 3

He

niicete thet most of the oil wes
retained within the sclid portion cf the ;ickle, The deta in Tables
6, 7 and 8 would indicnte nobt only that the grester a.ount of ¢ill oll
e liguid, but thet it wes dissolved
srectest aount of
lipids. Since 37 rer cent of the pickle wes removed as juice, 53 per
cent of the pickle actually held £2 per cent of the oil alscrted by

the whole pickle,
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Table 8 The Location of the Dill 0il Absorbed by 1000 Size Fickles

Section Per cent of Per.cent of total
whole pickle 0il absorbed
» Epidermis 27 53 - 58
Parenchyma 17 27 = 29
Central portion 56 15 - 18
Pressed pulp 63 89




fart III A Study of lethods of Incorroretion c¢f Spice (il in
e

Although this werls is incemplete, the er;erimernts lere de-

. 'R}

scribed ey aceist in a further stuly of the prollems involved in

ckle spicing. Four methods of incorgorating oil of (ill in spicing

o

e

Pv
liquors were studied, narely the addition of = 1) an alechel solution
b /

of 0il, 2) an emulsion, 3) an oil-suger mixture, ané L) the plein

¢il itself. In each case 3.6 nl. of oil of dill wes acded to a gellon
jug ccnteining 2200 ml. of process-d pickles and 1,00 ml. of an acicdi

fied weter, The 0il in alcokcl sclution used wes 1 part ¢il in 9 parts
of alcohol. A guwa arebic emulsion was used cintaining 20 per cent oil

and 10 per cent gum. Juioncl PC, e surface tensicn cerressant in which

o

,4.

ent

[en

the active ingred s sodium lauryl sulfcrete, was added tc one of
the samples in which the jpalin oil was incor;crsted. The suger-cil
mixture wes mede by the addition of 3.6 ml. of 0il to LCO gns. of
suger, and the acdition of this mixture to 50 ml, of 135 ;sroin vine-

gar and water to meke 11,00 ml, . After the suger wes dissclved, the

jug of piclles. Trichloracetic acid wes used

v

liguor wus accdid to tle

to acidify the samples not cecntaining vineger, The Jugs were inverted

(=]

end shelten deily, After two weeks the ;icliles were drained, ground

with 1000 ml, cof weter ard aictilled in the Clevenger a;jeratus, Thre

results shcevm in Teble 9 incicnte tlect under the cencditions of this ex-

rerirert, no one method incorpcrated very much mcre oil then any other
methoc, It was observed durin. the ccurse of the experiesnt, however,

tret the ¢il came to the surface of the brine in e1l of the Jugs eor-

the one in which the emulsion wace used.
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Jn ettennt waz nede to dztermine hew rmuch of the ci



Table 9 Per Cent of 0il of Dill Absorbed by Pickles lrom Acidified
Solutions (1 part oil = 1000 pickles and brine)

Method of incorporation Per cent absorbed
Alcohol solution 61
Emulsion 55
Plain oil 62

Plain oil with
Duponol PC 55

Sugar-vinegar 63




alccholic scluticn tc various tyres of y[ickling liquors weuld return

to the surface of the lijuor. A 10 per cert dill cil in alcchol sclu-
tion wes acded to - 1) wamter, 2) 125 grein vinegar, 2Z) E0 per

cent sucrose in 176 grsin vinegar, L) 20 per cent scdium chloride in

"

136 grain vinecer, ard §) 50 per cent sucrcse and 15 per cent sodium
chloride in 126 grain vincgar, Jen milliliters of +the alcchelic sclu-
ticn were added to 00 =1, ¢f the ghove sclutions in a 110 ml. cassie
flesk, The mixtarecs were shaken anu alloved to stand until cil wes
visible on tha surface c¢f tle solution, The cil leyer was brought up
into the neck of tre flack by the addition of the respective solutivrs,
viere it was measured, The rezults are shovn in Table 10, The selt-
sucrcse=vinegar soluticn seemed to retain the cil better for a period
cf twio ce

s, after whizh there weas a noticable increese in the emourt

-
o

of o0il s~rareted,
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Table 10 The Stability of One Per Cent Alcohol - Dill 0il
Emulsions in Various Types of Pickling Brines

Per cent o0il At end

Type of brine emulsified of
Water 10 5 minutes
136 grain vinegar 20 15 minutes
50% sucrose in 136 30 15 minutes

grain vinegar

20% NaCl in 136

grain vinegar 15 5 minutes

50% sucrose and
15% salt in 136 L5 30 minutes
Grain vinegar

" Lo 16 hours

" 15 L8 hours
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Summary
The greatect smount of oil wos rouoved from the sgices in 24 hours

after which time the o0il wus diszolvad from the spices at a much
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inegar 1s a poor sclvrit Zor o2liwe OI1, elnce rilve oitrocticns,
cver a period of 21 dasys, remxcved only L7.C per cont of the c¢il
fron *ie cloves. Tlic Ircicsbes & trenonducus less ¢f Oil X

o

use of whole cloves in pickle munufecture,

)]

ckles elec 4 to 63 per cernt ¢ill oil from &
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rcce

m

sed [
cpicing trine conteining a 1:1000 and 1:2000 dilution cf the cil,

A greater aicunt cf cil wee atscrbed from proceceed pickles from
the higher than from the lower corcentraticns, licwever, a relet-
ively greater per cent of c¢il was absorbted from the lcwer than from
tre higher concentraticnes, In the strorger concentraticns (1:100
and 1:0C0), the sncunt of cil ablsorbed waes rot directly propor-
ticnel to the ecncunt of 0il precent, wihiile at the weeker concen-
treticns ( 1:1C00 and 1:200C; it wes directly proporticncl,

Tke rer cent of etlier extract varied inversely with the size cof the

pickle, the smaller ;ickles ravirg e greater emcunt then the lerger,

‘here vas a verlaetion of the sucurnt cf ether extrect in the sernc

type of tissue in difflercnt size picklesz,
Tre different rethods tried so fer of ircorporetirg a 1:1C00 cdilu-

)

tion of dill oil into pickles within a pericd of twe weeks showed
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little difference in the ancunt absorbed,

An emulsicn resultirg from the eddition ¢f a 10 peor cent sclution

| e

cf dill cil in 25 [er cert slcechel to varicus types of

solutlons showed the grestest stelilit; in e brire conteirirg ©U

—_ / > . »
Ler cent suerise, 15 rer cert selt end 120 grein vireger, and the

least stalility in a brine contelining &0 per coert selt and 125
Srein viregar,
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