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Adapled from

Level

Technique

Time required
SPECIAL CAUTIONS

Journal of the Association of Official

Agricultural Chemists

NLUL No, 2 (1960), 274,

Scnior high school chemistry,

Paper chromatography.

Two hours.

Prepatation of cther-mincral oil solation

for ticatment of the chromatogram

papers should be carried out in the hood.
Evaporation of chloroform olutions

sthould also be carticd out in the hood.

over a steam bath if available.
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IDENTITY OF ARTIFICIAL
COLOR ON ORANGES

presented by the
Educational Services Staff
Food and Drug Administrahon

Sometimes oranges get npe as far as taste is concerned before their
skins turn completely orange. The development of the orange color in
the peel is sometimes hastened artificially by exposing the oranges to
cthylene gas in a special chamber designed for the purpose. The ethy:-
lene gas reacts with the pigmenting matetial in the peel to develop the
color very much as it would naturally develop if the orange were left
on the tree longer. Nothing is added to these oranges, and no spacial
labeling is required.

But not all oranges respond satisfactorily to the ethylene treatment,
and growers piLfer to use artificial color. You may have noticed that
some oranges are individually stamped “Cotor Added™ or “Artificially
Colored.™ while others do not bear this stamp  The uncolored oranges
may be streaked with green, although they are ripe to the taste.

The color is permitted for use in making the oranges more attractive
provided they are in fact ripe and otherwise of acceptable guality. and
provided the consumer is notificd by the stamp that artificial color has
been used. The Federal Foad. Drug. and Cosmetic Act (FD&C Act)
prohibits the use of the cotor, however, when it would serve to conceal
inferiority or damage. or to make the product appear better than it
really is.
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The color most often used on oranges is called Cittus Red No. 2.
It was developed specifically for the purpose after it was shown that
a previoasly permitted orange color could produce injury to test animals
when it was consumed in large quantitics,

Like all other colors used in foods, drugs. and cosmetics, the colors
used on oranges must be specilically authorized for this use, and the
amount used must be within tae safe tolerance limit set by the Food
and Drug Administration. In addition. a sample from every batch
of the colo produced by the manufacturer must be submitted to the
Food and Drug Administration for tests. I the colon is found to be
pure and suitable for use. it is “Certified.™

The color previously permitted on oranges, but now banned as not
Raving been proved safe. is called Oil Red XO. Itis possible— although
unlikely-—that some growers or shippers might use this nonpermitied
color by mistake.

Perhaps it is more likely that Citrus Red No. 2 would be used. but
the oranges not stamped. Such undeclared use of color would be
violation of the Federal Food, Drug, and Cosmetic Act and of State
HIEN

The spectrophotomenic absorption curve of a color is preferred as
d means of identification. However, in the absence of a suitable spectro-
photometer. the probable identity of o color can be determined by
other means, such as chromatographic properties.

In the following experiment. you ¢an use 2 paper chromatographic
technigue to test colored oranges to determine that the proper color
has been used. and to determine whether undeclared color was used on
oranges not stamped “Color Added.™
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Experiment

Problem

To determine by aseending paper chronma-
tography which colors are added to anti-
ficially-colored oranges. and whether colors
have been waed on oranges without proper
labeling.

Equipment nceded:

o

funncls, 128 mm.

glass rods

pipettes, 25 ml

Fricarneser lasks, 1258 ml.

beakers, 10 ml.

miceo pipel: a capillary or melting paint

tube drawn 1o a fine puoint

I steam bath

t funnel support

2 dheets Whatman No. 3 MM filter paper,
7 xYy”

I chromatographic tank. inside dimensions

8097 4”0 Any plass or stainless steel

=

R AN S ¥ )

tank of the approximate size witl do. Small
aquariums are useful and inexpensive.

Reuge nis:

votton

vranges, at least 3 stamped “Color Added™
and 3 not so stamped

chlaroform, 300 ml.

light mincral oil, § grams

cthyletlicr. 95 ml,

acetone, 200 ml.

Jistilled or deivnized water, 100 ml.

*Cittus Red Noo 20 1-(2, S-dimethoaphen-
yazod-2 naphthol, about 0.1 grem

*Oil Red NOL T-ay h lzo-2-naphthol, about
0.1 gram

SPoachors mav obroin smalt quantitics of Cirus
Red N 2 and (4] Red N free of charce by writ-
inw o an othciol lencehed o

iy Raovenond 8 Lewrs . Proshiect ALinaecr
Notional Aniline Division, Atlicd Chomical
Corpotation

40 Rector Strect, New York, NOY. 10004

Advance Preparation

Place 11 Whatman filter paper sheet so that
the 97 dumiension is vertical and the 77 di-
mension is horizontal. Using a soft lead
pencil, draw a hotizontal line across the
sheet 1 oinch from the bottom edge. Then
mark off on the line three 113" sepments
about 12" apart. Label the 1.7 «cgment:
as follows:

O
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Fitst :heet

1. Citrus Red No., 2

2. »Color Added™ oranges
A, Oil Red XO

Sccond sheet

1. Citrus Red No. 2

2. Oranges aot stamped “Coler Added”™
1 0il Rd XO
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Muke a solution of mineral oil in cthyl
cther by dissolving § gramis of the oil in 95
ml. of the ctaer. Stir until well mixed.
Transfer to a 100 ml. graduated cylinder.
Imnierse ane rolled sheet of the paper in the
mincral oil solution for o few nminutes. Re-
move and dry it by suspending it in air.
Treat the sccond sheet in the same way.
{Note--Ether is highly inflammable  and
shauld be kept away from flanies o clectric
heating clements.)

Make i miisture of 130 ml. of acetone and
70 ml. of distilled water. Stir until mixed
and store until ready for use in a glass-stop-
peted battle. .

Place a small picce of cottan in the battam
af a 125 ml filtecing funnel supparted vn a
stand. Position three glass rods in the funnel
in such a manner that they will support an
orange sa it witl not touch the sides of the
funnel.

Prepare standard solutions of the two dyes
as follows: dissolve 10 mg. of Citrus Red
Na. 2 in S0 ml. of chlaroform. Store in a
glass-stoppered, fabeled bottle, away from
light.

Dissolve 10 mg. of Oil Red XO in S0 ml,
of chloroform. Stare in a glass-stoppered.
labeled bottle, away from light.

Procedure

I Set water to boit if steam bath is not
wailable (for step 4).

20 Place a 125 ml Brlenmeser flask bu-
neath the funnel and support an orange on
the glass reds. Wach the color off a “Color
Added” crange Iy spraying itwith 258 ml. of
chlatoform in the form of a fine stream from
a pipet. (Note: Uee tublwer tubv on end of
pipet. Aveid pelting chloroform in your
mouth.y  Sutface oile. waxes, and natoral
pigmuents, as well as the artificial color will
be washed ofl

1) Repeat step 2 with two more of the
“Color  Added™ oranges, combining  the
washings in the same flask.

1) Transfer a portion of the solution in the
fask toa 100 ml beaker  Allow the solution
in the beaker to evaporate by placing the
beaket on a <team bath in the hood, or over
a suilable container of hot water. if a <lcam
bath & not available. When the solvent has
evapurated. add another small portion of the
solution.  Continue the evaporation in this
manner unlil al! of the solution has been

-

transferred and all of the solvent has cvap-
arated.

S Using another §25 ml. flask and a clean
funnel, glass rods, pipet, and beaker, repeat
steps 2. X and 4 above, using oranges nat
samped as artificially colored,

While waiting for the chloroform in the two
beakers o ovaporate, proceed with step 6.

6) Pour the prepared solution of acctone
and water into the bottom of the chromato-
graphic tank. Transfer a SO microliter por-
tion (need not be measured exactly) of cach
of the prepared <cutions of Citrus Red No.
2 and Oil Rad XO to the marked sheets of
filtet papet preparcd as indicated above, by
dipping a poinled capitlary tube or melling
point tuby into the solutions and drawing the
liquid in a band along the appropriate 112"
linc< on the filter papers.

Pormit the chloroform to evaporate from the
paper for aboul § scoonds, and retrace the
linc with the tip of the pipet twike more.
Permit drying between applications. Finally.
wuspend the papets inair to dry.
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7)1 Allow the beakers to cool after removing
themt from the steanm bath. Dissolve the rosi-
duc in cach beaker in 3 ml. of chloroform,
Transfer 2 SO microliter portion of the
“Color Added™ extract to the first sheet of
prepared fifter paper in the same manner
as you did with the authentic dye solutions;
repeat on the second sheet with the extract
from the presumably uncolored oranges.

R) Lower the two sheets of filter paper in
the chrontographic tank so that the 97 di.
muensicn is setticad and ahe 77 dimension s
horizomal. and suspend from a rod in such
a way that the bottom edge of the paper
(with the 172”7 marhed sepments) is im-
mersed about e in the solvent. Do not al-
low the papers 0 touch each other or the

sides of the tank. Cover the tank and allow
the papers 1o remain ondisturbed for about
1 hour.

9) Remove the papers fiom the tank and
suspend in air to dry. For cach sheel of
paper. measure the distance the colors have
traveled. By comparing the distance traveled
by the known color solotions with that of
the solutions washed from the oranges. you
can determine which one of these colors was
used on the “Color Added™ oranges. and
whether cither of them was used on the other
otanges without the required declaration.
Usually Citrus Red No. 2 will travel a dis-
tance of about 2-13” from the peint of ori-
gin, and Oil Red XO will travel about Y57
from the origin. The natural eoloring ma-
tetials present will remain at the origin.

For Discussion

{1 Wae the permitted color uwed on the
“Color Added™ oranged? Did vou find any
color on the unlabeled oranges? What action
shoun! be taken by the ioed and Diug Ad-
ministration to prolect consumcrs if vioka.
tions arc found! 1f you fennd a spot that
traveled a distance different from cither
known color, what would this indicate?

2} Could vou supgest a way (o deteimine
whether adided color penpctrates into the esh
of the vrange?

3) I the color used has been proved sale,
and the orange is stamped to show its pres-
cnce, is there any possible objection to use
of the color? Fyplain.

4) How docs the coloring matcrial travel
up the chromatographic paper? \What detet-

O
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mings the tate at shich it travele?

S) Could a water-=oluble color by used 1o
color oranges? Why?

6} Why are cettain eolors caled “coal tar
colors™?

7) The coal 1ar colors vsed on foods were
subjected to Government testing “or putity
as carly a< 1907, Ing before any other types
of food ingredicnts, Why was this precau-
tion contddered necessary?

81 A new color law was cnacted by Con-
pressin 1964 as the Color Additives Amend-
ment to the Federal Food, IPrug. and Cos-
metic Act. Look in your encylopedia fon
information about these Amendments, Learn
three wavs in which this law ditfflcred from
the law before it was amonded.
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Adapted from
Level
Techniques

Time required
SPECIAL CAUTIONS

Official Methods of A iysis of the Association
of Official Agricultural Chemists, 9th Edition, 1962,
206-209.

Senior high school chemistry

Titration
Preparation and use of a standard solution

Forty-five minutes with practice or experience

Metallic sodium can be dangerous to handle. It
must be kept from contact with moisture and must
be handled only with forceps. Sodium should be
stored and cut to size under a layer of kerosene.
In making sodium cthylate, it is best to use
absolute cthanol* as a safety measure (sce page §).
All steps requiring cther should be performed in
a hood; if no hood is available, this experiment
should not be attempted.

*See puge 7 for informuation on obtaining tax-free ethanol.
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ANALYSIS FOR
SPOILAGE INDICATORS
IN BUTTER

presented by the
Educational Services Staff
Food and Drug Administration

The Federal Food, Drug, and Cosmetic Act (FD&C Act) requires butter
to contain not less than 80 percent by weight of milk fat and to be made
from clean, unspoiled cream.

It is relatively easy to devise tests for fat content of foods, and it is
easy to detect extraneous material by microscopic techniques. But
laboratory tests to detect spoilage have presented a challenge both to
the FDA chemists who enforce the law, and to industry chemists who
are equally anxious to make sure that no unfit cream is accepted for
buttermaking.

What happens when cream spoils or decomposes? Sweet cream first
becomes “sour,” and sour cream is regarded as a delicacy. Butter may
be made either from sweet cream or sour cream.

The “souring” of cream is brought about by acid-forming bacteria

naturally present in the milk. First, only lactic acid is produced by
bacterial action on the laciose present. But as these bacteria grow
and multiply, and as the souring action proceeds further, other types of

bacterial action also occur. The fats are broken down into fatty acids



and glycerin. Other organisms act upon the milk protein, causing a
type of “putrefaction.” The cream develops offensive odors and flavors,
and it is then “decomposed” within the meaning of the law. These
offensive odors and flavors are described by experts as “fruity,”
“cheesy,” “putrid,” etc.

Every buttermaker has an expert cream taster who tastes every can
of cream as it is delivered to make sure it is not spoiled. Food and
Drug inspectors are also expert cream tasters, and they make inspections
of butter plants to see that unfit cream is being rejected.

But how can the FDA chemist, or the chemist for a wholesale grocer,
examine the butter to check up on whether the cream taster knew his
business and did his job weli?

Laboratory tests on thousands of samples of deliberately spoiled
cream have shown that, as spoilage progresses, the fats are broken
down into their constituent acids. The relatively simple, short chain
acids—butyric, caproic, caprylic, and capric—are soluble in water.
When cream is churned into butter, these soluble acids go out with the
buttermilk or whey. But the complex, long-chain acids are water-
insoluble. They remain in the butter.

These facts, therefore, suggest a way to show whether butter was
made from spoiled cream: determine how much water-insoluble acids
it contains.

As we have seen, spoilage is the result of a continuous process. There
are some water-insoluble acids in sweet cream, more in sour cream,
still more in spoiled cream.

What amount of water-insoluble acid (WIA) in butter would prove
conclusively that the butter had been made from decomposed cream?

Thousands of experiments have been run in which every can of
cream used in a churn of butter was examined beforehand, and the
butter checked for WIA content. These experiments have shown that
butter made from acceptable cream will not contain more than 400
milligrams of water-insoluble acids per 100 grams of butterfat.

This gives the chemist a tool he can use to determine whether butter
meets one of the requirements of the law.

For law enforcement purposes, the determination of WIA must be
very precise. A gravimetric method is used, which is long and tedious.

An FDA chemist has devised a rapid procedure that can be used as
a preliminary screening test, to be followed by the official procedure
when the preliminary results are suspiciously high.

The following ~xperiment is based on FDA’s rapid test for WIA.



Experiment

Problem

To determine whether butter was made from
decomposed cream.

Equipment needed:

forceps

evaporating dish

glass-stoppered bottle

triple beam balance

2 Erlenmeyer flasks, 125 ml. (one with a
standard ground glass taperneck)

Bunsen burner

Centigrade thermometer

2”x2” piece of aluminum window screening

separatory funnel, 125 ml.

2 burettes, 50 ml]

burette stand

2 graduated cylinders, 100 m!. and 1000 ml.

Reagents and other supplies:

distilled water (wherever water is required
except for the ice and salt bath)

kerosene, 100 ml.

absolute ethanol, 800 ml.

metallic sodium

conc. hydrochloric acid, 10 ml.

sodium carbonate, reagent grade

methyl orange (dissolve 0.1 gram in 100 ml.
water)

butter, 10 grams

ice water, 300 ml.

ice and salt bath

ether

phenolphthalein indicator solution (dissolve
1 gram phenolphthalein in 100 m). alcohol)

0.1 N hydrochloric acid, 100 ml.

TO MAKE SODIUM ETHYLATE

CAUTION: Always handle sodium with for-
ceps under kerosene as directed,

First, place enough kerosene to cover so-
dium used in an evaporating dish. Take the
tare weight. Using forceps, remove a portion
of sodium from the laboratory supply bottle
and place it in the dish, Weigh out about
1.2 grams. Still using forceps, return any
remaining sodium to the original contairer.
With the forceps, remove the 1.2-gram piece
of sodium from the kerosene, dry on filter
paper, and put it into 800 ml. of absolute
ethanol in a 2 liter Erlenmeyer flask (CAU-
TION, stand back). When sodium has cori1-
pletely dissolved, store the solution in a
glass-stoppered bottle. This is the sodium
ethylate which you will use in step 6 of the
experiment. The solution must be standard-
ized against the 0.1 N hydrochloric acid just
before use.

SUBSTITUTION OF SODIUM
METHYLATE FOR SODIUM
ETHYLATE

CAUTION: Blindness or death might result
from internal use of methyl alcohol, and all
containers should be properly labeled ac-
cording to the provisions of the Federal Haz-
ardous Substances Act, Students should be
warned of these hazards—*“Vapor harmful,”
“May be fatal or cause blindness if swal-
lowed,” and “Cannot be made nonpoison-
ollﬂ-”
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Sodium methylate may be prepared from
metallic sodium and methyl alcohol in the
same¢ way that sodium ethylate is prepared.
Or, dry sodium methylate, which is less haz-
ardous than sodium, may be purchased from
a chemical supply house for about $2.25 per
4 oz. Dissolve 2.7 grams of anhydrous so-
dium methylate in 1 liter of methy! alcohol
and standardize against the 0.1 N hydro-
chloric acid just before use.

TO STANDARDIZE REAGENTS

0.1 N hydrochloric acid

Dilute 8.9 ml. of conc. hydrochloric acid to
1 liter with distilled water.

Weigh approximately 0.2 gram of anhy-
drous sodium carbonate to the nearest 0.1
milligram. Transfer the sodium carbunate to

orange (0.1% in water) and titrate with the
hydrochloric acid solution until the color be-
gins to deviate from the tint of a reference
solution (80 ml. of boiled and cooled water
containing 3 drops of mecthyl orange). Boil
the solution gently for 2 minutes, then cool.
Titrate until color is barcly different from
tint of reference solution.

g. Na,CO,x 1000
ml, acid x 52.997

Normality ==

0.05 N sodium ethylate

Pipet 20 ml standardized 0.1 N hydro-
chloric acid into 125 ml. Erlenmeyer flask,
add 2 drops phenolphthalein indicator and
titrate from 50 ml. burectte with the 0.05 N
sodium ethylate to pink end point.

20 x normality HCI solution

a 300 ml. Erlenmeyer flask and dissolve in Normality =
40 ml. of water. Add 3 drops of methyl ml. sodium ethylate solution
Procedure

1) Weigh out 10 grams of butter and place
it in a 125 ml. Erlenmeyer flask. Heat the
ftask gently until the butter melts, then cool
untif the butter is thick and creamy.

2) Add 50 ml. of ice water to the butter in
the ftask and shake for 5 seconds. Insert a
thermometer in the flask and immerse the
flask in an ice and salt bath until the
thermometer drops to 10°C. Remove the
thermometer and shake the flask for 5
seconds.

3) Hold the screen over the neck of the
flask. Pour off and discard the liquid layer

through the screen. Add 50 ml. of ice water
through the screen to the butter in the flask
and shake for 5 scconds. Pour off the water.
Repeat this step wth three more portions of
ice water, each 50 ml.

4) Working in the hood, add 25 ml. of cther
to the butter in the flask and swirl the flask
until the butter dissolves. Transfer the solu-
tion to the separatory funnel. Wash the flask
with a few milliliters of ether and add the
washings to the funnel, Let the funncl stand
for a few minutes, and then drain off the
lower aqueous layer and discard it.



S) Transfer the remaining ether-fat solu-
tion from the funnel to a 125 ml. Erlenmeyer
flask. Wash the funnel with a few milliliters
of ecther and transfer the washings to the
flask.

6) Add 2 drops of phenolphthalcin to the
solution in the flask. Titrate the mixture
with the previously prepared sodium cthylate
solution until the first permanent pink color

appears. Record the volume of sodium ethy-
late solution used.

7) Calculate the number of milligrams of
water-soluble acids in your sample if 1 ml.
of 0.05 N sodium ethylate solution equals
13.5 mg. of water-insoluble acids. Express
your answer in terms of number of milli-
grams present in 100 grams of butter.

For Discussion

1) Can you suggest other possible indices
of decomposition in butter? Would a deter-
mination of individual acids that may be
formed—ec.g., butyric acid—work?

2) Since spoilage of cream is primarily the
result of bacterial action, what does this sug-
gest regarding ways to prevent spoilage?

3) How could this WIA proceduse be adap-
ted for application to cream?

4) If FDA found that a shipment of butter
had been made from decomposed cream,
what action could it take to protect consum-
ers?

5) Why cannot the consumer determine for
himself whether butter is made from spoiled
cream?

Bibliography

Hillig, Fred. “A Review of WIA in Cream
and Butter," Journal of the Association of
Official Agricultural Chemists, XLI, No. 1
(1958), 151-159.

Meyer, Lillian. Food Chemistry. New York:
Reinhold Publishing Company, 1960, 32 ff.

Teachers have found it difficult and expen-
sive to obtain absolute ethanol. Public
schools and colleges may obtain a permit,

without charge, which allows them to pur-
chase tax-free ethanol. The necessary forms
for obtaining the permit are available at the
regional offices of the Internal Revenue Serv-
ice, Alcohol and Tobacco Tax Unit. In-
quirics may be addressed to the Assistant
Regional Commissioner. If you do not know
the address of your nearest regional office,
you may write to the Alcohol and Tobacco
Tax Division, Internal Revenue Service,
Washington, D.C. 20224,
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Adapfed from

Level

Technique

Time required

SPECIAL CAUTIONS

Official Methods of Analysis of the Association
of Oflicial Agricudiral Chemists, 9th edition,
pages 205-206

Senior high school chemistry

Mcasurement of temperature
at which a fat dissolves completely
in a specified solvent

Allow two 45-minute periods, one
for preparing rcagents and oil
samples (oil to be held 2-3 hours
in oven), and one for performing
actual tests (cach test requires
less than 10 minutes).

Prepare alcohol reagent under hood.

Exercise care in use of flame near
alcohol reagent, the solvent used
with cach oil sample.



RAPID IDENTITY OF
MARGARINE AND BUTTER

presented by the
Educational Services Staff
Food und Drug Administration

The consumer market has two well-defined basic food products which
closely resemble one another, butter and margarine. The Federal
Food, Drug, and Cosmetic Act requires that the products be correctly
identificd so that consumers can exercise a free choice. “Butter-leggers”
have occasionally been caught mixing margarine with butter. The law
does not permit mixing of the two products under any labeling.

Butter has been defined in the Butter Act of March 4, 1923, as the
“food product usually known as butter, and which is made exclusively
from milk or crcam, or both, with or without common salt, and with
or without additional coloring matter. and containing not less than
80 per centum by weight of milk fat.”

A Definition and Standard of Identity has been established for mar-
garine by regulation under the Federal Food, Drug, and Cosmetic Act
(FD&C Act). The standard specifies that the product is to be made
from rendered fat or oil of cattle, sheep, swine, or goats, or from any
vegetable food fat or oil, or mixture of these. These fats and oils may be
hydrogenated, if desired, are pasteurized, and then subjected to the
action of harmless bacterial starters. The fat ingredient, or ingredients,
must be intimately mixed with one or more of these dairy products:
cream, milk, or non-fat dry milk.
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To preserve the identity of the product all the way to the consumer,
the owner of a public eating place serving margarine must: (1) display
prominent signs which declare “Oleomargarine Served Here™" or “Mar-
garine Served Here,” or state clearly on the menu that margarine is
served, and (2) serve the margarine in triangular patties, or label
cach serving as margarine,

To determine compliance with the law as it rclates to public cating
places, and to uncover violations of the law as to the identity of the
products being sold as butter, it is necessary to have an analytical test
which is rapid, casy to manipulate, and rcadily interpreted. With such
a test, a Food and Drug inspector can inspect public eating places and
determine rather quickly whether margarine is being served, and, if so,
whether or not the consumer is being properly informed.

This test, used by FDA inspectors, is based upon the variation in
solubility of different fats in the same solvent. The exact temperature
at which a fat completely dissolves in a specified solvent will vary from
one fat to the next. Therefore, onc fat can be distinguished from an-

other by mecasuring this temperature of dissolution in the specified
solvent and comparing the resutts with standard tables.

For brevity, we call this temperature the *‘critical temperature of
dissolution,” or CTD, and the test itself is called the CTI test.
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Experiment

Problem

To determine whether a product is butter or
margarine

Equipment needed

(1) To prepare alcohol reageat:
2 pipets (S5 ml. size)

1 glass-stoppered bottle

1 hydrometer

distillation apparatus

(2) To prepare oil from butter or margarine
product:

I evaporating dish

1 hot H.O f{unncl

filter paper

oven

(3) To calibrate test tubes:

2 Pyrex test tubes 18x150 mm.—marked at

2 ml and 4 ml. measured by adding H.O
from burct

I buret

| buret stand

(4) For the test:

2 Pyrex test tubes, calibrated as above

| Centigrade thermometer, graduated [rom
10 to 1507

I Bunsen burncr, or other laboratory burner

pipets, glass tube about 2-3 ml. capacity
drawn to fast-flowing tip

test tube rack

tongs for the test tube

Reagents and control samples

*10 ml 95 ethyl alcohol

5 mi. iso-amiyl alcohol (b, p. 1287-132° O)
butter

margarine

A8eg puge §ofor information o obnining waa-free
cthvl wleohol.

Advance Preparation

(1) To prepare alcohol reagent. PREPARE
UNDER HOOD. The preparation of this
reagent is the most critical part of the CTD
test. 9S% cthyl alcohol contains 94.9% by
volume cthyl alcohol at 15.56°C with a
density of 0.816 at this same temperature.
Using a hydrometer. or other suitable lab-
oratory device for measuring specific gravity,
check the cthyl alcohel for a reading of d25
0.810. 25

Redistil iso-amyl alcohol so that its boil-
ing point range falls between 1287 and
132 C. lIso-umyl alcohol is irritating to the
cyes and respiratory passages; cxercise carc
in working with it,

Using a § ml. volumetric pipet, measure

O
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two volumes, 10 ml.. 95% ethyl alcohol into
a glass botile. In the same way, mcasure
one volume 5§ ml. isa-amy! alcohol and add
to ethyl alcohol in bottle. Stopper well,
shake, and set bottle aside. Label “alcohol
iso-amyl alcohol reagent.”

(2) To prepare oil from butter or margarine.
Pluce about 3 tablespoons butter or mar-
garine in an evaporating dish. Melt product
at 60°C and hold in an oven at 60" C for
2 to 3 hours. or until H.O and curd separate
completely. Filter the clear supernatant fat
through dry paper in a hot H.O funnel or
in oven) at about 60 C. If filtered liquid
fat is not pertectly clear. refilter. Qil st
be clear.
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CTD Test

Using a pipet. transfer oil to a calibrated test
tube. flling tube to the 2 ml. mark. Im-
mediately add enough prepared alcohol re-
agent from the stoppered flask to fill test
tube to the 4 ml. mark (or add 2 ml. alcohe;
reagent to the test tube using a pipet).
Using the thermometer as a stirring rod,
mix the oil and alcohol layers and heat gently
in the Bame of the Bunsen burner. Keep
stirring and heating until mixture becomes

clear and homogeneous. Do nor boil. Re-
mave the clear solution from the source of
heat and keep stirring until a definite tur-
bidity appears in the mixture. Rcecord the
temperature at the first diseernible turbidity.
This temperature reading is the critical tem-
perature of dissolution, CTD. (As the tost
tube mixture cools, opaleseence will im-
mediately follow throughout the entire mix-
ture.)

Interpretation of Restilts

The CTE's for butter oil will approach «
reading of $0 C and the CTD's for marga-
rine oil will approach a reading of 75 C.
The dilference in temperatures tound in the
CTD test for these two vils will be about
25,
An eatensive sunvey made by the Food
and Drug Administration in 1949 before
its adoptiovn of this method as an official
patt of its ¢nforcement program, found that
the overall CTD range for all bulters was
42 C to 53 C. The individual CTD's ob-
tained showed no corrcliation with the lo-
cality of production of the bulter, or with
the quality of the buttet.

The CTD's for margarine ran between
66 C and 75 C in this teding program.
There was no correlation between the in-
dividual CTD's for margarine and the types
of oils or fats from which the margarine
was made.

According to this «tudy. your test resulls
should be subiciently consistent, and the
CTD difference between bulter and marga-
rinc should be in the range of 22 to 26
degtees.

(See Felman and Leppor, dowrnal of the Assoxdas
tion of Official Aericidtural Chemists, 33 (1989,
492-498.
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For Discussion

1) Study the Jabels of a package of butter
and « package of margarine.

What diflerences do you notice in declara-
tion of content?

2 Would substitution of margarine for but-
ter be considered a danger to health? An
ceonomic fraud? Why? Discuss ather types
of substitution or “adulteration”™ in the same
calegory.

3) What are some of the other requirements
of the law for the manufacturers of products
such as margurine or butter?

4) Describe the process by which the FDA
sets a Definition and Standard of Identity
for a produet such as margarine.

51 What action can the Food and Drug
Administration take to protect consumers if
it finds thata package Tabel does not honestly
ilentify the product?
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Adapted from

Level
Technique

Time required

SPECIAL CAUTIONS

Journal of the Association of Oflicial
Agriculnral Chemists,
IR (1YSS), 796: 45 (1962), 767.

Sentor high school chemistry
Paper chromatography
Theee 1-hour lab periods

The chromatography step requires
frem 4 o 6 hours for full devclopment
Students could begin the eaperiment af
the start of the day and ket the process
procecd until after school. This step
could also b begun. the paper removed
and dricd. and put into the developer

the neat day for further development.
(The schedule may te adapted 1o fit the
situation. )

The devcloping tolution ased for the
chromatography <hould e propared and
usted in the hood of in a well-ventilated
toom fo prevent any possibke danger
from inhalation ot fire.



IDENTITY OF

SYNTHETIC COLORS
IN FOODS

presented by the
I ducational Services Staf
Food and Drug Administration

Artificial colors make food more attractive and hence contribute to
the pleasures of cating. The Federal Food. Drug, and Cosmetic Act
(FD&C Act) permits the use of safe artificial colors, except where this
would result in consumer deception. Artiticial color is prohibited if it
would make the product appear better than it really is. The presence
of artificial color must be declared on the label of a food. You have
undoubtedly seen oranges with the words “Artificially Colored™ stamped
right on them.

The law also requires that food colors be proved safe before use.
But this was not always so. Somctimes imported candies of 100 years
ago were colored with poisonous mineral pigments of lead, arsenic, cop-
percand chromium. Then in 1858 the first organic dye. an aniline dye.
was synthesized by William Henry Perkin, This was the beginning of
the “coaltar color™ industry. so<alled because aniline was made by
distillation of coal. These synthetic colors soon replaced the peisonous
mincral pigments.

Howcever, the various iflnesses soffered by workers in the dye industry
in Germany caused real concern about the safety of these new colors
for food use. The harmful effects of the coal-tar colors were believed
largely due to imputitics present. particularly arsenic and lead.
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As carly as 1907, only | year after the first Federal Food and Drugs
Act was passed. food and color manufacturers asked the Government
to list the coal-tar colors that could be safcly used in foods, and to sct
up a system of testing or “certification™ of every batch of permitted
color. The tests were designed to determine whether the color was free
of harmful impuritics. Seven colors were listed at that time as safe for
use ir foods. Foods containing unlisted colors, or colors from un-
certitied batches. were regarded as “adulterated™ and could not be sold.

The voluntary system of color certification was written into the law
as compulsory in 1938, The “coal-tar™ colors were getting more Gov-
crnment attention at that time than any other class of food ingredients,

Then. in the 1950's. something happened to bring the safety of food
colors into question again. There were two separate outbreaks of
poisoning of children from cating highly- colored Halloween candy
and popcorn. One of the colors was the one then used to color oranges,
The other was an orange color used in many different foods,

In cach case the amount of color used in the product was far in excess
of that normally uscd. But, the fact that any amount of these tested
colors could cause illness was startling.

This discovery set in motion a chain of events that led to a still
stronger color law in 1960 calicd the “Color Additive Amendments™
to the Federal Food. Drug. and Cosmetic Act. This law provided that
ali of the permitted food. drug. and cosmetic colors be retested for
safety. using more modern scientific techniques—techniques which had
not previously been available to the scientific community. The new
amendments also gave T'DA the authority to limit the ameunt of color
that may be used. The law applics to o/l food. drug. and cosmetic
colors——not just coal-tar colors.

The Food and Drug chemist must know how to separate artificial
colots from foods. and how to identify them. There are hundreds of
coal-tar colors and other colors that are ner permitted in foods.
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Experiment

Problem

To detect and to determine the probable
identity of synthetic color additives in foods

Background Information

This procedure is adapted from procedurcs
in two publications:

Dolinsky, M., and Stein, C. “Applica-
tion of a Liquid Anion Exchange Resin to
the Scparation of I'D&C Colors from Foods,”
Journal of the Association of Ofticial Agri-
citftural Chemists, 45‘(|962). 767.

Sclar, R. S.. and Ireeman, K. AL “Chro-
matographic Procedures for the Sceparation
of  Water-Soluble  Acid  Dye  Mivtures.”
Jowrnal of the Association of Ofhcial Agri-
cultural Chemists, 38 (19553, 796.

Amberdite £A-2 (sanufacturcd by Rohm
and Haas. Independence Mall Wed. Phila-
delphia, Pa. 1910%), is a high melccular
weight organic amine. In acid solution, this
resin forms salts with the food colors which
are soluble in organic solvents.  This pro-
vide< iteonvenicnt way to separate the calors
from food condtituents. 1t is the basis of the
procedure described below for the prepara-

tion and extraction of the sample. The prob-
able identity of the colors may then be
determined by paper chromategraphy.

Reagents:

normal buty! alcohol

hexane

saturated solution of mmonium sulfate

litmus paper. blue

1 percent solution of acctic acid

10 percent solution of LA-2 Amberlite
Resin in butyl alcohol

1 pereent solution of sodium chloride

0.1 pereent selutions of FD&C certified
colors

10 poercent soiution of reagent ammeonium
hydroxide in waler

Apparatus:

small scparatory funncels

Whatman No, 1 tilter paper sheets for chro-
matography

small beakers

mclting point tubes

American Modical NMuscum Jar Noo HL or
any jar suitable for ascending chronma-
tography. such as a small, square
aguarinm.

Procedure

1. Preparation and cxtraction of sample (a,
b. ¢ or d).
a Sclect an arttificiably-colored boverage,
wehas grape axda Pour approvimately 28
m! inte the wparatony funncl. Add 10 ml.
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of the resin solution. Shake the separatory
funnel gently until the color transdors 1o the
vppet (resin in butad aleoholy Liver. A drop
o ' ml of saturated amaeniem colfate
solution should separate any cmulsion foamed



O

ERIC

Aruitoxt provided by Eic:

by a too vigorous shaking. Draw off and
discard the lower layer.

b. Dissolve 2 grams of a strongly-colored
gelatin dessert in 20 ml. of hot water. After
cooling, transter the solution (0 a scparatory
funncl and extract as in a.

c. Dissolve 2 grams of a strongly-colored
hard candy in 20 ml., or lvss, of 1 percent
acctic ackd and extract as in a.

d. Remove the coating of colored candy-
coated chewing gum (two pieces, approxi-
mately 3 grams) by soaking it for a short
time in two S ml. portions of 1 percent acetic
acid. Eatract the color as in a.

2, Washing of extract,

Shake the resin layer with one to three
10 ml. portions of water until the lower layer
is not acid to bluc litmus paper. Discard the
washes. Mix 20 mil. of hexane with the resin
layer and discard any water layer that
separates.

. Recovery of colors.

Iatract the color from the hexane-butyl
alcohol resin layer by shaking gently with
I to 2 ml. portions of 10 percent ammonium
hydronide. No more than three shakcouts
should be required to remove alt of the color.
Collecet the color <olution in a small beaker.
1f FDAC Bluc No. 1 or FDAC Violet No.
i is"thought to be present, add acelic acid
by drops to the agueous ceatract unti! the
solution is necutral to litmus.

4. Scparation and identification of certain
food colors by paper chromatography.

(a) Chromatograms with hnown colors:

Tire diagram shown on page 7 is that of a
typical paper chromatogram of FDAC Bluwe
No, 1L EDAC Green Mo, X, FDAC Violet
Moo LLFDAC Red Na 2. 1D&C Red No 3,
1 DLC Red No. 4 1DAC Yellow No. 8, and
1 DAC Yeliow No. 6.

Lo anclting point tubes open at both ends,
of a puinted glass red, for spotting the
papeiss Spot the solutions of Apown colors

about 1 inch from the edge of a shect of
paper cut to fit the chromatograph jar. Al-
low the spots to dry. Add 1 percent salt
solution to the jar to a depth of ¥4 to 12
inch. Suspend the paper in the jar .o that
the lower edge touches the liquid, but so that
the liquid is below the spots. Cover the jar.
Allow the chromatogram to develop until
the solvent has moved approximatcly 8
inches (about 1 ¥2 hours). Remove and dry
the paper.

(b) Chromatograms of the unknown
color solution:

Spot the unknown color which has been
eatracted from the food about 1 inch from
the edge of a paper. If it is a mixture of
color of uncqual concentrations, it may be
casier to observe if spots of dillerent con-
centrations arc scparated by chromatogra-
phy. The dilute solutions will make a more
concentrated spot by multiple spotting. To
keep the spot small, allow cach spotting to
dry before adding the next drop of color
to the same arca.

Chromatograph the mixture of unknown
colors as in a. Decide on the probable ident-
ity of the colors by the position and coior of
cach colored 7one in the finished chromato-
gram.

Both chromatograms may be developed
simultancously in the same jar.

To obiain FDAC certified colots for making
chromategrams with known colors. write
to the following manufacturers:

Gengral Sales Manager

H. Kchnstamm and Co.. Inc.
161 Avenue of the Americas
New York, N YL 100123

Product Manager- Cettificd Colors and
Food Acids

National Aniline Division

Altied Chemiical Corporation

40 Rector Street

New York, NOY. 10006
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For Discussion .

1) How do the Government safety clear-
ance requirements for food colors differ
from the safety requirements for other food
additives?

2) How does a color manufacturer prove to
the Government that a color is safe for use
in foods?

) Examine the fabels of some food colors
in your kitchen. What label statement do
you find there that is of special interest? s
a similar statement found on labels of other
Toods containing artificial color?

4) Why do seme colors move up the filter
paper “wick™ faster than others?  Explain
how this fact is used to identify substances
by paper chromatography, Could the rate

of migration be likened to a chemical “finger-
print™? Why?

S) Were the colors you found in the food or
beverage you analyzed permitted  colors?
What action could the Government take if
nonpermilted colors were found?

6) Can you think of ways in which artificial
colors might be used to deceive the con-
sumer as to the quality of the food? How
might you check a food quickly to sce if it
contained a water-soluble color not declared
on the label?

7) Does your State have a pure food law?
If so. what arc its prosisions regarding arti-
ficial coiors?
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