
















chronulogical). (,vOle: If an article contains only onc
relereoce, this refereoce may be inserted directly ill
tbe text~ rather tbao placed at tbe end.)

Refereoces to journal articles must include the
rollowing information: Last names and at least ooe
initial or all autbors (not just the senior author); year
of publication, enclosed in parentheses; title 01
journal, abbreviated according to accepted Chemiml
A08tracLs style; volume number; numbers or first and'
last pages. Relerences to books, bulletins, pam­
phlets, etc., must include the lollowing inlormation :
Last names and initials 01 authors or editors; year or
publication, enclosed in parontb~; full title'-of
book; volume number or edition \(unlCS8 it is the
first edition); publisher; city of publication; numbers
of pertinen t pages, chapl~r, or section. Citation to
private communications or unpublished data should
be included in the text, not in the list of references.

The abbreviation for the journal title should be
repeated for each relerence; tbe use 01 ibid. has been
discontinued. Thi8 Joumal will be relerred to as
JAOAC.

The compendium 01 methods of tbe Association
sbould be listed as lollows: Official Me!hods of Ana/­
!IN (1970) lltb Ed., AOAC, Washington, D.C., with
appropriate section numbers; the edition and year
are, 01 course, subject to cbange.

M d.hods: Methods should be written in imperative
style, i.e., "Add 10 wi ... Heat to boiling, .. Read
in spectropbotometer" Special reagents and appa­
ratus should be separated Irom the details of tbe pro­
cedure and placed in sections witb appropriate bead­
ings; bowever, common reagents and apparatus (e.g.,
concentrated HCI, chlnrolorm, ordinary glassware,
ovens, etc.), or those which require no special prepa­
ration or assembly, need not be listed separately. Tbe
steps of the procedure should not be numbered, but
should be grouped together to lorm a logical sequence
of two, tbree, or lour operations. Any very long, de­
tailed operation can be given in a separate section

. with an appropriate beadin~ (e.g., Preparation 01
Sample; Extraction and Cleanup; Preparatinn of
Staodard Curve). Any necessary calculations should
be included. Care should be taken that tbe Dumber of
significant figure.<; truly reflects the accuracy of tbe
method.

AbstracLs: Eacb m-npt llhould be accom­
panied by a concise abstract (not more tban 200
words). Tbe abstract should provide specific infor­
mation rather than generalized statements.

Symbo/$ and AbbrevWi.i=:
kg kilogram(s)
g gram(s)
mg . milIigram(s)
109 microgram(s)
ng oanogram(s)
L liter(s)
m I milIiliter(s)
1'1 microliter(s)
m meter(s)
em centimeter(s)
mm millimeter(s)
lim micrometer (s)
nm nanometer(s) (millimicron)

loot (Ieet)
inch(es)

Ib pound(s)
oz ounce(s)
ppm parts per million
ppb parts per billion
rpm revolutions per minute
psi pounds per square inch
sp gr specific gravity
bp boiling point
mp melting point
id inside diameter
od outside diameter
br hour(s)
min minute(s)
sec second(s)
% per cent
T standard taper
N normal
M molar
mM millimolar

(Note: Spectropbotometric nomenclature should
lollow tbe rules contained io OjJicWl MeOwda of AJWJI­
liN,"Definitions of Terms and Explanatory Notes.")
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procedure:;: hcating of sample:; at J03±2'C to con~

stant wei~ht (4-6 hr), 135'C for 30 min, and 104'C
(WIth vacuum) to constant weight (30 min). RL~

ported mcan moisturc conlcnt value:; and difTerence
range; wcre 44.7% (-2.2 to +1.5), 4L'i% (-2.3 to
+ 1.8), and 46.9 % (no difTercnee range reported),
respectIvely. Thc 135'C procedure was recom­
mended for adoption as a rapid method.

Oven-Drying Mel.hods

Four drying procedure:< for meat. product samples
were evaluated by Windham (J 1) in I' study with 11
collaborators. In two of tbe procedures, samples
were dried with air ovens and in the other two with
vacuum ovens, as follows: (1) 16-17 hr drying in a
100-102'C mechanical convection oven. (E) 2.5-3.5
hr drying in a 125±.5'C mechanical convection oven
(3) 16-17 hr drying in a 69-71'C vacuum oven and
(4) about 6 hr drying in a 98-100'C vacuum ~ven.
The procedures were fonnd to be satisfactory for a
variety of meat products except for the last of these
which was not suitable for high fat products such ,.,;
pork sausage. This study led to the adoption of sev­
eral of the present ollicial methods. Hesults reported
by procedures 2, 3, and 4 were compared wi th those
obt.ained by procedure I. By procedure 2, 108 values
averaged 0.16% moisture higher; normalized differ­
ence ranged from -0.97 to +1.76 and s.d. =
±0.33 % moisture. By procedure 3, 101 values aver­
aged 0.14 % moisture lower; normalized difference
ranged from -lAO to +3.42 ll.lld s.d. = ±0.55%
moisture. By 'procedure 4, 72 values of products
other than those with high fat content, such as pork
sausage, averaged 0.16% moisture higher; normal­
ized difference ranged from -I X, to + 1.0!) and
s.d. = ±0.36% moisture.

Four methods of moisture determination on fresh
meat samples were evalunted by Benne cl al. (12).
Re:;ults of vacuum oven-drying at temperatures of
SO, 70, or 100'C for 6, 18, and 24 hr showed values
which were generally low after & and 18 hr at ;'O'C.
After 24 hI', values agreed well with results obL'lined
by drying samples & hI' at 100'C. Hot air oven at
100-105'C required 5 hr to dry high fat meat sam­
ples and 24 hr to dry lcan samples. Azeotropic dis­
tillation using toluene and a Bidwell-Sterling re­
ceiver took 2 hI' for a determination. Two of the 3
analyses they madc were low compJlJ'ed with the
100'C vacuum oven, & hI' method. Vacuum desicca­
tor drying of samples ovcr sulfuric acid, at. room
temperature, reqnircd 8-15 dnys. Even after 15 days
results ior 2 of the 3 samples were low.

Drying of ment samples by mechanical convection

Reference to br.md or firm name does not. corutit.uLe en­
dOJ1le~~~ by \lIt U.S. Depan.men\. of Agricul\ure O\'cr othen
of • amular nat.ure no\. mcnLioned.
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oven at 200'C was propo,;ed by Perrin and Ferguson
(13). They sLaLed that after some experience with
thc method, an annlyst could dctermine moisture
with good rcsulL~ in ].'; min. A 2&OOW mechanical
convection oven with an inside volume of I cu. It
was used. Rcsults for 25 samples, compared with
results by the official method, averaged 0.1 %mois­
:ure higher; difference (without normalizing) ranged
Jrom -0.4 to +0.5 aud s.d. = ±0.02% moisture.

The Intel'llational Organizlltion ior Standardiza­
tion (14) adopted the following oven procedure lor
moisture delcrmination of meaL: Samples are dried
at 103±2'C for 2 hr, cooled in a desiccator and re­
d~ed for I hr pe,iods until the dried Sllmpl~ weight
dIffers no more than 0.1 % (rom the previous weight.
Duplicate determinlltions were stated to differ no
more than 0..'; % moisture.

Moisture determination by the British st.andard
method (15) lor meat samples cited use of a 103'C
oven. The proccdure reporLed is as follows: 5-10 g
of sample, minced twice through a'grinder, is mixed
with 3-4 times its weight of saud and dried 30 min
in a 103±2'C oven; 5-10 ml of ethanol is added to
the dried residue; ethanol is evaporated on a 60­
80'C water bath and the residue is heated 2 hr in a
103±2°C oven. Heating, cooling, and weighing is
repeated until I hr 01 heating does not reduce weight
by more than 0..1% the weight of the test portion.
D,fference between duplicate determinations should
not be more than 0.5 g moisture/IOO g sample.

Six rapid methods of moisture analysis were com­
pared to the official method by Cohen (1&). Three
methods were of the non-instrumental type: gravity
convection oven at various temperatures, specific
gravity, and hot plate. Ground beel and franklurter
samples, 5 g each, were dried and weighed in the
oven experiment for up to 4 hr and at temperatures
up to 200'C. Results obt.ained with 2 hr drying at
125'C averaged 0.1 % lower moisture than by the
official method; normalized difference ranged from
-0.8 to +0.7 and s.d. = ±0.5% moisture. The
spccific gmvity method was evaluated with 25-100
g samples homogeni<ed 30 sec with cold anhydrous
ethanol. Portions of the extracts were weighed in 10
ml volumetric flasks at 20'C. Results averaged 3.6 %
higher moisture than by the official method; nor­
malizcd difference ranged from -4.0 to +4.8 and
s.d. = ±3.9% moisture. The same products were
also analyzed by the hot plate method. Samples of
10 g each were placed in aluminum dishes, on alu­
minum foiito prevent loss by spattering; these were
heated on a hot plate which maint.ained 200'C at

the hcatiug surface for 45 min, cooled 10 min, and
weighcd. ]{esults averaged 0L% moisture higher
than by the official method; normalized difference
ranged from -0.9 to +0.7 and s.d. = ±0.7%

moisture.
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remains unmeasured than if a press-cah were
utilized. Usc is limited to making crude approxi­
mations preliminary to laboratory analysis. ~or­
mal variation of meat type and processed meat
product composition directly affects a.mount of
fat drip.

/IIcUwd 9 utilizes an infrared radia.tion moisture
balance to remove moisture from a sample. Fat is
extracted from the dried residue with carbon
tetrachloride. The extracted residue is then dried
with infrared radiation so that fat is determined
by difference. The principle used in the Ultra-X
m.ethod was evaluated at our laboratory with a
moisture balance. Extraction was found to be
incomplete. The method is fairly rapid but repro­
ducibility is marginal.

Metlwd 10, extraction by means of a modified
separatory funnel, shows that since samples arc
not dried prior to extraction, the moisture barrier
to ether extraction can be overcome by the
physical action of vigorously shaking the sample
and ether in the funnel. However, the procedure
requires up to 2 hr for an analysis.

Mctlwd 11, spectrophotometric measurement of
infrared absorption, may require further develop­
ment for use as a rapid method. The technique is
capable of very sensitive measurement but it is
also very sensitive to interfering substances. The
cost of present instruments would tend to limit
its acceptance and use;

Metlwd If, X-ray tra,nsmission analysis, in the
preliminary reports in the literature appears to
have considerable potential as a rapid, simple, and
nondestructive method for fat determination. A
thorough evaluation of the instrument on a num­
ber of meats and meat products would benefit the
interests of mcat analysts. The instrument cost is
high, and this factor would limit its use to large
processors.

Metlwd 1$, semiautomatic specific gravity
measurement, was reported to be rapid, simple,
and nondestructive of the sample. Cost of the
instrument tends to limit its use to the very large
processor. It requires programming for use with
each type of fresh meat being measured. Foreign
ingredients, such as spices and frozen moisture,
introduce error. From the two reports in the liter­
ature concerning the method, standard deviation
values of ± 1.2 and ± 1.5% fat indicate that
accuracy of the method is marginal.

McUwd 14, specific gravity of the fat extracts
by means of hydrometers in a 15 min procedure,
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has the elements of a good, rapid method. A fire
hazard exists when heptane is used as the ex­
tractant. The cost of a tempering bath which will
maintain a temperature of ±O.OloC and a series
of hydrometers is not excessive.

Methods 15 and 16, capacitance measurement
of fat extracts by means of CKiichlorobenzene or
J+i mixture of l-octanol and 2-octanol, is fairly
rapid but the solvents have a very unpleasant
odor and the sensitivity of the method to tem­
perature variation can lead to error. Only fair
accuracy was reported.

Metlwd 17, vacuum oven drying and weighing
of the residue that remains after distilling off
moisture and extracting fat from the meat sample
with n-butyl ether, was reported to require 2-2.5
hr.

Metlwd 18, gravimetric determination of fat in
the extract obtained by azeotropic distillation,
involves evaporation of solvent from an aliquot
of the extract. Distillation for 15-45 min is re­
quired to determine moisture and to obtain a
reprcscntative fat extract, depellding on type of
product. Gravimetric determination of fat in the
extract is obtained by solvent removal in 6-15
min, depending on type of solvent. Accuracy of
the results was good. Total time for determining
both moisture and fat is between 30 min and 1~

hr, depending on type of product. Evidence that
azeotropie distillation prevails as the preferred
method for combined moisture and fat determina­
tion is noted in the combined methods review
section where £> of the 7 procedures reviewed
applied this technique.

Conclusions

Until careful comparative studies have been
made of many of the methods evaluated above, a
precise order of value cannot be given to some
methods which now appear equally satisfactory.
Methods presently available that meet the needs
of the meat industry for rapid analytical methods
and newly developed methods which may merit
this status upon further investigation are as
follows:

Moisture Analysis

Metlwd 4, high temperature mechanical con­
vection oven-drying, is one of the most rapid for
moisture determination. Its accuracy and preci­
sion are quite satisfactOry. The method should be
more thoroughly evaluated, since data on only
25 samples were reported,











MEINEN & KASSERA: GLC DETERMINATION OF d·t,.....ALLh'TIIRIN

Collaborative Study

Each collaborator received 4 samples to be ana­
lyzed for d-trans-allethrin by the proposed GLC
method. Two samples (A and B) were prepared to

allethrin (available from McLaughlin Gormley King
Co., J715 5th St, SE, Minlleapoli5, l\lN 55414) into
50 ml vol. flask and dil. to vol. with acetone. Pipet
20 ml this 50ln into 100 ml vol. flask, add 50 ml in­
ternal 5td soln by pipet, and dil. to vol. with acetone.
Usc this soln for detn of tech. material. (ot) Soln B.­
Approx. 1 mg/ml. Pipet 25 ml soln A into 100 ml
vol. flask and dil. to vol. with acetone. Use this soln
for detll of d-tran3-allethrin in formulations.

6.C12 ['reparation oj Sample

(a) Technical 7Ilulerial.-Accurately weigh sam­
ple contg CD. 1.0 g d-lruns-nllethrin into 50 ml vol.
flask and dil. to vol. with acetone. Pipet 20 ml ali­
quot into 100 ml vol. flask, add 50 ml internal std
soln by pipet, and dil. to vol. with acetone.

(b) Formulations. - Accurately weigh sample
contg CD. 200 mg d-lrallS-ailetlirin into 50 ml vol.
flask, add 25 ml internal std soln by pipet, and dil.
to vol. with acetone. Pipet 25 ml aliquot into 100 ml
vol. lIask and dil. to vol. with acetone.

6.C13 Gas Chromatogroph,-

(a) Technical material.-Inject aliquots (ea 3 pJ)
std soln A until ratio of d-trans-allethrin:dibutyl
phthalate peak hts varies <1% for successive injec­
tions. Repeat with sample soln, followed by dupli­
cate injections of std soln. If peak ht ratios differ
> ::l:: 1% from previous std injections, repeat series
of injections.

(b) Formulations.-Proceed as in (a), using std
soln B. Repeat std injections after each series of 3
SILIIlple injections. If peak ht ratios differ> ::l::1.5%
from previous std injections, repeat injections.

d·trans·
Allethrin

Samples Description expecled. %

A Technical material 93.00
8 Technical material 90.00
C D·TRANS Inle'· 9.00

mediale 1868
0 D·TRANS Inler· 1.25

mediale 1864
E Siandard (secondary) 93.00

llesults and Discussion

'i.'able 2 gives the collaborative results for the
2 samples of technical d-trans-allethrin. Using the
Dixon criterion (3), 2 outliers were l!.'icluded from
the original data and 2 results were excluded arter
totaling the results for samples A and B. Sample
A averaged 92.9% (range, 91.7 to 94.3) with a
coefficient of variation of 0.67 and sample B
averaged 90.2% (89.5 to 91.0) with a coefficient
of variation of 0.50. The average difference be­
tween A and B was 2.7%, as opposed to the
expected 3.0%.

From the differences between the samples, the
standard deviation of random error, Sr, is 0.44
and the overall standard deviation, Sd, is 0.31.
The low F-ratio and resulting negative value ob­
tained for S~2 indicate no systematic error.

Table 1. Description of collaborative samples

follow Youden's procedure (2) for closely matched
pairs. Samples C and D were D-TRANS® Inter­
mediates. Single determinations were requested
on each of the 4 samples. Of the 16 collaborative
results received, 2 sets of results were rejected,
one because of unsuitable GLC resolution and
the other as a result of unsatisfactory reproduci­
bility. Six collabora.tors used modifications of the
suggested GLC column: 2 used stainless steel anri
2 used approximately 5' columns; 2 used a liquid
phase other than that specified in the method.
Collaborator 3 used 3% OV-i lInd Collaborator 9
used 5% UC-W98. Adequate separation was ob­
tained and the resnlts from the last 2 collabora­
tors were retained for statistical analysis. The re­
maining modifications were considered minor.
The samples are described in Table I.

The secondary standard was analyzed by using
a recrystallized a-dl-trans-isomer of allethrin as a
primary standard. Several determinations by 3
laboratories familiar with allethrin analysis by
GLC support the 93.0% content of the secondary
standard.

Calculations6.C14

(a) Technical malerial.-Calc. peak ht ratios for
duplicate std injections before and after sample in­
jections and average the 4 values. Cnlc. and average
peak ht ratios for sample injections.

% d-lrans-Allethrin = (W' X P X R)/(W X R'),

where W' and W = g std and sample, resp.; P = %
purity of std; and R' and R = peak ht ratios of std
and sample, resp.

(b) FormulatiollS.-Cnlc. avo for all std peak ht
ratios and for sample peak ht ratios.

% d-lrans-Allethrin
= (W' XP X R X 2)/(1V X R'),

where W' = g std in final diln.





































WAYNE: COLORIMETRY AND TITRIMETRY OF MALATHION 581

----------------NONAQU'OUS CO,'u----------------
~""OO

------------------SILV'R-------------------
M"HOD

57U.C. 50'W.'. 251W.P.

FIG. I-Distrlbution of collaborative results for the determination of malathion by the nonaqueous copp.r colorl..
metric and sliver titrlmetric methods.

Tablo 3. Statistical analysis 01 tho collaborative
replicate results

Copper Colorimetric Method

Std dey. 0.67 0.74 0.68 0.45 0.079
Coell. of Yar. 0.71 1.27 1.39 1.84 1.99
No. of collaborators 13 14 14 14 14
No. of replicates 26 28 28 28 28

Silver Titrimetric Method

Std dey. 0.48" 0.49 0.28' 0.20 0.071
Coell. of yar. 0.50 0.84 0.55 0.81 1.8
No. of collaborators 13 14 13 14 14
No. 01 replicates 26 29 28 31 29

Statistic
57% 50% 25% 4%

Tech. EC WP WP Dust

Table 4. Stollstical analysis 01 tho collaborative
results obtained between laboratories

57% 50% 25% 4%
Statistic Tech. EC WP WP Dust

Copper Colorimetric Method

Std dey. 2.0 2.01 1.53 0.66 0.19
Coefl. of var. 2.11 3.45 3.12 2.72 4.80
No. of collaborators 14 14 14 14 14

Silyer Titrimetric Method

Std dev. 1.28 1.19 1.30 0.51 0.08
Coell. of yar. 1.34 2.03 2.58 2.05 2.06
No. of collaborators 13 14 13 14 14

• All collaborators except No. 14.
6 All collaborators except No.3 (results of No. 3-5.9X

std dey.).
I All collaborators except No.5 (results of No. 5-18.8 X

std deY.). .

2.58% for the copper and silver methods, respec­
tively. The total frequency distributions of re­
sults for the colorimetric and silver methods are
shown in Fig. 2. All of the sample types used in
the study have been normalized as percentages
of the obtained average. The respective coeffi­
cients of variation for these distributions are 3.36
and 2.05%.

In order to estimate the variance associated
with comparisons between laboratories, the con-

tribution of the variance associated with the
replicates within laboratories must be removed.
The variance contribution to the study as a
result of comparisons between laboratories is
presented in Table 5. The combined coefficient of
variation for the silver method is ± 1.9%, com­
pared to ±3.l% for the colorimetric procedure.

. If the contribution of the 4% dust is eliminated,
the combined coefficient of variation is ±2.6%.
It would appear that the colorimetric method is
more difficult to perform than the silver method
in the case of the 4% dust. However, the sig­
nificance of ±O.2% in the absolute value in this
case is II relatively minor consideration.
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SPICES AND OTHER CONDIMENTS

Detection of Turmeric in Foods by Rapid Fluorometric
Method and by Improved Spot Test

ALBERT B. KARASZ, FRA:\I\ DE COCCO, and LINDA BOKUS
New l'ori; State Food Laboratorll.1!!20 Ifcu;hi'nglon Ave., Albany, N.r. 12226

The rapid tesl for turrnccic j~ based on the
fluorc~ccllcc of curcutnin, the principal pig­
nlcnt of tnrrracric. In 3 'waler-saturated n­
hutanol wlution, its cxci13Lion maximum is
435 Jun and the emission maximunl is 520 nrn.
In the test described, which was applied to
pickles, salad dressings. and baked goods, a
sample is shaken with the butanol solvent and
the liltered extract is scanned for a 520 nm
peak on a speclr(~ph()tonuorornctcr lhat has
hcen adjusted to give 1000/0 scale de/lcction for
a standard curcumin solution. Extracts of
pickles and fWJad dressings arc scanned di­
rectly. Extracts of cnriched baked goods are
treJllcd to rcnlOVC ribofial'in fluorescence h)"~

partitioning hoth ribo8avin and curcumin
from butanol into a solution of O.IN NaOIl­
150/0 NaCl, acidifying the lattcr with CH3COOII,

reducing the riboflavin with Na,S,O" ami re­
extracting curcumin from acid solution into
butanol for /luorometric scanning. No inter­
ference is caused b.r. annatto, carotene, tar­
tra:<ine, or egg yolk solids. A spot I<:.,t may be
performed on the bntanol extract. The solu­
tion is evaporated to tlryncss, the residue is
dissoh'ed in a few drops of ethanol, and the
spot test is performed ","ith a boric acid reagent
of considerably improved sensitivity.

The use of turmeric by bakers to color bread
and rolls yelloll', in semblance of the color im­
parted by egg yolk, has become widespread re­
cently. In the coursc of the examination of bread
S:lmples for this iraud, the official boric acid test
for turmeric (I) was found to be unS:ltisfactory.
Results were often inconclusive, as co-extractives
appeared to cause interference. Similar difficulties
were n.lso encountered in applying the boric acid
test to other commoditie:;, such as S:llad dres:;ings
and pickles.

An alternativc test reported here is bu.sed on
the fluorescent property of turmeric. This prop­
erty is due largely to the fluorescence exhibited
by curcumin, the principal pigment of turmeric.
A spectrophotofluorometer is used to isol:lte the

specific excitation and emission wavelengths. De­
tails of the method and some of its applications
are described.

A modified boric acid reagent is also described.
This reagent affords a considerable improvement
in the spot test for turmeric.

METHOD

Reuycnts and AppartJtus

(a) Butanol "olulian.-Thoroughly shake 850 ml
n-bllt.nnol with liO ml waleI' in separntof)' funnel.
Discard excess water.

(b) Curculilin reference 30Iution.-3' !,g/ml. Dilr
solve 30 mg curcumin in 100 ml etlianol. Dilut~;; ml
of this soluiion to 500 ml with butanol solution.

(t) Sodium hydroxide so/ulian.-Dissolve 150 g
NaCI and 4 g l"aOH in I L water.

(d) Sodium hyrirosulfite.-Na,B,O., powder.
(e) Boric ru:id reagent.-Dissolve 1 g H3B03 and

5 ml HCI in 95 ml ethanol. Dry over anhydrous
Na,BO. and filter.

(f) Speclrophotctf!uormllclcr.-Aminco-Bowman, or
equivalent, ,,;th recorder.

(g) Filter aid.-Hyflo Buper-Ce!.

Preparation oj Extract.

(a) Salad dressings and picl:les.-Mix 2 g salad
dressing or comminU1.ed pickles ill beaker with 3 g
filter aid to uniform mixture. Add .50 ml butanol
solution and stir thoroughly. Let stand 15 min with
occasional stirring, filter through Whatman No. 42
paper, and scan. For spot test, purify 20 ml extract
8l' described in (b).

(b) Bread and rolls.-Add 10 g comminuted bread
in flnsk containing 50 ml bur.anol so]ut.ion, stopper
flask, shake well, and let stand 15 mili. Reshake and
filter extract as above. Transfer 20 ml extract. to
separatory funnel, add IO ml NaOH solutioI', and
shake vigorously I mill. Drnw aqueous pha:;e into
second separator)' funnel, including any red drop­
lets that may coliee! at lllteriace. Add 1 ml giacial
acetic acid and 200 mg..1'ia,S,O,. Swirl to dissoive
sal~. add :W 011 butanol solution, alia shake vigor­
ollsly 1 min. Filter butanol extract and scan within
15 min.
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orv bank. Using: F'OCA~ 12 for the caiculal.ion

steps also rcstriCl~ the system from operating all
a time-sharing bm;is, i.e., i~) bc able to data-log

[rom ocveral instruments while processing data

from another.•~ time-snaring system ior auto­

matic analyzcrs can be achieved by writing the

calculation steps in symbolic language so that the

sampling program and calculation program can be
swapp(~d from the disk between ADC interrupts.

Expanding thc core memory could evcn alioll'

foreground/background system operations.
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TunCZAN .. GOLDWIT2.: NMn OF METHENAMINE AND METHENAMINE MANDELATE

Nuclear Magnetic Resonance Analysis of Pharmaceuticals.
IX. Methenamine and Methenamine Mandelate in Tablets

JOHj\ W. TURCZAJ'\ ane BRUCE A. GOLmVITZ
Food and Drug Administraiian.. 850 Third Aue., Brooklyn, N.Y. llf3f.

(i6\)

An NMH procedure is dcscrihed h)' whieb
rnetb(~naminc and nlandelic acid arc: simul­
lan(;()us}~' determined in mcthenanline and
1l1cthcnunlinc nlandc1att~ tabJets. l\1alcic acid
was chosen as the internal standard and di­
methylformamide-aectone-aectonitril<·. (J 0+
25+65) as the solvent. The solvent system was
selected to resolve the problems of solubility
of metb~namine and its salt with mandelic
acid, overlapping of the r""onanee signals of
the componcnls, and potential decomposition
of methenamine. Known standard and eom­
mercial preparations were analyzed nnd tht:
rL-sults were compared to those of official USP
and NF procedures. TheNMH technique, when
applied to tbc determination of methenamine
and metbenamine mandelate in tablets, is
rapid, simple, and specific and can provide an
assay with an ·accuraey of 1-2%.

Methenamine (1) and its salt, methenamine
mandelate (II), are both useful as urinary anti­
bacterials. Unique among official tberape~tically
active salts, II derives its activity from both of
its constitutive ions, the protonated methenamine
and tbe mandelate. Assa.y procedures for both J
and II are available from the literature.

The most widely discussed technique for the
determination of I is based on its hydrolvsis to
formaldehyde and ammonia in aqueo'us soiutions
of strong acids (1-3). The reaction is quantitative
and is the foundation for numerous methods of
analysis (4-9). The formaldehyde can be removed
by several hours of heating (7) aud the excess
acid may be back-titrated with alkali (6), or the
formaldehyde itself may be determined by using
Nessler's reagent (4, 9).

Other techniques employed in the determina­
tion of J are argentimetric (10) and nonaqueou~

titrimetry (11, 12), polarography (13), complexa­
tion with subsequent titrimetry (14, 15), and col­
orimetry (1&-19) using the chromotropic acid
technique (2O, 21).

An alternative indirect method of analysis for
I1 relies on the measurement, of mandelic acid
(III). The oxidation of the a-hydroxy function of
IIJ by CcH species has' been reported. Helm-

staeder (22) applied the Verma and Paul ceri­
metric titration of III'(23) to the analysis of II,
a procedure which required refllL,ing with exce~

cerie sulfate in sulfuric acid. The method proved
to be nonspecific for III in that formaldehyde
liberated from methenamine base was also oxi­
dized. Chafetz and Gaglia (24), noting that the
reaction rate of the oxidation of mandelic acid by
CeH was retarded by bisulfate and hydrogen iou
(25), used cerium ammonium nitrate in dilute
nitric acid and found that at room temperature
only III was oxidized.

Methods for the determination of both 1and II
in combination dosage forms include titrimetf)'
(2&-31), gas chromatography (32, 33), and col­
umn partition chromatography (34)~ Baum and
Goodman (35) reported a nuclear magnetic reso­
nance (NMR) metbod for the assay of I in ther­
mosetting molding compounds, utilizing an initial
extrac~ion with chloroform.

The official approaches to the measurement of
I (as such and as II) vary in the Naiianal Formu­
lary and tbe U,S. Pharmacopeia. The NF XIIJ
assay (36) for I in tablets involves the hydrolysis
of I with excess standard sulfuric acid (to pro­
duce formaldehyde and ammonium sulfate), fol­
lowed by titration of the residual acid. The USP'
XVIII procedure for methenamine mandelate
(37) is based on hydrolysis to produce formalde­
hyde which is then reacted with n modified
Nessler reagent to yield metallic mercury. The
latter is oxidized with excess standard iodine (to
yield the Hg+2 species), followed by titration of
the residual iodine with thiosulfate. In the mono­
graph for pure II, the USP XVII! requires a
further analysis. A separate specification for the
III content of II requires that a sample be ti·
trated with standard base wbicb is actuall\' the
titration of the protonated 1. Thus the IIJ" con·
tent is deduced rather than directly measured.
Interference from other acidic m:;,terials is or,.
vious.

As has been demonstrated previousiy, Ni\In
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KRAUSE: DETERMINATION AND DEHYDROCHLORINATION OF PESTICIDE RESIDUES

T_ble 2. Conversion.f st.ndlrd Perthan. to its olefin
by the dehydrochlorination proc;edur.

3% eluate. The remainder was eluted with the
15% ethers. No separation of the pesticides was
obtained by CoI1&borator 7. All pesticidl!l5 eluted
in the 6% eluate. This coll&borator reported that
the adsorptive capacity of his Floriail, based on
the lauric acid V&lue as described by Mills (8),
wuvery low.

Collaborators 3 and 6 operated their gas chro­
matographs at 2 and 5 times, respectively, the
sensitivity specified in 29.0l7(b), "at which 1 ng
heptachlor epoxide produces recorder response of
4(}-50% full scale de1lection." All other .collat»­
rators operated their instruments at the sensi­
tivity directed.

All collaborators except Collaborator 7 used
the 10% DC-ZOO column to determine tho~ pes­
ticides added to the apple, cauliflower, and but­
terfat samples: Coll&borator 7 used a 10% DC­
200/15% QF-1 column for all heptachlor epoxide
and mirex determinations and a 10% QF-l col­
umn for all· dieldrin recoveries. He ·used a 3%
DEGS column for the measurement of Perthane
as its olefin. The parent Perthane could not be
calculated by this collaborator for any of the
GLC columns because of the interferences of
heptachlor epoxide or dieldrin.

Col1&borator 7 calculated the amount of pesti:
cide found from a linearity curve determined on
the day of the analysis. Collaborator 2 reported 4
results that were Dot used in the statistical analy­
lle8 of this study. These results were probably
affected by use in quantitation of sample and
standard GLC peak heights which were widely

Coli.

Av.

Per cent of
Trial theoretical yield

A 103
B 100

A 100
B 100

A 103
B 105

A 96
B 102

A !19
B 1OO

A !19
B JOO

A 98
B 96

100

different and which probably exceeded the linear
range of response. All other collaborators had
"residue and std peaks ... of similar size" as
stated in 29.017 "for most accurate me&4Ure­
ment. .. ."

Four collaborators reported from 0.09 to 0.177
ppm dicalfal (Kelthane) in the apple crop blank.
The other 3 collaborators also detected the di­
caHal peak but did not identify it. Three collabo­
rators reported a trace of DDE, 2 collaborators
reported a trace of DDT, and one collaborator
reported traces of dieldrin and the Perthane ole­
fin. Another collaborator also reported a trace of
heptachlor.

Fortification levels and recoveries of the pesti~

cides added to the apple samples are given in
Table 3. The average per cent recoveries for the
2 levels A and B, respectively, were Perthane 99
and 101, heptachlor epoxide 99 and 104, mire.'\
94 and 97, and dieldrin 101 and 101. The amount
of Perthane olefin found after dehydrochlorina­
tion was calculated to the parent compoUnd with
average per cent recoveries of 101 and 100, re­
spectively, obtained for the 2 levels.

Some low level residues were reported in the
cauliflower crop blank. Three collaborators re­
ported trai:e to 0.006 ppm dieldrin, 2 collabora­
tors reported a trace of endrin, one collaborator
reported traces of DDE and TDE, and one
col1&borator reported a trace of TCNB. The di­
eldrin found in the crop blank was subtracted
from the amount found in the fortified cauliflower
samples.

The 2 fortification levels and the recoveries
obtained for those pesticides added to the cauli­
flower samples are given in Table 4. The average
per cent recoveries for the 2 levels were Perthane
106 and 104, heptachlor epoxide 100 and 106,
mire.'\ 99 and 107, and dieldrin 92 and 105. The
amount of Pertbane olefin found after dehydro­
chlorination was recalculated to the parent com­
pound with average per cent recoveries of 99 and
101.

Two colla.borators reported residues in the
butterfat blank. One collaborator reported traces
of heptachlor epoxide, p,p'-DDE, BHC, and di­
eldrin. A second collaborator reported 0.01 ppm
heptachlor epoxide, 0.02 ppm p,p'-DDE, O.oI8
ppm dieldrin, and traces of p,p'-DDT and
Perthane (as the olefin).

Recoveries of Perthane added to the butterfat
samples are given in Table 5, along with the 2
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Calculation of Turbidimetric Microbiological Vitamin Assay
Results, Using an APL/360 Computer Program

GREGORY V. BROLUND, ETHELBERT W. HASKINS, and GEORGE A. HUDSON
Division of NldriI.Wll, Food and Drug Administration, Wasllington, D.C. fOfOI;

An APL-360 computer program i~ described
for thc calculation of result. from micro­
biological vitamin assays. Thc results arc com­
rared to m';nual calculations spccified in
official AOAC methods. This comparillOn
show. the validity of the computer program
for these caleul. tions.

Computerized calculation of microbiological as­
say results offers an objectivity and degree of
accuracy that may be lacking when manual curve
ploUing and visual interpolation are performed.

Application of computers to perform this task
has been described by Tsuji and coworkers (1) by
calculation from 0. linearized standard response
curve. This method may not be generally appli­
cable to :ill possible curves. Berg and Behagel (2)
have also reported the use of 0. computer to obtain
results of microbiological asaays. PWlch cards
w~e used to eftter data into an IBM 360/50 com­
·pdter. Details of their program were not pu~
lished.

In writing the following program we have in­
corporated all criteria of acceptability specified in
39.084 of O.flicial Methods of Analyais (3). The
program is written in Applied Programming Lan­
guage (APL). A flow chart and a complete listing
of the program are shown in Figs. 1 and 2
respectively.

Five standard dose levels are required. The
computer program is designed to accept a varied
number of replicates within each dose level. The
average per cent transmittance of each standard
level is then calculated and treated as a point on
a point-to-point curve.

The sample is set up at 4 dose levels in dupli­
cate. The program requires 8 transmittance read-"
ings for each sample. If, for any reason, a reading
is missing, a zero must be substituted for the miss­
ing reading in thc input. Per cent transmitto.nce
of each ao.mple tube is matched to the appropriate
aegmerit of the standard curve. Equivalent stan­
dard concentration per tube (Del (1» is calculated
by the formula:

Del (l) - (T (I) - S.)/(S. - S.),

where T (1) is the per cent transmittance of sam­
ple tube (1), o.nd S. and S. are the 2 points on the
standard curve that describe the segment on
which T (1) is located.

Del (1) for each tube is then checked to deter­
mine if it is equivalent to less than 0.5 or more
than 4.5 ml standard response. Values outside
these limits are discarded, as prescribed in Ojficiol
Meth0d3 of Analyais.

The values between 0.5 and 4.5 ml standard
: response are converted to vitamin content/ml
; asssy solution and averaged. Acco~ding to O.flicial
MetJwdsof Analyais, values that vary by more
than 10% from this average are discarded. A new
average is then taken from the final remain1ng
yalues and the potency of the sample 'is calcu­
lated.

The calculation of 3 turbidimetric· cyanoco­
balamin asssys performed as prescribed in Ojficiol
Meth0d8 of Analysil is used to. demonstrate the
application of this program. Turbidity as per cent
transmittance at 550 nm was reaa 'for each tube,
Using a Bausch k Lomb Spectronic 20 spec­
trophotometer. Readings for standard tubes,
standard identity, and potency and, in turn, sam­
ple identification numbers, sample tube readings,
and dilution factors were manually transmitted
to an IBM 360 computer. Transmission was via
an IBM 2741 Communications Terminal (Ar~

monk, N.Y.) equipped with a Bell System Data
Phone.

Figure 3 is a printout of an assay with all 8
tubes acceptable under AOAC criteria. Figure 4
shows an asssy with some tubes discarded for
failure to meet the ± 10% of the average require­
ment. In Fig. 5, readings were rejected for being
equivalent to less than 0.5 ml of the. standard.
Discarded tubes are represented in the printout
as a zero under Uml equiv std cone of tubes
used." The number of tubes used to calculate
potency is also specified in the printout. An ac­
ceptable asaay is defined as one in which at least
two-thirds of the tubes are_within AOAC limita­
tions.

Raved Sep\clber 22, IG72.
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