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By Lester D. Hammond

The existence of uncertainties in the tables employed in the determingtion of lactoss,
alone and in the predance of sueroge, by the method of Mongon and Walker has led to the
redetermination of the reducing-suger valzes fromn which these tebles were caleulnted. The
arlgingl tables wore based oo the welghta of cuprous oxide corresponding to various weighta
of lactose, and in the present paper all values are referred to the weights of copper determined -

slectrolytically.

Dgats showing the mapnitude of the sontamination of the suprous oxide

under the eonditions prevailing io the method are given. The tehle of Straughn and Given

for mixtures of laetose and suerose in the ratic of 1:12 is shown 0 be 1n arror

From the

redetermined values an axpensive tabie of the copper values for lactoee and for two retioe of

lsrtose and sucrose has heen acmputed.

L. Intreduction

The estimation of lactose is of considerable
importance to the dairy industry, to other proc-
esaore of food, and to the State and Federal
Governments. The interest of the latter v in-
dicated by the fact that the determination of
lactose i listed in the Bool of Methods of the
Association of Official Agricultural Chemists.

This paper i3 a report of the results obtained by
the redetermination of the copper values of lactose
and two of ita mixtures with sucrose by the unifisd
method of Munson and Walker. This method,
published in 1906 [1],* has found wide acceptonce
hecause of its simplicity and reproducibility of
results, However, the original tables arc bazed
on tha weight of ecuprous oxide obtained pather
than on the procedure of the direet determination
of metallic copper or of other ascepted methods.
In sddition, there exists evidence that there are
other errors in these tables.

The original Munson and Walker table con-
sisted of weighte of dextrose, invert eupar, and
two mixtures of invert sugar and sucrose cor-
responding to various weights of cuprous oxide.
In 1907 Walker [2] extended the applicability of

| Figuree In bracksts Indicate tha lierators raforonces at the end of this
P3eET.
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the method to include both lactese and maliose.
Subsaquently, an error in the esleulation of the
lactose table wae discovered, and & corrected table
was published [3] in 1912, [n this same year
Given published [4] a book of methods of sugar
analyeis in which he stated that s question had
arisen a6 to the composition of the lactose pre-
pared by Walker. He further stated that “Mr.
M. N. Straughn of the Bugar Leboratory, Bureau
of Chemistry, U, 8. Dept. of Agric. has prepared
a pure sugar and made the determinsations for a
new table for lactose, and with the assistance of
the author has made the caleulations for that
table and, in addition, the determinations aod
caleulations for a table for a miwturs of 1 part
Iactose and 4 parta sucrose for use on condensed
milks, and for 1 part lactose and 12 parts sucrose
for use on milk chocolatea. In all cases the work
was done on lactose of the formula 5(C,Hy Oy )+
2(HA)), and calculated to the hydrated form
CieHeOn+H0”  As far a5 can be ascortained,
this direct quotation from Givens’ book is the
only record of this work extant. No staiement
wae made 28 to the method of preparing tha
lactose, no anelytical data were given, nor did the
aunthor state the method of determining copper,
which, presumably, was weighed as Cu,0 in the
manner followed by Munson and Walker. Ay
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thia table for lactose and ite mixtures with suerose
ia official with the Association of Official Agri-
cultural Chemists, it sesmed desirable to carry
out 8 complete redetermination on the buasis of

the copper values rather than on the bsaaia of

waights of cuprous oxide.

NI, Preparation of Lactose

‘Walker prepared his sample of lactose by pour-
ing a hot aqueous solution of the recrystallized
sugar ioto aleabol, with constant stirting. The
fine erystala that separated were first dried in air
and then over anhydrous calciut ckloride. From
# moisture determination according to the method
of Brown, Morris, and Millar [5] on the dried
purified sample, Walker concluded that the
compoaition of his preparation was CyHywO,, - ¥H,0.
This conclusion was f[urther supported by a
determination of earbon and hydrogen. He
reported the specific rotation of his material to be
52.93° but did not specily the concentration,
temperatura, or wavelength. Von Lippman [6]
states that lactose prepared I the manner
deseribad above has the eomposition 5CHguOy, -
2H.0. Quisutbing and Thomes [7] prepared
lactose by adding equal volumes of aleohol and
ether to & cold aqueous solution of sugar. They
report inoistura (Joss at 125° to 130°) 5,22 peroent,
ash 0.03 percent and [of§=52.00°. Lane and
Eyoon [8] prepared lactose hy recrysiallizing &
pure commercial sample twice from water and
found the specific rotation to be 52.6°. Bertrand
[2) recrystallized lactose five times from an aqueous
solution and found [offf=54.5°. He declared the
sample to be OpHguOy -Ho) Schmoeger [10]
showed that the specific rotation of lactose hy-
drate for ¢=2.372 to 41.536 wa2 independent of
the concentration and from a mean of 70 determi-
nations found that Jo]2=52.53%. This wvalue
wes confirmed by Deniges and Bonvans [11] as
well aa by Parcus snd Tollens [12] and it is the
value reported in NBS Circular C440. On the
contrary, Bacharach [13] determined the wvalue
52.42° which egrees with the value given by
Grossman and Bloch {14]. Hudson [15] haa
demonstrated that lactose prepared by precip-
itating with aleohol is not a definite ¢ompound,
hut that it is & mechanical mixture of the hydrated
end anhydrous forms. Given and Walker state
that their aoelytical work waa dooe on lactose
having s known foimuia, and that the results were
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calculated to CpHaCh-H.0. Quisumbling and
Thomas made no statement ag t¢ the composition
of their preparation. They gave it physical
constants, apparently tegarded it a5 the mono-
hydrate, and reporied their analytical results on
thgt basia. However, from the work of Hudson it
peema possible that the differences in the apecific
rotation values of thesa various preparations were
due to differences in the amount of water of
hydration.

The lactoss used in this work was prepared from
U. 8. P. lactose. A hot 50-percent solution was
treated with vegetable char and filtered. Alumi-
num hydroxide was then added, the solution
filterad, and the fitrate was crystellized while in
motion, This meterial was then twice recrystal-
lized under the following conditions. A 50-percent
solution wae made by henting to 80° C. The
temperature was maintained around this point to
prevent the formation of f-lactose, which is stable
above 93° O, *The polution wes crystallized n
motion while cooling it to room temperature.
The mether liguor was separated from the crystals
by means of a cenirifuge, and the crystale were
washed with water at 5% C and dried at room tem-
perature, The lower part of a desiceator was filled
with & large portion of the dried material, and a
working sample of the lactose was stored over it.
Tha desiccator was kept in & room at 20° C. At
the same time, 4 small weighed sample of the lac-
tose was placed in the desicoator and kept exposed
to its atmozphere. This sample has remained at
constant weight over a period of months. Analysis
showed the preparation to contain: moisture,®
5.05 percent; ash, 0.008 percent; and [a]f (c=
6.9779)=>52.64°. These dats indicate that the
material is lactose monohydrate, CisHaO:: ' HxO,

III. Contamination of Cuprous Oxide

It haa long been known that Cu,0, produced by
the action of impure soluticns of reducing supar,
such as sugar-house products, is contaminated with
organic and inorganic impurities. It iz not =o
generally appreciated, however, that Cu,0, formed
by the reducing action of aolutions of pure siygurs,
is contaminated with orgavic impurities, for the

b M=Tronald ml Tarectte [ have tecéntly totipleted an satenntve stody
of arlactons bydrate, i which ¢hey detertiined the loes of welght. bn vaone at
B, 130*, wud 130" . ‘The corves show that thiz hydrabe containg 5 paroant
of wnbor of hydrathon. Howswver, they oboarved & slight varlsglon in (he toal

oga of wedghi and 1o the disealerathon of the sampls with shangs fn (me sed
et perutare,
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etatement is cormmenly found in the literature that
copper should be weighed as Cu.0 only when pure
sugurs are involved. Before Munson and Walker
[1] expressed the results of their work in terms of
the weight of CusD, the senjor author [17] mada
o sorics of determinations on solutions of an un-
identified reducing sugar in which series the copper
wns determined electrolytically and as Cu,00, He
obtained differences between the two sets that
varied between —1.2 and +1.8 mg. A surprising
thing about these differences ie the fact that in
a series of 29 copper determinations, the results
from the electrolytic set were higher than those
weighed as Cu) in 18 determinations, three sets
giving identical weights. Munson states that a
portion of the differences can be atiributed to the
lozs of weight of the Gooch crucibles caused by
the solvent action of Soxhlet’s reagent on the
asbestos. No details of the work are given and it
may he snrmized that, during the electrolysis, the
current deneity may have heen such that the
deposit of copper was oxidized. Muneon concluded
from this work, however, that copper could be
determined as Ty when solutions of pure sugar
ware usad.

Shortly after the publication of Munson and
Walker's work, Zerban and Naguin [18], using a
solution of invert suger snd the Munson and
Walker method, compared the copper values cal-
culated from the weizghta of Cu;0 and Cul with
the corresponding walues determined by Low's
volumetric iodide method. The results from the
Chy(r and volumetric sets were practically identicnl
but were 2 mg lower than those from Cu),  This
difference they attributed to incomplete drying of
the CuyD. Thay used the Monroe erucible [19]
and thus missed the visual evidence of the con-
tamingtion of the Cu0 by organic decomposition
products, which 1s readily observed in a porcelain
erucible when the Cu() is treated with nitric aeid.

When the reducing sugar values of tha Munson
and Walker method were redetermined by the
anthor [20] and compared with the originel ones,
it was noted thnt differences existed between the
two sets of deta that were greater than any that
rould be attributed to probable experimental error,
Jackson and McDonald [21] made a comprehensive
study of these differences snd showad thot the
amount of contamination of the Cu0 waz almost
exactly equal to the differences between the copper
values of Munson and Walker and the newly detor-
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mined ones. They also emphasized that the cop-
per that is reduced should not be determined by
weighing it 85 cuprous oxide. It seemed desirable
to investigate the extent of the contamination of
the cuprous oxide when lactose and mixtures of
lactose and sucroze are evaluated.

Determinations of various concentrations of
lactose and ita mixtures with sucrose were made by
welghing the copper as Cus(}, then dissolving it in
nitric acid and determining the copper electro-
Iytically. The data in table 1 g#re the differences
between the value of the copper eslevlated from
the weight of Cuyd and the value of the copper
determined electrolyticelly. In all casea, the value
of the electrolytic copper is the amaller and, as is
to be expected, the differences increase with in-
creasing concenirations of sugar. This effact is
much less pronounced with lactose, however, than
‘with its sucrose mixtures.

Tavre 1. Conieminelion of cuprous orids
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IV. Analytical Procedure

The basic conditions of the determination as
given by Munson and Walker were followed. The
Soxhlet resgent contained 34.639 g of Cu30, 5H.0
in 500 ml and 173 g of potassiom sodinm tartrata
{KNa(H,0,4H,D) and 50 g of sodium hydroxide
in 500 ml. The sucrose used was National Bureau
of Standards Standard Sample 17. The prepara-
tion and properties of the jactose used have been
given in detail above. All splutions were measured
at 20° C.

In the original methad, the solution was heated
over a gas flame, but in this work electrical beai-
ing was substituted. The heater was of auch a
type that tha solution in the heaker was practi-
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cally eurrounded by the heating element and the
current was controlled by means of a constant-
voltage regulator and a variable ratio transformer.
The solution could be brought to heiling in the
required time within 4-3 sec.

The determinations were made as follows: 50 ml
of the solution containing lactose was transferred
t¢ & 400-ml beaker containing 50 ml of the mixed
Soxhlet reagent. The sclution was heated to the
boiling point in 4 min and then allowed to boil
2 min longer. The cuprous exide was transferred
immediately to & Gooch erucible and washed with
water at 80 C. It was then dissolved by sdding
5 ml of 1:1 pitrie acid, and the crucible was quickly
covered. Before the addition of the acid a small
quantity of water was added to the crucible to
minimize the ebullition of nitrie oxides. The
copper nitrate and washing were received in a
260-ml beaker to which 10 ml of the 1:1 nitric
acid atd about 5 g of ammonium sulfate had
been added. Sufficient water was added to cover
the eylindrical platinum-gauze electrodes, the total
volume of electrolyte being abhout 180 ml. The
electrolysis was conducted overnight at room
tetnperature snd at an approzimate current dan-
sity of 0.10 ampfdm®. Upcn completion of the
deposition, the electrolyte was raplaced by dis-
tilled watar before the ecircuit was broken. The
copper was washed with alechol, dried 15 min at
100° C, ¢cooled in a desiccator, and then weighed.
All deposits were bright and showed no evidence
of oxidation.?

The copper values given in table 2 are the aver-
age of four aliquots from one polution of a given
concentration. Sugar concentrations above and
below thoss employed in good analytical procedurs
were inchuded in order to establish the direction
of the curve for the whole range of concentrations
and particularly in the region where the concentra-
tion of eopper in the remcting mixture hecomas

diminishingly smali,
V. Calculation of Results and Segar
Tables

An pxamination of the experimental dat..n shown
in table 2 shows that a modified equation for the
rectangnlar hyperbola will fit the data satis-

1In detarmining the copper waliM Upah Which b bees fBe bsbl, the
slmetrolyile medhod of eattsting coppor wad sbscbsd bacansa of [t4 axtremne
aceiivhey,  In the roubtine anstyeks of prvdocts contsining laetoss, any of tha
oonvéntions] mathmeds of determining copper ey ba wsed,
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factorily, The equation
(ﬁ+ 9.7} {I)—y} =ﬂ+ d{yl_y}—i. (1}

is formed by adding the term (d{y—#)~? to the
equatien for the rectanguler hyperbela and was
developed by J. B. Saunders of this Bureau in
connection with previous work of the authoer [20).
In this equation, 2 equais milligrams of sugar and
# equals milligrams of copper. As the concentra-
tion of supar increases, the curve bends more
and more away from the copper ordinata, and
the added term allows the curve to approach the
iimiting value of copper in the reagent, 3n=440.9
mg, asymptotically. The spplicability of the
Munzon and Walker method iz questionable for
concentrations of suger corresponding to wvalues
of copper greater thab approximately 385 mg,
and it probably would be more desirable to limit
ths maximum sugar concentration of determina-
tions within 8 range of about 200 to 250 mg in
60 ml,

From the average result of cach series of deter-
mingtions as shown in table 2, the constants of
e 1 were calenlated and adjusted by the method
of averages, and the values of the adjusted con-
stants are given in table 3.
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Tarre 3. Valves of equation conalanis
Lactoea. Hy? and socrosa
mixtures
Constants | Lactose, Hyl

1 lnctose 1 lactoee

4 o 13 snowgas

16, 928.8 11, L23. 6L 5, 5. 60

o, 52 14, 679 37 7.EIZ.13

o ATE AL, 000 164, 623, 790 | 4, 000, M0

A0, 00 L% 176, 400

Solving e 1 for x it becomes
-l #

. L )
where z equals milliprams of sugar, ¥ equals milli-
grams of copper and 3r, equals 4409, the amount
of copper in milligrams in 50 ml of the alkaline
tartrate copper reagent. The number of sipnif-
icant fizures retained in the parameters waa found
pufficient to eliminate any significant computa-
tionsl errors in table 7.

Table 4 shows the differences hetween the ex-
perimental velues and those computed from eq 2.
For the whole range of experimental points in the
determination of lactoas abd of ils mixtures with
sucrose, the mean differcnces are fairly small
However, considering the practical working range

of the method not to exceed 280 mg of sugar, the
differences hetween the experimental and com-
puted values become 0.2 mg each for the three
sate of determinations,

In table § are shown the differences in terms of
milligrams of coppor between the tables of Walker
and those of Straughn and Given and the data
in table 7. The comparisons are made for various
inneements of lactose, a8 shown in column 1.
The data of Straughn and Given are from table
78 of NBS Circular (441}, which had been eslen-
leted to copper from the original values reported
in waights of CuD. They were then corrected
for tha organic impurities in the Cu,0 by menans of
a graph construeted from data in table 1. For
lactose and its mixture with sucrose in the ratio
of 1:4, tha Jiffarenees between the vwaricus sats
are moderata, but the differences given in column
5 are greater than could reasonably be attributed
to differences caused by experimentsl errors. As
shown in column 5, the difference for the concen-
tration of 40 mg of lactose is about the same as the
others, but ag the sugar concentration ineresses
the differences become correspondingly larger.
Sinee there is no record of the work of Straughn
and (iven other than their table of copper and

TapLe 4. Differences between fthe experimental and computed paluss
! Burross and lectess HyOr
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4
s, ey e,
Weight | Webght eal | ©2°0 Welght | Welght cal [ C8lCuls Weight | Wedght cal- | OHCH
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guger equivalents, any explanation of the cause
of these differences must be speculative. However,
if their lactose is considerad to be anhydrousand
their concentrations calculated to the hydrate,
the differences between the copper values of the
recaloulated concentrations and those in tabla 7
are much smealler and are given in columm 6.
They are on the order of the other differences
shown in this table. It can only be surinised that,
due o some inadvertence, the Straughn and Given
copper equivalents for the mixture of lactose and su-
crose in the ratio of 1:12 are those for theanhydrous
form instead of thosze for lactose monohydrate.

Taprg §. Differerces befueen the warious lockose lablea

Copper valoes
Laotoss H:0 Booroms and listose Ei0Q
i 1oy . Llmtose | 1lectos | L L6AL0%6
Hy wilzer | 8 4 querase | 12 sucrose (Btranghr
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Fam- minm Hvem Hrin Teormected)
mond Eam- minns minus mings
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"y bty mr w "y bl
A0 R i1 ) 3 e
o 24 o 7 4.1 -0,1
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v ) -1.7 L% Lg 16.3 I
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i 1) =37 b -3 1.5 —. &
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& Thii slpmn shewe the differences becwesn tha valoer of Hirsoghn and
Given 30¢ thoss of tabls 7 when It i asmumed that their lactse ia anbydroas
and when chlulated ta bydrae.

Table 7 was calculated by means of eq 2. It
ghowe the sugar valuer of lactosa hydrate and two
of its mixtures with sucrose for weights of copper
from 10 to 435 mg in intervals of 1 g For
lactose the slope of the curve changes so slowly
that, for the Aret 300 points, linear interpolations
could be made between values calenlated from eq
2 pt G0-point intervaie. Petween 300 and 375
mg, the caleulated intervals were 25 points apart,
and from 375 mg each point was caleulated. For
the 1:4 ratio the first 200 points were linearly
interpolated at calculated mtervels of 50 myg;
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from 200 to 375 mg of copper cach fenth point
was calculated and thence each point. For the
1:12 mixture each tenth point between 100 and
375 mg was calculated, as well as each individual
point aftar 375 mp.

V1. General Discnagion

Since there is no stoichiometrical relation be-
tween the reacting compounds in a determination
of reducing sugar by the use of Soxhlet’s reagent,
it follows that all such determinstions must be
eftpirical. In order to utilize these reactions as
& quantitative analytical methed, it is necessary
that all procedures and conditions be standard-
ized and to ohserve rigidly all such conditions of
the method when making & determination. Then,
m order to be ahle to inferpret the results, it is
required that certain dats accompany the method.
They are usually given in the form of a table,
such as table 7. In iis present form this table
hae g limited use. Although the Stravghn-Given
table was published in 1212, no proposal waa made
to widen its use untii 1930 when White [22]
published a graph constructed from the data in
thiz table. In 1932 Fitelzon [23] also published
8 graph based on that of White's to which he
added an additional eurve and extrepolated all
the curves to include the 16:! ratio of suerose to
lagtose, and since 1935 this chart has been included
in the Meothods of Analysis of the Association of
Official Agriewltural Chemists. Following the
present procedure, the author has already com-
ploted some work of extending the ratios of su-
crose to lactose in convenient intervals from 2:1 fo
20:1, inclusive, 80 a8 to secure more extended dats
from which to construct a chart or table for
correcting determinations of lactose In mixtures
with sucroze for the presence of the suerose. It
is expected that this work will be completed and
published in the near future.

Tarwk 6. Comparisss with reaulis of Hammond

Mllllgrams of bytote faken

20 40 | 80 | ww | 3150 | a0 | 260 | R0
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TasLs 7.

Table for calcwlaiing faciose Apdrale and fi
mizfures with recrore—-Continued
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Since there was a controversy over tha composi-
tion of the lactose prepared by Walker, and since
the author has discovered the Straughn-Given
table for the lactose-sucrose ratio of 1:12 to be in
error, it was felt that the results reported in this
paper ghonld not depend zolely on the work of one
individual. 5S¢ the author has determined the
reducing value of the lactese used by McDonald
and Turcotie [16] in their work on the demsity
and refractive index of lactose solutions and found
it to be identical with that of his preparation.
d. F. Brewster of this Bureau also prepared a
sample of pure lactose and found its redueing
power to be the same as that of McDonald and
Turcotte and that of the author. In addition,
he kindly checked several values in the experi-
mental data given in table 2. His resulia are
shown in table 6 and are self-explanatory.
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