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SOLUBLE DECOMPOSITION PRODUCTS IN AGED
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ABSTRACT

Vegetable-tanned leathers, containing 0, 1, 2, 3, and 4 percent of sulphuric acid
and aged for 2 to 10 years were examined for soluble nitrogen compounds. The
soluble decomposition products were extracted with water and with 0.1 N sodium
carbonate. Ammonia, amino nitrogen, and nitrogen precipitated with phospho-
tungstic acid were determined in the extracts.

A comparison is made between the results obtained from acid-treated leathers
which had been aged, and those obtained from the direct hydrolysis of leather
and hide substance in acid solutions.

The data indicate that most of the physical deterioration results from hydrolytic
reactions.
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I. INTRODUCTION

For the past few years a study of the effect of acids on leather [1] !
has been carried on at the National Bureau of Standards. Leathers
of different tannages, containing various leather-making materials and
varying amounts of acid were aged under different conditions. It was
shown that the governing factor of deterioration was the pH, as
determined by making a water extract of the leather. Leathers fin-
ished and aged below pH 3 were almost certain to show a loss in tensile
strength, while those finished above pH 3 and aged showed practically
no deterioration in 2 years. It was also found that the deterioration
of leather produced soluble nitrogen compounds.

I't has been known for a long time that soluble nitrogen compounds
can be extracted from deteriorated leathers. This has been especially
noticeable in the case of old bookbinding leathers which have absorbed

I Numbers in brackets refer to references at the end of this paper.
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large amounts of sulphur dioxide from the atmosphere. Veitch, Frey,
and Leinback [2] studied a large number of bookbinding leathers and
found that approximately one-third of the total nitrogen was extract-
able with water. Fifty percent of this nitrogen was in the form of
ammonia. Innes [3, 4, 5] used the amount of soluble nitrogen as a
criterion in making an extensive study of the various factors influ-
encing deterioration. He analyzed the total soluble nitrogen for
ammonia and amino nitrogen. Krey and Beebe [6] determined soluble
nitrogen and ammonia in leathers exposed to sulphur dioxide in a gas
chamber. They used as the figure for total nitrogen extracted the
sum of that extracted with water and then with 0.1 N sodium
carbonate.

In this investigation a more detailed study has been made of the
soluble nitrogen compounds in aged vegetable tanned leathers with
the purpose of obtaining some fundamental information for an
accelerated aging test, and also, to study the cause of deterioration.
The work reported in this paper deals only with the chemical changes
produced in collagen.

II. MATERIALS AND METHODS

The leathers used were from the same lots and had undergone the
same treatments as those which were used in the study of the effect
of acids on the tensile strength of leather. The initial pH values of
these leathers ranged from 1.7 to 5.0. After tensile-strength measure-
ments were made the leathers were stored. The storage period
varied from 2 to 10 years. IEach sample of leather, containing approx-
imately 0, 1, 2, 3, or 4 percent of acid, was ground and mixed to form

a uniform sample.
1. WATER EXTRACTIONS

A 10-g sample of leather was extracted with 200 ml of water at
25° C by shaking in a bottle for 3 hours. The mixture was filtered
and the total nitrogen extracted was determined by the kjeldahl
method on an aliquot of the clear filtrate. The amounts of ammonia,
amino nitrogen, and nitrogen precipitated by phosphotungstic acid
were then determined in other aliquots of the clear filtrate.

The ammonia was determined as follows: 50 ml of the clear filtrate
was placed in a kjeldahl flask and diluted to 200 ml. 25 ml of a
2-percent suspension of magnesium oxide was added and the ammonia
distilled over into standard acid as in a kjeldahl distillation.

The amino nitrogen was determined on the residue remaining in the
kjeldahl flask after the removal of the ammonia. The residue was
made acid to litmus with acetic acid. It was diluted to 200 ml in a
volumetric flask and the amino nitrogen determined on an aliquot
of this solution by the Van Slyke method [7], which is based on the
measurement of the volume of nitrogen evolved by the action of
nitrous acid on primary amino groups.

Ten ml of a 5-percent solution of phosphotungstic acid in 2.5-percent
solution of hydrochloric acid was added to a third aliquot of the water
extract. After standing for 2 hours the mixture was filtered and the
total nitrogen determined in the precipitate by the kjeldahl method.
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2. SODIUM CARBONATE EXTRACTIONS

Frey and Beebe [6] pointed out that tannins form insoluble sub-
stances with gelatin and other partially hydrolyzed proteins, and
therefore a complete extraction of the soluble nitrogen compounds
in leather cannot be made with water. It is necessary to use a solvent
which will dissolve the tannin as well as the protein. Since tannins
and proteins are both soluble in alkaline solutions, a few preliminary
experiments were made by the adopted procedure using 0.2 N sodium
bicarbonate, 0.3 N disodium phosphate, 0.1 N sodium carbonate,
and 0.1 N sodium hydroxide as solvents. The most nitrogen was
extracted from the leather with the 0.1 N sodium hydroxide solutions,
but subsequent experiments in which standard hide powder instead
of leather was extracted, showed that it caused a breakdown in the
protein molecule. The results are given in tables 1 and 2, and indi-
cate that 0.1 IV sodium carbonate solution is the most suitable solvent
for this work because it extracts practically no more nitrogen from
hide substance than does water.

TaBLE 1.—Nitrogen extracted from quebracho leather (lol 1) containing /4 percent

of acid

. Nitrogen

Solvent extracted
mg
02N ANBE GO Wl B s e S A 12.4
.3 N NagHPOq._. 12.1
TRIN: NREIC g2 e b o s lReie 0y SR s okl ac) 60. 8
TIVEINU O RS e R e LA v e Soaied 103. 2

TABLE 2.—Nitrogen extracted from standard hide powder

Nitrogen

Solvent extracted

—
[kt =
0 0 ot e

With 0.1 N sodium carbonate as the solvent, the same procedure
was adopted in making the extraction as that which was used with
water, except that 2 g of leather instead of 10 g was used.

The amount of nitrogen present as ammonia was determined.
This was compared with that in the water extract so as to make a
correction in the total amount of extracted nitrogen for that lost as
ammonia by the alkaline carbonate treatment. An aliquot of the
extracted solution was neutralized with hydrochloric acid and the
amount of nitrogen precipitated by the excess tannins was determined.
Phosphotungstic acid was then added to the filtrate from the tannin
precipitate in order to remove all the incompletely hydrolyzed
proteins. The sum of these two figures was recorded as the total
nitrogen precipitated.
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III. EXPERIMENTAL

To determine the effect of tannins on the hydrolysis and on the
determination of soluble nitrogen compounds as outlined above,
1-g samples of hide substance and samples of chestnut- and que-
bracho-tanned hide substance, equivalent to 1 g of hide substance,
were hydrolyzed at 60° C in 0.05 N solutions of sulphuric acid. At
various intervals the solutions were tested for total nitrogen, amino
nitrogen, ammonia, and nitrogen precipitated by phosphotungstic
acid. The results given in figure 1 and table 3 show that the per-
centage of total nitrogen in solution as ammonia and amino nitrogen
is nearly the same in each of the three cases for each interval, even
though the amount of total nitrogen in solution is less for the tanned
hide substances. This indicates that the tannins do not prevent
the hydrolysis of the protein but retard the rate at which it goes into
solution. Experiments have shown that tannins present in protein
solutions cause high values for amino nitrogen. The error increases
as the amount of tannin is increased. The amount of tannin present
in the above experiments was not enough to cause an appreciable error.

TaBLE 3.—Soluble nitrogen compounds from hide substance and tanned hide sub-
stance hydrolyzed in 0.05 N sulfuric acid at 60° C for different periods of time

[Results are given in percentage of total nitrogen in solution]

otay = P ETISHERE 25
B ; : ; ungstie ; mino
Material pH Time mstglofteignm acid pre- Ammonia nitrogen
cipitate
Hours mg % % %
Hidesnbstanea- 222020 - GRS 1.55 173.4 99.7 0.30 4.4
Quebracho = 1.59 18 16.9 98.8 25 0
Ehestnufo s on 2 ot E st e B B 1.59 18 57.0 97.8 0 5.8
Days

Hide substance 1.59 2 174.1 97.1 1.0 5.6
Quebracho._..__ 1. 60 2 32.9 96.0 1.4 8.2
Chestnut__.____ 1.57 2 60.3 95.8 A 6.8
Hide substance 1. 60 4 174.6 92.5 2.5 7.5
Quebracho. - 1.59 4 66. 4 92.0 1.8 8.3
(8]1(:C1n7 1) ) et T it RS bl et 1.57 4 92.9 90. 6 1.8 7.4
Hideisubstance ey —ior -0 22f = 2 1.57 7 174.3 89.6 1.5 10.3
Quebracho & 1. 60 7 80.2 89.2 2.0 9.6
3720 s ) | i Sccika AREGIR R 06 15 o0 SN e 1. 60 7 118.4 85.0 2.2 111
Fidelsubstance == it = S Lot e et 1.79 14 176.1 80.2 1.8 16.1
Quebracho A 1572 14 90.0 82.2 2.2 18.3
(8101 n | R e G P A R L S PR A 1. 77 14 135.4 79.2 2.6 16.8
Hide substance 1.84 21 175.5 79.1 2.0 16.4

1.84 21 116.9 76.0 2.6 18.8

1. 86 21 142.3 7.5 2.6 17.8
Hidegsubsianees .o .. - = i il 1.84 28 178. 6 72.0 2.2 20.7
Quebracho 1.83 28 126.8 72.2 2.3 23.8
Ohestinarts: szl iz ain i ey 1.84 28 148.8 68.3 2.2 21.8

As a control experiment to determine the effect of pH on the for-
mation of soluble nitrogen compounds, 2-g samples of standard hide
substance were placed in sulphuric acid solutions of various concen-
trations ranging from 1.0 to 0.005 N and heated in an oven at 60° C
for 4 weeks. At the end of this time the soluble nitrogen compounds
in the solutions were determined using the methods described above.
The results shown in figure 2 and table 4 indicate that at first the
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Ficure 1.—Rale of change of the total soluble nitrogen as amino nitrogen and as
nitrogen precipitated by phosphotungstic acid for hide substance and tanned hide
substances hydiolyzed 1n 0.05 N sulphuric acid.
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FrauRrE 2.—Change with pH of the amino nitrogen and the mitrogen precipitated
with phosphotungstic acid for hide substance hydrolyzed in sulphuric acid soluiions.
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amino nitrogen increases to approximately the same extent as the
nitrogen precipitated by phosphotungstic acid decreases. This is

TaBLE 4.—Soluble nitrogen compounds from hide substance hydrolyzed in sulphuric
acid solutions at 60° C for 4 weeks

Total nitrogen in solution as—

¥ A : Total o
Normality | Initial Final : s Precipi-
H)S04 pH ;I b ; tated by
ution NH; Amino phospho-

A tungstic

acid
mg % % %

0.0 4.81 5.24 295. 4 0.37 2.37 100.7
. 005 3.10 3.96 295.9 .78 2.98 98. 2
.02 2.09 2.49 295. 4 1.99 8.60 89.7
.05 1.75 1.86 305.5 2.82 15. 20 71.8
.10 1. 36 1. 50 308. 6 2.30 22.80 56.7
.20 1.09 1.16 307.3 2.31 26. 90 45.6

. 40 .85 .85 300. 2 2. 36 38. 40 2.7

. 60 .66 .68 304.3 2.17 44. 00 25.5
1.00 .45 .46 305.0 2.33 49.90 25.6

also indicated in figure 1. The sum of the amino nitrogen and nitro-
gen precipitated by phosphotungstic acid as shown in figures 1 and 2,
slightly exceeds 100 percent because a part of the nitrogen precipitated

is free amino nitrogen.
1. EXTRACTIONS

A comparison of the soluble nitrogen compounds extracted by water
and 0.1 N sodium carbonate is given in table 5. The reason for the

TaBLE 5.—Comparison of soluble nitrogen compounds extracted from leather (lot 1
Quebracho) by water and 0.1 N sodium carbonate

[Results are given in percentage of total nitrogen in the original leather]
EXTRACTING WITH WATER

Total

Acid Ammonia Amino Do Nitrogen
content nitrogen nitrogen oxtra é;te d precipitated

% % ¥ % %

0 0.35 0.40 0.65 0

1 1.83 0.51 2.08 0

2 3.12 0.22 3.37 0

3 5.10 0.27 6.00 0.97

4 5.22 0.57 7.22 1.69

EXTRACTING WITH 0.1 N SODIUM CARBONATE

0 0.39 2! 0.58
1 1.32 4.4 1867
2 2.25 10.3 6.06
3 4.01 19.3 13.30
4 3.14 41.6 34. 50

differences in the soluble nitrogen extracted is obvious on an examina-
tion of table 6. Water extracts chiefly ammonia and amino acids.
On the other hand the sodium carbonate extracts more tannin and a
larger amount of soluble nitrogen because it dissolves the otherwise
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insoluble tannin-protein compound. In both cases the residual
leathers contained larger percentages of nitrogen than the original
samples. The amount of residual leather decreased with increasing
acid content, but the percentage of nitrogen remained approximately
constant.

TaBLE 6.—Ratio of nitrogen to solids in the exiract and in the residue of quebracho
leather (lot 1) when extracted with water and with 0.1 N sodium carbonate !
[Results for 1 g of leather]
EXTRACTING WITH WATER

Non-tan- Totalsolids| Nitrogen Nitrogen | Nitrogen

Acid Tannins ; : ; : i
(approx.) | extracted 3.;%%:&‘2 extracted | in solids m];gilh%l;al mleo;tlggial
% g g g % %o %

0 0.046 0.017 0. 064 0.83 8.9 8.2
1 . 040 . 024 . 064 2.5 8.9 8.4
2 041 . 028 . 069 3.9 9.5 8.9
3 . 049 . 038 . 088 5.6 9.2 8.9
4 . 051 . 043 . 095 5.7 8.9 8.5

EXTRACTING WITH SODIUM CARBONATE

(| FSRIEY B CRCRRRaRR, e LS 30. 396 0.41 14.2 8.2
(4 - = . 402 .80 14.5 8.4
2 . 392 1.76 13.9 8.9
3 .446 3.72 14.0 8.9
4 . 584 5.31 13.0 8.5

I Determination of total solids, tannins, and non-tannins made by ALCA methods.
2 Non-protein, non-tannins.
3 These values are corrected for the sodium carbonate present in the solution.

2. AMMONIA

Table 4 shows that the amount of ammonia formed in the hydrolysis
of hide substance in acid solution reaches a maximum of 2.32 percent
in 0.05 &NV sulphuric acid and does not change appreciably beyond this
figure in the more concentrated acid solutions. Table 3 shows that
the tanned hide powders gave approximately the same percentage of
ammonia. In the leathers aged under natural conditions the per-
centage of the total nitrogen as ammonia is higher. The oxidation
in the leathers is probably caused in part by molecular sulphuric
acid, therefore the percentage of total nitrogen as ammonia, after
making a correction for the nitrogen as ammonia present in leather
containing no acid, was plotted against the percentage of acid added.
Figures 3 and 4 show that the ammonia content increases with acid
content and time. The smaller amounts of ammonia in those leathers
aged at high relative humidities are in accord with results obtained
by Innes. The figures also show that the presence of grease has a
retarding effect on the formation of ammonia.

3. AMINO NITROGEN

The results for amino nitrogen are plotted against the pH rather
than the percentage of acid, since hydrolysis is catalyzed by hydrogen
ions. The amount of amino nitrogen formed in the leathers is small.
The results shown in figure 5 compare well with those obtained by
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the direct hydrolysis of hide substance by sulphuric acid solutions,
figure 2. Only small amounts of amino nitrogen are formed above a

X LOT 5 AGED AT 65%7 RH /
4H© LOTIOAGED AT 659 RH
4 ‘o
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FicurEe 3.—Effect of relative humidity and grease on the ammonia content.
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Ficure 4—Effect of time and acid content on the ammonia conlent of quebracho
leather.

pH of 2, while below this pH the amount of amino nitrogen formed
increased rapidly with decreasing pH. Figures 1 and 5 show that
the formation of amino nitrogen is also a function of time.
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F1GURe 5.—Effect of time and pH on the amino-nitrogen content.
4. NITROGEN PRECIPITATED BY TANNINS AND BY

PHOSPHOTUNGSTIC ACID

An examination of table 7 shows that over 90 percent of the total
nitrogen extracted from the leather by a 0.1 N sodium carbonate

TaBLE 7.—Nitrogen compounds soluble in 0.1 N solution of sodium carbonate and
precipitated by tannins and by phospholungstic acid

Total
Total nitrogen
Acid Total Total nitrogen ?ﬁ&“i‘;‘_j
Lot t (approx) | PH | nitrogen | nitrogen | extracted | . YR
JUns extracted |precipitated| and pre- col:rectin;z
cipitated for am-
monia
%o mg mg % %

) RS Lo SO A e S BT I s 4 1.94 60.8 53.2 87.5 96. 4
p e de BE5 AT 4 1.70 149.3 134.2 90.0 93. 6
(e’ L VN 4 1.95 50. 6 39.1 77.6 90. 8
42 St 4 1.76 140.7 126.5 89.8 93.3
Bocrivtiar e 4 1.86 59.3 49.2 52.8 93.0
Ok Ll e tg 4 1.80 141.0 139.0 95.2 101. 0
7 (10% grease) - 4 1.92 149. 1 134.8 90. 4 91.8
7 (20% grease)-._ 4 1.88 131.7 124.7 94.8 96.0
8 (10% grease) .- 4 2.03 121.6 119.9 98.5 101. 5
8902073 grease)si . #1 IIA TN EAL U 4 2.10 108.1 105.2 97.4 100. 0
{8 50k ol e LR o ateh ESREALERED R0 s 4 1.89 41.3 30.3 73.4 83.5
9 (85% RH)? 4 1.87 106. 1 99. 4 93.6 95. 4
1L E ST 4 1.87 139.3 125.9 90. 4 » 93. 4
10 (85% RH) 4 1.82 141.8 129.4 91.2 93.5
YA 30, e AT MR 3 1.94 102. 2 92.2 90. 2 917
21 (85% RH) 3 1.94 159. 2 151.6 95.2 97.0
. VAL 05 3 1.98 22.4 20.0 89.4 99.0
22 (85% RH) . 3 1.98 52.0 46.3 89.1 94.6
23 (0% cod oil) = 3 2.28 38.9 34.3 88.2 91.0
23 C1U 7 COMIOM) AT e i e T 3 2.35 34.7 30.5 87.9 91. 1
25 (0% gl10088) et o s 3 2.16 82.6 77.3 93.6 95. 4
25 (BYo glaeaB0) st s i re 5 S e 3 2.30 48.7 43.9 90. 2 94.6

1 Unless otherwise stated the leathers were conditioned at 65 percent relative humidity for the first 2 years.

2 RH=relative humidity.
78957—36——5
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solution is precipitated by tannins and phosphotungstic acid. A
correction is made for the ammonia in the leather in order to have a
better comparison between the leathers almost completely dissolved
in sodium carbonate and those only partially dissolved. These
results show that no complete breakdown occurs in the leather.

IV. DISCUSSION

The ammonia in the leathers may be formed by either hydrolysis
or oxidation. The amount of ammonia formed by hydrolysis is,
however, known to be small even on complete hydrolysis so that most
of that formed in the leather may be attributed to oxidation. The
reaction may be represented as follows:

RCHCOOH+0——RCOCOOH+ NH;.
NH,

Amino nitrogen is formed by splitting of peptide linkages and can
therefore be used as a direct measure of hydrolysis. The reaction
may be represented by the following scheme, the hydrogen ions
acting as catalysts:

H+
R(l)HCONHCHzcooH-I—HzO — R(llHCOOH—{— NH,CH,COOH.
NH. NH,

Phosphotungstic acid precipitates the basic amino acids, peptones,
and other incompletely hydrolyzed proteins. In this work, it may
be used as a measure of the incompletely hydrolyzed proteins.

The results indicate that both oxidation and hydrolysis take place
in the leather. It is, however, not necessarily true that both of these
factors are the causes of physical deterioration. The formation of
ammonia and amino nitrogen, which respectively indicate oxidation
and hydrolysis, is shown to increase with time. The conditions
under which these leathers were aged made both reactions take
place slowly.

In table 8 the ammonia content is compared with the total nitrogen
extracted and with the loss in tensile strength. The formation of
ammonia shows no correlation to the loss in tensile strength, and
hence it is probable that ammonia is not formed by the primary reac-
tions which cause the physical deterioration of the leather. It is
known that the guanidine nucleus of arginine which is free in the
protein molecule is readily oxidized to form ammonia. Ammonia
may also be formed from free amino nitrogen or amino nitrogen formed
during hydrolysis.
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TaBLE 8.—Soluble nitrogen compounds formed in leathers aged for different periods

of time
Total i
: - Total ; Total Change in
Lot ! Agl_ng Orxgrllnal nitrogen g;t;gﬁg% nitrogen tensile
Lo B extracted | O 0T asammonia | strength 2
Years % % % %
9 2.19 30.3 0.41 2.55 —16.5
10 2.7 17.3 .38 4.45 —31.8
10 2.12 18.2 .27 5.10 —20.5
9 2.10 91.1 .92 2.23 —52.5
8 2.07 20.2 .62 5.82 —33.0
8 2.02 54.9 .87 2.35 —48.0
8 2.00 85.3 1.33 2.69 —58.0
8 1.98 83.6 .65 4.90 —43.0
10 1. 96 53.0 Tl 2.35 —176.5
10 1.94 27.5 .48 4.12 —44.0
10 1.90 54.1 .64 4.98 —52.8
10 1. 90 94.6 1.20 2.89 —63.4
2 2. 40 5.5 .28 .93 —25.2
2 2.38 22.1 .28 1.15 —563.7
2 2.15 10.0 .21 1.52 —47.2
2 2.04 7.3 S 1.31 —43.1
2 2.03 47.4 .47 1.43 —85.2
2 1.98 13.1 .26 1.38 —29.0
2 1.98 30.5 .47 1.81 —62.0
2 1. 94 57.8 .35 1.49 —61.2
2 1. 94 90.0 .45 2.09 —175.3

1 Unless otherwise stated the leathers were conditioned at 65 percent relative humidity for the first 2 years.
3 Determined after 2 years of aging. 3R

H=relative humidity.

There is, however, a relation between the amino nitrogen and the

total soluble nitrogen.

NITROGEN

OF TOTAL
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soluble nitrogen is plotted against the amino nitrogen.

AS AMINO NITROGEN

This is shown in figure 6, where the total

20
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PERCENTAGE OF TOTAL NITROGEN

F1cure 6.—Increase in percentage of total nitrogen as amino nitrogen with the
percentage of total nitrogen dissolved by a 0.1 N sodium carbonate solution.
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work [9] has shown that a relationship exists between the total soluble
nitrogen and the tensile strength and therefore there must also be a
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relation between the tensile strength and the amino nitrogen. Com-
paring figure 5 with figure 7 shows that the amino nitrogen starts to
increase, although to a smaller extent, at the same pH as that at
which the amount of soluble nitrogen increases. This indicates that
both may result from the same reaction.

100

80 =
CHESTNUT
QUEBRACHO
SUMAC
MANGROVE

-3
o
D x e o

PERCENTAGE OF TOTAL NITROGEN
DISSOLVED
2
o
o

20

.___x__r’-—/A/x'
) 4 3 e
INTIAL  pH

[¢]

Ficure 7.—Efect of pH on the total nitrogen dissolved by a 0.1 N sodium carbonate
solutzon.

From the small amounts of amino nitrogen formed in leathers
which show as high as 75 percent loss in tensile strength, it appears
that a few broken peptide linkages may cause a large decrease in the
physical strength of the leathers. According to Stiasny [8], the first
step in the hydrolysis of a protein is probably a hydration resulting
in the breaking of linkages between polypeptide chains. During the
course of this reaction nitrogen compounds of high molecular weight
known as peptones are formed. These compounds are soluble but
may be precipitated by tannins or phosphotungstic acid. A further
hydrolysis then causes a splitting of the chains at the peptide linkages
with the formation of amino nitrogen. If the hydrolysis does not
proceed further than the first step, appreciable amounts of amino
nitrogen will not be formed. The curves in figures 5 and 7 are similar
to those in figure 2, which were obtained by actually hydrolyzing hide
substance in acid solutions. The amount of nitrogen soluble in 0.1 N
sodium carbonate, precipitated by tannins and phosphotungstic acid,
table 7, is almost the same as the amount obtained from a direct
hydrolysis of hide substance and shown in table 4 and figure 2.
These results indicate that most of the physical deterioration in
leather is caused by hydrolysis.
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V. SUMMARY

1. The deterioration of leather results in the formation of soluble
decomposition products containing nitrogen.

2. An average of over 90 percent of the total nitrogen in the decom-
position products is precipitated by phosphotungstic acid.

3. Among the decomposition products are ammonia and com-
pounds containing amino nitrogen.

4. The amount of ammonia formed is a function of time and acid
concentration, while the amount of amino nitrogen formed is a
function of time and hydrogen ion concentration. :

5. The data indicate that most of the physical deterioration is
caused by hydrolysis.
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