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I. INTRODUCTIOR.

The problem under consideration in this thesis is an
extension of certein principles which have been eveolved in
this laboratory, during a study of the swelling of gluten
in the presence of ammonium chloride. Fulmer, llelson, and
Sherwoodé's, have shown that the concentration of ammonium
chloride optimum for the growth of yeast is the same as
that in which wheat gluten is the least swollen. The higher
the temperature, the greater the concentration of ammonium

salt required. At all temperatures studied, 21°, 20°, 35°,

0 o

407, 427, 43° C., the concentration of ammonium salt, opti-
mun for the growth of yeast, was found to coincide with the
concentration of the salt in which the protein, wheat glu-~
ten, was the least swollen. Since wheat gluten is one of
the most important profteins in wheat flour and investigatofs
on the baking qualities of flour have tried to correlate the
swelling of gluten with the strength of flour, it seemed
worth while to mamé a study of the swelling of gluten in
acids, making use of the prineciples previously developed in
this laboratory. |

A search of the literature on gluten revealed the fact
that the effect of temperature on the swelling of gluten has
not been adequately investigated. In fact in some of the
investigations it isvdoubtful whether temperature had been

controlled at all.
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II. REVIEW OF THE LITERATURE.

A review of the literature on the swelling of gluten,
shows that WOod}g’zo Vood &nd Hardy21, were the first to
apply the methods of physicel chemistry to & study of the
problem. They sdopted the method used by Hofmeisterlo. in
his study on emulsoid colloids. Wood end Herdy suspended
strings of gluten scross V-sheped glass rods and immersed
them in verious solutions. They found that gluten in dis-
tilled water retained its coherence, but gluten in 0.001 N
hydrochloric acid dispersed, the rsete of dispersion increas-
ing &s the concentration of the acid increased up to about
0.003 N. Higher concentrations of acid caused the gluten to
become more coherent. In phosphoric and oxalicec acids, the
gluten dispersed even more rupidly then it did in hydrochlor-
ic seig.

Upson &nd celvint®»17 uged & more exact method in study-
ing the effects of celds on gluten swelling. They cut disks
from gluten and found that they obtained & meximum absorp-
tion, determined by weighing the gluten before &nd after
swelling, with 0.005 N hydrochloric acid, 0.01-0.02 N lactic
acid, and 0.02 N acetic acid. The swelling being greatest
in scetic, less in lactic, and nearly as great in hydrochlor-
ic acid egs in lsectic acid.

Gortner and Doherty7, uging the method of Upson and

Calvin, tried to determine the difference between strong and
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weak flour through & study of the various glutens. Sharp
end Gortner15, continuing the work of Gortner and Joherty,
found thet in various concentrations of hydrochloric and
lactic acid, &s well as in potassium, sodium, barium, cal-
cium, end emmonium hydroxides, gluten from strong flour had
& much higher rete of imbibition than that of weak flour.
The hydrogen ion concentration at which they obtsined the
maximum imbibition, pH 3.25-2.25, was practically the same
for 8ll of the acids investigeted. They stete, "lrying the
gluten, weshed from different flours, in a vacuum oven at
45-50° C. rarkedly eltered the physicel chemicesl properties
of the gluten, the properties of the different glutens stud-
ied becoming more alike".

Ballandz, in this same connection, ststes that gluten
dried in sir recovers its weight and elasticity when pleced
in water, but moist gluten dried at 100° C. and then placed
in water absorbs part of the water lost, but does not regsin
its elasticity.

Other investigetors have studied the problem from dif-
ferent angles and in general their findings are in accord
with those put forwerd by Gortner and his collaborétors.
Among the methods that have been used are: the study of
chenges in viscosity produced by sddition of acids to flour
end water Suspension88'15, and the resistance to the stir-

ring of doughs as influenced by various ecidslB, Whether
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the changes in viscosity or the resistence to stirring

are directly comparable to swelling, as determined by the
gravimetric methcd, is & question. 4According to Teurs and
Schneiderlz, &1l the methods mentioned give the ssme result.
Recently, however, Alsberg1 has said, "Fuller understanding
of the water capecities of flours can hardly come until ac-
curate methods ere used to determine dough texture. DTough
is ndt viscous &8 this term is applied to liquids. It is
more properly termed plsstic. The laws of plastic flow are
not the seme &8s those of viscous flow,” If this is true, it
is sltogether probable that different investigators are
studying entirely different properties of‘gluten end flour,
and it is remarkable that their findings shoulé be in such
close agreement.

There is nothing in the literature, on the effect of
temperature on the rete of hydration of gluten with differ-
ent scids. Hoffmen and GortnerlO, in thelr studies on the
acid binding quaslities of various protelns, heve varied
temperature. They find & negative temperature coefficient
was obtained when the experiments on the binding of hydro-
chloric ecid &nd sodium hydiroxide were carried out st 15°,
25, end 35° C. sné when the finel pH wes more than pH 2.5
end the OH ion concentration was more than PF 10.5. The
ratio was approximately 1:2:3, when the amount bound at z5°

is 1. They, however, give no dsts on hydretion.
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Freundlich® reports the work of »Limetrievics and Heinke
in which they found no particuler reletion of the meximum
swelling of pecs to temperature.

Lichwitz and Rennerl4 investigutec the swelling of mus-
cle and kidney tissue in Kinger's solution at various temp-
eratures andé found thaet the rate of swelling was merkedly
influenced by temperature. Swelling being most rapid at the
higher temperature. Uith kidneys they found that different
perts had different rates of swelliﬁg.

Haubeniesser und Schonfeld® in their work on the swell-
ing of beef tilssue, show that beef tissue has & lower swell-
ing maximum with increase in temperature and also that the
speed 1s less at higher temperatures.

I15in'2 hes reviewed the work of Heubenisser snd Schon-
feld on the swelling of cartilage in Ringer's solution snd
attempted to show the mathematicel relationship between '
swelling end temperature.

Chick end Lubizynekal? studied the effect of tempera-
ture on viscosity of pure egg albumin. They find that in
dilute solutions tempersture had little effect on viscosity
and only when the albumin reached the high figure of 28% wes

temperseture found to have a marked influence.
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III. STATERJENT OF PROBLEM.

The object of the work presented by the author is to
determine, if possible, what elffect time, temperaiure, and
concentration have on the swelling of wet and dry gluten in
nitrie, hydrochloric, sulfurie, phosphoric, oxalic, lactiec,

acetic, tartaric, and citric acid.

IV. MATERIALS AUD lIETHODS.

The gluten used in this investigation was made from
Kelly's Famous Flour, manufactured by the VWm. Kelly lilling
Company of Hutchinson, ¥Kansas.

The wet gluten was made after the directions given by
Gortner7: 250 grams of flour were made into a stiff dough
with 150 cc. of distilled water. The dough was immersed
in distilled water at room temperature and allowed to re-
main there for thirty minutes, when it was washed with dis-
tilled water until the gluten was free from starch. The
rluten was pressed between glass plates to o thickness of
about 5 mm. and eut with a cork borer into disks one hall
inch in diameter. The disks S0 prepared were exceptionally
uniform in size, shape, and weight. They were placed in
conduetivity water, at the tempnerature of the experiment,
and allowed to remain for thirty minutes, removed, allowed
to drain, weighed, and placed in the acid solution to be

investigated.
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The method used in determining the emount of weter
imbibed by the gluten is similer to thet used by Gortner znd
Doherty7. To =id, kowever, in the msnipuletion, there wes
devised & small glass stirrup which supported the smz:ll per-
foraeted button of & Gooeh crucible. The stirrup serves &8s &
henéle by means of which the gluten could be very neetly re=-
moved from the solution &nd weighed. fhis proved to be ¢
greet advantage. By the usuel method it wes necessary to
nPich out” the gluten with tweezers. The blodb of gluten
would sometimes bresk snd fall beek into the solution, with
the probeble result thet pert of the gluten could not be Tre-
covered and weighed.

Tn deteil the method wss as follows: the stirrup, com-
plete with button, was immersed in the acid sclution to be
used, it wes then removed end ellowed to drein for five min-
ates in en etmosphere setursted with weter vepor, &t the -
tempersture of the ecids. It wes then weighed, the weighed
gluten pleced on the smell perforsted plate, enc the whole
placed in the acid under investigation. At the end of the
desired time the stirrup sné gluten were removed, &llowed to
arein for five minutes, a&s before, &nd the hydration deter-
mined by weighing. The hydrstion was then expressed as grams
of weter imbibed per grem of moist gluten.

The dry gluten wcs made from the seme flour. Fifty
pounds of flour were mixed with enough distilled weter, to

meke & thin dough. This mixture was pleced in & small kneed-
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ing mschine and washéd with distilled water until the glu-
ten wes entirely free from sterch. The gluten pressed be-
tween glass plates to & thickness of 5 mm. and cut into
small disks. The diske were placed on & glass plete and
iried in = vccuum oven for 18 hours at 40° C. under & 21
ineh vceuum. At the end of 18 hours the tempersture was
graduelly raised so that after 24 hours the temperature

was 60° C. The dried gluten was then ground snd graded

so thaet only gluten of 30-40 mesh was used in the experi
nents.

C.5 grams of dry ground gluten were plsced in &
weighed Gooch crucible, which hzd been previously moist-
ened with the indicated acid, so thet thé asbestos con-
teined the same amount of absorbed scid it would in the
subsequent weighings. After weighing, the Gooch cruqible
wo S plaéed in 2 bezker contasining 50 cc. of the indicsted
geid end the besker covered with e watch gless to prevent
eveporaetion. At the desired time the Gooch crucible wes
removed end the excess acid drained off, using slight suc-
tion until the presence of gir bubbles on the bottom indi-
cated that all the excess acid had been removed. -The cru-
cible wes then wiped and weighed, each weighing being com-
pleted in spproximately one minute in order to meke the
eveporetion fector conetent. The dreining reguired less
then one minute so thaet there was little eveporation and

only a small change in temperature during the entire opere-
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tion. Since the totel amount of water absorbed was large,
amounting to from six to seven times the weight of the glu-
ten in some cuses, the error introduced due to evaporation
end change in temperature was considered negligible. The
only large error was that encountered in some ceses of enor-
mous hydretion, when the gluten became fluid and cohesion
resulted, so that it wes difficult to remove &ll of the sur-
plus seid. Another error was that encountered when the glu-
ten remained in the acid for long periods of time and the
tempereture was favorable for bacteriesl growth.

The tempersture in all cases was maintasined constant by
means of & water bath.

The pH of 81l solutions was determined with s Leeds aﬁd

Northrup Company Student potentiometer, using & saturated

| potassium chloride calomel half cell and & Bailey electrode.

The Bailey electrode was used because only small quantitieé
of liquid were regquired and because of the faet that it is
more rapid in action than the Hildebrand electrode. Ten cc.,

of the ucid whose pH was desired, were removed snd &n equal

. quentity of fresh acid was then supplied to the beaker con-

] tzining the gluten so that the volume of the system remained

constant.




=10-
V. EXPERTMENTAL RESULTS.

The acids studied may be divided into two classes,
based upon their effect upon the swelling of dry gluten.
Those which produce a more or less sharp optimum, that is,
there is one concentration of acid which has a pronounced
positive effect upon the swelling of gluten. And secondly
those which have a broad optimum, in which various concen-
trations of acid produce similar swelling. Acids of the
first type with a more or less sharp optimum are nitric,
hydrochloric, oxalic, and phosphoric acids. Those which
have a decidedly broad optimun are acetic, tartaric, citric,
and lactic acids. Sulfuric acid is indefinite and will be

discussed by itself.

A. Discussion of Acids of the First Group. (Those with
a more or less sharp onbimun).
(1) Fitrie Acid.

In Tables I, II, III, IV, and V and VI, there is given
the complete date for the swelling of both wet and Gry zlu~
ten in nitric acid at 20°, 25°, 30°, 55°, ana 40° and at
various times.

The graphs 1, 2, 3, 4, 5, and 6 show thc rclationship
of swelling bto concentration., Hormalities being plotted as

abscissa and swelling as ordinates.
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Teble VII shows the concentrction of uwcld required to
produce maximum swelling, of wet snd dry gluten, et differ-
ent temperctures and times.

At 209, =t one hour, dry gluten swells the most in zcid
0.C12-0.02 N, pH 1.98-1.75. VWith time there is a decided
shift to the lower concentrgtions, so that gt 12 hours glu-
ten swells most in scid €.004-0.008 ¥, pHE 2.82-2.36, which
is practically the scme concentration in which wet gluten
swells the most in one hour.

tt 25°, at one hour, dry gluten swells most in acid
0.01-C.016 N, pH 2.08-1.83. At 12 hours dry gluten swells
most in 0.004-0.008 N, p¥Y 2.62-2.27, which is praectically the
seme &8 with wet gluten in one hour.

A glance at the graphs for the other temperctures shows
thet in 211 cuses it is evident thet wet gluten resches equi-
librium eerly, but with time dry gluten will approech this
stme equilibrium. With incresse in tempereture & lower con-
centrstion of scid is required to produce optimum swelling.
with wet gluten, et 20° C., optimum swelling occurs in 0.004-
0.C06 W. At 40° C., sltho the optimum is very brosd, 0.002 X
will produce practicslly the same degree of swelling as the
higher concentrutions studied.

With dry gluten the change from a higher to & lower comn-
centration with tempersture is not so evident. With increuse
in tempersture, the optimum normality required becomes more

pronounced and definite, but stuays the seme.




Hydration (Sw) is

SWELLING OF WET GLUTEN IN NITRIC ACID.

expressed ss grems of water imbibed per gram

TABLE I.

of wet gluten.

pHy is the initiel pH.
13 . . . .
: . 28° c. . 20° ¢c. . 35° C. : 40° c.

N : :  Sw pHy ¢ Sw pHy : Sw T Sw PH1
HgO : H 0042 4005 H 0-31 406 : Q.02 : 0-09 5.1
0005 : : 0.0 2.4 : 0.02 G5 : 0.028 : 0.10 325
001 : : 0.65 2.93 : (.82 2.06 : 1.81 : 0.14 2.82
002 : 0.89 2.7 : 1.07 2.6 ¢ 1.87 0.26 2.5b
004 . : 1.26 2.48 : 1.0 2.8 : 1.26 0.29 2.27
006 @ ¢ 1.560 2.29 : 1.20 2.4 : l.74 : 0.34 2.07
oece e : 1.50 2.17 : 0.99 2.55 : 2.14 : 0.26 2.05
0l : t 1.51 2.08 ¢ 1.16 2.18 ¢ 1.58 : 0.16 1.85
012 : l.45b 1.96 : 1l.25 2.09 : 1.78 : 0.27 1.85
014 : 1.49 1.9 : 1.17 2.02 : 1l.b3 : 0.30 1.8
¢16 H : 1.26 1.83 : 0.90 1.9 : 1.2 ¢ 038 l.65
0l8 : 1.13 1.83 : 0.98 1.89 : 1l.41 : 0.26 1.65
o2 : : 1l.16 1.78 : 1l.28 1.86 : 1.16 ¢ 0.18 1.t
026 : 1.0 1.7 : 1.49 1.8 : ©.98 ¢ 0.C6 1.5
C3 : C.75 1.62 : 0.79 1.7 : 1.22 c.02

r. op oo o




TABLE II.
SWELLING OF DRY GLUTEN IN NITRIC ACID.
Bydration (Sw) expressed as grams of water imbibed per gram of dry gluten.

pHy 1is initiel pH.
pHg is finul pH.

20° c.

N 1 hr. : 2 hr. : b hr. : 8 hr. : 12 hr.

. PH1 ; Sw pHe : Sw pH2 : Sw pHe : 8w pHe : Sw pHo
Ho0O @ 4.256 : 1.48 4.96 : 1.46 5.0 : 1l.41 5.06 : 1.49 belb : 1.33 .2 L
0005 ¢ Ze42 ¢ 192 ZFE6 : 1.92 3.86 : 1.91 3.95 : 1.72 298 : 1.b8 %48 ?
001 : 2.96 : 2.74 .12 : 2.59 3.38 : 2.16 3.52 : 3.07 2¢D6 : 2.66 2.6
002 : 2.76 : 1.98 2.86 : 2.12 2.98 : 2.Z6 3.02 : 2.96 3.14 : 3.60 3.0b
Q04 : 2.42 : 2.284 2.54 : 2.290 2.6bH : 3.40 2.78 : 4.60 2.80 : 4.76 2 .82
006 ¢ 2470 : 2.22 2.36 : 3.37 2.42 : Z.H0C 2Z.84 : 4.36 2.6 : 4.78 2.5
Q08 : 2421 : 2.86 2425 1 3.27 2.37 : 3.8l 2.%8 : £.14 2.38 : 4.99 2.36
01 : 2.06 ¢ 2.27 2.19 1 2.20 2.24 : 3,79 2.3 1 3.27 2.34 ¢ 3.2 2«36
012 1 1.98 : 2.74 2.0 ! 3.53 2.16 : 3.27 2.18 : 2.90 2.20 + Z2.01 2.2
014 : 1.95L ¢ 2.62 8.0 : 3.0F 2.08 : 2.76 2.12 : 2.50 2.18 :+ 2.26 2.08
01l6 : 1.8 : 2.56 1.86 @ 2.88 1.92 : 2.24 1.96 : 2.10 2.0 : 2.0b 2.0
c18 : 1.8 : 2.78 1l.88 : 3.02 1.9 : 3.21 1.94 : 2.89 1.96 : .18 1.90
02 1.7 1 2.70 1.8DL @ 2.66 1.88 : 2.49 1.2 : 3%.82 1.94 : Z.26 1.9
026 : 1.7 = 2.3 1.8 : 2.44 1.8 : 1.98 1.88 : 2.10 l.88 : 1.97 1.8
Q4 : 1.65 : 2.21 1.72 : 1.87 1.72 : 1.82 1.7 : 1.89 -~ 1l.74 : 1.40 1.76




TABLE III.

SWELLING OF DRY GLUTEN IN NITRIC +CID.
Uydretion (Sw) expressed uas grems of water imbibed per grem of dry gluten.

pHy is initiel pH.
pHe is final pH.

i

25° ¢,

5 hro * 8 hr- M 12 hI‘.

. PHy : Sw pHg . Sw pHo Sw pHp Sw pHs ; Sw pH2

.
e Joe o0 po

e ¢85 s ve Jse o
.

HoQ @ 4.05 @ 1.4) H.1 : 1.32 B.06 : 1.Z29 £.5b6 1l.42 £.21 ¢ 1.50 5.15
0%05 : 5.4 1.20 3.57 : 1. 3.9 : 1.22 4.02 1.26 B8.96 : 1.31 3.92
00l : 2.3 : 1l.46 3.12 : 1.60 3.4 : 1l.41 Z.6 1.62 B4L ¢ 177 3.2
002 1 2.7 : 1.63 283 : 2.03 3.01 : 2.48 Z.12 : 2.56 2.1 : 2.88 %.0b
004 : 2.48 : 2.01 2.b2 : 2.b3 2.6 : 3.14 2.8 : 2.b1 275 @ 4.6 2.62
C06 : 2.29 : 1.92 2.37 : 2.65 2.45 : 3.34 2.08 ! 2.66 242 : 4.83 2.43
008 : 2.17 : 2.39 2.25 : 3. 2.35 ¢ 3.73 2.37 : 4.23 2.30 : 2.36 2.27
c1 : 2.08 : 2.43 2.17 : 3.31 2.24 : 2.69 23 T 3.74 2.25 ¢ 3.98 2.1
012 : 1.5 : 2.76 2.06 : 3.4% 2.15 ¢t 3.56 2.2 : %.63 2.2 : 3.86 2.21
0l4 : 1.9 : 2.64 2. : 3.03 2.07 : 3.2b 2.12 : 3.01 2.01 : 2.27 2.02
0lé : 1.83 : 2.36 1.9 : 2.78 1.92 : 2.84 1.97 : 2.234 1.96 : 1.93 1.9
018 : 1.83 : 2.%22 1.9 : 2.92 1.92 : 2.43 1.92 : 2.27 1.9 : 2.10 1l.87
02 : 1.78 : 2.26 1.86 : 2.76 1.86 : 2.256 - -- —— ! aa -
Q20 + 1.7 : 2.34 1.7b : 2.44 1.8 : 1.74 1.74 : 1.71 1.72 : 1.85 1.87
03 : 1. 1.7 :

62 : 2.26 © 9,08  1.69 : 1.B84 1o74 : 1.53  1.72 : 1.07 1.67
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TABLE IV.
SWELLING OF DRY GLUTEN IN NITRIC ACID.

Hydretion (Sw) expressed &5 grams of water imbibed per grum of dry gluten.

PH4 is initiel pH.
sz is final pH.

20° ¢,

X : 1 bx, : 2 hre. : £ hr. = 8 hr. : 12 hr.

;_upﬁl . Sw pHo _Sw pHa ; Sw pHe . Sw _PH2 . 5w pHo
HoO : 4.6 : 1.37 E.06 : 1l.44 F.41 @ 1.28 5.67 : 1.1 bed ¢ 1.18 .52
00056 : Z.6 : 1.82 376 : 1.5 4, : 1.758 3.9 ¢ 1l.1b 4.0b ¢ .95 4.06
001l : Z.06 : 1.Z6 Fe23 : 1.77 546 @ 1.49 Z.57 : 1.89 3.52 ¢ 1.87 Z2+6
002 : 2.50 : 1.83 2.95 1 2.06 2.08 : 2.08 5.80 : 2480 316 1 F.24 32
004 : 2.8 : 2.15 2.6 : 2.66 2.76 : 3.12 2.88 : £5.04 2.8 : H.90 2.86
006 : 2.4 : 2.34 2edd : E.03 2.6 : 2.b4 2.63 : b.H4 2.2 : H.41 2.6b
008 H 2-55 K 2081 2955 . 0082 2047 . 4.42 2-5 M 4‘05 2'3 M 4. 2048
01 . 2-18 : Zo 2-22 3'92 2035 : 4.03 2038 : 4015 2025 H 3063 2016
012 : 2.0% : 2.80 2.2 : 3.63 2.24 * 3.62 2.26 : 3.24 2.156 1 2.79 2.13
014 : 2.02 : 2.b6 2.07 : Z2.09 2.25 : 3.27 2.16 : 3.08 2.08 : 4.42 2.03
016 ¢ 1.9 : 2.7 L.05 : 2.96 1.98 ¢ 2.78 2. ! 2.53 L.95 : 2.46 1.95
018 : 1.89 : 3.02 1.95 : 2.89 2.1 : 2.66 2 : 2,23 1.96 : 2.561 1.92
02 : 1.88 : 2.2 1.2 ¢ 2.8H 2o T 2.23 1.98 : 1.98 1.¢ : 2.16 1.96
025 : 1.8 : 2.68 1.76 : 2.5 1.890 : 2.156 l.8 : 1.94 1.82 : 1.67 1.8
03 Tt 1.7 : 2.48 1.76 ¢ 1.9 1.8 : 1.92 1.7 : 1.66 1.72 : 1.61 1.68




TABLE V.
SWELLING OF DRY GLUTEN IN NITRIC ACID. .
Hydration (Sw) expressed ss grams of water imbibed per gram of dry gluten.

pHy 1is initiel pH.
pHpg is finel pH.

258 0,

N e 1l hr. . 2 hr. ‘ 5 hre. . 8 hr. . 12 hr.

e PHI + Sw pHo . Sw pHo .« Sw nHe . Sw pHo . Bw pH>
HoO ¢ B.B7 @ 1.28 4.22 : 1.30 4,16 + 1.31 F782 3 B0 Eedb ¢ Le22 4,75
QCOB 1 3452 ¢+ 1.853 3.856 : 1l.41 Z.88 ¢+ 1l.74 ZoT7 ¢ 1.7% E.46 : 1.52 4,
001 T B3.22 : 1.78 Ze2D t 176 Py M 2‘10 Be22 : 2.89 Teb . 2084: 3032
002 1 2,78 : 1.0¢ 2.83 : 2.20 2.05 1 2.24 2.9 : 2.83 3607 : Z.14 2.78
004 1 2.45 : 1.83 2.5 : 2.67 2.62 : ¥ 2.64 1 4.0 2.7 @ b.12 2.62
Q06 : 2.33 : 2.61 241 : 5442 .66 « H.0b 2 %26 : B.BE 2 : 7.8b 2.3%6
Q0F : 2.14 : 2.8 2.7 : 3,66 2,%5 ¢+ 4.72 .22 : “.78 2.2 ¢ 4.18 2.25
01 P 2.1 2431 2.2 : 4.52 0 2.25 s 4.02 2.12 : 4.08 2.22 1 3.4 2.1
¢t : 2. 2 2,40 2.0 3 2.42 2,1 : 2.66 2. ! %43 2.1 : 2.862 2.1
Cld : 1.929 : Z.41l 2.03 : Z2.77 2.05 ¢ 3.b1 1.8 : B.GH 2.02 : 2.82 1.07
016 : 1.8% 2:91 1.93 ¢ :’3.44: l.65 : 2-742 1.5 : 2.5H8 1.87 ¢ 2.07 1.86
0l8 : 1.8 : Z.9E 1.2 : 3.99 1.9 : 2.78 Le?% ¢ %01 1.2 : 2.90 1.85
02 P 1B 2 2.81L L1.77 : B3.60  1.86 : 2,92  L.70 @ 2,72 1.7H : 2406 1.8
026 : 1.72 ¢ 3.14 1.6 : 2.99 l.82 : 2.86 l.63 : 2.Z28 1.6 : 2£.13 1.67
03 t 1,62 2 2.47 1.HH : 2.88 1.7 : 2.02 1.36 ¢ 1.30 l1.72 : 1.26 1.62

-9T-




TABLE V%.
SWELLING OF DRY GLUTEN IN NITRIC ACID.
Hydration (Sw) expressed e&s grams of weter imbibed per grem of dry gluten.

PHj is initiezl pH.
pHg 1s final pH.

40° ¢,

X 1 hr. . 2 hr. . 5 hr. . 8 hr. . 12 hr.
. PHy . Sw pig . Sw pHp . Sw pHp | Ow pHp . Sw pHp

HoO : b 1 ¢ 1.56 4.62 1 1B 3.95 + 1l.64 .06 ¢ 127 4.7 : 1.58 bH.b
0%05 t 228 ! 162 2.6 1 1.42 3.32 ¢+ 1.67 Z.76 ¢ 1l.22 4.02 : 1.59 3.05
001l : 2.82 : 1.68 Ze322 1 3448 .7 : 1.78 Z.37 ¢ 1aB6 Z.92 @ 1,35 4.07
002 : 2.85 : l.84 2.67 : 2.65 2.9 : Z.48 Se : 5.19 ~- ! 6.29 -
004 : 2.27 : 1.97 2.4 : 3.1b 2.6 1 95.86 247 : 6447 2.€3 : 8.09 2.57
006 : 2.07 @ 2.36 2.17 ¢ Z.28 2.18 : £.10 2.8 t D68 2.33 : T 2eZH
oo o 2.0t 1 2.78 2.07 : %.88 2.1 : 4.89 2.12 : b.49 2.1 : 5.88 2.0b
01 t1.85 @ 2.41 1.6 + .00 2.15 + 4.18 2.07 ¢+ 4.06 2.06 : 4.50 1.96
12 : 1.8%5 : 2.66 1.2 2.90 1.97 @ Z.02 1.95 ¢ .66 1.95 : 4.69 1.86
0l4 : 1.8 : 35.058 1.2 ¢ Z.27 1.87 : 3.09 L1.C¢ 2 .23 1le€ 1 Z.24 1.8D
0l : 1.65 : 3.2¢ 1.64 : 2.94 1.7 : 2.73 1.7 : 2.89 1.75 : 2.57 1l.€&
018 : 1.65 : 2.41 1.67 : 2.94 1.7 ¢ 2.42 .7 : 2.60 1.7 : 2.23 1.72
o2 : 1.5 : 2.5b6 1.66 ¢+ 2.86 1.67 : 2.48 1.7 : 2.39 1l.68 : 2.11 1l.68
025 ¢ 1.8 : 2.b7 1.6 ¢ 2.3 1.6 : 2.12 1.5 : 2.13 1l.62 : 2.11 1l.68
03 H - . 2.4:8 1044 . 2002 104:7 : 1079 lob . 1039 104:{) : 1050 104.7
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TABLE VII.

THE pH AND RORKALITIES COF
GLUTEN

NITRIC ACID RENUIRED TO PRODUCE MAXTIIUN
AT VARIOUS TINMES AND T=ELPERATURES.

SWELLING OF

pH1 is initisl pH.
pHo is final pH.

: 20° ¢, : 259 ¢, : 30° C. . 369 C. . 40° ¢,
Time: : : : :
Hrs,.: N __pHy PH2 : N _ply PH2 : N pH3 PHp : N pHy pHo . N pHy PHp
WET GLUTEN
:0.004 2.42 :0.006 2.29 :C.004 2.8 10.002 2.78 :
1 : to to : to vo : to to s to to : i
20,006 2.7 20,014 1.8 20,012 2.00 10,012 2.0 :0.002 2.5B5 oy
DBRY GIUTEN ) '
:0.012 1.28 2.0 :0.01 2.08 2.,37:0.01 2,18 2.2% :0.014 1,99 2.03 :0.014 1.8 1.8
1 : to to to : to to to : to to to : to to to : to to to
20,02 17D 1.85:0.016 .87 1.9 30,018 1.89 1,95 0.018 1.8 1.9 20,016 1.80 1,64
$0.006 2.2 2.42:0.0L  2.08 2.24:0.008 2.55 2.45 0.0 2.1 2.25 :0.008 2.05 2.1
2 : to to to : to to to : to to to : to to to : to to to
__v.*Q&Qla_l4&3,2Alﬁkﬁd£LbJ@¢i'JAlﬁ;Q_ﬂlZ_&LQ&_242£ ;Eigl&_AAES_zLQQ_u_JIULJQ£L_1427
10.006 2.3 2:.54:0.008 3417 2.37:0.008 2.55 2.5 :10.006 2.33 2.36 :0.004 2.22 2.48
b : to to to : to to toc ¢ : to to to
0,01 2.06 2.3 :0.01 2.08 2.3 = T0L008 2,14 2,27 -
t0.004 2.42 2.8 :10.008 2.17 2.3 :10.004 2.8 2.8 :0.006 2,33 2.5 :10.004 2.27 2.63
8 : to teo to : to to to :
:0.008 .21 2,382 t00N0E 8.4 2.85 .2 :
10.004 2.42 2.82:0.004 2.48 2.62:0.004 2.8 286 :Ne006 233 2,36 :0.004 2.287 2.58
12 ¢ to to to : to to to : to to to :
10,008 2.21 2.36:0,008 2,17 2.27:0.006 2.4 2.55 ¢ :
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(2) Swelling of Vet 2nd ury Gluten in Fydrochlo-
rie Acid.

£t 20° C. wet gluten swells most in scid 0.002-0.C1 N.
Jry gluten, for one hour, swells most in scid 0.Cl-0.02 N,
but ¢t 12 hours dry gluten swells most in secid C¢.0C4 T. It
being evident thet with time dry gluten will exhibit mexi-
Jmum swelling in the se&me concentrution required for meximum
swelling of wet gluten.

£t 26° wet gluten swells most in scid C.CC4-0.CL K.
vry gluten in one hour swells most in ccid 0.008-0.03 X,
while ¢t the end of 12 hours it swells most in ecid C.01l% N.

it 20° C., wet gluten swells most in =eid C.004 N. Iry
gluten in one hour swells most in egcié 0.01l5-0.02 H., while
et the end of %6 hours s seen in greph 12, it swells most
in ceid C.004 2, which is the same normslity recuired to pro-
duce mexirmum swelling with wet gluten. |

't 28% C. wet gluten swells most in scié 0.004-C.01 N.
hry gluten in one hour swells most in scid ¢.02 N, end at
tiie end of 12 hours in scid 0.004 N, which is the seme as
that for wet gluten. |

At 40° C. wet gluten swells most in scid (.004 N. Dry
gluten in one hour swells most in acidé 0.Cl N zné et the end
of 12 hours it swells most in scid 0.004 N, which is the same

es thet required for wet gluten.
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1t is evident thot, given time, the swelling of dry
gluten is like the swelling of wet gluten. With increuse
in temperature the rste of swelling incregses, the optimum
becomes more pronounced, but the optimum is the same re-

geriless of temperature.




TABLE VIII.

THE pH AND NORIALITINS OF HYDROCHLOCRIC ACID REQUIRED TO JAOJUCP PAXIMUL SWELLING
OF GLUTEN AT VARIOUS TIMES AND TEMPERATYURES. .
pHy is initial pH.
pHs is final pH.

: 20° ¢, : 25 ¢, : z0° ¢, : z59_C. = 40° ¢,
Pime: : : : : )
Hrs.: M PHy pHe ¢ N pHy pHo : N _pH1 piHs : N pHi PHo : N PpH] DpHo

: : ‘WED GTUTHN : :

1 G.002 t0.004 2.32 :.004 2527 20.004 2.27 t0.004 2.45

1 : to _ : to . to : to . to : to to :

10,01 :0.01 2.08 20.0L 2.0 2001 2.0 :

: } : :DRY. GTUTEY : H

0.0l £.12 2.13:0.008 2.14 2.2 :0.015 1.88 1.92:0.02 1.66 1.68:0.01 2 2.1

1 : to to to : to to to : to . to to @ :

10002 1682 18 20,08 166 L1eb64:0.02 178 1.7 3 :

tCeD(8 2,18 243 :0.01 2.08 2.25:0.004 2.27 2.37:0.01 2.0 2.2 :0.01 2 2.26

2 : to to to : : to to to : to to to :

:0.0165 1.94 2.0 ¢ 0,01 2,08 1.,95:0,02 1.86 1.84-

10.004 2.%9 2.57:0.01 2.08 2.3 :0.004 2,27 2.42:0.008 2.08 2.25:0.004 2.4%

b : to to to : to to to : to to to : to to
C.0150 1.94 1,95:0.015 1284 2.05:0,01 2,08 2,006 10,008 2.02 1.95
t0.008 2.18 2.2 0,01 2.08 2.38:0.004 2.27 2.6 :C.004 2.27 2.67:0.004 2.45 2.4

8 : : to to to ¢ to to to :

: 10,015 1,04 2,06:0.01 2.08 2.17:2 :

10004 2439 2.62:00.015 1694 2.07:0.004 2.287 2.52:0.04 2.27 2.6H:0.004 2.4L 2.55
12 : : to to o : :

: : Q0,01 208 2.12: 2
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(3) Swelling of Wet end Dry Gluten in Oxalic Acid.

At 20° wet gluten swells most in solutions heving e
normality grester than 0.02. ury gluten in one hour swells
most in solutions (0.04-0.07 I, while at the end of 12 hours
dry gluten swells most in acidé 0.02 N.

it 250 wet gluten hes its maximum swelling in acid 0.02
W, while dry gluten for one hour swells most in acid 0.07-
0.1 H and at the end of 12 hours in acid 0.04 N.

£t 30° ¢. wet gluten swells most in ecid 0.02 N. Dry
gluten in one hour swells most in weild 0.02-0.1 N, while at
tne end of 12 hours it swells most in ec¢id 0.02 N.

At 35° C. wet gluten swells most in scid having a nor-
melity siightly grester thean 0.02. Dry gluten in one hour
swells most in «cid C.CQ7-C.1 N znd in 12 hours in ccid 0.04
N.

it 40° C. wet gluten swells most in ecid 0.04 ¥. Ory
gluten sweils most in ecid 0.07 N gné in 12 hours most in |
ceid C.02 1.

It is evident that with oxelic ss with hydrochloric
gcid, given encugh time dry gluten will exhibit meximum
swelling in the saéme goiution required to produce maximum

swelling with wet gluten.




TABLE IX.

THE pH AND NORIALITIES OF OXALIC ACID RUQUIREL TO PRODLUCE MAXIHUM SWELLING OF
GLUTLN AT VARIOUS TLI¥S AND TEMPERATURES.

pHy is initisl pH.
pHg is finel pH.

. 20° q. : 25° ¢, . 70° ¢, : =59 ¢, : ac® ¢,
Time: : ¢ : :
Hra.: U nH1 DPHe : H pE1 _pHo : W pH1 pH2 + N  pH1 ©PpH2 : N pH1 pEs
' Wit GrUImTIan
0.8 2.1 :0.02 2.4 :0.02 2-4@ 10.02 1l.48 10.04 2.0H

DRY GLUTKHN

t0.04 2.1 2.22:06.07

1.94:0.02 204: 244 :0.07 1.82 1078:0007 l.72 1.78
: to to to : to :

to : to to to ¢ to to to

9

0 :

6 _leb4:0.1 2.6 2.74:0.1 1e65 1,722

8 1.62:0.02 2.4 2.2 :0.04 2.0 2.08:0.07 1.72 1.88
: to to to : : : to to to :

20,07 1.75 1.862 20,07 1.82 l.88:

1
007  1.7H 1.97:0.1 1
t0.04 2.1 2.2 :0.07 1

:0.04 2.1 2e2 :10.07 1.9 1.75:0.02 2.4 2.51:0.04 2.0 2.14:C.04 2.00 2.14

: to to to : : : :

s 007  J.7E 1,91 : : H

t0.02 2.4 2.5 :0.04 2 1.75:0.02 2.4 2.45:0.02 2.45 2.12:0.04 2.05 2.15
s : to to to : : to to to :

a 0,02 2,4 D40 o c 0. 04 2.0 2.15:

20.02 2604 2.28:0.04 2.0 2.18:0.02 2.4 2.69:0.04& 2.0 1:.61:0.02 2.5 2.83
: : : : : to to to
: - H : 10,04 2.0b5 2.08

g2~
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(4) Swelling of Wet &nd Dry Gluten in Phosphoric

Leid.

et gluten at 209 C. swells most in phosphoric acid
Q.07-0.1 N4, with increzege In tempersture there is a shift

to & lower normelity, the gluten swelling most in zcid (.04

gluten et 20° C. in one hour swells most in ccid

N, &t the end of 12 hours it swells most in =cid

25° ©. dry gluten swells most in zcid 0.07 N regard-
time.

30° C. dry gluten swells most in seid 0.1 N, but at
of 12 hours it swells most in ecid 0.04 N.

35° C. dry gluten in one hour exhibits maximum

swelling in scid 0.07 N, while in 12 hours the meximum is in
ecid 0.02 N.
At 40° c. regerdless of time meximum swelling occurs in

ecid approximately 0.1 N.




TABLE X.

THE pH AND NORMALITIES OF PHOSPHORIC ACID REQUIRYD TO PRODUCE MAXIMUM SWELLING
OF GLUTEN AT VARIOUS TILES ARD TEMPERATURES.

pH3 is initial pH.
pHg is finel pH.
: 20°_a. . 25° @, : z0° g, . 25° @, : 40° a.
Time: : : : :
Hrse: N pH1 PHo : N DH3 PHo : N  DPpH3 DpHo : N vH1 DpHo : N _pH1  DHo
WET GLUTER
:0.07 2.28 :0.04 2.15 :0.02 2.37 t0.04 2.15 t0.04 2.15
1: to to : to to : to to : : N
0.1 1.87 101 1.87 :0.07 2.1 : : -
DRY GLUTEH
:0.07 2.08 2.2 :0.07 2.0 1.8 :0.1 1.9 1.96:0.07 2.1 2.05:0.1 1.85 1.9
1l : to to to : : :
1040 1.87 2,03: : i :
:O-O? 2.22 2.2 :0007 2.05 2ed :0-1 1096 1-96:0007 201 2-1 :C'ol 1085 1096
2 ¢ to to to : : : to to to :
‘0.1 1081 2,08 : : 0.1 1 .87 L95:
.04 2.15 2.29:0.07 2.05 2.07:0.04 2.18 2.31:0.04 2.15 2.35:0.07 2.1 2.13%
b : : : : to to to : to to to
: : . 0.1 1.87 1.95:0.1 185 1.98
:0.04 2,15 2.31:0.07 2.05 1.9 : 0.0 2.15 2.25:0.07 2.1 2.13
8 : : : to to to : to to to
: : : 20,07 B.1l 2.0 0.1 185 1.96
:0004 2015) 20‘1010507 2005 2-1 : :0002 2035 2-4:2:
12 : : : :
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B. The Second Class of Acids Those hich Exhibit a
Broad Optimum.
(1) Swelling of wet and dry gluten in Tartaric
Acid.

At 20° C. wet gluten swells most in 0.07 N tartaric
acid. Iry gluten at this temperature, at one hour, sweils
'most in 0.1 K acid, after 12 hours it swells most in acid
whose normality veries from 0.07-0.1.

At 25° C. optimum swelling of wet gluten occurs in
0.01-0.2 K acid. Dry gluten in one hour swells most in
6.04-0.2 N acid, while at the end of 12 hours maximum

swelling occurs in 0.04 N acid.,

i1t 30° C. opbimum swelling of wet gluten occurs in
0.04-0.2 N acid. Dry gluten in one hour exhibits maxirum
swelling in 0,04 W acid, while at the end of 12 hours
maximum swelling occurs in ©.04 N acid.

At 35° C. 0.005-0.2 ¥ aeid will produce maximun
swelling of wet gluten. In one hour 0,1-0.Z2 H acid will
produce nmaximum swelling with dry gluten. In 12 hours
6.02 N acid will produce maximum swelling.

At 40° €. maximum swelling with wet gluten occurs

in 0.01~0.2 N acid. For dry gluten 0.2 ¥ acid will

produce maximum swelling in one hour while in 12

hours 0.07-0.15 N acid will produce weximum swelling:

With dry gluten it is evident that with increase




in time & lower normality is required to produce maximum
swelling and this normality tends to become similar to
that required to produce maximum swelling with wet gluten.
Altho the effect of temperature is not very evident,
one may say that with increase 1n'temperature‘a lower
normality is required to produce maximum sweliing. This
effect is, however, not very regular., The reason forv
this may be that the solutions when compared as regards
their normalities are different. Vhen compared from the
standpoint of pH 1t is evident that there is only a slight

difference between the sgeveral solutions.
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TABLE XI.

THE pH AND HORHEALITIES OF TARTARIC ACID REQUIRED TO PRODUCE MAXIIUM SWELLING
OF GLUTEN AT VARIOUS TIES AN TEMPERATURES.

pHy is initial pH.
pHg is finsl pH.

o

20° ¢, 25°_©. 20° C. 40° ¢,

N __PH1 pHp

25 _Co

Time:
Hrs.; N pH1 _PpHo

Re oo he oo

be oo be oo

ho 20 po o0

N pHY pHe N _ _pH1 _DpHe N PH]l PpH2

VET GILUTEN

:0.07 2.4 t0.01 2.86 :0.04 2.81 :0.00b 3.16 :0.01L Z.08
1: s to to + to to : to to : to to &
j ;012 208 :092 202 :D,2 2020 :002 2029 ?}
DBRY GLUTEN
:Cel 2.3b 2.81:0.04 2.6H 2001:0004: 2.81 2.25:0.1 3 2-07:002 229
1 : : to to to : to to to
2. 102 2.25 1.88: :0.2 220 2 :
2004 2.58 2.54:0.04 2.65 2.42:0.04¢ 2.81 2.50:0.2 2.2 1.94:0.2 2.29
2 : to to to ¢ to to to : : :
20,15 2,2h 1.76:0.2 D26 2,76 : :
:0.1 2:35 2.3 :0.07 2.46 2.05:0.04 2.81 2.33:0.1 2.44 2.26:0.1 2.46 2.36
5 t to to zo @ : to to to : to to to
: '0.2 2o25 2.05: ) :Q»B 2.2 2-02:042 2.29 2001
0. 04 2.68 1.95:0.04 2.65H 205230-04‘ 281 2.23:0.02 2084' 22 :0.1 2.46 2.13
8 : to to to ¢ to to to : to to to : to to to : to to to
20,10 2.20 1:.78:0.07 2.46 2.,24:0.1 238 2.06:0.2 2.2 2.,04:0,2 2.29 1.99
t0.07 2.4 2.3 :0.04 2.60 2.25:0.04 2.81 2.3 :0.02 2.84 :0.07
12 : to to to : : : %o
0.1 DoEH 2132 H : :0.15
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(2) The Swelling of Wet and Dry Gluten in
Citric acid.

The optimum concentration of acid required to pro-~
duce maximum swelling of gluten with citric acid, at
various times and temperatures is Broad. ith increasing
time all except the very dilubte concentrations produce
or try to produce the same amount of swelling.

With wet gluten maximum swelling is produced by a
concentration of acld greater than 0.02 N. That is ceitric
acid of a pH. 2.24-2.5 will produce maximum swelling.

Altho vhere is no definite deéided optimum, the per
cent increase at 0.02 is slightly greater with increase
in temperature than at other concentrations, Altho this
is not enough to bring about a. decided maximum, we may
conclude that temperature has a greater effect upon the
swelling of wet gluten in 0.02 N citric acid than 1t does
upon the swelling in greater concentrations.

With dry gluten and citric acid for all the times
and btemperatures studied, the curve is definitely upwards.
There is no optimum, the gluten swelling most in the .
greatest normal solution.

However, if we note the points of inflection on all
the curves. It is apparent that there is a decided shift
from the greater to the smaller normslities. W ith the

lower concentrations there is a lag, so that in one hour
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Phe greatest swelling occurs in the greatest concentration
of acld. Vith tinme, however, the rate incereases so thatb

al the end of 12 hours the amount of swelling in acid 0.04
¥ is nearly as great as that with 0.2 ¥. Ve may conclude
then that given enough time citric aecid 0.04 N will produce
as nuch swelling as 0.2 N acid. Or we may say ®that in

time the swelling of dry gluten will be like the swelling
of wet gluten in one hour. Drying under the conditions
specified has not particularly altered the gluten, butb

as one would naturally suppoce the rate at which the btwo

swell is not entirely the same.




TABLE XII.

THE pH AR MHORMALITIES OF CITRIC ACID RECUIRYD 70 PRODUCE MAXIMUIS SWELLING OF
GLUTEN AT VARIOUS TIES AMD TEMPIRATURIS.

pHy7 is initiel pH.
pHp is final pH.

: 20° ¢, : 25° 0o, : z0° 0. . z5° ¢, « a0 ¢,
Time: : : : :
Hrse.: 1 _ PE1 pHs . N pHy pHs . N pHy pHp . N pH3 pHg : N pHy ©pHEp
YVET GLUTEN
Q.07 2.54 :0.0& 2.986 :0.028 3.24 :10.02 3.24 :0.04 3.18
.1 to to s to to : to - to : to to : to to
10,00  2.42 20.2 2.50 c 0,2 2.50 0.1 2.h4 t0edb 2,54 1
TRY GIUDRE 2
:0.07 2.54 :0.07 2.64 2.48:0.15 2.56 2.01:0.2 243 2.03:0.2 2.48 i
1 : to to : to to to : : :
N LOQOE 204:2 :002 2050 2071): - .
10.07 2.54 2.39:0.1 2.68 :0.15 2.56 2 :0.2 2643 1.86:0.07T 2.72 2.49
2 : to to to : to to : : : to to to
:0-2151 204L6 2025:0-2 24__:5 :' . :D.Z 2.4:8 2
:0.1 2.2 2.46:0.07 2.64 2.68:0.07 2.8l 2.03:0.2 2,43 2.15:0.07 2.72 2.53
5 : : to to to : to to to : : to to to
: 20.2 2.5 1,40:0.2 2.50 2 : 1 0.2 2.48 2.14

:0.07 2.54 2.28:0.04 2.96 2.66:0.04 3.11 2.18:0.04 3 2.68:0.2 2.72 1.98
8 : to to to ¢ to to to : to to to : to to to :

0.2 D42 1.27:0:.2 b 1:39:0.2 2eb 1:96:0.,02 2,437 2,122

:0.1 2.52 2.29:0.15 2.52 2.37:0.04& 3.11 2.2 :0.07 2.70 1.35:0.2 2.72 2.04
12 : to to to : to to to : to to to ¢ to to to :

: 0,2 2448 2,1420,2 2.5 2.,8h:0,2 2D 2 2 0.2 2.4% 2,172
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{3) The Swelling of Vet and Dry Gluten in
Lactic Acid.
Jith wet gluten and lactic acld, as with the other
organic acids the opbtimmu conceniration recuired to pro-
duce meximum swelling ot any temperature is broad and
maybe said to be about 0.01 H.
| Vith dry gluten and lactvic seid, at 206° ¢. the con-
centration required to produce maximum swelling is like-
wise broad. Becoming more sv as time increases. Dut here
again on studying bthe curves 1t is noticable that there
is a decided shift in the points of inflection. At one
hour the eoncentration requirea'to produce maximum swell-
ing is around C.1 W at 1Z hours the optimum is above 0.02 N.
at 25° C. at 1, 2, and D hours the optimum concentra-
tion is broad 0.04-0.2 N. AT eignt and twelve hours howéver,
there is a slight change, the optimum concentration becom=
ing nmore defined 0.07-0,1 H.
st 35° C. the optimum is well defined being U.1 E
at all times. lHere as at 25° ¢., at one and two hours
the optimum is broader being above 0.2 k. |
at 20° ¢, although the curves indicatbe a suarp
opvimum vhis is not actually the case. 4t 1, 2, and
3 hours the opftimum is above 0.07 N, while at 8 hours

there is a decided shift to the lower concentraiion.
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Here as with the other acids it is apparent that the

swelling of dry gluten will be like the swelling of wet
gluten.




TABLE XIII.

TEE pH AND NORMALITIES OF LACTIC ACID REQUIRED TO 2RODUCE MAXIMUM SWELLING OF

GLUTEN AT VARIOUS TIMES AND TEMPERATURES.
PHy 1s initiel pH.
pHp is final pH.
: 20° ¢, . o5% a, : zn° g, : 0 ¢, : 40° ¢,
Time: : : : :
Hrs.: N pHy PHo : N pHY PpHo : N PHyY ©pHo : N DpHy DpHo ; N DpHj vHs
VT GLUDEN
t0.02 2.86 :0.02 2.96 t0.02 2.76 :0.02 2.886 0.2 2.4
1o to to : to to : to to : to to :
t 0.2 2-?)4: * 02 236 t0.2 232 c 0,2 2048 ——
DRY _GLUDEN
:Ocl 2.4:5 2.5 :0-0‘4: 2074: 2063:0-1 2»48 2.6 :0-07 207 2962:0-1 2051 2.62
1l : to to to : : to to to : :
- : 0.2 2.56 2.45: : 0.2 D48 2.37:
0.1 Ledb 2.63:0.06 2.74 2.82:0.1 2:48 2.63:0.07 2.7 2.62:0.1 2.bl 2.b6H
2 : to to to : %o to to : to to to @
0.2 2e24 2.2 2048 236 2.4 ¢ 102 2.48 2,70
:0.1 245 2.46:0.04 2.74 2.86:0.1 248 2.55:0.07 2.7 2.680:0.1 2.51 2.60
5 : to %o to : : :
: 202 A I : H
:0.1 2.45 2.4H5:0.1 2.48 2.62: :0.02 2.86 2.62:0.07 2.62 2.69
8 : to to to : : : to to to
1018 2,24 2,%Re : : 0.2 2.48 2,285
t0.07 2.5 2.63:0.07 2.E4 : :Q.4 2.98 2.8 :
12 to to to : to to : : :
10106 2,34 2,34:0.1 248 2.55: : o

L D'y

-.8(_;‘ -
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{4) Swelling of wet and Dry Gluten in Acetic
Lelid.

Acetic acid is like the rest of the organic acids
of this class. The optimum is very broed and in some
cases the maximum has not been reached in the concentrations
studied. Bub a comparison of the points of inflection of
the curves shows that as with the other acids, the dry gluten
tends to approach its meximum swelling in the same strength

of sclution required by the wet gluten.




THE

TABLE XIV.

PH AND NORMALITIES OF ACODTIC ACID REQUIRED TO FROLUCE MAXIMUM SWELLIRG OF

GLUTEN AT

pHy is inilitial pH.
pds is final pH.

VARIOUS TI¥ES AND TEMPERATURES.

. 20° ¢, . 259 ¢, : z0° ¢, : 25° o, : 20° ¢,
Time: : : : :
Hrs.: N PH1 _PHo . XN PH1  _pPHo : N pPH1__PpH2 : N pH1 _PHo : W PH1 _pHo
WET_GIFITRY
:0.01 :0.02 3.16 t0.02 3.10 :0.02 3.20 t0.07 2.88
1 : to to + to to s to to : to to
. :0.15 _2.74 0.1 2+81 1 Q.2 2. 64 0.2 2,0
DRY GLUDPEN
S 101l 2472 2.96:0.1 2e81l 3.0 0,15 2.78 2.86:0.07 2.88 2.98
1 : DNo Optimum : to to to : to to to : : to to to
: 0.2 2,64 2.,76:0.2 2:.67 2.87: 0.1 287 %06
: t0.07 2.88 3.5 :0.1 2e8l 3.168:0.04 3.0 3.10:0.07 2.88 3.0
2 " " + to to to : to to to : to to to : to to to
: 102 P64 2.84:0,.2 267 2.,88:0,02 2.64 2.,76:0.1  2:87 3,02
: t0.07 2.88 2.2 :0.1 2.8l Z.16:0.15 2.78 2.858:
b " v : to to to : to to to : :
2 2.2 2064 24062:0.2 2,67 2,52 *
H :0.1 2684 1e34:0.1  2.81 3.0 :0.15 2,78 2.65:0.1 2.87 2.156
8 : " " s to to to : : : to to to
: :0.db 8,72 2.6B: : 10010 2.76 2.88
: :0.07 2.88 2.88:0.1 2.81 2.88:0.1 2.87 2.90:0.04 3.09 %.24
12 : " " : : ¢ to to to : to to to
: : H 102 264 2.76:0.1 2.84 2,51
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C. 3Swelling of “et and Dry Gluten in "uliurie .cid.

The results on the swelling of wet and dry gluten in
sulfvric , as shown in table 14 and granhs 28, 2%, and 30
are very irregular. The gluten imbibed so little water
that the errors have became so large as to nake it diffieult
to draw any definitve conclusions. From the data given
Jhowever, cne is fairly safe in saying that dry glubten will
exhibit the same kind of swelling as wet gluten nrovided

it is allowed enoush tinme.

g Bz




THE pH AND HNORLALITIES OF SULFURIC

TABLE XV.
ACID REQUIRED FOR MAZIIUM

SWELLING OF GLUTE

AT VARIQUS TIVES AND TEMPERATURES.
PHj is initisl pH.
PHp 1s finel pH.
: 20° a. s 25° a, S T . 252 @, . 40° ¢,
Time: : : : : :
Hrs.: N PHy PHs : N pHy PpHo : N PpHyY pPHe : N PpH1 PHe ; N  pH1  DpHs
WET GLUTEN
t0.002 3.47 t0.001 32.12 :0.002 2.83 :0.012 2.3 :0.004 2.45
1: ¢ to to : : to to : to to
: :0.002 2,81 : : 0,018 2,12 10,008 2,35

DRY GIUTEN.

:0.014 2.04 2.71

'l ¢ No Optimum ¢ No Optimum : No Optimum ¢ Ho Optimum
: 0006 2437 2.5 :0.002 2.83 3.22:0.006 2.42 3.22:0.01 2.17 2.2
2 : " n : to to to : : : ’
A 20,016 2.0 2.122 : —
20,008 2.8b 3.0 :0.006 2.37 2.62:0.002 2.83 3.32:0.006 2.42 2.72:
b : : to to to @ : : to to to : No Optimum
: : 0,02 ]9% 2063 20:.008 276 B_gaa}
:0.008 2.85 2.45:0.004 2.55 2.85:0.004 2.53 2.83:0.004 2.65 2.79:0.004 2,45 2.93
8 : : to to to : to to to : to to to : to to to
. . . 2 . [>)
: 10004 2.565 2.95:0.004 2.563 2.0 O 004 2. 65 2:61:0.004 2.45 2.87
12 : : to to to : to to to : : to to to
: 20.006 2.37 2.63:0.006 2,35 2.63; 20,008 2.15 2,35
t0.004 3,1 Z.21:0.004 2.65 2.3 :0.004 2.53 10.006 2.42 3.94: ’
24 : to to to : to to to : to to : :
10,006 2.96 R3.05:0.,008 2,37 2.25:0.006 2.35 F3.4 = :
20.004 3.1 3.4 :0.004 2.55 3.57:0.004 2.53 20.006 242 2.42:0.004 2.45 2.63
36 : to to to : to to to : to to : :
10,006 2,06 3.92:0,008 2,37 F:.07:0.006 2,35 2.0 3 M
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VI SUCiARY.

1. 4 sbtudy has been made of the eifect of nine
acids nupon the swelling of wet and dry gluten atb severall‘
tenperatures.

2. The acids studied may be divided into Ttwo groups,
those whieh exhibit a broad, and fhose which exhibit a
rether sharp optimua in the swelling of gluten.

3. et gluten swells very rapidly, while dry glutben
swells rather slowly. Dry gluten, given enough time,
will swell most in the concentrabvion of acid causing
maxinum swelling of wet gluten.

4, ¥ith increase in time smaller concentrations of
acid have the same effect on the swelling of dry gluten,
that higher concentrations have in shorter periods of time,
until an equilibrium is reached.

5, The temperature eflect varies with the acid.
Penmperature, except in the case of phosphoric acid, does
not change the concentration of acid required to produce
noximum swelling after a given iime. With nhosphoric acid
a greater concentration of acid is reguired to produce
maxinmun swelling at 40° ¢ than at 20° C.

6. “ith increase in temperzture there ls a pronocunced
increase in the rate of swelling.

7. The pH required to produce maximum swelling wyaries




T Be

with the acids.

Tor HHOB it vuries from Se0=-=2.8
TICT oo "o 1.7--2.45
v gOxalie Acid v 7T nwon 1,.9--2.45

T - he} T i M3 b d € 7
n d3p04 ! 1.9==2.37

Tartaric von " " 2,55-3.16
* o Gitrie wom " i 2,45-3,24
" Lactic wou " ® 2e4~-2.96
" jeetic now " " 2,72=3,20

VII. GUHCLUSIONS.

Rise in temperature increases the rate of swelling

of the gluten in acid, altho it does not have an appreciable
effect upon the pH of the acid required to produce maximum

swelling.

The swelling of wet gluten is very rapid.

"ne swelling of dry gluten is slow, but in time the

swelling of dry glubten is like the swelling of wet gluten.
The dry gluten has not been changed in the process of

drying. Altho, as other investigations have shown, it does
not have the same consistency of wet gluten, the swelling

curve of wet and dry gluten with time are identical.
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