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INTRODUCTION

It has been shown that converted mannogalactan mucilages can

be made which possess properties desirable for tubsizing and coating

adhesives (see Reports 1, 5, 6, 9, 11, and 13). The methods used to

convert or reduce the potential viscosity of these products-namely,

chlorination, acid hydrolysis, and dextrinization may be somewhat un-

economical at the present price of the mucilage and therefore, a

cheaper method was sought, which might find immediate use. This led to

an investigation of the possibilities of using enzymes in a manner

similar to that used by the industry for conversion of starch for tub-

sizing, calender sizing, and coating adhesives. The feasibility of

using enzymes for this purpose was shown in a preliminary way by the

work of Report Six in which the enzyme of sprouted guar seed was used.

A number of commercial enzyme products were tried as convert-

ing agents for the mucilage. Most of these were found to be inactive

in the presence of mannogalactan and the few which promoted an active

hydrolysis did so only when relatively large amounts of enzyme were

used.' The high prices of the active enzymes precluded their commercial
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use. Among those tried may be mentioned Katozyme, Clarase, Sizyme,

Takadiastase, Amyliq, Vanzyme, Liquidase PL-100, Enzyme 1275 (Takamine),

Pancreatin, Diastases A and C, and pectinols A, V, and M.

To the best of our knowledge, no commercial enzyme is pro-

duced in the United States for the express purpose of converting

mannogalactan mucilages. There are indications in the literature that

at least one is or has been on the European market.* This product is

made in Switzerland and is called "Helisol." It is said to be made

from germinated mannogalactan containing seeds and is very active.

Also some mention is made of another source from snails but this is

probably not a commercial product. The available literature has been

reviewed in Report Six.

The above information led to attempts to produce the neces-

sary enzymes from organisms in a manner similar to that used for manu-

- facturing starch modifying enzymes.

Commercial starch hydrolyzing enzymes are obtained from three

principal so-rces--namely, higher-plants (mostly seess, microbes, and-

animal glands. A wide variety of amylases may be obtained from these

sources and they differ considerably in properties such as thermostability,

type of hydrolysis, and optimum conditions of action.

The use of guar seed as a source of enzyme for converting

mannogalactan mucilage would necessitate the germination of considerable

* Tagliani, Melliand Textilberichte, 11, 458(1930).
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quantities of seed and may be uneconomical at the present time unless

quantities of cull seed were available. Animal gland enzymes did not

appear promising as revealed by preliminary testing of the commercial

products. The remaining source-namely, microbes appeared to invite

investigation inasmuch as a wide variety of enzymes may be obtained

from various organisms. Furthermore, the starch converting enzymes

obtained from certain bacteria appear to be of a particularly desirable

type. The experiments of this report have therefore, centered around

this source for producing mannogalactan converting enzymes.

EXPERIMENTAL

Preliminary Experiments with Mold Enzymes

It seemed reasonable to assume that organisms capable of

existing on mannogalactan mucilage as a substrate might be found cling-

ing to various seeds of this type. On this basis several varieties of

seed were placed in crystallizing dishes, dampened with water, covered

with watch glasses and placed in an oven at 370 C. After six days most

of the germinating seeds showed evidence of-mold growth but one in

particular, flame tree seed, appeared to possess the best growths.

There were predominantly two colored types of growth present, a greenish

blue mold and a dark brown mold. A consultation with Dr. Appling was

held which resulted in his removing some of the spores of each type

and transferring to malt-agar slants. After repeated subculturing of
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the spores, the types appeared to be relatively pure and were then

transferred to 5 mannogalactan slants made from guar G4-2. Two days

later the tubes were observed and the organisms were growing and

appeared to have liquified a shallow layer of the mannogalactan. One

tube of each organism was mixed with a sterile loop in order to deter-

mine whether or not sufficient enzyme was present to liquify the entire

slant. After two hours, the entire slant in both cases had been liquified.

The contents of these tubes were centrifuged and one-mi. aliquots of

the supernatant liquid were mixed with fresh 5% mannogalactan slants.

Within two hours, the extract from the brown mold had liquified the

substrate. The green mold extract did not appear to be as potent but

a considerable part of the mucilage had liquified. Further work with

the green mold was discontinued in favor of the brown species.

Larger enzyme cultures were next made by adding 120 grams

of 5% cooked G4-2 mucilage to one-liter Erlenmeyer flasks, sterilizing

and inoculating with a sterile water suspension of the brown mold

spores. These cultures were incubated at 300 C. After four days, the

entire substrate had been liquified and the liquid was poured off and

centrifuged. The enzyme activity was found to be easily as potent as

that present in the test tube slants. Attempts to concentrate the ex-

tract by acetone precipitation and vacuum distillation were not success-

ful. Serious inactivation occurred in the former case and persistent

i
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foaming prevented the latter procedure although this was overcome in

later experiments. The next problem was to devise a more accurate

method for measuring the relative enzyme potency.. 

DEvelopment of a Method for Evaluation
of the Enzyme Potency

Since viscosity is a prime consideration in the conversion

of mannogalactan mucilages for tubsizing and coating purposes, it seemed

expedient to use a viscosity method for measuring enzyme activity.

During the early stages of the problem, it was believed that boric

acid would probably be detrimental to enzyme action and the borax

method of cooking seemed undesirable. Considerable difficulty has been

experienced in cooking the guar mucilages without borax because of

doughball formation. Doughballs would be expected to influence the

viscosity determinations so it was decided that locust bean gum would

be used for the substrate since no such difficulty occurs with this

mucilage. Numerous experiments resulted in the following procedure

for locust bean gum.

Method of Cooking

Ten grams of locust bean gum were added with stirring to

1500 ml. of water in a tared 2-liter beaker. The temperature was

raised rapidly by direct steam injection to 90-930 C. during seven

, 1�1' �" 11-1.
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minutes time and then held there for 5 minutes. The mixture was diluted

to 0.5% mucilage, placed in two, two-liter flasks, weighed, and auto-

claved at 120 ° C. for 30 minutes with additional water and four 500-ml.

Erlenmeyer flasks equipped with rubber stoppers. After sterilization

the mucilage was brought to 0.5% concentration again with sterile water,

poured into sterile flasks, stoppered and allowed to stand at room

temperature until used. The viscosity of mucilage prepared in this

manner remained constant for several months and the same viscosity

within 2 or 3 seconds could be obtained from batch to batch when the

time intervals of heating, stirring and autoclaving were held con-

stant. Particularly important is the time of stirring from the time

the mucilage is added until the temperature reaches 900 C. Apparently

there is sufficient native enzyme in locust bean gum to change the

viscosity. The major part of this enzyme is inactivated at 90° C.

Procedure for Measuring.Enzyme Activity.

One hundred grams of 0.5% locust bean gum were weighed into

a 250-ml. Erlenmeyer flask. Then'56.6 g.of water and 0.15 ml. of

1% acetic acid were added and the flask was placed in a water bath at

300 C. After 15 minutes, 10 ml. of 0.5% enzyme solution (0.5 ml. in

100 ml. of solution) were added and a clock started. Then 10 ml. of

the mixture were pipetted rapidly to an Ostwald viscometer at 300 C.

and viscosity measurements were made at 10, 20, and 30-minute intervals.
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purity of this product enabled the use of a simpler procedure which was

found to be quite suitable.

Ten grams of G4-H were sifted into 1500 ml. of distilled water

in three minutes. Steam was injected and the temperature raised to 93° C.

in 8 minutes where it was held for 10 minutes. The mixture was diluted

to 0.5% concentration and poured into clean, dry 500-ml. Erlenmeyer

flasks and stored at room temperature. The viscosity of this material

remained constant for 2 to 3 days.

Preliminary Experiments with Pectinol W. and
Several Acetone Precipitated Enzymes

Qualitative experiments had indicated that Pectinol W enzyme

(Rohm and Haas) acts fairly rapidly on locust bean gum when used in

rather large amounts. The experiments of Table I were an attempt to

determine whether or not this enzyme could be used in commercially

feasible quantities for converting purposes. The work showed that

Pectinol W probably is not sufficiently active to be used commercially.

More precise determinations of the activity of the several

mold enzymes which had been tested earlier were not at first very en-

couraging as shown in Table II. Concentration of the enzymes by acetone

precipitation or evaporation with starch seemed to seriously inactivate

the products. It was decided that further work would be done with the

ti"~~b >1gmog. mg. &'g, at _ -~it ___
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TABLE VIIl

BRIEF DESCRIPTION OF THE COLONIES OF
VARIANTS OF BACILLUS X

Variant
Number Description of Growth

1 Circular colonies, smooth
surface

2 Circular colonies, smaller
in diameter than others

3 Colonies indented

4 Circular colonies, surface
very rough and convoluted

5 Circular colonies, medium
in size, smooth surface

VACUUM CONCENTRATION OF ENZYMES

During the work of isolating and testing the variants of

Bacillus X, other experiments were made to concentrate and store the

enzyme preparations with a minimum loss of activity. Previous attempts

to concentrate the enzyme liquor by vacuum distillation of the water

had not met with success because of persistent foaming. - After several

more failures, it was found possible to concentrate by this method

providing the liquor was first saturated with toluene and the distilla-

tion begun at 20-250 C. After the main fraction of toluene had

distilled off, the temperature could be slowly increased to 35-3S° C.
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and the pressure held at about 20 mm. This gave a fairly rapid method

of concentrating the enzyme anywhere from 5 to 18 times the original

potency. During most of the- concentration experiments, carbon dioxide

was bubbled through the mixture instead of air. It has not been as-

certained whether or not this is an improvement or not.

A series of four triple-size batches of enzyme cultures were

made and temporarily called Enzymes 24 to 28. These flasks were inoc-

ulated with a subculture of Bacillus X (see Table VI), and after measur-

ing the potency at 45 hours incubation time, the cultures were combined,

filtered, centrifuged, and vacuum concentrated. This mixture was

called Enzyme No. 26 and showed a very high potency at a concentration

of 1% on the weight of mucilage used for determining the activity. It

was believed to be sufficiently potent to be used for converting mucilage

for tubsizing experiments. In order to use the enzyme under nearly

optimum conditions, several preliminary experiments were made to deter-

mine the effects of pH, temperature and time on the activity. These

experiments are given in Tables IX and X and indicate that the optimum

pH at 300 C. is about 6.6 and that the enzyme does not lose activity at 

a prohibitive rate when held at 700° . and pH of 5.95. The experimental

tubsize conversions will be dealt with in a later section of this report.
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Attempts to Grow Bacillus X on Guar Mucilage

Since ultimate industrial application of a suitable enzyme

would be made principally upon guar mucilage, several experiments

with No. 26 were made on guar G4-5; See Table X. The very disap-

pointing discovery was made that the potency of concentrated No. 26

enzyme on guar mucilage was very much lower than when locust bean gum

was used. Furthermore, attempts to grow Bacillus X on guar mucilage

met with failure insofar as enzyme production is concerned. The organism

exists on guar substrate but the enzyme produced seems to attack only

a relatively small proportion of the guar molecule. The viscosity

falls very slowly for a time and then seems to remain fairly constant.

Attempts to improve growth by changes in purity of mucilage (eliminating

possible poisons), nutrient salts, peptone content, and concentration

of mucilage has not thus far improved the enzyme potency. Experiments

have also been made to condition the organism toward growing on guar

by using mixtures of guar and locust bean gum in various ratios. Thus

far, after 10 generations on a substrate composed of 66.6% guar and

33.36 locust bean gum plus peptone and nutrient salts, no increase in

enzymatic activity could be noted.

Experiments with Several Known Bacteria

Several known organisms were used for inoculating both guar

and locust bean gum substrates. Among those used were Bacillus subtilis,

I______~~~t* -- _ - 2 
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continue the work with the Brown mold enzymes while further attempts

were made to find a bacterium suitable for guar. The possible ad-

vantages and disadvantages of mold and bacterial enzymes will be dis-

cussed in a later section.

It has been found by adjusting the substrate with peptone

nutrient salts and buffer, purifying the culture of Brown mold, and

growing for the optimum length of time, that the enzyme activity

of the liquor could be increased markedly. In fact, the activity

on guar and locust bean gum was greater than the Bacillus X enzyme on

locust bean gum. These experiments are summarized in Table XIV.

A large batch of 4 flasks of Snzyme No. 70 vas made and

concentrated under vacuum. Determination of the optimum pH at

30° C. gave a value of approximately 3.S to 4.0. This figure should

not be accepted as rigid since several buffers were used for adjusting

pH values and it is not known whether or not the activity is markedly

affected by the sad of buffer. Concentrated No. 70 enzyme was used

for several experimental tubsize conversions of guar G4-5. These

are given in a later section.

The activity of No. 70 and its possible application as a

converting agent for guar led to the production of larger quantities

of mold enzyme. The intention was to accumulate a sufficient quantity

for several mill trials if the proper manner of using the enzymes could

be determined. These experiments are given in Table XVI. The first

�7, 4 .- &-
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of the large batches, (20 flasks-trlfle size batches) No. o3, became

contaminated with another mold type organism end was not representa-

tive of the type previously made on a small scale. However, this

enzyme was quite potent. It possessed an lalline pH and was in-

tensely black in color whereas other products were brown.- A further

eweluation of this enzyme will be made.

Purification of the mold culture was gain necessary, and

following this, batches of 10 flasks of No. 97, No. 97-2, end No. 97-3

were grown over several weeks time. These were concentrated under

vacuum. The only noticeable difference between the enzyme liquors

of the three batches was in the final pH. No. 97 had a pH of 3.S

whereas No. 97-2 and 97-3 were both 6.45. The significance of the

pH values has not been fully determined as yet but experiments are in

progress on this factor.

~~~~~i~~~~~~~i~~~~~~~j~~~~IK.011 - , 'I-,~~ ' j'1,11117, O7Mj11014_71-1t Wt I
I



T
A
B
L
E
 
X
V

E
X

PE
R

IM
E

N
T

S 
W
I
T
H
 

M
O

LD
 

EN
ZY

M
E 

I
N
.
 7

0

S
u
b
s
t
r
a
t
e

E
n
z
y
m
e
 

C
o
m
p
.

N
o.

 
No

.

16
 

C
u
lt

u
re

 
fr

om
 

E
nz

ym
e

N
o.

 
62

30
°

c.
In

cu
-

b
a
t
i
o
n

T
i
m
e

i
n
 
hr

.

66
1
1
8

pH
 
o
f

En
zy

me

6.
0

3.
34

3.
31

3·
31

C
o
n
ce

n
tr

at
ed

70

C
o

n
c
e
n

tr
a
te

d
70

31
 
da
ys
 
ol

d;
 
st
or
ed

 
at
 
10
 
C
.

L
ow

 
v

is
c
o

se
m
u
c
 
la

g
e

D
e
te

rm
in

a
ti

o
n

E
nz

ym
e

E
x.

 
A

dd
ed

N
o
.
 

o
n
 
G
u
m

22
0

22
3

22
4

22
5

22
6

-2
7

2
2
8

22
g

22
9

23
0

23
1

23
2

26
5

26
6

26
7

26
8

it
y 

(2
56

u
ee

d
 

»2
57 25
6

26
1

10
.0

10
.0

10
.0 0.
5

0.
5

0.
5

0.
5

0.
5

0.
5

0.
5

o
f 

E
nz

ym
e 

A
c
ti

v
it

y

A
c
ti

v
it

y
pH

 
on

 
G4
-;
5

5.
40

5.
4o

5.
40

5.
38

3.
60

7.
40

8.
57

5
.3

1
1.

6
2.

4

36
.4

17
.7

17
.8

13
.S

13
.0

18
.1

30
.0

17
.5

21
.6

17
.e

0.
5 

5.
47

 
21

.1
0.

05
 

5
.4

 
50

.6
0.

10
 

-
39

.6
0
.2

0
 

-
28

.3
0.

50
 

-- 
17

.3
o.

50
 

5.
40

 
42

.3
0.

50
 

5.
35

 
4

2
.2

0.
50

 
-- 

42
.3

0.
50

 
5.

26
 

17
.4

R
em

ar
ks

F
o
u
r
 
f
l
a
s
k
s
 
m
a
d
e
 
u
p

M
i
r
e
d
 
f
o
u
r
 
f
l
a
s
k
e

V
a
c
u
u
m
 
c
o
n
c
e
n
t
r
a
t
e
d

H
A

c 
7

.5
 m

l.
 

b
u

ff
er

N
aH

C
O

3
0
.6

5
 
m
l
,

t^
O

H
 

2
.6

 m
l
.

HA
c 

b
u
ff

e
r

HC
1 

b
u
f
f
e
r

O
x
a
l
i
c
 

a
c
id

 
b
u
ff

er

0
.1

1
%

 I
n
 

b
o

ri
c
 
ac

id
0
.
2
2
%
 
in

 
b
o
r
i
c
 
ac

id
No

 
b
o
r
i
c
 
ac

id
H

ig
h

er
 

b
la

n
k

 
u
se

d

70

I
n
o
c
u
l
a
n
t
 

'1
1

.4
-

tI
'.

0
?
m

 0

a 
a

9-
'

(n
c



T
A
B
L
E
 
X
V
I

GR
OW

TH
 

O
E 

SE
V

ER
A

L 
LA

RG
E 

BA
TC

H
ES

 
O

F 
M

OL
E 

EN
ZY

M
ES

30
0 

C
. 

D
e
te

rm
in

a
ti

o
n
 

o
f 

E
nz

ym
e 

A
c
ti

v
it

y

S
u

b
st

ra
te

E
nz

ym
e 

C
o
m
p
.

N
o
.
 

N
o.

 
In

o
c
u
la

n
t

89
 

18
 g

u
ar

 
M
o
l
d
 
fr
om
 

N
o.

 
70

C
o
n
c
e
n
-

t
r
a
t
e
d

89

In
c
u

-
b

a
ti

o
n

T
im

e
in

 
h
r
.

87
11

6

'1
61

4
18

8
2
2
8

25
2

pH
 

o
f

E
nz

ym
e

6.
9

6.
 7

8
6
.9

7
7.

5

7.
8

7
.7

3

E
nz

ym
e

E
x
.
 

A
dd

ed
N
o
.
 

on
 

G
um

2
4
1

25
0

-
26
64

A
c
ti

v
it

y
pH

 
on

 
G
4
-
5

10
 

6.
15

10
 

5
.3

8
10

 
5
.
4

1
0
 

5
1

0
 

-
1

0
 

5
-

10
 

5.
4

0.
5

4
9

.3
41

.0
4H

0.2
36

.4
36

.4
36

.8
37

.8

R
em

ar
ks

M
ad

e 
20

 
fl

a
s
k
s
 

o
f 

th
is

c
o

m
p

o
si

ti
o

n
; 

th
e
y
 

ap
-

p
e
a
re

d
 

to
 

be
 

co
n

te
m

i-
n

a
te

d
 
a
t 

11
6 

h
r.

11
.9

91
 

1
9

 
g
u
a
r
 

M
ol

d 
fr

o
m

 
N

o.
 

70
10

8
13

2
7
.0

o
4
.
0
8

24
3

25
1

10
 

5.
4-

5
10

 
5.

39

92
 

T
ri

p
le

 
M

ol
d 

fr
om

 
N
o
.
 

70
b

a
tc

h
 

o
f 

10
1
0
8

1
3
2

7.
15

3.
58

24
4

25
2

10
 

5.
44

10
 

5.
37

39
.7

37
.3

C
o
n
t
a
m
i
n
a
t
e
d

C
o
n
t
a
m
i
n
a
t
e
d

G
u

ar
 

se
e
d

s

1
/4

 m
l.

 
o

f 
N

o.
 

91
I

_
-
 

25
4

--
 

25
5

* 
1
6

P
u
r
e
 
c
u
l
t
u
r
e
 
B
r
o
w
n

m
o
l
d
 
N
o
.
 
9
5

93 11
7

14
2

6.
S5

3.
6

25
9

26
2

26
9

10
 

5
.2

9
10

 
-

10
 

C
o

n
c
e
n

tr
a
te

d

97 9
7
-2

 
20

C
o
n
c
e
n
tr

a
te

d
97

-2
97

-3
 
2
0

C
o

n
c
e
n

tr
a
te

d

97
-3

M
ol

d 
N

o.
 

95

M
ol

d 
No
. 

95
14

4b

6.
45

6.
 2

6.
45

3.
4

27
2

27
4

27
5

27
6

0.
5

1
0

.0

0.
5

10
.0

-
-
 

A
c
ti

v
it

y
 

n
o

t 
d
e
te

·T
em

p
er

at
u
re

 
is

 
37

°
C

.

1
5
.
7
 

V
a
c
u
u
m
 

c
o
n
c
e
n
tr

a
te

d
 
a
b
o
u
t

1
7
.
6
 

ti
m

es
-

1
4
.
2

-
1
7
-7

 
V

ac
uu

m
 

c
o
n
c
e
n
tr

a
te

d
 

ab
o

u
t

1
7

.9
 

1
i.

7
 

ti
m

es

!r
m

in
ed

 
V

ac
uu

m
 

c
o
n
c
e
n
tr

a
te

d
 

ab
o

u
t

1
8

 
t
i
m
e
s

94
 

17

96
 

17

97
 

2
0

39
.9

38
.1

10 10

20
.1

17
.9

15
.6

55
.)'

64
.o

14
4



pa~vWUTm~lt io pazwmiuzm aq tza d3 U~lwtteqnop AtT~vnO 00fl9vj~Ue3Uo3 EPIf

Aq p9~%uBU9rn? et 11 asn3:e4 ~s~ Ile eWo3aIQfloJl Iittaffo9 9814 .ai9eA u;

paoltld ueUA a-LwT~qTnop Lao; o; sa~Wti~flw xetLF Jo Aisadoid aqj

saaiSzua plow peV8J11Ueou0Zo tnpT !1-t e2-it;rnK xvTo so uaoeaja~uoo

IT1 Rd STXUTJE'A ;9a UOIJlS -~q4-OAOzdmV- 0; sjtdaiva1 TOtgefaG aaisv -aBlall~orlw 

aiq4 ao %',S au Q~rlJuBDotoo 8amtU8z Ue 4iW u3AJ mo0l8 Aja± s8m uo;;~ag aiql juq

~-tro a~vtjonm ivn2 co paiJI slam amtzua ge 0oj So tUoTjo8 atrl

o1 0~ 4noqv ~u t4Snoa; saj~oo 11wwm aq; qj;^ spurn mru az1e

-qfl$ v pule pailssp 31 pe~snrpua Bu^ a.ufl~flw Jo uro;er~xuaouroo aru, *arnz ua

alqj al8Afl3WUJ 0; sa'4rapl g JOS 'D oG0--S xi~ p14 pe 10 o6o

psajl.r Uat~l slim aiznwaadrna; aqti (04aeId EWM 01 ' UT A;JaO39;A aq;

Sulsrisawa £Q 8per BUeA tzo~szaAUoD) 0 afj 04tq flo :t390 q5floJ Y) 'aawl;

;o q[~uer1 PBJ1Bsa atI zoj *0 0 4I paujatlawn OAMnIeadwa;a aq;'

puse ?popl as5A airtzua Jo (wn2 co %a JO trio;) *TM 1t0 1UTiaz~ TPPV UV

sa4-.IUTE uA98s saqjy -00O pauliufls sarnivadwa; aqj iT;ufl Pe;oarui

w9alS pUs url e anTITIGX10O21o q;± t~pOPaPpeajaiAmi2 Uaaaq qsnool jo sw-afl

UOO4J1g -papp-c amz.zue paqvi;uawouo 9E 0KX Jo elm ~'o puSe sa.~aq pazfl

1Wm 30g le 0~ POPPO O.SA JO;48 Jo 'im psapumq aajrua a-pa3o0j

92 'agf am.zus TwRTanzrng
T141A MWfl UlaE Vn3flO' SO uOTSJB0AUOO

SSSOJrfl& osizisifliL HeOd sntrtofnw ao smois~iaANo ~DuzNa tiv'-qDlNiaa

Ei7s laagoji



F

Project 349
Report 16
page 34

by adding the mucilage to dilute borax solution and later acidifying

to a pH of 5 to 6.5. The literature indicated that boric acid ie

generally detrimental to enzyme activity and several attempts were

made to disperse the mucilage by other means. Humidification and using

cold water at 0° C. helped prevent doughball formation to a.considerable

extent but were still not satisfactory. It was decided that the boric

acid tolerance of the enzyme should be determined to find out how much

borax, if any, could be used. Surprisingly enough, concentrations of

boric acid equal to twice the amount normally present in a borax cook

did not appear to be detrimental to the enzyme action. This discovery

eliminated the bothersome dcuehball formation.

Procedure. Fifteen grams of C-4-5 were slurried in 270 ml.

of 0.25* borax solution to which 2.5 g. of anhydrous (C. P.) calcium

chloride were added. The temperature was raised to 65° C. by direct

steam injection, and 13 ml. of 0.31 N HC1 were added. The beaker was

then immersed in a water bath held at 700 C. end 0.15 ml. of the con-

centrated enzyme was added. The mixture was held at 650 C. for the

desired length of time and then steam was rapidly injected to raise the

temperature to 920 C. where it was held for 5 mIlntes. The concentration

was adjusted to the desired value and the mucilage used as a tubsize at

50-600 C. The relative viscosity was measured at 1% and 300 C. in an

Ostwald viscometer and the pH determined with the glass electrode.
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Starch Tubeizes for Comparison Purposes

In Table XVII! will be found some data on a hypochlorite

converted guar mucilege and a commercial hypochlorite treated corn

starch, Superfilm No. 4. These products were cooked in the normal

manner for-these materials and used as tubsises-at the temperatures

designated in the table.

DISCUSSION

The most desirable type of enzyme for converting a polysec-

charide to a suitable adhesive for tubsizing and coating is one which

will attack the macromolecule in such a way as to give a suitable

reduction in viscosity with a minimum production of u.gars. Stated

differently, the final converted product should have the highest

possible average molecular weight at the desired viscosity in order

to possess the maximum adhesive strength. In the foregoing experiments

of this report, enzymes have been developed which are entirely adequate

from the standpoints of potency and speed of conversion to a desired

-viscosity. - The bacterial enzyme from-Bacillus X-was not-fully..

evaluated on locust bean gum but preliminary tubsize data were en-

couraging. The Brown mold enzyme.was more fully evaluated on guar

G4-5 as a tubsize but, the results were not outstanding. The

reasons for this may be several and these are being investigated.

It might be said that the problem of mannogalactan enzyme

conversion now stands at a stage of development comparable to starch

enzyme conversion 20 years ago--the enzymes were isolated and produced
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but were used with rather mediocre results. Enzyme conversion of

starch has made broad advances in recent years and very greatly

improved products are now available. It is believed that many of

the ideas and theories pnplied to starch enzymes may find counterparts

in mannogalactan enzyme conversion. A brief sumamry of the develop-

ments in starch enzyme technology may clarify this statement.

2rief Review of Starch Enzyme Technology

It has been found that there are essentially two types of

enzymes which attack starch and are commercially important. These

have been called a-amylase and 2-amylnse and usually occur naturally

as a mixture. The properties of these enzymes, such as relative amounts

of a and p components, thermostability, optimum pH, and potency, differ

considerably with the source. The type of action on the starch polymers,

however, is much the same for each respective kind of enzyme in the

mixture irregardless of source. Techniques have been devised for

sepersting a. and @ amylases in Fnre form. It has been demonstrated

that the a-amylase attacks the starch chains in a more or less random - ---

manner with very little apparent sugar formation during the early

stages of enzyme action. The F-omylase on the other hand has.beeo

found to begin the attack only at the non-reducing end of the polymer

chain and to progressively hydrolyze off two glucose residues at a

time in the form of maltose, thereby, saccharifying a considerable

part of the starch while the viscosity is being lowered to the desired

point. It has. therefore, been found desirable for starch conversion

L i--__,X' -,.*' _\ _,- --- _-_-' 4™---------!I M I
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purposes to produce an enzyme product consisting predominantly of

s-amylase rather than P-amylase. Several methods of doing this

have been utilized by enzyme manufacturers.

1. Bacterial enzymes grown under proper conditions were

found to be predominantly cr-amylase and in addition had a high

degree of thermostability--a very desirable property in starch

conversion,

2. Mold and malt enzyme mixtures were treated at e

temperature of 70 C. and pH of 6 to 7 for 15 minutes which destroyed

the e-amylase.

3. It was found that the presence of calcium ion at a

concentration of 0.05N greatly stabilizes the a-amylase enzyme and

makes the a-emylase considerably more unstable.

Discussion of Mannogalactan Conversions

As mentioned before, it is believed that several factors

found to be important in amylase investigation will give valuable

leads in enzymic studies on guar. With this in mind it seemed

quite desirable to cultivate the bacterial enzyme of Bacillus X.

The organism in this case seems to be very well adapted toward

growing on locust bean gum and with slight modifications will no

doubt produce an enzyme of optimum quality from a conversion stand-

point for locust bean gum; however, our prime interest is in the con-

version of gUar mucilage,and it was a great disappointment to find

that the enzyme found to be so potent on locust bean gum did not
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readily attack guar. It was disappointing again to find that Bacil-

lus X does not grow rapidly on guar and only partially liquifies this

mucilage. The organism is able to exist on guar but it does not

possess the ability to hydrolyze the polysaccharide. From Pppearances

of viscosity change, part of the polymeric chain is attacked and then

the action stops. Attempts made, thus far, to adapt the organira to

guar by growing on guar-locust bean gum mixtures have been unsuccess-

ful. It is probable that the linkage of the mannan or galactan chains

in guar differs sufficiently from that in locust bean gum to prevent

the action taking place beyond a certain point in the chain. This

same enzyme (from locust bean gum) was tried in a qualitative way

on other species of mannogalactan and found to hydrolyze flame tree

and honey locust mucilage rapidly but tara mucilage not at all.

Other bacterial organisms which might grow on guar and

produce a potent enzyme were sought but, thus far, none have been

found. This phase of the work has, however, not been very extensive.

- -The .Mold Enzyme-

Enzymes from molds are usually much more versatile as to

type of substrate attacked because a larger variety of enzymes are

developed. Thus, the Brown mold grows readily upon guar and pro-

duces an enzyme mixture which attacks guar, tara, and locust bean

gum almost equally as well. However, the enzymes from molds have

certain disadvantages which may or may not become important as the

work progresses. (1) They are quite heat labile. (2) They take

;t~~~4±- P ~ ~ ~ 4~ e~~i~~ ; _ __ _____ WO M M-MoI
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longer to produce-the mold organism grows more slowly than bacteria.

(3) They have a much greater tendency to produce sugar. (4) They are

probably more difficult to purify in a simple manner because of the

large number of enzymes present.

The fact that the mold enzymes are not always isolated at

the same pH may be an important factor insofar as sugar production

is concerned. For example, enzyme No. 97 had a pH of 3.6 when in

dilute form and after concentration a pH of 3.4. This low pE value

may possibly have destroyed a significant part of the liquefying

enzyme similar to the a enzyme in amylase mixtures. On this basis,

enzymes No. 97-2 and No. 97-3 should contain much greater amounts of

this enzyme. Experiments should be made to determine whether or not

these factors are important.

It should be mentioned that vacuum concentration of the

dilute enzymes has been found to be the best method of preserving

their potency over considerable periods of time. Concentrates of

several enzymes have been stored for several months in a refrigerator

without noticeable loss of potency.

~~~ti~~~~~~~4~, '-.,~-
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Future Work

1. Bacterial Enzymes

* a. Attempts are being made to adapt Bacilluq X to growing and

-producing an enzyme when placed-on guar.

b. Other bacteria will be sought which will grow and produce

enzymes on guar.

c. A further study of enzyme No. 26 will be made in respect

to sugar production.

2. Mold Enzymes

a. A study of the rate of decrease in viscosity versus sugar

production is being made at different pH values to determine

whether conditions can be found which will enable a greater

reduction in viscosity per unit of sugar produced than the con-

ditions employed in the tubsize experiments of this report.

b. Various conditioning treatments should be given to the enzyme

preparations in an attempt to inactivate a possible sacchari-

fying enzyme and allow the liquifying enzyme to remain active.

c. The mold should be grovn in the presence of media buffered st

a somewhat higher pH, for example, 7.0-8.0,

d. Calcium ion should be added to the substrate in addition to

calcium carbonate buffer.

e. Enzyme No. S° should be evaluated further.

UamRRN-- -W �ggR '12ON, =1 NOW,
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3. A standardized method of measuring activity should be devised

which will give a more consistent measure of enzyme potency in

terms of some standard, easily recognized limit.

4. The possible nutrient materials for growing enzymes on a com-

meicial scale should be sought and used in future laboratory

preparation. These substances may considerably change the

type of enzyme produced.
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Evidence accumulated from several mill trials of guar mucilages

G4-2 and G4-6 has shown the formation benefit to be rather irregular-

sometimes giving fairly good improvement and-other times apparently

none at all. It became desirable therefore, to make a study of several

mannogalactan products to determine their relative effectiveness and

some of the variables involved in the formation quality.

The first problem in the investigation was to devise a suit-

able method whereby valid differences between mucilages could be

demonstrated. It was believed that the many variables connected with

the usual handsheet-making procedure might invalidate conclusions drawn

from such studies. Therefore, the problem was attacked from two angles-

(a) By devising a handsheet technique giving reproducible valid results,.

and (b) A dynamic method of measuring flocculation of pulps independent

of many handsheet variables. Mr. Truttschel has undertaken the dynamic

study and the writer has attempted to improve the handsheet method of

evaluation of formation.

EXPERIMETAL _ .

Work Done:

1. A handsheet-method of evaluating the relative formation

quality of mucilages was devised which is believed to give valid results.

2. Several mucilages were compared with the above handsheet

technioue.
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3. Several experiments were made to determine the effect

of colloidal iron on formation quality.

4. A preliminary investigation of the effects of beating,

consistency, time of flocculation and presence of rosin and alum on

formation was made.

Method of Making Formation Handeheets

Small differences in the formation qualities of mucilages

could not be determined by the regular methods of making handsheets.

It was decided therefore, to exaggerate the flocculation effects in

two ways--(a) A very lightly beaten pulp was used, and (b) the pulp

was allowed to flocculate in the deckel box for a longer time before

forming the sheet. Experiments with increasing flocculation intervals

gave poorer formation with time both in the presence and absence of

mucilage. In the absence of mucilage up to 35 seconds, the formation

became poorer quite rapidly and then slower from 40-90 seconds. It

was decided that a flocculation time of 35 seconds in the deckel box

would show sufficient differences in formation qualities of mucilages

to overcome many of the uncontrollable errors involved in sheetmaking.

Beating Procedure

Three hundred-sixty grams (O.D. basis) of Weyerhaeuser wartime

bleached sulfite pulp were placed in the Valley beater with 23 liters

. ~ ~ ~ ~ ~ ~ ~ ~ 7'RR" ON1
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of water. After soaking for 5-10 minutes, the pieces of pulp were pulled, ,

apart by hand and slushed with the beater roll without weight on the

bedplatefor 5 minutes. The balance weight and 4500-gram weight were - .:

then added and the beating continued for exactly 10 minutes. The stock

was stored in a covered 10-gallon crock and any remaining after 48g -'

hours was discarded. . '.,

Handsheet Making Procedure "'

Forty grams of pulp (O.D. basis) were measured out in a

graduated cylinder and placed in a 4-gallon enamelled bucket. The pulp 

was vigorously agitated by means of a Lightnin' mixer and the desired

quantity of cooked mucilage slowly added. Two minutes after the muci-

lage addition, the stirring was stopped and the mixture allowed to

stand for three minutes. Dilution water was added to make a stock

consistency of 0.5%, the mixture was stirred for five minutes and the

handsheets were made in the following manner: , --

The deckel box was marked with a red line at a volume of

3.5 liters in order to maintain the consistency as constant as possible.

Three hundred milliliters of diluted stock were measured out in a

graduated cylinder while the deckel box was being filled to the mark

with water. The stock was added and immediately stirred four vigorous

strokes and one slow stroke with the deckel box stirrer. When the

stirrer was removed, a Kodak timer was started and after 35 seconds,

- -
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the valve was released and the sheet formed. Two new blotters were

placed upon the sheet and held down by hand for several seconds. The

sheet wascouched from the wire and one new blotter placed on the wire 

side. The top blotter was removed, the sheet was turned wire side up,

and placed in the press. Ah additional blotter was placed on the top

and the bottom of the pile, and the sheets were pressed at 100 pounds

per square inch for one minute., The sheets were labelled on the wire

side and dried on the felt side blotter on a hotplate at 2300 F. for

seven minutes. Eight sheets were made for each set. Blank sheets were

made each day and for each beater run. The basis weight of sheets was

held as constant as possible although small variations in this were

found to not seriously affect the formation value. In several cases

4.5% of alum was added to the remaining 0.54 stock and an additional

set of four sheets was made in a similar manner. Sufficient alum was

also added to the deckel box prior to stirring to maintain the pH at

about 5.0. ... 

The experiments on effects of colloidal iron were carried

o-ut with sols made by'hydrolyvsistof ferric chlo ride -ad-ferrous'amaimonium-. -.

sulfate in boiling water. These were diluted to one per cent iron and

added to the pulp just before the mucilage and dilution water.

Procedure for Making Earnsheets at Various Consistencies

A sheet metal extension was made for the handsheet deckel

box of such capacity that it was possible to form a 1.5-gram handsheet

- I- 
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iEPRODUCIBILITY OF RESULTS

It was necessary to follow the sheetmaking procedure quite

exactly in order to obtain consistent results. Even then an occasional

set of sheets did not check very well. It was also necessary to allow

the water used for beating the pulp and making the handsheets to run to

constant temperature each time and to remove excess iron from the pipes.

This is now believed to have caused many of the erratic results in

earlier experiments.

The formation values were determined on five of the best

sheets chosen from the original 8 of each set. Any sheets having black

spots or other faults were discarded wherever possible.

I ~ ~ ~ -- ~ -
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TABLE VI

FORMATION VALUEES OF 'AO-lSHEETS COFDAIflNG VARIOUS FRACTION~S
OF GUAR M4UCILAGES G4-6 and G14-21

Type of'
EXtraction

Fraction
Used

Added
To Pulp

FORMATION VALUER
Max. Mini. AV.

23.1 21.2 22.2

Cold water
Soluble

Cold water
Solable

Cold water
Saluable

Cooked
Residue

Cooked
Raesidue

Cooked
Reelidue

Cold Borax
Soluble

-- Cold Borax
Soluble

0.1

0.75

1.5

0.1

0.75

1.5

0.1

.0.75

28.7 214.3 25.9

27.8 27.2 27.14

29.4 25.8 . 28.0

27.3 23.8 214.9

29.14 26.9 28.3

32.9 29.1 30.6

2li.0 21.14 22.8

23.8 22.5 23.1

26.9.~ 25.0 o 25.6

0. 25%
Bar ax

Cold Borax
Soluble- 

1.5 25.8 23.2. 214.8g

23.6

0. 25%
Boa rx

0.25%
Borax

0.2r,%
Bar ax

Cooked.
Residue

Cooked
'Residue

Cooked
Residue

0.1

0.75

1.-5

20.0 22.4

25.8 23.14 214.9

28.7 26.6 27.7

30.9 298- 30.2

iVIRM gwj
Iitems I -507 RIM, �A MR,

vIN M-19M. Imm M Mmo;N

IPC
Pile
No.

116145

Kind of
Mucilage
Us ed

Blank

1 161146 G4-6

G4-6

1161 Ls

Water

Water

Water

WaterG14-6i1161149

116l50

116151

Water

Water

11 6P3s

116239

Blank

G14-2

11 i62l4o

0.25%
Borax

0.25%.
Borax

i162411

1 16259

116260

116261

116262

G14- nI

Blank

01-.2

0G4-2

OG4-2



:::::._:::: , _-...-. i-:. :._.-:7- -- I- : ---: ----- --
....................................... --.............t .. .............

....... --,-- ; '' - -- i---' ----- i' - 1--:---".- .--- .....- .......---- -
l _ .. 1-- t --- I __1 - _< j~~~~t- ;_ I - r _ _ _ 

......... : _ ...... f ,- _. ........... t - ..... . j. f._. f.. _ - _ .............. __ t.......!.~._............. ..:_..__..;_ _.,,, r .......'. - ,-* i_.,:,,-.-f-- :-- j -- T-..../..-':.....-.--:: ..........------ ':-:' :-i-'-' -:.f

-- ''-.:: -: ;:'-T:i'-7: :;::-:---::-''=_::'.;-_-.L T: :7'-_ ::_-= -:
.__....I~ --- -..-- -- |-=----f ----- ;----i-i- '

S f.-- -,~ -- f---""-""i ', =__ -:F---l--=:- .--- 1- _.--=----I--.......................... ...................--,-, . ,-..,_=,..-----. .--;=-
-- ': :- -- -- ---- - =-- - i -!-' - -----.::..........-- -,-- --.. _I.___t........._.-

I- :_i-!---l-t:----: -t-- - - . i . .-- - i -
f=-7 -''---- --- :-.:

:'"'-- '-...

i '--'---' : --= f----_-j- i-----'l 1 -3 -=-f- -'-e---1-i--T-~I-t--=-i

' - i-------i-->----.-i---:----'=:=--__ _- --- i -

i�=�-Lri------�-�,- i�/�_� �� --j--.�.-.i-----�i�_l -. -- �" r---i--------'-------'--·--- i-�_ ct -----·------·------ I------- ;---·-i- -- ----- ·- -- · ----- '------ ·--� ---·----- ?--- , ,--TLI _I_ t____ , ----- 1-:--�---r------ c------�l------,---- r -- ----- t -- I--I
"' L" "" i-;-_----·---�----- i--·

I --- - - . F _I-/ - '-f

= _. i = : i !- i. -'---:f

7d
"1 ~ -

F i ................. _- --- _----=~----= ::- =_- _= :':} --- =: = __Z: -- -- ' ,-"- .Z-''--= TZ!:=_Z Z -- = -T --z . .... ....... =f ... -H--:'-s, ,--,-.i- -----~- ;..... . ..............

......+._.'.....--.. ---t ....... --- t -----1---.,-== ;-- ,'-- -I-= .....---- .-... --........
-,'~,~- =- j=,7 =,_ = - ~ _~ , ~ _=,_ L' "_ __j, _ " ~i- i _i- - -f=__-- = 'i----L =.----=---'

.. . _-i--t--.f_ -- -,_._ _., __ = _ , j- ,_ - - _~- 

t__= - _i _._'-3-Z'- f -_---=j=;_:-:~_-:_ - -=_-:ZZ-ZT7__-- _ , _ i_. -5I-- ,: __--- -
__~~i '-!-3-:-[----i-=--- -- f-=-·--1--_ _i'_-i - ___! .=j 1--- '-;,-i_-=,_r--:--i- -- Ii--:--'-=-!-1_ =---t'- _ -=Ly_ - '~==='t '_!------~~~~~~~~~~~ t-------_1'--=-- 

._-_ _.: ::-: : _! _--j-_L_ j. ____. :: _-: - --?T:__-- ---- i--:- :---- ---t|ff_ t. ._,___- -- +........................ .- _:_-.------- -- ............=1~
_ _/"

6--:=-:. -- " -- -
I

os=?.--...~--r- - --. _^_1-_..'..,---.-"-.i -......---- 1-'--I
m:= --- z^*/^^r-a'°:.LlgL"^:^- ^Q^/ _=:_.r~y-.,ctc^ ........

arii

d

I o

·,· -
ci ,

il-�

t

I

30

i - .. : ; .- ;. :.. : : -: : ·.- ; . -. P,- e 17-- 

lik !-:.- , ·- -. -A /'-/ .. .

-- }- irA-z_, ... ': . t-- -E -.t - -.---.- -.----.---- I

�-���--- - - II
v

1



*
 

n
\ 

C
 

N
jO

 
I.-t-w

.fr. 
.

C
U

 

0-i

E
-1

.S 
rI 

to
 

In\ 
N

-

ri 
c
0
\ 

C
' a 

a\
N

r-irir-r-4

, ; ; 
t 

l 
f .

.
-. 

.

r" 4N 
uC

X
 

C
U

 Cu 
JN

N
N

 

r>
"0

-40321

U0l

'-
4

.4

00r.-L
i

+
4

o 
.9 

ea

00
 

u- 
ci 

_N
 

A
'%

 
to

A
 .

.
%

O
 N O

 N
 O

 
O

 N
 O

r 4
u- 

v-

00
)

C
DM
N

000pq

t(, 
0

t~
 

r4
'-'C

U

r.-%
n'%

.0.t 
r-,- -

n
r\r--,n

N
u

 
"

 
-0 

"
 

ou 
a."f-~r-'. 

rT
 

W
N

cu
 4

 
D

o

C
 ~ ~ r -

4 r 4 
s -

i 
r i r -

i r -
4 

.
.

C
 .

.
.-

ri I l 
n 

N
 

0o O
 N

 -I 
0 

0'.- 
ni 

ri 
i-i 

tIN
 t* 

I- 
.- 

a z 
to

 
O

 
N

 
to

'-0
\

alt 
r-I 

0 
k

to
. tz '0~ '0

~
 

N
 O

 
u 

C
U

 N
O

 ,
-
 

0
0
 

n 
N

 
N

u Cul 
0 

boo 
to

,
u- 

C
S 

C
S 

(' 
-

-
.
-
 

ri 
vI 

r 
N

 
N

¶ 
N

u 
N

 
N

 
N

 
N

 
N

 
C

i 
cU

 
N

 
(U

 
.-o 

u-I v-

Ir'- 
a

ri 
N

- 
It.

00,1 
:

oooI

*
'1

0
)0

 
v- 

0

U
NN
-tn

0
.1

r

E l 
.- 

r--%
 i n 

-
-

0 
0 

0 
rI 

0 
0 

rI

-
4

4

+
+

M
w

'-4In

a 
rI 

N
-tn

1 
0
0
 

v-i~

a
 

~
r
-U

00 
.

.

-14

+

A4 
j~

 00
 

)
Q

n 
( 

gj 
g

.d
sx

 
>

6'a.v.nk
o
 

u-

+

II 
00 

0
000 

d0 
0 

0

0
)0

0
 

000

0 
00 

00 
0

tn
m

m
 

m
m

m
qpqF

O
 fl 

N
 

'I- 
-%

 
C

 
C

' J 
D

 
0 t-- 

W
 'fl 

W
O

 
C

 'J(V
 t 

'0 
w

O
 C ( V

 tl *
 L

v- i 
v -

v -
u-- 

v I 
r -I 

u -
r -

v- I 
u -

.
-l 

u-- .- t 
r -i 

r i 
v 4 

-I 
u -

v -
u -

u
v--I rA

 
v- 

u
-I 

u- 
n-i 

-
v

-Iu
-- 

-
i1

~
 v- 

ri 
u- 

tI 
u- 

u 
, 

ri 
u

(U
N

'. 
'.

C
V

-f-i
O

 ..-u-

tN
'.0

'.0
 
.0

(u 
N

~
'.n

0
 ~

14
0)

4-,

,,4

4-A

A00-oC
.

V
T

.

bo 
p..

v-i0

m
 

R

E
l

-
4

"
4

4

V
%

' 
¶

Iii,it'III'm

Fq 
pq 

FQ
AA't W

 td W 
4
 

0 
.4

" 
2 �44444



Page 19
TABLE VIII

EFFECTS OF COLLOIDAL IRON AND IPON-OONTANING MHATERIALS ON TEE FORMATION VALUE

IPC THWING
T 1 a FORMATION VALUE

Description of Experiment

Blank

o.75% LBG

Max. Min. Av.

22.3 20.5 21.8

37.3 33.8 34.S

20 p.p.m. colloidal ferric oxide in
water + 0.75% LBG -

2 p.p.m. colloidal ferric oxide in
water + 0.75% LBG

Blank

1.5% LBG cooked in H20 containing
10 p.p.n. colloidal ferric oxide

1.5% LBG cooked in H20 containing
30 p.p.m. colloidal ferric oxide

1.5% LBG

10 p.p.m. colloidal ferrous iron in

E20 + 1.5% LBG

2 p.p.n. colloidal ferrous iron in

H2 0 + 1.5% LG

0.5 p.p.m. colloidal ferrous iron in

H20 + 1.5% LBG

Blank

26.3 24.8 25.4

35.2 32.1 33.5

22.3 21.0 21.7

36.8 35.2 36.4

37.3 35.7 36.4

35.7 34.7 35-3

18.4 15.7

28.7

16.8

22.1 26.1

33.s 32.1 32.8

22.3 19.8 21.0

- 117558

117559

117363

117367

117368

117373

1.5% LBG

1.5% LBG cooked in presence of 20
p.p.n. colloidal ferrous iron

0.75% LBG + 25% guar seed coat

0.75% LBG + 25% G4-2 dust

1.5% LBG + 25% G4-2 dust

Blank

37.9 33.3 35.5

35.7 32.9 34.9

35.7 32.5 33.7

37.9 35.7 36.4

'22.5 18.9 21.5

35.7 32.1 34.3

0.75% LBG + 10% guar pigment

0.75% LBG + 10% cooked pigment

0.75% LBG + 42.5% cooked pigment

36.2 31.3 33.2

35.7 32.1 33.3

35.7 32.9 34.4

ff~j~~ti S _':

I

I

I
i
I
i

I

i
I

I

I

I

I
i

i

I

I
i

No.

117359

117360

117361

117362

117369

117370

117371

117545

117549

117550

117551

117552

117375 0.75% LBO

117377

117378

117379

· ___ -- 11.^�_--._·11-=I----��

-36.9 - --34.2 - -35.6
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DISCUSSION OF DATA COMPARING VARIOUS MUCILAGES

The data in Tables II to V and Figures 1 to 3 indicate that

guar mucilages do not possess as good a formation-improving quality as

does locust bean gum. This deficiency is not entirely due to a lower

purity of mannogalactan since a correction for 30-40% of inert material

still shows the active mucilage to be inferior. The quite highly puri-

fied guar mucilages G-44, G4-H, and G4-L were also significantly poorer

than locust bean gum.

The curves for borax-cooked G4-H and G4-L show a poorer forma-

tion at 1.5% mucilage addition than at 0.75%. This behavior cannot be

explained. In fact, visual examination of these two sets of sheets

shows the 1.5% addition to be slightly better than 0.75%. This is the

only case which has been noted where tne Thwing formation tester did

not agree with visual examination of the sheets.

A comparison of a "Hign Mannose" guar mucilage (mannose 58.4%)

with G4-6 mucilage (Mannose 35.2) indicated that the mannose content

affects the formation quality to some extent. However, the "Figh

Mannose" mucilage is definitely poorer than locust bean gum under the

conditions used in these experiments. Some difficulty was experienced

in dispersing the "High Mannose" guar because of the large particle size.

It was necessary to cook the mucilage at S0-85 0. for 45 minutes, treat

in a.Waring Blendor for 5 minutes, and follow with another 10 minutes

heating at 80° C. This gave a pretty fair dispersion.

qt�* W4,i , T��p � �. g -1. �'- --,*Y' -111,i , : I 0
, W. i��
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The curves in Figure 2 comparing G4-H, G4-L, and locust bean

gum indicate that borax cooking of the mucilage may be detrimental to

the formation quality. Attempts to check the borax effect on locust

bean gum gave several rather erratic results but examination of all

the data did not indicate that borax cooking was detrimental to the

formation quality of this mucilage. The exact pH of the borax cooks are

not known but they were all in the range of 4-5-5. Further work on the '

effect of the cooking pH on formation has been done by Mr. Truttschel

with the Flocculation Tester. Several of the mucilages which he used

in this study were incorporated into handsheets (see Table IX). The

pH of the borax cook did not appreciably influence the formation. One 

mucilage, cooked in water containing enough sodium hydroxide to provide 

a pH of 11.2, did lower the formation significantly. However, the

mucilage was incompletely dispersed at this pH.

Several experiments were made to determine whether or not a

part of the guar mucilage was detrimental or exceedingly poor in forma-

tion quality. G4-6 mucilage was extracted with cold water at 0.5%

concentration and the solids in the extract determined. The extract

was evaluated for formation-improving quality in the regular manner.

The undissolved residue of G4-6 was cooked in the usual way and also

evaluated. These data plotted in Figure 4 indicate that the cold

water-soluble fraction is inferior to the undissolved residue at higher

concentrations but equally as good at lower concentrations.

^^*i~j^'rt^^^^^.^»'^^^'J^^ ^*^?%;i^¥% ̂  '
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Another type of fractionation was made on G4-2 by stirring

2.5 g. of the mucilage in 300 ml. of 0.25% borax for one hour. Pre-

vious work had shown that roughly 20% of the original weight of muci-

lage dissolved and this figure was used to calculate the solids. The

residue was acidified and cooked in the usual way. The borax-soluble

fraction was added to the pulp without cooking and was found to be

distinctly inferior in formation quality to the cooked residue which

compared favorably with whole cooked G-46 mucilage. It is believed

that the principal constituent of the borax-soluble fraction was protein.

The addition of 4.5% of alum to the stock (no rosin) caused

the sheets to have a much poorer formation (see Table VII). In a

number of cases, a trend can be noted wherein the formation became

poorer with increasing quantity of mucilage and attained a value con-

siderably below the blank. These data seem to support the hypothesis

that formation improvements of mucilages are at least partially due to

a negative electrostatic charge on the mucilage micelle which becomes

neutralized by means of the positively charged alumina.

Colloidal iron present in pulp and water was found to be quite

detrimental to the formation qualities of mucilages. For example,

sheets made from pulp and water containing 20 p.p.m. of colloidal ferric

oxide and 0.75% locust bean gum had a formation value 9.4 points lower

than sheets made with tap water. Water containing 2 p.p.m. of colloidal

V 4. ~~~~~~rZ~~~ A.~~ -NM'~ -If M &A iXL~~~~~'A. ~~~~-1 MS V~ ,--as 20 -

_____ i~~~~~1, A. Q - __ __ ___ __



Project 649
Report 15
Page 23

ferric iron had practically no detrimental effect. Colloidal ferrous

iron was found to be more potent in decreasing formation quality than

ferric iron. As little as 0.5 p.p.m. of ferrous iron in the water caused

a noticeable decrease in formation value and 10 p.p.m. of ferrous iron

gave a formation value much lower than a blank sheet not containing

mucilage.

The discovery that colloidal iron is detrimental to the former

tion value led to the testing of various mucilages qualitatively for

iron. It was found that a rough relationship between the purity of the

guar mucilages and intensity of iron stain actually existed. (Potassium

ferrocyanide in dil HN03 was used to test for iron.) Further testing

established the fact that the iron was entirely on the surface of the

seed coat of guar and the more seed coat the mucilage contained, the more

intense was the iron stain. Locust bean gum gave a practically negative

test. Several experiments were made to determine whether or not the

iron present in the guar seed coat was the cause of the inferior forma-

tion quality. Locust bean gum was cooked with both colloidal ferric

and ferrous iron, with' 25$ of ground guar seed coat, 25% G4-2 dust and

various quantities of the guar purple pigment and the accompanying iron

but in no case did it appear that these materials caused a poorer forma-

tion quality (see Table VIII).

Several experiments were made to determine whether or not the

guar protein was responsible for a lower formation value. G4-6 mucilage

~ ~-~:~ dir - iIn " mA '-AtS~~~~~ .~4~ --~ ~~;~~~~I
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TABLE IX

yFFlCTS OF VARIOUS TRSAT!?NTS ON FORMATION QUALITIES OF MUCILAGE

Description of Experiment

0.75 G4-6

THWING
FORMATION VAL1U

Max. Min.

28.4 26.0 27.1

0.75 G4-6 cooked in presence 0.5%
sodium bydrosulfite

1.5% O4-6 cooked plain water at pH
= 7.7

1.5%
11.2

G4-6 cooked water + NaOH pH =

1.5% G4-6 Borax cooked pH = 4.85

1.5% G4-6 Borax cooked pH = 3.53

1.5% G4-6 Borax cooked pH = 5.46

1.5% G4-6 + G4-6 Borax extract pH =
4.51

1.54 G4-6 + G4-6 Borax extract pH =
6.6

1.5% LBG + G4-6 Borax extract old
pulp

1.5% LBG + G4-6 Borax extract new
pulp

1.5% G4-2 - not colloid milled

1.5% (4-2 - colloid milled twice

0.75% G4 over 8 xx

0.75% G4 over 8xx made alkaline pH
about 12

Same stock as above made acid H2SO4
pH about 3

1.5% LBG (Ball milled 360 hours)

1.5% LBG Heated dry at 107° C. for
12 hours

0.75% LBG + 0.1% waste sulfite liquor

28.4 24.0 27.0

30.1 26.6 28.6

29.4 25.0 26.7

30.9 26.6 29.0

30.5 26.3 28.7

30.1 27.5 28.5

28.1 27.5 27.9

27.3 25.3 27.1

37.9 33.8 35.7

37.3 34.7 35.6

27.8 25.0 26.5

27.5 24.5 - 26.2

27.S 26.0 27.1

28.4 25.0 27.3

27.2 26.0 26.6

35.7 34.7 35.4

35.2 32.9 34.3

37.3 33.S 35.4

IPC
File
No.

117365

Av.

117366

117553

117554

117555

117562

117563

117547

117548

117556

117557

117561

117560

117351

117353-

117354

117372

117546

117364
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differences between the formation quality of mucilages would appear to

be less at dilute consistencies and greater at increased consistencies.

even though the measurements might be more precise at the dilute con-

sistency.

An extension for the sheet mold was made which enabled the

forming of handsheets from stock at 0.01% consistency. Several series

of sheets were made at various flocculation times, consistencies and

with and without 2% locust bean gum. (This was the amount of mrcilage

used by Mr. Truttschel.) Also two G4-6 cooks of different pH values

were tried at 0.01% consistency to determine whether or not an effect

comparable to that of the Flocculator could be noted.

The data of Table X and Figure 5 appear to support the pro-

posed ideas. It may be seen that the difference in formation quality

between G4-6 and locust bean gum is much smaller at 0.01% consistency

than at 0.03% consistency; especially during the first 30 seconds of

flocculation time. Also it may be noted that borax-cooked 54-6 at pH

of 5.35 is definitely below GE-6 cooked at pH of 6.9. These data

appear to confirm the data obtained with the Flocculation Tester. It

appears from these experiments that a somewhat higher consistency than

0.0135 should be used in the Flocculation Tester for evaluating muci-

lages.

I .101 W-1VWV5'O ;J N W,I - -qm�1 .- I T g.,; ".- Al MIMN.
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The above method appeared to be suitable for studying the

effect of beating on the formation effect. The pulp was beaten to a

freeness of 600 and sheets made at various consistencies with and with-

out 2% locust bean gum. The data are in Table XI and Figure 6 wherefrom

it appears that beating of the pulp in the Valley beater decreases the

formation value.

In the experiments wherein the formation qualities of various mucilages

were compared, it was noted that 4.5% of alum completely destroyed the

deflocculating effect of the mucilage. It seemed desirable to obtain

more data on this in the presence of rosin.

MWOE_________ __
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A practically unbeaten stock was used being the same freeness

as earlier experiments-about 850. Two per cent of rosin was added

and various quantities of alum. The pH in the sheetmold was adjusted

to about 5 each time with 3 ! H2S04. A consistency of 0.03% was used.

The data are in Table XII and Figure 7. It appears under the conditions

of these experiments that sufficient alum to give a desirable size

test decreases the formation of the sheet but does not bring it any-

where near the blank sheet excepting in the presence of impractical

excessive Quantities.

The size test in the presence of mucilage ran about 30-40

seconds lower than when the mucilage was absent. This may be enough

to seriously affect mill-made papers and should be watched for in future

mill trials when larger quantities of mucilage are used.

~ ~,~ ~~f ~ ~~~-~ ~ ~~ · ~~~~ ~ ~ 4,~S,
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The bursting strength values of these sheets seem to indi-

cate that the formation value affects this test to a smaller degree

than expected.

SUGGESTIONS FOR UTUTff WORK:

1. The effects of rosin and alum on the formation value of

a more highly beaten stock should be made.

2. Further attempts should be made to determine why the guar

mucilages possess lower formation qualities than locust bean gum.

3. The new G4-5 mucilage should be evaluated.

Jvs/ejh

? 14#e1?~ '~ '~ ri**M.liNi Ov S·~~.. H ' ' '* . Er 

_ · __._ ·___



" "ROJECT NO ____ 849 / '

PROJECT REPORT FORM COOPERATOR Institute

REPORT NO. 14
Copy to: Files

Mr. t Steele DATE- July 11, 195
Dr. owland NOTE BOOK_._ 631.
Mr. Swanson PAG_ 22 __ TO_ 26

SIGNED 

/ John W. Swanson

hXPERIMHTS ON THB EFFPCTS OF OOLLOIDAL FERRIC OXIDZ,
REIDSBAL BLEACX LIQUOR AiD ROSIN AND ALUM ON TH 

E .ATIVE POTUCY OF GUAMB WCILAGZ

Introduction:

On several occasions during mill trials of mannogalactan

mucilages there have been indications that certain substances interfered
noticed

with the action of the mucilage. This was particularly during a series

!,:- of trials at the Hoberg Paper Mills. Examination of their pulps revealed

: the presence of considerable quantities of iron and residual bleach

i',; liquor residues. Addition of larger quantities of mucilage to the pulp

;: seemed to overcome the effects of the detrimental agent. It seemed

}' desirable to investigate the possible effects of some of these foreign
.-

i,, substances on laboratory beaten pulps. The following factors were in-
5'

pa~c eluded in the study.
t

.-. - - - 1. The effect of using water containing 20-p;p.m. of colloidal--

ferric oxide.

-2. The effect,of using pulp containing 2% of residual bleach

liquor.

[ 3. The effect of rosin and alum.

71; Excperimental:

Preparation of Oolloidal Ferric Oxide Sol.

A concentrated ferric chloride solution was made and poured into

i H OF 

M.H TTUi OF PPI C)"IT"I
mnj fOM7 TH INTIUT OF PAP I A?,. I RY
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a large excess of boiling water. After cooling the solution was diluted

to one per cent iron concentration.

Beating of Pulp. 

Three hundred ninety grams of Weyerhaeuser bleached sulfite

were beaten at 1.5 per cent consistency in the Valley beater for 34 minutes

with 4500 g. on the bed plate. Two such batches of pulp were made and

mixed in a large 10 gallon crock. Schopper-Riegler Freeness was 750.

The pulp used for the experiments on the effects of residual

bleach liquor was beaten in the same way except that 2% of bleach liquor

containing 1.5% of available chlorine was added at the beginning of the

beating cycle. Freeness about 700.

Cooking of Mucilage.

Two and one-half grams of G4-6 mucilage were added to 250 ml.

O.f 0.25% borax solution and steam injected until the temperature reached

O° C. Hydrochloric acid was then added to bring the pH to about 5.0 - 5.5.

After stirring at 90° C. for 10 minutes the mixture was diluted to 0.5%

mucilage concentration, cooled and used.

Making of Sheets.

Forty grams of the beaten pulp (Approximately 2680 ml. of 1.5%

stock) were measured out and the desired quantity of G4-6 mucilage weighed

out and added with vigorous stirring. After 5 minutes the stock was

diluted to 0.5% consistency and eight 1.5 g. handsheets were made with an

*g. gŽ%tt7 m~;Sw>= ws4,
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8 count interval in the sheet mold prior to forming the sheet. Then 2%

of rosin size (based on the remaining stock) was stirred in for 5 minutes

followed by 4.5% of alum and another 5 minute stirring period. Eight more

sheets were made with sufficient additional alum added to the sheet mold

to bring the pH to about 5. before forming the sheet. In those cases

where iron was desired in the pulp a sufficient volume of the colloidal

iron solution to furnish 20 p:p.m. of iron to 8gliters was measured out 

and added before the mucilage. After five minutes the mucilage and

remaining water were added as before. Iron was also added to the sheet

mold prior to the formation of the sheet. :'

Results and Discussion. " - .

The handaheet data are presented in Tables I to VI. It appears

that iron, residual bleach liquor, and rosin and alum do not act detrimentally

upon the mucilage under the conditions used in these experiments. The amount

of iron used is-considerably in excess of that found in usual-paper mil-l- -

waters. It is probable that the amount present in the pulp itself has a

greater influence on the mucilage than that present in the water alone.

For this reason the colloidal iron effects were exaggerated by adding the

concentrated iron solution to the 1.5% pulp before dilution. Even this

procedure did not seem to impair the mucilage action. It has been found

in another series of experiments that colloidal ferric oxide present in

pulp is distinctly detrimental to the formation improvement characteristics

of mannogalactan nacilages. The handsheets of the present experiments were

made in such a way as to promote good formation in all cases. It would

*:m i * iin."i.vtjt .. ia um .V~~f' U L fH. e E.* _ _Si E ...

hA~ :. -- '.flf'
( V .' 7 _

-

I
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appear, therefore, that the detrimental effect of iron in commercial pulps

might be explained by the influence on the formation of the sheet since

poorer formation results in lover strength values.

In all cases the use of rosin and alum decreased the strength of

the resultant handaheete, This does not represent an impairment of the

mucilage effects since the blanks vere affected a like amount in strength.

In other words, the use of rosin and alum decreased the bursting strength

almost a constant number of mullen points throughout the cycle 0 to 1.5%

G4-6 mucilage.
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