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cerncd in thc trials in healthy male adults described 
here. Thus, anorexia, weight loss, and hypocho- 
lestcrolcmia (perhaps rclatcd to  decrcasrd food in- 
take) did not occur. Also iudices of pituitary, thy- 
roid, adrenocortical, adrcnomedullary, and gonado- 
tropic and other endocrine gland function were not 
affected. Blood sugar rcsponses to  intravcnous 
insulin were not chauged. The compound did not 
alter thc hcpatic indiccs tcstcd. In othcr words, 
effects of this stilbene derivative, observed in certain 
species of experimental animals, were not evident in 
healthy male adults receiving this compound in 
coniparable dosages. 
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was not associated with any change in the venous 
blood sugar or NPN or the serum CO2, CI, Na, K, 
Ca, inorganic phosphorus, albumin, globulin, and 
uric acid. The serum total cholesterol and tri- 
glycerides and their respective 01 and ,8 lipoprotein 
fractions remained unchangcd. Scrum PBl levels 
were not altered during therapy. The excretion of 
urinary 17-ketosteroids, Portcr-Silber chromogens, 
and 11-desoxycortisol metabolites expressed in 
mg./day/l.O Gm. of creatinine was essentially the 
same before and during ingestion of this compound. 
During therapy the fasting a.m. levels of plasma 
17( OH ) corticosteroids did not differ significantly 
from the values recorded during the control period. 

The plasma 17( OH) corticosteroid responses to 
intravenous ACTH prior to and during administra- 
tion of the compound were of the same order of 
magnitude. Therapy for 12 weeks was not ac- 
companied by significant altcration in the hypo- 
glycemic or hypopliosphaternic effects of intra- 
venously administercd rapidly acting insulin. 
The urinary excretion of gonadotropins, urinary 
pressor activity (aortic strip assay), serum 
creatinine, and creatine clearances and routine 
urine analysis were unchanged a t  the end of the 
treatment period. Hepatic indices and the hcmato- 
crit and hemoglobin remaiued within the pretherapy 
range during ingestion of this agent. 

DISCUSSION 

None of the effects of this derivativc of the stil- 
benes, variously observed in some but not all species 
of experimental animals tcsted ( l ) ,  could be dis- 
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Effects of Certain Preservatives on the Aging 
Characteristics of Acacia 

By OSCAR E. ARAUJO 

The rheological characteristics of acacia solutions of various concentrations were 
examined. Based on  the results, a series of 2 5 per cent acacia solutions using five 
different preservatives and two combinations of preservatives were studied for a 
period of 1 year. Rheological, pH, and organoleptic data were obtained in  order 
to  describe the aging characteristics of the solutions. In each case, the results 
showed a reduction in p H  and viscosity, which was most pronounced in the unpre- 
served control solution. Possible reasons for the decrease, as well as for the rate 

at which it occurred, are discussed. 

CACIA HAS been in use fnr at least 4000 years and A yct comparatively little quantitative research 
appears in the literature (1). Curiously, in spite 01 
the popularity enjoyed by this polysaccharide as a 
protective colloid and emulsifier in numerous 
pharmaceutical preparations, only a handful of 
findings pertaining to its aging characteristics are 
reported. 

Taft and Malm (2) found that bacterial growth 
appeared in dilute solutions of gum arabic 36-48 
hr. after preparation. Osborne and Lee ( 3 )  carried 
out experiments to establish the effect of aging upon 
preserved and unpreserved acacia mucilages. The 
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preservative used was 0.2% benzoic acid. These 
investigators reported an initial rise and an eventual 
decrease in the viscosity of the mucilages. They 
further obscrved a considerably greater decrease in 
the viscosity of the unpreserved mucilage than of the 
preserved one. J o s h  and Speraridio (4)  reported 
that acacia mucilages prepared with boiling water 
exhibited a reduction in viscosity over a period of 
8 weeks. However, the authors stated that this 
decrease in viscosity was less pronounced than the 
reduction occurring in those mucilages prepared with 
water a t  room temperature. They furthcr noted 
that the acacia mucilages became slightly more 
acidic during the aging period. 

Recently, Ory and Stcigcr-Trippi ( 5 )  reported 
the changes in viscosity observed after 1 month’s 
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storagc in solutions containing 7.570 and 20% 
acacia. Four preservatives were used in concentra- 
tions of 2%: sorbic acid, phenyl mercuric borate, a 
mixture of the sodium salts of the ethyl and propyl 
esters of p-hydroxy benzoic acid, and an arylalkyl 
quaternary ammonium sulfate. The results in- 
dicated that a rcduction in viscosity occurred in all 
solutions except those preserved with pheuyl mer- 
curic borate. 

The above studies assumed that acacia solutions 
at  the concentrations used behaved as Newtonian 
systcms, and, therefore, the viscosity a t  only 1 rate 
of shear was necessary. It appeared reasonable to 
establish the experimental validity of such an 
assumption by measuring the viscosity of acacia 
solutions of various concentrations a t  several rates 
of shear. If the rheograms were to show Newtonian 
behavior, then acacia solutions of an arbitrary 
concentration would be studied further to determine 
the effect of a number of preservatives on their aging 
characteristics. 

EXPERIMENTAL 

Preparation of Solutions.--All acacia solutions 
were preparcd by placing the proper volume of dis- 
tilled water previously heated to 60" into a Waring 
blender, The accurately weighed gum arabic was 
then added to the surface of the water, perniitted 
to hydrate momentarily, and then blendcd for 1 min. 
All percentages rcported are on a weight to wight  
basis. The preservatives used in this study were 
dissolved in the warm water prior to  the bleiidiiig 
procedure. Six hours were permitted to elapse 
after the prcparation of the solutions before any 
measurements were made. This was donc to insure 
complete hydration of the gum and to allow any 
foam created by the mixing process to subside. 
All solutions were examined for a period of 1 year. 
U.S.P. grade acacia taken from the same lot. was 
employed in order to eliminatc source variations. 

pH Measurements.-A Photovolt electronic pH 
meter model 110 was uscd to measure the pH of the 
solutions at convenient intervals of timc. 

Rheological Measurements.--A Stor~ner visco- 
simetcr equipped with the modified cup and bob 
as suggested by Fischer (6) was used in this in- 
vestigation. A weight hanger with various slotted 
weights provided the shearing stress. Calibration 
curves using castor oil as a standard were con- 
structed periodically throughout the study. The 
viscosity of castor oil was obtained from standard 
tablcs. An average instrumental constant, K,, was 
calculated from the data collected according to the 
expression 
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propylparabcn, 0.5% chlorobutanol, and 0.01 5% 
berizalkoriium chloride. Combinations of benzoic 
acid--propylparabcn and benzoic acid-rhlorobutanol 
in the above percentages were also uscd. 

RESULTS AND DISCUSSION 

Verification of Newtonian Characteristics.-Solu- 
tions containing 10, 12.5, 15, 20, 25, 30, 35, 40, and 
45% acacia were prepared by the previously de- 
scribed method. The rheological data were ob- 
tained within 24 hr. from the time of preparation, 
thus obviating the addition of preservatives to the 
solutions. Figure 1 shows representative rhco- 
grams of the results. I t  was clearly secn that New- 
tonian behavior occurred a t  the lower concentra- 
tions as evidenced by the linearity of the plots. 
At concentrations of 40% acacia and ahove, pscudo- 
plastic characteristics were observed, as denoted by 
a decrease in viscosity with increasing shearing 
stress. 

Thc power law equation (7) 

F.V = ,,'G 0%. 2)  

where Gm. represents the shearing stress mid r.p.111. 
the rate of shear. Once the constant, Ku, vas ob- 
tained, the apparent viscosity, 7, of any system 
could be arrived a t  by t u e a ~ s  of this cquation. All 
viscosity mcasurements were carried out a t  20 
rt 0.l0. 

Organoleptic Observations,-A description of the 
appearance and the odor of the solutions was re- 
corded periodically throughout the investigation. 

Preservatives Used.-Five different preservatives 
were employed in the following concentrations: 
0.2% benzoic acid, 0.2% mrthylparahcn, 0.05% 

200 600 1000 
SHEARING STRESS, Gm. 

Fig. 1.-Rlieograms of uripreserved acacia soh- 
tions of various concentrations. Key: ., 10%; 
0, 25%; A, 35%; 0 ,  40%; 1,6%. 
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Fig. 2 -Log-log rl-ieograrns of unpreserved acacia 
solutions for calculation of index of pseudoplasticity. 
Key: e, 40%; 0, 46%. 
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TABLE I. ~ pH O R  5% ACACIA SOLUTIONS 

Time Elapsed _ ~ _ _  
Piesei *al ive Ilseil 0 I h y s  I W k .  2 Wk. ti W k .  :i Mu 9 M u .  1 Y , .  

None 4.80 4.iX 4.60 4.30 4 .20 :i .85 3.50 
Benzoic acid 4.72 4 .  i0 4 .48  1.47 4.30 4.20 3 .  sr) 
Benzoic acid-chlorobutanol 4 .65  4 .  60 4 .55  4.22 4.20 4.20 3 .  90 
Benzoic acid-propylparabcn 4.6,5 4 .60 4.52 4.28 4.20 4.20 3 .  YO 
Propylparabcn 4.79 4.60 4 . 65 4-35 4 . 3 2  4 .25  4 . 0 0  
Methplparahcn 4.79 4.70 4 .  i 0  1.25 4.20 4 20 4.10 
Chlorobutanol 4 . 8 0  4.78 4 .  (32 4.3'1 4 30 4.00 
Benzalkoninm chloride 4.79 4 .75  4 .70  4.32 4 .23  4.00 

~~ _____-.. 

where F is the shearing stress in Cm.,  G is the rate 
of shcar in r,p.xn., 9' is an indicator of viscosity, 
and N is an index of non-Newtonian behavior, has 
been used to describe pseudoplastic systems. This 
exponential expression in its logarithmic form 

log G = N log P - log 9' (Eq. 3 )  

was applied to  the rheological data of the solutions 
exhibiting pseudoplasticity (40 and 45'5; acacia). 
The resulting linear rchtionships are shown in Fig. 
2. The value of N must be greater than nnity if 
the systcni is pseudoplastic, and its magnitude is 
proportional to the degree of pscudoplasticity. 
The calculated valuc of N for thc 40ui, acacia solu- 
tiou was 1.08 and that for tlie 45Cc solution %-as 
1.16. Thus, the degree of pseudoplasticity ap- 
peared to increase with increasing coilcentrations of 
acacia. This was in linc with thc concept whereby 
linear polymers tend to orient thernselvcs along 
the direction of flow when a shearing stress is 
applied. At low concentrations, this orientation 
probahly occurs at niininial shearing stresses and 
the solution behaves as a Newtonian systcm, where 
the viscosity is constant. A t  higher concentrations, 
i t  is conceivable that low strcsses are not sufficiciit 
to rearrange the greater iiuniber of polymers 
present. resulting- in pseudoplastic behavior until the 
force is largc enough to producc complctc alignment. 

Aging Studies-Gencvd-It was apparent that  
it would be considerably easier to characterize a 
Sewtoriian system, which has a constant viscosity, 
than a pseudoplastic one. It w a s  also felt that  a 
solution containing enough acacia to  support an 
apprcciablc amount of bacterial growth was tlesir- 
able. With thesc criteria in mind, solutions coii- 
tainitig 25% acacia. werc prepared, as before, for tlie 
aging studies conducted. 

The previously mentioned preservatives were 
added in the amounts earlier stipulated. 4 n  un- 
preserved 25GG acacia solution served as a control. 

pH Considerations.-'l'he change in pH of the so- 
lutions upon standing appeared to follow a definite 
pattern, as seen in Table I. 

A sharp dccrcasc in pII  occurred in the first 6 
weeks, ranging from 0.25 pH units for the bcnzoic 
acid preserved solutions to 0.54 utiits for the solution 
containing methylpdrdben. These values repre- 
sented 30 and i8c';,, respectively, of the t o t d  drop 
in pII occurring after 1 year's storage time for each 
of these solutions. The mean drop in pH aftcr 6 
weeks for all solutions studied, expressed as a per 
cent of thc decrease ohscrvcd after 1 year on the 
shelf, was 53%. 

These results seemed to  indicate soinc iiiaiin(:r of 
bacterial attack on the carbohydrate, with a 
consequent production of acid groups causing a pII 
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Fig. 3.-Rheograms of unprcscrved 25% acacia 
solutions. Key: 0,  6 hr. after prepnration; 0 :  1 
ywr  aftrr  preparation. 

80 160 240 320 
TIME, DAYS 

Fig. 4.-Thr viscosity strtbility of preserved and 
unprcscrvcd acacia solutions. Key: A ,  0.2% 
bcnzoic acid; 0, 0.2yo methylparaberi; 0 ,  0.0570 
propylparaben; a, 0.5% chlorobutanol; A, 0.01 % 
benznlkonium chloride; ., unpreserved. 

lowering. The pH dccreascd rapidly a t  first. but 
after 6 weeks thc mrdium either had become too 
acid to support the same rate of bacterial decomposi- 
tion, or thcrc had becn a severe depletion ol available 
substrates for bacterial action. The reduction in 
pH may also have resulted from spontaneous hy- 
drolysis of certain cster linkagcs of the carbohydrate. 

The over-all mean decrease in pH after 1 year for 
all the preserved solutions was 0.75 units, while that  
for the unprescrvcd solution was 1.30. This was 
cxpectcd since the latter should have supported thc 
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greatest amount of bacterial decorngosition and, 
consequently, the largest reduction in pH. 

Organoleptic Qualities.--None ol the solutions 
showed any visible ,qrnwtli in tlic lirst nionth of 
storage. Each initially exhibited its characteristic 
cheniical odor, depending on the presrrvativc used. 
The unprescrvcd solution had a typical musty odor 
of gntn, which grew unpleasant after 10 days. Thc 
solution containing bcnzalkonium chloridc, d te r  
only 1 week, gave risc to a pungent, disagreeable 
odor, which became increasingly offcnsivc as time 
clapscd. Two months after preparation, mold 
growth appeared on both the unpreserved solution 
anti the one containing bemzalkonium chloride. 
There appeared to be gas released as the containers 
werc opened, a common occurrence in many types of 
bacterial actioti. 

After 1 year of shclf life, all the solutions ex- 
hibited a slight dcgree of turbidity and, as before, 
thc unpreservcd and benzalkoniurri chloride solu- 
tioris gave evidence of the greatest amount of 
growth and most offcnsivc odors. Thc reduction in 
!:II of the solutions, due to the aforenientioned 
bacterial attack, provided a good rriedinrn for mold 
growth most apparent in the unpreserved solution 
where the drop in pH was the greatest. 

Rheological Observations.-Tt mas assumed that 
25:& acacia solutions behavcd as Newtonian systems 
throughout the entire study. This premise was 
verified by rheograms of the solutions constructed 
at  various storage times. Figure 3 shows repre- 
sentative plots where the linear characteristics 
can be seen. 

The changes iii viscosity of the various solutions 
during the period studied are shown graphically in 
Fig 4. In  order to avoid confusion, the plots for 
the solutions containing the combinations of 
preservatives were not included. The data collected, 
however, would place these graphs immediately 
below the plot for thc solution coritainiug benzoic 
acid. 

A comparison of the rheological results with the 
pH observations previously discussed revealed 
certain sirriilarities. First, a definite reduction in 
viscosity was ohserved in all solutions. Second, 
as expected. the nnpreserved solution showed the 
greatest decrcasc in viscosity a t  the end of 1 year. 
Finally, a sharp decrease in viscosity occurred 
during the first 6 weeks on the shelf. 7’111: same 
rationale used iu explaining the rcduction in pH 
would apply here. 

It is interesting to note that, unlike the pH 
observations, the viscosity drop after 6 weeks, ex- 
pressed as a pcr cent of the total reduction nver a 
1-year period, ranged only from 30% for thc sdutiori 
containing methylparaben to 42y0 for the propyl- 
parabeii preserved solution. Therefore, at. least 
from a viscosity stability standpoint, it  makes little 
diffcrcncc whether the acacia solutions are preserved. 
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I t  is obvious, howevcr, as can he seen from the 
nrganoleptic qualities described, that other factors 
havc to bc considcred. 

Tlie rate i i f  rcductiim in osity becanic csseii- 
tially linear for all solutions following thc pronounced 
drop seen in the first 6 weeks. ’The degradation of 
most linear polymers has been reported to he pri- 
marily first order (8), while that of tragacatitli lias 
been described as zero order (9). 

I t  was apparctit from the results of this investiga- 
tion that the viscosity stability curves for the initial 
6-week period fit neither a first nor a zero-order 
process. I t  could be argued, however, that after 6 
weeks the essentially linear nature of the clata 
throughout the remaining shelf lifc suggests a 
zero-order degradation. 

The results of this investigation appeared to 
indicate that, when all aging characteristics werc 
considered, benzoic acid was the most effective 
prcscrvative used. Furthermore, when berizoic acid 
was cotnbinecl with two of the nther preservatives 
used, littlc tliffcrencc was seen in the behavior of the 
solutions. 

SUMMA K Y 
The rheograms of a series of acacia solutions 

ranging in concentration from 10-4595 were coii- 
structed. Ncwtonian bchavior was observed in all 
except the 40-45% solutions, which showed pseudo- 
plastic characteristics. 

4 series of 2570 acacia solutions using various 
preservatives were studied for a period of 1 year. 

The pH of all these solutiotis decreased rapidly 
in the first 6 weeks, then tapered off. The largcst 
reduction in pH occurred in the utipreserved control 
solution. 

The appearance and odor of the solutions 
during a 1-year period were noted arid various de- 
grees of growth and turbidity were obscrved, along 
with a variety of fermcrited arid unpleasant odors. 

The viscosity of the solutions was calculated 
at various intervals of time, and viscosity-stability 
curves were shown. A11 the solutions revealed a 
decrease in viscosity with age. The benzoic acid 
preservcd solution exhibited the striallest reduction, 
while the utipreserved solution revcalcd the greatest 
drop in viscosity. 
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