
Table VII. Decomposition of Citrus 
leaf  Powder on Storage 

loss in Nitrogen, % 
Sealed 

Sforage Sealed bof f le  in 
Period, b o f f l e  on refrigerator 
Months shelf ai  -5” C. 

~ 

must be carefully studied and a satis- 
factory treatment program must be 
uorked out. As a result of this study, 
the following procedure is recommended 
for the preparation of citrus and pine- 
apple leaves. 

Procedure for Citrus Leaves. After 
picking, the leaf samples should be 
transported to the laboratory as quickly 
as possible, transferred to polyethylene 
bags, and stored in a refrigerator. One 
sample is removed at  a time from the 
refrigerator, and each individual leaf 
is washed by first thoroughly sponging 
both sides with cotton wool in a O.lyo 
Teepol solutilm, and then rinsing well 
with different amounts of pure water. 
When the whole sample is washed, the 
water is drained off, and the midribs of 
the leaves are cut out with stainless steel 
scissors, to facilitate grinding and drying, 
as well as to give a more representative 
sample of the lamina. The leaf halves 
are then placed in a clean muslin bag 
and suspended inside a forced-draft 
oven, set at 65’ C. After drying for 48 
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hours a t  this temperature, the sample is 
ground in an all-agate mechanical ball 
mill. After grinding, to remove the 
moisture picked up during this step, the 
leaf powder is placed in a clean bottle 
and dried for a further 24 hours a t  65” C. 
A subsample may then be weighed out 
for chemical analysis, or the bottle may 
be sealed and stored under refrigerated 
conditions until such time as the analysis 
can be carried out. 

Procedure for Pineapple Leaves. 
Pineapple leaves are washed as described 
above. After washing, the middle third 
of the white, meristematic basal tissue 
is cut out (76) and placed in a clean 
muslin bag. The sample is dried as 
above, but a t  50” C., and the drying is 
carried on for 72 hours. The grinding 
and final drying of the leaf powder are 
exactly the same as for citrus leaves. 
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Polyoxyethylene (8) stearate which has been used extensively in yeast-raised baked 
goods may be characterized by the cloud point of the recovered polyethylene glycols. 
This test is  sensitive to the molecular weight distribution of the polyglycols in the mixture 
and hence will distinguish between polyethylene glycols which 
tribution and those of the same average molecular weight but 
tribution of polyethylene glycols. Cloud point is particularly 
of polyethylene glycols of molecular weight greater than 600. 

OLYOXYETHYLENE (8) STEARATE (.4t- P las Powder Co.? MYRJ 45) is 
made by reaction of ethylene oxide 
with commercial stearic acid. MYRJ  
45 has been used extensively in yeast- 
raised baked goods, where it acts as a 
dough conditioner and retards firming. 
This product contains monoesters, di- 
esters, and unesterified polyglycols. Es- 
terified and free poly01 portions of poly- 
oxyethylene (8) stearate are essentially 
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identical ( I ) ,  and are mixtures of vari- 
ous molecular weight polyglycols having 
a Poisson distribution, as predicted by 
Flory ( Z ) ,  and average molecular weights 
between 335 and 350. To characterize 
MYRJ 45, it is desirable to distinguish 
between its polyol mixture and poly- 
(ethylene glycol) mixtures having sub- 
stantially different distributions of poly- 
(oxyethylene glycols). Hydroxyl num- 
ber and other determinations such as oxy- 
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have a Poisson-type dis- 
having a nonrandom dis- 
sensitive to the presence 

ethylene content ( 3 )  will distinguish 
between mixtures differing in average 
molecular weight, but to distinguish 
between mixtures which by chance or 
design have the same average molecular 
weight but a radically different distribu- 
tion of polyglycols, an additional test, 
sensitive to poly(ethy1ene glycol) dis- 
tribution was sought. 

In  attempts to obtain such a test, 
such characteristics as freezing point, 



Table I. Description of Materials 

Source Sample 
Total polyols from 

polyoxyethylene 
(8) stearate A 

B 
Free polvols from 

polyoxvethylene 
(8) stearate c, 

D 
E 

ethyleneglycol F 

200 G 
400 H 
600 J 

1000 K 

Commercial di- 

Commercial poly- 
glycol 

Blend of 
76.77' K, 23 .37~  F L 

51.8% K, 48.2%> G M 
61.27~ J, 38.870 G N 

HY - 
droxyl 

No. 

321 
332 

333 
323 
331 

1023 

554 
290 
182 
113 

330 
324 
328 

Calcd. 
Av. 
Mol. 
W f .  

350 
338 

331 
348 
340 

110 

203 
387 
61 8 
993 

340 
341 
343 

Table It. Cloud Points of Various 
Poly(ethy1ene Glycol) Mixtures 

AI'. 
Mol. 

Sample wt. 
A 350 
€3 338 
C 337 
n 348 
E 340 

Av. 343 
H 387 ~~ 

J 61 8 
K 993 

Cloud Poinf, 
OF. 

28 
22 
22 
24 
26 
24 i. 3 
36 
74 

115 

Table 111. Cloud Points of 
Poly(ethy1ene  glycol) Mixtures of 
Equal Average Molecular Weight 

Sample W f .  OF. 

Av. Cloud 
Mol. Poinf, 

.4-E, av. 343 24 
L 340 96 
M 347 90 
N 343 58 

viscosity. and refractive index of a 
number of polyethylene glycol mixtures 
were determined. Only cloud point 
determinations wtre sufficiently affected 
by polyglycol distribution to be useful as 
a means of distinguishing between the 
polyglycol mixture occurring in poly- 
oxyethylene (8) stearate and mixtures 
which contained appreciably higher 
molecular weight polyethylene glycols. 

Experimental 

Materials The total polyglycols from 
polyoxyethylene (8) stearate used in 
this investigation (Table I) were ob- 
tained by saponification of MYRJ 45 
and the free or unesterified polyols were 
obtained from MYRJ  45 by a solvent 
extraction procedure (7).  Tests also 

Table IV. Cloud Points of Mixtures of Polyoxyethylene (8) Stearate Polyols 
and Other Polyglycols 

Composifian o f  Mixture, % Cloud Poinf, F., o f  Mixture Coniaining 
MYRJ 45 Glycol MYRJ 45 Polyol and lndicafed Glycol 
_____ 

polyol added H J K L M N 
100 0 24a 2 4a 24a 24a 240 24" 
98 2 . .  24 62 62 57" 26 
95 5 . .  34 74 72 710 20 
90 10 28 38 78 80 72 30 
10 30 . .  . .  , .  84 44 

0 100 36 74 i i i  96 90 58 

other with 4 only. Average of determination on mixtures with A through E ;  

Table V. Effect of Water on the 
Cloud Point of Polyoxyethylene (8) 

Polyols 

W a f e r ,  % OF. 

Cloud Poini 

0 . 2 a  24 
2 . 0  22 
5 . 0  12 

10.0 0 
15.0 -13 
20.0 - 34 

a Data of Tables I through 1V are based 
on samples having water contents in range 
0.1 to 0.57c. 

were made on some commercially avail- 
able polyglycols and mixtures thereof. 

Procedure. Cloud points of the 
polyethylene glycol mixtures were de- 
termined by ASTM Method D 97-47. 
Essentially this consists of cooling a 
sample under specified conditions and 
determining the temperature at which 
a ring of haze is first observed at  the 
bottom of the container. The specified 
accuracy of this test is to 1 5 "  F. 

Average molecular weights reported 
herein were calculated from hydroxyl 
number determinations by a modifica- 
tion of the method of West, Hoagland, 
and Curtis ( 4 ) .  The accuracy of this 
determination is to better than 5 2 % .  

Results and Discussion 

The cloud points of the above poly- 
(ethylene glycols) were determined 
(Table 11). 

The cloud point of poly(ethy1ene 
glycol) mixtures increased as the av- 
erage molecular weight of the mixture 
increased. and the total and free polyols 
of various batches of polyoxyethylene 
(8) stearate had comparable and uniform 
cloud points. 

The effect on cloud point of the dis- 
tribution of various molecular weight 
poly(ethy1ene glycols) in mixtures of 
the same average molecular weight was 
then investigated. Samples of the com- 
mercial polyglycols were blended in 
proportions such that the average mo- 
lecular weights of the mixtures were com- 
parable to that of the polyols from poly- 
oxyethylene (8) stearate. Cloud points 

of these mixtures are shoivn in Table 111. 
These results indicated that poly- 

(ethylene glycol) mixtures of the same 
average molecular !\.eight. but differing 
in polyglycol distribution do not have 
equal cloud points. The cloud point 
of the mixture appeared to increase as 
the difference betkveen the molecular 
weight of the components and the av- 
erage molecular weight of the mixture 
increased. For example. sample L, 
obtained by combining polyols having 
average molecular \\.eights of 110 and 
993, had a cloud point of 96' F.: while 
sample N. made by blending polyols 
having average molecular weights of 
203 and 618. had a cloud point of 
58" F. 

Cloud point data also were obtained 
on other mixtures prepared by combining 
the above polyglycols Fvith pol\-ols from 
polyoxyethylene (8) stearate (Table IY). 

These data showed that the cloud 
point of poly(ethy1ene glycol) of av- 
erage molecular Freight 340 was sensitive 
to the presence of 5%, of poly(ethy1ene 
glycol) of average molecular Lreight 600, 
and to as little as lyr of polv(ethy1ene 
glycol) of average molecular \\.eight 
1000. 

The effects of such impurities as ash, 
ester: and water in the polyols from poly- 
oxyethylene (8) stearate on cloud point 
lvere determined. Less than 0.5% of 
stearate ester, sodium stearate. or sodium 
sulfate was soluble in this poly(ethy1ene 
glycol) mixture. and this amount has 
no observable effect on the cloud point 
of the mixture. 1)Vater in amounts up  
to 20% lowered the cloud point of these 
mixtures by about 30 F. for each per 
cent of water present (Table 1.). 
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