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PURPOSE: The purpose of this thesis was to work out a 

method for the quantitative determination of the glycerol and 

organic phosphorus content of hops that these may serve as an 

indication of the amount of fat and phospholipines they contain, 

and to compare this content in Oregon with that in Austrian hops. 

HISTORIC.AL RESUME: The hop extract has commonly been 

obtained through the solvent action of sulphuric ether,1 petro

leum ether, 2 benzene, 3 chloroform, 4 alcohol, 5 and by ether 

followed by alcohol6• Extraction has usually been carried out 

in a Soxhlet apparatus and continued from thirty minutes in the 

case of benzene to an indeterminate period indicated by "until 

completely extracted" in the case of ether. 

Dr. Jacobson5 in his work on various plant seeds extracted 

large amounts of the powdered seeds with strong alcohol. The 

residue left after distilling off the alcohol was treated with 

ether and only that portion of the residue soluble in ether was 

retained. The crude fat obtained after evaporating the ether 

was saponified with twenty-five per cent sodium hydroxide. Upon 

cooling, the soapy layer floating on top of the mother liquor was 

removed and dissolved in boiling water to completely remove the 

glycerol. The soap was precipatated by the addition of salt, and 

l. Bied Centr. 1879, 54-55 
2. J. Fed. Inst. Brewing 1897. 3, 

z. Unterauch, Nahrung-Genuss 
3. Analyst 32, 61. 
4. J. Chem. Soc. 1890 A 431. 
6. Zeitschrift f. Physiol. Chemie 
6. 11 II 11 H 

233. 
18, 241 

13, 32. 
13, 365. 
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then dried first •1t room temperature and later at 40° -45°c . This 

soa"O was then extracted wi t h ether by which cholesterin, ceryl 

lcohol, etc. ere r emoved. The residue was decomposed by 

bo iling with dilute hydrochloric acid and the free fatt y acids 

digested for severa l hours \, ith a l~r~e excess of lead hydroxide. 

This yielded a mixture of lead soap and lead oxide which formed 

on cooling a har d but porous mass . The residue obtained by 

extr~c tinp t his mass with ethe r was treated with hydrochloric 

acid and the saturated fatty acids thus liberated. 

hosphorus was also determined in t hat portion of t he 

alcoholic extract soluble in ether by fusing t he dried mass with 

sodium hydroxide and potassium nitrate and precipitatinf the 

hos horu~ as ammonium pho spho-molybdate. 
1 E. Schulz e and E. Stei~er i n t heir investigati ons on t e 

lecith content of plant seeds prover t hat results obtained by 

the me thod fo l lowed by Jacobson were incorrect due to the fact 

t hat lecithin is only p rtial l y s oluble in ether and that to 

obtain l complete extract i on lecithin, an alcoholic extraction of 

t he oo .dered material must fol l o» the ether extraction. 

~. Schulze and A. Libernik2 extracted the finely powdered 

hon seeds with ether and hen with alcohol at about sixty deprees. 

~he extractR thus obtained were ev~porated in an open dish at 
0 0 

40 -45 and t he residue tre ted with cold et ~e r . The e t her 

solution decanted from t he insoluble portion was shaken repeatedly 

1th fresh portions of a ter till t he 1 st nortions dissolved 

1 . Zeitschrift f. ?h s iol Chemie 12, ~65 
2. Ber 18' 1 24, 71 
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nothinft further. The ether solution of lecithin purified in this 

way was then dried at a gentle heat and the residue treated with 

absolute alcohol at 50°. The alcoholic solution thus obtained 

gave on cooling in a freezing mixture a precipitate which after 

decanting the mother liquor was dried over sulphuric acid. On 

concentrating and subsequently cooling the mother liquor a second 

precipitate was obtained which was purified with the first. In 

this purified product phosphorus was then determined by the 

ammonium phospho-molydate method. 

Frederick Belding Power, Frank Tutin and Harold Rogerson1 

in their examination of the constituents of hops extracted twenty-

five kilograms of ground hops with hot alcohol. The extract was 

mixed with water and the mixture distilled with a current of steam. 

The distillate extracted with ether yielded essential oils. The 

residue in the flask consisted of {A) a dark aqueous liquid and 

(B) an oily resin. From (A) were isolated choline, 1-asparagine, 

and a volatile alkaloid. (B) yielded ceryl alcohol, hentria-

contane, phytosterol, and a phytosterolin; a mixture of volatile 

fatty acids consisting of formic, acetic, butyric, and valeric 

acids to~ether with iso-propylacrylic acid and a nonoic acid; 

saturated and unsaturated non-volatile acids comprising palmitic, 

stearic, cerotic, cluytinic, linolio, and an isomeride of 

arachidic acids; and finally two phenolic substances, humulol, and 

xanthohumulol. 

l.J. Chem. Soc. 1913 103, 2, 1267. 
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CRITICISMS: In regard to the above described methods the 

following observations may be made: 

tl) As proven by E. Schulze and E. Steiger, the method of 

extraction as followed by Jacobson does not yield the total amount 

of lecithin. 

(2) There is nothing to indicate in Jacobson1 s article whether 

the fatty acids obtained were combined with phosphorus in lecithin 

or existed in part as neutral fats. 

(3) It is doubtful whether in the method as followed by Schulze 

and Libernik the lecithin is completely dissolved by the cold ether 

when the latter is used to extract the lecithin from the combined 

ether and alcoholic extracts of the hop seeds. 

(4) The method of Schulze and Libernik affords no means of 

separating the neutral fats from lecithin. 

(5) The method as followed by Schulze and Steiger provides for 

the determination of lecithin only and does not permit the 

determination of glycerol in the same sample of extract. 

(6) Frederick Belding et al. employed methods involving merely 

qualitative s~paration of the constituents of hop extract. 

EXPERIMENTAL: After extracting the hops with various 

solvents, experiments were carried out on the extract with a view 

to separating the fats from the resins, waxes, etc. by means of 

solvents so that the fats might be weighed directly, but it was 

found after many experiments practically impossible to do so on 

account of the solubility of the resins and waxes either partially 

or wholly in the fat solvents. It was found necessary therefore I 
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to resort to some indirect method for determining the fat and the 

method finally adopted was one in which the glycerol was determined 

indirectly and calculated to a corresponding glyceride containing 

one molecular residue of butyric, one of stearic and one of 

palmitic acid. 

That there are some grounds for the above assumption as to 

the composition of the glyceride lies in the fact that all three 

acids have been isolated from the hop extract and that the finely 

ground hops on standing, emit a strong odor of butyric acid. 

APPARATUS: For the ether and alcohol extractions a Soxhlet 

with a Schleicher and Schull capsule was used. Saponification 

was carried out in 200 cc. flask with a ground glass neck fitted 

with a Soxhlet condenser. For drying a vacuum oven maintaining 

a temperature of 60° and two and one half inches of pressure was 

employed. 

Solvents: SULPHURIC ETHER. The ether used was purified by 

washing free from alcohol with water, drying over calcium chloride 

for forty eight hours and distilling at 34°C. 

PETROLEUM ETHER was purified by redietilling on a water bath 

and collecting that portion passing over between 30° and 50°. 

The ETHYL ALCOHOL, METHYL .ALCOHOL, CHLOROFOR11, and ACETONE 

were likewise purified by redietilling at their respective boiling 

points. 

METHODS AND MANIPULATIONS: 

PREPARATION OF SAMPLE: The hops which were from the previous 

year's crop, were obtained from the storehouse of the Minneapolis 
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Brewing Company and were hand picked to free them from stems, 

leaves, and foreign. matter. They were ground in a coffee mill 

to such a degree of fineness that they passed through a 20 mesh-

sieve and then placed in a glass stoppered bottle. 

the entire mass was carefully mixed. 

Before using, 

DRYING OF SAMPLES: From 30 to 40 grams of the finely ground 

hops were accurately weighed in a tared glass evaporating dish 

and dried continously in an oven at 60° and 2t inches pressure 

for seventy-two hours, and finally to constant weight. 

EXTRACTION AND DETERMINATION: Approximately 45 grams of the 

finely ground air-dried hops were accurately weighed in a paper 

capsule, covered with treated cotton to retain all particles and 

extracted for 24 hours with suphuric ether. The ether was 

siphoned off, the capsule removed, allowed to stand exposed to 

the air for a short time for the ether to evaporate, and then 

placed in another Soxhlet and extracted on a water bath for 72 

hours with 95% alcohol. 

The ether extract was allowed to evaporate in the air until 

its volume was reduced to 50 cc, then treated with 100 cc of 

acetone and 10 drops of saturated alcoholic magnesium chloride 

to precipitate the lecithin.l The extract was then filtered 

into a 200 cc short-necked flask and the precipitated residue 

washed with a mixture of ether, acetone, and saturated alcoholic 

magnesium chloride in the above proportions till the filtrate 

was colorless. 

1. Biochem. z. 23, 262-9 



7 

The residue (A) was dissolved in chloroform. the solution 

received in a saponifying flask. the chloroform carefully evap-
1 

orated at a gentle hear. and then 25 cc of methyl alcoholic potash 

(40 gm to the liter) added. and saponification allowed to proceed 

for twelve hours. 2 

The filtrate (B) which contains the crude fat was evaporated 

to dryness in an oven at 60° and 2t inches pressure. The dried 

residue was then treated with 100 cc of methyl alcohol to dissolve 

the resins and waxes. The alcoholic solution was filtered off 

and the residue carefully washed with methyl alcohol until the 

filtrate was colorless. The fat remaining on the filter was 

dissolved in chloroform. the solution received in a saponifying 

flask. the chloroform evaporated at a gentle hear, and the fat 
-

saponified in the same manner as previously given for lecithin. 

The alcoholic extract of the finely ground hops was placed 

in the oven and dried at 60° and 2t inches pressure. To the dried 

extract was added 100 cc of the mixture of ether, acetone, and 

saturated alcoholic magnesium chloride to precipitate the lecithin. 

The insoluble portion was filtered off, the solid matter being 

largely retained in the flask. After washing with the ether• 

acetone mixture till the filtrate came through clear, the residue 

in the flask was boiled with chloroform, the resulting solution . 
poured over the filter and collected in a aaponifying flask. This 

1. Methyl alcoholic potash was used in place of ethyl alcoholic 
potash on account of the danger of any traces of ethyl alcohol 
being oxidized to exalic aoid. 
2. This length of time was allowed because the slowness with which 
saponification of lecithin proceeds. Leathe's Fats 45. 
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boiling with chloroform was repeated three times to completely 

dissolve the lecithin. The filter was finally washed with boiling 

chloroform. As previously described the chloroform was evaporated 

and the residue saponified with methyl alcoholic potash. 

In each of the above cases when saponification was complete, 

the soap was evaporate d to dryness to remove the methyl alcohol, 

the residue dissolved in a small amount of water, cooled, and 

treated with hydrochloric acid to acid reaction. The resulting 

mixture was heated to collect the liberated fatty acids then cooled 

to allow them to solidify, and the clear supernatant liquid 

transferred to a separatory funnel, the flask and contents being 

carefully washed a number of times. The combined solution and 

washings were then shaken with low-boiling petroleum ether was 

repeated twice with fresh portions of the solvent and all the 

portions washed three times with water to remove any glycerol. 

The combined glycerol solution and washings were then run into a 

lOOcc measuring flask, the solution neutralized with potassium 

hydroxide added and lOcc of five per cent potassium permanganate 

slowly dropped in with continuous shaking of the flask. The 

whole solution was then made up to the 100 cc mark with distilled 

water and allowed to stand one and one-half hours. It was found 
1 necessary to modify Twitchell's method in regard to the length of 

time the solution was allowed to stand as it appeared from 

1. Allen's Commercial Organic Analysis 4th Ed. Vol. 11 459 
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experiments made with glycerol that solutions of this approximate 

dilution yielded quantitative amounts of oxalic acid only upon 

standing for one and one-half hours . When this length of time had 

expired, the excess of potassium permanganate was reduced with 

hydrogen peroxide and the manganese dioxide thus formed allowed to 

subside by standing an hour or two . The clear supernatant liquid 

was then decanted t ~ro ufh a filter, the precipitate finally 

transferred to the filter, and beaker and filter washed a number of 

times with distilled water. Care was taken in washing not to 

disturb t he precipitate more than necessary so as to avoid 

hydrolysis of the manganese dioxide. 

To t he filtrate was then added acetic acid to acid reaction 

(phenolphthalein beinf used as an indicator) and 15 to 20 cc of 

calcium chloride solution with continuous stirring . To facilitate 

the precipitation of the calcium oxalate in large crystals, the 

mixture was digested on a hot plate for some time and allowed to 

stand over night . The next morning the calcium oxalate was care 

fully filtered off, washed three times with acetic acid solution 

(10 cc to the liter) and dissolved in 10 cc of dilute sulphuric 

acid which was poured into the beaker and from there on to the 

filter, both beinp finally well washed with hot water. The 

solution was received in a 300 cc Erlenmeyer flask he ted to 60° 

and titrated with twentieth normal potassium permanganate . 

the oxalic acid so determined was calculated the amount of 

glycerol . 

From 
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On account of the danger of some phosphorus being occluded 

in the manganese dioxide precipitate obtained by reduction of the 

excess potassium permanganate with hydrogen peroxide, the residue 

of manganese dioxide remaining on the filter was dissolved by 

treating with 6-10 cc dilute nitric acid and adding sufficient 

hydrogen peroxide to bring about complete solution. This was then 

combined with the solution obtained after filtering off the calcium 

oxalate, the whole exactly neutralized with ammonium hydroxide, 

methyl red being used as an indicator, and 1-2 cc of dilute nitric 

acid added. The acid solution was then poured into a 600 cc Erle-

meyer flask, the beaker being carefully washed out with water . The 

whole was then heated to exactly 85° as indicated by a thermometer, 

50 cc of ammonium molybdate solution added, the flask stonpered 
' 

with a rubber stopper, wrapped in a towel and shaken for five 

minutes. It was then set aside to settle over night. The next 

morning the supernatant liquid was filtered off, the precipitate 

washed five times with nitric acid solution (10 cc to the liter) 

and five times with potassium nitrate solution (10 gm to the liter). 

The precipitate was then dissolved in ammonium hydroxide 

(1 3), the solution received in a 400 cc flask containing 15 gm 

of zinc dust, and finally 100 cc of dilute sulphuric acid added. 

The flask was then gently heated for 15-20 minutes so as to main

tain a vigorous reducing action, the solution filtered, the filter 

and flask washed from two to three times with water and the solution 

titrated with tenth normal potassium permanganate. From the molybdic 

oxide (Mo24037 ) so determined was calculated the amount of phos

phorus. 
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Tabulation of Data. 

Moiet'\lre Determination. 

( 1) Weight of dish and hops before drying 70.1462 gm. 

Weight of dish 36.2884 gm. 

Weight of hops 33.8578 gm. 

Weight of dish and hops after drying 68.4222 gm. 

Weight of moisture 1.7240' gm. 5.01 % 

(2) Weight of dish and hops before drying 76.1544 gm. 

Weight of dish 31.7900 gm. 

Weight of hops 44.3644 gm. 

Weight of dish and hops after drying 73.8980 gm. 

Weight of moisture 2.2564 gm. 5.08 % 

Total Glycerol and Phosphorus Determination in Oregon Hops. 

Sample Wt. Hops Wt. Glycerol %Glycerol Wt. P. %P. Lecithin 

1. 46.40 gm. .0920 gm. .198 .0110 gm. .0237 

2. 48.30 gm. .1020 gm. .211 .0102 gm. .0241 

3. 44.80 gm. .0827 gm. .185 .0101 gm. .0227 

4. 46.20 gm. .0880 gm. .190 .0109 gm. .0237 

5. 20.70 gm. .0427 gm. • 206 .0050 gm • .0242 

6. 22.00 gm. .0457 gm. .208 .0052 gm. .0238 -
Mean Average Wt. .198 Average Wt. .0235 .591 
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Total Glycerol and Phosphorus Determination in Austrian Hops. 

Sample Wt Hope Wt Glycerol %Glycerol Wt P %P %Lecithin 

1. 44.9 gm. .05023 gm. .112 .0129 gm .0287 

2. 45.0 " .05000 " .111 .0118 " .0262 

3. 45.0 " .05112 " ~114 .0120 " .0267 

4. 45.0 " .04719 " .105 .0116 " .0259 

5. 45.0 " .04921 " .109 .0118 " .0264 

6. 45.0 " .05146 " .115 .0119 " .0265 - -
Mean Average wt •• 111 Average Wt. .0267 .671 

Inasmuch as lecithine as found in hops may be assumed to con

tain one palmitic acid radical and one steario acid radical and 

consequently, to have the formula C H86NP09 we may calculate the 
42 

amount of glycerol combined with phosphorus in the lecithin found 

and so by difference compute the amount of glycerol existing as a 

neutral fat. Results so obtained are given in the following table: 

%P 
Oregon Hops .0235 
Austrian hops.0267 

%Glycerol (total) 
.198 
.111 

%Glycerol in 
lecithin 

.102 

.079 

Remainder of 
Glycerol 

.096 

.032 

Assuming then that the fat exists as a triglyceride contain

ing one molecular residue of butrio, one of palmitic, and one of 

eteario acid and completing the percentage of neutral fat the 

following results were obtained: 



Kind of Hops 

Oregon Hops 
Austrian Hops 

Conclusion: 
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% Glycerol in excess of 
that required in the lecithin 

.096 

.032 

We may therefore conclude 

(1) that hops contain a neutral fat 

% of corresponding 
neutral fat 

.695 

.235 

(2) that neutral fats and lecithin exist in nearly equal propor

tions in Austrian hops. 

(3) that Oregon hops contain a larger amount of lecithin than 

neutral fat. 

(4) the lecithin content is about the same for both varities of 

hops. 
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