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TH1 APPLICATION OF CHELIC AND BIOLOGICAL METHODS TO THE 
EVALUATION OP OREGON HOPS 

INTRODUCT ION 

$ince 1930 the United StateB Department of Agricul- 

ture has appropriated funds for the purpose of making 

studies on the control o± downy mildew on Vïillamette Val- 

ley hops. The investigation included chiefly pathological 

studies for the control of the mildew and the breeding of 

resistant varieties of hops. As the problem advanced it 

became evident that insofar as the plant breeding and re- 

lated trials were concerned, anything that might be accom- 

plished woulö not be of full value if the new developments 

vere unsuited for brewing. 

That different varieties of hops anc9 even the same 

variety handled under different conditions, vary consider- 

ably in brewing value is well known. It is well known that 

in this country at least, the method for evaluating differ- 

ent samples of hops has been for buyers to grade them on 

physical characteristics alone, such as color, odor, lupu- 

lin content, dryness, foreign material and so forth. That 

this method of judging hops was inadequate was voiced as 

long ago as 1907 when Dr. W. W. Stockberger (1) said, "In 

determining the quality of marketable hops, each consumer 

has been a law unto himself with the frequent result that 

individual preference instead of intrinsic value decides 
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the choice. Thus, it actually occurs that a hop rejected 

by one consumer will be readily purchased by another; a 

state of affairs which is directly responsible for the sen- 

timent sometimes voiced among hop growers that 'No matter 

how inferior the hops may be, someone will be found who 

will buy them' 

A group of English workers have since 1920 given con- 

siderable thought and work to the development of chemical 

and biological methods for the determination of the actual 

brewing value of hops and to all appearances have succeeded 

to a very marked degree. It is the application of these 

methods to the problem at hand with which this paper is 

concerned. 

REVIEW OP LITERATURE 

Except in a few cases, the literature prior to 1925 

has not been examined due largely to the limitations of 

the library at my disposal. Purthermore, the references 

are restricted almost wholly to an inglish publication, the 

Journal of the Institute of Brewing, because it contains 

the reports of the "Research Scheme" promu.lgated. by the 

Institute in 1920 for the purpose of studying the preser- 

vative properties of hops. Up to the beginning of 1932, 

twelve reports have been made to the Institute on this re- 

search problem. In addition to the research sponsored by 
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the Institute of Brewing, there have been a number of in- 

dependent English workers together with German, French and 

Russian workers interested in the problem. 

It is well known that the chief value of hops in brew- 

Ing is the inhibition of undesirable bacterial action dur- 

ing and after brewing. Also that the antiseptic or pre- 

servative properties of hops are tied up with the so-called 

soft resins or the portion of the total resins that is 

soluble in light petroleum, and that hops of high soft 

resin content are likely to have a high preservative value. 

The preservative value and the soft resin content, however, 

do not run parallel because the soft resins consist of a 

mixture of compounds of different activities in varying 

proportions. As long ago as 1888 it was shown by Hayduck 

that the soft resin could be separated into at least two 

fractions by treatment with alcoholic lead acetate. The 

o4- fraction was precipitated as a sparingly soluble lead 

salt while the '3- fraction was not so precipitated. 

3ince that time, mu.ch work has been done toward devising 

simple and accurate chemical and biological methods for 

determining the preservative value of hops. 

In 1923, Walker (3) published an article on the 

nature of the preservative principles of hops. He stated 

that hops are used in brewing for the purpose of (1) im- 

parting flavor, (2) acting as a preservative, and (3) as- 
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sisting in classification. The resins may be divided into 

two major divisions. The so-called hard resins that are 

valueless from a brewing standpoint and the so-called soft 

resins in which, it is believed, all of the preservative 

power rests. The soft resins may be separated into two 

fractions. The - fraction which contains < - acid 

or humulon and the /9 - fraction which contains fi- acid 

or lupulon. 

In 1924, Walker (6) published a method for the ex- 

traction of crystalline lupulon from cru.de soft resins. 

¡7- resin was found to contain 26 - 33 lupulon. VIhole 

hops extracted with light petroleum gave 3,i ¡5'- resin, 

lupulin gave 10.64 ¡7- resin. 

In 1924, Walker (7) found lupulon to be a monobasic, 

unsaturated hydrocarbon, having the formula C25H3604, M.P. 

94.5° 95.5e, Mol. weight 400. It is insoluble in water, 

but soluble in the usual organic media though only slight- 

ly so in light petroleum. Forms metaiJic salts, ant3 bro- 

mine addition products. Oxidation or treatment with aque- 

ous or alcoholic potash produces valerie acid. 

P. Kolbach (10) reviewed our present knowledge of the 

hop resins. The c'K - bitter and ¡3-. bitter acids, term- 

ed hurmilon and lupulon respectively, being crystalline 

substances should not be designated as resins. These by 

polymerization or hydrolysis form .< and. ,' soft resins 



-5- 

and going finally to and 
"i' 2 hard resins and 

and hard resins. 
2 

and hard resins are insol- 

uble. 
'' i and hard resins are soluble in ethyl 

ether. The soft resins and acids are soluble in petroleum 

ether. The c<_ bitter acid is precipitable by lead ace- 

tate. 

In 1925, Windisch, Kolbach, and Grohn (11) studied 

the effect of hydrogen ion in aqueous boiling solution on 

the transformation of hunialon. Solutions ranging in hy- 

drogen ions from pli 3.6 to pH 9.18 were used. The small- 

est amount of decomposition took place at pH 6.5, l8 in 

an hour's boiling. At pH 8.5 there was 45/e decomposition 

indicated in an hour of boiling. Jhen the humulon is 

boiled for periods longer than an hour it was found that 

the transformation took place at a somewhat slower rate as 

duration o± boiling is increased. 

1o1lrner (12), in valuating a series of hops, prepared 

from each of the hop resins, three separate fractions; (1) 

c<_ bitter acid, (2) (9- fraction consisting of that por- 

tion of the soft resins not precipitated by lead acetate, 

and (3) the Y - resin or hard resin, insoluble in petro- 

leum ether. The separate fractions were boiled with wort, 

the liquid fermented, and the taste and stability of the 

resulting beers examined. The bitter flavors imparted by 

the resin fractions were judged by several persons, while 



the length of time the beers kept sound was taken as a 

criterion of the antiseptic power. The Y- resin impart- 
ed no bitter taste to the beer, the ,' - fraction a slight 

bitterness, while with the ç'- acid an extremely bitter 

flavor resulted. That the antiseptic power resided in the 

'<- acid was proved when beers treated with this fraction 

kept sound for months, whereas beers hopped with the 3_ 

fraction or ï - resin soon went sour. The author sug- 

gested that the brewing value of hops be taken as 7/6 x 

humulon, or humalon - l/9x4- fraction. 

In 1925, dieland (14) stated that hurriulon, 021113005, 

is a weak acid owing its acidity to an enol group and is 

capable of forming dì-rnetallic salts with heavy metals. 

Humtilon is readily decomposed by alkalis into humulinic 

acid, C15H2204 and either a - acid or a mixture o± iso- 

butyraldehyde and acetic acid. íollmer is quoted as 

stating that on catalytic hydrogenation with the aid of 

palladium, humulon takes up six atoms o± hydrogen and 

yields isopentane and an acid substance, 016H2405 which is 

a derivative of hydroquinone. 

Wieland suggests the following as the constitutional 

formula: 
0:0 

(CH3)2 . C:HC.H0" "C-CH2.00.CH2.CH(CH3)2 

O:CC.OH 

HO CH:CH.CH(0H3)2 
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Vollmer (15) also in 19E5 described lupulon as a 

monobasic acid without containing a hydroxyl group, but 

does not form di-metallic salts with heavy metals. It is 

much more stable than humalon toward alkalis, On hydro- 

genation lupulon will take up 8 atoms of hydrogen and 

yields the same pentane as humulon together with a resin- 

ous residue, C21H3404 which on oxidation in alcoholic sol- 

ution in the presence of lead acetate produces a substance 

differing from hunm.lon in composition only by containing 4 

more hydrogen atoms in the molecule (two double linkages 

less). A.n analagous constitution is assigned and the com- 

pound termed tetrahydro humu.lon, 

The suggested constitutional forniala for lupulon is: 

C :0 /\ 
R3.CI 

0:0 C.OH 
\ / In which R- + may equal CiO- 

C H000rCH100rC H Oand. 
R3 may be or C57 or C5119. 

R2 05H9 

In 1925, Kolbach (16) writing on the problems of hop 

chemistry, discussed the limitations of hop analysis from 

the standpoint of grading. He suggested the use of iodine 

absorption as a means of measuring deterioration of hops 

during storage. The Versuchs und Lehranstalt in Berlin 

grades hops on the following basis: 



Development o± cones 23.8% 
Lupulin 23.8% 
.roma 23.8% 

Color and lustre 15.9% 
Dryness 7.9% 
Picking an sorting 4.8% 

ioo. o% 

He discussed the possibility 0± substituting analy-. 

tical standards for the more or less empirical methods novz 

in use. 

Valker (18) believed that the large part of the resin 
fractions in hops are derived from humalon and lupulon 

throu.gh polymerization, hydrolysis or oxidation or all 
three together. Vlhen the lead acetate precipitate from 

the soft resins is treated with sulfuric acid or hydrogen 

sulfide a resin is obtained which is a mixture of humalon 

(which partly crystallizes out) and an amorphous deriva- 
tive of humalon which cannot be obtained crystalline. 
This latter body is the true < - resin. Walker obtained 
about 40% humulDn from this fraction. Since a small amowt 

of the lead salt is soluble in the aichol the - fractLon 

will always contain a certain amount of resin derived 
originally from humulon. In addition the ß - fraction 
also contains 15 to 33 per cent lupulon, resins derived 
from lupulon, and about 40% of a neutral material which 

appears not to originate from either humulon or lupulon. 
The Y - resin or hard resin is insoluble in light petro- 
leum ajid is probably made up of further decomposition pro- 



ducts of humulon and lupulon together with substances de- 

rived from the neutral portion of the - fraction. The 

6Y- resin has no antiseptic value. 
Jieland (20) in 1926 published more material on the 

chemical nature of humulon and lupulon. His formula for 
humul on: 

(CH3)2 CH.CH0H.HC .CO.CH2.0H (CH3)2 

0:C 0.011 

HO OH:CH.CH (0113)2 

he felt was accurate except for the position of one of 
the double linkages. It is optically active by virture 
of the dissimilar groups attached to the lowest carbon 
atom as pictured. 

Villen humulon is converted to humu.linic acid 

0:0 /\ 
(0113)2 CH.CH;CH.H0 0.00.0112.011 (0113)2 

H0.HC 0.011 

this lower carbon atom is removed and the other carbon 
atoms in the molecule re all subject to keto-enol trans- 
formations and therefore to racemisation, with the result 
the molecule is rendered inactive optically. Viieland's 

formula for lupulon is: 
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0:0 

(CH3)2 CH.CH:CH.HCZ C.00.dH2.CH(CH3)2 

0:0 C.OR 

H90/ \5H9 

.s in the case of hurnulon, the position of one of the 

double linkages is still in doubt. This compound is 

optically inactive because of the similarity of the 

groups attached to the lowest carbon atom. 

In 1926, Viindisch, Kolbach, and Banhoizer (21) made 

a comparison of several analytical methods and the visual 

method of experts for the valuation of hops. Pourteen 

samples of hops were used. 

In the chemical analysis the following values were 

determined: (a) the total resins representing the frac- 

tion soluble in ether anc1 also in methyl alcohol; (b) the 

- bitter acid, determined gravimetrically by precipita- 

tion with lead acetate; (e) the "soft resins" as deter- 

mined by extraction with petroleum ether and weighing, also 

by alkaline titration; (d) the hard resin representing 

the difference between (a) and (c). The range of the 

series of 14 hops tested was 17.74 to 13.94 for (a), 7.14 

to 5.04 for (b), 15.24 to 10.24 for (o) and 3.04 to 1.94 

for (d). The lupulin content as estimated visually ranged 

from the maximum of 15 points down to 5 points. There was 
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no approach to satisfactory correspondence in grading be- 

tween th visual and analytical methods. The order of the 

arrangement of the samples was also entirely different. 

The authors therefore conclude that visual examination of 

the amoimt of luDulin in hops appears to be a very unsafe 

criterion of their actual content of bitter substaaces. 

In 1926, »Iindisch, Kolbach, and Yole (24) studied the 

effect of molecular oxygen on humulon. In the presence of 

air, humulon undergoes oxidation, although not as readily 

as lupulon, and yields resinous products. In the pure dry 

state, humulon is not readily altered even in te presence 

of oxygen. If oxygen is absent, it ril1 remain unchanged 

for long periods even in the presence o± jater, and it 

undergoes very little change on heating for six hours at 

10000. It is more readily decomposed when heated in the 

air, but resinificatiouì is usually far from complete, as 

the resinous proucts tend to orotect the unaltered humu- 

bn from further oxidation. In solution, its suscepti- 

bility to oxidation deLends on its colloidal co Ldition. 

In alcoholic solution it i only sI ightly attacked. Dur- 

Ing storage of hoos, humulon undergoes rosinfication 

much more rapidly than when in the pure state due to sub- 

stances present that accelerate oxidation. Stored hops 

should not be heated becaue of the reaction of peröxides 

that may have been formed. On the other hand, fresh hops 
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can be heated to 8000. with benefit, as volatile matters 
are thereby in part removed and in part oxidized beyond 

the stage at which they would accelerate the oxidation of 
humalon. 

In 1926, Chapman (25) examined sone very old cold- 
stored hops for resin content. After 30 years, cold stor- 
age, he found quite a high percentage of soft resins. The 

'<- acid had completely disappeared. The author contends 
that his theory (rather rapid deterioration at first, 
after which a more or less stable condition obtains for 
long periods) was upheld. 

Wieland and Martz (26) in 1927 stated that humx1on on 

treatment with dilute alkalies yields humulinic acid, 
0151iO4, and this on reduction yields 0151128. The ques- 
tion o± whether one of the side chains has the structure 
of (1) (0113)20:011.0112. or (2) (0113)2011.011:011 seems to be 

solved in favor of (1) when acetone is formed by treat- 
ment of the above hydrocarbon with ozone and subsequently 
hydrolyzing the ozonicles. If (2) were correct, isobuty- 
raldehyde would be formed at this point. 

In 1927, Pyman (27) reviewed the work on the cherni- 
cal constitution of hurnulon and lupulon. Humulon was 

first seen in a crystalline state by Hayduck in 1888 and 

first isolated by Lintner and A. Bungener in 1891. In 
1916, Viollmer isolated it in a pure state and found the 



-.13- 

melting point to be 65° - 66.5°C. and to have the form- 

ula 021113105. The determination o± its constitution was 

accomplished mainly through the clever experimental work 

of dollmer, and its brilliant interpretation by 1ieland. 

Lupulon probably was first discovered by Lermer in 1863. 

It was rediscovered and characterized by M. H. Bungener 

in 1886 and its empirical forrmxla established in 1926 by 

V(ollmer as 026H3804. Its constitution has not been de- 

finitely established at this time. 

Wiegmann (30) 1927, showed that spraying hops before, 

during, or after cone formation with bordeaux for mildew 

control has no apparent effect on flavor and brewing value. 

The ash and bitter substances were normal and the CuSO4 

content at .004 -O32. On the other hand, if as little 

as .002 of CuSO4 is added to the finished beer, a metal- 

lic flavor is imparted. 

In 1927 Windisch, Kolbach, and Schleicher (32) stud- 

ied the transformation of the < - bitter acid of hops in 

boiling solutions of different pH. They found that when 

humulon is boiled in slightly acid, neutral, or slightly 

alkaline liquids or in wort it undergoes decomposition and 

forms a mixture of resins part of which are insoluble in 

petroleum ether (hard resins) and part of which are solu- 

ble (soft resins). The soft resins formed are more acid 

than the original hurmilon, although it resembles it in 
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many of its reactions and in its bitter flavor. It is 

not precipitated. by lead acetate. In strong alkaline 

solution, humulon is hydrolyzed to humulinic acid, a 

hexene acid, isobualdehyde, and acetic-acid. The forma- 

tion of the hard resin is an oxidation process and does 

not occur when humulon is boiled with aqueous liquids to 

the exclusion of air. Soft resins, however, are formed 

even in the absence of air. Soft resin is thought to be 

an intermediate stage in the transformation of humu.lon 

to hurnuljnjc acid. With N/15 caustic soda humalon is com- 

pletely transformed in 8 minutes in the absence of air to 

91.4/o soft resin and 8.6/o humulinic acid. After two 

hours' boiling under same conditions the ratio is 25% soft 

resin and 75% humulinic acid. At the pH of brewery worts 

there is scarcely any humu.linic acid formation. In a 

citrate buffer at pH 6.2, 33/e soft resin is formed On two 

hours' boiling in absence of air. 

In 1928, 3tadnik (35) showed that the quality of hops 

depended on much more than the resin content. Among the 

compounds present in hops that may affect the flavor of 

beer are the tannins, the fatty compounds in seeds, the 

very slight solubility o± hop oil, certain glucosides and 

organic sulfur compounds. The small amounts of waxy matte; 

oxalates, citrates, and sugar present are of no apparent 

significance. Certain nitrogenous compounds are concerned 
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with the occurrence of a disagreeable aroma. 

In April 1928, Pyman (38), gave the extent of the 

knowledge of the preservative principles of hops in 1920 

at the beginning of the Research Fund Scheme of the In- 

stitute of Brewing and gave a summary of what ha been ac- 

complished to date. This was followed by a discussion of 

the modified Ford and Tait gravimetric method, Chapman's 

plate method, and the B.delbruchii method all o± which 

give comparable results. There was no bibliography of 

the early work. 

In 1928, Hastings and Vlalker (40) studied the ef- 

feat of special methods of drying on the preservative 

power of hops. The special methods used were (1) in a 

current of air at 40°C., (2) in a steam jacketed vacuum, 

the temperature was raised to 10000., and then the steam 

shut off before introduction of the hops, (3) water heat- 

ed vacuum at 4000., (4) regular commercial method without 

use of sulfur. The conclusions are that the special 

methods of drying yield products of initially greater 

antiseptic power, but after six months of cold storage 

after drying the antiseptic value approxinates that of the 

same variety of hops after treatment in the ordinary man- 

ner followed by six months' storage. The formula ç 

cannot be used until after the storage period. The reason 

for these superior preservative powers is not definitely 
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known. 

In a second part of this paper the authors studied 

the antiseptic material present in green hops and in hops 

dried under special conditions. Several methods of ex- 

traction were employed as well as several methods of treat- 

ment of the extracted products. The authors conclude 

that the extra antiseptic power of green hops and of low- 

temperature-dried hops, is due to the presence of a large 

proportion of crystalline lupulon in the /' portions of 

their soft resins. This is partly destroyed when the hops 

are dried by the ordinary kilning process. Both humu.lon 

and lupulon suffer progressive destruction, which is more 

severe in the case o± the latter substance, when hops are 

boiled in water or in wort in the brewery copper. 

In December, 1928, Chapman (42) told of the essential 

oil of hops. The oil is obtained from glands surrounding 

the seeds at the base of the bracts in the flower of the 

common hop, by distillation. These glands are commonly 

known as lupulin and also contain a large portion of the 

preservative principles. The oil occurs in largest quan- 

tity in the fresh hops. With age it darkens, becomes 

viscous, resinifies. Fresh oil is only slightly soluble 

in water, but becomes increasingly more soluble in water- 

alcohol mixtures until in 95 alcohol it is completely so. 

bt atmospheric pressure the oil starts to boil at 150°C. 
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the larger portion distilling between 23000. 2700C. 

Reduced pressure is necessary to obtain higher boiling 

fractions without decomposition. The chief functions 

of the oil in brewing are aroma and flavor. The quality 

of these characteristics seems to depend on age, origin 

of the hops, and proportions of the various constituents. 

Chapman has isolated and identified eight fractions from 

the essential oil, each of which he describes briefly. 

The author points out that it is useless for a brewer to 

purchase high grade hops if he does not take suitable pre- 

cautions in its use in brewing. 1bout 9O of the essen- 

tial oil is volatilized ou two hours' boiling in an open 

vessel. 

In 1929, Behrendt (43) pointed out that hops dried 

in vacuum or in air yield products very similar in appear- 

ance and in their contents of total resins, soft resins, 

and humulon. Kiln-dried hops were of somewhat lower qua- 

lity. 

In November, 1929, Walker (47) presented a paper en- 

titled "$ome Recent Ideas on the va1uation of Hops," 

which was followed by considerable discussion. See Ïa1ker 

(48). 

In 1931, Walker and Hastings (55) published an outline 

of certain preliminary experiments on the copper boiling 

of hops. It was established that < - resin confers much 



more bitter properties on wort than á2- resin; that the 

bitter effect o± c'< - resin increases progressively dur- 

ing boiling until a maximu.m is reached, after which a 

nauseous, unpleasant flavor is produced; that <- resin 

produces no aroma whatsoever in wort but that a pleasant 

aroma is produced by ,8- resin particularly when warm. 

Determinations on the rates at which hop antiseptics suf- 

fer change or destruction during the course of brewing 

operations was deferred until more delicate methods for 

estimation of antiseptic potency are developed. 

In January, 1932, ialker (59) reviewed the progress 

of the work with which he has been associated since 1921. 

recent modification of the recommended gravirnetric pro- 

cedure is given. The soft resin is passed through light 

petroleum before precipitation with lead acetate. This 

process eliminates an acidic substance which is soluble 

in the methyl alcohol but insoluble in light petroleum 

and which, when present, is precipitated as a lead com- 

pound by lead acetate. 

Gravimetric Methods 

Concerning the extraction of hurmilon and lupulon from 

hop cones, Vialker (4) in 1923 devised a new method making 

use of methyl alcohol. In oualitative tests he found that 

light petroleum was unsuitable because (1) it was slow in 
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extractive action, (2)fils of complete extraction in 

the cold, and (3) hastens resinification of ,'- acid. 

Ethyl ether is a much better extractant, but is also an 

excellent solvent for wax. Methyl alcohol is much sup- 

erior because (1) extraction is speedy and complete in 

the cold, (2) a minimum of time is required, (3) no ten- 

dency to cause resinification, and (4) solvent can be 

easily recovered. In quantitative tests, the minced hops 

were extracted for 24 hours with cold methyl alcohol. 

100 cc. of the extract is shaken with 80 cc. light petro- 

leum b.p. 350_400 following which 200 cc. ice water are 

added. The petroleum layer is drawn off and two further 

extractions with 60 cc. petroleum each are made. The 

petroleum is evaporated and the residue dried to constant 

weight at 70°. 

In 1924 Eord and Tait (5) brought forth a method for 

the estimation of - acid and J- resin. The hops are 

extracted with methylated ether. The ether evaporated in 

a current of 002 and the residue redissolved in methyl 

alcohol. The < - acid is precipitated with lead acetate 

at 50°-60°, filtered, dried, and weighed. The ¡- resin 

is obtained from the filtrate by addition of sulfuric acid 

and extraction with light petroleum. The extract is fil- 

tered and dried to constant weight. In testing these two 

fractions biologically against Bacterium X it was found 
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that K- acid was 5 times as powerful an antiseptic as 

¡3- resin, The formula '<*'/5 Was suggested as indi- 

cating the preservative value. 

In 1928, Hastings and walker (33) proposed some 

modifications to the Ford and Tait method of chemical anal- 

ysis. Extraction of the hops is made in aJoxhiet with 

methylated ether for three hours. The ether is evaporated 

and the residue extracted with methyl alcohol, filtered 

and made to volume. A portion of the methyl alcohol sol- 

ution is precipitated in the usual way with lead acetate. 

The ¡í - resin, however, is obtained indirectly by treat- 

Ing a second portion of the methyl alcohol solution with 

twice its volume of cold water and extracting the colloi- 

dal suspension formed with four portions of petroleum 

ether. The combined ether extractions are evaporated to 

dryness and the residue weighed and calculated as total 

soft resin. The -< - resin, as calculated from the lead 

salt precipitate, is subtracted from the total resin to 

obtain the i3 - resin. In precipitating the < - resin 

with lead acetate, care must be exercised since the pre- 

cipitate is soluble in an excess of the precipitating 

agent. i - 2 cc. excess is allowable, however, 

In 1928, Van Laer (39) discussed the chemical method 

for valuating hops. He states that early gravimetric 

methods are unsatisfactory because of the variability of 

the components of 3- resin. The biological tests are 
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uncertain due to variability of' the organism used and 

furthermore they are more laborious of operation. The 

formula < +,/x is quite satisfactory except there is 

no unanimity as to the correct value of X; numbers rang- 

ing from 3 to 9 have been given by different workers. 

Viindisch obtained a value of lO for x from determinations 

of the preservative power before boiling, after boiling 

for two hours, and after boiling and fermentation, in 

Worts of pH 8.2, 7.0, 5.6, and 4.3. It is suggested that 

a knowledge of the preservative value retained in the 

finished beer is of more interest to the brewer than that 

possessed by the hops. The contribution of the ¡3- resin 

to the total preservative power is so small that varia- 

tions in constitution are of little consequence. 

In 1929 Hastings and Vlalker (41) further modified 

the Ford and Tait gravimetric method. In the place of 

methylated ether it is pointed out that complete extrac- 

tion of the soft resins may be had with cold methyl alco- 

hoi in a period of 10 minutes. The authors again pointed 

out the necessity of carrying out the lead acetate preci- 

pitation at a temperature of 6000. and further suggest a 

digestion o± 3 or 4 minutes after completion of precipi- 

tation to assist in filtering when cold. The hop samples 

should not be minced until they can be analyzed. Minced 

hops that are allowed to stand around for a few days have 
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a tendency to form difficult emulsions when the petro- 

leum ether extraction is made of the original methyl 

alcohol extract. Enzymic action may be the cause of 

this. 

In 1929, Wolimer (44) described a method for total 

resins, soft resins, and humu.lon that he has used since 

1921. The primary extraction is made by shaking the 

sample for 3 hours with cold ether; the ether is removed 

on a water bath in a current of carbon dioxide. Methyl 

alcohol dissolves the hot residue. Humulon is precipi- 

tated according to Siller and the total soft resins ob- 

tained by a single extraction with petroleum ether. 

In 1929, Windisch, Kolbach, and Winter (46) made a 

study of the present methods of hop analysis. The authors 

suggest that due to the solubility of the lead salt in an 

excess of the precipitant, a series of test tube trials 

using varying amounts of lead solution be made to deter- 

mine the correct amount to use. Precipitation is car- 

ned out by adding the required amount of lead solution 

to equal quantities of resin solution and methyl alcohol 

and heating in a gently boiling water bath for 5 minutes. 

.fter 10 minutes cooling the precipitate is filtered off. 

The lead content of the precipitate should be checked to 

detect contamination. With old hops, a substance is pre- 

sent that makes necessary the use of a large excess of 
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lead acetate. It can be removed by shaking the petro- 

leum ether extract with an aqueous phosphate buffer of 

pH 6.4. The authors claim that lupulon is of very little 

value in brewing so that the brewing value of fresh hops 

can be judged practically from the hu.mulon content alone. 

The changes in resins due to ageing are represented 

graphically in a table. 

In 1930, Guthrie and Philip (49) proposed a colori- 

metric method for the evaluation of hops. This method 

is based on the intensity of color produced when uranyl 

acetate is added to an alcoholic solution o± either the 

- or -. soft resin. The - resin produces a more 

intense color than the - resin for the same concen- 

tration. It is claimed that the method is sensitive to 

1 part i- resin in 700,000 parts methyl alcohol. The 

proceeclure involves the extraction of the hops with 

methyl alcohol, shaking out with petroleum ether and mak- 

ing the ether to volume. Por determination varying amotrr 

are introduced into test tubes, the petroleum ether evap- 

orated, the residue dissolved in methyl alcohol and the 

alcoholic solution o± uranyl acetate added. Comparison 

was made in a Heilige colorimeter vrith a known solution 

of soft resin. Excellent agreement was had with both 

Ford and Taitt s (4) gravimetric method and Hastings and 

Jaiker's (32) modification. 
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In 1930, A. S. l3asilewick (50) divided the resins 
of hops into two groups (1) the humulides, which are pre- 
cipitable from solutions in dilute methyl alcohol by lead 
acetate, and (2) the lupulides which are not so precipi-. 
table. He distinguishes 4 humulides and 3 lupulides and 

considers that the former are probably convertible into 
the latter by oxidation or intermolecular transformation. 
Prom numerous analyses it is concluded that the propor- 
tions of the various constituents may vary according to 
the nature of the soil on which the hops are grown, ac- 
cording to the fertilizers employed, and according to the 
part of the plant from which the hops have been plucked. 

\Jollmer (51) in 1930 published a gravimetric method 

for hops that uses ether for the original extraction and 

hexane as solvent for the soft resins. 1!Ihen drying the 
resins for weighing the last traces of solvent are re- 
moved by a current of pure, dry, 002. 

In 1931, French (53) proposed a simplifiea colori- 
metric method for the determination of the preservative 
value of hops, based on that of Guthrie and Fhilip (48). 
There is a saving of time and materials on the original 
method. Standards are made up with ferne chloride based 
on an original series made ruth humulon. Various grades 
of alcohol from pure to industrial methylated spirit can 
be used «rith equal success provided the standard is made 
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with the same alcohol. The determinations on the hops 

should be made as soon after extraction as possible. The 

uranium salt must be kept in amber bottles. The deter- 
mination is made directly on the original alcohol extract. 

In 1931, Vïildner (54) analyzed a number of hop 

samples of various origin by most of the methods which 

have been proposed for the estimation of the bitter acids 
and resins. The results are set out in tables and cn- 
pared, and the practical advantages and disadvantages of 
the various methods are summarized. The methods compared 

are those proposed by Staciwick, VJollmer, Siller, and Hast- 
ings and Vïalker. 

In 1931, Heintz (37) stated that hops are liable to 
become rancid on long storage, especially in the warm, arid. 

that fats or fatty acids may be present. A study was 

made of the substances extracted from hops by petroleum 
ether and ethyl ether followed by alcohol, water and di- 
lute alkali. It was observed that petroleum ether and 

ethyl ether extracted among other things certain non- 
resinous substances of an acid nature. These were thot 
to be fatty acids and the author devised a method of sep- 

aration which proved the assumption to be true. About 

9O of fatty acid is soluble in petroleum ether and has 

the general characteristics of oleic acid while the re- 
mainder is soluble in ethyl ether and resembles a saturat- 
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ed acid. These acids are not present as glycerides in 

the hop. after separation, the acids are titrated with 

standard alkali. No tannin was found present in hops. 

In 1931, Heintz (58) described a volumetric method 

of analysis based upon the author's recent work as noted 

in the preceeding abstract. The hops are extracted first 

with petroleum ether and then with ethyl ether. The pe- 

troleum extract is treated to esterify the fatty acids, 

filtered from wax and titrated with alkali for determin- 

ation of soft resins. The ether extract is estified in 

the same way and titrated for hard resins. Another por- 

tion of the hops is extracted with ethyl ether and titra- 

ted without esterification. This latter titration less 

the two previous titrations gives the free fatty acids. 

The author recommends the removal of stalks from hop 

samples before analysis, because they contribute practi- 

cally no valuable constituents, but their amount is so 

variable as to vitiate exact comparative studies on the 

resin content of different hops. 

Biological Llethods 

In 1923 Brown and Clubb (2) carried on a number of 

erperiments on a biological method for evaluating hops. 

A bacterium was isolated from beer wort which they chose 

to call Bacterium X and the ability o± hop extracts to 
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suppress the activity of this bacterium was noted. The 

authors recognized that for comparable results the ãeter- 
minations should be made at, or about, the same time, us- 

ing the san culture medium, and, so far as possible, 
cultures of Bacterium X of the same age and vigor. 

In 1924 I. to1eru (9) attempted to fix more or less 
precisely the conditions under which hops exhibit their 
antiseptic properties. It ias found that the reaction of 

the culture medium must be acid. Villen the reaction was at 
pH 5.5 to pH 6.8 the best results were obtained. At neu- 

trality or at pH 7.4 to pH 8.4 the antiseptic power was 

almost nil. Neutralization of the hop resins (which norm- 

ally are acid) with sodium hydroxide had no influence on 

antiseptic strength rovi1ng the culture mediums were 

ac i d. 

In 1925, Chapman (8) devised a biological method in 

'1hich cultures of an organism isolated from beer wort were 

treated vïith varying amounts of an infusion of hops and 

the point of growth inhibition noted. Chapman also obsor- 

ved that hops deteriorate in preserving power more or less 
rapidly with age and method of storage. Tess deterioration 
was noted rith cold stored as against ordinary stored hops. 

Kolbach (13) in the same year suggested a biological 
method of analysis that makes use of Bacillus delbruchi, a 

lactic acid forming bacillus. Since the bitter acids of 
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hops are only slightly so1ìth1e in water, it is suggested 

that ail alcoholic extract be made in the cold and differ- 

ont amounts added to a series of tubes containing wort. 

Á second series of tubes are prepared to which different 

amounts of pure hurnulon are added for comparison. Both 

series are sterilized and fermented with yeast followed by 

inoculation with B. deibruchi. Inhibiting amount of hop 

extract is determined by absence of lactic acid formation 

which can be detected by titration with alkali. 

In 1925 Ialker (17) studied the soft resin, as extra- 

cted from lupulin by alcohol, in detail. alcoholic lead 

acetate separated the resin into an < - fraction and a 

/5- fraction. These two fractions were further divided 

and each sub-fraction tested against four different organ- 

isms among which was the Bacterium X of Mr. J. S. Ford. Of 

the purified constituents, lupulon was found to be twice as 

powerful an antiseptic as hurrialon. The K- resin was 

found to have three times the antiseptic power of the 3- 

resin. 

In 1926 Ford and Tait (19) pointed out that while 

they had, previously determined that the <' - resin Was five 

times as powerful an antiseptic as the ¡ - resin more re- 

cent work had indicated the comparison figure to be 4.3 in- 

stead of 3 as declared by VJalker (16). In any event, it is 

oointed. out that when fresh hops are used, the difference 



in antiseptic value calculated with any of the above fig- 

ures is negligible. In conducting the biological tests, 

Bacterium X was used but difficulties were experienced be-. 

cause conditions could not be standardized to obtain re- 

liable uniformity of development of the organism. Thus, 

each set of results would be comparable within itself but 

not necessarily with other sets. Close agreement was ob- 

tained between biological and chemical methods. 

Van Laer, (22) in 1926, reviewed recent advances in 

the knowledge of hop resins. The biological methods come 

in for criticism by reason of the method of making the 

hop decoction and also for the difficulty with which bac- 

terial cultures of the same virulence are obtained. The 

chemical method alone gives identical results in absolute 

value. 

In 1926 Hasting, Pyman, and 1alker (23) made corn- 

pansons of Pord and Tait's (4) gravimetric method, Chap- 

man's ('7) biological method, and the B. deibruchi method; 

all of which gave comparable results. Bacterium X had 

been found unsuitable, and definite reasons are given for 

its being dropped from consideration. The authors con- 

dude that the gravimetric method is the best since it 

can be standardized. and is absolute. The biological met1 

ods at present are hardly more than comarative. 

In 1926 Chapman and McHugo (28) examined some green 
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and kiln-dried hops by the senior author's biologica]. 

method. 1(hen the results were reduced to a moisture- 

free basis, it was shown that very little difference ex- 

isted between distinctly green hops and fully ripe hops, 

but during the kiln-drying process to 7Ofa of the 

antiseptic value was lost. 

Walker (36) in October, 1927, gave a lecture which 

was followed by a discussion on the more generally accept- 

ed gravimetric and biological methods for evaluating hops. 

In 1929 chapman (45) attempted to standardize the 

strength of his Bacterium "C'i against pure phenol. Nutri- 

ent agar in tubes containing from .5 cc. to 25 cc. of l 

phenol was inoculated with 3 drops of an 18 hour broth 

culture of Bacterium T101? Plates were poured and incubat- 

ed at 370 0. for 48 hours. Evidence of growth was taken 

as the criterion. Bacterium '0" was found to be quite 

constant. 

In 1931, Walker, Hastings, and Farrar (56) published 

a long and detailed account of a new biological method 

which made use of B. bulgaricus instead of B. delbruchi. 

It is claimed for this method that it is much more sensi- 

tive and that very small differences in the antiseptic 

potency of different hops can be detected. The method 

depends upon the production of definite and comparable 

amounts of lactic acid which are subsequently titrated 
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with alkali to the pH of the original wort. 3pecific and 

detailed technique is described. Comparison of results 

with those obtained by Ford and Tait's gravimetric method 

and Chapman's biological method show excellent agreement. 

DISCUSSION OF GRAVILllT1IC ivTHOD FOR CHEMICJJ EVAUJION 
OF HOPS 

It has been known for some time that the preservat- 

ive properties of hops are associated with the so-called 

"soft resins," the fraction of the total resins soluble 

in petroleum ether. But while hops containing a high 

proportion of soft resins are likely to have high preser- 

vative value, experience has shown that the two are not 

exactly parallel. s early as 1888 it was shown that the 

soft resin could be split into at least two fractions by 

treatment with alcoholic lead acetate. 

Later Ford and Tait (5) developed a chemical method 

for comparing the antiseptic properties o± different hops. 

The portion of the soft resin that precipitated with the 

lead acetate was termed the - resin and the fraction 

not precipitated was termed the /3_ resin. Upon testing 

these fractions separately as to their power to suppress 

the growth of certain organisms in malt wort it was fornid 

that the '<- fraction had 5 times the potency of the 

fraction, hence if one wished to express the value 
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of the particular hop in terms of the < - resin, it 

would be merely a case of dividing the percentage oÍ' 

resin by 5 and adding the result to the percentage o± - 

resin found. - -/5 is the graphic representation for 

the value of a hop in terms of its - resin content. i. 

little later, Walker (1'?) made a study of the soft resin 

constituents of hops. Hurnulon, a crystalline compound, 

was isolated from the - resin and its preservative 

properties compared with those of the original -- resin. 

The properties of the humulon and the - resin were so 

nearly alike that it was considered that the - resin 

Was made up largely of hurnulon and its degradation pro- 

ducts. The 4? resin was another problem. To fraction- 

ate this portion it was subjected to extraction with aque- 

ous alkalies in increasing strengths as follows: 

4% sodium bicarbonate extracted 7.5% of 1- resin 
1% ammonium carbonate extracted 5.8% of ¡- resin 
1% sodium carbonate extracted 14.5% 0±' - resin 
1% caustic potash extracted 30.2% of ,o- resin 
Remainder of neutral material 42.0% of - resin 

The neutral material was found, for all practical 

purposes, to have no preservative value. Of the portion 

soluble in caustic potash about half of it could be ob- 

tained as crystalline lupulon which was subsequently prov- 

ed to be largely responsible for the preservative power of 

the - resin. The other half was a non-crystalline re- 

sinous material, probably a decomposition proöuct of lupu- 
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ion, and it, together with the portions soluble in sodium 

carbonate and ammonium carbonate had a preservative value 

of about 1/4 that of the crystalline lupulon. The sodium 

bicarbonate fraction was of small account. The crystal- 

line lupulon was found to have about twice the antiseptic 

power of crystalline humulon but the :' - resin as a whole 

had only 1/3 the antiseptic power of the - resin. Thus 

vialker proposed -< ' ,i/3 as the formula for calculating the 

antiseptic power as against the r /5 of Ford. and Tait. 

1a1ker's results were obtained using the Bacterium X of 

Ford and Tait together with three other organisms obtain- 

ed from .. C. Chapman. 

Still later, Ford and Tait (ls) again made an exam- 

ination of resin constituents of hops and found that 

/ J /4.3 was the correct formula to use when calculat- 

ing the value of any particular sample. They point out, 

however, that when fresh hops are used the difference in 

antiseptic value calculated with any of the three formulas 

presented is negligible. In arriving at this new formula, 

Ford and Tait made use of the same Bacterium X as pre- 

viously but they admit of difficulties clue to their in- 

ability to standardize conditions for uniform development 

of the organism. Thus, while each set of results would be 

comparable within itself, they would not necessarily be 

comparable with other sets. 
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In the original Ford and Tait (5) method the hops 

were extracted for 5 hours in a Soxhiet with methylated 

ether and then allowed to stand over night. This was fol- 

lowed by more extraction until the run-off ether was col- 

orless. The extract was evaporated in a carrent of 002 

until free of ether and the residue dissolved in hot meth- 

yl alcohol, cooled, filtered and made to volume. The - 

acid is determined by precipitation at 50° C. - 600 C. 

with methyl alcoholic lead acetate, the precipitate being 

allowed to settle over night before filtering and weighing. 

The /3- resin is obtained by acidifying the filtrate from 

the lead acetate precipitation with sulfuric acid and ex- 

tracting the mixture with petroleum ether. The extract 

being filtered, evaporated and dried to constant weight at 

100° 0. There is considerable time involved in this pro- 

cedure and in 1928 Hastings and Walker (33) proposed some 

modifications designed to shorten the time appreciably and 

to reduce the limits of error. In the first place, it 

was found that three hours in the Soxhlet with methylated 

ether was sufficient for proper e:traction. As a matter 

of fact their data showed that nearly all the material 

that is soluble in methyl alcohol is extracted in one hour. 

The ether is removed by distillation, the last 30 cc. 

under diminished pressure and the residue is extracted 

with successive portions of vrarm methyl alcohol until about 
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loo cc. have been obtained when all portions are mixed 

together, filtered and made to volume. The -K acid is 

obtained in the usual manner by precipitation with alco- 

holic lead acetate, however, one-half hour only is allow- 

ed for the precipitate to settle before filtration takes 

place. The - resin is obtained indirectly by making a 

total soft resin determination during the time allowed for 

the - acid lead salt to settle. This is accomplished 

by treating another portion of the methyl alcohol solution 

of resins with twice its volume of water and subsequently 

extracting the mixture with petroleum ether after which 

the petroleum is evaporated and the residue dried and 

weighed. The percentage of total soft resin less the per- 

centage of X - acid gives the percentage of X_ resin. 

It was suggested by Hastings and Ylalker (33) that 

the reason for the discrepancy between Ford and Tait's 

formula < iL ìY/4.3 and 7alker' s formala /3 lies in 

the mode of extraction with petroleum ether. In the Ford 

and Tait method the only water added to the - resin be- 

fore extraction with light petroleum was that contained in 

the few cubic centimeters of sulfuric acid used to precip- 

itate the lead. Under those conditions light petroleum 

does not give a complete extraction of the methyl alcohol 

solution. This latter fact was dell known by Ford and 

Tait, but, under the conditions of their experiments at 
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that time, the residue left in the methyl alcohol was 

found by them to be without antiseptic value, and. hence 

they neglected it. The addition of water to the methyl 

alcohol solution of resins throws these resins out of sol- 

ution in a colloidal suspension which is suceptible to a 

rapid and complete extraction vjith light petroleum. 

Hastings and ialker (33) point out that in every case that 

has come to their attention, the - resin obtained by 

the latter method has always, weight for weight, an anti- 

septic value of 1/3 that of humulon, while the y- resin 

obtained by the Pord. and Tait method has an antiseptic 

value of 1/4.3 that of humu.lon. The proper amount of 

water to add to the methyl alcohol extract was found ex- 

perimentally by Hastings and Talker to be in the ratio of 

2 parts water to 1 part alcoholic extract. about 1/o of 

common salt is added to the colloidal suspension before 

extraction with light petroleum to prevent emalsification 

troubles. 

Not being satisfied with methylated ether as a prim 

mary solvent, Hastings and Walker (41) again changed the 

Pord. and Tait method for the gravimetric analysis of the 

preservative properties of hops. Methylated ether be- 

sides being a solvent for the soft resins also is a sol- 

vent for the hard resins which, under normal conditions 

of drying and storage, may form a protective coating over 
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the soft resin. Ether also extracts other substances 

chiefly o± a fatty nature which, being soluble later on 

in light petroleum, have the tendency to produce high re- 

suits. The soft resins besides containing the antisep- 

tic properties are described as the portion oÍ' the total 

resins soluble in lìght petroleum,. It was found, however, 

that a primary extraction with light petroleum had the 

tendency to give too low results, probably because of the 

protective action of the hard resins. Methyl alcohol Was 

considered and appeared to be the ideal solvent since it 

would dissolve both the hard resins and the soft resins 

and leave untouched the fatty material which was a hazard 

to accurate work. A soxhiet, however, cannot be used. with 

methyl alcohol because the boiling point 0±' the solvent is 

sufficiently high to cause serious changes in the composi- 

tion of the soft resins. In the cold it was found that 

with mechanical agitation, a sample o± ten grams of hops 

could be completely extracted with 1OC) cc. methyl alcohol 

in 3 minutes or i± shaken by hand a period of 10 minutes 

should be allowed. The - soft resin or -'-- acid is 

precipitated directly from the filtered methyl alcohol ex- 

tract. There were no other changes in the procedure re- 

commended but it is apparent that a great saving of time 

and an increase in accuracy is brought about by this modi- 

fication. i?articular emphasis is placed on the importance 

of the temperature at which precipitation with lead ace- 



tate is carried out. 60° C. is the recommended tempera- 

ture with 3 or 4 minutes digestion after precipitation is 

complete to insure a granular precipitate that will fil- 

ter easily. Another note of warning is sounded when it 

is advised that the samples of hops be minced only so fast 

as they can be analyzed. 1±' the hops are allowed to 

stand for several days in the minced condition, they may 

become troublesome through emulsification at the time of 

extraction with light petroleum. It is suggested that 

this condition may be brought about by the liberation of 

lipases, when the cells are bruised during mincing, which 

could then result in the saponification and oxidation of 

the esters of the fatty acids with the production of emul- 

sifying agents. 

In answer to an inquiry in the fall of 1931, Dr. 

Walker explained that a still further modification o± the 

Ford and Tait graviruietric process had been made. Instead 

of precipitating the - acid directly from the methyl 

alcohol extract, a portion is first diluted with l) anue- 

ous sodium chloride and extracted with light petroleum. 

fter filtering and making to volume half of this petro- 

leum extract Is evaporated, the last few cc. under dimin- 

ished pressure, the residue taken up with methyl alcohol 

and the < - acid precipitated in the usual manner. The 

remainder of the extract is dried and weighed. It was 
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round that certain hops contained an acidic substance 

which is not true < - resin, but which is soluble in 

methyl alcohol, and which is precipitated as a lead com- 

pound by leaö acetate. This substance or mixture of sub- 

stances is insoluble in light petroleum, hence the ex- 

traction with light petroleum before treatment with lead 

acetate. This modification has since been published in 

comiection with a review of ten years' research work on 

the antiseptic constituents of hops (59). 

The details of the gravimetric method as submitted 

by Walker follows: Mince 40 grams of carefully selected 

hops and mix well together. stir 10 grams of the minced 

hops with 100 cc. of methyl alcohol for 10 minutes. Fil- 

ter through paper. Traiisfer 40 cc. of the filtrate to a 

separating funnel, add 80 cc. of l; aqueous common salt 

solution and extract four times with light petroleum, using 

45 cc. of light petroleum for each separate extraction. 

Combine the petroleum extracts, filter into a 200 cc. 

graduated flask, wash the filter paper with a little light 

petroleum and make up the solution to the EOC) cc. mark. 

Pipette 100 cc. of the light petroleum extract into a 

E00 cc. flask and evaporate, removing the last few ccs. 

under diminished pressure. The resin left behind is dis- 

solved by gently warming with successive small portions of 

pure methyl alcohol using a total of about 30 cc. This is 



placed in a beaker and the < - resin precipitated at 60° 

C. by the addition of a l solution of lead acetate in 

methyl alcohol. The proper amount of lead acetate solu- 

tion to use is determined by bringing a drop of the clear 

superna.tant liquid in contact with a drop of ammonium or 

sodium sulfide. The immediate appearance of a brown ring 

is evidence of excess. Because the - resin lead ace- 

tate precipitate is soluble in an excess of precipitating 

agent not more than 2 cc. excess is allowable. $t the 

completion of precipitation, the mixture is allowed to 

digest for 3 or 4 minutes before setting aside for half 

an hour to settle and cool. Jhen cool, filter on a gooch, 

dry for half an hour at 1000 C., cool and weigh. The 

total soft resin is determined by evaporating and drying 

the remaining 100 cc. of light petroleum extract. The - 

resin is obtained by difference. - resin lead salt x 

.631 - resin. The lead acetate used is the .3 H20 

hydrate. The methyl alcohol must be pure. The light pe- 

troleum should distill between 350 C. - 40° 0. However, 

light petroleum boiling between 50° C. - 550 gives 

good results. 
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THE PR13JNT INVESTIGATIONS ON THE GPAVIIvTRIC METHOD 

When the work involved in this paper was started, 

the recent modification as suggested by Walker (59) had 

not been made public and since there was no intention of 

devising a scheme of analysis but to attempt to put into 

practice One that had already been developed and recom- 

mended, it was assumed that the 1929 method, Hastings and 

Valker (41), was entirely adeguate. Sorne difficulty was 

experienced with the precipitation and filtration of the 

C-K- resin lead salt. The precipitate carne down slowly 

and in very finely divided condition. Uncertainty was 

experienced as to the proper amount of lead acetate solu- 

tion to ada. This was due no doubt to the finely divided 

condition of the precipitate which retarded or prevented 

settling so that small particles were carried out onto the 

test plate with the drop of supernatant liquid, the part- 

leles of the orecipitate producing the brown color with 

the sulfide indicative of excess of lead acetate. V/hen 

the mixture had cooled, it was found that the precipitate 

had the tendency to adhere very tenaciously to the sides 

of the beaker. So hard did it adhere that rubber poli.c- 

ing made no impression and it was necessary to resort to 

the use of a small knife to scrape the precipitate loose. 

.nd in the filtering process the finely divided precipi- 
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tate had a tendency to pass through the asbestos felt or, 

failing that, filled the pores of the felt making it 

practically irpervious, thus consuming large amounts of 

time in the filtering process. 

All of these difficulties were overcome with the ex- 

ception of precipitation, with the advent of the recent 

modification whereby the resins are passed through light 

petroleum before treatment with lead acetate. In an ef- 

fort to determine the proper amount of alcoholic lead ace- 

tate for precipitating the -<- resin in an average hop 

tests were made using varying amounts of the lead acetate 

solution. The amounts varied by 5 cc. from 5 cc. to 20 cc. 

The results o± the tests indicated there was an increase 

in - resin lead salt formation up to the addition oÍ' 

15 cc. lead acetate solution, but remained constant there- 

after. In other words, the amount of precipitate formed 

by 20 cc. of the lead acetate solution was comparable with 

that formed by 15 cc. while less than 15 cc. produced a 

diminished quantity of the precipitate. Therefore, in all 

of my analyses, 15 cc. of lead acetate solution were used 

to precipitate the - resin except in cases that were ob- 

viously of very poor quality. In this procedure, the lead 

acetate solution is added at once instead of dropwise and 

a flocculent precipitate was produced which settled easfty, 

did not adhere to the sides of the beaker, and filtered 



-43- 

easily. The temperature was raised to 600 C. before ad- 

dition of the lead acetate solution and maiitained for 

several minutes thereafter to assist in the coagulation. 

As stated by Walker (59) it was observed that the 

results for -< - resin using the 1929 method were some- 

what higher than the results obtained with the recent 

(1932) modification. Furthermore, the - resin lead 

salt precipitate from the 1929 method changed color from 

a dirty greenish-yellow to a brown upon heating in the 

oven while the bright greenish-yellow color of the pre- 

cipitate from the recent modification remained unchanged 

even after over-night drying at 1000 C. The color change 

may be accounted for by the presence of certain non- 

resinous materials which are present in the methyl alco- 

hol extract. 

The full details of the procedure used in making 

the analyses are as follows: 

Lbout 30 grams of hops are put through a coarse 

food chopper. The first 5 grams to pass through are dis- 

carded since a certain amount of the resins will adhere 

to the chopper and introduce an error in the determina- 

tion. After 5 grams have passed through, it is assured 

that the amount adhering to the chopper will remain con- 

stant, and thus cause no further error. The sample is 

thoroughly mixed and 10 grams of the minced hops are shak- 



en with loo cc. methyl alcohol for 10 minutes. The ex- 

tracted hops are filtered through paper with suction a'ìd 

washed by breaking the suction, saturating the packed mass 

with methyl alcohol and then sucking dry again. This pro- 

cess is repeated 3 times by which time the alcohol comes 

through nearly colorless. The filtrate is transferred to 

a 200 cc. volumetric flask and made to the mark. 

50 cc. of the methyl alcohol extract are transferred 

to a separatory funnel and 100 cc. distilled water contain-. 

ing about 1% sodium chloride are added at once. The mix- 

ture is extracted 4 times with petroleum ether, using 

about 45 cc. for each extraction. The combined petroleum 

extracts are poured through filter paper into a 200 cc. 

volumetric flask, the paper washed with more petroleum 

ether and the flask filled to the mark. 100cc, are with- 

dravm and placed in a 400 cc. flask from which all but 

10 cc. of the ether are distilled. The remaining 10 cc. 

are removed in a vacuum oven regulated to 400 C. The time 

was watched to prevent unnecessary heating, 10 - 15 min- 

utes usually sufficing. The residue is dissolved with a 

small amount of methyl alcohol and washed into a 50 cc. 

beaker until 25-30 cc. are obtained. The beakers are 

set in a water bath maintained at 600 0. :Vhen the temp- 

erature of the contents has reached that of the water 12- 
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15 cc. of a i'% lead, acetate solution in methyl alcohol are 

added at once. The precipitate is digested. for 5 minutes 

to assist settling. .fter cooling for half an hour 

the precipitate is collected on a gooch washed with methyl 

alcohol, and dried over night at 800 c. 

The remaining 100 cc. of petroleum ether extract are 

placed in a. 400 cc. fat extraction flask; the petroleum is 

distilled off and the residue dried, first in the vacuum 

oven end finally for half an hour at 800, and weighed as 

total soft resin. The - resin is obtained by difference. 

- resin lead. salt x .61 - - resin 

Total soft resin - - resin - - resin 

Idlethyl alcohol = Baker's ibsolute - acetone free 

Petroleum ether - Baker's C. P. Boiling range 300 c 
- 60° 0. 

when the methyl alcohol extract is obtained, the re- 

mainder of the determination should be completed as soon 

as possible to forestall excessive deterioration of the 

resin while in solution. At the beginning of this work 

a number of trials were made to become familiar with the 

methods at hand. miring the course of those trials it was 

observed. that not the slightest agreement could be obtain- 

ed between aliquots drawn from a methyl alcohol extract if 

they were analyzed a day or two apart. The older the al- 

cohol extract the less was its antiseptic value as evid- 



enced by the diminished quantity of the - resin lead 

salt. No difficulty was experienced in obtaining corn- 

parable results on fresh methyl alcohol extractions. 

nother point of interest, not noted in the litera- 

ture, concerns the solubility of the '. - resin lead salt 

after it has been once dried. It :as thought that as a 

convenience and time saving feature that successive fil- 

trations could be made on the same gooch without altera- 

tion of the asbestos pad or the previous precipitates. 

Filtration proceeded in a satisfactory manner, but agree- 

ment between duplicates was not satisfactory and each 

succeeding collection of precipitate was reduced. The 

preparation of fresh asbestos pads for each determination 

eliminated the above mentioned difficulties. I am not 

prepared to state definitely to what the discrepancies e 

due. However, a slight cloudiness in the filtrate would 

seem to indicate that fine particles of the precipitate 

or possibly of asbestos had been carried through, since 

the cloudiness did not sho'r up until the second and suc- 

ceeding filtrations. If drying breaks up the original 

particles so fine that oortions nay be carried through 

the filter, then it seems possible that an increase in 

solubility is brought about. Freshly prepared gooches 

are necessary for accurate results. 



-47- 

DISCU3ION O' THJ BIOLOGICAL MITHODS FOF VAJ1UÂTING HOPS 

The biological methods, while they are too cumber- 

some ±or routine analyses are nevertheless indispensable, 

particularly for checking on the accuracy of the chemical 

methods. They are based upon the ability of hops or de- 

coctions of hops to inhibit the growth or development of 

certain bacteria. 

Among the first to do work along this line were 

Brown and Clubb (2) who isolated an organism from beer 

wort which they called Bacterium X. Their experiments 

were they came the conclusions 

that to be strictly comparative the tests should. be made 

at, or about, the same time, using the same culture mediui 

and so far as possible, cultures of Bacterium X of same 

age and vigor. 

Some time later in 1925 Chapman (B), in an attempt 

to overcome some of the difficulties of previous workers, 

devised a method in which an organism isolated from raw 

sugar was used. Inhibition of growth was taken as the 

measure of the antiseptic power. 

Ford and Tait (19) also used Bacterium X to deter- 

mine the relative antiseptic values of and J - resi 

They had the same difficulties experienced by Brown and. 

Clubb. 
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When Hastings, Pyman, and Talker (23) undertook 

the study of this method of analysis, they made a thor- 

ough investigation of several methods and compared them 

one with the other. Bacterium X was given a thorough 

trial and finally discarded for the same reasons as given 

above, plus the fact that it produced only s!:all amounts 

of lactic acid and evidence of growth was difficult to 

distinguish. In its place Bacterium deibruchii was sug- 

gested by the fact that it produced large quantities of 

lactic acid in normal growth and was particularly sensi- 

tive to the inhibiting powers of hop infusions. In using 

B. delbruchii, the suppression of growth as measured by 

the formation of lactic acid is taken as the criterion. 

The acid is titrated with N/40 alkali. 

Por comparative purposes the authors conducted ex- 

periments using Ford and TaitTs gravirnetric method, Chap- 

man's plate method and the above mentioned B. deibruchil 

method. Good agreement was obtained from all the methods 

and it was concluded that satisfactory results could be 

had with any or all of the methods tried. In discussing 

the two biological methods the authors seem to favor 

Chapman's plate method since the bacterium used is more 

easily maintained in a viril condition than B. d.elbruchii, 

and it appears to be more sensitive to the antiseptic 

action of hops. In working out a biological method, how- 
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ever, it seern desirable to have the conditions a near- 

lT like those encountered in actual brewing practice as 

possible. Prom that standpoint, the B. deibruchii method 

most nearly fulfills the requirements. The organism was 

obtained from wort, the medium is licuid and the forma- 

tion of lactic acid is suppressed. Studies have shown 

that growth and acid formation do not go hand in hand 

since there is a certain lag period in the growth curve 

before any apprecialle amount of acid is formed. Very 

little acid is formed during the first 18 hours. The it,e 

of formation increases up to 24 hours where it remains 

constant until 40 hours from time of inoculation after 

which the rate decreases until the amount of acid be- 

comes nearly constant. Thus a titration which indicates 

there has been no acid formation does not necessarily 

mean there has been no growth. 

t the time the paper of Hastings, Pyman, and 1Jalk- 

er (23) was written, the gravimetric method required a 

longer period of time to complete than either of the bi- 

logical methods. It was, however, considered the most 

susceptible of standardization an for that reason is re- 

commended as the most preferred of the three in spite 0Í 

the time factor. Subsequent improvements in the gravi- 

metric method have cut the time from 55 hours to 8 hours 

or less, and increased the accuracy so that it is even 
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moro to be preferred at the present 

The biological nethoö. has its 

gations, however, as a check on the 

and as a scheme for testing the act 

perties of hops. 

Chapman (45) in an attempt to 

time. 

place in hop investi- 

gravimetric method 

al preservative pro- 

standardize his plate 

method tested his Bacterium TYCI? against pure phenol. He 

fornid that the organism could be cultivated over quite 

long periods of time at a fairly constant level of viril- 

ity. 

Late in 1931 Vialker et al (56) published the details 

of a method making use of B. bulgaricus, for which is ola- 

imed a mach higher degree of sensitiveness than the B. 

delbruchji method and a considerable economy of time. 

While the B. delbnichii method was considered suitable for 

routine determinations for the antiseptic potency, when it 

came to the changes undergone during brewing it was found 

inadequate. Por this purpose a method using B. bulgaricus 

was worked out. This method is termed the Log-Phase meth- 

od, since it depends on the fact that when, under speci- 

fied conditions, the antiseptic is added to the cultures 

at an early stage in the logarithm phase of growth, the 

relationship between dose and effect is shown by the ex- 

pression: ercentage restriction of acid formation .- 

percentage concentration of antiseptic substance = K (a 
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constant value). 

In studies on the growth of bacteria it has been 

found that a succession of phases are passed through. 

There is an initial lag period during which the number of 

celis increase very slowly, a period of maximal growth, 

a stationary or resting period, and a period during which 

the number of living organisms progressively diminishes 

until all have died. 1ith acid-forming bacteria the pro- 

duction of acid parallels the growth curve to the begin- 

fling of the third or resting period. Prom that point the 

production of acid continues at a much slower rate until 

a maximum is reached, whence it becomes statioiary. The 

fact that the maximum acid content of the medium is not 

reached until some little time after the maximum bacter- 

ial population has been attained has been explained as due 

p0SSibly to bacterial enzymes which continue to function 

even when the cells are dying or in the process of autoly- 

Sis. B. bulgaricus was found to develop according to the 

above outline and. to produce large quantities of lactic 

acid. when grovm on sterile malt-wort. 1lhen a quantity of 

humulon is added to sanie malt-wort which is subsequently 

inoculated with B. bulgaricus, the quantity of acid nîch 

the latter produced in a given interval of time was reg- 

ulated to an extent depending on the quantity of the anti- 

septic present. But it was found that different amounts 
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of acid might be produced when using the same quantity 

of antiseptic if the antiseptic was added at different 

stages in the development of the organism. The prin- 

ciple of the method is best summed up in the words of 

the authors thus: "addition of an aporopriate quantity 

of humulon to a maltose solution undergoing fermentation 

by lactic acid bacteria of the type in question, when 

made at a definite stage in the logarithmic phase, resi 

in a reduction of the rate of acid formation and, within 

certain ascertained limits, the percentage of such re- 

striction is in a fixed ratio to the quantity of humulon 

added." 

The results o± experimental work in connection with 

the development of this method follow: 

1. B. bulgaricus ñevelops freely on a malt-wort of 

sp. gr. 1.050 and, for the purposes of this work, pH of 

5.0 and temperature of 3Q0 c 
2. Using wort of sp. gr. 1.050 and pH 5.0 and in- 

cubating at O., the logarithmic period of cell- 

multiplication terminated vihen there were present approx- 

imately 4 x 108 organisms per cc., no matter to what ex- 

tent the number intlD9uced as inoculum was varied within 

the 1iiits 4 x to 4 x io6 organisms per cc. 

3. The amount of acid produced was determined by 

titrating with N/b sodium hydroxide, using the quin- 
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hydrone electrode and titrating to the pH possessed by 

the medium at the beginning of the experiment. The end 

of the logarithmic portion of the acidity-time curve is 

reached at the point at which 100 cc. of the culture re- 

quired about 30 cc. N/lO sodium hydroxide to bring back 

its pH value to that of the original wort. 

4. One part humulon in 500,000 causes approximate. 

ly 50 percent restriction in the acid formation. The 

greatest restriction is obtained where the antiseptic is 

added at the beginning of the logarithmic phase of dey- 

elopment or when the culture is about si hours old. 

5. Acid production should be allowed to continue 

for as long a period as possible before estimation of 

acidity, but not beyond the end of the logarithmic per- 

jod. 

6. A quantity of antiseptic should be used so 

that the resulting restriction in acid formation lies be- 

tween 20% and 50%. 

7. Addition of a given dose of humulon to the cul- 

ture medium early in tile lag phase retards multiplication 

of the organisms to a relatively greater extent than it 

restricts acid formation. 

The method as finally developed is quite empirical 

in that the details as laid down by the authors must be 

strictly adhered to if accurate results are to be obtained. 
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n outline of the method follows:: 

In all cases the medium used is a sterile malt- 

wort of sp. gr. 1.050 and pH 5.0. Incubation is at 3Q0 C. 

10 cc. of medium is inoculated with 2 loops of a 24- 

hours old culture of B. bulgaricus grown on the same mod- 

lum and incubated for exactly eighteen hours, i cc. of 

this culture is diluted to 100 cc. with 99 cc. of the 

sterile medium. 200 cc. of the wort are placed in a 250 

cc. flask and after warming to 300 C. is inoculated with 

1 cc. o± the i-100 culture and then placed in the incuba- 

tor for 6 hours. At the end of this time the antiseptic 

is added and incubation continued for an adclitional 17 

hours. This latter time may be varied from 16 - 19 hours. 

the end of the second incubation period the flasks are 

removed and an aporopriate amount of quin-hy9rone adcled 

irímediately after which the titration may be leisurely ac- 

complished. Care is exercised throughout that the tern- 

perature does not go below 300 0. during the entire incu- 

bation period. The addition of quin-hydrone puts an end 

to ail fermentation. The results are calculated on the 

basis of the percentage restriction of possible acid pro- 

duction as determined in the absence of antiseptic. The 

sample causing the greatest restriction being assigned a 

value of 100 the others are compared proportionately to 

it. 
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TUE PR1SJNT INVi3TIGATION3 ON TUE BIOLOGIOi.L METHODS 

The amount of time available for conducting tests 

on the biological method was quite lir;ited and for that 

reason no fair test could be made of that scheme for deter- 

mining the antiseptic value of hops. At the time this pro- 

ject was started, the newer method making use o± B. bui- 

garicus had not been published and it was not until some 

months later that it was called to my attention. Conse- 

quently what little work was done involved the B. deibra- 

chu method only. 

Through cooperation of the Departnnt of Bacteriol- 

ogy at Oregon State College, space and equipment were pro- 

vided for conducting the experimental work. A culture o± 

B. deibruchii was obtained from 'TAmerican Trpe Cultures'7 

in Chicago. A standard wort broth was prepared, using 

"Difco" malt extract. The pH when first made was 6.1 but 

after a half dozen or so sterilizations the pH was reduced 

to 5.2. The specific gravity was not determined. At the 

commencement the organisms seemed to grow quite prolifical- 

ly at 420 C., but on repeated transfers an apparent loss 

in virility was noted. The reason for this is not known. 

several determinations were made using a .25 de- 

coction o± the hops; 2Q cc. of broth were used in each de- 

termination. After measured amounts of decoction are add- 
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ed to each tube, enough water to make a total of 30 cc. 

is added. The tubes are sterilized and one cc. of a l-25 

culture of B. deibruchil is added. The l-25 dilution is 

made from a '4-hour old culture that has been sub-cultured 

for three or four successive days. After 40 hours incuba- 

tion at 420 c the tubes are removed and allowed to cool. 

Each determination is diluted to about 100 cc. with dis- 

tilled water and the lactic acid present is titrated with 

N/40 alkali, using phenolphthalein as the indicator. A 

tube containing only broth and one containing broth and or- 

ganisms only, were carried along with each series of deter- 

minutions. 

In titrating, much uncertainty was experienced in 

determining the end points, due to the dense color of the 

broth. The control without organisms was titrated first 

to ascertain the amount of acidity due to the broth alone 

and an attempt was made to match the end point color pro- 

duced in the control tube. Prom the erratic results ob- 

tained it was obvious that either the growth or acid pro 

duction of B. delbruchii was very erratic or very little 

success was experienced in matching end point colors. 

There is little doubt in the authorTs mind as to both of 

these conditions contributing to the difficulty in match- 

ing colors. 

It may be that a fresh malt extract is sufficiently 
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light in color so as not to interfere with indicators, 

but whether it is or not, the suggestion in the lag-phase 

method of using the quin-hydrone electrode seems a good. 

one. 

As to the virility of the organism it seemed as 

time went on that it became progressively less virile 

with each succeeding transfer. 

RESULTS OBTAINED ON THE 1931 CROP BY USE OP THE GIVfl'ETR1C 

CHEMICAL METHOD OP EVAULAT ION 

The results of the analytical work involved in this 

paper are recorded in Tables I to VI. They represent 

twenty-five seedlings and selections, three fertilizer 

trials of seventeen plots each and two samples from a dry 

ing experiment, all from the 1931 crop. 

The recorded values for - ì'3/3 were obtained by 

striking an average between the close results of two dif-. 

ferent methyl alcohol e:tractions. n exception to this 

procedure was necessarily practiced rihen the samples from 

the fertilizer tria1ì con9ucted at the Ross Wood yard. 

proved to be inadequate for more than single eterrninas, 

The analytical work was accomplished in the chemis- 

try laboratory of the Oregon Experiment Station which also 

supplied the necessary laboratory apparatus. All chemi- 

cals were furnished by the United States Dept. of Agri. 



T.k.BLE NO. I 

Effect of erti1izers on ntiseptic Value of Early Cluster 

Hops Grown at Ross Jood Yard, Dayton, Oregon, 1931 

i:t ibis- - - Tot.soft 
No. Treatment ture resin resin resins /3 

i No treatment 
2 12O rmiriate of potash 8.18 6.33 8.57 14.90 10.19 
3 66 treble phosphate 6.80 6.63 8.47 15.10 9.45 

6O muriate of potash 
4 133# treble phosphate 8.10 3.59 8.00 11.59 6.26 
5 133 sodium nitrate 7.85 4.92 7.70 12.62 7.49 

66 treble phosphate 
6 No treatment 8.05 5.21 7.99 13.20 7.87 
7 6b sodium nitrate 7.28 7.12 8.26 15.38 9.87 
8 133# sodium nitrate 7.08 6.47 8.71 15.18 9.37 

6Oj muriate of potash 
9 266f sodium nitrate 7.30 6.73 6.65 13.38 8.95 

12O mxriate of potash 
133t treble phosphate 

10 100# sulfur 6.76 6.59 7.95 14.54 9.57 
J_l No treatment 7.10 7.37 o.58 13.95 9.56 
12 l2O muriate of potash 8.20 5.73 8.19 13.92 8.46 

1OOf sulfur 
13 l33 treble phosphate 8.90 6.80 8.57 15.37 9.66 

1001f sulfur 
14 266# sodium nitrate 7.60 7.56 7,15 14.71 9.94 

10O sulfur 
15 26$ soiurn nitrate 9.50 7.16 7.68 14.84 9.72 

l2O muriate o± potash 
1337f treble phosphate 
1OO/I sulfur 

16 No treatment 8.45 6.92 7.83 14.75 9.53 
17 2OO land plaster 9.95 5.80 7.58 13.38 8.33 
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Discussion of Results in Table I 

The hops obtained from the fertilizer trial at the 

Ross Iood hop yard at Dayton, Oregon, were of the Early 

Cluster variety. This high producing yard is situated on 

good river bottom soil and the plots averaged over one 

ton of dry hops per acre. The differences in growth and 

yield of the variously treated plots were not great. How- 

ever, some plots produced a little higher yield. None of 

the differences in yields, however, was significant as 

they were not equal to three times the probable error of 

a single determination. 

The lack of results in the fertilizer 

trials as far as yields are concerned may be due to the 

excellent yield of these hops. nother factor may have 

been the dry weather conditions which followed the fertil- 

izer ajplications. Of interest, however, is the differ- 

ence in the antiseptic values of the hops picked from the 

various plots. In general, the values of the hops from 

this yard were not as high as those from the other two 

yards in trial. Llore than likely this is due to the var- 

iety which was Early Cluster as compared to Late Cluster 

in the other two yards. The average -/3 value was 
9.01. Both check plots averaged less than 8, indicating 

that the fertilizers may have had some value. s pre- 

viously pointed out, however, because of the methods of 



storage, differences too fine cannot be drawn between 

the$e results. The highest antiseptic value was obtained 

from the plot receiving 120 pounds of muriate of potash. 

However, two other plots which got this amount of potash 

plus other fertilizers did not run so high. The lowest 

antiseptic value was obtained from the hops grown on the 

plot treated with 133 pounds of treble phosphate. This 

plot was noticeably low in the - resin. 

In a comparison between yield and antiseptic value 

there appears to be no correlation; that is, some plots 

which yielded heavy had a low antiseptic value while 

others which yielded light had a low antiseptic value, 

and the same condition was true in regard to the heavier 

yielding plots. 
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TkBLE NO. II 

Effect of Fertilizers on antiseptic Value of Late Cluster 

Hops Grown at Du.bois Yard, 1oodburn, Oregon, 1931 

plot Mois- y Tot.soft 
No. Treatment ture resin resin resins -'43 

i No treatment 8.26 8.61 8.84 17,45 11.56 
2 12O muriate of potash 8.10 6.42 10.65 17.07 9.97 
3 66/j treble phosphate 7.38 8.05 4.55 12.60 9.57 

6O rmiriate of potash 
4 133 treble phosphate 7.56 7.74 4.53 12.27 9.25 
5 133f sodium nitrate 7.08 8.34 7.76 16.10 10.93 

66 treble phosphate 
6 No treatment 6.82 7.08 8.44 15.52 9.89 
7 266 sodium nitrate 8.28 6.53 10.22 16.75 9.94 
a l33 sodium nitrate 8,00 8.04 7.66 15.70 10.59 

6O1 mu.riate of potash 
9 266 sodium nitrate 7.98 7.12 9.09 16.21 10.16 

12O muriate of potash 
133# treble phosphate 

10 100m sulfur 7.16 7.20 8.60 15.80 10.07 
11 No treatment 7.30 8.32 8.66 16.98 11.21 
12 120 muriate of potash 7.60 7.51 8.99 16.50 10.51 

lOO# sulfur 
13 133 treble phosphate 8.00 7.43 8.36 15.80 10.22 

l0O sulfur 
14 265 sodium nitrate 8.14 6.20 9.60 15.80 9.40 

lOO# sulfur 
15 26&J sodium nitrate 7.92 7.65 6.83 14.48 9.93 12çL muriate of potash 

l33/ treble phosphate 
l00# sulfur 

16 No treatment 7.88 7.53 5.36 12.89 9.32 
17 20O land plaster 7.54 7.19 7.40 14.59 9.66 
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Discussion of Results in Table II 

The hops which were analyzed for antiseptic value 

from the Prank Dubois hop yard at '1oodburn, Oregon, were 

of the Late Cluster variety. The hops in this yard, 

which were grown on a heavy upland soil, did not yield so 

heavily as those in the Ross Wood yard. Yields, however, 

were quite good and averaged just about one ton of dry 

hops per acre. The differences in yield, as in the for- 

mer case, were not very significant and this also may 

have been due to the good fertility of the soil or the 

dry weather conditions after the applications of fertil- 

izor were 

The average antiseptic value was 10.13, which in- 

dicates a high -i-ì/3 value. The value of these hops 

varied all the way from 11.56 down to 9.25. It is of in- 

terest to note that in both the hops grown at the Ross 

Wood yard and the Dubois yard. the plot which showed the 

lowest antiseptic value of the hops was the one treated 

with treble phosphate. 

It is of striking interest to note that the hops 

with the highest antiseptic value were grown on a plot 

which received no treatment. These hops showed a value 

of 11.56. The second highest plot was alBo a no treat- 

ment plot and this showed 11.21. 
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TABL1 NO. III 

Effect of Fertilizers on x1tiseiDtic Value of Late Cluster 

Hops Grown on Ireland Yard, Corvallis, Oregon, 1931 

Plot Mois- - - Tot.soft 
No. Treatment ture resin resin resins /J3 

1 No treatment 7.30 6.17 7.52 13.69 8,68 
2 120# marate of potash 9.40 6.95 9.06 16.01 9.97 
3 66# treble phosphate 9.86 6.44 8.66 15.10 9.33 

6O muriate of potash 
4 Treble phosphate 8.75 6.58 8.83 15.41 9.56 
5 l33 sodium nitrate 7.25 5.73 8.07 13.80 8.42 

66# treble phosphate 
6 No treatment 6.45 6.77 6.42 13.19 8.91 
7 266 sodium nitrate 7.80 7.21 7.99 15.20 9.87 
8 133 sodium nitrate 8.40 7.88 7.73 15.61 10.46 

6O muriate of potash 
9 266 sodium nitrate 7.55 6.83 8.06 14.89 9.52 

120# muriate of potash 
133# treble phosphate 

10 10O sulfur 8.30 7.79 8.17 15.96 10.51 
11 No treatment 7.15 8.07 7.83 15.90 10.68 
12 12O muriate of potash 8.10 9.03 9.68 18.71 12.29 

100# sulfur 
13 133# treble phosphate 7.10 7.92 7.83 15.75 10.53 

10O sulfur 
14 26&J sodium nitrate 6.75 7.88 7.42 15.30 10.35 

100# sulfur 
15 266f sodium nitrate 7.00 9.26 8.22 17.48 12.00 

120# manate of potash 
133# treble phosphate 
10O sulfur 

16 No treatment 7.25 8.88 8.24 17.12 11.63 
17 20O 1nd plaster 9.40 8.24 8.97 17.21 11.23 
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Discussion of Results in Table III 

The hops grown on the Ireland yard at Corvallis, 

Oregon, were of the Late Cluster variety. These hops 

viere grown on good river bottom soil and yielded aDproxi- 

mately one ton of dry hops per acre. The average anti- 

septic value of these hops was 10.23, indicating a good 

antiseptic value of the hops grom under these conditions, 

The plot treated with potash and sulfur gave the highest 

antiseptic value, and the highest value of any of the 

lots conducted. The value of this plot was 12.29. The 

lowest value in this trial was 8.42 per cent, and the hops 

were from the plot treated with sodium nitrate and treble 

phosphate. There were many high antiseptic value lots 

from this yard, and the results are not very significant 

in regard to the value of any particular fertilizer on the 

aiitiseptic value of the resulting crop. 
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TABLE NO. IV 

Effect of Method of Drying on iuitiseptic Value of Late 

Cluster Hops from P. Needham Dryers 

Flot Mois- - ,y- Tot.soft 
No. Treatment ture resin resin resins 

Porced 

Natural 

7.48 6.57 5.04 11.61 8.25 

7.28 6.08 3.57 9.65 7.27 
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Discussion of Results in Table IV 

Late Cluster ho-ps were obtained from the F. Needham 

yard at Salem, Oregon for this trial. Representative 

lots which were dried in the ordinary natural draft drier 

and those dried in the new type of drier which Mr. Needham 

has developed were compared. The latter drier makes use 

of forced draft anö the time of drying is reduced material- 

ly. The results obtained are of interest for they show 

nearly one per cent difference in the antiseptic value of 

these two lots of hope. The moisture content of both 

these lots was practically the same. The forced draft 

drier gave a. little higher alpha resin content, but the 

Beta resin was quite a bit higher in the forced draft 

drier, giving an advantage of about one per cent. Of 

course, these treatments are limited and should be repeat- 

ed. At any rate, it shows that the forced draft does not 

injure the hops in any way as far as antiseptic value is 

concerned and bears out the opinion of Mr. Needham who 

states that the hops dried with this new type of drier are 

superior. 
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Tì3LE NO. V 

Yields and Antiseptic Values of Individual Hop Plants 

Grown in Experimental Yard, Corvallis, Oregon, 1931 

No. Variety 

Green 
wt. 

Lbs. 

Dry 
wt. 
1b. 

IvIOIS- 

ture resin resin 

Total 
Soft 

resins <+/3 

6-3 L.C. 6.9 1.6 8.03 6.77 10.06 16.83 10.12 
6-4 L.C. 5.0 1.3 7,42 6.06 0.89 14.95 10.02 
6-8 31.0. 4.8 1.2 7.56 7.45 10.55 18.00 10.97 
6-9 L.C. 4.5 1.0 7.10 7.22 8.98 16.20 9.88 
7-9 L.C. 6.2 1.3 7.38 5.07 5.82 10.89 7.01 
8-4 L.C. 3.7 .9 7.04 6.90 10.31 17.21 10.34 
-9 E.C. 1.5 .4 7.08 6.59 7.14 13.73 8.97 

8-10 E.C. 3.8 .9 7.76 7.00 6.90 13.90 9.30 
8-11 1.0. 3.8 .9 7.72 6.60 6.78 13.38 8.86 
8-12 E.C. 1.1 .25 7.40 7.63 7.67 15.30 10.19 
11--3 F. .3 .05 8.80 2.77 5.48 8.25 4.60 
11-6 P. .2 .05 8.17 3.30 4.15 7.45 4.68 
11-8 F. .6 .1 8.06 4.23 5.60 9.83 6.10 
12-2 F. .5 .1 8.86 2.62 5.63 8.25 4.50 
12-4 P. .3 .05 7.12 1.65 6.79 8.44 3.91 
14-4 R.V. 3.4 .8 9.30 2.86 9.58 lc..52 6,01 
14-6 R.V. .9 .25 7.66 5.27 6.62 11.89 7.48 
15-3 R.V. .8 .2 7.48 3.42 6.87 10.29 5.71 
15-6 R.V. 1.9 .5 7.80 2.75 9.05 11.80 5.77 
15-7 R.V. .9 .2 10.38 4,25 7.56 11.81 6.77 
16-2 Bay, 1.4 .6 9.32 7.22 7.56 14.78 9,74 
16-6 Bay. 3.6 .9 9.10 8.10 6.20 14.30 10.17 
17-7 Bay. 5.2 1.3 7.00 8.06 4.92 12.98 9,70 
17-8 Bay. 5.2 1.2 8.54 8.62 6.86 15.48 10.91 
17-9 Bay. 2.6 .7 6.60 7.48 8.02 15.50 10.15 



Discussion o± Results in Table V 

Results reported herein are of interest because they 

indicate great differences in the antiseptic values of 

various hops. Similar to the results reported in the pre- 

vious tables the Late Cluster varieties show a good anti- 

septic value. In contrast with the Late Clusters and also 

the Early Clusters, are the values of the Euggles variety. 

This variety is extremely low, showing all the way from 

one-third to one-half the antiseptic values of the Clus- 

ter type of hops. The Red Vines also were rather low in 

antiseptic value but somewhat superior to the Fuggles var- 

iety. The Bavarian hop, which is very similar and may be 

the same as the Late Cluster, was high in antiseptic value. 

This table strikingly shows the low value of both the Pu.g- 

gles and Red Vine varieties of hops from the standpoint of 

antiseptic value and the superiority of Late Clusters, 

Early Clusters, and ]3avariane. 

seedling of the Late Cluster variety No. 6-8 had 

the highest antiseptic value, l().97. It is of interest to 

note thatthis hop also was a. good producer, giving 4.8 

pounds of green hops and 1.2 pounds of dried hops for the 

plant. As far as yield is concerned, the hops giving the 

highest antiseptic values were also the highest yielding 

ones, as the Red Vines and Puggles both produced less than 

a pound of dried hops per plant while the other varieties 



produced one or more pounds per plant. 

This is the type of work which must be followed to 

give the full information on both seedlings and selection 

of hop varieties. It wilibe of interest to see whether or 

not the hybrids between Puggles and the Cluster types of 

hops will give a high antiseptic and yielding value along 

with the resistance of the former variety. .t any rate, 

this preliminary work indicates the wonderful opoortunity 

for getting hops which are superior not only in yields 

but also in aitiseptic values. 
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i..D_Jflj i.J. 

Summary of Antisejtic Values of Hops 

Treated with Various Fertilizers. Oregon, 1931 

Early 
Cluster 

Plot i:Oss .loodts 

No. Treatment Yard 

--,dJ3 
Late 

Cluster 
Dubois' 
Yard 

Late er- 
Cluster age 
Ireland's 
Yard -ì5/3 

1 No treatment 11.56 8.68 10.12 
E 120# muriate of potash 10.19 9.97 9.97 10.04 
3 66 treble phosphate 9.45 9.57 9.33 9.45 

6O muriate of potash 
4 133f treble phosphate 6.26 9.25 9.56 8.32 
5 133 sodium nitrate 7.49 10.93 8.42 8.95 

66. treble phosphate 
6 No treatment 7.87 9.89 8.91 8.89 
7 266 sodium nitrate 9.87 9.94 9.87 9.89 
8 133 sodium nitrate 9.37 10.59 10.46 10.14 

6c muriate of potash 
9 26& sodium nitrate 

120# muriate of potash 8.95 10.16 9.52 9.54 
133k treble phosphate 

10 100# sulfur 9.57 10.07 10.51 10.05 
11 No treatment 9.56 11.21 10.68 10.48 
12 120# manate of potash 8.46 10.51 12.29 10.42 

100f sulfur 
13 l33 treole phosphate 9.66 10.22 10.53 10.04 

l0O sulfur 
14 266 sodium nitrate 9.94 9.40 10.35 9.90 

100 sulfur 
15 266# sodium nitrate 9.72 9.93 12.00 10.55 

120# muriate of totash 
133j treble phosphate 
l00 sulfur 

16 No treatment 8.33 9.32 11.63 9.76 
17 2)D landplaster 9.53 9.66 11.23 10.14 

Average 9.01 10.13 10.23 9.80 
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Discussion of Results in Table VI 

This summary table shows that the Late Cluster 
hops v.rhich were grown on the Dubois and. Ireland yards 
were superior in antiseptic value to the Early Clusters 
which were grown at the Ross Vlood yard. It is of inter- 
est to note that the average of the Late Clusters is al-. 

most the same at the two yards. There was a little 
greater variation in the Ireland yard but both yards 
produced hops o± very good antiseptic value on all plots. 
In general, these hops were about 25 per cent better than 
what is considered a good hop for brewing purposes. It 
is of interest to note that the highest average was ob- 

tained from the plot which received a complete fertili- 
zer, which included nitrate, potash, phosphate, and sul- 
phur, and that the plot which received the treble phos- 

phate treatment was the lowest for the average of all 
three trials. 

although the trials jere limited in scope, there 
is some indication that good fertility means not only 
good yields but high antiseotic values o± hops. If 
these trials can be continued, there appears to be some 

indication of getting valuable results. 
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3UGGE 3T IONS 

Unfortunately the collection of the hop samples 

in the fall of 1931 were made without proper knowledge 

of the problems of handling nd storing hops to pre- 

serve their antiseptic properties. 

.11 of the seedling and selection samples were 

placed (after drying) loosely in burlap sacks with the 

result that some of the lupulin was shaken from the 

cones. These samples for the most part were so large 

that it was impossible to mince the whole sample so that 

the loose lupulin could be evenly distributed. 

The other samples were contained but 

their containers were either Daper or small flour sacks. 

In cases where the sample was small enough the whole of 

it was minced and the loosened lupulin recovered and 

thoroughly mixed with the ;hole before portions were tak- 

en for aìalysis. In some cases the samples were too 

large to admit of that procedure and while the lupulin 

could not sift through the sack the correct proportion 

could not be removed with the portion that was minced. 

Since lupulin contains about 28 soft resins as against 

about l5, for whole hops its importance in connection 

with the determination of the antiseptic power is read- 

ily realized. Theoretically, any loss of lupulin gives 

a result proportionately lower than the true antiseptic 
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power. The results, therefore,are too low in antisep- 

tic value. 

It is suggested that if a miniature baler could 

be provided so that the sample could be pressed into a 

more or less substantial block most of the errors of 

sampling would be eliminated. 

The samples from one series of the fertilizer 

plots, namely the Ross 1ood yard, were so inadequate that 

only single determinations coula be made. Thus, too much 

credence should not be placed In the results obtained. 

For future work it is recommended that at least half a 

pound of properly selected hops be submitted for the 

analytical sample. 
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ULIRY JLND C0NCLUIONS 

1. The literature as recorded in the Journal of 

the Institute of Brewing 1925 to date, is reviewed with 

respect to the preservative principles of hope, their 

chemical constitution and behavior, and methods of de- 

termining same. 

2. Particular attention was paid to analytical 

procedures with the view of selecting a suitable method. 

to be applied to iillamette Valley hops. 

3. gravirnetric chemical method proposed by Ford. 

and Tait (4) was subsequently modified by Hastings and 

Ialker (32, 40), and ia1ker (58), and was found to be en- 

tirely adequate for the problem at hand. 

4. Biological methods were proposed by Brown and 

Clubb (1), Chapman (7), Hastings, Pyman, and Vlalker (22), 

and walker, Hastings, and 1arrar (55). However, time did 

not permit of more than a tentative examination by one of 

the schemes proposed. 

5. There were 78 samples of hops analyzed, for the 

most part in duplicate, representing 25 hybrids and seed- 

lings from plant breeding experiments, 51 samples from 

three fertilizer trials of seventeen plots each and two 

samples dried under different conditions. 

6. It is recommended that for future work the 

samples be preserved in small bales of one-half to one 
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pound in weight, and suitably wrapped in paper. It is 

thought that this scheme will tend to eliminate errors 

due to losses o± lupulin such as obtains when the cones 

are stored loosely. 
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