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The essential oil of several varieties of hops dis- (hops are perennial), maturity of the crop over a 
played good varietsl uniformity of composition 21-day harvest period, while hosting any of sev- 
under the following environmental conditions : eral viruses, through processing, and during 
annual climatic cortditions, climates and soils of storage. These observations were offered as 
widely different growing areas within the United justification for accepting hop oil composition 
States, abnormal ranges of nitrogen and phos- as a reliable criterion for a system of varietal 
phorus fertility over various moisture levels, identification. 
development of the plant over a 4-year period 

Many systems of hop identification, based on  botani- 
cal description, have be'en established. These range 
from methods which rely mainly on general descriptive 
terms-such as size, shape, maturity, and quality (14, 
15)-to highly technical systems utilizing measurement 
of strig angularity, types of glandular hairs, and the like 
( 4 ) .  In  all cases, within-plant and among-plant varia- 
tion is substantial, a factor which frequently leads to 
overlapping of varietal traits. 

During the recent years of gas chromatographic 
analysis, many implications or statements have been 
made regarding the varietal nature of the composition of 
hop oil (3, 5 ,  6, 9,  11, 12). The authors' experience has 
indicated that certain components or ratios of compo- 
nents of hop oil are highly specific for individual vari- 
eties (8). 

However, all of these !jources of information have a 
common shortcoming. .None has revealed the degree 
of variability to be expected in hops grown under differ- 
ent environmental Conditions. The sole purpose of this 
paper is to establish that hop oil composition is suffi- 
ciently constant to serve as a reliable basis for a system 
of varietal identification. Two other papers will deal 
with specific identifying characteristics of chromato- 
grams from capillary and packed columns, respectively. 

Methods 

Hop samples used for obtaining oil specimens were 
collected from many areas (Table I). Only samples 
taken by qualified scientific and technical personnel 
were considered sufficiently reliable for use in this study. 
All oil samples were steam distilled by the method of 
Wright and Connery (16). After the oil was collected, 
it was immediately sealed in glass ampoules and stored 
under refrigeration a t  - 5' F. 

All gas chromatographic analyses were made within a 
3-week period under identical conditions. Gas chro- 
matographic parameters were selected according to 
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a method of Buttery (2 ) :  columns, dual l/g-inch 0.d. 
by 25-foot standard-wall aluminum, packed with 10 
by weight Carbowax 20M on 60- to 80-mesh Chromo- 
sorb P ;  inlet temperature, 200" C. ;  detector tem- 
perature, 200" C. ; column temperature, programmed 
at  2"  per minute from 80" to 190" C.; detectors, hy- 
drogen flame; carrier gas, helium; flow rate, 30 cc. 
per minute at  start with constant inlet pressure through- 
out the run; sample size, 0.9 111.; chart speed, 0.2 
inch per minute. All data are presented in the form of 
gas chromatograms for the purpose of easy visual com- 
parison of the effect of variables on oil composition. 

Results 

Annual Variation (Figure 1). While the percentage 
of oil in the cones varies appreciably from year t o  year, 
the composition remains relatively constant. Minor 
differences can be observed in the 1950 'Brewers Gold' 
chromatogram and in the 1965 late 'Cluster' chromato- 
gram. The over-all characteristics of each variety are 
easily recognizable, however, over the 15-year period. 

Unfortunately, it was impossible to avoid statistical 
confounding of variables in this study. For example, 
in this test, years are confounded with location. How- 
ever, this does not detract from the validity of the con- 
clusion. First, differences are not noted; and second, 
locations are cleared of involvement in a separate test 
(Figure 2 ) .  

Climates and Soils (Figure 2). Neither Brewers Gold 
nor late Cluster oils are affected by the contrasting 
climates or  soils of the Yakima and Willamette Valleys 
(Table 11). Similarly, oils from 'Fuggle,' raised in the 
Willamette Valley or the Puyallup area, adhere closely 
to  a varietal pattern. 

Fertility and Moisture (Figure 3). Excessive applica- 
tion of nitrogen (400 pounds of N per acre) lowered 
both the a-acid and oil content of Cluster hops (IO), 
but did not alter the oil composition. Excessive appli- 
cation of phosphorus (172 pounds of P per acre) had no 
effect on  oil composition. Maintaining high or low 
available moisture (54 to 18 %) did not affect oil com- 
position, and no interactions with fertility were ap- 
parent. 
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Table I. Source of Each Sample Reported 

Figure Variety" 

1 L.C. 

B.G. 

2 

3 

4 

5 

6 

B.G. 

Fu. 

L.C. 

Wn. L-1 

Ta. 

Fu. 

L.C. 

Bu. 

B.G. 

Fu  . 
L.C. 

Bu. 

7 Wn. E-2 

Harvest Date 

9-1 8-1950 

9-13-1963 
9-3-1965 
8-30-1 950 

8-?-1963 
9-3-1965 
9-3-1965 
9-15-1965 

9-3-1965 
8-30-1965 
9-3-1965 
9- 15-1 965 

? 

9- ?-1965 

9- ?-1965 

9-?-1965 

9- ?-1965 

8-17-1962 
8-29-1962 
9-3-1962 
9-1 2- 1962 
8-22-1963 
9-8-1963 
9-2-1965 
9-6-1965 
8-26-1965 
9-2-1965 
8-27-1965 
9-3-1965 
9-4-1965 
9-6-1965 
9-?-1965 

Source 

Seedless, Warren Dutton Ranch, 

Seedless, USDA Plots, Corvallis, Ore. 
Seedless, USDA Plots, Corvallis, Ore. 
Seeded, E. Clemens Horst Ranch, 

Seeded, USDA Plots, Corvallis, Ore. 
Seedless, USDA Plots, Corvallis, Ore. 
Seedless, USDA Plots, Corvallis, Ore. 
Seedless, Patnode Ranch, Yakima, 

Seedless, USDA Plots, Corvallis, Ore. 
Seedless, Pincus Farm, Roy, Wash. 
Seedless, USDA Plots, Corvallis, Ore. 
Seedless, Yakima Golding Farms, 

Seedless, Wash. State Univ. Plots 

Seedless, first season, P. Batt Ranch, 

Seedless, second season, Enrose Farms, 

Seedless, third season, Top Farms, 

Seedless, fourth season, Wilder Farms, 

Seeded, USDA Plots, Corvallis, Ore. 
Seeded, USDA Plots, Corvallis, Ore. 
Seedless, Batt Ranch, Caldwell, Idaho 
Seedless, Batt Ranch, Caldwell, Idaho 
Seeded, Kerr Ranch, Salem, Ore. 
Seeded, Kerr Ranch, Salem, Ore. 
Seeded, USDA Plots, Corvallis, Ore. 
Seedless, USDA Plots, Corvallis, Ore. 
Seeded, USDA Plots, Corvallis, Ore. 
Seedless, USDA Plots, Corvallis, Ore. 
Seeded, USDA Plots, Corvallis, Ore. 
Seedless, USDA Plots, Corvallis, Ore. 
Seeded, Kerr Ranch, Salem, Ore. 
Seedless, USDA Plots, Corvallis, Ore. 
Seedless, Wash. State Univ. Plots 

Sacramento, Calif. 

Sacramento, Calif. 

Wash. 

Toppenish, Wash. 

Prosser, Wash. 

Caldwell, Idaho 

Caldwell, Idaho 

Caldwell, Idaho 

Caldwell, Idaho 

Collected by 

R. G. Wright 

R. G. Wright 

E. Netter 

F. Pease 

F. Pease 

C. E. Nelson 

R. R. Romanko 

R .  R.  Romanko 

R.  R.  Romanko 

R.  R.  Romanko 

R.  R.  Romanko 
R.  R .  Romanko 
S. T. Likens 
S. T. Likens 

S. T. Likens 

C. B. Skotland 

a B.G. = Brewers Gold, Fu. = Fuggle, L. C. = Late Cluster, Ta. = Talisman (certified virus-free root program), Bu. = Bullion, 
Wn. E-2 = selection from early Cluster not yet named (certified virus-free root program), Wn. L-1 = selection from late Cluster not yet 
named (certified virus-free root program). 

Age of the Plants (Figure 4). 'Talisman,' a new variety 
just released in Idaho, was sampled for four successive 
seasons in the Parma area. The composition of the 
oil is unaffected by aging of the perennial crown. The 
oil composition of propagules of recently selected geno- 
types is uniform to minute details. This may emerge as 
being significant from the standpoint of studying certain 
somatic mutations. 

Maturity of the Crop (Figure 5). The two dates 
shown for each of the varieties in Figure 5 represent the 
limits of the usual periods of commercial harvest. 

While small variations can be observed, varietal charac- 
teristics are retained throughout the harvest period. 

Seeds (Figure 6) .  Again, minor variations in oil 
compositions can be noted, but the production of seeds 
by any of the varieties tested did not mask the varietal 
identity. 

Diseases (Figure 7). Each of the viruses in Figure 7 
(13) was transmitted by graft to clones of an early 
Cluster selection (Wn. E-2). The yellow-fleck virus and 
the line leaf pattern virus have little effect on yield or 
0-acid and no apparent influence on composition. The 
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Figure 1. 
two varieties over a period of 15 years 

Annual varia.tion in hop oil composition for 
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Figure 2.  
fluence in hop oil composition 

Climates and soils exert no detectable in- 

Table 11. Description of Areas from Which Samples Were Taken 
Av. 

Rainfall, 
Av. Jujy June-Sept., Soil Descriptions 

State Area Temp., F. Inches Type PH O.M., 2 
Wash. Yakima 74 1 . 1  Fine sandy loam 6-8 0 . 5  
Wash. Pu yallup 64 5.3 Lake bed 5-6 20 
Ore. Salmem 66 3 . 8  Clay loam 5-6 1 5  
Idaho Parma 75 0 . 3  Clay to  silt loam 6-7 0 . 5  
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Figure 3. Neither fertility nor available moisture influences hop oil composition 

two mosaic viruses produce distortion of the cones and 
reduce yield and a-acid. They do not, however, in- 
fluence oil composition. Sterility (Black Hill) causes a 
severe loss in yield but, again, no change in oil composi- 
tion. 

Samples from a Fuggle plant with symptoms of a 
mosaic virus contained oil with normal composition. 
Another Fuggle plant with a suspected virus produced 
oil with very atypical composition. In a third case of 
suspected virus, late Cluster produced an atypical 
plant, but a recognizable oil. 

Processing. Although no chromatograms of oil 
distilled from fresh, undried hops are available for this 
paper, the authors have observed repeatedly that normal 
drying and baling operations result in an  oil loss of 10 to 
30 without significant change in composition. This 
observation is in agreement with Howard and SLater, 
who found drying had little effect on oil composition 

Storage. Oils were distilled from late Cluster and 
Brewers Gold after extended storage at  3" C. The 
Cluster (18 months in storage) showed no change in 
oil composition. The Brewers Gold (uncertain storage 
period) was very low in all hydrocarbons but the oxy- 
genated components retained their varietal proportions. 

Discussion 

(7). 

Figures 1 through 7 indicate that hop oil cornposition 
Figure 4. Age of plants has no effect on hop oil is relatively stable under many environmental condi- 
composition tions. The samples were intentionally selected, how- 

5:  8CC 
-',"E . > L , . T E I  ~- .~ 
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Maturity of the crop within the limits of usual harvest periods does not affect hop oil com- 
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Figure 6. The presence or absence of seeds does not change the compositlon of hop oil 

ever,'for the best possible varietal uniformity. Fields 
were avoided if they appeared nonuniform owing to 
mixed varieties, off-types, disease, or any other reason. 
In spite of these precautions, noticeable variations OC- 

curred such as the extra peak at  35 minutes in the 1950 
Brewers Gold or the out-of-proportion peak at  18 
minutes in the 1965 late Cluster oil (Figure 1). 

All commercial hop yards offer a possibility of some 
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Figure 7. The presence of certain viruses does not 
alter the composition of late Cluster oil 

degree of mixed plantings. Occasionally, seedlings 
may go unnoticed and after full development may even 
be used as a source for propagation. A different oil 
composition from the main variety could easily alter the 
average from which an oil sample was distilled. As a 
variety becomes older, more of this type variation is to 
be expected. 

Zavarin (17) is using the composition of the essential 
oil of various firs as an index to races which botanists 
are unable to differentiate on morphological or botani- 
cal grounds. A similar situation may exist with hops. 
Somatic mutation has been suggested as being responsi- 
ble for certain variations found in Fuggle ( I ) .  Varia- 
tion in oil composition resulting from such mutations 
would also be more prevalent in old varieties. 

It is significant that variation is found only in the 
older, established varieties. New hop plantings which 
have been propagated from a recently selected cone, 
such as Talisman, display remarkable uniformity of oil 
composition (Figure 4). The early Cluster selection in 
Figure 7 is also a recent selection and shows very uni- 
form oil composition in spite of the presence of virus. 

The irrigation-fertility trial from which samples were 

obtained for Figure 3 is planted with a recently selected 
medium-maturity Cluster (Wn. L-l), and, again, uni- 
form oil composition is noted (Figure 3). 

Conclusions 
The oils of several varieties displayed good varietal 

uniformity under an array of environmental circum- 
stances. The authors believe that this forms an adequate 
basis upon which to build a reliable system of varietal 
identification based on oil analysis. Minor within- 
variety differences in oil composition can be expected to 
occur among commercial samples, but these will not 
mask the genetic identity. Such minor variation may 
be a measure of genetic purity of particular fields, or 
may indicate the existence of races within varieties. 
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