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Original Research Article

Stability of Active Constituents of Hops (Humulus
lupulus) Strobiles and their Ethanolic Extracts
during Storage

ABSTRACT

Aims: The purpose of this study was to evaluate the stability of three major active
constituents in dried hops (Humulus lupulus) strobiles and their ethanolic extracts
during storage.

Methodology: A comparative study of the levels of alpha acids, beta acids, and
xanthohumol of H. lupulus strobiles during storage was carried out. Dried whole
strobiles and cryogenically ground dried strobiles stored at -15°C as well as ethanol
extracts of the strobiles prepared using different ethanol concentrations (10%, 30%,
50%, 70%, and 95%) and stored at room temperature, were analyzed by HPLC to
quantify each constituent. The hops samples were analyzed immediately after
preparation, and then one year and two years later to determine the concentrations
of the constituents.

Results: HPLC analysis of H. lupulus dried and ground samples indicated a gradual
decrease in the components over a two year period. The ethanol content of the
extract was a strong determinant to predict the constituent levels found in the
extract; the higher the ethanol level, the higher the initial and subsequent constituent
levels. The 10% and 30% ethanol extracts had very low amounts of constituents
initially and were practically devoid of constituents at the end of two years. The 50%
ethanol extract contained low beta acid levels as well as higher alpha acid and
xanthohumol levels initially, but lost substantial amounts over time. The 70% and
95% ethanol extracts showed high levels of all three constituents, while the 95% H.
lupulus ethanol extract contained the highest levels of constituent both initially and
at the end of the two-year testing period.

Conclusion: These results suggest that both whole and ground hops lose active
components over storage time. A minimum amount of 70% ethanol is necessary to
extract high levels of all three bioactive constituents and to retain them over a two-
year period.

Keywords: [Hops, ethanol extracts, alpha acids, beta acids, xanthohumol, storage stability]
1. INTRODUCTION

Humulus lupulus L., commonly known as hops, belongs to the Hemp [Cannabaceae] family
[1] and has been cultivated throughout the temperate regions of the world primarily for the
brewing industry [2]. The strobiles (also known as cones) produced by female plants of hops
are the desired parts for the brewing industry. For this reason, only the female plants are
cultivated, and the strobiles are harvested during late summer for further processing [3]. The
brewing industry generally grows H. lupulus from “root” cuttings and not from seeds since
this cultivation method maintains a genetically consistent product. It also aids in controlling
the aroma characteristics and the amount of active constituents found in the strobiles [4].
However, the overall strobile chemical composition still depends on a multitude of factors
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including variety, growing region, growing conditions, harvesting time, as well as drying and
storage conditions [5, 6].

Oleoresin glands present in the strobiles produce a resinous yellowish/reddish powder called
lupulin [7]. Numerous compounds present in lupulin are of economical interest. The volatile
oils and bitter acids are the most significant classes of compounds in terms of economic
value. Two of the major constituents found in lupulin resin are alpha acids (humulones) and
beta acids (lupulones) [8], which are phloroglucinol derivatives. Xanthohumol, a bioactive
flavonoid, has also been isolated from the hops resin [9].
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The stability of the constituents of the strobile pellets or extracts used in the brewing industry
has been of great importance [10]. Moreover, the stability of alpha acids in H. lupulus during
storage of strobiles has been recognized as a critical issue since alpha acids provide most of
the bitterness in beer [11]. When the hop cones are harvested, the moisture content is
around 75-80% and, in order to prevent deterioration, reduction of moisture content is
necessary before storage or processing. Skinner et al. [12] demonstrated that the
constituents’ rate of deterioration was related to the storage temperature; that every 15°C
rise in the storage temperature doubled the deterioration rate. In order to prevent the loss of
hops’ active constituents, it is important to store the strobiles at a low temperature;
preferably below 0° C. Weber et al. [13] studied the effects of post-harvest handling on the
quality and storage stability of strobiles. Their study showed that decreasing the kilning
temperature, using a lower compression force during bundling of strobiles, and wrapping the
strobiles in burlap instead of plastic were instrumental in producing a superior product.
These results concluded that, of the three factors tested (temperature, compression of the
strobiles, and the material used to wrap the strobiles), elevated temperature had the most
negative influence.

Clinical herbalists frequently use hops to treat a variety of ailments [14]. In England, H.
lupulus strobiles have been recommended for their skin anti-infective properties for hundreds
of years [15] and the strobiles have been used as a wash for impetigo, boils, and abscesses
[16]. In traditional European folk medicine, Humulus lupulus was frequently mentioned as an
infusion or a fomentation to treat skin sores, cuts, and injuries [17, 18, 19]. More recently,
Bartram [20] suggested that the antimicrobial properties of hops could be used to treat skin
infections. At present, however, H. lupulus is mainly used in modern phytotherapy for its
nervous system sedative effects, to stimulate gastric secretions, and to improve digestive
function [21]. Additionally, H. lupulus’ phyto-estrogenic properties [22] and antiviral activities
[23] have recently been investigated and ascribed to its constituents.

It is generally acknowledged that clinical results can only be achieved if the herbs’ active
constituents are present in sufficient quantity to reach therapeutic levels [24]. This important
issue, although of considerable concern to practitioners, has not been properly addressed by
researchers [25]. Additionally, research suggests that the ethanol percentage used to extract
herbs has a significant impact on the amount of active constituents found in the final extract
[26]. In some instances, a high percentage of ethanol yields higher levels of active
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constituents [27] while, in other instances, a low ethanol level actually yields higher levels of
active constituent [28]. The present study focuses on the amounts of bioactive constituents
present in dried H. lupulus strobiles and extracts made with varying ethanol concentration,
and the storage stability of these constituents over time.

2. MATERIAL AND METHODS

2.1 Plant materials

Humulus lupulus L. plant materials used in this study consisted of whole dried strobiles
grown in the Yakima Valley, Washington State, USA. Strobiles of the Super Galena variety
were obtained from HopSteiner, a division of S.S. Steiner, New York, NY. The strobiles were
collected in the autumn of 2009, dried, and stored in warehouses under frozen conditions
until shipped to Herbs, Etc., Inc. where they were stored in a freezer maintained at -15°C.
Identity of the material was confirmed by the first author using macroscopic and organoleptic
methods. A voucher specimen of whole strobiles was stored in a freezer maintained at -
15°C.

2.2 Solvents

Five concentrations of ethanolic extracts (10%, 30%, 50%, 70% and 95%) were prepared
using 95% USP grade ethyl alcohol (Pharmco-Aaper, Shelbyville, KY) and water. The
ethanol concentrations were verified using a hydrometer. A sample of each ethanol
concentration was set aside in an amber-colored glass bottle as reference material and
stored at room temperature in a dark closet for solvent control studies.

2.3 Preparation of hops strobile extracts
2.3.1 Cryogenic grinding

In order to prevent the loss of heat-sensitive constituents, the strobiles were cryogenically
ground using a hammer mill (Fitzpatrick Manufacturing, Sterling Heights, MI) cooled by the
injection of USP-grade liquid nitrogen into the grinding chamber. Samples of ground strobiles
were then stored at -15°C.

2.3.2 Cold-process percolation extraction

On the same day that the H. lupulus strobiles were powdered using the above-described
cryogenic grinding method, a cold-process percolation extraction method using a 1:5 herb-
to-solvent (ethanol) ratio was used to extract the ground strobiles. The finished products
were filtered to remove the sediments present in the liquid extracts and stored in amber-
colored glass bottles. Three lots of samples were set aside, a) one lot for immediate
analytical purposes, b) the second lot as reserve samples for quality assurance purposes
and c¢) an additional lot for analytical purposes at the end of one year and two year storage.
All the ethanol extract samples were kept at room temperature in a dark closet.

2.4 Chemical analysis

Chemical analysis of the whole and ground strobiles stored at -15°C as well as the five
ethanolic extracts prepared from the same strobile lot and stored at room temperature was
performed by S.S. Steiner, in Yakima, WA. The amount of the three bioactive constituents
[alpha acids (humulones), beta acids (lupulones), and xanthohumol] in each sample was
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quantified using an HPLC method. The samples were analyzed again one year and two
years later to determine the changes in constituents during storage.

2.4.1 Standards and Sample Preparation for HPLC analysis

Working standard solutions of alpha acids and beta acids were prepared by bath sonication
of 0.5 g (measured to 0.1 mg) of the international calibration extract (ICE-3) obtained from
American Society of Brewing Chemists (ASBC, St. Paul, MN). The ICE-3 extract was
dissolved in 50 ml of methanol and diluted (1:10) in acidic methanol (0.5 ml of 85%
phosphoric acid in 1 liter of methanol). The standard solution of xanthohumol was prepared
by dissolving approximately 20 mg of xanthohumol (in-house standard) in 100 ml of acidic
methanol. Samples were diluted (1:20) with acidic methanol prior to analysis.

2.4.2 HPLC Analysis

Quantification of the three constituents, alpha acid, beta acid, and xanthohumol, were
carried out by the methods described by the European Brewing Congress, method EBC 7.7,
and the American Society of Brewing Chemists, method ASBC HOPS-14, using a Shimadzu
HPLC system equipped with diode array detector. The mobile phase was composed of
72.5% methanol, 26.5% water, 0.85% phosphoric acid, and 0.075 mM Sodium EDTA. A C-
18 column, Kinetex 2.6 um, 4.6 x 50 mm (Phenomenex) was used to separate the
compounds. The flow rate was adjusted to 1.3 ml/minute at 40°C, and 10 pl of samples and
calibration solutions were injected into the column. The detector wavelength was set at the
absorbance of 270 nm for alpha acids and beta acids, and at 367 nm for xanthohumol.

3. RESULTS AND DISCUSSION

3.1 HPLC analysis of whole and ground H. lupulus strobiles before and after
storage

Figures 1 and 2 show the HPLC chromatograms of the standard compounds and the 95%
ethanol extract. The total alpha acids (cohumulone plus n+adhumulone), total beta acids
(colupulone plus n+adlupulone) and Xanthohumol levels were determined using the ICE-3
standard.

Initial analysis: The HPLC results revealed that the whole dried H. lupulus strobiles initially
contained 11.4g of alpha acids, 7.4g of beta acids, and 0.46g of xanthohumol per 100 grams
of strobiles (Table 1). Immediately after the grinding process, the cryogenically-ground
strobiles from the same lot were shown to contain lesser amounts of the three constituents.
Even though the strobiles were ground using ultra-cold cryogenic technology, they were
shown to have lost 8.8% of their alpha acids and 7.2% of their beta acids (Table 2). With a
net 2.2% loss, xanthohumol showed the smallest constituents loss of all.
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Figure 1. HPLC chromatogram of ICE-3 standards showing Humulones (alpha acids)
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Figure 2. HPLC chromatogram of the 95% ethanol extract
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Table 1. HPLC analysis of dried whole and cryogenically-ground Humulus lupulus
strobiles (stored at -15°C) immediately after grinding, one year, and two years after
the grinding process

Constituents (%) Storage Time

Whole Strobiles Ground Strobiles

Initial Year 1 Year 2 Initial  Year 1 Year 2
Alpha acid 1140 990 11.67 10.40 9.66 7.98
Beta Acid 748 564 6.78 6.94 6.03 5.34
Xanthohumol 046 043 043 0.45 0.43 0.35

173

174 One year later. The total amount of alpha acids found in whole strobiles was slightly higher
175  than the amount found in ground strobiles (9.99/100g vs. 9.7g/100g) after one year of
176  storage, while the amount of beta acids was higher in ground strobiles than in whole
177  strobiles (6 g/100g vs. 5.6 g/100g). The amount of xanthohumol found in both whole and
178  ground strobiles was exactly the same (0.43 g/100g) after one year of storage (Table 1).

179

180  When comparing the percentage loss of whole and ground strobiles stored at -15°C after
181 one year (Table 1), the approximate amount of alpha acids (13% vs. 7%), beta acids (25%
182  vs. 13%) and xanthohumol (7% vs. 5%) lost in the first year of storage was greater in the
183 whole strobile sample than in the ground sample (Table 2)

184

185
Table 2. Percentage loss of constituents in whole and ground strobiles (stored at
-15°C) immediately after grinding (initial), after one year and two years of storage
Constituents (%) Percentage Loss

Whole Strobiles Ground Strobiles
Initial Year1 Year2 Initial  Year 1 Year 2

Alpha acid 0 132 0 8.8 7.1 23.3
Beta Acid 0 245 94 7.2 13.1 23.0
Xanthohumol 0 6.5 6.5 3.0 4.4 22.2

186

187

188  Two years later. After two years of storage at -15°C, whole hops strobiles were found to
189  contain higher levels of alpha acids and beta acids. The anomaly of higher levels of
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constituents in whole hops after two years of storage may stem from the fact that each
individual strobile is highly variable in its active constituent levels, while ground strobiles are
a mixture of many ground and homogenized strobiles. The ground strobiles showed an
almost 23% decrease in alpha acids and beta acids as well as a 22% decrease in
xanthohumol levels compared to the initial levels (Table 2). The ground strobiles powder
tended to show more uniformity in their levels of active constituents.

3.2 HPLC analysis of ethanol extracts of H. lupulus strobiles immediately after
extraction

Initial analysis: The results from the chemical analysis of H. lupulus ethanolic strobile
extracts showed that alpha acids (2,120mg/100ml), beta acids (1,440mg/100ml) and
xanthohumol (90mg/100ml) were highest in the 95% ethanolic extract (Table 3). There was a
striking difference between the amount of active constituents reported in the 10% ethanolic
extract and the 95% ethanolic extract. The 10% ethanolic extract had 53 times less alpha
acids, 96 times less beta acids, and 45 times less xanthohumol than the 95% ethanolic
extract.

Table 3. Changes in the amounts of bioactive constituents of Humulus lupulus
strobiles ethanol extracts (stored at room temperature) immediately after extraction,
one year, and two years after storage.

Constituents (mg/100ml)

Alpha acid Beta acid Xanthohumol
Ethanol Initial Year Year Initial  Year Year Initial Year Year
% 1 2 1 2 1 2
10 40 3 0.8 15 04 ND 2.0 0.09 ND
30 60 16 6.8 17 05 0.1 20 04 0.3
50 630 520 404 53 36 30 26 18 9.6
70 2,010 1,810 1,500 1,050 1,000 892 78 70 43
95 2,120 2,030 1,660 1,440 1,370 1,170 90 97 59

These results clearly demonstrate that, as the amount of ethanol in the menstruum used to
extract the strobiles increased, the level of active constituents extracted also increased. The
biggest increase in alpha acids level occurred when the ethanol percentage increased from
30% to 50%; the alpha acids amount increased from 60 to 630mg/100ml, a ten-fold
increase. A similar increase in xanthohumol levels was observed when the ethanol
percentage increased from 30% to 50%; the amount of xanthohumol increased from 2 to
26mg/100ml, a thirteen-fold increase. Conversely, the biggest increase in the percentage of
beta acids occurred when the ethanol content increased from 50% to 70%; at that level, the
amounts of beta acids increased from 53 to 1,050mg/100ml, a twenty-fold increase of beta
acids. At an ethanol concentration of 70%, or greater, a substantial increase in the amount of
all three constituents present in the extract was noted (Table 3).
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3.3 HPLC analysis of Humulus lupulus ethanol extracts after one year and two
years in storage

HPLC analysis of the five ethanol extracts stored at room temperature for 2 years showed
that the different ethanol levels used to extract the strobiles greatly influenced the stability of
each constituent over time (Table 3).

One year later: The 10% H. lupulus ethanol extract, which began with 40mg/100ml alpha
acids, was found to contain only 3mg/100ml of the constituent one year later indicating a
loss of 92.5% of alpha acids. In comparison, not only did the 95% ethanol extract start with a
much higher level of alpha acids (2,120mg/100ml), but one year later, the amount of alpha
acids remained at 2,030mg/100ml, representing a relatively small loss of 4.25%.

Overall, beta acids levels showed a greater loss over a one year period when compared to
alpha acids. The 10% H. lupulus ethanolic extract initially contained 15mg/100ml of beta
acids but, one year later, only 0.4mg/100ml of beta acids remained. This represents a loss of
97.5% beta acids in one year. Conversely, the 95% ethanolic extract started with a beta
acids level of 1,4409/100ml and one year later was still found to contain 1,370mg/100ml of
beta acids. The 95% ethanol extract had lost only 5% of its beta acids, while the 10%
ethanol extract had lost most of its beta acids.

Xanthohumol analysis results showed a smaller loss when compared to alpha acids and
beta acids constituents. The 10% ethanol extract initially contained 2mg/100ml of
xanthohumol. One year later, HPLC analysis revealed that it contained 0.09mg/100ml, a loss
of nearly 96%. However, the 95% ethanol extract started with a xanthohumol level of
90mg/100ml and ended with a level of 81mg/100ml indicating a loss of only 10%.

Two years later. The 10% ethanol extract showed 0.8mg/I00ml of alpha acids, while the
95% ethanol extract showed an alpha acid level of 1,660mg/100mli(Table 3). The 10%
ethanol extract lost 98% of its alpha acids during the 24 month period, while the 95% ethanol
extract lost only 22% of its alpha acids. The HPLC analysis revealed that, the lower the
ethanol level used to make the H. lupulus ethanolic extract, the greater the loss of alpha
acids over time. As the ethanol content used to extract the strobiles increased, higher levels
of alpha acids were also retained over time. The higher ethanol content seemed to act as a
preservative of alpha acids.

After a two year storage period, the beta acids were not detectable in the 10% ethanol
extract, while the 95% ethanol extract still contained 1,170mg/ml or 81% of its beta acids. In
effect, the 10% ethanol extract lost 100% of its beta acids, while the 95% ethanol extract lost
only 19% of its beta acids. At the end of two years, analysis of xanthohumol levels revealed
that there were no detectable levels of this constituent in the 10% ethanol extract, while the
95% ethanol extract had levels of 59mg/ml or 52% of the initial levels of xanthohumol.

When lower levels of ethanol were used to extract H. lupulus strobiles, concomitant lower
levels of active constituents were extracted. Conversely, the higher the ethanol levels used
to extract the strobiles, the less active constituents were lost over a one year or two year
storage period. The 95% H. lupulus ethanolic extract lost less than 5% of both alpha acids
and beta acids over a one year period. However, the 10% ethanolic extract lost more than
92% and 97% respectively of the same two compounds. Over a two-year storage period, the
95% ethanolic extract lost 25% and 15% of its alpha acids and beta acids while the 10%
ethanolic extract lost over 99% and 100% of these two constituents. A summary of the
percentage of active constituents remaining in the ethanolic extracts over a one and two
year period is shown in Table 4.

When the stability of the three major active constituents is compared over time, it was
observed that there was a strong correlation between the amount of ethanol used to extract
the strobiles and the amount of active constituents retained in the extract after a storage
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period of one and two years. Similar results were obtained in previous research for other
herbs including hops [26]. One observation is that the higher the level of ethanol used to
extract H. lupulus strobiles, the better the stability of the constituents in the ethanol extract
stored at room temperature over time. The two extracts that contained the most constituents
were the 70% and 95% ethanol extract; they both retained approximately three-quarter of
their alpha acids and beta acids over a two year period. The extract that contained 50%
ethanol lost substantial levels of constituents while the two extracts with 10% and 30%
ethanol lost virtually all of their constituents. These last two extracts are of particular concern
in that they did not contain significant levels of constituents to start with and, then,
proceeded to lose all of them over the two year storage period. The present study showed
for the first time that ethanol concentration is a very important factor to be considered in
hops extraction process and storage.

Table 4. Percentage of constituents remaining in Humulus lupulus ethanolic extracts
after one year and two years of storage at room temperature (21°C).

Constituents (%)

Alpha acid Beta acid Xanthohumol
Ethanol (%) Year1 Year?2 Year1 Year2 Year1 Year2
10 7.5 0.2 27 0 4.5 0
30 26.7 11.3 29 0.6 20 15
50 82.5 64.1 679 56.6 76 36.9
70 90.1 746 952 85.0 103 55.1
95 958 783 951 813 90 65.6

4. CONCLUSION

Whole dried Humulus lupulus strobiles contained the constituents, alpha acids, beta acids
and xanthohumol at 11.4%, 7.5%, and 4.6% levels respectively. After grinding the strobiles
under cryogenic conditions, the levels of alpha and beta acids were reduced by nearly 10%.
During the storage for two years at -15°C, the levels were further reduced. This study also
revealed that Humulus lupulus strobiles extracted with an ethanol level of 70% or higher
yields more active constituents than extracts made with lower concentrations of ethanol.
Further, ethanol levels of 70% or higher helps to preserve the active constituents found in H.
lupulus extracts for a longer period of time (at least over a two-year period) than extracts
made with lower ethanol levels. The data obtained in this study would be helpful to clinical
herbalists, as well as the dietary supplements or pharmaceutical industry, in developing
nutraceutical and pharmaceutical products using H. lupulus extracts for human ailments. It is
recommended that clinical herbalists use at least 70% H. lupulus ethanolic extracts in their
clinical practice. Thus, they will gain an additional assurance that the H. lupulus ethanolic
extract dispensed to their clients contains the level of constituents necessary to achieve the
clinical results desired.



301
302
303
304
305
306

307
308
309
310

311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349

ACKNOWLEDGEMENTS

The first author would like to thank the staff of Herbs, Etc. for grinding the H. lupulus
strobiles and for manufacturing the various concentrations of ethanolic extracts from the
ground strobiles.

COMPETING INTEREST

Authors have declared that no competing interests exist.

AUTHORS’ CONTRIBUTION

Daniel Gagnon designed the study, wrote the protocol, supervised the preparation of the H.
lupulus samples, and helped in revising the manuscript. Chitra Wendakoon provided advice
throughout the project, and prepared the final manuscript. Bob Smith and Jeremy Leker
performed the HPLC analysis of the H. lupulus samples. All authors read and approved the
final manuscript.

REFERENCES

1. USDA, ARS, National Genetic Resources Program. Germplasm Resources Information
Network - (GRIN) [Online Database]. National Germplasm Resources Laboratory, Beltsville,
Maryland. Accessed 4 February 2013. Available at: http://www.ars-grin.gov/cgi-
bin/npgs/html/tax_search.pl.

2. Biendl M, Pinzl C. Hops and Health: Uses, Effects, History, German Hop Museum,
Wolnzach, Germany. 2008.

3. Koetter U, Biendl M. Hops (Humulus lupulus). A Review of its Historic and Medicinal
Uses. HerbalGram. 2010; 87:44-57.

4. HopSteiner Group. 2008 Guidelines for Hop Buying. New York, NY: SS Steiner, Inc. 2008.

5. Virant M, Majer D. Hops storage index — indicator of a brewing quality. International Hop
Growers Convention. 2006. Accessed 30 September 2012. Available at:
http://midlandscraftbrewing.aspx2.dotnetpanel.net/Technical%20information/Hop%20Storag
€%20Index.pdf

6. Forster A. The quality chain from hops to hop products. EBC Proceedings 29" Congress.
2003. 17:156-165.

7. Evans W. Trease and Evans’ Pharmacognosy. 13™ edition. London, England: Bailliere
Tindall. 1989.

8. Verzele M. Centenary review. 100 years of hop chemistry and its relevance to brewing. J.
Inst. Brew. 1986; 92:32-48.

9. Gerhauser C. Broad spectrum and anti-infective potential of xanthohumol from hop
(Humulus lupulus L.) in comparison with activities of other hop constituents and xanthohumol
metabolites. Molecular Nutrition and Food Research. 2005; 49(9):827-831.



350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402

10. Garetz M. Hops storage: How to get — and keep — your hops’ optimum value. Brewing
Techniques. 1994. 2(1):26-32.

11. Smith B. Brewing Hops Storage: Preserving Precious Hops. 2008. Accessed 10
December 2011. Available at: http://www.beersmith.com/blog/2008/04/15/brewing-hops-
storage-preserving-precious-hops/.

12. Skinner RN, Hildebrand RP, Clarke BJ. The effect of storage temperature on the stability
of the alpha-acids content of baled hops. J Inst Brew. 1977; 83:290-294.

13. Weber KA, Janguaard NO, Foster RT. Effect of postharvest handling on quality and
storage stability of Cascade hops. American Society of Brewing Chemists. 1979;
37(2):58:60.

14. Hoffmann D. Medical Herbalism. Rochester, Vermont: Healing Arts Press. 2003.

15. Culpeper N. Culpeper’'s Complete Herbal. Champaign. IL: Book Jungle. 1999.

16. Grieve M. A Modern Herbal. New York, NY: Dover Publications, Inc. 1971.

17. Van Hellemont J. Compendium de Phytotherapie. Brussels, Belgium: Association
Pharmaceutique Belge. 1986. French.

18. Valnet, J. Phytothérapie. Paris, France: Maloine. 1992. French
19. Wichtl M. Herbal Drugs and Phytopharmaceuticals. Boca Raton, FL: CRC Press. 1994.

20. Bartram T. Bartram’s Encyclopedia of Herbal Medicine. London, England: Constable and
Robinson Ltd. 1998.

21. Weiss R. Herbal Medicine. Beaconsfield, England: Beaconsfield Publishers Ltd. 1988.

22. Chadwick LR, Pauli G, Farnsworth NR. The pharmacology of Humulus lupulus L. (hops)
with an emphasis on estrogenic properties. Phytomedicine. 2006; 13:119 -131.

23. Buckwold VE, Wilson RJ, Nalca A, Beer BB, Voss TG, Turpin JA, et al. Antiviral activity
of hop constituents against a series of DNA and RNA viruses. Antiviral Research. 2004;
61:57-62.

24. Bauer R. Quality criteria and standardization of phytopharmaceuticals: Can acceptable
drugs standards be achieved? Drug Information Journal. 1998. 32:101-110.

25. Meier B. The extraction strength of ethanol/water mixtures commonly used for the
processing of herbal drugs. Planta Med. 1991. 57(S2):A26.

26. Wendakoon C, Calderon P, Gagnon D. (2012). "Evaluation of Selected Medicinal Plants
Extracted in Different Ethanol Concentrations for Antibacterial Activity against Human
Pathogens," Journal of Medicinally Active Plants 2012. 1(2):60-68. Accessed 2 February
2013. Available at: http://scholarworks.umass.edu/jmap/vol1/iss2/4.

27. Munsel VK. Huber K. Untersuchungen Uber die Eignung verschiedener Extraktions-
verfahren zur Herstellung eines Kammillenfluidextraktes. Phamaceutica Acta Helvetiae.
1961. 36:194-204. German



403
404
405
406
407
408
409
410
411
412
413
414
415
416

28. Balansard G, Chausse D, Boukef K, Toumi A. Jadot G. Critéres de choix d'un extrait de
Viburnum, Viburnum prunifolium L., en function des ses actions toniveineuse et
spasmolytique. Plantes médicinales et phytothérapie. 1983. 17(3):123-132. French

Author:-

Daniel Gagnon

MS, CH (AHG)
President and Owner
Herbs, Etc., Inc.
1340 Rufina Circle
Santa Fe, NM 87507



