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American ginseng (Panax quinquefolium 1..) is one of
the most widely used medicinal herbs in the world. It is
indigenous to North America and was used by native
North Americans long before the arrival of Europeans in
the New World.""? Ginseng cultivation in Canada has
expanded rapidly in the last decade and has become one
of the largest American ginseng producer in the world
with annual production of 2.3 million kg. Approximately
90% of the product is exported to Orient. British Colum-
kia produces approximately 40% of the total yield in Can-
ada, and has become one of the major cash crops in the
province.

Pacific Agri-Food Research Center of Agriculture and
Agri-Food Canada has conducted ginseng research since
1993, range from crop management to chemical analysis
and product development.

Rusty Root

The problem of rusty root has been identified as a major
disorder for growers in every ginseng growing region in
the world.” The potential damage to this industry is of
great economical importance to all concerned, the average
estimated damage is about 25% in some fields and can go
up to 60% in some cases.* >

The symptoms of rusty root on ginseng first appear any-
where on the root as small, raised, reddish rusty brown,
and firm patches.®’ These rust-colored lesions are on the
outer root layers, but larger lesions may penetrate deeper,
and eventually disintegrate the whole root.” Seeds from
affected plants may fail to germinate in the spring, or the
foliage may turn yellow and wilt later in the season, espe-
cially in hot, dry weather.® This disease affects both seed-
lImgs and older plants.

There are two hypothesis about the cause for rusty root.”)
The fungi such as Cylindrocarpon and Fusarium species
are often found associated with this disease® '? but sys-
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tematic isolation and pathogenicity studies have not been
done.® Other conditions such as alkaline soil or water-
logged soil may enhance the ‘rusty’ on the roots. The con-
tents of NO,, P,Os, and Ca were higher in the fields with
more than 50% root rusting.!” No systematic study has
been done to determine if the cause of this disorder is
boron or other micro-nutrient deficiency, but low boron
may play a part in this condition.”

Another cause of rusty root is winter and/or spring
injury. Ginseng roots may survive very cool temperatures.
However, when the frozen ground thaws in warm
weather, soil moisture increases dramatically due to melt-
ing snow and winter injury may occur if the temperature
drops below zero again. In the spring, the buds start to
grow when the ground temperature reaches 5°C. If the
temperature suddenly drops below freezing during this
time, the young buds may die or become injured. In some
cases, the plants are still alive and may grow again next
year (Li, personal observation). Winter injury can be pre-
vented by covering the soil bed with straw in ginseng gar-
dens. Healthy ginseng roots can tolerate winter damage
better. In coarse sandy soil, temperatures fluctuate too
much between day and night, which can also result in
winter injury.

Seed stratification under controlled environments

Traditionally, in North America, seeds are harvested in
late August or early September and stratified in a sand
box buried outdoors.'> '3 Uncontrolled fluctuating tem-
perature and moisture levels, and the presence of patho-
genic organisms in the seed box, cause seeds to sprout
prematurely, rot, dry out and die, or be delayed in germi-
nation by up to 2 years after seeding, with severely
reduced germination rates.'?

Stratifying seeds in a controlled environment is a poten-
tially reliable method of reducing or eliminating these
serious problems. In an indoor controlled environment,
ginseng growers should be able to maintain a disease free
environment and provide ideal temperatures and moisture
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levels for seeds to stratify as well as to monitor seed con-
ditions. It was found that seed stratification carried out in
a controlled environment indoors can shorten the length
of the seed stratification period, increase percentage of
germination, and avoid hazards experienced outdoors
such as pathogens and fluctuation of temperature and
moisture levels.'"

Correlations between leaf and soil mineral concen-
trations and ginsenoside contents

There are many factors, including soil moisture level,
fertility, texture, and pH, affecting the growth of ginseng.
It was reported that that N, P, Ca, and Mg were the major
elements affecting root weight.”” Physiological stresses
associated with differences in growth rate may also affect
ginsenoside synthesis and accumulation,'®

A study was conducted to determine the relationships
between mineral levels in soil and leaves and ginsenoside
contents in root and leaf of 4-yr-old American ginseng. It
was found that soil nutrient levels were important in the
accumulation of the biologically active ginsenosides in
leaves and roots, and soils with slightly acidic pH and rel-
atively high levels of Fe and S may produce ginseng with
higher ginsenosides.!”

Phytosterol content in American ginseng seed oil

Phytosterols are among the most important compounds
in the unsaponifiables of vegetable oils and are implicated
in conferring biological activities to the oils. Recently,
their ability to reduce cholesterol in humans has been of
particular interest.'® Clinical studies have repeatedly
shown that phytosterols taken as dietary supplements, or
as supplemental ingredients in foods, reduced serum cho-
lesterol and low-density lipid cholesterol levels in normal
and mildly hypercholesteraemic subjects.'”

Previous experiments have indicated that ginseng seeds
are rich in 0il?? and that this oil may be useful as a spe-
cialty ingredient in functional foods or cosmetics because
of its phytosterol content.2! This study details the quanti-
ties and identities of phytosterols found in American gin-
seng seed oil.

A study was conducted to investigate phytosterol con-
tents in ginseng oil extracted from stratified and
non-stratified seeds.”” The results of this study have
educated farmers and the phytopharmceutical industry
on the existing values of this easily accessed extra left-
over ginseng seeds, and how to develop ginseng seed oil
into a new product with its well documented medicinal
values.

Product development by using waste material

There are two ways to de-pulp ginseng berries. Tradi-
tionally, berries were stored in a well misted burlap for a
period of time and let the pulp to rot. More recently, de-
pulp machine is used to obtain seeds and pulp is dis-
carded.

Ginseng berry pulp, a waste material, contains ginseno-
sides, mainly Re, equivalent to 1-yr-old root, can be used
as a source new products such as juice and powder for
nutraceutical industry. It was reported that a major constit-
uent, Re, from the ginseng berry shows real promise in
treating diabetes and obesity.?> It shows that the extract
completely normalized blood glucose levels, improved
sensitivity to insulin, lowered cholesterol levels, and
decreased weight by reducing appetite and increasing
activity levels in mice bred to develop diabetes. Addi-
tional studies demonstrated that ginsenoside Re plays a
significant role in anthyperglycemic action. This antidia-
betic effect of ginsenoside Re was not associated with
body weight changes, suggesting that other constituents in
the extract have distinct pharmacological mechanisms on
energy metabolism.?>

References

1. Li, T. S. C.: Asian and American ginseng-A review. Hort-
Technology, 5, 27-34 (1995).

2.14, W, Gu, C, Zhang, H., Awang, D. V. C. and Fitzloff, . F. :
2000. Use of high-performance liquid chromatography-tan-
dem mass spectrometry to distingusih Panax ginseng C.A.
Meyer (Asian ginseng) and Panax quinquefolius L. (North
American ginseng). Anal. Chem. 72, 5417-5422 (2000).

3. Matuo, T. and Mitazawa, J. : Scientific name of Cylindrocar-
pon sp. causing root rot of ginseng. Ann. Phytopath. Sci.
Japan. 50, 649-652 (1984).

4. Proctor, J. T. A. and Bailey, W. G. Ginseng: Industry, botany
and culture. p. 187-236. In: Janick J. (ed.), Hort. Reviews 9
(1987).

5. Oliver, A., Lierop, W. Van. and Buonassisi, A.: American
ginseng culture in the arid climates of British Columbia.
British Columbia Ministry of Agr. Food and Fisheries pub-
lication (1991).

6. Whetzek, H. H. and Rosenbaum, J. : The diseases of ginseng
and their control. U.S.D.A. Bull. 250 (1912).

7. Hilderbrand, A.A. Root rot of ginseng in Ontario caused by
members of the genus Ramularia. Can. J. Res. 1935, 8§2-114.
(1935).

8. Li, T. S.C. and Utkhede, R. S. : Pathological and non-patho-
logical diseases of ginseng and their control. Current Topics
in Bot. Res. 1, 101-113 (1993).



Vol. 28, No. 2(2004)

9,

1

13.

14.

15.

Berkeley, G. H. : Ginseng disease. Rept. Dominion Bot. Div.
Bot. Dept. Agr. Canada: 35-36 (1928).

. Parke, J. L. and Shotwell, K. M. : Diseases of cultivated gin-

seng. Dept. Plant Path., Univ. Wisconsin-Madison, U.S.A.
(1989)

. Kim, Y. H, Lee, J. H., Ohh, S. H,, Yu, Y. H. and Lee, I. H. :

Ginseng growths in abolished ginseng fields and factors
affecting the ginseng growth. Korean J. Ginseng Sci. 17, 45-
51 (1993).

. Polczinski, L. C. : Ginseng (Panax quinquefolius 1..) culture

in Marathon County, Wisconsin: Historical growth, distribu-
tion, and soils inventory. MS thesis, Univ. Wis., Stevens
Point. (1982).

Proctor, J. T. A. and Louttit, D. : Stratification of American
ginseng seed: Embryo growth and temperature. Korean J.
Ginseng Sci. 19, 171-174 (1995).

Li, T. S. C, Bedford, K. E. and Sholberg, P. L. : Improved
germination of American ginseng seeds under controlled
environments. HortTechnology 19, 131-135 (2000).

. Stolz, L. P. : Leaf symptoms, yield, and composition of min-

eral deficient in American ginseng. HortSci. 17, 740-741
(1982).

Konsler, T. R., Zito, S. W., Shelton J. E., and Staba, E. J.:
Lime and phosphorus effects on American ginseng: II. Root
and leaf ginsenoside content and their relationship. J. Amer.

17.

18.

19.

20.

21.

22.

23.

Recent Studies of American Ginseng 77

Soc. Hort. Sci. 115, 575-580 (1990).

Li, T. S. C. and Mazza, G. : Correlations between leaf and
soil mineral concentrations and ginsenoside contents in
American ginseng. HortSci. 34, 85-87 (1999).

Jones, P. J. H., MacDougall, D. E., Ntanios, F. and Vanstone,
C. A. : Dietary phytosterols as cholesterol-lowering agents in
humans. Can. J. Physiol. Pharmacol. 75, 217-227 (1997).
Hetherington, M. and Steck. W. : Phytosterols from Canadian
plants: uses and sources. Can. Chem. News 1999 May, 20-21
(1999).

Matsumoto, T., Akihisa, T. Soma, S. Takido, M. and Taka-
hashi, S.: Composition of unsaponifiable lipid from seed
oils of Panax ginseng and P. quinquefolium. J. Am. Oil
Chem. Soc. 63, 544-546 (1986).

Hicks, K. B. and Moreau, R. A.: Phytosterols and phy-
tostanols: functional food cholesterol busters. Food Technol.
55, 63-67 (2001).

Beveridge, T. H. J,, Li, T. S. C. and Drover, J. C. G.: Phy-
tosterol content in American ginseng seed oil. J. Agric. Food
Chem. 50, 744-750 (2002).

Attele, A. S., Zhou, Y. P, Xie, I. T,, Wu, J. A., Zhang, L.,
Dey, L., Pugh, W. P, Rue, W. P. A., Polonsky, K. S. and
Yuan, C. S.: Antidiabetic effects of Panax ginseng berry
extract and the identification of an effective component. Dia-
betes 51, 1851-1858 (2002).



