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North American ginseng (POIIOX quinque/olills L.) is an imponant
export crop for Caoad.. and the USA. The plant rOOI is highly valued
in lraditional Chinese medicine, Although the crop is cultivated and
processed extcnsivcly, data on physical characteristics uscful for
design of postharvcst systcms are scarcc. Research was initiated to
examine commercially grown ginseng roots from several gardens in
British Columbia. Canada. TIle roots were classiried into three shapcs
"pcncil", "chunky", and "complex" and subjected to mass, diametcr
nnd volume mcasuremcnts. The roots exhibitcd widc variations in
mass (typicnll11ass avcragc of 20 g. C.v. 60%). dimensions (typical
diamcter of 17 mm, c.v. 22%) and with the majority having "pencil"
or "complex" shnpc. A gamma density function represented root mass
and diamcter data. A linear relation between thc surface area and the
mass of the fresh root was developed: S ::; 9.5 W + 282 (r ::; 0.45),
wherc Sis thc root surface arca (111m2) and W is the mass of fresh root
(g). The bulk density, cn!cul'Hed frol11mcnsured bulk volume and mass
of Ihe roots, ranged from 201 10279 kg/IllJ

. Using the measured bulk
density and spccific density (about 1000 kg/mJ

). the porosity of bulk
frcsh ginseng wascstimaled at aboul 0.80. Keywords: ginseng, Pmlllx
quillqueJolilis L., drying. postharvcst handling. rool. hcrbal.mcdicinal.

Lc ginseng d' Ameriquc du Nord (PWlllX quinque/a/ius L.) eSI unc
culture d'cxporl:'lIion importante pour Ie C:.mada et les Elats-Unis. La
racinc de cctte plante cst tres prisee dans 1a mcdecine traditiollnclle
chinoise. Mcme si celte plante fait I"objct d'une culture ct d'unc
transfonnation cxtensive, on possede peu d'infonnations sur scs
proprictcs physiques qui pourraient aider au design de systcmes post
culturaux. Dcs recherches ont ctc entreprises arin d'cxamincr des
racines de ginseng cultivees commercialcment sur des plantations de
Colombie Brililnnique au Canada. Lcs racines furent classces scion
trois fon11es: "clancces". "massives". et "complexes" ct des mesurcs
de la masse. du diamctrc et du volume furent faites. Lcs racines. dOllt
la plupart av..ient une fomle elancee ou complexe, Illontrcrent une
grande variation d:'lIls la masse (masse moyenne typique de 20 g.
c.v.60%). et dans les dimensions (di.lmctrc typique de 17 mm. cv.
22%). Les donnees sur la masse et les dimensions des racines ctaient
rcprcsentces par une fonclion gamma de distribution des fr~quellces.

Une relation lillcaire entre I'aire de 13 surf..ce des rncincs et leur masse
fUI ctablie: S = 9.5 \V + 282 (r::; 0.45). ou S est I" aire de hi surface des
racines (n1l112) et \V est 1a masse dcs racines fraiches (g). La dcn!o.itc
apparcntc, calclilce apartir du volume brut et de la masse des racincs.
alluit de 201 a 279 kg/IllJ

. A partir de la densilc apparente et de la
masse sPCCiriqllC (environ 1000 kg/mJ

). 1:.1 porositc du ginseng bnll
frais fut estimce aenviron 0.80.

INTRODUCTION

Ginseng, a percnnial hcrbal plant ohhe Araliaceac family. is a
mcmbcr of thc gcnus Pana:r. Asian ginseng (PallQx ginseng
C.A, Meyer) and North Amcrican ginseng (Pallax
quinqlle/oUlls L.) are the most commercially important species.
The most valued part of the plant is the root which contains
ginsenosides believed to be responsible for the medicinal and
herbal properties of ginseng (Proctor and Bailey 1987). The
primary property is as an adaptogen - a substance correcting
human physiological imbalance.

A schematic of a typical North American ginseng plant is
shown in Fig. I (Oliver 1996). The parts of the root are: the bud
for next year's growth; the rhizome (underground stem); the
main root; the tail root and the fiber roOl. Some roots have less
branching and have a tapered form like carrots. The external
root colour is light yellowish white.

The current land under ginseng cultivation in Canada is
estimated at about 10,000 ha und the production stands at about
1500 t of North American ginseng (Smith 1997). Most of the
crop is exported to Asia, The price of the crop has experienced
large variations in recent years but averages about CS50 per kg
at the farm gate, The unnuul Canadian export of ginseng is esti
mated at a value of over $50 million (Bozak and Bailey 1996).

FlOWERlSEED UMBEL

BUO FOR NEXT
YEAn'S GROWTH

rAil ROOT --",>fi~I.-
is'OE OR BRANCttl

Fig. I. Schematic of ginseng plant (Oliver 1996).
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METHOD

Ginseng roots were harvesled in 1991 from four ginseng
gardens and in 1992 from five ginseng gardens. Gardens were
located in the interior region of British Columbia, Canada near
Kamloops. Vernon and Lillooet (Fig. 2.) One of the gardens
was 3-year old. The remaining gardens were 4-year old. The
average size of the gardens was 15 ha. The crop was grown on
raised beds averaging 1.25 m wide and 0.17 111 high. The
dislance between rows averaged 1.80 m.

In preparation 1'01' root examination, three sample areas were
selecled to represent an entire garden. The selection was based
on visual judgment of the foliage density and the overall health
of the growing plants: good, average and below average. One
half meter of bed length in each of the sample areas was
selected. All roots within that bed area were dug manually.

The harvested roots were lransponed to the garden edge.
The roOls were washed on a soning table. In 1991. all of the
dug roOlS were individually weighed. The root diameter was
measured at the widest location along the main body of the
root. The roots were categorized inlO "pencil". "chunky" and

general linear relationship between ginseng rool dry
mass and roOL fresh mass.

The physical characteristics of the root for the
sake of post-harvest handling and drying have not
been thoroughly examined and studied. though
nmch of grading of the root is based on its physical
anributes. Guo et al. (1995) listed root taste, shape.
colour and texture as important quality factors. The
roots that have thick, round and ShOft bodies with
an oval shape arc most preferred. lang et al. (1997)
lIsed root density as a major quality factor in
grading the Korean red ginseng.

Drying of North American ginseng has been
investigated by a number of researchers. Li and
Morey (1987) dried single roots of ginseng in a
layer dryer und recorded the moisture content of the
crop during drying. They also measured the root
diameter of the ginseng samples and expressed the

drying rate constant as a function of root moisture content and
root diameter. Van Hooren and Lester (1994) found that the
equilibrium moisture content of the ginseng roots was
dependent upon the root diameter. Wilhelm (1990) studied the
quality of roots dried with a range of drying air temperatures
(25-45'C) and two levels of ambient relative humidity (70%
and 80-90%). Wilhelm did not draw conclusive evidences on
the effect of temperature or humidity on the quality of dried
roots.

Bailey et al. (1993) and van Dalfsen et al. (1992, 1995)
conducted a thorough review of the mechanical drying of
ginseng. They focused on a tray-type dryer design for
immediate industrial application. Their studies included field
teslS as well as laboratory pilot scale experiments. Bailey et al.
(1993) collected extensive data on mass, diameter, volume and
shape of ginseng rools grown in British Columbia. This paper
presents an analysis of the data to provide new information on
properties importanl 10 post-harvest handling and drying of
ginseng root.

LITERATURE REVIEW

The locations in British Columbia, C~lI1ada where ginseng root
samples were examined are denoted by [!].

Pacific
Ocean

Proctor and Bailey (1987) presemed a comprehensive review
of production and utilization of Torth American ginseng.
Smythe et al. (1988) and Bailey and Slathers (1991) examined
field data on growth of various parts of the ginseng plant. They
found a strong correlalion between lhe root dry mass and leaf
dry mass, but a weak correlation between the root dry mass and
the size of the stem of the plant. Gin et al. (1989) showed a

The roots are harvested, depending on weather and cultural
practices, from late August to November. The mechanized
harvesting of the root is similar to that of tubers and root crops
(Bailey 1996). After removing the above ground dry mauer, the
roots are dug with a modified potato digger. The dug roots are
piled in wooden or metal boxes (in British Columbia, often in
modified apple crates) and transported to either cold storage or
directly to washing facilities. The soils are washed from roots
in a specialized rotary screen washer, prior to drying.

Thermal drying of the ginseng root involves placing
shallow trays of whole root inside a modified tobacco kiln (van
Dalfsen et al. 1995). The air temperature is accurately
conlrolled not to exceed 38°C. Higher temperatures have
caused browning of the root. Lower temperatures create an
ideal environment for mold growth and in some cases "green"
roots. The roots are not trimmed or cut into pieces while fresh
because the CUlS from trimming impart an unsightly scar lO the
root. Trimming and grading are performed after drying.

The drying process lasts, typically, about two weeks and its
success depends upon dryer management. The commercial
practice is to dry the root to a sufficiently low moisture content
by judging the "snap" or breaking of the root in half. Another
dryness test is by observing the "bite" or hardness of the root by
biting down on it. Reynolds (1997) found a good snap at
moisture content under 7.5%. The snap ratings judged at the
root moisture contenlS over 7.5% were unacceptable.

The objective of Ihis work was to analyze the physical
characteristics of ginseng rOOIS harvesled in field experiments
in British Columbia. Canada. The data and their variability are
presented along with estimation of the physical properties
imponant in the handling and drying of the root.

Fig. 2.
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Table I. Number of roots and total mass of roots dug from three sample areas in four gardens in 1991. A sample
consisted of all the roots within a 0.5 m long bed. Roots from gardens 1, 2, and 3 were 4-year old and roots
from garden 4 were 3-year old.

Garden I
Garden 2
Garden 3
Garden 4

Sample I

No. of roots Mass
(kg)

123 1.390
74 1.773
78 1.379
74 1.081

Sample 2

No. of roots Mass
(kg)

85 1.627
55 1.501
73 1.204
69 0.827

Sample 3

No. of roots Mass
(kg)

84 1.153
80 2.030
77 1.421
67 0.541

Average

Mass
(kg)
1.390
1.768
1.334
0.817

(1)

"complex". "Pencil" roots had a slender body without major
laterals. "Chunky" roots had 3 to 4 large laterals giving a "man"
shape to the root. "Complex" roots did not have a single central
body. Rather, most consisted of several branches giving a
"chicken claw" or "spider" shape to the root.

From each of the sample area roots, six and nine roots were
selected in 1991 and 1992, respectively. Effort was made to
select representative roots from the entire root population. The
selected roots were then subjected to more detailed
measurements. The "pencil" roots, which had a tapered fonn
similar to the carrot were further classified as "carrot". Those
roots with smaller diameter were classified as "pencil".

A hand held caliper with a resolution of 0.1 mm was used
to measure the root diameter. The circumference of the root
was also measured by wrapping a fine string around the root
body at the same location. The mass ofeach root was measured
on an electronic balance to a precision of 0.0 I g. The roots
were placed in plastic bags and transported to the laboratory at
Simon Fraser University for further measurements and analysis.

In the laboratory, the volume of individual roots was
measured by immersing the root in water in a graduated
cylinder. Depending upon the root size, a IOOO-mL cylinder or
a lOO-mL cylinder was used. The wet roots were weighed.
Upon completion of the measurements, the individual roots
were dried for 3 days in a convection oven at 70°C (Bailey et
at. 1993). Mass, diameter and volume measurements were
repeated on the dried roots.

0.25

en 0.20
'5
0...

0.15'5
c:
0 0.101ias...
u. 0.05

0.00
4 8 12 16 20 24 28 32 36 40 44 48 52 56 60

Root mass (g)

Fig. 3. Distribution of the mass of fresh ginseng roots.
The curve represents a gamma density function
(Eq. 1) with a = 10.0 and II = 0.7.

RESULTS

Root mass and diameter

Table I lists the total number of roots and total mass of roots
dug from four surveyed gardens in 1991. Sample 1 represents
good production Gudging from visual observation of foliage
density), sample 2 represents average production and sample 3
represents a reduced foliage environment. The 3-year old roots
(garden 4) produced fewer roots. The average mass of the 3
year old roots was smaller than those of the 4-year old roots
(gardens 1-3). The root yield averaged 8800 kglha (fresh mass)
for all gardens.

Figures 3 and 4 show the distribution of root mass and root
diameter for the 1991 crop. The distribution of root mass was
not nonnal but rather skewed to the right. Most roots were in
the 4-24 g range. A few roots were as heavy as 60 g. Figure 4
shows a similar distribution for the root diameter. Most of the
diameters fell in the range of 12-20 mm. A few root diameters
were in the range of 30-32 mm.

A gamma density function (Eq. 1) was fitted to the
frequency data on mass and diameter:

A 1 a-I -xIii
!(x;a,p) = r(a)~a X e

where:
x = variable (mass or diameter),
a, p = parameters defining the density function, and
f(a) = gamma function.

The GAMMADIST Function of the Microsoft EXCEL was
used. Estimates of a and p were adjusted manually until the
sum of squares of the difference between f(x;a,p) of Eq. 1 and
the measured data represented by bars in Figs. 3 and 4 was at
a minimum. For diameter: a=2.7, and p=1.22. For mass: a=10.0
and P=0.7.

Root shape

Figure 5 shows the shape distribution of the roots. Most of the
roots fell in the categories of "pencil" and "complex" shapes.
The number of "chunky" shape roots was consistently lower
than other shapes. It appears that the age of the garden did not
have any influence on the shape distribution of the roots.

In 1991, a total of 72 roots and in 1992 a total of 126 roots
received detailed examination. The measurements included
mass volume, diameter, circumference and wet mass of the
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Fig. 4. Distribution of the diameter of fresh ginseng
roots. The curve represents a gamma density
function (Eq. 1) with a =2.7 and II =1.22.
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root. The shape category of each root was also recorded. The
representative data for 4-year roots from 1991 and 1992 were
pooled. Table II lists a summary of the data organized by the
root shape. The root diameter ranged from a mean of 12.8 mm
for "pencil" to a mean of21.6 mm for "chunky". The difference
between "pencil" and "carrot" shaped roots was only in

Fig. 5. The number of root shapes harvested from three
gardens (1991 data).

diameter; otherwise, they were quite similar. The wide range in
diameter, almost doubling within a range, is a significant
characteristic of the ginseng root that needs further
consideration.

Table II. Summary of the pooled data from 1991 and 1992 measurements on North American ginseng.

Diameter Circumference Mass Volume
(mm) (mm) (g) (mL)

fresh dry fresh dry fresh dry wet fresh dry

Pencil (n=29)
Average 12.8 8.2 42.0 27.4 10.1 2.9 10.4 10.5 3.1

Max. 21.0 13.0 67.0 42.0 32.8 10.0 33.6 33.0 9.5

Min. 7.0 5.0 25.0 15.0 2.4 0.6 2.5 2.5 0.7

Stdev 3.1 1.8 9.7 6.1 7.5 2.5 7.7 7.2 2.2

C.v. (%) 24.4 22.6 23.1 22.2 74.2 88.1 73.7 68.5 70.7

Carrot (n=55)

Average 16.7 10.8 54.7 35.0 20.4 6.0 21.2 20.8 5.7

Max. 27.0 18.0 84.0 58.0 72.5 23.5 73.0 67.0 22.0

Min. 10.0 6.0 32.0 22.0 5.0 1.2 5.3 5.0 1.0

Stdev 3.7 2.4 11.5 7.2 12.4 4.0 12.7 12.1 3.5

C.v. (%) 22.1 22.2 21.0 20.5 60.8 67.4 59.9 58.1 62.0

Chunky (n=55)
Average 21.6 13.8 70.1 44.7 35.2 11.3 36.3 34.7 10.2

Max. 34.0 22.0 111.0 75.0 113.9 37.9 117.9 115.0 34.0

Min. 12.0 8.0 40.0 26.0 5.7 1.3 5.8 5.5 2.0

Stdev 4.8 3.2 15.4 10.1 21.2 7.7 21.6 20.6 6.3

C.v. (%) 22.1 23.1 22.0 22.7 60.2 68.4 59.5 59.2 61.9

Complex(n=15)
Average 20.7 13.2 64.9 42.3 23.1 7.3 24.2 23.3 7.1

Max. 33.0 18.0 90.0 55.0 46.8 16.2 50.9 48.0 16.0

Min. 10.0 7.0 33.0 25.0 3.7 1.3 4.0 4.0 1.0

Stdev 5.1 3.1 13.6 8.4 12.5 4.1 13.2 12.9 4.2

C.v. (%) 24.7 23.5 21.0 19.9 54.1 55.9 54.5 55.2 59.4
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Table V. Calculated physical characteristics of 4-year old North American
ginseng.

Table OJ. ANOVA statistics to compare between sample
areas and surveyed gardens.

Table IV. Paired t test to compare root mass from two years
and two different root ages.

The mass and volume of the roots followed a trend similar
to the diameter. The "pencil" shaped roots were the lightest
(10.1 g) of the three shapes. The "chunky" roots had the
heaviest mass, weighing 35.2 g on average, including
individuals as heavy as 113.9 g and as light as 5.7 g. The
coefficient of variation of masses in this category was not
higher than other shapes.

dry

1.01
0.15

1.04
0.08

1.07
0.07

1.03
0.09

Roundness

1.05
0.05

1.05
0.05

1.01
0.06

1.03
0.05

fresh

Analysis of variances and means

Table ill is a two-way analysis of variance of three-sample
areas and the surveyed gardens. Whenever the calculated F
(Feale) is larger than the critical F (Fcrit)' the variability
among the data is significant. Data in Table III show the
Fcale for three sample areas within the gardens in 1991 as
slightly higher than Ferit. The rest of the Fca1c values were
less than Fcrit' and therefore variations between sample areas
and within the gardens were not significant (a =0.05). The
F-value of interaction among sample areas and gardens was
much smaller than the Ferit value.

The first row of Table IV lists the results of a paired t
test on fresh root mass between the pooled data from 1991
and 1992 (only for 4-year roots). The tca1e is less than tcrit
and thus the root mass from 1991 was not different from
the root mass harvested in 1992 (a = 0.05). The second row
of Table IV lists paired t-tests on the root mass among the
data of 3-year roots and 4-year roots. The lcaJe (2.76) is
larger than the tcrit (1.98). This indicates that the mass of3
year roots were different from the 4-year roots. A close
examination of the data shows that the average mass of 3
year old root was 16.8 g (st dev = 11.1, n = 43) and the
average mass of fresh 4-year old was 24.0 g (st dev =18.0,
n = 156). The difference between the means and the t
statistics confirms field observations that 3-year old roots
are smaller than the 4-year roots.

Calculated physical properties
The experimental data were analyzed to calculate the

following physical properties of the examined roots: specific
density, moisture content, volumetric shrinkage, roundness of
the root cross-section, and the bulk density of roots. Tables V
and VI list the calculated results that are discussed in the
following sections.

Specific density Specific density is the ratio of mass of the
root divided by its volume. The specific density ranged from

950 to 1010 kglm3
• The specific density

of dried roots was slightly larger than the
specific density of fresh roots, except for
"pencil" shape roots. The standard
deviations in specific density of dried
roots were larger than that of fresh roots.
Data in Table V suggest that the
volumetric shrinkage of the roots was not
proportional to the mass loss upon
drying.

Moisture content Table V presents the
average wet basis and dry basis moisture
content of the roots, calculated from the
difference in the mass of fresh and dried
roots. The average moisture content
ranged from 69.7% to 72.5%. The
standard deviation in moisture content
was as high as 5.3%. Figure 6 shows a
histogram of wet basis moisture contents
for the 4-year old roots. Similar to the
mass distribution, the moisture content
distribution was skewed to the right. A
few roots had moisture content of 84%

0.04
0.92
0.75

0.88

0.006

0.203
0.607
0.984

p-value

p-value

1.98

1.98

2.60
3.09
2.19

3.20
3.20
2.58

lealc

0.15

2.76

1.56
0.50
0.17

3.40
0.09
0.07

1992 data - 3 sample areas x 4 gardens
x 9 roots - total 108

Sample areas
Gardens
Interaction

1991 data - 3 sample areas x 3 gardens
x 6 roots - total roots 54

Sample area
Gardens
Interaction

1991 data (n=36) vs 1992 data (n=90)*

* 4-year roots

3 year (n=43) vs 4 year (n=156)

Specific density Moisture content Shrinkage
(kg/m3

) (%) (%)

fresh dry wet dry
basis basis

Pencil
Average 950 850 73.4 2.9 69.7
Stdev 100 160 4.6 0.8 6.6

Carrot
Average 980 1040 71.5 2.6 72.5
Stdev 7 200 5.0 0.7 6.3

Chunky
Average 1010 1070 69.3 2.4 70.5
Stdev 8 210 5.3 0.8 5.5

Complex
Average 1000 1070 68.6 2.2 70.1
Stdev 11 170 4.1 0.5 5.4

CANADIAN AGRICULTURAL ENGINEERING Vol. 41, No.4 OctoberlNovemberlDecember 1999 243



Table VI. In situ bulk density and porosity of fresh ginseng roots placed in
trays and boxes of different dimension.

Laboratory tray

Laboratory tray

Laboratory tray

Production tray

Dimensions
(m)

0.3 x 0.6 x 0.42

0.3 x 0.6 x 0.42

0.3 x 0.6 x 0.60

0.15 x 0.92 x 2.43

0.0756

0.0756

0.1080

Mass of
ginseng

(kg)

16.49

16.30

21.73

45.0

Bulk Bulk
density porosity
(kglm3

)

218 0.78

215 0.78

201 0.80

x 0.92 x 2.43 m was about 45 kg. It was
difficult to measure an accurate depth for
the bulk roots in the tray. The last two
lines in Table VI give the dimensions of
two apple boxes and the mass of roots
filled a box. The bulk densities were 248
and 279 kglm3

• The large variability in
bulk density was expected, given the
variability in the size and shape of the
roots.

The data in Table VI were used to
estimate the bulk porosity (e) for ginseng
roots:

Apple box

Apple box

0.51 x 1.06 x 1.16

0.45 x 1.11 x 1.22

0.644

0.619

179.5

154

279

248

0.79

0.75
(2)

where:
Pb =bulk density (kglm3

), and
Pp =specific density (kg/m3

).

Bulk porosity ranged from 0.75-0.80 indicating large voids
in a bulk of this material.

Root shrinkage
The volumetric shrinkage was defined as:

0.35

0.30

~ 0.25

'5 0.20

~ 0.1S

~ 0.10

0.05

0.00

~v = y:}-V
y:, Vo

(3)

(5)

(4)(r2 = 0.65)

D1t
R=

P

where: Mo = fresh moisture content of the roots (dry basis,
w/w).

Root roundness
The last two columns of Table V list the roundness of the fresh
and dried root. The roundness (R) is defined by:

where:
D = measured diameter (mm), and
P = measured circumference (mm).

Roundness values of 1.01 to 1.05 were measured, indicating
that the cross-section of the root at point of measurements was
almost circular. The fresh and the dried roots had a similar
roundness.

Correlation among measured characteristics
Tables VII and VIII list correlation matrices of the measured
properties for the fresh and dried roots, respectively.

where:
V = dried volume (mm3

), and
V0 = initial wet volume (mm3

).

Table V shows that the dried root shrunk up to 70% of the
fresh volume. Figure 7 shows a plot of volume shrinkage
against fresh moisture content of the root. A linear regression
yielded:

~V
-=0.0514Mo +05828
Vo

a

a [J
[J a

6VNo = 0.051 Mo + 0.583
(r2 = 0.65)[J

a [J [J

[J ~O a

~O

[J

2 3 4 5

Initial moisture content, Mo (% db)

0.5 ~----+-----....-----+------t
1

0.9

?:.
>
<I 0.8
q)

~
~ 0.7.t:
J:
en
CD
E 0.6
:J

~

~ ~ ~ ~ ro n ~ ~ ~ ~ ~ M ~

Moisture content (% wb)

Fig. 7. Volume shrinkage of dried ginseng roots vs initial
moisture content of the roots. The equation is the
best fit line.

Fig. 6. Distribution of moisture content of fresh ginseng
root (1992 sampled data).

and a few 62% but the majority of the roots 'had a moisture
content ranging from 66 to 78%.

Bulk density Bulk density is defined as the mass of a bulk of
roots divided by the bulk volume that the roots occupy. The
bulk density of fresh roots varied from 201 to 279 kglm3

• The
dimensions of the trays were relatively small compared to the
root size resulting in a low bulk density of 201-218 kglm3

• The
mass of fresh roots in a production-drying tray measuring 0.15
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Table VIII. Correlation among physical features of dried roots.

Diameter Volume Mass Moisture
(mm) (mL) (g) content

(%)

Diameter (mm) 1.00 0.8 0.82 -0.43
Volume (mL) 1.00 0.96 -0.47
Mass (g) 1.00 -0.54
Moisture content (%) 1.00

Diameter Volume Mass Moisture
(mm) (mL) (g) content

(%)

Diameter (mm) 1.00 0.86 0.85 -0.28
Volume (mL) 1.00 0.99 -0.31
Mass (g) 1.00 -0.37
Moisture content (%) 1.00

(6)

(7)

(8)

(r2 =0.82)

(r2 =0.45)

The assumption was that the "pencil" root was close
to a cyUnder neglecting the surface areas of the two ends.
The calculated surface area (S) was correlated with the
mass increase of the root immersed in water. Figure 8 is
a graph of the calculated surface area versus increase in
the mass of root due to adsorbed water. Equation 7 was
fitted to the data:

Diametercorrelated positively (p=0.86) with the volume
and with the root mass (0.85). Volume correlated
strongly with mass (p=0.99). The degree of correlation
between diameter, volume and mass with moisture
content was weak and negative. The negative correlation
of mass with moisture content is interesting as it
indicates that larger roots had a lower moisture content.

Surface area of the roots

Surface area is an important characteristic of a ginseng
root as the total surface area contributes to the rate of
heat and mass transfer. In this work, the surface area of
roots was related to its fresh mass as follows.

The surface area (S) of a "pencil" root was calculated
from the measured diameter (D) and measured volume
(V) of the root:

s= 4V
D

S=9SW+282

s = 400~W + 189

where:
S = root surface area (mm2

), and
W = mass of fresh root (g).

Although the value of r in this correlation (Eq. 8) is not high,
visual observation of the data and the linear regression (Fig. 9)
indicates that this might be a useful way of estimating surface
area for the roots as a function of the root mass.

CONCLUSIONS

where:
S = calculated surface area (mm2

), and
DoW = increase in mass of the "pencil" shaped root (g).

It was assumed that Eq. 7 holds for all of the roots. In other
words, the increase in mass of the wetted root is proportional to
the surface area of the root. Equation 7 was used to calculate a
surface area for the root from the experimental data of increase
in mass. The resulting surface areas were plotted against the
fresh root mass (Fig. 9) and a linear regression through the data
gave:

The following conclusions can be drawn from this research:

1. Three-year old roots are smaller and, thus, the root yield is
less than that of the 4-year old crop. No significant
differences between gardens and sub-samples within
gardens were observed (a = 0.05).

2. The roots examined in this work showed wide variations in
mass, dimensions, and shape. "Pencil" and "complex"
shapes were the most prevalent shapes.
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Table VII. Correlation among physical features of fresh roots.

0.4 0.6 0.8

Mass increase, AW (9)

Fig. 8. Surface area of pencil (cylindrical) shaped fresh
ginseng roots vs the increase in the mass of the
root when dipped in water. The equation is the
best fit line.

Fig. 9. Surface area of fresh ginseng roots vs mass of
fresh roots. The equation is the best fit line.
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3. The mass and diameter of the roots were not normally
distributed. A gamma density function represented the
measured data.

4. The surface area of a root can be estimated by measuring
the fresh mass of the root using Eq. 8.

5. The specific density of individual roots was about 1000
kglm3 and the bulk fresh density of the roots ranged from
20 I to 279 kglm3 depending on the container size. The
porosity of bulk fresh ginseng was estimated at about 0.80.
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