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Abstract : Free amino acid (FAA) compositions in the central part (pith-xylem : P-X) and the outer
part (phloem-cortex : P-C) of root were investigated for P. ginseng (P.g), P. quingue-folium (P.q) and
P. notoginseng (P.n) by an amino acid analyzer. Total free amino acids content (TFAA) was highest
in Py and lowest in P.n. The TFAA of P-Xs were higher than those of P-Cs n these Panax species
except P.u. The higher the TFAA in P-X, the higher the ratio of TFAA in P-X to that in P-C. Seven-
teen free amino acids and ammonia were identified, and four unknown peaks appeared before the
usual amino acids eluated. The total aspartic acid equivalent of these unknown peaks was cor-
responded to 77% of known TFAA in P-C of P, 17% in P.g, and 7% in P.q. The pattern of unknown
peaks of Pg was different from P.¢ and similar to P.r. In all samples six major amino acids and am-
momnia accounted for 90~95% of TFAA. Argimine was comprised from 29% (P.x) to 43% (P.g) by
fmole as amino acid and from 50 to 71% by ftmole as nitrogen (N umole) in TFAA. Ammonia was
the second abundant one by pmole and the third by Numole. Histidine was the second by Numole.
Proline was one of major FAA in Pg. Pattern similarity of FAA composition (excluding Arg and Am)
by simple correlation was closer between P-C of Pg and P-X of P.q than between both P-Xs and
quite different between the P-X of Pg and that of P.u. The pattern similarities of major FAA per-
cent abundance excluding Arg and Am were significant only between P-X and P-C of the same
species. Arginine content (umole) had positive correlation (r=0.859, p=0.05) with Arg/Am among
species. Ammonia content was higher than arginine in P, Tryptophan content was greatest in P.a
among species and higher than lysine only in P The ratios of TFAA to N(W/W) were in the range
of 3.89~4.14 for TFAA and 3.61~3.92 for TFAA plus ammonia.
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Introduction

Free amino acids (FAA) of Korean white gin-
seng root were first identifided by Gastner and
Braun in 1963." FAA of fresh or white ginseng
attracted attention as a quality factor of fresh
gingeng extract,” browning components for red
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ginseng process’ ” and comparison indices of
Panax species.”” FAA study for nitrogen meta-
bolism was hardly found except free amino acid
change in various parts of P. ginseny during
sprouting of new shoot.” We reported the effect
of early die back of stem on FAA composition of
P-X and concluded that the FAA content could

not be responsible for inside white of red ginseng
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even though FAA are ingredients for browning.”
We also investigated FAA and protein amino a-
cids to eluaidate nitrogen metabolism of Panax
1

species™ and report the results of FAA com-

parative analysis 1 this paper.
Materials and Methods

1. Ginseng Sample

Pg and P.n were purchased at Hong Kong.
White ginseng (P.g, 4-year-old) were chosen in
small size-grade for possible matching with Pg.
Roots eliminated rhizome were separated into
central (pith-xylem) and outer (phloem-cortex)
part after wet incubation at 40°C for 3 hours.
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Samples were dried, ground to fine powder and
kept in desiccator until used.

2. Free Amino Acid Extraction

Ginseng powder (0.2 g) was mixed with 50 m/
of 75% ethanol, kept overnight at room tem-
perature, refluxed at 70°C for 30 min. and filtered
(Whatman No. 6), and the residue was extracted 2
times more. The combined extract was dried be-
low 40°C in vaccuo. The residue was dissolved in 5
m/ of 0.2 M Na-citrate buffer (pH 2.2).

3. Free Amino Acid Analysis

Sample solution was filtered through 0.45 um
Millipore filter and applied to LKB 4150 Alpha
Amino Acid Analyzer according to Mason et al."
Eluents were 0.2 M Na-citrate buffers, pH 3.20,
pH 4.25, pH 6.45, and 0.4 M NaOH.

4. Amino Acid Quantitation

Integrated peak area from amino acid analyzer
was used with that of external standard amino
acid. Unknown peaks eluted before aspartic acid
were calculated as Asp equivalent. Tryptophan
just before lysine peak was of lysine equivalent.

5. Pattern Similarity (PS)

Linear correlation of amino acid composition
was used as pattern similarity. The trace amount
of Phe in P-C of Pg was considered as (.001
umole for calculation. When threonine in one of
the pair for PS included serine, the counterpart
was treated in the same fashion. For PS of major
amino acids, arginine and ammonia were ex-
cluded, so that remaining 5 amino acids were con-
tained (Table 2). But numbers of pairs were 6
since there was one unequal pair. When numbers
of major amino acids were 4 due to serine in-
cluded threonine, the next abundant amino acid

was used.
Results and Discussion
1. Elution Pattern of Free Amino Acids

Liquid chromatograms of free ammo acids of
Panax species were shown in Figs. 1 2. The elu-
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tion patterns were very similar between P-X and
P-C in Pg (Fig. la and Fig. 2), only showing dif-
ferent peak height due to content. Such close
similarities were shown between both parts of
other species, P.q (Fig. 1b) and P (Fig. lc).
The elution patterns of P-Xs were shown in Figs.
la, 1b and lc. Whole visual elution patterns ap-
peared to be very similar between P.g and Pn
and quite different between P.g and other two. It
was attributed to the unknown peaks (A, B, C, D,
in Figs. 1 2) in the front part of chromatogram.
The elution patterns of usual amino acids except
unknown peaks seemed to be different among
species.

2. Amino Acid Composition

Seventeen free amino acids were identified
(Table 1). Tryptophan was not included in Table
1, because it was not added to standard solution
and so calculated as lysine equivalent. In this
case methionine was not detectable and cystine
was detectable only for two samples (Table 1).
Free methionine was reported in Pg,” Pxn” and
trace in P.q.” Proline content was specially high
i P.g while phenylalanine was very low in Pg
than Pg and P.xn Major amino acids were listed
in the abundance order in Table 2. Ammonia was
included because of its probable role of nitrogen
metabolism. Most abundant amino acid was ar-
ginine and followed by ammomnia in Pg and Pg,
while ammonia was most abundant in P.s. Per-
cent abundance of arginine was 43% for both P-
X and P-C of Pg, 37 and 33% for P.gq, and 29 and
27% for P.n. Ammonia was 17 and 19% for Pg, 17
and 24% for P.q and 30 and 29% for P.n.

Relationship between arginine and Arg/Am ra-
tio from Table 1 was shown in Fig. 3. The higher
the arginine content, the higher the Arg/Am ra-
tio (r=0.859, p=0.05). Metabolic relation was not
clear in Panax species. We found that ammonia
was increasing especially in stem when new
shoot started growth.” According to liquid chro-
matogram of FAA of P.,g ammonia peak appeared
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Fig. 1. Free amino acid chromatograms of pith-xylem of Panax sp root (a) P. ginseng. (b)) P. quinquefolium, (¢) P.

notoginseng (A, B, C, D¢ unidentified peak).

to be the 2nd large next to arginine.” It is well
expected that Arg/Am ratio of root will be chang-
ed according to the growth stage of root. The
fact that Arg/Am ratio was less than one in P.n
might be related to warm weather of harvesting
time. High content of arginine in Pg may in-
dicate the preparation for long storage time, wint-
er. Although ammonia content was so high it was
excluded in most papers on free amino acid pap-

er, because most papers on free amino acids

were for food or pharmacological studies. Since
ammonia content was very high, the role of it
should be investigated in comparison with nitrate.

The abundance of major FAA showed a slight
difference bhetween P-X and P-C in the same
species and great difference between species.
The abundance of nitrogen in major amino acids
was shown in Table 3. The order of nitrogen
abundance was arginine, histidine and ammonia

regardless of part and species. Since arginine has
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Fig. 2. Free amino acid chromatograms of phloem-cortex of Panax ginseng root (A, B, C, D: unidentified peak).

Table 1. Free amino acid composition of tap roots of Panax species

(Unit: umole/g, d.w.)

P. ginseng

P. quinquefolium

P. notoginseng

P-X p-C P-X pP-C P-X pP-C

Asp 17.75 11.82 7.05 5.00 7.41 9.00
Thr 37.08 10.04 7.89 4.87 2.35 2.39
Ser * 3.81 2.80 2.56 * 1.96
Glu 5.70 3.09 4.45 4.93 0.162 0.477
Pro 1.47 1.65 6.50 8.08 1.33 1.57
Gly 1.50 1.05 1.28 1.39 0.984 0.945
Ala 21.31 9.52 15.57 9.87 3.47 3.70
Cys T 0.790 T T 0.249 T
Val 4.35 1.18 2.02 0.786 0.391 1.30
Ile 248 1.19 0.991 1.01 0.529 0.736
Leu 4.87 1.80 1.02 1.05 1.34 1.66
Tyr 3.05 1.09 1.81 1.78 1.81 0.723
Phe 2.28 0.814 0.174 T 0.717 1.85
His 16.65 11.18 14.45 10.0 14.78 16.14
Lys 2.08 0.941 0.900 0.536 0.352 0.363
Amm. 49.85 31.06 23.37 29.25 26.62 27.79
Arg 126.88 69.85 51.27 39.54 25.56 26.06

P-X : pith-xvlem (central part), P-C ! phloem-cortex (outer part), T : trace, * : included into threonine.

Table 2. Percent abundance of major free amino acids of tap root of in Panax species

(% in a.a pumole)

P. ginseng

P. quinquefolium

P. notoginseng

P-X P-C P-X P-C P-X pP-C
1 Arg  71.20 Arg  71.00 Arg  63.50 Arg  60.90 Arg 5250 Arg  50.20
2 His 7.00 His 8.52 His 13.40 His 11.50 His 22.80 His 23.30
3 Am 6.99 Am 7.89 Am 7.24 Am  11.30 Am 1370 Am  13.40
4 Thr 5.20* Asp 3.00 Ala 4.82 Ala 3.80 Asp 3.81 Asp 4.34
5 Ala 2.99 Thr 2.55 Thr 2.44 Pro 3.12 Ala 1.78 Ala 1.78
6 Asp 249 Ala 242 Asp 2.18 Asp 1.92 Thr 1.21 Thr 1.15
7 Glu 0.80 Ser 0.97 Pro 2.00 Glu 1.90 Tyr 0.93 Ser 1.00
Total 96.70 96.40 95.60 94.40 96.73 95.17

* s including serine, P-X : pith-xylem (central part), P-C : phloem-cortex (outer part).
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Fig. 3. Relationship between arginine content and
arginine/ammonia ratio in root of Panax species. ® © P.
ginseng, & ° P. quinquefolium, X @ P. notoginseng.

Table 3. Percent abundance of free amino nitrogen (% in N umole) of tap root i Panax species
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4 nitrogen atoms, arginine amounted to 71% of
total FAA nitrogen for both part of Pg, 64 and
61% for P.g, and 53 and 50% for P.n.

Ninhydrin positive peaks (Figs. 1 to 2, unk-
nown A, B, C, D) were quantitated as aspartic
acid equivalent 1 Table 4. The largest one was
unknown A eluted first. The peak A was separat-
ed into two peaks in P.q and P.n. Peaks B and C
were also separated into two peaks in P-C of P.g.
The peak A was very high in P.# and Pg. Peak
D was relatively high in P.g. The D peak m P-X
of P.q was shown as a shoulder in aspartic acid
peak (Fig. 1h). These unknown compounds seem-
ed to be phosphoserine and urea according to the
elution order,” though that method was a little

different from this study. Total of unknowns was

(% 1 aa umole)

P. ginseng

P. quinquefolium

P. notoginseng

P-X P-C P-X pP-C P-X P-C
1 Arg  71.20 Arg  71.00 Arg  63.50 Arg  60.90 Arg  52.50 Arg 50.20
2 His 7.00 His 8.52 His 13.40 His 11.50 His 22.80 His 23.30
3 Am 6.99 Am 7.89 Am 7.24 Am 11.30 Am 13.70 Am 13.40
4 Thr 5.20* Asp 3.00 Ala 4.82 Ala 3.80 Asp 3.81 Asp 4.34
5 Ala 2.99 Thr 2.55 Thr 2.44 Pro 3.12 Ala 1.78 Ala 1.78
6 Asp 2.49 Ala 2.42 Asp 2.18 Asp 1.92 Thr 1.21 Thr 1.15
7 Glu 0.80 Ser 0.97 Pro 2.00 Glu 1.90 Tyr 0.93 Ser 1.00
Total 96.70 96.40 95.60 94.40 96.73 95.17

+ ¢ including serine, P-X : pith-xylem (central part), P-C : phloem-cortex (outer part).

Table 4. Ninhydrin positive unknown peaks eluted before usual free amino acids of tap root in Panax species
(Aspartic acid equivalent pmole/gdw)

Unknown P. ginseng P. quinquefolium P. notoginseny
peaks P-X P-C P-X P-C P-X p-C
. . (1) 113 (1) 1.70 (1) 16.53
A 17.20 21.50 (2) 102 (2) 1.39 3441 (2) 32.89
B 0.442 0.205 0.499 g% 0,509 0315 0.892
] , (1) 0.783 . o
C 0.473 0.210 0.00 (2) 0.246 1.52 2.39
D 0.046 0.368 1.76 0.564 0.00 0.00
Total 18.18 22.28 4.41 6.31 36.25 52.70
% to TFA 7.35 17.16 3.81 6.89 59.0 76.5

P-X : pith-xylem (central part), P-C : phloem-cortex (outer part), TFA : total free amino acid (1),

ed first, and second peak, respectively.

(2) : separat -
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greatest in P.n (59% and 77% of TFA in P-X and
P-C), least in P.g (4 and 7%) and middle in Pg (7
and 17%). These unknowns may be very im-
portant not only in quantity but also for meta-
bolic pathway.

3. Pattern Similarity (PS) of Free Amino Acid

Using simple correlation of FAA composition
(umole/g) between parts of species the sim-
ilarity of composition was analyzed. When ar-
gimine was included but ammonia was excluded,
the PS was almost same among species.”” When
arginine and ammonia were excluded because of
the extremely high content, the PS between
species appeared clearly (Table 5 lower half
part). Similarity showed that P-X of Pg was
quite different from P.n and Pg. It is interesting
that PS (r=0.8335, p=0.01) between P-C of Pg
and P-X of P.q tended to be higher than that (r=
(1.7671, p=0.01) between both P-Xs of Pg and P.
g. According to the PS of FAA, Pg seemed to be
closer to P.g than Pau. But by the unknown
peaks Pg was a little closer to P.n than P.gq (data

Mee-Kyoung Lee and Hoon Park
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not shown). The PS of major FAA percent a-
bundance (Table 5, upper part) was not sig-
nificant between species but significant between
parts of the same species. Similarities in tryp-
tophan to lysine content were closer between Pg
and Pg (Table 6). Tryptophan content was
highest in P, but lysine was lowest. Con-
sequently the lysine/tryptophan ratio was less
than one in P.x.

4. Free Amino Acid Content

The total of free amino acids content was in
decreasing order of Pg, P.q and P.n (Table 7). It
was about 3 times in Pg than Pu" and 2 to 3
times than P.g.” Total FAA was higher in P-X
than P-C for Pg and Pg, but it was reverse for
Pu. Thus the higher the FAA content in P-X,
the higher the ratio of FAA in P-X/P-C. The
unknown amino acids content was also higher in
P-X than P-C for Pg and P.gq, but it was reverse
for Pn (Table 4) as in the case of TFAA. TFAA
plus unknown was still highest in P.g, but almost
same in P.q and P.n.

Table 5. Pattern similarity of free amino acid of tap root among Panax species

P. ginseng P. quinquefolium P. notoginseng
P-X pP-C P-X pP-C P-X P-C
(major amino acid, n=6)
Pg P-X - 0.8922%* 0.5251 -0.1678 0.11338 0.2053
P-C 0.9375%*** - 0.6033 0.5509 0.4943 0.6858
Pq P-X 0.7671%%* (0.8335%** - 0.8437** 0.5119 0.5517
P-C 0.6564** 0.7183*** 0.9447%*** - 0.4157 0.4349
Pn P-X 0.4312 0.6755%* 0.6775** 0.6124** - 0.9842%***
P-C 0.5113* 0.7590*** 0.6900** 0.6193** 0.9867**** -
(TFA except arginine, n=13)

kokkk  kkk ok
, ,

tern similarity.

and * :significant at p=0.001, 0.01, 0.5 and 0.1, respectively. Ammonia was not included for pat-

Table 6. Free tryptophan content of tap root in Panax species

P. ginseng P. quinquefolium P. notoginseng
P-X P-C P-X p-C P-X P-C
Try (*umole/g) 0.375 0.306 0.351 0.259 0.515 0.615
Lys/Try 5.55 3.08 2.56 2.07 0.68 0.59

*: Try., lysine equivalent, P-X : pith-xylem (central part), P-C : phloem-cortex (outer part).
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Table 7. Total free amino acid content of tap root of Panax species

P. ginseng P. quinquefolium P. notoginseng
P-X P-C P-X P-C P-X P-C
pmol  Mmol pmol Mmol pmol pmol pmol Mmol pmol pmol pmol pmol
TFAA (A) 2474 3719 1298 19.74 1158 1731 914 1337 614 939 689 10.34
TFAA, (B) 6634 929 3627 508 2994 419 2306 323 168.0 235 179.7 252

TFAA+Am (C) 2972 38.04 160.9 20.27 139.2
TFAA+HAmMy (D) 7132 999 3937 551 3228

17.71 120.7 1387 881 984 967 10.81
452 2598 364 1946 273 2075 291

A/B - 4.00 - 3.89
C/D - 3.80 - 3.68 -

4.13 - 4.14 3.99 - 4.11
3.92 - 3.81 - 3.61 - 3.72

P-X ! pith-xylem (central part), P-C: phloem-cortex (outer part), TFAA : total free amino acids, «, : by ni-

trogen, Am : ammonia.

The conversion factors of nitrogen to TFAA
ranged from 3.89 to 4.14 among parts and
species for TFAA and from 3.61 to 3.81 for
TFAA+ammonia (Table 7). Free amino acids
content will greatly affect the crude protein con-
tent, when it 1s estimated from total nitrogen

content.
e <
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