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M3 () 30.42 30.42 30.42 30.42 30.42
- szeznalumanuausinags
() 129.11 | 129.14 | 12916 | 129.18 |  129.20
4. Sammannsalumsiiszniinazaindes
- Sandrumiiaudedunindsm 0.03 0.02 0.02 0.02 0.01
- ﬁmiwdauwﬁﬁu@ianu (1) 0.03 0.02 0.02 0.02 0.01
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USE OF PAEONIA AND EXTRACTS
THEREOF WITH GROWTH PROMOTING
ACTIVITY IN VETERINARY MEDICINE AND
ZOOTECHNICS

[0001] The present invention relates to the use of extracts of
plants or roots of the genus Paeonia, in particular Paeonia
lactiflora, for the preparation of growth promoters for use in
livestock.

TECHNOLOGICAL BACKGROUND

[0002] Bacterial antibiotic resistance is an increasing prob-
lem which affects public health, including the veterinary
field.

[0003] Theuse in veterinary medicine of antibiotics that are
mostly the same as or strictly related 1o those used in human
medicine, and the established practice of use of antibioties at
sub-therapeutical doses as growth promoters and mass meta-
phylactic agents, are the main causes of diffusion of acquired
antibiotic resistance by a number of bacterial species respon-
sible for pathologies in domestic animals and often even in
humans. The presence of antibiotic residues in meat and,
indirectly, the selection of antibiotic-resistant bacteria, which
can transfer the resistance genes to bacteria pathogenic to
humans. can be a hazard to human health.

[0004]  Approximately 25% of the total antibiotic produc-
tion is intended for use in livestock, the 90% of them being
used at sub-therapeutical doses for both the prevention of
diseases and the promotion of growth. Antimicrobials have
been added to feed and extensively used in zootechnics since
the " 50s to improve productive performances. In swine breed-
ing, for instance, weaning of piglets is the most delicate step.
as the distressing events related to the transfer and mixing of
different groups of animals and the changes of feed induce
alterations in the intestinal microbial flora of the animal,
making it more susceptible to infections. The use of antibiot-
ics in the prophylaxis of endemic diseases occurring during
weaning has lead to a generalized use of antibiotics which are
included in feed for times which can be protracted until the
animal is even 70-80 day old.

[0005]  As a consequence of antibiotic-resistance emer-
gency. the European Union has followed a restricted approach
concerning the use of antibiotics as growth promoters, anti-
microbial prophylaxis, multi-therapies, mass medication
through feed and water. In particular, BU is withdrawing all
authorizations concerning the use of antibiotics as growth
promoters by 2006. However, the prohibition of use of anti-
biotics as growth promoters and prophylactic agents will
involve a deterioration of animals health, with an increase in
diarrhoea, weight loss and mortality.

[0006] Different approaches exist for reducing the depen-
dency of zootechnics, more particularly swine breeding, on
the use of antibiotics: the choice one is the development of
alternatives acting through the control of bacteria and pro-
moting the natural reactivity of the animal, thereby inducing
an improvement in health as well as the optimization of
performances. Mandatory characteristics for such alternative
solutions are safety of use and cheapness for producers, and
hence for consumers.

[0007]  Paeonia belongs to the Paeoniaceae family. The
Paeonia genus, although including a comparatively reduced
number of species, is taxonomically complex. The roots of
plants of the genus Paeonia have been used for a long time, as
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they are or in the form of aqueous or water-ethanol extracts, in
Chinese traditional medicine for the treatment of a variety of
conditions including hypertension, muscle spasms, fever, dis-
eases of the female reproductive system, haemorrhage.
[0008] In particular Paeonia lactiflora, original from Sibe-
ria, Mongolia and northern China, produces more than one
flower per stem. It was introduced in Western countries in the
19 century, and it gave rise to a large number of cultivars and
hybrids. The active principles present in Paconia lactiflora
include the glycoside paeoniflorin as well as proanthocyani-
dins, flavonoids, tannins, polysaccharides.

DISCLOSURE OF THE INVENTION

[0009] It has now heen found that the administration of
parts of plants, particularly roots, or extracts of plants of the
FPaeonia genus, in particular Paconia lactiflora, to livestock,
is at least as much as active as the administration of growth-
promoting antibiotics.

[0010] Therefore, the present invention relates to composi-
tions for the veterinary or zootechnical use. comprising as
active ingredients ground roots or extracts of roots of Paeo-
nia, preferably of Paeonia lactiflora, admixed with suitable
carriers or in the form of feed supplements.

[0011] Said compositions proved capable of promoting
growth in livestock, in particular swine, bovine, ovine and
equine, more particularly swine, without inducing the draw-
backs and side effects of growth-promoting antibiotics.
[0012] Dosages will depend on a number of factors, such as
species, size, weight and age of the animal. In principle, a
typical dosage will range from 0.1 g to 10 g of extract/root per
animal/day.

[0013] The extracts usable according to the invention can
be prepared by a process which comprises:

[0014] a) extraction of Paconia lactifiora roots with a

solvent (native extract), and optionally

[0015]  b) purification from water insolubles.
[0016] Step (a) of extraction of Paeonia lactiflora roots
involves the use of water or a C1-C3 alcohol, or mixtures
thereof, or aqueous solutions thereof. A water-ethanol solu-
tion with 90% content alcohol {v/v) is preferred, but an alco-
holic solution with water content from 5% v/v to 100% v/v
can also be used. The extraction temperature can range from
5% C. to the boiling temperature of the selected solvent, pref-
erably 70° C.
[0017] The native extract can be purified by removing water
insolubles (step b).
[0018] The native extract from step (a) is concentrated
under reduced pressure at 60° C., completely removing etha-
nol (or any other solvents used among those cited above ) from
the solution, then the extract is concentrated to a dry residue
5% wiw to 55% wiw, preferably 25% w/w, and kept at tem-
peratures of 1° C. to 30° C., preferably 4° C., without stirring
for a time from 1 hour to 32 hours, preferably 16 hours.
[0019] The resulting clear solution, consisting of the puri-
fied extract, is separated from insolubles by centrifugation.
[0020]  The resulting extracts, having a content in paeoni-
florin and albiflorin ranging from 5 to 30%, are a further
aspect of the invention.
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[0021] The following examples illustrate the invention in
further detail.

EXAMPLE 1

Preparation of a Paconia lactiflora Roots Extract for
the Zootechnical Use

[0022]  Step a): Extraction of Paeonia lactiflora Roots with
a Hydro-Alcoholic Solution

[0023] 1000 grams of Paeonia lactiflora roots are dried and
finely ground, then extracted with 0.8 litres of 908 v/v etha-
nol at 70° C. for 4 hours in a jacketed static percolator. Afier
4 hours, the percolate is recovered and extraction is repeated
for a further 7-8 times under the same conditions. The com-
bined percolates are hot filtered with suction and concen-
trated by a rotary evaporator at 60° C. under reduced pressure.
[0024] The extract is further dried under vacuum at 60° C.
for 24 hours to obtain a yellow, easy-to-grind powder. 322 gof
product are obtained, corresponding to a 32.2% w/w weight
vield, having HPLC paeoniflorin content of 9.62% w/w, albi-
Iforin content of 1.26% wiw. for a total value of 10.88% wi/w.
Step b): Purification of the Paeonia lactiflora Roots Native
Extract.

[0025] The native extract obtained in step a), having a resi-
due of 322 g, is concentrated under reduced pressure at 60° C.
thus removing all of the solvent except water. The resulting
agueous suspension is concentrated to 25% w/w dry residue
and left to stand for 16 hours without stirring at 4° C.
[0026] After 16 hours at 4° C., the aqueous suspension is
centrifuged to remove insolubles from the salution, which is
dried at 60° C. under vacunm to obtain 231.4 g of a dry
purified extract having HPLC paeoniflorin content of 13.41%
wiw and albilforin content of 1.74% wi/w, for a total value of
the purified extract of 15.15% wiw by HPLC.

[0027] The weight yield of the purified extract to the start-
ing material is 23.1% w/w.

EXAMPLE 2
In Vivo Test

[0028] Experiments were carried out on 120 piglets divided
into 4 groups of 30 animals each.

[0029]  Group 1 (conirol) was treated with standard feed
free from additives. Group 2 (antibiotic) was treated with
medicated feed containing 2 g ofapramycin and 1 g ofcolistin
per kg of feed. Group 3 was treated with standard feed added
with 2 g/Kg of Paconria extract. Group 4 was treated with
standard feed added with 5 g/kg of finely ground Paeonia
roots.

[0030] All animals were treated during weaning from day
22 to day 41.

[0031] The animal well being was evaluated by the total
weight increase, the feed daily intake and the percentage of
diarrhoeic animals. Moreover, from day 41, facces samples
were microbiclogically analysed for bacterial counts of total
mesophyte charge, total Coliform and Lactobacilli. All
parameters were evaluated with standard methods known to
those skilled in the art.

[0032] Results reported in the following Tables prove that
the addition to standard feed of Paeonia in the form of both
finely ground roots and water-ethanol extract, although being
devoid of per se in vitro antibacterial activity, can be a valu-
able replacement for antibiotic growth promoters in weaning
foodstock,
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TABLE 1

Piglets weights and Mean Weight Increase { MW on day 41

Piglets weight (kg)

Treatment day 22 day 41 MWI
Caontrol 702212 10.25 £ 1.5 3.22
Antibiotic T43 =13 12.21 = 1.6 4.78
Faeonia roots 7.20=1.2 11.49 = 1.4 4.20
Faeonio water- T45 =13 1196 =1.3 4.51
ethanol extract

TABLE 2

Mean daily intake: amount of feed daily intake, expressed in
ko, between days 22 and 41 of treatment

Treatment kg
Control 0.22
Antibiotic 037
FPaeoria roots .31
Paeonia water-ethano| extract 035
TABLE 3
Effect of treatment on diarthoea onser i the various treated
RIOUPS.
%% of animals
Treatment with diarrhoes
Comtrol a0
Antibiotic 10
Pacowia Toots 30
Faeorig water-ethanol extract 20
TABLE 4

Effect of administration of the tested substances on different

bacterial populations (log Ufe/z) from faeces samples taken on day 41

Treatment E. Coli CBT Lacrobacilli
Antibiotic 6.41 6.47 538
Centrol 8.05 T.55 6.93
Faeonia tools 6,88 709 696
Paeonia water- 6.65 6,79 .90
ethanol extract

1. A method of promoting growth in an animal comprising
administering an effective amount of parts or extracts of
plants of the Paeoria genus to an animal in need thereof.

2. The method according to claim 1, wherein the plant of
the Paeonia genus is Paconia lactiflora.

3. The method according to claim 1, wherein the parts of
Paeonia are the roots.

4. The method according to claim 1, wherein the extract is
a roots hydro-aleoholic extract.

5. Veterinary or zootechnical compositions comprising
parts or extracts of plants of the Paeonia genus in admixture
with suitable carriers.

6. Compositions as claimed in claim 5 comprising roots or
hydro-alcohalic extracts of Paeonia lactiflora roots.
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7. Feed comprising roots or root extracts of plants of the
Paeonia genus, in particular Paeonia lactiflora.

8. Paeonia lactiflora extracts comprising paeoniflorin and
albiflorin content ranging from 5 to 30%.

9. The method according to claim 2, wherein the parts of
Faeonia are the roots.

10. The methad according to claim 2, wherein the extract is
a roots hydro-alcoholic extract.
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11. The method according to ¢laim 1, wherein the parts or
extracts of the plants of the Paeonia genus are in admixture
with suitable carriers.

12. The method according to claim 1, wherein the effective
amount is 0.1 g to 10 g of extract/root per animal/day.
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Chemical Constituents of Ligusticum sinensis OvLiv.

by Jian-Ping Ma, Chang-Heng Tan, and Da-Yuan Zhu*

State Key Laboratory of Drug Research, Institute of Materia Medica, Shanghai Institutes for Biological
Sciences, Chinese Academy of Sciences, 555 ZuChongZhi Road, Shanghai 201203, P. R. China
(phone: +86-21-50806728; fax: +86-21-50807088; e-mail: dyzhu@mail.shenc.ac.cn)

The new phenylpropanoid diglycoside ligusinenoside A (1), and the two new 8.4'-oxyneolignan
(*8-0-4'-neolignan’) diglycosides ligusinenosides B (2) and C (3), together with nine known compounds,
were isolated from the rhizomes of Ligusticum sinensis Oriv. The structures of 1-3 were elucidated on
the basis of spectroscopic analyses.

Introduction. — The rhizome of Ligusticum sinensis OLv. (Umbelliferae) is known
as ‘Gaoben’ in traditional Chinese medicines and used for the treatment of headache,
rheumatic arthralgia, diarrhea, etec. [1]. Previous studies revealed two new sesquiter-
penes [rom this plant, ligustilone [2] and ligustiphenol [3]. Furthermore, numerous
phthalides [4]. coumarins [5]. monoterpenes [6]. and phenylpropanoids [7] were
obtained from plants of the Ligusticum genus. Recently, Huang et al. reported that
aqueous extracts of L. sinensis could inhibit melanogenesis in murine B16/F10 mela-
noma cells [8]. Our phytochemical investigation of the title plant led to the isolation
of twelve compounds, including a new phenylpropanoid diglycoside, ligusinenoside A
(1), and the two new 8.4"-oxyneolignan (‘8-O-4"-neolignan’) diglycosides, ligusineno-
sides B (2) and C (3). In this paper. we report the isolation and structural elucidation
of the new diglycosides 1-3.

1 R'=Api(1-6)Glc 2 (7R8R),R'=R%2=Glc
1a R' = Api(1-2)Glc 3 78-threo, R' = H, R% = Api(1-6)Glc

Glc = p-D-glucopyranosyl, Api = -D-apiofuranosyl

Results and Discussion. — Ligusinenoside A (1) was obtained as white amorphous
powders. Its HR-ESI-MS gave a molecular formula CyH4 Oy, (|[M+Nal|" at m/z
497.1665). Under acid hydrolysis, 1 gave p-glucose and p-apiose as sugar moieties.

© 2007 Verlag Helvetica Chimica Acta AG, Ziirich
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Table 1. 'TH-NMR Data (400 MHz) of 1-3"). é in ppm, J in Hz.

1(CD,;0D) 2 (C;D;N) 3(CD,0D)
H-C(2) 7.06 (d, J=1.7) 7.59 (br. 5) 7.02 (d, J=1.5)
H-C(5) 7.09 (d, J=8.5) 7.60 (d,J=823) 6.75 (d, J=8.1)
H-C(6) 6.97 (dd, J=8.3,1.7) 7.39 (dd, J=8.35, 2.0) 6.85 (dd, J=8.0, 1.6)
H-C(7) 6.54 (d, J=15.6) 557(d,J=54) 482 (d,J=5.9)
H-C(8) 6.28 (d1, J=15.8,6.1) 4.96 (g-like, J=4.8) 4.30 (g, J=5.5)
CH,(9) 420 (dd, J1=6.0,1.2) 438 (dd, J=11.7,4.2), 3.73 (dd, 7=12.1,4.1),

4.02 (dd, 7=11.7,5.8) 3.46 (dd, J=11.9,54)
MeO—C(3) 3.86 (s) 3.69 (s) 3.81 (s)
H-C(2) 7.05(d. J=2.0) 7.06 (d, J=1.7)
H-C(5) 742 (d.J=83) 6.99 (d, J=8.4)
H-C(6) 6.94 (dd, J=8.3, 1.8) 6.92 (dd, J=8.2,1.5)
H-C(7") 6.70 (d.J=15.9) 6.60 (d. J=15.9)
H-C(8) 6.37 (dt, J=15.9, 5.8) 6.25 (di, J=15.7,6.1)
CH,(9) 474 (dd, J=12.5, 5.8), 4.47 (dd, J=13.3,59),
446 (dd, J=12.1,5.4) 429 (dd, J=13.5,5.5)

MeO—C(3") 3.71 (s) 3.87 (s)
Gle-1
H-C(17) 484 (d, J=17.5) 5.65(d, J=171) 434 (d, J=17.6)
H-C(2") 347 (dd, J=8.5,7.6) 4.32-4.36 (m) 3.22 (dd, J=8.9,7.8)
H-C(3") 345 (1, J=8.3) 4.04-4.09 (m) 3.33-3.36 (m)
H-C(4") 3.32-3.36 (m) 4.32-4.36 (m) 328 (1, J=9.1)
H-C(5") 3.54-358 (m) 4.32-4.36 (m) 3.38-3.42 (m)
CH,(6") 3.99 (br. d, J=10.0), 448 (dd, J=12.1,2.4), 3.99 (dd, 7=11.2,1.6),

3.60 (dd, J=104, 6.6) 4.39 (dd, J=12.1,5.6) 3.62 (dd, J=11.1, 6.0)
Glc-2 or Api
H-C(1") 497 (d, 7=2.3) 497 (d, J=17) 5.03 (d, J=2.5)
H-C(2") 390 (d, J=1.8) 411 (t, J=T77) 392 (d, J=24)
H-C(3") - 3.95-3.98 (m) -
H-C(4"") or CH,(4"") 395 (d,7=9.9), 425-428 (m) 3.98 (d, J=9.7),

3.74 (d,J=9.9) 3.76 (d, J=9.6)
H-C(5") 357 (s) 425-428 (m) 3.57 (s)
CH,(6") 4.57 (dd, J=11.9,2.2),

4.40 (dd, J=12.1, 5.6)

The detail NMR studies ( Tables I and 2) allowed us to elucidate the structure of 1 as
coniferyl alcohol 4'-O-p-p-apiofuranosyl-(1 — 6)--p-glucopyranoside!).

The "H-NMR spectrum of 1 (7able 1) displayed signals for two anomeric protons
due to a fB-p-glucopyranosyl (6 4.84 (d, /J=7.5Hz)) and a f-p-apiofuranosyl (0 4.97
(d. J=2.3Hz)). one 1.34-trisubstituted') aromatic ring (6 7.09 (d, J=8.5 Hz, 1 H),
7.06 (d, J=1.7 Hz, 1 H), and 6.97 (dd. J=8.3, 1.7 Hz, 1 H)), one MeO (d 3.86, s)),
and a 3-substituted prop-2-en-1-ol unit (6 6.54 (d, J=15.6 Hz, 1 H), 6.28 (dt, J=15.8,
6.1 Hz, 1 H), and 4.20 (dd,J=6.0, 1.2 Hz, 2 H)), indicating a phenylpropanoid diglyco-
side, which was consistent with the “C-NMR data (7able 2). Compared to the “C-

) Trivial name or numbering; for systematic names, see Exper. Part.
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Table 2. ®C- NMR Data (100 MHz) of 1-3%)"). ¢ in ppm.

1 2 3 1 2 3

C(1) 134.0 137.0 1342 C(1") 1312 1333
C(2) 111.7 112.3 112.1 C(2) 110.5 111.8
C(3) 151.2 149.8 1493 C(3) 150.9 152.1
C(4) 148.0 147.2 147.6 C(4) 149.3 149.9
C(5) 1184 115.8 116.3 C(5) 117.2 119.1
C(6) 121.2 120.0 1212 C(6") 120.1 121.5
C(7) 131.7 72.8 74.5 C(7) 1322 134.2
C(8) 129.2 86.5 874 C(8) 124.8 125.7
C(9) 64.1 61.5 624 C(9) 69.9 71.5
MeO—C(3) 57.1 55.8 56.8 MeO—C(3") 55.8 57.0
Gle-1 Gle-2 or Api

C(17) 103.1 102.4 103.7 o o LA 1114 103.8 111.5
C(2") 75.2 74.9 75.6 c(@2m) 774 75.2 78.5
C(3") 78.4 78.7 78.5 C(3") 309 78.6 81.0
C(4") 72.0 71.1 722 C(4m) 753 71.6 75.5
C(5") 78.2 78.5 774 C(5") 65.9 78.6 66.0
C(6") 69.1 62.2 69.1 C(6™) 62.8

a) 1 and 3 dissolved in CD;0D, 2 in C;D;N.

NMR data of 1a [9], the most important differences were the downfield shift of the
C(6") signal and the upfield shift of the C(2") signal (Ad=+8.6 and — 1.6, resp.. in dif-
ferent solvents), suggesting 1 to have the same aglycone as 1a and the glycone moiety -
D-apiofuranosyl-(1 — 6)-8-p-glucopyranose. This structure was confirmed by HMBC
correlations, i.e.. MeO/C(3), H-C(17)/C(4), H-C(7)/C(1), and H-C(1"")/C(6").

Compound 2 had the molecular formula Cy,H,04; as deduced from the HR-ESI-
MS ([M+Nal* at m/z 723.2491). The IR spectrum showed characteristic absorptions
for OH groups (3415 ¢cm™') and aromatic moieties (1630 and 1512 cm™'). The acid
hydrolysis and GC analysis, together with NMR signals (sce Tables I and 2: 6(H):
5.65 (d, J=17.1 Hz) and 4.97 (d. J=7.7Hz); 6(C): 1024, 78.7, 78.5, 74.9, 71.1, 62.2;
and 103.8, 78.6, 78.6, 75.2, 71.6, 62.8), revealed two individual g-p-glucopyranosyl moi-
eties in the molecule of 2. The structure of 2 was determined to be (7R.8R)-4.9'-bis(f-D-
glucopyranosyloxy)-3 3'-dimethoxy-8.4"-oxyneolign-7'-ene-7.9-diol') on the basis of
I1D- and 2D-NMR analyses.

The "H-NMR signals for the aglycone of 2 were attributed to two 1,3,4-trisubsti-
tuted') phenyl moieties (6 7.60 (d. J=83 Hz. 1 H), 7.59 (br. s. 1 H), and 7.39 (dd,
J=8520Hz 1H); 742 (d. J=83Hz, 1 H), 7.05 (d, J=2.0 Hz, 1 H) and 6.94 (dd.
J=8.3,1.8 Hz, 1 H)), a 3-substituted (2E)-prop-2-en-1-ol (6 6.70 (d, J=15.9 Hz, 1 H),
6.37 (dt, J=159, 5.8 Hz, 1 H), 4.74 (dd, J=12.5, 5.8 Hz, 1 H) and 4.46 (dd, J=12.1,
54 Hz, 1H)), two oxygenated CH (85.57 (d, J=5.4Hz, 1H), and 4.96 (g-like,
J=4.8Hz, 1 H)), one O-bearing CH, (6 4.38 and 4.02, 2/=11.7 Hz), and two MeO
groups (0 3.71 and 3.69, each s). indicating a citrusin A-like 8.4’-oxyneolignan digluco-
pyranoside [10]. The HMBC experiment substantiated the connectivities of the two
MeO groups with C(3) and C(3'), and of the two glucopyranosyloxy groups with
C(4) and C(9'). The coupling constant /(7.8)=5.4 Hz and the negative CD absorption
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at 210-250 nm demonstrated the relative 7.8-threo-configuration and the absolute con-
figuration (8R) [11].

The ESI-MS of 3 exhibited quasi molecular ion peaks at m/z 693.3 (| M +Na|") and
669.3 ([M — H]"), corresponding to the molecular formula C;;HyOy6. The acid hydrol-
ysis of 3 yielded p-apiose and p-glucose. Its 'H- and ®C-NMR (Tables 1 and 2) dis-
played signals for a 3.3'-dimethoxy-8.4'-oxyneolign-7"-ene-4,7.9-triol and a f-apiofura-
nosyl-(1 — 6)-f-glucopyranosyloxy moiety, just like a combination of the aglycone of 2
and the glycone of 1. In the HMBC spectrum, significant correlations C(9')/H—C(1"),
and C(6")/H—C(1"") were observed, confirming a -p-apiofuranosyl-(1 — 6)-8-p-glu-
copyranosyloxy group at C(9') of the aglycone. The J(7, 8)=35.9 Hz of 3 demonstrated
the relative 7.8-threo configuration [11]. However, noise-like signals appearing at
200-300 nm in the CD spectrum made the determination of the absolute configuration
at C(8) uncertain. Therefore. the relative structure of 3 was elucidated to be threo-9'-
[-p-apiofuranosyl-(1 — 6)-f-p-glucopyranosyloxy|-3.3'-dimethoxy-8,4'-oxyneolign-7'-
ene-4.7 9-triol).

The known compounds: baihuagianhuoside [12], 4-|f-p-apiofuranosyl-(1 — 6)-3-
D-glucopyranosyloxy]-3-(methoxyphenyl)propiophenone [13]. (7R.85)-dehydrodiconi-
feryl alcohol 4.9-di-O-B-p-glucopyranoside [14], dehydrodiconiferyl alcohol 4-O-3-p-
glucopyranoside [15], scopolin [16]. hymexelsin [17]. 3-butyl-4.5.6.7-tetrahydro-3.6.7-
trihydroxyphthalide [18], benzyl alcohol O-f-p-apiofuranosyl-(1 — 6)-5-p-glucopyra-
noside [19]. and sucrose [20]. were identified by comparison of their 'H- and “C-
NMR. MS, and physical data with those reported in the literature.

Experimental Part

General. Column chromatography (CC): silica gel (200-300 or 400 mesh; Qingdao Haiyang, Co.,
China), ODS-A gel (Greenherbs Science & Technology Development Co., Ltd., Beijing, China), D-
1400 macroporous resin (Yangzhou Pharmaceutical Factory, China), and Sephadex LH-20 (Pharmacia
Biotech AB, Uppsala, Sweden). GC Analyses: Perkin-Elmer Sigma-115 gas chromatograph. Anal. and
prep. HPLC: Varian HPLC system, Prepstar-SD-1 pump, UV-VIS-320), detector, column: Merck, 5 pm,
i.d. 4.6x250 mm; and ODS-A, 12 pm, i.d. 25x250 mm, resp. Optical rotation: Perkin- Elmer 341 polarim-
eter. IR Spectra: Nicolet Magna-750-FTIR spectrometer, KBr pellets; in cm '. NMR Spectra: Bruker
DRX-400 instrument ; at 400 ("H) or 100 MHz (**C); in (D,)methanol or (D;)pyridine; d in ppm rel. to
SiMey, J in Hz. ESI-MS and HR-ESI-MS: LCQ-Deca and Q-Tof-Ultima mass spectrometers, resp.

Plant Material. The rhizome of L. sinensis Ovr1v. was purchased from Huanghe Crude Drug Market in
Lanzhou, Gansu Province, China, in October 2004, and identified by Prof. D.-Y. Zhu. The voucher speci-
mens (No0.20041014) are deposited in the Herbarium of our institute.

Extraction and Isolation. Dried chopped rhizomes of L. sinensis (10 kg) were extracted with 95%
EtOH (3x). After removal of the solvents by evaporation, the extract was suspended in H,O and then
partitioned successively with petroleum ether, CHCl;, and BuOH. The BuOH-soluble part (280 g) was
subjected to CC (macroporous resin (i.d. 10x80 cm), EtOH/H,O (v/v) 0, 10, 30, 50, 75, 95%): Frs.
A-F Fr. C (30% EtOH fraction, 15 g) was separated by CC (SiO,, CHCl;/MeOH 100 :0 — 0:100):
Frs.C.1-C.16. Fr. C.8 yielded solid scopolin (13 mg). Fr. C.5 supplied baihuaqgianhuoside (28 mg) and
Fr. C.6 furnished 3-butyl-4,5,6,7-tetrahydro-3,6,7-trihydroxyphthalide (26 mg) after repeated CC (SiO,,
CHCl;/MeOH 15:1). The 4-[-p-apiofuranosyl-(1 — 6)-8-p-glucopyranosyloxy]-3-(methoxyphenyl)pro-
piophenone (4 mg) and hymexelsin (28 mg) were obtained from Fr. C.11 after two CC (1. LiChrospher
RP-18, MeOH/H,0 1:2; 2. Sephadex LH-20, Me OH). Fr. C.13 provided 1 (23 mg), dehydrodiconiferyl
alcohol 4,9-di-O-f-p-glucopyranoside (25 mg), and 3 (13 mg) after purification by CC (1. LiChrospher
RP-18, MeOH/H,0 1:3; 2. Sephadex LH-20, MeOH/H,0 10:1; 3. prep. HPLC, MeOH/H,0 1:3 for



162 HeLveTica CaiMica Acta — Vol. 90 (2007)

3). Fr. C.14 afforded 2 (7 mg), (7R,85)-dehydrodiconiferyl alcohol 4,9-di-O-S-p-glucopyranoside (31 mg),
benzyl alcohol O-f-p-apiofuranosyl-(1 — 6)-f-p-glucopyranoside (20 mg) and sucrose (30 mg) after fol-
lowing CC (1. LiChrospher RP-18, MeOH/H,0 1:3; 2. Sephadex LH-20, MeOH/H,O 10:1; 3. prep.
HPLC, MeOH/H,0 12 :88 for 2).

Ligusinenoside A (= Coniferyl Alcohol 4-O--p-Apiofuranosyl-(1 — 6)-f-p-glucopyranoside =4-(3-
Hydroxyprop-1-enyl)-2-methoxyphenyl 6-O-p-Apio-f-p-furanos yl-B-p-glucopyranoside; 1): White amor-
phous powder. [a]l =—101 (¢=0.49, MeOH). IR: 3423 (OH), 1629, 1512. 'H- and “C- NMR: Tables I
and 2. ESI-MS (pos/neg.): 4972 ([M+Nal'), 971.4 ([2M +Na]"), 473.0 ([M—H] ). HR-ESI-MS:
497.1665 ([M+Na]*, CyH;,0;Na"; cale. 497.1635).

Ligusinenoside B (=(7R,8R)-4,9'-Bis(f-p-glucopyranosyloxy )-3,3 -dimethoxy-8,4'-oxyneolign-7 -
ene-7,9-diol =3-{4-{(1R,2R)-2- [4-(f-D-Glucopyranosyloxy )-3-methoxyphenyl]-2-hydroxy-1-(hydroxy-
methyl)ethoxy}-3-methoxyphenyllprop-2-enyl p-p-Glucopyranoside; 2): White amorphous powder.
[a]f =—27 (¢=0.32, MeOH). CD (c=040g 1"', MeOH): 3400000 (207 nm), —3200000 (212 nm),
— 600000 (230 nm), — 980000 (282 nm). IR: 3415 (OH), 1630, 1512. 'H- and "*C- NMR: Tables [ and 2.
ESI-MS  (pos./neg): 7233 ([M+Na]"), 5613 ([M—Glc+Na]'), 6995 ([M—-H]), 537.2
([M—Glc—H] ). HR-ESI-MS: 723.2491 ([M +Na]*, C,H,O,;Na*; calc. 723.2476).

Ligusinenoside C (= threo-9'-[5-p- Apiofuranosyl-(1 — 6)-p-p-glucopy ranosyloxyj-3,3"-dimethoxy-8,
4'-oxyneolign-7"-ene-4,7,9-triol = rel 3-{4-[ (IR, 2R ) -2- Hydroxy-2-(4-hydroxy-3-methoxyphenyl)-1-(hvdroxy-
methyl)ethoxy]-3-methoxyphenyl}prop-2-enyl 6-O-n-A pio-f-p-furanosyl--p-glucopyranoside; 3): White
amorphous powder. [a]} =— 53 (¢=0.33, MeOH). IR : 3396 (OH), 1605, 1510. 'H- and "C- NMR: Tables
I and 2. ESI-MS (pos/neg.): 693.3 [M+Nal', 6693 [M—H] . HR-ESI-MS: 693.2329 ([M+Na]",
C;H,,O,\Na'; calc. 693.2371).

Acid Hydrolysis of Compounds 1-3. A soln. of 1-3 (each 2 mg) in 2m HCl/dioxane 1:1 (v/v; 2 ml)
was heated under reflux for 2 h. After cooling, the mixture was neutralized with NaHCQO;, then filtrated
toremove the solid. The soln. was subjected to CC (Sephadex LH-20, MeOH/H,O 1:1) to afford a sugar
fraction. This sugar fraction and standard p-glucose and p-apiose (Sigma, USA) were each treated with L-
cysteine methyl ester hydrochloride (2 mg) in pyridine (1 ml) at 60° for 1 h. Then the soln. was treated
with N,0-bis(trimethylsilyl)trifluoroacetamide (0.02 ml) at 60° for 1 h. Subsequently, the supernatant
was subjected to GC analysis (Supelco, 2307, flow rate 15 ml/min). p-Glucose (standard: r; 24.1 min; 1:
fr24.1 min; 2: 1, 24.2 min; 3: 1z 24.1 min) was detected in the sugar fractions from 1-3, and p-apiose
(standard: ty 14.3 min; 1: fz 14.2 min; 3: 1z 14.3 min) in that from 1 and 3.
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ABSTRACT

Colla corii asini (Ejiao) was distingmished from its fakes by using a portable device of near-infrared spectroscopy (NIRS). The

spectroscopic information was then charactenistically extracted for clustering analysis. Chemometrics tools were applied to interpret the

NIRS datasets and to further identify the potential information for the quality control of Epac. In this study. forty-three Ejiao samples

were collected from 20 manufacturers in China. Three chemometrics methods including hierarchical cluster analysis (HCA), principle
component analysis (PCA) and mahalanobis distance (MD) were utilized to simultaneously confirm the analytical results. and all

showed efficacy for the quality control of Ejiao by NIRS. In conclusion, the combination of NIRS and chemometrics is effective for the

authentication of Eytao of various quality.

Key words: Ejiao. near-infrared spectroscopy, quality control, hierarchical cluster analysis, principle component analysis, mahalano-

bis distance

INTRODUCTION

Colla corii asini (Ejiao). a solid glue prepared from
the skin of Equus asinus L. (Equidea). is mainly used in
traditional Chinese medicine. The edible form of Ejiao is
often mixed with almonds and sesame seeds and served as
a snack that is popular in China. It can also be used as an
edible coating for dates. producing another type of snack.
The main chemical components of Ejiao are amino acids
and low molecular weight hydrolyzates of collagen proteins.
It is widely used in China. Traditionally. it has the effects
to nourish yin and blood. relieve the dryness, and arrest
bleedingm‘ Inrecent years, Ejiao has been reported to induce
hematopoiesis and enhance immunity. as well as possess
leukogenic and antianxietic activities® ™. In addition, Ejiao
has been widely used for the treatment of gynecologic
diseases and some chronic diseases.

However, because of the decreasing sources of E. asinus.
the production of Ejiao was restricted. To cater for the usage

* Author for correspondence. Tel: +86-755-26737136;
Fax: +86-755-26972852; E-mail: D.J. Yang@inet polyu.edu.hk

demand, some fakes and adulterants were made from the
skin of other animals. such as pig, cattle. and horse. or made
from bone glue and even worn leather. These fake products
may not have the effectiveness as Ejiao or even have adverse
effects. Thus. it is urgently needed to develop a technique to
control the quality of Ejiao. Compared with other Chinese
medicine, Ejiao is more difficult to discriminate among the
genuine, fake and adulterant ones. since they are prepared
by a complex process under high temperature and pressure.

Up to now, several methods have been reported to
assess the quality of Ejiao. Traditionally, water-test method
was used to reveal the differences of smell and solleility(S).
Nowadays. the chemical constituents should be taken into
account for the quality control of Ejiao. Gel electrophoretic
methods. such as SDS-poly acrylamide gel electrophoresis
(PAGE) and isoelectric focusing electrophoresis (IFE). were
proposed to authenticate Ejiao from other kinds of glue prod-
uets via investigating the proteins constituents®”), However,
low sensitivity and selectivity limited the use of this method.
DNA analysis is one of the most reliable methods for the
identification of Ejiao. However., critical problems were
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not yet solved, such as the degradation and contamination
of the DNA templates, and the poor reproducibility. High
performance liquid chromatography (HPLC) has the main
advantages of high sensitivity and reproducibility. It has
been reported that the quality of Ejiao can be authenticated
by analyzing the water-soluble or liposoluble components
by HPLC®®). But it can only analyze the water-soluble or
liposoluble compounds, rather than the whole features of
the components in Ejiao. In addition. X-ray fluorescence
is a method fto control the quality of Ejiao by comparing
elements characteristic graphs, but it doesn’t consider the
integrative and specific characteristics of Ejiao(w). 2D FI-IR
and circular dichroism were used to compare the spectra of
different Ejiao and thus control its quality®1?, However,
the spectra of 2D FT-IR and circular dichroism are very
complicated to acquire.

Near-infrared spectrum (NIRS) is acquired mainly
based on the overtone and combination bands arising
from fundamental vibrations in the mid-infrared region. It
provides a fast and reagent-free method. which requiring
minimal sample preparation process. NIRS has been shown
to be a powerful tool for qualitative and quantitative analysis
in food. agricultural and pharmaceutical industries®*-19),
Combination of NIRS technique and principle component
analysis (PCA). similarity comparison and mahalanobis
distance has beenused to classify 14 Ejiao samples. including
genuine and fake ones?, However, there is no high statis-
tical significance in the study since not enough samples were
investigated. Especially. the inferior samples are the main
sources of fakes. but they have not been reported.

There are two kinds of NIR systems, the desktop instru-
ment and portable device. At present, most of the reported
work on NIRS study were focused on the employment of
the former one, but the latter is more convenient and rapid.
Though the resolution is inferior to the desktop instrument.
the portable device can also give the key NIR spectra infor-
mation sufficient for the quality control of Ejiao.

In this study. we explored the practicability of using
portable NIR device for quality control of Ejiao. Hierarchical
cluster analysis (HCA), PCA and PCA-mahalanobis distance
(MD) were also used to analyze the NIR data. Several data
treatment methods were compared before clustering analysis.
The results showed that NIRS combined with chemometrics
techniques was a powerful tool for the quality control of
Ejiao.

1. Principal Component Analysis (PCA)

PCA is one of the key tools for mulfivariate statistical
analysis. which is a sophisticated technique widely used to
reduce the dimensions of dataset for visual observation"®).
It is firstly employed to extract characteristic information
from the raw NIR spectra on the basis of singular value
decomposition (SVD) analysis. It transforms the original
measurement variables into different principal components
(PCs) through maximizing the expressed variance of data-
sets, but keeps most of the information. Assuming N number

57

153

of PCs is extracted totally. all the N number of eigen vectors
with decreasing order of information will be obtained. The
first PCs has maximum expressed variance. and the Nth PCs
with minimmm one. Thus, only the first 2 or 3 PCs need to
be taken into account to calculate the percent of accumula-
tive contribution for data information. Then. the plot of PCs
can be used to construct the 2-dimensional or 3-dimensional
clustering graphs. and then applied to analyze the difference
of samples.

II. Hierarchical Cluster Analysis (HCA)

HCA is another multivariate analysis technique to find
the relationship of samples!®. It comprises an unsupervised
classification procedure. which involves measuring either
the distance or the linkage criterion between the samples.
The most common way to calculate the distance is known as
the Euclidean distance. while the most appropriate linkage
criterion is incremental. Firstly. the Euclidean distances
between pairs of the samples are computed with the observa-
tions in rows and the variables in columns. And then, single
linkage algorithm, namely the widely-used nearest neighbor
calculating the smallest distance between objects in the two
clusters. is employed to create a hierarchical cluster tree.
The final dendrogram plot of the hierarchical is generated by
the binary cluster tree to visually represent the correlation
among the samples.

111. Mahalanobis Distance (MD)

Mahalanobis distance method is a very useful strategy
to find the similarity of a set of values from one group of
samples in contrast to another one for discriminant anal-
ysis(m). The advantage of this method is the comprehensive
consideration of the relative distance between samples and
the covariance matrix together. It can be used to classify the
samples into well-defined classes. In this study. PCA-MD
is further employed for sample classification. Namely, the
known samples of different classes are first decomposed
using PCA analysis. Then. the PCs contain most of the class
features are utilized for data processing. This method has
been reported with good performance. In this investiga-
tion, it can be used to classify the samples into well-defined
classes.

MATERIALS AND METHODS
1. Samples and Sample Pretreatment

A total of 43 authenticated Ejiao samples were collected
from 20 different manufactures (or brand names) in 2008
and 2009 (Table 1), including five different regions of China.
namely Chengdu. Bozhou, Chongging. Anguo and Hong
Kong. Morphological analysis and water-test method were
used to determine the quality of Ejiao. All samples were
identified by Prof. Songyun Qin from Chongqing Academy
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Table 1. The list of Ejiao samples
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No. Quality Region of production Region of collection Time of collection
1 The genuine Donge, Shangdong Chengdu, Sichuan 2008.12
2 The genuine Yangpu, Sahngdong Chengdu, Sichuan 2008.12
3 The genuine Hunan Chengdu, Sichuan 2008.12
4 The fake Donge. Shangdong Chengdu, Sichuan 2008.12
5 The genuine Donge. Shangdong Bozhou, Anhui 2008.03
6 The fake Donge. Shangdong Bozhou, Anhui 2008.03
7 The fake Guangdong Bozhou, Anhui 2008.03
g The fake Shangdong Bozhou, Anhui 2008.03
9 The fake Donge. Shangdong Chengdu, Sichuan 2008.12
10 The genuine Pingyin Shangdeng Chengdu, Sichuan 2008.12
11 The inferior Zhoukou. Henan Chengdu, Sichuan 2008.12
12 The genuine Zhoukou. Henan Chengdu, Sichuan 2008.12
13 The genuine Luyi. Henan Chengdu, Sichuan 2008.12
14 The genuine Luyi. Henan Chengdu, Sichuan 2008.12
15 The inferior Xincair, Henan Chengdu, Sichuan 200812
16 The genmne Wuyr, Hebe1 Chengdu, Sichuan 2008.12
17 The infenior Wuyr, Hebe1 Chengdu, Sichuan 200812
18 The genmne Heilongpang Chengdu, Sichuan 2008.12
19 The inferior Hanchuan, Hube1 Chengdu, Sichuan 200812
20 The genmne Donge, Shangdong Bozhou, Anhw 2008.12
21 The genmne Donge. Shangdong Bozhou, Anhwm 2008.12
22 The mferior Donge, Shangdong Bozhou, Anhw 200812
23 The genuine Jinan, Shangdong Bozhou, Anhui 2008.12
24 The genuine Yangpu, Shandong Bozhou, Anhui 2008.12
25 The genuine Yangpu, Shandong Bozhou, Anhui 2008.12
26 The genuine Wi, Hebei Bozhou, Anhw 2008.12
27 The genuine Wuji, Hebei Bozhou, Anhwu 2008.12
28 The genuine Wuji, Hebei Bozhou, Anhui 2008.12
20 The genuine Tuocheng. Henan Bozhou, Anhu 2008.12
30 The genuine Xincai, Henan Bozhou, Anhwi 2008.12
31 The genuine Yanggu, Shandong Bozhou, Anlw 2008.12
32 The fake Zhuzhou. Guangxi Anguo, Heber 2008.12
33 The genuine Donge, Shandong Anguo, Hebet 2008.12
34 The fake Donge. Shandong Anguo, Hebet 2008.12
33 The genuine Donge, Shandong Anguo, Hebet 2008.12
36 The genuine Yanggu, Shandong Anguo, Hebet 2008.12
37 The genuine Donge, Shandong Chongging 2009.03
38 The genuine Donge, Shandong Chongging 2009.03
39 The genune Yanggu, Shandong Chongqing 2009.03
40 The genune Hengdong, Hube1 Chongqing 2009.03
41 The genune Donge. Shandong Hongkong 2009.07
42 The genune Heze, Shandong Bozhou, Anhwm 2008.11
43 The genume Xincair, Henan Bozhou, Anhwu 2008.11
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of Chinese Materia Medica and Dr. Dawn Au from The Hong
Kong Polytechnic University. The voucher specimens were
deposited in the State Key Laboratory of Chinese Medi-
cine and Molecular Pharmacology. Shenzhen. China. For
reducing the difference of physical characteristics between
the products. the samples were powdered and sieved through
a 100 mesh (150 (m) sieve before NIRS measurement.

I1. NIR Spectra Analysis

All NIR spectra were recorded by a PHAZIR™ hand-
held NIR spectrometer (PolyChromix. Wilmington, MA,
USA) with a Tungsten light bulb. The spectra were acquired
in reflectance mode with a ceramic reference standard over
the spectral region of 1600 to 2400 nm with a resolution of
8 nm. A circular sample cup with a quartz window is used
for spectrum acquisition. The final spectrum exported for
analysis is the average of 10 scans. Each sample was repeat-
edly measured for three times after rotation of the cup in
120 degree. and the corresponding spectra were averaged to
improve accuracy.

II1. NIR Data Treatment

Different data pre-processing methods were utilized
to minimize the interference effects. baseline shift and thus
enhance the data quality for model establishment. These
methods include mean centering. auto-scaling. standard
normal variate (SN'V), derivative. smoothing, multiplicative
scatter correction (MSC) and de-trend. In this work, three
methods, including PCA. HCA and PCA-MD. were used to
analyze the NIR data. without assuming any prior knowledge
of sample elasses to the former two methods. All computer
programs involved in this study were coded in MATLAB 7.0.

RESULTS AND DISCUSSION
L. Reproducibility

The reproducibility of the NIR measurement method
was evaluated by performing 10 times with the same sample.
The spectra detected on the same day have very good preci-
sion and the relative standard deviation was 0.42%.

I1. Precision and Accuracy

Inter-day variation was chosen to determine the preci-
sion in this method. To test inter-day variation of spectra.
the same batch of sample was examined three times with 7
consecutive days tracking. The relative standard deviation
was 0.38%.

III. Feature of NIR Spectra

The handheld NIR spectrometer has the measured
wavelength from 1600 to 2400 nm. The main chemical
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components of Ejiao are amino acids and proteins. In the
range of 1600 to 2400 nm, there are many absorption bands
related to N-H or CONH, functional vibration of proteins or
amino acids. Thus. data out of this range were completely
extracted for further analysis of Ejiao samples. Figure 1
shows the mean spectra of the original NIR data of all the
43 samples. The visual inspection suggested that the NIR
spectra obtained from the samples of different qualities
are very similar. such as the integrative distributions and
peak shapes. The absorption bands are around 1680, 1721,
1931. 2028, 2165 and 2278 nm. which were mainly related
to C-H. O-H or C=0 functional vibrations and overtones
of polysaccharide. protein, starch, cellulose or substance
contained hydroxyl. etc. For example. 1931 nm is related to
O-H stretching and deformation vibration of polysaccharide,
and 2165 nm related to C=0 stretching vibration in CONHR
of protei.n(lg). All these characteristic bands are marked in

Figure 1.
IV. NIR Data Pre-Processing

Due to low resolution and baseline shift. chemometrics
tools are specially needed fo improve the quality of the raw
datasets. The suitable data pre-processing tools were used
to minimize the influence of physical effects to the NIR
spectra. Both 1st and 2nd order derivatives were compared
in this study and it is found that the 2nd order derivative is
suifable to the present NIR dataset. Visual inspection shows
that satisfactory results can be obtained by the combined
methods of mean centering. 2nd order derivative and MSC.
These mathematical tools were effectively employed to
minimize the signal interference and to remove the baseline
offset. multiplicative interferences, and other side effects.
The data-processed NIR spectra were shown in Figure 2.
The spectra of all the samples in the range of 1600 - 2300 nm
are quite the same. However, they are different in the range
of 2300 - 2400 nm. Therefore, the absorption peaks in 2300
- 2400 nm are useful for the further authentication studies.

V. Hierarchical Cluster Analysis (HCA)

The NIR spectra processed by HCA methodology are
shown in Figure 3. By this method. samples can be easily

193\1\ 20%3 21 6\5
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Figure 1. NIR reflectance spectra of 43 Ejiao samples.
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divided into two main branches. namely branch A and B.
The samples of branch A are genuine and inferior ones. The
samples 15. 17. 19 and 22 were identified as inferior products.
and other samples in branch A were genuine ones. The fake
samples 4. 6, 7, 8. 9, 32, 34 and an inferior product 11 belong
to group B. Figure 3 shows that inferior samples 15. 17, 19
and 22 were closer to the genuine group. and sample 11 was
closer to the fake branch. In the branch A. samples 16. 26
and 27 are of the same brand, which are catergorized into
the same branch. the same as samples 25 and 36. and samples
3 and 40. It indicated that the quality of products from the
same manufacture was consistent. Though NIR spectra have
no significant visual feature, the hidden information for
sample identification can be found. Samples 1. 5. 20. 33, 37
and 38 are of the same brand. buf were not classified into
the same branch. This was probably attributed to the differ-
ence of raw material. production environment and change of
process technology. Using a large number of experimental
samples from various raw materials. production environ-
ment and process technology is a useful way to minimize
the influences. It can be seen that NIR spectroscopy is a
good strategy to differentiate the genuine and fake Ejiao with
combination of chemometrics method.

V1. Principal Component Analysis (PCA)

PCA has high effectiveness to cluster the complex data-
sets and shows good performance for chemical data analysis.

0.018 T T T T T T

0.01
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=]
(=]
(=]
(0]

-0.008

-0.01 .
1600 1700

1900 2000 2100 2200 , 2300 240(
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Figure 2. NIR spectra of 43 Ejiao samples after pretreatment
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Figure 3. Dendrogram from the hierarchical cluster analysis of 43
Ejiao samples.
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In this work. the clustering plot to the samples of different
quality is very clear in the score plot using first three PCs
(Figure 4). The 43 Ejiao samples were divided into three
groups in the three-dimension graph. Thirty-one samples
were clustered in zone A, and 7 in zone B. The former group
is genuine ones. and the latter is fakes. In zone C, the other 5
samples with distribution between A and B area are inferior
products. They are closer to group A than to the fake samples.
which is coincident with the real situation. In general, these
results provide sufficient proof to show the powerfulness of
NIR and PCA method. used for the quality control of Ejiao.
It not only authenticate the genuine ones from the fakes. but
also distinguish them from inferiors.

Mathematically, biplot from PCA analysis can be used
to explore the significant variables from the scores plot. The
biplot figure given in Figure 5 has great meaning to find
the variables with significance to cluster the samples. The
wavelength/variables with higher values in the biplot have
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Figure 4. Score plot of the first three principal components for all
samples.
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Figure 5. Biplot of the 43 Ejiao samples with 100 variables after PCA
analysis.
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larger contribution to distinguish the Ejiao samples. In this
study, NIR wavelength (1600 - 2400 nm) was divided into
100 points (variables). As shown in Figure 5, data points 90
(2312 - 2320 nm), 91 (2320 - 2328 nm). 99 (2384 - 2392 nm)
and 100 (2392 - 2400 nm) in the NIR spectra had signifi-
cant loading and could be used to discriminate the samples.
Those vibrations are mainly caused by C-H stretching and
deformation vibration of polysaccharide, and C-H strefching
in aromatic 1'i11g(ls).

VII. Mahalanobis Distance {MD)

Based on the PCA score plot in Figure 4, the samples
have been recognized as three main clusters. namely,
genuine samples of A, the fakes of B and the inferiors of
C. Mabhalanobis distance of all the samples to each class
centre was calculated. Figure 6A showed the distance of all
samples to cluster A while Figure 6B showed the distance
of all samples to cluster B. Since the two classes of samples
were different from each other but with certain similarity.
the result in Figure 6A was better than that in Figure 6B. In
Figure GA. the fake samples 4, 6, 7. 8. 9, 32 and 34 had the
larger distance in contrast to the genuine ones. except for the
samples 38. However. the results shown in Figure 6B are not
as good as that in Figure 6A, which might be due to limited
number of fake samples.
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Figure 6. The results of Mahalanobis distance.
A: cluster A (the genuine) to all samples. B: cluster B (the fake) to
all samples.

&
&

157

CONCLUSIONS

In this study. an effective strategy has been developed
for the quality confrol of Ejiao. The authentication was
achieved by NIR technique coupled with chemometrics
methods. It was successfully employed to analyze 43 Ejiao
samples of different qualities. The whole process strongly
depends on the employment of multivariate statistical tools,
including PCA. HCA and PCA-MD. This established tech-
nique is a reliable and simple method to control the quality
of Ejiao.
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