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Progress in Pectic Oligosaccharides

HUANG Linhua, WU Houjiu, MA Yaqin, WANG Hua, SUN Zhigao

(Citrus Research Institute, Southwest University, Chongqing 400712, China)

Abstract: Pectic oligosaccharides from pectin are degradative products with lower molecular weights and have various
bioactive benefits to human health due to low calorie, growth promotion for bifidobacterium, anticancer activity and
antioxidant capacity. Pectic oligosaccharides have been proven to be of great research significance and application potential.
In this article, several preparative methods of pectic oligosaccharides are compared, especially focusing on the pros and cons

of enzymatic preparation. Also, we review the recent progress in physiological functions and biological activities of pectic
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oligosaccharides, which can accelerate the basic research and further application in the future.
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Fig.1  Simplified structure of pectin

RIGAER—FhEs WY 2 05, ARV 40 M B 1) 5
BBy, TOZAAE T EEEYIR . 22, AR s
SHAHMAMEES . HAT, RN LR
B I R 7 R v v ol i BR A BT T R B AR B . A A
AR B P SR & B, 2 A2 830%M121%, 1
HEZARANERE R SR Hfh =g, 8.
HbkaE R TRz b i RIS B AR . TR
JBZ ) B AL R 2 5 L A M T ) R A b, DR RS
it AR SR A DU AR AR AT A B . IR IR
PERNAALTI R T & 5 Tl Wl fE BT 1 B
ANTE R I 55 003 1 245 40 IS FH T 2 24 40
12 FURARIHE

RIALERE (pectin oligosaccharides, POS) &R K
RAEMRERE RIS TREZRE Y. BT RS
M, SFECT RBRACKBES MM 2R, RIRICE
B E A LR LR R RR . KR
B ARRBTHADRE . RRICR AR . ARBEAR R
2 L P R AN B ARG R~ LB I IR 55

2 RERIRERREE

RIBACTERE T LGB R R R R > E . A LS
il B g SR R 5 T SR . R D R A 2 e ) SRR A
RS BARMG, MR JFUREH 73 B4 IR B AR SR AN w)
7o B 7Bt SO OE 8 I A S R A R
J7 AERAG I E G5 K B SRR AE 5, AT BT 7 3 A
PR K AR g 7K ffp BT 2B W A e 25 5 U 8 R A it
BE CRUEA R 37 3OMTRH SN T 1Y) B el SR e o fige
Yoo r il e o MR TN T R SR g ) 6 SR 1R
B R AR AR

2.1 YEEyk

BT RAMKBEMA T K s, FIRZRE
S R o 2 A R R o) 2% SR IC SR BE™ . Chen Jun
SR FH 5l 25 0 v A U B AR DA o R R e i) 6 R R
ICRRE . ERAERAL B R T, RIRMCER ™~ &N
605.7 mg/mL, 153ik%32.9%, i HILHF 708 1% 07
A 2% A 00 SR IRA S0 B A B 6 ) R BT 7R AR KRR
Y. Zhang Lifen 5 B 77 2 B0 P 5t b 38 i 1o SR P 286 185 K
M P2 RIS, X SRR o B I MR . RIRTE
7E U A T 4 B AR U 2 TR R B R 2 b, Ry
TR EAL T100 KD RS 46% . Kang25'" A 5] 58 1)
-5 AR G B A SR IR AR T NE VAN TV PR
13 R IRAC R WE B e e A PR & v, B FT 4 RO
SR BEE PRy - S 2 5 B R A 8 e R TR AR SR () Bt S A v
AP REE . BR FIR TR PR R R IR ML R A
FERISERE =), AH 2 62877 AE AR B LM AOR,
SRAG I R AR SR 5 P AN 25 A S B DA ] o
22 Ak

Xof Rz e A (AT 9 B SR FH R IN B R . R S50
NUBRRHATBRAK AR I 38, T VEERE TS AR, %
T B A A =Y R A SR I SRR 1) R B i
BERRI: . RIS IRBRERYE . EMMRIESEY . R R
W KK, RISELeRE e, MBI 2
ST IRERANAGER B, il KR 2 T 8O 70 IR
RCERE . IR KRR, AR RIR R RRE, Kk
SR, IRMERR B P TR TG BRI A5 R B e S . A
KA FES, ERRIMER NS A — R =), 5
TR BARTREME I b5 o A 0F 7S i 4 ) R /K A e
KAFRE GG R BACENE 1, (BRCRAE. K
fRiEIE 2= K TR K, AN — PR sss AU I A2 7 T
3, 1T HIGI T AR AR A
23 WL

AT, AR S B s PR SR, Wi R
W AR R e FLRE SR A0 2 @ v K SRS . B KA R
R HRAT SR A SR W R FE AR 2 H AT RO 3 . SR 2
REMS o0 Al L IR I 1) 22 R R PR, X A ol o) SR R 6 1
ZLRCFE KA R BRI B-TH BRI SE o AR 1 FH A RURITZK
T AR, SRIREG AT 7 9 R . S AR
SRR T g AN Ji SR el G o SRR Kl ST 4y S R
W BRI . SR P LM R HR /K R SR R4 e FL b
FRHE . BB RS, HAT, T KR SRR
ISR = P 1) Rl 22 SRS T e . i i 2 (177 R
I B i A= 1 22 SR 85 B DA B/ B A v AN B, R AL
AR RIFF ™, 1T & A R 2 ok U T SR A

i TR K il E A R e KRR AN KR
RS THhl. AT IR RS 2R S, REMR



XA ERA

E6mill=

2015, Vol.36, No.19 279

G 2 SR M LR S SRR T A B R
B A BEE T I SR AR R BE . AR SRR E A M
B T SR B A SRR 5 P A FH P SR P g £ 7 At e e A SR 1R
JERH S5 R AE B AR % . Combo "B T JUAH R M.
TR it 7K il 5 2 U T 2 1) 200 R AR 9 ok R 15 L AT 0 1
R K BE . Martinez Sabajanes®5" Y DUAH ARG JR i My i
o, 38 A s ) SR Wl R 2T 44 2R %) L A5 R R e T, 3R
157 ASIR] 5 B BE AN G5 1) 2 B SR A SREmE . R A D)
LW I 12 0 4 /K A R I, PT AR 95 % A L 1) SR IBAIR 2R
BV Zykwinska %5 ORI Y AR R 4T 4E 5 G DA I
B F A h o AR R R, B bl o R e
filg AL BRAS BN 28 T AR “BRIX” REACE
B . Olano-Martin 5" 1o 7K fif i () 5 I8 52 AL EAT 2 2%
HESEHKARIR IR, DASRAS IR NE . BAR B Al iy
i & R BRI R Z, R ARG HE
Ay RIREEFNSE 2 A HoKENLE] W FEAE 785, B
A 2 FRBAR IR S T~ Mk AR 7= i AR I H

3 RBIEEEALA RS E

DRe PR H DU & 4P 4E R . KRB, RIRSE
ZHERMAN R FWINFERF . EARE . KR LB EE N
JEORMEAT BRI AS 2. B T EURL RO B 2R, PR
PP A KRB, CRER ML, XL
PRI AEAR KRR P b 2 B AR Th REVE AR SRS A £ BE D E AN
LB . DRGSR AR SN 60 465 R B AR SR 1 40 8
2t AT I R BORAE L. H AT, 2B e
KA ISR Bk (BB RN B S e il DK
RO L S R SRBEREAT Al 0 A1, A
ATESBRME . R T RS LS, TS L)
T alk A 7y B Al e o3 b o A B 43 8 R f PR i
K, ANFEFERBEAFEMIE. BIE. BB B3
FIGNUESE T2 T AR R TARRBE R 20 35177 7 B
RREP S AR DI RETERE A 4Rl 2l Bk SR )
RN Z RN 22200, RS oo,

REACERE R AR, b T R R RO
By B 2%, AEAHT IU R A8 7> 2 AU A0 EL A 2 o) B 4 e
A RELGEGEHZMFBRIARIH 7L H . Manderson
A5 P2 o A R I 1 7 VR SR AS A A SRR AR SRR AR
UG C [ AHA I, 9938 BB 73 88 73 B 77 103Kk
B RIRCENE. 435 5% FIDEAE-Sepharose
BT AR R BTG B R, IR ik
B RE R 9 R WE . SRR AN R A . T
A5 R FH v 20k ) S A8 e VR Rk e L A ARG U T
(high-performance anion-exchange chromatography-pulsed-
amperometric detection, HPAEC-PAD) 43#7 b 1 LA

A 3 SR S S S Ak i ) 8% 140 7 I SR TR SR B 110 4 1
JRES A EEE,  HHNZ 75— AR T 5o T
A R 7). ComboR5 VR FH fm BUAH (13t . #AEE
SR A EAHLLAMGEE . ZER i B R DR X AT
WS — R AN TTES T T S A T A1 23 Fh SRRAIC
RWEN A AR BEE A BT DGR BRI R R,
Jo A B O A L B RAT IR BT S (matrix-assisted laser
desorption/ionization time-of-flight mass spectrometry,
MALDI-TOF-MS) . #%H;3L4E (nuclear magnetic
resonance, NMR) . HIMiZ il (electrospray ionization
mass spectrometry, ESI-MS) 5T AR &M 2 M H
FIMCIRER S50 . SRA B B2 ) e pr ks il o

4 RUBARER R hRERE

AETH AP EAR SR WM SRACHE . ISR FLRE 2 5 LI
A TC. RIBMCRERe s il WA E BV R BRI, B
WA B AU N 7 S AR 47 [ AN 2 4
BT T ORUETF 3R, FHEEL HHE 20 g M
MRV AR o0 TR I SRR B AR TR A
ORI AR BRYEE  BfAE AHOCH T BIIR N, SRR SR W I
RIVEAPTURAE . FURRY L BT L R i B 5 A
HENE, 2RI IhAEME & R INF"Y . GarthoffZ%™'
Ames S50 45 HAIE R AR A B AL TRV, 7R
b B RG22 4P . FanaroZ5 0 IR SR BER IN =
Wk o DLVEIY FLAE N & sl it e k. S8, BT
RIBARTENE ) 2 R s = RF LI UE, R k%
B A VAR B SR IR BROE 75 A0 78 AT A 5GP
FFRFIA R,

4.1 XU KR

H AP0 2 A2 7 A= XOBOR B A KRR 1 Rt 9 3 208
B g F T W IS B e TR I T A AN T 4
A U i 7. Chen Jun’5 i ik 285 & 1% 5 56 R BLAR e
ARG SR L R i R % B B I b {1 48 SOUBAT B R LR AT 1) 5
b, JFHEfEEAE KRR, R LR . MandersonZs™
0308 T St R PR S B VR AN TR A SR AL SROBE 1A XU
PA KRR, 0 70 SR T SR T R B R AT B A 1)
ZHBARBERN, BAE R BN HAGE 0 B4 6 H A
5 00 B, AE 2 AT DUk L AT b A R
B R R TR =4, X0 i 8RR 5L A R
(7 X o GullonZE" [ 7TIIE B SR K SR AE e i (e itk 2 A
B AR KA EEE AR TR A 72 A o Courts™ il i XUZ 45 7
ST H A 2R PP SR R K = WP T T PR R L, AT
o PR T ALE AN Rz A PR T R 8 2 1 45
AN, TR IR RN AR L, AR
TERWCRI A - AW 7N FRIBAR SRR I A XSUBAT B A K



280 2015, Vol.36, No.19

E6oil

= XABIR

FEVE S AR . BRLARE DL R R A B TR &
BRI, A TR 45 K 2 P SR e ARG 3R 11 (12 00 A 1 A=
KRR AT BRI 22 5752, Olano-MartinZ: 7@ i i 1
PR R AR 1 8 7R S50 R TG 18 2w AR SR I R I H AR 1
TR TENE, AR XOBAT B AR KR B AR T /K A 2 T
(SR RE, T ELAR T 14 255 1 SR R E SR L v s A R ) SR e
ISR 55 BT 1 i 38 A B ) A= AR 1) 75 5 40 1R 1
Bh . BARIR 2 W FUIE WL FE TR SR BE LE Y IR S
B AR 0 A KR, E R -8 R B AL
RNiERE, EFE IR,
42 PUEIENE

A2 W AR BUR SR Y 1 2 08 B A PR i
PRV, Sl ok B RE 05 S AT A R A M R A R T
A U (R, T B R 4R 6 % i i #er Jr 5Q
E— B FE B b oA H s AT sk Y, X — R BN
R B R R R g R A LA B R e . R,
H AR 2 5 7038 3F — 2D 8RR AL A B 0 1 0 b 9 i 1
FKHMLE . AR, REALEHETSHHT29A
Shfp Al A AU T, 2 BRI TR (0 R IR
10 mg/LIN, HT2940 M i) 84 K & 4 1o X Fh g
it 84 0 1 Uk AN 2 T A SR SR s A B A, T 2
20 A 1) — Feb B BE UL 1 5 41 P g AR 4 i Caspase-3 8 3
i, IF HARAZDNAYAZ B P VI EEBE AR T 5L . Kang %5
PO T AN () 558 (10 y- S 200 5 S % A R 15 SR e (R SR W 1) i
ARG R VS M, B 9T 5 SRAIE B R R (Y y- S R AR A
RE AT R0 ey S B SRR 110 Bt S8 A ¥ R e b e v
Olano-MartinZs "5 38 7 % A 5 Jie v 1) 4675 1) 1) L e
IC R BE RE PR HT 2940 o A 2 K AF B O 157:H7 73 WA 1
EPHRNIRE, HRBARTNE LA o3 1) F 5 R
HT2940 B AR FFE S A7 2, 1E— 20 (I 0 00E B SRR DA
T R B AR SR WE G5 75 5 45 W e 40 R AR B IR T, AT
it 43 e 20 it LA Pk S B R
43 HAbENE

AT TR IR G B 1~ 8 AR B~ LB 1 12
AT Ho A 2 Fh A= B Ih AR, A EBE Okt . By ki
JES 2 =TI 2 (1 E N - N N 1 =9 i 2 B3
Tuoping 2] FH w5 1R IE /) R 2 300 10 A SR e (1 SR
R I S5 ARG /0 SRR P 1 R R H ok = s 1) & =, OF
BRGNS IR RE T & 8. — SRR TEpH <7
FUETHEPEMER, TEERNRAERAREEFEH. X
S i AN R R B A i T SR R R TR i AR
5 AR 2 SR A SRR S B L T R MR B FE Th e M 1
AN S BAEASRRER L AEYE E B e SR A K
7 TH AR o

5 & W&

LR LTI, SRR TRAE AR R I 7C B 8 A
FELUR LI I : 1D TPRRAFEMEA, R & 12457 8
G RI RS, RENS R RGBT
R B R AR TR BEAT bk, AT RAS B A e e A B
T PEAT D) RE SO BRI AR TR s 2D ik R AR ZR 1) 73
BAALEAR, TFAE B Tl A A 7= B SRR A S pE A 7 T
s 30 FIHBAR I W EoR A A3 PRI 7 75 125 R R
R BE LSS KA T RERI S F, 9 HLAE B0 i A 2 22 QUK ) 7
PR BEER KT 4) AREA2I R ARTRNE 0 AE H T Be i
PEIFHEAT RGBSR M 2 VAN, AL SEBR R
RIS ST AR A AR -

RIEACRERA 2 MBS, REOVEERIA
DhREVE BT SN g o FEMIAE . SR B S SR A5 R i
AR, HOn TR B S R A
1 8 Ty R 1k SRR SRBE A R T e S RGN T b B )
MEZREAI, S LI E A £ R -

2% 30k -

[1] BARRETEAU H, DELATTRE C, MICHAUD P. Production of
oligosaccharides as promising new food additive generation[J]. Food
Technology and Biotechnology, 2006, 44(3): 323-333.

[2] MAMMA D, CHRISTAKOPOULOS P. Biotransformation of
citrus by-products into value added products[J]. Waste and Biomass
Valorization, 2014, 5(4): 529-549.

[3]  GULLON B, GOMEZ B, MARTINEZ-SABAJANES M, et al. Pectic
oligosaccharides: manufacture and functional properties[J]. Trends in
Food Science & Technology, 2013, 30(2):153-161.

[4] STROM A, WILLIAMS M A K. On the separation, detection
and quantification of pectin derived oligosaccharides by capillary
electrophoresis[J]. Carbohydrate Research, 2004, 339(10): 1711-1716.

[5] CHEN Jun, LIANG Ruihong, LIU Wei, et al. Pectic-oligosaccharides
prepared by dynamic high-pressure microfluidization and their in vitro
fermentation properties[J]. Carbohydrate Polymers, 2013, 91(1): 175-182.

[6] ZHANG Lifen, YE Xinggian, DING Tian, et al. Ultrasound effects on
the degradation kinetics, structure and rheological properties of apple
pectin[J]. Ultrasonics Sonochemistry, 2013, 20(1): 222-231.

[7] KANG H J, JO C, KWON J H, et al. Antioxidant and cancer cell
proliferation inhibition effect of citrus pectin-oligosaccharide prepared
by irradiation[J]. Journal of Medicinal Food, 2006, 9(3): 313-320.

[8] SHARMA N, RATHORE M, SHARMA M. Microbial pectinase:
sources, characterization and applications[J]. Reviews in
Environmental Science and Bio/Technology, 2013, 12(1): 45-60.

(91 B, TkAKED, 2R, &5 R K R EERT R (1), B SR
B ER, 2005, 24(6): 94-99

[10] COMBO A M M, AGUEDO M, GOFFIN D, et al. Enzymatic
production of pectic oligosaccharides from polygalacturonic acid
with commercial pectinase preparations[J]. Food and Bioproducts
Processing, 2012, 90(3): 588-596.

[11] MARTINEZ SABAJANES M, YANEZ R, ALONSO J L, et al. Pectic
oligosaccharides production from orange peel waste by enzymatic
hydrolysis[J]. International Journal of Food Science & Technology,
2012, 47(4): 747-754.



XA ERA

E6mill=

2015, Vol.36, No.19 281

[12]

[13]

[14]

[15]

[16]

[17]

[19]

[21]

[22]

[28]

GULLON B, GULLON P, SANZ Y, et al. Prebiotic potential of a
refined product containing pectic oligosaccharides[J]. LWT-Food
Science and Technology, 2011, 44(8): 1687-1696.

EVLIR, VrHG 8, AR, S5 s AR A SRR R i L.
Py T2 244, 20093 T 1): 122-128.

ZYKWINSKA A, BOIFFARD M, KONTKANEN H, et al. Extraction
of green labeled pectins and pectic oligosaccharides from plant
byproducts[J]. Journal of Agricultural and Food Chemistry, 2008,
56(19): 8926-8935.

OLANO-MARTIN E, MOUNTZOURIS K C, GIBSON G R, et al.
Continuous production of pectic oligosaccharides in an enzyme
membrane reactor[J]. Journal of Food Science, 2001, 66(7): 966-971.
AR, BRANE, 2B, S5 DhRETEIRRIE 2 25 41k 77 EREIR 1)
HBM LRL B 244, 2001(1):89-92.

AR, BATFLL, IREFLL, 5. BEROARAL 73 B Al AL R AR i
FHI). ARA N T, 2006(6):54-56.

PATIL N V, JANSSEN A E M, BOOM R M. Separation of whey
proteins using cascaded ultrafiltration[J]. Separation Science and
Technology, 2014, 49(15): 2280-2288.

MICHELON M, MANERA A P, CARVALHO A L, et al.
Concentration and purification of galacto-oligosaccharides using
nanofiltration membranes[J]. International Journal of Food Science &
Technology, 2014, 49(8): 1953-1961.

VLU, Gk, E3E. IR R R SR Al L ()], BB LR
%, 2001(5): 445-448.

LAMIAL H L, YLJ¥%, £ 5. SUR: A o 4l B2 R T R b wt /e (1.
kL, 1997, 18(9): 24-27.

MANDERSON K, PINART M, TUOHY K M, et al. In vitro
determination of prebiotic properties of oligosaccharides derived from
an orange juice manufacturing by-product stream[J]. Applied and
Environmental Microbiology, 2005, 71(12): 8383-8389.

IRT R, Wi, REGLL, & 9 R R 5 B Al K AL s o BT (D).
HHEDIEAR, 2012(8): 1476-1481.

T, RS, TR, S U RIRAR R R TR )]
DU i EHE, 2005, 21(4): 80-82.

GOMEZ B, GULLON B, YANEZ R, et al. Pectic oligosacharides
from lemon peel wastes: production, purification, and chemical
characterization[J]. Journal of Agricultural and Food Chemistry,
2013, 61(42): 10043-10053.

COMBO A M M, AGUEDO M, QUIEVY N, et al. Characterization
of sugar beet pectic-derived oligosaccharides obtained by enzymatic
hydrolysis[J]. International Journal of Biological Macromolecules,
2013, 52: 148-156.

OLANO-MARTIN E, GIBSON G R, RASTELL R A. Comparison
of the in vitro bifidogenic properties of pectins and pectic-
oligosaccharides[J]. Journal of Applied Microbiology, 2002, 93(3):
505-511.

WANG Xin, LU Xin. Characterization of pectic polysaccharides
extracted from apple pomace by hot-compressed water[J].
Carbohydrate Polymers, 2014, 102: 174-184.

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

CONCHA OLMOS J, ZUNIGA HANSEN M E. Enzymatic
depolymerization of sugar beet pulp: production and characterization
of pectin and pectic-oligosaccharides as a potential source for
functional carbohydrates[J]. Chemical Engineering Journal, 2012, 192:
29-36.

MANDALARI G, NUENO PALOP C, TUOHY K, et al. In vitro
evaluation of the prebiotic activity of a pectic oligosaccharide-
rich extract enzymatically derived from bergamot peel[J]. Applied
Microbiology and Biotechnology, 2006, 73(5): 1173-1179.

LI Tuoping, LT Suhong, DU Lijuan, et al. Effects of haw pectic
oligosaccharide on lipid metabolism and oxidative stress in
experimental hyperlipidemia mice induced by high-fat diet[J]. Food
Chemistry, 2010, 121(4): 1010-1013.

LI Suhong, LI Tuoping, ZHU Rugang, et al. Antibacterial action
of haw pectic oligosaccharides[J]. International Journal of Food
Properties, 2013, 16(3): 706-712.

LAMA-MUNOZ A, RODRIGUEZ-GUTIERREZ G, RUBIO-
SENENT F, et al. Production, characterization and isolation of neutral
and pectic oligosaccharides with low molecular weights from olive by-
products thermally treated[J]. Food Hydrocolloids, 2012, 28(1): 92-104.
JACKSON C L, DREADEN T M, THEOBALD L K, et al. Pectin
induces apoptosis in human prostate cancer cells: correlation of
apoptotic function with pectin structure[J]. Glycobiology, 2007, 17(8):
805-819.

GARTHOFF J A, HEEMSKERK S, HEMPENIUS R A, et al.
Safety evaluation of pectin-derived acidic oligosaccharides (pAOS):
genotoxicity and sub-chronic studies[J]. Regulatory Toxicology and
Pharmacology, 2010, 57(1): 31-42.

FANARO S, JELINEK J, STAHL B, et al. Acidic oligosaccharides
from pectin hydrolysate as new component for infant formulae: effect
on intestinal flora, stool characteristics, and pH[J]. Journal of Pediatric
Gastroenterology and Nutrition, 2005, 41(2): 186-190.

RASTALL R A. Functional oligosaccharides: application and
manufacture[J]. Annual Review of Food Science and Technology,
2010, 1(1): 305-339.

COURTS F L. Profiling of modified citrus pectin oligosaccharide transport
across Caco-2 cell monolayers[J]. Pharma Nutrition, 2013, 1(1): 22-31.
RASTALL R A, MAITIN V. Prebiotics and synbiotics: towards the next
generation[J]. Current Opinion in Biotechnology, 2002, 13(5): 490-496.
WANG Yanbo. Prebiotics: present and future in food science and
technology[J]. Food Research International, 2009, 42(1): 8-12.

ZONG Aizhen, CAO Hongzhi, WANG Fengshan. Anticancer
polysaccharides from natural resources: a review of recent research[J].
Carbohydrate Polymers, 2012, 90(4): 1395-1410.

TRFIFER, B2 HAMRBEIT IO 303 19]. & S P, 1999,
15(2): 27-28.

OLANO-MARTIN E, WILLIAMS M R, GIBSON G R, et al. Pectins
and pectic-oligosaccharides inhibit Escherichia coli O157:H7 Shiga
toxin as directed towards the human colonic cell line HT29[J]. FEMS
Microbiology Letter, 2003, 218(1): 101-105.

OLANO-MARTIN E, RIMBACH G H, GIBSON G R, et al. Pectin
and pectic-oligosaccharides induce apoptosis in in vitro human colonic
adenocarcinoma cells[J]. Anticancer Research, 2003, 23(1A): 341-346.





