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This study was designed to isolate and characterize a mixture of R-galacto-oligosaccharides (GOS)

from a new source, the roots of Lycopus lucidus Turcz. (RL), a traditional dietary treatment. In this

study, the chemical components and immunological function of RL-GOS were investigated. HPLC

analysis showed that the purified RL-GOS was a typical raffinose family oligosaccharide (RFO) with a

high stachyose content of 51.8% (w/w), followed by 26.5% raffinose and 10.1% verbascose. Further

functional evaluation showed that RL-GOS could elicit a significant increase (p < 0.05 vs control) in

humoral immunity, as measured by plaque-forming cell (PFC) generation and serum hemolysin level in

response to sheep red blood cells (SRBC) at all three tested doses of RL-GOS (0.75, 1.5, and 3.0 g/kg

of BW) in mice. In addition, the cellular immune activity of RL-GOS was also demonstrated by

enhancing in vivo delayed-type hypersensitivity (DTH) reaction to SRBC and spleenocyte proliferation

response to concanavalin A (p < 0.05, compared with control group). Nevertheless, there were no

significant differences in weight gain, lymphoid organ indices, and phagocytosis capacity following RL-

GOS treatment. This study provides evidence for the discovery of a new GOS source (20% w/w GOS in

fresh roots of L. lucidus Turcz.) and its potential application as an immune stimulant in functional foods.

KEYWORDS: Lycopus lucidus Turcz.; galacto-oligosaccharides; HPLC-RI; immunological activity

INTRODUCTION

Nondigestible oligosaccharides of various origins (plants,
viruses, bacteria, and fungi) present important physiological
functions and have been used extensively as both food ingredients
and pharmacological supplements to aid weight control, regulate
glucose, reduce serum lipid levels, and control some acute or
chronic diseases (1-5). Raffinose, which has an R-D-galactosyl
residue linked (1f6) to the D-glucosyl residue of sucrose, is the
first member of a family of R-galacto-oligosaccharides (R-GOS),
which also includes stachyose (two galactosyl residues) and
verbascose (three galactosyl residues) (Figure 1). It is an excellent
dietary fiber and prebiotic and also is one of the best known and
most commonly applied oligosaccharides. Therefore, R-GOS
application as food ingredient has increased rapidly (6-9).

R-GOS are widely distributed in legume seeds, such as soybean,
lupin, lentil, and pea, chickpea, etc. (10-13). Although the intake
of R-GOS is indigestible in the upper intestinal tract and is associ-
ated with the production of flatulence, it may be regarded as a
potential human nutriment because it can be selectively consumed
by intestinal commensally beneficial microflora to exert a crucial
contribution to human nutrition and welfare (2,3). Therefore, it is
claimed that the ingestionofR-GOSdietary sources could regularly

promote health and lessen the severity of many disorders (13), and
this function possibly depends on their detailed structures.

The aerial parts (leaves and stems) of Lycopus lucidus Turcz.,
which belongs to the family Lamiaceae (Labiatae), have been
used for centuries as an oriental traditional medicine and dietary
herb for its anti-inflammatory, cardiac, sedative, wound-healing,
pain relief, and tonic effects (14, 15). In recent years, the roots of
L. lucidus Turcz. (RL), also called “small ginseng” in China, have
been popularly consumed as agricultural vegetable product and
botanical food supplements among peasants in China. In the
present study, we report for the first time, in detail, the chemical
characterization of the isolated GOS from dietary herb RL with
the aim of discovering and selecting a new GOS source with high
amounts of R-galactoside for use as a functional food ingredient.
It iswell-known that functional foods possess not only nutritional
value but also physiological functions. For nondigestible oligo-
saccharides, the immune-modulatory activity is very important
from the food point of view. Therefore, we also further investi-
gated the systemic immunomodulatory activity ofRL-GOS. Such
information would facilitate the sustainable use of L. lucidus
Turcz. as a new source of GOS functional food ingredients.

MATERIALS AND METHODS

Materials and Chemicals. The roots of L. lucidus Turcz. were
harvested from the countryside region of Jingbian County (northeastern
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China) of Shaanxi province, China. The samples were thoroughly washed
with water, air-dried, and finely pulverized into a powder. Verbascose,
stachyose, raffinose, sucrose (all >98%), concanavalin A (Con A), sodium
dodecyl sulfate (SDS), and activated charcoal (Darco G-60, 100 mesh)
were obtained from Sigma-Aldrich (St. Louis, MO). Thiazolyl blue tetra-
zolium bromide (MTT), RPMI 1640, dimethyl sulfoxide (DMSO),
phosphate-buffered saline (PBS), and fetal bovine serumwere fromGibco
BRL (Gaithersburg, MD). All other chemicals were of analytical grade.

Isolation and Purification of RL-GOS. RL-GOS were extracted
and purified as previously described (8, 16) with some modifications.
Briefly, the powder (300 g) of the dried rhizomes was soaked for 24 h with
100% ethanol at ambient temperature. Solvent was removed by filtration,
and then the defatted residue was extracted twice with 3.0 L of stirred 10%
aqueous ethanol at 60 �C for 2 h.The combined extract was centrifuged for
15 min at 3000 rpm, and the supernatants were concentrated under
reduced pressure below 80 �C and further deproteinized by freeze-thaw
process, repeated three times, followed by a centrifugation for 15 min at
3000 rpm. The resulting supernatant fluid was stirred with 3 g of activated
charcoal Darco G-60 (100 mesh) for 30 min to remove mono- and
disaccharides. This mixture was filtered under vacuum, and the activated
charcoal was further washed with 10% aqueous ethanol. The oligosac-
charides adsorbed onto the activated charcoal were desorbed by stirring in
50% aqueous ethanol for 30 min. Activated charcoal was eliminated by
filtering, and the solution was evaporated under vacuum. The remaining
sample was filtered through a 0.45 μm filter and freeze-dried to obtain the
oligosaccharides (RL-GOS) as a fine white powder.

Analytical Identification of RL-GOS. The quantification of the
component oligosaccharides in RL-GOS was carried out using an Agilent
1100 series HPLC system (Agilent, USA) with a refraction index detector
(RI, G1362A). Chromatography was performed on a TSKgel amide-80
column (4.6 i.d.� 250 mm, 5 μm), using acetonitrile/water (75:25, v/v) as
the mobile phase at a flow rate of 1.5mL/min. Stock standard solutions of
each carbohydrate at a concentration of 2.0 mg/mL were prepared in
deionized water. Working standard solutions were prepared as needed by
appropriate dilution of the stock solutions in deionizedwater and stored at
4 �C. Quantification of each carbohydrate was performed by comparing

the peak areas with those of the standard solutions. Before injection, all
samples were filtered through a 0.45 μm Millipore membrane.

Experimental Animals and Treatments. A total of 200 female
Kunmingmice weighing 18-22 g (6-8 weeks old) were used in the present
study. Animals were acclimatized for at least 7 days prior to use and
maintained in a temperature-controlled environment (22 ( 2 �C) with a
12 h light-dark cycle and with free access to water and standard rodent
chow. All animals were treated in accordance with the Guidelines of the
Principle of LaboratoryAnimal Care (NIHPublication, revised 1985) and
with the approval of the Medical Research Committee, Disease Control
Centre of Shaanxi Province, China.

Animals used in each experiment were randomly assigned to four
groups of 10 animals each, that is, vehicle control groupand 0.75, 1.50, and
3.0 g/kg of body weight (g/kg of BW) RL-GOS groups. RL-GOS was
intragastrically administered to mice for 30 consecutive days, and the
control mice were given vehicle (normal saline) only. The dose volume was
0.2 mL/10 g of BW. Male guinea pigs were used for complement
preparation, where blood was collected from guinea pig hearts, and serum
was prepared by centrifugation and diluted 1:10 with physiological saline.

Lymphoid Organ and Body Weights. The body weights of the mice
in each group were measured every week throughout the experimental
period, and the mice were sacrificed by cervical dislocation. Animals were
weighed and sacrificed after the last dose of RL-GOS treatment, and the
weights of vital organs such as spleen and thymus were recorded and
indexed as relative organ weights (w%).

Plaque-Forming Cell (PFC) Assay. On the 25th day of RL-GOS
treatment, the mice were immunized with 0.2 mL of 10% (v/v) sheep red
blood cells (SRBC) by intraperitoneal (ip) injection, and RL-GOS supple-
ment was continued for 5 days. The following parameters of humoral
immunity were studied in those animals. The PFC assay was performed
according to the method reported by Cunningham and Szenberg (17).
Briefly, the animals were sacrificed after the immunization with SRBC for
5 days, spleen cells were separated in RPMI 1640 medium, washed twice,
and suspended in the same medium (106 cells/mL). One hundred micro-
liters of 5 � 106 splenocyte suspension and 100 μL of 20% SRBC were
mixedwith 100 μL of 1%agarose and then added on a slide covered with a
1.2%agarose layer in PBS (0.05M,pH7.4, 0.15MNaCl). The Petri dishes
were followed by an incubation period of 90min at 37 �C; then 2mL of 1:9
diluted fresh guinea pig serum was added to the Petri dishes, and the plate
was re-incubated for another 90 min to allow plaque formation. The
number of plaques was counted immediately, and values are expressed as
counts per 106 spleen cells.

Assay for SerumHemolysis to SRBC.After animals were treated as
described for the PFC assay, serum was collected through the eye orbit of
mice and then diluted with PBS. Serial 2-fold dilution of serum (100 μL)
was transferred to hemagglutination microplate, and 100 μL of SRBC
(0.5%) was added, followed by 100 μL of guinea pig serum in sequence.
For negative controls, the complement was substituted with PBS. The
degree of agglutination was observed after 3 h of incubation at 37 �C for
complement-mediated SRBC hemolysis and terminated on ice. Antibody
product was calculated as follows: antibody product = S1 þ 2S2 þ 3S3
þ ... þ nSn, where S is defined as the degree of agglutination and n is
defined as the dilution rate (18).

Delayed-Type of Hypersensitivity (DTH) Response. The DTH
response was determined using the method of Langrange et al. (19). In
brief, on the 26th day ofRL-GOSadministration, mice were immunized ip
with 200 μL of SRBC (2%, about 5 � 108 SRBC). The RL-GOS admini-
stration was continued for 4 days, and then all of the animals were again
subcutaneously (sc) challenged with SRBC (2%) in the left hind footpad
on the fourth day after SRBC ip immunization. The right footpad injected
sc with the corresponding volume of PBS served as trauma control for
nonspecific swelling. The increase in footpad thickness was measured 24 h
after the challenge using a dial caliper (pitch, 0.01 mm, Guanglu, China).
The results were expressed as difference in the reading between the
footpads injected with SRBC and that with PBS.

Splenic Lymphocyte Proliferation Assay.The effect of RL-GOSon
Con A-induced lymphocyte proliferation was measured by MTT as
described by Zhang et al. (20). The splenocytes of the mice treated with
vehicle or RL-GOS were isolated by gently pressing spleen tissue through
nylonmesh filters. Cells were washed twice withRPMI 1640, counted, and
diluted to the appropriate concentrations. Samples of 2� 106 cells/100 μL

Figure 1. HPLC-RI chromatographic profile of the standard mixture
(A) and compositional oligosaccharides released from RL-GOS (B). HPLC-
RI conditions: column, TSKgel Amide-80 (4.6 i.d. � 250 mm, 5 μm);
mobile phase, acetonitrile/water (75:25, v/v); flow rate, 1.5 mL/min. The
analytical procedures were performed as described under Materials and
Methods. Peaks: 1, sucrose; 2, raffinose; 3, stachyose; 4, verbascose.
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were distributed into 96-well plates in 100 μL of RPMI 1640 mediumwith
1.5 μg/mLConA (T cell andB cell mitogen). Cells were incubated at 37 �C
under 5% CO2 for 48 h, 20 μL of 5 mg/mLMTT was then added to each
well, and the plates were incubated at 37 �C for 4 h. Cell dissociation
solution (20% SDS, 50%DMSO, pH 4.5) was then added to each well to
dissolve the purple crystal. Spleen cell proliferation was measured by
determining the absorbance at 570 nm using an automated microplate
reader (Bio-Rad model 680). The proliferation ratio of control cells
induced by Con A was taken as 100%.

Phagocytosis Assay by Carbon Clearance Method. The phagocy-
tosis function of monocytes was assessed through the test of carbon
particle clearance (21). After 30 days of oral administrationwithRL-GOS,
Indian ink at a dose of 100 μL/10 g of BWwas injected by tail vein. Blood
(20μL)were drawn from the retro-orbital venous plexuswith a capillary at
intervals of 2 min (t1) and 10 min (t2) after the carbon particle injection.
Each blood sample was immediately added into 2 mL of 0.1% Na2CO3

solution. The optical density of each sample at 600 nm was read and used
to calculate the phagocytic index K as K = (ln OD1 - ln OD2)/(t2 - t1),
where OD1 andOD2 are the optical densities at time t1 and t2, respectively.

MacrophagePhagocytosis for ChickenRedBloodCells (CRBC).
The phagocytic capacity of peritoneal cavity phagocytes was assessed
following the methods previously described (22). After the last pretreat-
ment with RL-GOS, mice were immunized with 1.0 mL of 20% (v/v)
CRBC by ip injection. Thirty minutes later, they were sacrificed and
peritoneal macrophages were aseptically harvested by peritoneal lavage
with 2 mL of PBS. One milliliter of cell-rich lavage fluid was smeared on a
slide. After incubation at 37 �C for 30min, nonadherent cells were washed
off with PBS, and then slides were fixed and stained using a 9-fold-diluted
Giemsa solution (Sigma, St. Louis,MO) with PBS (pH7.4). The percentage
of phagocytosis was determined by counting the number of phagocytes
that swallowed the CRBC per 100 macrophages on each slide.

Statistical Analysis. The data were expressed as means ( SEM.
Significance was tested by Student’s t test by variance analysis. The data
were considered to be statistically different from control at p<0.05.

RESULTS AND DISCUSSION

HPLC-RI Analysis for Compositional Characterization of RL-

GOS. A routine HPLC-RI chromatographic procedure was
performed to measure the component carbohydrates in the RL-
GOS preparation. As shown in Figure 1A, the tested standard
oligosaccharides can be completely baseline separated within
16 min, and the peaks in the chromatogram were identified in
the order sucrose, raffinose, stachyose, and verbascose. Method
precision was excellent, with CV values of <5% for all variables
and excellent linearity from 10 to 800 μg/mL. The limit of detec-
tion (LOD), calculated as 3 times the baseline noise, was below
65 ng (10 μL injection). These results indicate that this method
was accurate and reliable.

A typical HPLC-RI chromatogram for oligosaccharide com-
position in RL-GOS samples is shown in Figure 1B, and the
quantified constituents are listed in Table 1. The component
oligosaccharides could be identified by comparison with the
standard oligosaccharide mixture (Figure 1A). The results indi-
cate that RL-GOS is a typical raffinose family oligosaccharide
mixture (RFO) and is composed of sucrose and R-galactosides
raffinose (trisaccharide), stachyose (tetrasaccharide), and verbas-
cose (pentasaccharide) in the amounts of 2.7, 26.5, 51.8, and
10.1% (grams per 100 g of RL-GOS product), respectively.
Moreover, recovery experiments were performed to investigate
the accuracy of themethod.As shown inTable 1, the recoveries of
all four tested short-chain carbohydrates ranged between 90.1
and 104.0%, and theCVvalues fellwithin 2.8-4.7%. Such results
further demonstrated that this method is precise and practical for
the analysis of the RL-GOS samples.

The HPLC-RI identification results clearly showed that the
major oligosaccharides present in RL-GOS were stachyose and
raffinose, accounting for up to 78.3% of the RL-GOS prepara-
tion, and only a trace amount of sucrose (2.7%) was detected.

This is in agreement with previous reports that the methodology
with activated charcoal to remove most of the monosaccharides
and part of the disaccharides was specific for the isolation of
relatively high-purity oligosaccharides (8, 16). With this method,
91.1% of the RL-GOS are short-chain carbohydrates, indicating
that RL-GOS is a high-purity oligosaccharide preparation. This
compositional feature of RL-GOS is similar to that of legume
lupin RFO preparations, where the main oligosaccharides were
identified as stachyose and raffinose and a low level of verbascose
(10-12,23). However, ourwork demonstrates that the extraction
yield of the purified RL-GOS could reach approximately 20% of
the fresh RL. In previous research on GOS distribution in a wide
species of lupin seeds, which are regarded as the bestGOS source,
L. luteuswas characterized by a remarkably high amount of total
R-galactosides (9.5-12.3%), which was about twice that of other
lupin cultivars (10-12). This finding indicates that traditional
dietary herb RL is a novel plant-based oligosaccharide source,
which was richer in functional GOS than legume lupin for this
purpose.

Humoral Immune Properties of RL-GOS. The effect of RL-
GOS on PFC generation of spleen in response to SRBC
(T-dependent particulate antigen) was investigated in mice, and
the results are presented in Figure 2A. The number of PFC in
spleen cells was significantly enhancedby 40.6, 29.1, and 56.2%at
all three tested doses of RL-GOS (0.75, 1.5, and 3.0 g/kg of BW),
respectively, compared with that in the control (p<0.05). The
increasing effect ofRL-GOSwas very significant at a high dose of
3.0 g/kg (p<0.01). To further confirm the humoral immunity of
RL-GOS, we also evaluated the levels of serum hemolysin anti-
body in response to SRBC in mice. As shown in Figure 2B, the
daily administration to mice of a 0.75 g/kg RL-GOS dose for 30
days resulted in an 18.8% enhancement of serum hemolysin level
in comparison with the control value (p<0.05). Animals
receiving the mid (1.5 g/kg) and high doses (3.0 g/kg) displayed
corresponding elevations by 32.2 and 32.4% in hemolysin pro-
duction to SRBC (p<0.01), respectively, both of which were
significantly higher than the low-dose group (p<0.05). From the
results it was concluded that RL-GOS possessed the potential of
humoral immune-enhancing activity.

In Vivo Cellular Immune Function of RL-GOS. To understand
whether the specific immune response of RL-GOS was also
involved in the cellular immune mechanism, we evaluated the
DTH reaction to SRBC and proliferation response of splenic
lymphocyte to Con A in mice. As expected, mice receiving RL-
GOS at doses of 1.5 and 3.0 g/kg had significant DTH responses
in vivo by 12.3 and 21.6% in a dose-dependent manner, respec-
tively (p < 0.05, versus control; Figure 3A). However, no signi-
ficant immunological effect was observed at the low dose of
0.75 g/kgwhen compared to control group (Figure 3A, p>0.05).
From the results shown in Figure 3B, it was further confirmed
that in themice treatedwithRL-GOSat the doses of 1.5 and 3.0 g/
kg, the Con A-stimulated spleenocyte proliferation was markedly
enhanced by 32.6 and 79.1%, respectively, in comparisonwith the
control group (p<0.05 and 0.01, respectively). However, the

Table 1. Average Contents and Recovery Analysis (n = 3) of the Digestible
Sucrose and Nondigestible RFO in the RL-GOS Preparation

component

initial amount

(mg/100 mg of

extract)

added

amount

(mg)

found

amount

(mg)

accuracy

(%)

precision

(CV%)

sucrose 2.7 5.0 7.9 104.0 4.7

raffinose 26.5 20 47.0 102.4 3.9

stachyose 51.8 50 101.7 99.8 2.8

verbascose 10.1 20 28.1 90.1 5.3
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lymphocyte proliferation ratio at the low dose of RL-GOS
(0.75 g/kg) did not reach statistical significance (p > 0.05). In
agreement with the results of humoral immunity assay, the tested
oligosaccharides could effectively exert cellular immune func-
tions via enhancing DTH response and spleenocyte proliferation
in vivo.

Effects of RL-GOS on Nonspecific Immune Functions. Phago-
cytic activity of RL-GOS-activated monocytes in vivo was
examined using a carbon clearance test. The changes in the
phagocytic index observed in mice were not statistically signifi-
cant at all three doses (Table 2). Furthermore, macrophage
phagocytosis of CRBC was also measured in mice. As shown in
Table 2, phagocytosis rates in the three groups receivingRL-GOS
were not significantly greater than those in the control group (p>
0.05). The results indicate that the systemic immunological effects
of RL-GOS were not associated with nonspecific immune mod-
ulation in vivo, probably due to the indigestibility feature of the
tested oligosaccharides, which cannot be absorbed by the gut to
directly stimulate in vivo macrophages (24, 25).

Moreover, the effects of RL-GOS on body and lymphoid
organ weights in mice are also shown in Table 2. There were no

significant differences in mice treated with RL-GOS alone com-
pared with control mice during the 30 day study (p>0.05).

There is good evidence that the functional oligosaccharides
have positive influences in reducing the risk of development of
nutrition-related chronic diseases (26). This fact consequently has
stimulated the search for new oligosaccharide sources. Among
these, legume R-GOS including those from pea and lupin have
been extensively investigated (27, 28). However, little is known
about R-GOS from traditional herbs and their possible applica-
tion asmodern functional food ingredients. The findings outlined
above demonstrated first that the dietary herb RL is a potential
source rich in R-GOS (raffinose, stachyose, and verbascose) with

Table 2. Effect of RL-GOS on BodyWeight Gain, RelativeWeights of Lymphoid Organs of Mice, and Nonspecific Phagocytic Activities of Macrophages after 30 Days
of Treatment

percentage of body wt phagocytic index

treatment dose (g/kg) body wt gain (%) thymus spleen carbon particles CRBC

control 12.1( 2.4 0.36( 0.10 0.54( 0.08 4.38 ( 0.33 0.82( 0.15

RL-GOS 0.75 12.4( 2.1 0.33( 0.06 0.55( 0.12 4.44 ( 0.93 0.88( 0.17

RL-GOS 1.5 11.6( 3.0 0.32( 0.08 0.64( 0.35 4.46 ( 0.39 0.93( 0.11

RL-GOS 3.0 12.0( 3.2 0.37( 0.07 0.57( 0.10 4.78 ( 0.70 0.81( 0.15

Figure 2. Effect of RL-GOS on humoral immunity as assessed by the PFC
assay (A) and the measurement of serum hemolysis antibody to SRBC
(B). Data are shown as mean ( SEM of 10 mice. /, p < 0.05, and //,
p < 0.01, indicate a significant difference versus control group.

Figure 3. Effect of RL-GOS on cellular immune function as assessed by
the DTH response (A) and the proliferation response of Con A-induced
splenic lymphocytes (B). Footpad swelling forDTH responsewas tested as
the difference between the thickness of footpads challenged with SRBC
and saline, respectively. The proliferation ratio of Con A-induced lympho-
cytes separated from control mice was regarded as 100%. Each bar
represents the mean ( SEM of results obtained from 10 mice. Asterisks
denote a significant difference compared with the control groups (/, p <
0.05; //, p < 0.01).
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the content of up to 20% of fresh weight. However, for most
oligosaccharide sources the concentration range is between 0.3
and 10%(10-12,23). Therefore, these findings are of significance
in the discovery of new functional food sources and development
of agricultural products.

It is well-known that GOS prebiotic nutriment can support the
growth of beneficial bacteria in the gut. There is increasing
evidence that prebiotic oligosaccharides are also associated with
immunostimulatory effects including both innate and specific
immunity, although most data originate from mucosal immune
system of the intestine and in vitro experiments (24-29). How-
ever, living bifidobacteria and lactobacilli as probiotic agents
have immune-modulatory effects on innate andmucosal immune
parameters, as well as on systemic immune responses (27-29).
For these reasons, studies on the systemic immunological poten-
tial of oligosaccharides are especially interesting and necessary. It
is assumed that prebiotics have effects on the systemic immune
responses similar to probiotics, because both enhance the number
of beneficial bacteria in the gut. Therefore, in our studywe further
investigated the immunological activity of novel herb-based RL-
GOS in mice. This study showed that RL-GOS intervention
significantly enhanced cellular and humoral immune responses,
although without any changes of the nonspecific immune para-
meters. This suggests that RL-GOS is a potential plant-based
systemic immunomodulator. Although the mechanism behind
the effects has not been established, there is strong evidence
indicating that the changes in the intestinal microflora that occur
with the consumption of prebiotic oligosaccharides may poten-
tially mediate immune responses via the direct contact of lactic
acid bacteria or bacterial products (cell wall or cytoplasmic
components) with immune cells in the intestine, the production
of short-chain fatty acids from oligosaccharide fermentation, or
changes in mucin production (24-29). Therefore, oligosacchar-
ide-induced immune modulation has often been attributed to
microbiota-dependent effects (24-29). As a result, this research
opens the possibility of exploitation of RL-GOS as a new source
of bioactive oligosaccharides with immunostimulatory activity.
Together with the effects of other potential functional oligosac-
charides on gut bacteria and health, this finding further supports
the challenging new concept that functional food ingredients
should exert a beneficial effect on host health beyond nutritive
value.

ABBREVIATIONS USED

RL, roots of Lycopus lucidus Turcz.; GOS, galacto-oligosac-
charides; HPLC-RI, high-performance liquid chromatography
with refraction index detector; RFO, raffinose family oligosac-
charide; PFC, plaque-forming cell; DTH, delayed-type hypersen-
sitivity; Con A, concanavalin A; SRBC, sheep red blood cells;
CRBC, chicken red blood cells.
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