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A B S T R A C T   

Even though Cimicifuga sp. is widely used in functional foods around the world, the content and structure of its 
oligosaccharides remain unclear. Here, we isolated a mixture of oligosaccharides from Cimicifuga heracleifolia 
Kom. rhizomes with a yield of 9.5% w/w. Twenty-six oligosaccharide monomers from the mixture were purified 
using optimized SEC and HILIC techniques. The oligosaccharides were identified as belonging to two groups by 
using HPAEC-PAD, MALDI-TOF-MS, NMR and GC–MS methylation analyses. One group belongs to sucrose and 
inulin type fructo-oligosaccharides (FOS) {β-D-Fruf-(2 → 1)-[β-D-Fruf-(2 ↔ 1)]n=1-12-α-D-Glcp} with a 3–14 de-
gree of polymerization (DP). Oligosaccharides in the other group belong to the inulo-n-ose type FOS {β-D-Fruf-(2 
→ 1)-[β-D-Fruf-(2 → 1)]m=0-12-β-D-Frup} with a DP of 2–14. This appears to be the first time that these oligo-
saccharides have been purified from Cimicifuga heracleifolia Kom., thus providing useful information concerning 
the utilization of Cimicifuga heracleifolia Kom. in functional foods.   

Introduction 

Cimicifuga heracleifolia Kom. that belongs to the genus Cimicifuga in 
the family Ranunculaceae, is commonly known in Chinese as “Sheng 
Ma”. “Sheng Ma” has been widely used in China to dissipate body heat 
and treat wind-heat headaches, toothaches and sore throats (Guo et al., 
2017). Three species (Cimicifuga heracleifolia Kom., Cimicifuga foetida L. 
and Cimicifuga dahurica (Turcz.) Maxim) are officially listed in Chinese 
Pharmacopoeia 2020 and approved as additives in the functional foods 
(Hu et al., 2021; Qin et al., 2017). Plants within the genus Cimicifuga 
include 28 species have also been used as herbal dietary remedies in East 
Asia, Europe, and North America (Guo et al., 2017). Extracts from 
Cimicifuga racemosa (L.) Nutt. (Black cohosh) provide one of the best-
selling herbal supplements in America and Europe for alleviating 
menopausal symptoms (Mohapatra et al., 2022). Previous literatures 
have mostly focused on purification and biological activities (including 
anti-osteoporosis, anti-inflammatory, anti-viral, anti-tumor, and anti- 
oxidant) of the organic solvent-derived extracts from “Sheng Ma”, like 
triterpenoid saponins, phenylpropanoids, flavonoids and alkaloids (Guo 

et al., 2017). However, information on water-soluble oligosaccharides 
from “Sheng Ma” is sorely lacking. 

Oligosaccharides derived from the plants have been widely used as 
nutrients and ingredients in the food industry (Catenza & Donkor, 2021) 
owing to their good water solubility, non-toxic effect, and diverse health 
benefits. Among these functional oligosaccharides, some of those 
generated from their parental polysaccharides by microbial fermenta-
tion and enzymatic or chemical degradation, including maltooligo-
saccharides, xylooligosaccharides and mannooligosaccharides (Moreno, 
Corzo, Montilla, Villamiel, & Olano, 2017). Some of these occur natu-
rally, like the sucrose-based oligosaccharides. These include raffinose 
family oligosaccharides (RFOS) and fructo-oligosacchaides (FOS) that 
are the best known, most widespread, and widely used as functional 
ingredients in foods (Van den Ende, 2013). Bioactive sucrose-based ol-
igosaccharides are found in many herbs that approved as additives in the 
functional foods. The RFOS are richly present in Lycopus lucidus Turcz., 
Rehmannia glutinosa Libosch. and Salvia miltiorrhiza, and possess 
immunomodulatory, hepatoprotective, as well as hypoglycemic and 
prebiotic effects (Yang, Zhao, He, & Croft, 2010; Zeng et al., 2017; 
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Zhang, Zhou, Jia, Zhang, & Gu, 2004). The FOS, highly present in 
Morinda Officinalis How., Arctium lappa L., Codonopsis pilosula (Franch.) 
Nannf. and Atractylodes lancea (Thunb.) DC., are reported to have pre-
biotic, immunomodulatory, anti-diabetic, and anti-depressive activities 
(Bai et al., 2020; Chi et al., 2020; Yuan et al., 2021; Zhang et al., 2022). 

As active components from medicinal plants, oligosaccharides might 
play an important role in biological activity of “Sheng Ma”. To date, we 
have very little information on the chemical structures of oligosaccha-
rides from “Sheng Ma”, information that is crucial to understanding 
bioactivities from “Sheng Ma” and developing these oligosaccharides as 
potential pharmacological agents. Within this in mind, we have purified 
oligosaccharides from Cimicifuga heracleifolia Kom. Rhizomes and 
elucidated their structures in the present study. Our findings are helpful 
in advancing the use of Cimicifuga heracleifolia Kom. in the food industry. 

Materials and methods 

Materials and chemicals 

Dried Cimicifuga heracleifolia Kom. rhizomes (planted in Fushun, 
Liaoning China) were purchased in the herbal medicine market. AB-8 
macroporous resin and DEAE-Cellulose were purchased from Yuanye 
Bio-Technology Company Limited (Shanghai, China). Bio-gel P-4 extra 
fine was purchased from Bio-Rad company (Hercules, CA, USA). HPLC 
grade acetonitrile (ACN) and 50% (w/w) sodium hydroxide (NaOH) 
solution for HPAEC were purchased from ThermoFisher Scientific 
(Waltham, MA, USA). Anhydrous sodium acetate (NaAc) for HPAEC 
study was obtained from J&K Scientific Ltd (Beijing, China). Saccharide 
standards, including mannose (Man), glucose (Glc), galactose (Gal), 
fructose (Fru), rhamnose (Rha), fucose (Fuc), xylose (Xyl), arabinose 
(Ara), galacturonic acid (GalA), glucuronic acid (GlcA), sucrose (Suc) 
and dextran with different molecular weights (i.e. Mw 1 kDa, 5 kDa, 25 
kDa, 50 kDa, 80 kDa), were obtained from Sigma (St. Louis, MO, USA). 
Inulin standard (extracted from dahlia tubers) was purchased from 
Aladdin Biochemical Technology Co., Ltd (Shanghai, China). All other 
chemicals and reagents were of analytical grade made in China. 

Oligosaccharide extraction and isolation 

Dried Cimicifuga heracleifolia Kom. rhizomes (1 kg) were cut into 
thick slices (2–4 mm), washed to remove dust, and extracted 3-times (3 
hr each) in 16 L distilled water at 100℃. The extracted aqueous phase 
was filtrated and concentrated to around 2 L at 60℃ on a rotary evap-
orator. After centrifugation (4500 rpm for 30 min), the supernatant was 
precipitated by addition of 95% ethanol to a final concentration of 80%. 
The precipitate was re-dissolved in distilled water and lyophilized to 
obtain Cimicifuga heracleifolia Kom. rhizome-derived carbrohydrates 
(CRC, 150 g) (Prieto-Santiago et al., 2022; Yuan et al., 2021). The CRC 
(50 g) was run through an anion-exchange DEAE-cellulose column (9.8 
cm × 30 cm, Cl‾), and the aqueous eluate was centrifuged (4500 rpm for 
30 min) and further subjected to hollow fiber ultrafiltration membrane 
filter (3 kDa, Cytiva, Washington D.C., USA). The filtrate from the 
membrane was then applied to an AB-8 macroporous resin column (9.8 
cm × 30 cm). The un-bound fraction eluted with distilled water was 
collected, concentrated, and lyophilized to yield the oligosaccharides 
(CRO, 32 g) (Liang, Liu, Yu, Song, & Li, 2019; Liu et al., 2021). The 
phenol–sulfuric acid method (DuBois, Gilles, Hamilton, Rebers, & 
Smith, 1956) was used to monitor eluate fractions during the purifica-
tion process. The Seliwanoff test (Shahidullah & Khorasani, 1972) was 
conducted to determinate the Fru content. Protein content was deter-
mined by the Bradford method (Sedmak, & Grossber, 1977), with bovine 
serum albumin (BSA) as the standard. To determine the ash content 
(Benhura, Mbuya, & Machirori, 1999), an oligosaccharide sample (100 
mg) was heated in a muffle furnace at 550℃ for 5 h until it reached a 
constant weight. 

Separation and purification of oligosaccharide monomers in CRO 

Size exclusion chromatography (SEC) purification 
The CRO (3 g) was dissolved in 6 mL deionized water and centrifuged 

(12,000 rpm for 10 min). After filtration (0.22 μm membrane), the su-
pernatant was loaded onto two sequential Bio-gel P-4 columns (5 × 100 
cm each) linked to a medium pressure liquid chromatography (MPLC) 
system (SCG-030, Sepure Instrument Co., Ltd., Suzhou, Jiangsu, China). 
Columns were eluted with deionized water at a flow rate of 1.5 mL/min, 
and fractions were collected (15 mL/tube) and detected using a refrac-
tive index detector (RID). Fractions of the same top peak were com-
bined, concentrated and lyophilized to obtain oligosaccharide pools 
with different DP values (Shi, Xu, Wang, Jia, Zhou, & Sun, 2020; Zheng 
et al., 2018). 

Hydrophilic interaction liquid chromatography (HILIC) purification. 
Oligosaccharide pools collected from SEC were dissolved in 50% 

ACN (50 mg/mL), filtered through a 0.22 μm membrane, and applied on 
to HILIC for further purification (Honda et al., 2021). Oligosaccharide 
samples were first analyzed on a HPLC-ELSD system (1260 Infinity II, 
Agilent, CA, USA) equipped with an analytical scale HILIC column 
(Asahipak NH2P-50 4E, 4.6 mm × 250 mm, Shodex, Tokyo, Japan) and 
an integrated pre-column (Asahipak NH2P-50G 4A, 4.6 mm × 10 mm, 
Shodex, Tokyo, Japan). Various isocratical solvent concentrations (50% 
to 90% [v/v] ACN) were investigated for optimal separation and prep-
aration of oligosaccharide monomers. The column temperature was 
40℃, and eluted at a flow rate of 1 mL/min. The injection volume was 
10 μL; the gas flow rate was 1 SLM, and the temperature of the nebulizer 
and evaporator in the ELSD was 50℃ and 90℃, respectively. 

Using chromatographic conditions optimized above, oligosaccharide 
samples (injection volume of 100 μL after filtration) were loaded onto a 
semi-preparative scale HILIC column (Asahipak NH2P-50 10E, 10 mm 
× 250 mm, Shodex, Tokyo, Japan) with an integrated pre-column 
(Asahipak NH2P-50G 4A, 4.6 mm × 10 mm, Shodex, Tokyo, Japan) to 
prepare oligosaccharide monomers. The purification was performed on 
a HPLC-RID system (Prominence LC-20AT, Shimadzu, Tokyo, Japan), 
and an isocratic elution with 67.5% (v/v) acetonitrile/water was used 
for preparation of oligosaccharide monomers from DP 2 to DP 9, and 
62.5% (v/v) acetonitrile/water was used for DP 10 to DP 14. The column 
temperature was 40℃, and was eluted at a flow rate of 3 mL/min. To 
ensure purity of the oligosaccharide monomers, the eluate of each peak 
was collected partially or completely based on peak resolution. 

Structural analysis of oligosaccharide monomers 

Molecular weight analysis 
Relative molecular weight (Mw) and distribution of samples were 

determined by using high performance gel-permeation chromatography 
(HPGPC) carried out on a HPLC-RID system (Prominence LC-20AT, 
Shimadzu, Tokyo, Japan) equipped with a TSK-gel G-3000 PWXL 
chromatography column (7.8 × 300 mm, TOSOH, Tokyo, Japan) at 35 
℃. The mobile phase was 0.2 M NaCl and the flow rate was 0.6 mL/min. 
Samples having concentration of 5 mg/mL were filtered through a 0.22 
µm membrane before analysis, and the injection volume was 20 μL. 
Dextran standards with different molecular weights (Mw 1 kDa, 5 kDa, 
25 kDa, 50 kDa, 80 kDa) and Glc (Mw 180 Da) were used to established 
the calibration curve. 

Matrix-assisted laser desorption-time of flight-mass spectrometry 
(MALDI-TOF-MS) measurement was used to determine the molecular 
weight and DP value of the oligosaccharides. Samples were dissolved in 
distilled water (5 mg/mL). 2,5-dihydroxy benzoic acid was dissolved in 
a solution of 30/70 (v/v) acetonitrile/0.1% TFA as the matrix. Equal 
volumes of sample and matrix were mixed. The mixture (1 μL) was 
placed on a AnchorChip Standard (800 μm) plate and examined using a 
BRUKER Autoflex Speed mass spectrometer (Karlsruhe, Germany). 
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Monosaccharide composition analysis 
Acid hydrolysis was performed to release monosaccharides in the 

oligosaccharide samples, and the concentration of each sample in an 
acidic solution was 1 mg/mL. Oligosaccharide samples were hydrolyzed 
under both violent (2 M TFA, 120 ℃, 1 h) and mild (0.01 M TFA, 80 ℃, 
1 h) hydrolytic conditions to confirm their monosaccharide composi-
tions because of the presence of Fru residues. Following hydrolysis, TFA 
in the hydrolysate was removed by addition of ethanol (three times) 
under streaming N2. The hydrolysate was re-dissolved in 1 mL of 
deionized water and centrifuged (12000 rpm for 10 min); then the su-
pernatant was diluted 40 times, filtered (0.22 µm membrane) and 
analyzed by high performance anion exchange with a pulsed ampero-
metric detection (HPAEC-PAD) system (ThermoFisher Scientific ICS- 
5000+, Waltham, MA, USA). The column was a CarboPacTM PA20 col-
umn (3 × 150 mm, ThermoFisher Scientific, Waltham, MA, USA) in 
which the sample was eluted at a flow rate of 0.4 mL/min using the 
following protocol: − 10–6 min isocratic elution with 100 mM NaOH; 
− 5.99-0 isocratic elution with 2 mM NaOH; 0.01–30 min, isocratic 
elution with 2 mM NaOH; 30.01–45 min, a linear gradient from 0 to 200 
mM NaAc/2 mM NaOH. 

Methylation analysis 
Methylation analysis was carried out according to the method of 

Needs and Selvendran (Needs & Selvendran, 1993). Oligosaccharide 
samples (2 mg each) were dissolved in dimethyl sulfoxide (DMSO, 0.5 
mL) and methylated by treatment with a suspension of NaOH/DMSO 
(0.5 mL) and iodomethane (1 mL). The reaction mixture was extracted 
with CHCl2, and then the solvent was removed by vacuum evaporation. 
Complete methylation was confirmed by the disappearance of the –OH 
band (3200–3400 cm− 1) in FT-IR spectrum using a Spectrum Two FT-IR 
spectrometer (Perkin Elmer, Waltham, MA, USA). The per-O-methylated 
oligosaccharide was hydrolyzed subsequently by using TFA (1 M, 1 mL) 
for 30 min at 60 ◦C, with addition of tert-butyl alcohol prior to evapo-
ration to minimize decomposition of O-methyl fructofuranosyl de-
rivatives (de Oliveira et al., 2011). Partially methylated sugars in the 
hydrolysate were reduced by using NaBD4 and acetylated. The resulting 
partially methylated alditol acetates (PMAA) were analyzed by using gas 
chromatography–mass spectrometry (GC–MS, 7890B-5977B, Agilent, 
CA, USA) with a HP-5 ms capillary column (30 m × 0.32 mm × 0.25 
mm). The oven temperature was programed as follows: the original 
temperature of the column was 140 ◦C (held for 1 min), increased by 
5 ◦C/min to 170 ◦C (held for 3 min), then taken up to 180 ◦C (held for 5 
min) at 1 ◦C/min, and then increased by 3 ◦C/min to 220 ◦C (held for 1 
min), and then finally up to 295 ◦C (held for 3 min) at 20 ◦C/min. Both 
the inlet and detector temperatures were 300 ◦C. Helium was used as the 
carrier gas. The mass scan range was 50 to 500 m/z. 

Nuclear magnetic resonance (NMR) spectroscopy 
1H, 13C, HSQC and HMBC NMR spectra were recorded at 25 ◦C on a 

Bruker Avance 600 spectrometer (Bruker, Karlsruhe, Germany), oper-
ating at 600 MHz for 1H and 150 MHz for 13C NMR. Oligosaccharide 
samples (5 mg each) were dissolved in D2O (99.8 %, 0.5 mL), freeze- 
dried, and re-dissolved in D2O (0.5 mL). Chemical shifts are given in 
ppm, with acetone as the internal chemical shift reference. 

HPAEC-PAD analysis 
Oligosaccharide samples were dissolved in deionized water (20 μg/ 

mL), filtered (0.22 µm membrane) and chromatographed on a CarboPac 
PA200 column (3 × 250 mm, ThermoFisher Scientific, Waltham, MA, 
USA) at 35 ◦C using a HPAEC-PAD system (ThermoFisher Scientific ICS- 
5000+, Waltham, MA, USA). The column was eluted at a flow rate of 0.5 
mL/min using the following protocol: − 5–0 min, isocratic elution with 
10 mM NaAc/100 mM NaOH; 0.01–20 min, a linear gradient from 10 to 
350 mM NaAc/100 mM NaOH; 20.01–30 min, isocratic elution with 
500 mM NaAc/200 mM NaOH. 

Quantification analysis of oligosaccharide monomers in CRO by HPAEC- 
PAD 

Standard solutions and sample preparation 
Sucrose- and inulin-type FOS monomers (DP 3–13) were weighed 

accurately to prepare standard stock solution A in deionized water with 
a concentration of 25 μM/L. Similarly, standard stock solution B (25 μM/ 
L) was prepared using inulo-n-ose-type FOS monomers (DP 2–13). CRO 
were weighed accurately and dissolved in deionized water at a con-
centration of 5 mg/L for further quantitative analysis. The process of 
HPAEC-PAD analyses was same as stated in the previous section. 

Method validation 
HPAEC-PAD quantitative analysis was performed using a calibration 

curve, limit of detection (LOD) and limit of quantification (LOQ) for 
each analyte. Standard stock solutions A and B were diluted with 
deionized water to prepare twelve concentrations of mixed standard 
solutions and analyzed in triplicate to construct calibration curves. The 
linear range and regression analysis were determined, and the regres-
sion coefficient (R2) was calculated for each calibration curve. The limit 
of detection (LOD) and limit of quantification (LOQ) for each analyte 
were determined by using mixed standard solutions with appropriate 
concentrations at a signal-to-noise (S/N) of about 3 and 10, respectively. 

The precision, repeatability, stability and accuracy of the method 
were also investigated. The relative standard deviation (RSD%) of peak 
area and retention times for intra-day and inter-day measurements of 
the mixed standard solutions (0.5 μM/L) were calculated to evaluate the 
precision of the HPAEC-PAD method. For the intra-day precision test, 
mixed standard solutions were analyzed in six replicates within one day, 
whereas for the inter-day precision test, solutions were examined in 
duplicate on three consecutive days. The reproducibility of the HPAEC- 
PAD method was determined by analysis of six parallel samples at the 
test concentration (0.5 μM/L). Stability was tested and analyzed at 0, 1, 
2, 4, 8, 12 and 24 h. Recovery experiments were conducted to evaluate 
the accuracy of the HPAEC-PAD method, with the protocol for recovery 
experiments as follows: accurate amount of mixed standards were 
spiked into the sample, then the mixture was processed and quantified 
based on the method mentioned above. Average recoveries were 
expressed by the equation: recovery (%) = 100 × (observed amount −
original amount)/spiked amount. Results of reproducibility, stability 
and accuracy were expressed as RSD% of integrated areas under peaks. 

Results 

Extraction and isolation of CRO from Cimicifuga heracleifolia Kom. 
rhizomes 

The protocol used for extraction and isolation of CRO is shown as a 
flow chart in Fig. S1. CRC was obtained by sequential hot-water ex-
tractions and ethanol precipitations from dried Cimicifuga heracleifolia 
Kom. rhizomes. HPGPC analysis (Fig. S2A) showed that oligosaccha-
rides (Mw < 3 kDa, retention time >13.9 min) were the main compo-
nents in CRC. Anion-exchange chromatography, hollow fiber membrane 
ultrafiltration (3 kDa molecular weight cutoff) and macroporous resin 
adsorption chromatography were combined to isolate CRO from CRC. 
This approach aimed to remove impurities, including polysaccharides, 
pigments, charged amino acids, and other small molecules. 

The CRO yield relative to Cimicifuga heracleifolia Kom. rhizomes was 
about 9.5%. CRO molecular weight was <3 kDa, and its distribution 
from HPGPC was narrower than that of CRC (Fig. S2A). The DP distri-
bution of CRO in MALDI-TOF spectrum (Fig. S2B) ranged from 2 to 18. 
Seliwanoff test results suggested that fructo-oligosaccharides (FOS) are 
predominant in CRO, with the fructose content being about 84% (w/w). 
In addition, CRO also contained ~5% ash and little protein (~1.5%). 
Because it is a ketose, fructose in CRO is more susceptible to acid than 
other monosaccharides and therefore easier to be released. Significantly, 
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released fructose is degraded to non-sugars under violent hydrolytic 
conditions (2 M TFA, 120 ℃, 1 h) that are suitable for release of other 
monosaccharides, leading to the inaccuracy in monosaccharide 
composition analysis (Dong et al., 2015). Both violent (2 M TFA, 120 ℃, 
1 h) and mild (0.01 M TFA, 80 ℃, 1 h) hydrolytic conditions were 
conducted to detect monosaccharide compositions in CRO. Under vio-
lent hydrolytic conditions, only glucose was identified in the HPAEC 
profile (Fig. S2C), whereas fructose could not be detected due to its 
decomposition. Fructose and glucose were released from CRO under 
mild hydrolytic conditions at a molar ratio of 11:1. Taken together, CRO 
were composed of 91.7% fructose and 8.3% glucose, which is consistent 
with Seliwanoff test results. 

To further determine the types of fructo-oligosaccharides (FOS) 
present in CRO, samples were analyzed by using HPAEC-PAD and 
compared with an Inulin standard (mainly containing inulin-type fructo- 
oligosaccharides). As shown in Fig. S2D, >30 peaks corresponding to 
different oligosaccharides appeared in the chromatogram. Some com-
pound peaks in the CRO could be matched to oligosaccharides in inulin, 
whereas some compound peaks could not. This demonstrates the exis-
tence of other types of fructo-oligosaccharides (FOS) aside from inulin- 
type fructo-oligosaccharides. 

Separation and purification of CRO oligosaccharide monomers 

Preparation of oligosaccharide pools with homogenous DP values 
The protocol for separating and purifying CRO oligosaccharide 

monomers is summarized in Fig. S1. CRO was first loaded onto a pre-
parative SEC system, with the goal of obtaining pools with homogenous 
DP values. As shown in Fig. 1A, sixteen peaks could be distinguished in 
the SEC profile. Tubes of every top peak were collected and the fractions 
were named CRO 1 to CRO 16 based on increasing molecular weights. 
CRO 1 was not further analyzed, because of its high ash content (~50%) 
and low total carbohydrate content (~40%). The remaining pools were 
analyzed by using MALDI-TOF-MS and HPAEC. MS analysis showed that 
CRO 2 to CRO 16 contained FOS with relatively homogenous DP values 
from 2 to 16. Some minor signals representing neighboring pools were 
present in MS traces due to incomplete separation (Fig. S3). For HPAEC 
analysis, the elution sequence of these pools was in the order of 
increasing oligosaccharide size. As shown in Fig. 2, all fractions from 
CRO 2 to CRO 16 displayed two major peaks in HPAEC chromatograms, 
indicating the existence of at least two isoforms of oligosaccharides in 
each pool. The former isomers in each fraction were named as CRO n-I 
(n = 2–14) FOS, and the later were named as CRO n-II (n = 2–14) FOS. 
Some low intensity peaks due to overlapping neighboring pools 
appeared in HPAEC profiles as the DP increased. This is consistent with 
our MS results discussed above. 

Separation of oligosaccharide isomers 
To further separate oligosaccharide isomers, fractions CRO 2 to CRO 

16 were applied to HILIC. An analytical HILIC column (Shodex Asahipak 
NH2P-50 4E) was used to optimize chromatographic conditions for 
isomers separation. As shown in Fig. 1B, two major isomers in CRO 2 to 
CRO 9 could be well separated within 60 min using 67.5% acetonitrile 
isocratic elution at a flow rate of 1 mL/min. These fractions followed an 
elution order based on size in HILIC. However, the 67.5% acetonitrile 
isocratic elution condition was unsuitable for the separation of fractions 
with higher molecular weights (CRO 10 to CRO 16) due to relatively 
long retention time, broad peaks, and possible molecular diffusion. The 
HILIC separation profile of CRO 10 to CRO 14 is shown in Fig. 1C. The 
62.5% acetonitrile isocratic elution achieved the separation of two 
major isomeric oligosaccharides within 60 min, with some overlapping 
peaks. Some low intensity peaks also appeared in HILIC profiles. Isomers 
in CRO 15 and CRO 16 with higher molecular weights resulted from 
relatively poor peak resolution with 62.5% acetonitrile in HILIC (data 
not shown). Because of their low yields, these two fractions were not 
purified further. Using optimized chromatographic conditions, CRO 2 to 

CRO 14 were then applied to semi-preparative scale HILIC columns 
(Shodex Asahipak NH2P-50 10E) that contained identical packing ma-
terials with the analytical columns that led to similar separation profiles 
(data not shown). Separated peaks were obtained with CRO 2 to CRO 9, 
and overlapped peaks from CRO 10 to CRO 14 were partially collected 
(with overlapping areas being discarded) to ensure the purity of oligo-
saccharide monomers. Two major isomeric oligosaccharides in each of 
the above fractions were isolated yielding 26 different oligosaccharide 
monomers. 

As shown in Fig. 3, all oligosaccharide monomers showed a major 
homogenous peak in HPAEC with purities >95% (calculated by area 
normalization). DPs of these oligosaccharide monomers were also 
characterized by MALDI-TOF-MS (data not shown), with size and 
elution times listed in Table S1. Significantly, the elution order of the 
two isomers in HILIC ran contrary to that observed in HPAEC. CRO n-I 
(n = 2–14) FOS had longer retention times than CRO n-II (n = 2–14) FOS 
from HILIC. It is worth noting that CRO n-I (n = 2–14) FOS peaks cor-
responded to oligosaccharides from Inulin, demonstrating that CRO n-I 
(n = 2–14) FOS are also present in inulin-type FOS. The successful 
separation of almost all oligosaccharide monomers (especially isomeric 
oligosaccharides) in CRO was determined by combination of preparative 
SEC and HILIC. Structural features of the two FOS series were further 
analyzed. 

Structural analysis of oligosaccharide monomers prepared from CRO 

Structural analysis of oligosaccharides CRO 4-I and CRO 4-II 
Oligosaccharides CRO 4-I and CRO 4-II were chosen for compre-

hensive structural analysis. Monosaccharide composition, methylation, 
and 1D/2D NMR analyses were combined for insight into their chemical 
structures. HPAEC results (Fig. S4) showed that the CRO 4-I hydrolysate 
contained Fru and Glc in a ratio of 2.6:1, indicating that CRO 4-I is 
composed of three Fru units and one Glc unit. The proportion of Fru in 
the CRO 4-I hydrolysate was <75%, due most likely to decomposition. 
Unlike CRO 4-I, only Fru was detected in CRO 4-II, proving that CRO 4-II 
is composed of four Fru units. 

Methylation analysis provided glycosidic linkage information 
(Table S2). The total ion chromatograms (TICs) of partially methylated 
alditol acetates (PMAAs) from CRO 4-I and CRO 4-II are shown in 
Fig. S5A and Fig. S6A. The instability of partially methylated Fru due to 
acid hydrolysis, complex formation of D-mannitol and D-glucitol de-
rivatives from partially methylated, reduced Fru, and unknown factors 
for all PMAAs make methylation analysis more qualitative than quan-
titative (de Oliveira et al., 2011; Sims, Carnachan, Bell, & Hinkley, 
2018). Results showed that CRO 4-I contains 2-linked Fruf, 1,2-linked 
Fruf and 1-linked Glcp, CRO 4-II contains 2-linked Fruf, 1,2-linked 
Fruf and 1-linked Frup. Because PMAAs from 1,2-linked Fruf and 2,6- 
linked Fruf co-eluted in GC–MS, labelling of anomeric carbon with 
deuterium (reduction with NaBD4) was performed to detect differences 
in their mass fragmentation patterns. The selected region (containing 
1,2,5-tri-O-acetyl-3,4,6-tri-O-methyl-D-mannitol/glucitol or 2,5,6-tri-O- 
acetyl-1,3,4-tri-O-methyl -D-mannitol/glucitol 21.193 min) of TICs and 
extracted ion chromatograms (EICs) are shown in Fig. S5B-5C, S6B-6C. 
Typical primary fragmentation ions for 1,2-linked Fruf (including m/z 
190 and 161) were primarily detected, whereas insignificant m/z 189 
and 162 ions (which represent 2,6-linked Fruf) were detected, and the 
low proportion of m/z 189 (of % m/z 190) and m/z 162 (of % m/z 161) 
might arise from the natural abundance of 13C (de Oliveira et al., 2011). 
These results indicated that both CRO 4-I and CRO 4-II contain 1,2- 
linked Fruf, but not 2,6-linked Fruf. The GC–MS fragmentation ion 
pattern of PMAA from CRO 4-I and CRO 4-II are showed in Fig. S7. 

NMR spectra (1H, 13C, DEPT 45◦, HSQC, HMBC and TOCSY) were 
acquired to assess the chemical structure of CRO 4-I and CRO 4-II. In the 
1H NMR spectrum of CRO 4-I (Fig. 4A), only one anomeric proton signal 
at 5.38 ppm could be found and assigned to a α-D-Glcp group (residue A) 
consistent with published chemical shifts (Yang, Hu, & Zhao, 2011). 
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Fig. 1. (A) MPLC (SEC) -RID chromatography of CRO; HILIC (analytical scale) -ELSD chromatography of oligosaccharide pools with homogenous DP from CRO after 
SEC purification (B) (CRO 2–9); (C) (CRO 10–14). 
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Fig. 2. HPAEC-PAD analysis of oligosaccharide pools with homogenous DP from CRO after SEC purification.  

L. Cui et al.                                                                                                                                                                                                                                      



Food Chemistry: X 18 (2023) 100706

7

Fig. 3. HPAEC-PAD analysis of oligosaccharide monomers purified from CRO.  
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Fig. 4. (A) 1H NMR spectra of CRO 4-I and CRO 4-II; (B) 13C NMR and DEPT 45◦ spectra of CRO 4-I and CRO 4-II; (C) HSQC (blue) and HMBC (green) spectra of CRO 
4-I; (D) HSQC (blue) and HMBC (green) spectra of CRO 4-II; (E) TOCSY spectrum of CRO 4-I; (F) TOCSY spectrum of CRO 4-II. (For interpretation of the references to 
colour in this figure legend, the reader is referred to the web version of this article.) 
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Signals with typical chemical shifts at 4.12 to 4.22 ppm (three distinct 
doublets) and 3.91 to 4.06 ppm (three overlapping triplets) could be 
readily assigned to H-3 and H-4 of the three β-D-Fruf residues in different 
chemical environments (He, Yan, Yao, Chen, Li, Wu, et al., 2021). The 
integration ratio between H-1 of α-D-Glcp residue and H-3(4) of β-D-Fruf 
residues indicate that CRO 4-I is composed of Fru and Glc in a ratio of 
3:1, which was identical to our monosaccharide composition analysis. 
As shown in the 13C NMR spectrum of CRO 4-I (Fig. 4B), the anomeric 
carbon signal at 91.46 ppm could be assigned to an α-D-t-Glcp unit 
(residue A) and supported by HSQC spectra (cross peak A C-1/H-1). The 
other three typical anomeric carbon signals at 101.99 ppm, 102.17 ppm 
and 102.62 ppm in the 13C NMR spectrum were assigned to anomeric C- 
2 (quaternary carbon) of β-D-1,2-Fruf/β-D-t-Fruf residues. These groups 
could not be observed in the DEPT 45◦ spectrum (Fig. 4B) (Bai, Zhang, 
Jia, Fan, Hou, Wang, et al., 2020). Upfield carbon resonances at 
80.02–80.18 ppm, 75.69–76.44 ppm, and 72.82–73.40 ppm were 
attributed to C-5, C-3 and C-4 of β-D-1,2-Fruf/β-D-t-Fruf residues, 
respectively. Signals at 70.12 ppm, 71.39 ppm, 68.16 ppm, 71.54 ppm 
and 59.06 ppm are characteristic of α-D-t-Glcp residues. Signals at 59.06- 
61.18 ppm were assigned to carbons of the methylene group (C1/C6) in 
β-D-1,2-Fruf/β-D-t-Fruf residues. Compared to the chemical shift (59.34 
ppm) of C-1 in a β-D-t-Fruf unit (residue D), the diagnostic resonance in 
down-field carbons at 59.81 ppm and 59.99 ppm can be ascribed to two 
different β-D-1,2-Fruf residues (residues B and C) (Yang, Hu, & Zhao, 
2011). Glycosidic correlations, such as B C-2/A H-1, C C-2/B H-1(1′) and 
D C-2/C H-1(1′) in HMBC spectrum (Fig. 4C), were observed, suggesting 
linkage patterns and sequences of residue A (α-D-t-Glcp), residue B (β-D- 
1,2-Fruf residue adjacent to α-D-t-Glcp), residue C (β-D-1,2-Fruf residue 
adjacent to β-D-t-Fruf) and residue D (β-D-t-Fruf) in CRO 4–1. Inter- 
residue cross-peaks, such as B C-2/H-1 (1′), C C-1/H-3, B C-3/H-4, C 
C-4/H-5 and D C-5/H-6 (6′) in the HMBC spectrum, helped us to 
distinguish β-D-Fruf similar residues in CRO 4-I. In addition, HSQC 
(Fig. 4C) and TOCSY (Fig. 4E) spectra revealed proton and carbon sig-
nals of each residue in CRO 4-I, as summarized in Table S3. Based on 
monosaccharide composition, methylation and NMR analyses, CRO 4-I 
is proposed to be β-D-Fruf-(2 → 1)-β-D-Fruf-(2 → 1)-β-D-Fruf-(2 ↔ 1)- 
α-D-Glcp (nystose). 

As shown in Fig. 4A, resonance peaks could not be observed in the 
anomeric region (4.3 to 5.8 ppm) of 1H NMR spectra, indicating that α-D- 
Glcp residues are most likely absent in CRO 4-II. Typical signals for H-3 
and H-4 of β-D-Fruf, however, were observed at 4.02–4.18 ppm, which 
were more complex than those from CRO 4-I (He, Yan, Yao, Chen, Li, 
Wu, et al., 2021). In the 13C NMR spectrum (Fig. 4B) of CRO 4–2, four 
anomeric signals could be distinguished, including two signals (101.95 
and 101.92 ppm) for C-2 of β-D-1,2-Fruf residues (residues B’ and C’), 
one signal (102.62 ppm) for C-2 of β-D-t-Fruf residue (residues D’), and 
an unknown signal at 96.74 ppm compared to CRO 4-I (Yang, Hu, & 
Zhao, 2011). In addition, this unknown anomeric carbon signal vanished 
in the DEPT 45◦ NMR spectrum (Fig. 4B), and could be ascribed to C-2 of 
fructose. Hence, it appears that CRO 4-II is composed of four fructose 
residues, consistent with its monosaccharide composition. According to 
published literature (Fujishima, Furuyama, Ishihiro, Onodera, Fukushi, 
Benkeblia, et al., 2009; Shiomi & Onodera, 1990), the carbon signal at 
96.74 ppm belongs to C-2 of a reducing fructopyranosyl residue (Res-
idue A’). Other typical signals such as A’ C-1 (62.78 ppm) C-3 (67.03 
ppm), C-4 (68.38 ppm) and C-5 (68.01 ppm) in the 13C NMR spectrum, 
as well as cross peaks (A’ C-2/ H-6,6′) in the HMBC spectrum (Fig. 4D), 
demonstrate the presence of β-D-1-Frup (Residue A’). Glycosidic corre-
lations, such as B’ C-1/A’ H-1, C’ C-2/B’ H-1 (1′) and D’ C-2/C’ H-1 (1′) 
in the HMBC spectrum, were observed, suggesting the linkage pattern 
and sequence of residue A’ (β-D-1-Frup), residue B’ (β-D-1,2-Fruf residue 
adjacent to β-D-1-Frup), residue C’ (β-D-1,2-Fruf residue adjacent to β-D- 
t-Fruf) and residue D’ (β-D-t-Fruf) in CRO 4–2. Inter-residue cross-peaks, 
such as B’ C-2/H-1 (1′), C’ C-2/H-1 (1′) and D’ C-2/H-3 in HMBC 
spectrum, helped to distinguish β-D-Fruf in CRO 4-II. HSQC (Fig. 4D) and 
TOCSY (Fig. 4F) spectra allowed us to assign proton and carbon signals 

of each residue in CRO 4-II, as summarized in Table S4. Based on 
monosaccharide composition, methylation and NMR analyses results, 
CRO 4–2 appears to be β-D-Fruf-(2 → 1)-β-D-Fruf-(2 → 1)-β-D-Fruf-(2 → 
1)-β-D-Frup (inulotetraose). 

13C NMR analysis of oligosaccharide monomers 
Based on the residues in CRO 4-I and CRO 4-II, we inferred that CRO 

n-I FOS are inulin-type, whereas CRO n-II FOS are inulo-n-ose-type. To 
verify the above deductions, 13C NMR analyses of all oligosaccharide 
monomers prepared from CRO were performed. 13C NMR spectra of 
partial oligosaccharides are shown in Fig. 5, including CRO n-I (n = 4, 6, 
8, 10, 12, 14) and CRO n-II (n = 3, 5, 7, 9, 11, 13) FOS. For CRO n-I FOS, 
three types of anomeric carbon signals were readily identified (Fig. 5A). 
Peaks at 102.61–102.64 ppm, 91.42–91.45 ppm could be attributed to 
the anomeric carbons of β-D-t-Fruf and α-D-t-Glcp residues, respectively. 
Peaks at 101.98–102.04 ppm became overlapped as the DP of oligo-
saccharides increased, but could be assigned to anomeric carbons of 
repeating β-D-1,2-Fruf residues. Distinct signals at 70.12–70.13 ppm, 
71.54–71.55 ppm, 68.16–68.17 ppm, 71.38–71.39 ppm and 
59.05–59.07 ppm were attributed to C-2-C-6 of α-D-t-Glcp residues. Peak 
signals at 59.33–59.43 ppm, 75.69–75.71 ppm, 73.28–73.29 ppm, 
80.01–80.03 ppm and 61.06–61.22 ppm were assigned to C-1, C-3, C-4, 
C-5 and C-6 of β-D-t-Fruf residues. Major overlapping carbon signals at 
59.65–59.97 ppm, 75.90–76.44 ppm, 72.80–73.39 ppm, 80.02–80.18 
ppm and 61.06–61.23 ppm were ascribed to C-1, C-3, C-4, C-5 and C-6 of 
β-D-1,2-Fruf residues (Bai et al., 2020; He et al., 2021; Yang, Hu, & Zhao, 
2011). While the intensities of carbon signals belonging to β-D-t-Fruf and 
α-D-t-Glcp residues decreased with the increasing DP of oligosaccha-
rides, the intensities of carbon signals belonging to β-D-1,2-Fruf residues 
increased, indicating higher proportion. The remaining other CRO n-I 
oligosaccharides showed similar 13C NMR spectra with the above oli-
gosaccharides (data not shown). We deduced that CRO n-I FOS are 
inulin-type FOS, except for CRO 2-I being sucrose, consistent with 
HPAEC results. CRO n-I FOS contain an increasing number of β-D-1,2- 
Fruf units attached to a terminal glucose. The chemical structure 
(Fig. S8A) and formula of these could be characterized as β-D-Fruf-(2 → 
1)-[β-D-Fruf-(2 ↔ 1)]n=1-12-α-D-Glcp, meaning CRO 3-I was 1-ketose 
(GF2), CRO 4-I was Nystose (GF3), CRO 5-I (GF4) was 1,1,1-kestopen-
taose, etc (G as glucose, F as fructose and n as the number of internal 
fructose unit). 

In 13C NMR spectra of CRO n-II FOS (Fig. 5B), carbon signals of β-D-t- 
Fruf and β-D-1,2-Fruf residues were distinguished compared to CRO n-1 
FOS. Signals at 59.36–59.42 ppm, 102.58–102.64 ppm, 75.70–75.72 
ppm, 73.20–73.31 ppm, 80.00–80.03 ppm and 61.07–61.19 ppm 
correspond to C1-C6 of β-D-t-Fruf residues. With the increasing DP of 
oligosaccharides, overlapping signals at 59.45–59.83 ppm, 
101.93–102.18 ppm, 75.92–76.59 ppm, 73.09–73.31 ppm, 
80.00–80.15 ppm and 60.80–61.19 ppm were attributed to C1-C6 hav-
ing an increasing number of β-D-1,2-Fruf units with greater intensities 
compared with β-D-t-Fruf residues (Yang, Hu, & Zhao, 2011). Unlike 
CRO n-I FOS, signals attributed to α-D-t-Glcp residues could not be found 
in spectra of CRO n-II FOS, indicating the absence of α-D-t-Glcp residues. 
An anomeric carbon signal appeared at lower field around 96.74–96.75 
ppm, with its intensity decreasing with increasing DP values. Based on 
published literature (Fujishima et al., 2009; Shiomi & Onodera, 1990), 
we assigned C-2 of β-D-1-Frup residues. Other five distinct peaks were 
ascribed to C-1 (62.77–62.78 ppm), C-3 (67.02–67.04 ppm), C-4 
(68.38–68.39 ppm), C-5 (68.01–68.02 ppm) and C-6 (62.38–62.40 ppm) 
of β-D-1-Frup residues. We then deduced that CRO n-II FOS contain an 
increasing number of β-D-1,2-Fruf units attached to a reducing fructo-
pyranosyl residue at the terminus, making them inulo-n-ose-type FOS. 
The chemical structure (Fig. S8B) and formula of these species could be 
characterized as β-D-Fruf-(2 → 1)-[β-D-Fruf-(2 → 1)]m=0-12-β-D-Frup, 
indicating that CRO 2-II is an inulobiose (F2), CRO 3-II is an inulotriose 
(F3), CRO 4-II is an inulotetraose (F4), etc. Here, F stands for fructose and 
m is the number of internal fructose units. 
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Fig. 5. (A) 13C NMR spectra of partial CRO n-I series FOS monomers; (B) 13C NMR spectra of partial CRO n-II series FOS monomers.  
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Quantification of FOS in CRO 

For qualitative and quantitative analysis of FOS, HPAEC is reported 
to be superior to HILIC in baseline separation and analytical range of 
FOS with higher DP values (Pöhnl, Böttcher, Schulz, Stürtz, Widder, 
Carle, et al., 2017). Hence, we used the HPAEC-PAD method to quantify 
FOS in CRO. For this, we used the 26 oligosaccharide monomers pre-
pared above as reference compounds. To validate the HPAEC-PAD 
method, we determined the linearity, regression equation, and linear 
ranges of the 26 oligosaccharide monomers (Table S1). Because some 
oligosaccharides, such as CRO 5–2 and CRO 7–1, CRO 12–2 and CRO 
15–1, CRO 11–2 and CRO 14–1, CRO 13–2 and CRO 16–1, could not be 
separated completely by HPAEC, inulin-type FOS (containing sucrose) 
and inulo-n-ose-type FOS standards were analyzed independently. 

Our results indicated that all standards have good linearity (R2 >

0.99874) using analytical concentrations. Slopes of calibration curves 
were between 0.2453 and 2.5632, and their LODs and LOQs ranged from 
0.0028 to 0.0125 μM/L and 0.0083–0.0625 μM/L, respectively. Preci-
sion, reproducibility, stability and accuracy of the HPAEC-PAD method 
were further validated (Table S5). The intra-day precision of peak area 
(RSDs < 1.5%) and retention time (RSDs < 0.3%) were very good for all 
compounds. For inter-day precision, RSDs increased as expected. RSDs 
of peak area and retention time were below 1.8% and 0.4%, respec-
tively. Reproducibilities of oligosaccharide monomers detected were <
1.7%. Recoveries ranged from 97.7% to 102.6% for most of analytes. 

The contents (w/w) of the two FOS series in CRO were calculated 
based on individual calibration curves, except for some incomplete 
separation of oligosaccharides (CRO 7-I, CRO 5-II, CRO 11-II, CRO 12-II, 
CRO 13-II, CRO 14-I) and oligosaccharides with high DP > 14). Quan-
tification showed that the contents of inulin-type FOS ranged from 1.1% 
to 13.3%, and contents of inulo-n-ose-type FOS monomers ranged from 
0.7% to 5.1%. GF2 possessed the highest content (13.3%), with the 
content of GF2-GF8 (3.1%-13.3%) being significantly higher than those 
of GF9-GF13 (1.1%-2.2%). Content differences of F2-F10 (3.2%-5.1%) 
were insignificant. The total content of inulin-type FOS was generally 
equal to that of inulo-n-ose-type FOS. 

Discussion 

FOS are usually extracted from the inulin-rich plant materials or 
prepared from inulin by endo-inulinase hydrolysis. These species pri-
marily contain a mixture of inulin-type and inulo-n-ose-type FOS in 
different proportions (Singh, Singh, & Kennedy, 2016). Inulo-n-ose-type 
FOS can be generated from inulin and inulin-type FOS by endo-inulinase 
hydrolysis, as well as being synthesized in plants by fructan:fructan 
fructosyltransferase (FFT) using Fru as an acceptor (Ishiguro, Ueno, 
Onodera, Benkeblia, & Shiomi, 2011). The identification of these two 
different types FOS and their quantitation are challenging due to the 
unavailability of inulo-n-ose-type FOS standards that has hindered 
analysis of FOS used in food products. Inulin-type FOS monomers with a 
wide DP range (DP 2–18) have been prepared from inulin-rich plants 
(Zhang, Zhuang, Wang, Liu, Lv, & Meng, 2022). However, few reports 
have focused on preparation of inulo-n-ose-type FOS monomers, and at 
this point, only inulo-n-ose-type FOS monomers with DP values of 2–5 
have been reported (Fujishima et al., 2009; Ronkart et al., 2007). Inulo- 
n-ose-type FOS monomers (DP 6–14) purified from Cimicifuga her-
acleifolia Kom. have increased the number of inulo-n-ose-type FOS 
standards, that make it possible to identify and quantity them. The 
HPAEC elution order of inulin- and inulo-n-ose-type FOS have already 
been summarized using a limited number of actual standards (Pöhnl 
et al., 2017), whereas the elution orders of two different types FOS in 
HILIC are ambiguous. Our results demonstrate that the HILIC elution 
order of inulin- and inulo-n-ose-type FOS isomers run contrary to those 
from HPAEC, an observation that is significant for the identification and 
purification of FOS. 

Based on published literature, FOS from other herbs, such as Morinda 

Officinalis How., Arctium lappa L., Codonopsis pilosula (Franch.) Nannf. 
and Atractylodes lancea (Thunb.) DC., have been identified as inulin-type 
FOS with different DP ranges (Bai et al., 2020; Yang, Hu, & Zhao, 2011; 
Yuan et al., 2021; Zhang et al., 2022). Unlike these herbs, Cimicifuga 
heracleifolia Kom. was found to contain both inulin- and inulo-n-ose-type 
FOS with similar total content. One can speculate that the biological 
activities of CRO may be different from those of FOS in the above herbs. 
The DP and structural composition of FOS play a crucial role in their 
biological activities. Inulin-type FOS with low DP have been reported to 
exhibit better prebiotic, antioxidant and immunomodulatory activities 
than those with high DP (Zhang et al., 2022). The higher ratio of GF2- 
GF8 in CRO might be contributable to its bioactivities. Previous studies 
showed that inulin-type FOS (DP 2–4) have better capacities to promote 
the growth of Bifidobacterium than an inulin- and inulo-n-ose-type FOS 
mixture (DP 3–6) (Wang, Pan, Zhang, & Yan, 2020), indicating that 
these two different types FOS might possess distinct functions. Structure- 
activity relationships of inulo-n-ose-type FOS are rarely studied and 
remain essentially unknown owing to their limited availability. How 
does the DP affect the biological activities of inulo-n-ose-type FOS? What 
are the differences between the function of inulo-n-ose- and inulin-type 
FOS isomers? Do synergistic or antagonistic effects exist between these 
two types of FOS when they have biological impact? Questions like these 
remain to be answered, and further research should focus on the func-
tions of CRO and structure–activity relationships of these different types 
of FOS. 

Conclusions 

In summary, Cimicifuga heracleifolia Kom. oligosaccharides (CRO) 
have been isolated and characterized for the first time. Twenty-six 
oligosaccharide monomers, including sucrose, inulin-type FOS {β-D- 
Fruf-(2 → 1)-[β-D-Fruf-(2 ↔ 1)]n=1-12-α-D-Glcp; DP 3–14}, and inulo-n- 
ose-type FOS {β-D-Fruf-(2 → 1)-[β-D-Fruf-(2 → 1)]m=0-12-β-D-Frup; DP 
2–14} have been purified from CRO and their chemical structures have 
been identified. The CRO was found to be composed of inulin- and inulo- 
n-ose-type FOS with similar total content. Inulo-n-ose-type oligosac-
charides with DP 6–14 were first reported to be purified from plants. 
Authentic standard, preparation strategy, structural information, chro-
matography retention behavior and quantitation method for these 
different types of FOS are provided. Our findings give important infor-
mation on oligosaccharides from Cimicifuga heracleifolia Kom. that will 
allow for further functional evaluation and food applications, as well as 
to contribute to the identification and characterization of FOS in food 
products. 
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