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Polygonatum species have great potential in fighting chronic and hidden hunger. In this study, five Polygonatum
species collected from different populations were cultivated in a common garden for 4 years. The species mainly
differed in yield, saponin and polysaccharide contents, stem diameter, leaf width, inflorescence length, and floret
inflorescence length. P. cyrtonema (PC) provides high-quality yield when planted in Zhejiang, with output as high
as 7.5 tons per hectare and a promising breeding potential. Moreover, stem diameter can be used as an indicator
of the harvest in the screening of varieties. In addition, the formation of plant genetic traits from different

provenances is affected by the climatic factors of the origin. Furthermore, near-infrared spectroscopy combined
with chemometrics for polysaccharide and saponin quantitation provides a rapid assessment of PC quality. Our
findings provide a scientific basis for the development and sustainable utilization of PC as a high-yielding and

high-quality forest crop.

Introduction

With increasing public health awareness, “medicine and food ho-
mology” and “food is medicine” have emerged as major international
health trends (Downer et al., 2020). Epidemiological evidence shows
that a phytochemical-rich diet helps prevent chronic diseases (Fahey &
Kensler, 2021). Plants from the genus Polygonatum Mill. (Asparagaceae),
commonly known as Solomon’s Seal, have been used as food and
medicine in Asia for over 2,000 years and as food during a famine in
ancient China (Chen et al., 2021; Si & Zhu, 2020; Xia et al., 2021).

The Polygonatum genus comprises over 60 species worldwide
(http://www.worldfloraonline.org, accessed 9 January 2023), with
several species valued as significant medicinal resources (Chen et al.,
2021). According to Chinese Pharmacopoeia (2020 version), the tradi-
tional Chinese herbs Huangjing and Yuzhu are derived from the dried

rhizomes of the Polygonatum genus. Huangjing (Latin name for the
medicine is Polygonati Rhizoma) is obtained from the rhizomes of
P. sibiricum Red. (PS), P. kingianum Coll. et Hemsl. (PK), or P. cyrtonema
Hua (PC) according to Chinese Pharmacopoeia and P. filipes Merr. (PF)
according to the Processing Norms of Zhejiang province (Shi et al., 2023;
Zhang et al., 2020). Yuzhu (Latin name: Polygonati Odorati Rhizoma),
obtained from P. odoratum (Mill.) Druce (PO), is another legal medicinal
material from the Polygonatum genus (Zhao et al., 2018). The five Pol-
ygonatum species mentioned above exhibit extensive morphological di-
versity, including alternative or whorled phyllotaxis, axillary
inflorescences with multiple flowers or fruits, foliar epidermal traits (Ali
et al., 2020), and pollen micro-morphological features (Ali et al., 2021).
Furthermore, molecular phylogenetic analyses of the whole-plastome
data support their identification (Floden & Schilling, 2018; Xia et al.,
2021). However, these characteristics are seasonal, rendering it difficult

* Corresponding authors at: State Key Laboratory of Subtropical Silviculture, Zhejiang A&F University, Hangzhou, Zhejiang 311300, China.
E-mail addresses: liaoshuhui@stu.zafu.edu.cn (S. Liao), 317302568@qq.com (Z. Fan), 2327255660@qq.com (X. Huang), 15565393118@163.com (Y. Ma),
yan1035690754@163.com (F. Huang), guoyuntao05@qq.com (Y. Guo), eric_ctq@163.com (T. Chen), 1061370990@qq.com (P. Wang), dpschzl@163.com
(Z. Chen), 1006447241@qq.com (M. Yang), 332192231@qq.com (T. Yang), Isxjqg@163.com (J. Xie), Issjp@163.com (J. Si), liujingjing@zafu.edu.cn (J. Liu).

https://doi.org/10.1016/j.fochx.2023.100585

Received 29 October 2022; Received in revised form 18 January 2023; Accepted 19 January 2023

Available online 27 January 2023

2590-1575/© 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).


http://www.worldfloraonline.org/
mailto:liaoshuhui@stu.zafu.edu.cn
mailto:332192231@qq.com
mailto:332192231@qq.com
mailto:15565393118@163.com
mailto:yan1035690754@163.com
mailto:guoyuntao05@qq.com
mailto:eric_ctq@163.com
mailto:332192231@qq.com
mailto:dpschzl@163.com
mailto:332192231@qq.com
mailto:332192231@qq.com
mailto:lsxjq@163.com
mailto:lssjp@163.com
mailto:liujingjing@zafu.edu.cn
www.sciencedirect.com/science/journal/25901575
https://www.sciencedirect.com/journal/food-chemistry-x
https://doi.org/10.1016/j.fochx.2023.100585
https://doi.org/10.1016/j.fochx.2023.100585
https://doi.org/10.1016/j.fochx.2023.100585
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

S. Liao et al.

for taxonomists to identify plants in the wild. Therefore, growing in-
dividuals from different populations in a common environment provide
a suitable method for long-term observation (de Villemereuil et al.,
2016).

Huangjing and Yuzhu have been used in traditional Chinese medi-
cine to invigorate qi (life energy) and nourish yin (one of the qualities of
gi) (Shi et al., 2023). Huangjing invigorates the spleen, moistens the
lung, and benefits the kidneys, and Yuzhu relieves dryness, promotes
fluid production, quenches thirst, and increases vitality (Li et al., 2021;
Zhou et al., 2017). The government acknowledged the effectiveness of
Huangjing and Yuzhu when the former Ministry of Health of China
included them in the list of 86 items used as both food and medicine in
2002 (Si & Zhu, 2020). This recognition indicates that only the base
species (PS, PC, PK, and PO) compliant with the Chinese Pharmacopoeia
may be used as food in the production, processing, and sale of goods in
China. Moreover, Huangjing has been included in the Chinese Academy
of Engineering’s Strategic Research and Consultation Project for 2022
(NO.2022XY140) as a forest crop grown in the forests without using
farmland. Huangjing has enormous potential for use as food in
combating chronic and hidden hunger (Chen et al., 2021).

Huangjing and Yuzhu contain diverse metabolites; polysaccharides
and saponins are the main active components in the Polygonatum genus,
which display anti-diabetic, anti-inflammatory, anti-tumor, and im-
mune enhancement activities (Chai et al., 2021; Yelithao et al., 2019).
The extensive research on the active ingredients of Polygonatum has led
to a rapid increase in its utilization and market demand, rendering it
difficult to rely solely on wild resources (Su et al., 2018). Artificial
cultivation is a feasible solution to Huangjing’s resource scarcity (Wang
& Duan, 2018). However, germplasm confusion, lack of good varieties,
the indiscriminate introduction of seedlings across regions, and insuf-
ficient utilization of medicinal sources in Polygonatum cultivation
impede the development of this industry (Jiao, 2018; Li et al., 2021; Su
et al., 2018).

Twenty endemic Polygonatum species are widely distributed in China
owing to their high adaptability (Ali et al., 2020; Ali et al., 2021). Pol-
ygonatum is cultivated on over 600 ha of land in Zhejiang. Polygonatum
production can be increased through cultivar improvement and efficient
cultivation, which will alleviate poverty in underdeveloped moun-
tainous regions (Si & Zhu, 2020). Germplasm resources are the basis for
producing high-yielding and high-quality cultivars, as germplasm may
include critical alleles for key traits (Akpertey et al., 2022; Han et al.,
2022). Variations in germplasm resources can cause differences in
Huangjing’s biological, genetic, reproductive, sporulation, and phar-
macologic characteristics, as well as chemical composition (Jiao, 2018).

Genetic variations due to long-term exposure to the growing envi-
ronment affect plant morphology and metabolite accumulation (Liu &
Zhang, 2007). Short-term changes in the growth environment cannot
alter long-term genetic variations. Individuals of different populations
have been introduced and planted in a common garden experiment to
maintain their habitat consistency and eliminate environmental factors
in phenotypic variations to investigate the effects of genetic factors on
phenotypic variations separately (Ballentine & Greenberg, 2010). The
performance of >70 % of metabolites in Oryza sativa varies significantly
due to environmental factors (Chen et al., 2016). Therefore, a compre-
hensive evaluation of the germplasm resources of Huangjing and Yuzhu
must be conducted. The assessment of Polygonatum plant germplasm
resources provides a scientific basis for its sustainable utilization in the
future. Combined with high-throughput phenotyping and hyperspectral
data, common garden experiments help to understand how natural se-
lection impacts the variations in plant species and guides plant breeding
(VanWallendael et al., 2022).

Recently, near-infrared spectroscopy (NIRS) coupled with multivar-
iate statistical analysis has been widely used to trace the origins of foods
and herbs (Puleo et al., 2022; Zheng et al., 2022) and determine starch,
fat, protein, and saponin contents in crops, such as rice and soybeans, for
quality control (Bagchi et al., 2016; Berhow et al., 2020; Shi et al.,
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2022). Owing to its rapid and non-destructive sampling, simple opera-
tion, good stability, and high efficiency, NIRS has advanced in qualita-
tive identification and quantitative analysis in the field of food and
medicine, thus showing the broad application prospects of NIRS (Nagy
et al., 2022; Nobari Moghaddam et al., 2022).

In this study, we screened high-yielding and good-quality species and
provenance for cultivation and variety breeding in Zhejiang and sur-
rounding areas. Further, we investigated the use of NIRS for rapid
quality screening of medicinal compounds from the Polygonatum genus.
Consequently, our findings may provide helpful information for future
production and quality control practices related to the homology of food
and medicinal herbs from the Polygonatum genus.

Materials and methods
Plant collection and identification

To investigate and evaluate the plant resources from the Polygonatum
genus, 75 samples of five species, including PS, PK, PC, PF, and PO, were
collected from 14 provinces and municipalities (Shaanxi, Henan,
Shanxi, Jilin, Guizhou, Yunnan, Zhejiang, Anhui, Jiangxi, Fujian, Hubei,
Hunan, Beijing, and Chongqing). At least 15 individual plants were
collected from each population, locating their latitude, longitude, and
elevation by GPS (Fig. 1A, C-G, Table S1). Nineteen bioclimatic layers
(Biol: Annual Mean Temperature, Bio2: Mean Diurnal Range, Bio3:
Isothermality, Bio4: Temperature Seasonality, Bio5: Max Temperature
of Warmest Month, Bio6: Min Temperature of Coldest Month, Bio7:
Temperature Annual Range, Bio8: Mean Temperature of Wettest
Quarter, Bio9: Mean Temperature of Driest Quarter, Bio1l0: Mean
Temperature of Warmest Quarter, Biol1l: Mean Temperature of Coldest
Quarter, Biol2: Annual Precipitation, Biol3: Precipitation of Wettest
Month, Biol4: Precipitation of Driest Month, Bio15: Precipitation Sea-
sonality, Biol6: Precipitation of Wettest Quarter, Biol7: Precipitation of
Driest Quarter, Biol8: Precipitation of Warmest Quarter, Biol9: Pre-
cipitation of Coldest Quarter) were obtained from WorldClim for the
period 1970-2000 (https://www.worldclim.org/) (Hu et al., 2017)
(Tables S2 and S3).

All samples were identified by Prof. Jinping Si of Zhejiang Agricul-
ture and Forestry University (ZAFU) and Pan Li of Zhejiang University.
The voucher specimens (No. ZJFC00021101-05) were preserved at the
College of Forestry and Biotechnology, ZAFU, Zhejiang Province, China.

Sample acquisition and preparation

Plants were cultivated in the germplasm resource garden (common
garden) in Lin’an, Zhejiang (119°26"°11” E, 30°20'30” N) (Liu et al.,
2022) (Fig. 1B). Each plant was seeded with the first two nodes of the
rhizome with buds. After measuring the aboveground parts, 4-year-old
rhizomes were harvested in October 2020 (Fig. 1H-L). After sampling,
the rhizomes were dried to constant weight, crushed, and passed
through a 60-mesh sieve, and the resulting sample powder was stored in
a desiccator.

Chemical and reagents

p-glucose of analytical grade and sarsasapogenin were purchased
from Shanghai Yuanye Biotechnology Co. (Shanghai, China). Other re-
agents used were from Sinopharm Chemical Reagent Co. (Shanghai,
China) and were analytically pure. Distilled water was filtered using a
Milli-Q system (Millipore, Bedford, MA, USA). A SpectraMax 190 light
absorption microplate reader (Molecular Devices, San Jose, CA, USA)
and an Antaris II Fourier transform near infrared spectrometer (Thermo
Scientific Inc., Madison, WI, USA) were used for the analyses.
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Determination of agronomic qualities

Before crushing and testing the rhizome, the agronomic properties of
the aerial parts, including the length and width of the rhizome’s initial
node and the fresh weight of the rhizome, were measured as these pa-
rameters are a direct representation of plant growth (Peng, 2018).

The samples (first two nodes with buds) were weighed before
planting. After 4 years of cultivation, the stem length (X1) was measured
with a straightedge, and the stem diameter (X2) was measured with a
vernier caliper at near harvest. Three leaves were selected from each
plant, and their length (X3) and width (X4) were measured with a
straightedge. Three inflorescences were selected from each plant, and
inflorescence length (X5) and floret inflorescence length (X7) were
measured with a straightedge, and inflorescence diameter (X6) was
measured with a vernier caliper. The fruit number of each infructescence
(X8) was counted. After harvesting, the length (X9) and width (X10) of
the rhizome’s first node were measured with a straightedge. The rhi-
zomes were weighed. For convenience, yield (X11) is expressed by the
fresh weight of the rhizome, which was calculated using the following
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Fig. 1. The sampling distribution and morphology of
five species from Polygonatum genus. (A) Sampling
distribution of 5 different species from Polygonatum
genus populations in map of China (partial); (B) the
common garden in Zhejiang, China; (C) the aerial part
of Polygonatum sibircum Red. (PS); (D) the aerial part of
P. kingianum Coll. et Hemsl. (PK); (E) the aerial part of
P. cyrtonema Hua (PC); (F) the aerial part of P. filipes
Merr. (PF); (G) the aerial part of P. odoratum (Mill.)
Druce (PO); (H) the rhizome morphology of PS; (I) the
rhizome morphology of PK; (J) the rhizome
morphology of PC; (K) the rhizome morphology of PF;
(L) the rhizome morphology of PO. (For interpretation
of the references to colour in this figure legend, the
reader is referred to the web version of this article.)

equation. The average of each indicator is calculated.

Freshweight = weightatharvest — weightatplanting

Determination of polysaccharide content

The polysaccharide content (X12) of Huangjing and Yuzhu was
determined by anthrone-sulfuric acid colorimetry using the method of
the Chinese Pharmacopoeia and previous work (Su et al., 2019). Each
batch of sample solution was repeated thrice and calculated according to
the anhydrous glucose standard curve.

Determination of saponin content

The saponin content (X13) was determined using vanillin-
CH3COOH-HCIO4 as the chromogenic reagent, as described in a previous
study. Each batch of sample solution was repeated thrice and calculated
according to the sarsasapogenin standard curve (Ye et al., 2017; Zhang
et al., 2020).
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Collection of NIR spectra

Due to the small sample size of Yuzhu, Huangjing was chosen to
establish the NIR quantitative model. To acquire spectra, equal amounts
of dried sample powder were collected using an integrating sphere
diffuse reflectance sampling system with an Antaris II FT-NIR spec-
trometer (Thermo Fisher Scientific, Madison, WI, USA) and TQ Analyst
spectral analysis software. To obtain reproducible results, all NIR
spectra were recorded 64 times with background air as a blank standard.
The spectra ranged from 10,000 cm™! to 4,000 cm ™' with a spectral
resolution of 8 em™!, and each sample was analyzed thrice at room
temperature (about 25°C) to average the spectra for subsequent opera-
tions (Yu et al., 2022) (Fig. 4).

Spectral pretreatment

Unnecessary information in the spectra can introduce impurity var-
iables and reduce model robustness; therefore, the spectra are usually
preprocessed to reduce the impact caused by these variables (Wu et al.,
2022). Commonly used spectral preprocessing methods, including
Savitzky-Golay (SG) filtering, standard normal variate (SNV), multi-
plicative signal correction (MSC), and Savitzky—Golay first derivation
(FD) and second derivation (SD), is used to remove or reduce unwanted
variations in the NIR spectra. The effectiveness of these preprocessing
methods is compared by building regression models of the original and
preprocessed spectra in a full spectral range.

Outlier identification and design of sample sets

Outliers may lead to incorrect results in multivariate analysis and
significantly reduce the quality of the model developed. Seven spectral
outliers were rejected using principal component analysis (PCA) and
martingale distance (Xiao et al., 2014; Zhu et al., 2021). Of the 64
spectral samples from Huangjing, 54 were randomly selected as the
calibration set and the remaining 10 as the prediction set to generate the
regression model.

Partial least squares (PLS) regression

PLS regression was used for model development (Shi et al., 2022;
Xiao et al., 2014). The optimal number of factors for the PLS model was
selected based on the variations in the residual variance. The model
robustness was evaluated in terms of R? of calibration (Rcal) and pre-
diction (Rp), root mean square error of calibration (RMSEC), root mean
square error of prediction (RMSEP), and residual prediction deviation
(RPD).

Statistical analysis

Statistical and factor analyses were performed using SPSS 22 (SPSS
Inc., Chicago, IL, USA) software. Data are expressed as the mean +
standard deviation (SD) and statistically compared using F-test or one-
way ANOVA (two-tailed analysis). p < 0.05 was considered a signifi-
cant difference, and p < 0.01 was considered a highly significant dif-
ference. Orthogonal partial least squares-discriminant analysis (OPLS-
DA) was performed using SIMCA-P software (version 14.1, Umetrics,
Umea, Sweden). The data were plotted and analyzed using GraphPad
Prism 8 and Origin 2021b. Raw NIR spectra and model building were
performed using TQ Analyst spectral analysis software (Thermo Fisher
Scientific). The spectra were preprocessed using Unscrambler X 10.4
chemometrics software (Camo Process, Oslo, Norway).

Food Chemistry: X 17 (2023) 100585

Results and discussion
Analysis of agronomic and quality traits

Discriminant analysis of Polygonatum species using the OPLS-DA model

The agronomic and quality traits (including X1-X13) of different
Polygonatum species differed significantly (Table S4). OPLS-DA is often
used as an effective method for sample classification (Kang et al., 2022).
To study the agronomic and quality traits, 75 samples of five Polygo-
natum species were studied using 13 agronomic and compositional in-
dicators as variables in a supervised OPLS-DA mode, and the
corresponding models were obtained (Fig. 2A). The cumulative
explanatory power parameters, R2X and R2Y, were 0.761 and 0.617,
respectively, both being > 0.5, indicating that the model was stable and
reliable with a strong predictive ability and could be used to distinguish
different Polygonatum species. The OPLS-DA score plot revealed evident
differences among the five Polygonatum species, with PC mainly
concentrated on the left side of the x-axis and PF on the right side of the
x-axis and lower side of the y-axis. The agronomic and quality traits of
PC and PF were generally different from those of other Polygonatum
species.

Variable importance in the projection (VIP) is primarily used to
explain the contribution of the variables to the model (Du et al., 2021;
Kang et al., 2022). To screen the major indicators observed in the five
Polygonatum species, the VIP was calculated in the OPLS-DA model, and
13 traits were ranked based on their VIP values (Fig. 2B). The compo-
nent’s contribution to the resulting differences increases with increasing
VIP value. The VIP values of seven indicators, including yield, saponin
content, polysaccharide content, leaf width, stem diameter, inflores-
cence length, and floret inflorescence length, were > 1.0, indicating the
differences across different Polygonatum species.

Yield of Polygonatum species

The yield of Huangjing and Yuzhu cultivated in a common garden
was not statistically different according to the comparison between the
variability of the seven major indicators (Fig. 3A). This may be due to
the large intraspecific variations. PC had the highest yielding prove-
nances among the five species, 1.89 times the mean value of the
remaining three Huangjing species. The yields of PC and PK were
significantly higher than those of PS and PF; however, there was no
significant difference between PC and PK and PS and PF. Huangjing is
widely distributed in China. PS is mainly distributed in northern China,
i.e., Heilongjiang, Jilin, Inner Mongolia, Shanxi, and Hebei. PK is mainly
produced in Yunnan and Guizhou; however, its production has reduced
after being introduced in Zhejiang due to environmental discomfort
(Yang et al., 2022). Although PF originated from Zhejiang and its sur-
rounding areas, owing to the plant characteristics, its rhizomes are thin
and long, and its yield is not high (Zhao et al., 2018). PF has been used in
some folk health products but is not worth further promoting.

Considering the four provenances with a fresh yield of >500 g/plant,
numbered PC9 (Jingning, Zhejiang), PC63 (Pan’an, Zhejiang), PC26
(Xiushui, Jiangxi), and PC42 (Taining, Fujian), it is reasonable that the
theoretical yield may reach 7.5 tons when 15,000 plants are cultivated
per hectare in the forest. This result is consistent with the previous
report that Huangjing can be cultivated in mountainous forest land
without occupying farmland, which has great potential as food owing to
its high yield and rich nutrients and functional substances (Si & Zhu,
2020).

Saponin and polysaccharide contents of Polygonatum species

There were significant differences in the saponin content among five
Polygonatum species (Fig. 3B). The saponin content of PK was 10.54 %,
significantly higher than PC, PS, and PF, and that of PC was 7.83 %,
significantly higher than PS and PF. However, there was no significant
difference between PS and PF. The polysaccharide content ranged from
25.30 % to 6.24 % in the Polygonatum species (Fig. 3C). The differences
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Fig. 2. The plants of 5 different species from Polygonatum genus of Orthogonal Partial Least Squares-Discriminant Analysis (OPLS-DA). (A) Score plot. (B) Variable
importance in the projection (VIP). Diagram: Green means the VIP value > 1. X1: Stem length/cm, X2: Stem diameter/mm, X3: Leaf length/cm, X4: Leaf width/cm,
X5: Inflorescence length/cm, X6: Inflorescence diameter/mm, X7: Floret inflorescence length/cm, X8: Fruit number of each infructescence, X9: The length of rhizome
first node/cm, X10: The width of rhizome first node/cm, X11: Yield per plant/g, X12: Polysaccharide content/%, X13: Saponin content/%. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of this article.)

in polysaccharide content were higher for Yuzhu than for Huangjing.
The polysaccharide content of PF was significantly higher than that of PS
and PK, and there was no significant difference between PS, PC, and PK.

The fluctuation range of saponin was 7.74 times, and that of poly-
saccharide was 4.05 times. The change of saponin is larger than that of
polysaccharide, indicating that the polysaccharides accumulation is less
affected by heredity than saponins. In the common garden experiment,
the intraspecific differences in polysaccharide content were greater than
the interspecific differences. A common garden experiment with Isatis
indigotica Fort. demonstrated that the polysaccharide content of
different provenances was relatively stable, and that of the same prov-
enance in different growing areas was significantly different (Han et al.,
2022). This indicates that polysaccharide accumulation as energy stor-
age materials may be strongly related to ecological factors such as the
cultivation environment. Saponin accumulation is also correlated with
environmental factors; a change in elevation affects the total saponin
accumulation in Panax ginseng (Ma et al., 2021).

Other agronomic traits of Polygonatum species

There was no significant difference in the leaf widths of Huangjing
and Yuzhu. PC leaf width was significantly higher than PS and PK. PF
leaf width was significantly higher than PS and PK, and there was no
difference between PS and PK. The difference in stem diameter was
significantly higher in Huangjing than in Yuzhu; it was significantly
higher in PC than in PS, PK, and PF, while there was no significant
difference among the three species. The stem diameter of PC was 1.55
times the mean value of the four species. Further, there was no signifi-
cant difference in inflorescence lengths of Huangjing and Yuzhu. The
inflorescence length of PF was significantly higher than that of PS, PK,
and PC, and PC was significantly higher than that of PS, with no sig-
nificant differences between PC and PK and PS and PK. There was no
significant difference in floret inflorescence lengths of Huangjing and
Yuzhu. The floret inflorescence length of PC was significantly higher
than that of PS and PK, with no significant difference with PF. PF was
significantly higher than PK and not significantly different from PS;
there was no significant difference between PS and PK. The floret
inflorescence length of PC was 1.45 times the mean value of the four
species. Although there are evident agronomic trait variations among
species, the variation range of aboveground PC and PF parameters after
artificial cultivation is vast and easily misinterpreted. These differences
should be considered during their production.

Thus, the common garden experiment results indicate that PC is
more suitable for cultivation in Zhejiang and similar surrounding areas.

Diversity analysis of different provenances of P. cyrtonema

The agronomic and quality traits of 43 different provenances of PC
were investigated to identify a suitable provenance for introducing PC
for cultivation in Zhejiang (Table S4). To obtain stable and high yields in
practical production and application, high-quality varieties with high-
quality traits should be selected. The coefficient of variation is a mea-
sure of the variation range and degree of characters (Xu et al., 2021).
The coefficients of variation of the agronomic and quality traits of Pol-
ygonatum species were, in descending order, total inflorescence diameter
(42.93 %), fruit number of each infructescence (37.73 %), yield (34.62
%), leaf length (29.02 %), inflorescence length (28.42 %), poly-
saccharide content (27.55 %), stem length (25.04 %), saponin content
(24.63 %), the width of rhizome first node (24.45 %), the length of
rhizome first node (23.55 %), floret inflorescence length (21.33 %), stem
diameter (18.30 %), and leaf width (14.57 %) (Table 1). The large
variations in line with the high genetic diversity which related to wide
geographical distribution of PC in China (Liu et al., 2020).

The yield of PC ranged from 104.83 g to 647.54 g fresh weight per
plant, and polysaccharide and saponin contents ranged from 6.24 % to
20.31 % and 3.26 % to 11.82 %, respectively. These indicators were
greatly influenced by provenance differences and showed great poten-
tial for PC variety breeding.

Analysis of different geographical provinces of P. cyrtonema

Forty-three different PC provenances from six geographical prov-
inces were selected, and their agronomic and quality traits were
compared (Fig. 1 and Table S5). The stem lengths of PC from the
different germplasms ranged from 11.00 to 177.67 cm, with those from
Hunan Province being the tallest (average length 158.47 cm), Hubei
Province being the shortest (average length 103.35 cm), and Zhejiang,
Anhui, Jiangxi, and Fujian Provinces having no significant differences.
The stem diameter of different germplasms ranged from 6.47 to 14.17
cm, with that from Hunan Province being significantly higher than those
from Anhui and Hubei. There was no significant difference in the stem
diameters of the genotypes from the Hunan and Hubei Provinces and
those from Zhejiang, Jiangxi, and Fujian. The leaf width of PC in
different geographical provinces ranged from 4.05 to 8.80 cm, with that
of plants from Hubei Province being significantly lower than those from
Zhejiang, Anhui, Jiangxi, and Fujian Provinces. There was no difference
between the leaf width of plants from Hubei and Hunan Provinces and
those from Hunan Province and Zhejiang, Anhui, Jiangxi, and Fujian
Provinces.
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Fig. 3. Comparison of the variability of traits among 5 different species of Polygonatum genus. (A) Yield per plant, (B) Saponin content, (C) Polysaccharide content,
(D) Leaf width, (E) Stem diameter, (F) Inflorescence length, (G) Floret inflorescence length (*: P < 0.05; **: P < 0.01; ***: P < 0.001; ****: P < 0.0001).

The average fruit number of each infructescence in different
geographical provinces of PC ranged from 3.5 to 13.2, with that from
Hunan Province being significantly higher than those from the
remaining five provinces. There was no difference in the provenance in
the remaining five provinces. The length of the rhizome first node of PC
in different geographical provinces ranged from 1.79 to 7.24 cm, with
those from Jiangxi Province being significantly higher than that from
Hunan Province, and the plants from both provinces were not signifi-
cantly different from those from the remaining four geographical
provinces. The width of the rhizome first node of PC from different
geographical provinces ranged from 1.68 to 5.36 cm, with those from
Hunan Province being significantly higher than those from Anhui,
Jiangxi, and Hubei Provinces. There was no significant difference be-
tween the plants from these provinces and those from Hunan, Zhejiang,
and Fujian Provinces. The width of the rhizome first node of the plants

from the Hubei Province was significantly lower than that of the Hunan,
Zhejiang, and Jiangxi Provinces seeds.

The yield of PC in different geographical provinces ranged from
104.83 to 647.54 g. Although the yield difference among the four
provinces was not statistically significant, the average yield from Zhe-
jiang, Anhui, Jiangxi, and Fujian Provinces was relatively high. The
polysaccharide content of PC in different geographical provinces ranged
from 6.24 % to 20.31 %, with that from the plants in Hunan Province
being significantly higher than that in Zhejiang, Anhui, Fujian, and
Hubei, and there was no difference among the polysaccharide content
from the plants in the four geographical provinces. Moreover, the leaf
length of PC ranged from 9.3 to 47.37 cm, the inflorescence length
ranged from 1.37 to 4.78 cm, the inflorescence diameter ranged from
0.53 to 4.29 cm, floret inflorescence length ranged from 1.20 to 3.76 cm,
and saponin content ranged from 3.26 to 11.82 % among different
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Fig. 4. The spectra and quantitative calibration model of Huangjing by Near-infrared (NIR) Spectroscopy. (A) All NIR spectra of samples of Huangjing; (B) The
saponin predicted values versus measured values of samples of Huangjing by NIR; (C) The polysaccharide predicted values versus measured values of samples of

Huangjing by NIR.

Table 1

Analysis of coefficient of variation of agronomic and quality traits of 43 different provenance of P. cyrtonema.
Traits Min Max Average SD cv
Stem length/cm (X1) 11.00 177.67 124.92 31.28 25.04 %
Stem diameter/mm (X2) 6.47 14.17 10.03 1.84 18.30 %
Leaf length/cm (X3) 9.30 47.37 20.99 6.09 29.02 %
Leaf width/cm (X4) 4.05 8.80 6.76 0.98 14.57 %
Inflorescence length/cm (X5) 1.37 4.78 2.82 0.80 28.42 %
Inflorescence diameter/mm (X6) 0.00 4.29 1.53 0.66 42.93 %
Floret inflorescence length/cm (X7) 1.20 3.76 1.93 0.41 21.33 %
Fruit number of each infructescence (X8) 3.50 13.20 5.93 2.24 37.73 %
Length of rhizome first node/cm (X9) 1.79 7.24 4.72 1.11 23.55 %
Width of rhizome first node/cm (X10) 1.68 5.36 3.36 0.82 24.45%
Yield per plant/g (X11) 104.83 647.54 332.71 115.20 34.62 %
Polysaccharide content/% (X12) 6.24 20.31 12.35 3.40 27.55 %
Saponin content/% (X13) 3.26 11.82 7.54 1.86 24.63 %

(Note: Min, minimum; Max, maximum; SD, standard deviation; CV, coefficient of variation).

provenances. None of the five indicators were significantly different
among different geographical provinces. This result indicates that leaf
length, inflorescence length, inflorescence diameter, floret inflorescence
length, and saponin content are less influenced by environmental factors
in different geographical provinces and more likely to be determined by
themselves. The performance of traits of PC in six geographical prov-
inces analyzed using the systematic clustering method (Figure S1)
showed that the PC from six geographical provinces could be classified
into three taxa. Zhejiang, Fujian, and Anhui provenances have good
agronomic and quality traits with high similarity. Jiangxi and Hunan
provenances are similar, and Hubei provenances are a separate class.
The genetic variations in PC were closely related to mountains (Liu et al.,
2020; Xia et al., 2022). The Tianmu Mountains separate Anhui and
Zhejiang, whereas the Donggong Mountains separate Zhejiang and
Fujian, explaining the similarity between the provenances of these three
provinces.

Comprehensive analysis of different provenances of P. cyrtonema

Factor analysis is currently the primary technique for product quality
and authenticity evaluation (Kuang et al., 2022). The factor analysis of
13 agronomic and quality traits of 43 PC provenances shows that the
cumulative contribution of the first five principal components was
69.52 % (Table S6), indicating that these principal component factors
contained information on agronomic and quality traits of PC. Hence, the
first five principal components could be used for their comprehensive
evaluation. Because the factor loadings were not sufficiently clear, the
maximum variance method was used to rotate the common factors, and
the rotated factor loading matrix was obtained (Table S7). The contri-
bution of the first principal factor was 17.43 %, with an eigenvalue of
2.27, which was mainly determined by two agronomic traits, the fruit
number of each infructescence and stem length, with positive loadings.
The contribution of the second principal factor was 14.63 %, with an
eigenvalue of 1.90, which was mainly determined by the two rhizome
first node traits, the length, and width of the rhizome first node, with
positive loadings. The third main factor contributed 13.43 % with an
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eigenvalue of 1.75, which was mainly determined by the two yield
factors, yield and stem diameter, with positive loadings. The fourth main
factor contributed 12.32 % with an eigenvalue of 1.60, which was
mainly determined by two appearance factors, leaf length and stem
length, with positive loadings. The fifth principal factor contributed
11.71 % with an eigenvalue of 1.52 and was mainly determined by two
composition factors, saponin content and small inflorescence length,
with positive loading values.

The comprehensive analysis of PC from different provenances using
five main factors was used to establish a comprehensive evaluation data
model. The model was used to calculate the integrated scores of agro-
nomic and quality traits of different PC provenances, and the results
were ranked by the integrated scores for excellence (Table S8).

Cluster analysis of different provenances of P. cyrtonema

The combined scores of the 43 provenances for the performance
traits were clustered and analyzed using the systematic clustering
method (Figure S2). The results indicated that the specific relationship
pattern between PC quality and their provenance was unclear. This
finding is similar to the previous conclusion that 25 batches of PC
samples were not different based on HPLC fingerprint. Most components
did not significantly correlate with longitude, latitude, altitude, and
other environmental factors (Zhou et al., 2021). Plants often adapt to the
environment by changing their genotype to change their characters over
a long period. Therefore, the characters reflected due to the short-term
change in the growth environment are still determined by their orig-
inal adaptive environment.

Correlation analysis of different provenances of P. cyrtonema

China’s rich ecological climate and geographical conditions have led
to the situation that there are many places of origin of Chinese herbal
medicine, and PC is one of them (Che et al., 2022). Blind introduction
and expansion may lead to a sharp decline in the quality and yield, so it
is necessary to study the relationship between the suitability of Chinese
medicinal materials and environmental factors (Chen et al., 2006).
Detailed and accurate geographical and ecological attribute data of
medicinal materials are the basis for the accuracy of analysis results
(Chen et al., 2006; Shen et al., 2019). In this study, 19 climatic factors,
including temperature and precipitation, during different seasons were
discussed (Hu et al., 2017). The correlation analysis of agronomic and
quality traits of different PC provenances with their geographical loca-
tion, temperature, and precipitation factors is shown in Figure S3. The
stem length was positively correlated with the annual mean tempera-
ture, the maximum temperature of the warmest month, the minimum
temperature of the coldest month, the mean temperature of the driest
quarter, the mean temperature of the warmest quarter, the mean tem-
perature of the coldest quarter, stem diameter, leaf length, leaf width,
inflorescence length, fruit number of each infructescence, the width of
rhizome first node, and saponin content. This finding is similar to that of
the Epimedium sagittatum study, in which stem length was positively
correlated with main stem diameter, leaf length, and leaf width (Luo
et al., 2022).

Stem diameter was positively correlated with the annual mean
temperature, minimum temperature of the coldest month, mean tem-
perature of the driest quarter, mean temperature of the coldest quarter,
leaf width, floret inflorescence length, fruit number of each infructes-
cence, the width of rhizome first node, and yield. Previous studies have
also shown the positive correlation between stem diameter and yield.
The study on the agronomic and quality traits of Tetrastigma hemsleya-
num from different provenances revealed that plant-type factors such as
stem diameter are significantly related to its quality (Xu et al., 2021).
The stem is the main harvesting organ of sweet sorghum, and the stem
diameter critically affects its yield (Zhao et al., 2008). The high yield of
northern japonica rice at the end of the 20th century is positively
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correlated with short and sturdy stems, long leaves, and large spikes
(Chen et al., 2007).

Leaf length was negatively correlated with temperature seasonality
and annual temperature range and positively correlated with annual
mean temperature, isothermality, the maximum temperature of the
warmest month, mean temperature of the driest quarter, mean tem-
perature of the coldest quarter, precipitation of the wettest month,
precipitation of the coldest quarter, the width of rhizome first node, and
yield. Leaf width was negatively correlated with elevation and precipi-
tation of the warmest quarter and positively correlated with the
maximum temperature of the warmest month, mean temperature of the
driest quarter, precipitation of the driest month, precipitation of the
wettest quarter, precipitation of the coldest quarter, inflorescence
diameter, and the length and width of rhizome first node. The leaf
phenotypic traits of Albizia odoratissima from different provenances are
strongly influenced by latitude, average annual temperature, and
average annual sunlight (Gao et al., 2022).

Inflorescence length was negatively correlated with annual precipi-
tation and precipitation of the coldest quarter and positively correlated
with the fruit number of each infructescence. Inflorescence diameter
was positively correlated with the fruit number of each infructescence.
Floret inflorescence length was positively correlated with temperature
seasonality and saponin content. The fruit number of each infructes-
cence was positively correlated with the annual mean temperature, the
maximum temperature of the warmest month, minimum temperature of
the coldest month, and mean temperature of the warmest quarter.

The length of the rhizome first node was negatively correlated with
elevation and mean temperature of the wettest quarter and positively
correlated with temperature seasonality, the maximum temperature of
the warmest month, the annual temperature range, and the mean tem-
perature of the warmest quarter. The width of the rhizome first node was
negatively correlated with elevation and temperature annual range and
positively correlated with the annual mean temperature, the maximum
temperature of the warmest month, minimum temperature of the coldest
month, and mean temperatures of the driest, warmest, and coldest
quarters. Temperature is the primary factor affecting the distribution
and quality of Panax ginseng and P. quinquefolium, whose roots are also
used in medicine (Dong, 2011).

The yield was positively correlated with the mean diurnal range,
mean temperature of the driest quarter, annual precipitation, and pre-
cipitation of the wettest and driest months and driest, wettest, and
coldest quarters.

Overall, the agronomic traits of different provenances of P. cyrtonema
were related to the location and temperature, whereas the quality traits
were strongly related to the precipitation of the provenance environ-
ment. Temperature and rainfall affect the accumulation of effective
substances in Salvia officinalis L., thus affecting its efficacy (Generali¢
Mekinic et al., 2019). Precipitation affects the accumulation of chemical
substances in raw coffee beans, thus affecting their flavor quality
(Mendes et al., 2022). Annual precipitation can improve secondary
metabolite contents in Ziziphus jujuba Mill. (Wang et al., 2022).

Establishment of the quantitative calibration model using NIRS

Polysaccharide and saponin contents are important indicators for
evaluating Huangjing quality (Zhang et al., 2019). Therefore, the
quantitative determination of its polysaccharide and saponin contents is
highly important for their use and quality evaluation. PF had the highest
polysaccharide content of 15.52 + 2.61 %, whereas PS, PK, and PC
contained 10.59 + 2.44 %, 11.05 + 2.24 %, and 12.35 + 3.40 % of
polysaccharides, respectively. PK had the highest saponin content with
10.69 + 3.51 %, whereas the saponin contents of PS, PC, and PF were
4.6 £ 1.03 %, 7.54 £ 1.86 %, and 4.54 + 2.25 %, respectively
(Table S4). At present, the traditional colorimetric method is more
widely used to determine polysaccharide and saponin contents.
Although its results are more realistic and reliable, the whole process is



S. Liao et al.

time-consuming and labor-intensive, rendering it unsuitable for deter-
mining the contents of large quantities. This disadvantage can be greatly
mitigated by combining NIRS with chemometrics to establish a rapid
quantitative technique (Xie et al., 2009).

Sixty-four Huangjing samples were randomly divided into calibra-
tion and prediction sets, their content ranges are shown in Table SO.
First, the conditions were optimized using the calibration set to generate
a prediction model, which was then validated using the prediction
dataset. The spectra collected by NIRS are easily affected by solid
powder particle size and homogeneity, subjecting the measured spectra
to baseline shift and drift. In addition, the number of principal compo-
nents remarkably influences model predictiveness and accuracy. An
extremely high number of principal components will complicate the
model, and overfitting will occur. An extremely low number of principal
components will provide incomplete information and reduce the
model’s predictiveness (Zhou et al., 2018). Therefore, the spectral pre-
processing method and the number of principal component factors for
screening must be optimized to enhance the model accuracy by calcu-
lating the Rp, Rcal, RMSEC, RMSEP, and RPD values of the model.
Higher Rp and Rcal and lower RMSEC and RMSEP values indicate better
model performance (Zhu et al., 2021). The RPD value is usually used to
evaluate the model performance comprehensively; models with RPD <
1.4 indicate unstable performance, models with 1.7 < RPD < 2.4 can be
used for quantitative grading, and models with RPD > 2.4 are excellent
and reliable (Zhu et al., 2021).

Determination of the total saponin contents in Huangjing using NIRS

The model results obtained after different spectral preprocessing
methods and PCA factor number screening indicate that the model re-
sults are better at full wavelength based on SNV with a PCA factor of 12,
R? 0f 0.91812 and 0.91698, and RMSEC and RMSEP values of 1.04 and
1.48, respectively (Table 2). The RPD value was 2.25, indicating that
this model has great potential for quantitatively grading Huangjing
saponin content.

Moreover, the measurement and prediction results indicate that
NIRS combined with chemometrics can effectively predict the saponin
content of Huangjing (Fig. 4). This method can accurately predict iso-
flavone and saponin contents in ground soybean (Berhow et al., 2020),
indicating that the combination of NIRS technology and chemometric
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method can be applied to the rapid non-destructive detection of
Huangjing quality.

Determination polysaccharide contents of Huangjing by NIRS

Table S10 shows the model of the quantification of Huangjing
polysaccharide content derived after various spectral preprocessing
methods and PCA factor number screening. The model results were
better at full wavelength based on SNV and PCA factor number 6, with
R? of 0.61605 and 0.44498 and RMSEC and RMSEP values of 2.73 and
3.17, respectively. The RPD value was 1.15, indicating that this model
can only be used for the preliminary screening of Huangjing poly-
saccharide content. The measured and predicted results are shown in
Fig. 4. A previous study successfully established a quantitative detection
model of Schisandra chinensis polysaccharide using NIRS and chemo-
metrics, validating the feasibility of NIRS for the non-destructive
detection of polysaccharides in medicinal products (Wu et al., 2022).

The method of NIRS with chemometrics was used to rapidly detect
the content of saponins in Huangjing, which proved the feasibility of
using NIRS for quantitative detection of chemical substances in
Huangjing.

Conclusions

In this study, we analyzed the agronomic and quality traits of five
Polygonatum species, a medicinal herb, using a common garden located
in Hangzhou, Zhejiang. Significance testing and cluster analysis
revealed that Huangjing differs from Yuzhu in both agronomic and
quality traits. P. cyrtonema is more suitable for introduction and culti-
vation in Zhejiang Province and similar districts considering its yield
and quality, and the germplasm resources in Zhejiang, Fujian, and Anhui
are similar. In addition, correlation analysis revealed that the stem
diameter is positively correlated with yield, which provided a basis for
the preliminary assessment of the quality of Huangjing. Future research
needs to conduct more extensive scale provenance experiments to pro-
vide a reference for the introduction and cultivation in more regions.

Moreover, an effective PLS regression model for the rapid determi-
nation of polysaccharide and saponin contents in Huangjing was
established based on NIRS and chemometric analysis. Compared with
the conventional chemical method, the NIRS model is more efficient and

Table 2
PLS regression models for total saponin prediction of Huangjing by NIR.
Structure of model Parameters Rcal RMSEC Rp RMSECP RPD
Spectral pretreatment methods RAW 0.81253 1.53 0.78329 1.93 1.72
MSC 0.84171 1.42 0.81915 1.86 1.79
MSC + FD 0.96336 0.704 0.75194 2.16 1.54
MSC + SD 0.99956 0.777 0.53837 2.74 1.21
MSC + SG 0.8416 1.42 0.81915 1.86 1.79
MSC + SG + FD 0.95073 0.814 0.75040 2.15 1.55
MSC + SG + SD 0.99159 0.34 0.60975 2.56 1.30
SNV 0.84293 1.42 0.81941 1.86 1.79
SNV + FD 0.96324 0.705 0.75162 2.16 1.54
SNV + SD 0.99956 0.0776 0.53921 2.74 1.21
SNV + SG 0.84228 1.42 0.81941 1.86 1.79
SNV + SG + FD 0.95052 0.816 0.74978 2.15 1.55
SNV + SG + SD 0.99137 0.344 0.61365 2.55 1.30
Number of factors 1 0.70071 1.87 0.73789 2.30 1.45
2 0.74514 1.75 0.74105 2.27 1.46
3 0.76983 1.68 0.81720 1.91 1.74
4 0.80998 1.54 0.78695 1.93 1.72
5 0.82672 1.48 0.79091 1.94 1.71
6 0.84293 1.42 0.81941 1.86 1.79
7 0.86980 1.30 0.88218 1.62 2.05
8 0.88008 1.25 0.87446 1.63 2.04
9 0.89519 1.17 0.91394 1.39 2.39
10 0.90074 1.14 0.92711 1.38 2.41
11 0.90994 1.09 0.89214 1.57 2.12
12 0.91812 1.04 0.91698 1.48 2.25
13 0.93037 0.963 0.88052 1.75 1.90
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less labor-intensive. The preliminary screening and evaluation of the
quality of Huangjing by NIRS will remarkably benefit this industry and
its further utilization such as the quality grading of Huangjing and the
selection of raw materials for its products. The rapid detection of poly-
saccharide content in Huangjing needs to be improved.

Furthermore, the evaluation approaches of the PC germplasm re-
sources explored in this study provide a scientific basis for breeding
high-yielding and high-quality medicinal herbs. This will help protect
and cultivate its germplasm resources while promoting the development
of Huangjing as a forest crop and future food and industrial crop in
China.

Funding

The authors are grateful for supported from the Key R&D Projects in
Zhejiang Province (No0.2022C02076), National Key R&D Program of
China (No.2021YFD1000200), the Major Science and Technology Pro-
jects of Breeding New Varieties of Agriculture in Zhejiang Province
(N0.2021C02074), the Strategic Research and Consultation Project of
Chinese Academy of Engineering (NO.2022XY140) and Central Finance
Forestry Science and Technology Promotion Demonstration Fund Proj-
ect (2020TS16).

The projects also got the financial support from Xiushan County
government of Chongging.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability

Data will be made available on request.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.fochx.2023.100585.

References

Akpertey, A., Krah Adu-Gyamfi, P. K., & Dadzie, A. M. (2022). Genetic-base broadening
of Robusta coffee: Assessment of genetic variability for vigor and yield of introduced
germplasm. Ecological Genetics and Genomics, 25. https://doi.org/10.1016/j.
gg.2022.100151

Ali, M., Bahadur, S., Hussain, A., Saeed, S., Khuram, 1., Ullah, M., ... Akhtar, N. (2020).
Foliar epidermal micromorphology and its taxonomic significance in Polygonatum
(Asparagaceae) using scanning electron microscopy. Microscopy Research and
Technique, 83(11), 1381-1390. https://doi.org/10.1002/jemt.23529

Ali, M., Liu, Y. J., Xia, Q. P., Bahadur, S., Hussain, A., Shao, J. W., & Shuaib, M. (2021).
Pollen micromorphology of eastern Chinese Polygonatum and its role in taxonomy
by using scanning electron microscopy. Microscopy Research and Technique, 84(7),
1451-1461. https://doi.org/10.1002/jemt.23701

Bagchi, T. B., Sharma, S., & Chattopadhyay, K. (2016). Development of NIRS models to
predict protein and amylose content of brown rice and proximate compositions of
rice bran. Food Chemistry, 191, 21-27. https://doi.org/10.1016/j.
foodchem.2015.05.038

Ballentine, B., & Greenberg, R. (2010). Common garden experiment reveals genetic
control of phenotypic divergence between swamp sparrow subspecies that lack
divergence in neutral genotypes. PLoS Onel, 5(4), Article €10229. https://doi.org/
10.1371/journal.pone.0010229

Berhow, M. A, Singh, M., Bowman, M. J., Price, N. P. J., Vaughn, S. F., & Liu, S. X.
(2020). Quantitative NIR determination of isoflavone and saponin content of ground
soybeans. Food Chemistry, 317, Article 126373. https://doi.org/10.1016/j.
foodchem.2020.126373

Chai, Y., Luo, J., & Bao, Y. (2021). Effects of Polygonatum sibiricum saponin on
hyperglycemia, gut microbiota composition and metabolic profiles in type 2 diabetes
mice. Biomedicine & Pharmacotherapy, 143, Article 112155. https://doi.org/
10.1016/j.biopha.2021.112155

Che, X., Yu, X., Zheng, X., Qi, H., Liu, Y., & Li, m., & Xu, G.. (2022). Research and
Application Status of Suitable Area of Genuine Medicinal Materials in China. Chinese

10

Food Chemistry: X 17 (2023) 100585

Archives of Traditional Chinese Medicine, 40(07), 121-124. https://doi.org/10.13193/
j.issn.1673-7717.2022.07.031

Chen, D., Han, Z., & Si, J. (2021). Huangjing(Polygonati rhizoma) is an emerging crop
with great potential to fight chronic and hidden hunger. Science China(Life Sciences),
64(09), 1564-1566. https://doi.org/10.1007/s11427-021-1958-2

Chen, S., Wei, J., Sun, C., Liu, Z., Zhao, R., Wang, J., ... Xiao, X. (2006). Development of
TCMGIS-Iand its application in suitable producing area evaluation of Astragalus
membranaceus. Modernization of Traditional Chinese Medicine and Materia Medica-
World Science and Technology, 03, 47-53. https://doi.org/10.3969/].issn.1674-
3849.2006.03.011

Chen, W., Wang, W., Peng, M., Gong, L., Gao, Y., Wan, J., ... Luo, J. (2016). Comparative
and parallel genome-wide association studies for metabolic and agronomic traits in
cereals. Nature Communications, 7, 12767. https://doi.org/10.1038/ncomms12767

Chen, W., Xu, Z., Zhang, L., Zhang, W., & Ma, D. (2007). Theories and practices of
breeding Japonica Rice for super high yield. Scientia Agricultura Sinica, 05, 869-874.
https://doi.org/10.3321/j.issn:0578-1752.2007.05.001

de Villemereuil, P., Gaggiotti, O. E., Mouterde, M., & Till-Bottraud, I. (2016). Common
garden experiments in the genomic era: New perspectives and opportunities.
Heredity (Edinb), 116(3), 249-254. https://doi.org/10.1038/hdy.2015.93

Dong, L. (2011). Study on the correlations bewteen the quality characteristics of Panax
ginseng, Panax quinque folium and ecological factors [Master, Henan University of
Chinese Medicine].

Downer, S., Berkowitz, S. A., Harlan, T. S., Olstad, D. L., & Mozaffarian, D. (2020). Food
is medicine: Actions to integrate food and nutrition into healthcare. BMJ, 369,
Article m2482. https://doi.org/10.1136/bmj.m2482

Du, H., Chen, W, Lei, Y., Li, F., Li, H., Deng, W., & Jiang, G. (2021). Discrimination of
authenticity of Fritillariae Cirrhosae Bulbus based on terahertz spectroscopy and
chemometric analysis. Microchemical Journal, 168. https://doi.org/10.1016/j.
microc.2021.106440

Fahey, J. W., & Kensler, T. W. (2021). Phytochemicals: Do they belong on our plate for
sustaining healthspan? Food Frontiers, 2(3), 235-239. https://doi.org/10.1002/
fft2.81

Floden, A., & Schilling, E. E. (2018). Using phylogenomics to reconstruct phylogenetic
relationships within tribe Polygonateae (Asparagaceae), with a special focus on
Polygonatum. Molecular Phylogenetics & Evolution, 129, 202-213. https://doi.org/
10.1016/j.ympev.2018.08.017

Gao, F., Wen, s., Wei, S., Ou, H., Wang, Z., Liu, X., . . . Han, J. (2022). Variation analysis
of seed and leaf phenotypic traits of Albizia odoratissima from different provenances.
Journal of Central South University of Forestry & Technology, 1-10. https://kns.cnki.
net/kems/detail /43.1470.5.20221129.1625.002.html.

Generali¢ Mekini¢, L., Ljubenkov, 1., Smole Mozina, S., Abramovié, H., Simat, V.,
Katalini¢, A., ... Skroza, D. (2019). Abiotic factors during a one-year vegetation
period affect sage phenolic metabolites, antioxidants and antimicrobials. Industrial
Crops and Products, 141. https://doi.org/10.1016/j.indcrop.2019.111741

Han, W., Zhou, L., Wan, H., Fu, X., Xu, L., Sun, X., ... Wei, J. (2022). A comprehensive
comparison on root yield and content of polysaccharides and alkaloids from ten
germplasms of Isatis indigotica Fort. in two growing areas. Industrial Crops and
Products, 187. https://doi.org/10.1016/j.indcrop.2022.115254

Hu, X., Wang, T., Liu, S., Jiao, S., Jia, K., Zhou, S., ... Mao, J. (2017). Predicting future
seed sourcing of Platycladus orientalis (L.) for future climates using climate niche
models. Forests, 8(12). https://doi.org/10.3390/f8120471

Jiao, J. (2018). A study on germplasm resources of Polygonati rhizoma [Doctor, Northwest
A&F University].

Kang, C., Zhang, Y., Zhang, M., Qi, J., Zhao, W., Gu, J., ... Li, Y. (2022). Screening of
specific quantitative peptides of beef by LC-MS/MS coupled with OPLS-DA. Food
Chemistry, 387, Article 132932, https://doi.org/10.1016/j.foodchem.2022.132932

Kuang, L., Wang, Z., Zhang, J., Li, H., Xu, G., & Li, J. (2022). Factor analysis and cluster
analysis of mineral elements contents in different blueberry cultivars. Journal of Food
Composition and Analysis, 109. https://doi.org/10.1016/j.jfca.2022.104507

Li, X., Ma, R., Zhang, F., Ni, Z., Thakur, K., Wang, S., ... Zhao, J. W. (2021). Evolutionary
research trend of Polygonatum species: A comprehensive account of their
transformation from traditional medicines to functional foods. Critical Reviews in
Food Science and Nutrition, 1-18. https://doi.org/10.1080/10408398.2021.1993783

Liu, J., Li, Y., Chen, Y., Si, D., Zhang, X., Wu, S., ... Si, J. (2022). Water-soluble non-
starch polysaccharides of wild-simulated Dendrobium catenatum Lindley plantings on
rocks and bark of pear trees. Food Chem X, 14, 100309. https://doi.org/10.1016/j.
fochx.2022.100309

Liu, X., Si, J., Duan, C., & Liu, J. (2020). Study on genetic diversity and genetic variation
law of Polygonatum cyrtonema. Chinese Traditional and Herbal Drugs, 51(10),
2835-2841. https://doi.org/10.7501/].issn.0253-2670.2020.10.026

Liu, Y., & Zhang, Z. (2007). Quality of crude traditional chinese drugs and ecological
environment. World Science and Technology—Modernization of Traditional Chinese
Medicine and Materia Medica(01), 65-69. https://doi.org/10.3969/j.issn.1674-
3849.2007.01.017.

Luo, Q., Wei, S., Yang, L., & Yan, F. (2022). Diversity Analysis of Agronomic Characters
in Cultivation of Epimedium sagittatum. Molecular Plant Breeding, 1-17. https://kns.
cnki.net/kems/detail /46.1068.5.20221116.1703.026.html.

Ma, W., Wang, H., Zhang, W., Wang, S., Wan, X., Kang, C., & Guo, L. (2021). Effects of
ecological factors on shape and ginsenoside of Panax ginseng. China Journal of
Chinese Materia Medica, 46(08), 1920-1926. https://doi.org/10.19540/j.cnki.
¢jemm.20210123.102

Mendes, G.d. A., Oliveira, M. A. L., Rodarte, M. P., Anjos, V. C.d., & Bell, M. J. V. (2022).
Origin geographical classification of green coffee beans (Coffea a rabica L.) produced
in different regions of the Minas Gerais state by FT-MIR and chemometric. Current
Research in Food Science, 5, 298-305. https://doi.org/10.1016/j.crfs.2022.01.017


https://doi.org/10.1016/j.fochx.2023.100585
https://doi.org/10.1016/j.fochx.2023.100585
https://doi.org/10.1016/j.egg.2022.100151
https://doi.org/10.1016/j.egg.2022.100151
https://doi.org/10.1002/jemt.23529
https://doi.org/10.1002/jemt.23701
https://doi.org/10.1016/j.foodchem.2015.05.038
https://doi.org/10.1016/j.foodchem.2015.05.038
https://doi.org/10.1371/journal.pone.0010229
https://doi.org/10.1371/journal.pone.0010229
https://doi.org/10.1016/j.foodchem.2020.126373
https://doi.org/10.1016/j.foodchem.2020.126373
https://doi.org/10.1016/j.biopha.2021.112155
https://doi.org/10.1016/j.biopha.2021.112155
https://doi.org/10.13193/j.issn.1673-7717.2022.07.031
https://doi.org/10.13193/j.issn.1673-7717.2022.07.031
https://doi.org/10.1007/s11427-021-1958-2
https://doi.org/10.3969/j.issn.1674-3849.2006.03.011
https://doi.org/10.3969/j.issn.1674-3849.2006.03.011
https://doi.org/10.1038/ncomms12767
https://doi.org/10.3321/j.issn:0578-1752.2007.05.001
https://doi.org/10.1038/hdy.2015.93
https://doi.org/10.1136/bmj.m2482
https://doi.org/10.1016/j.microc.2021.106440
https://doi.org/10.1016/j.microc.2021.106440
https://doi.org/10.1002/fft2.81
https://doi.org/10.1002/fft2.81
https://doi.org/10.1016/j.ympev.2018.08.017
https://doi.org/10.1016/j.ympev.2018.08.017
https://doi.org/10.1016/j.indcrop.2019.111741
https://doi.org/10.1016/j.indcrop.2022.115254
https://doi.org/10.3390/f8120471
https://doi.org/10.1016/j.foodchem.2022.132932
https://doi.org/10.1016/j.jfca.2022.104507
https://doi.org/10.1080/10408398.2021.1993783
https://doi.org/10.1016/j.fochx.2022.100309
https://doi.org/10.1016/j.fochx.2022.100309
https://doi.org/10.7501/j.issn.0253-2670.2020.10.026
https://kns.cnki.net/kcms/detail/46.1068.S.20221116.1703.026.html
https://kns.cnki.net/kcms/detail/46.1068.S.20221116.1703.026.html
https://doi.org/10.19540/j.cnki.cjcmm.20210123.102
https://doi.org/10.19540/j.cnki.cjcmm.20210123.102
https://doi.org/10.1016/j.crfs.2022.01.017

S. Liao et al.

Nagy, M. M., Wang, S., & Farag, M. A. (2022). Quality analysis and authentication of
nutraceuticals using near IR (NIR) spectroscopy: A comprehensive review of novel
trends and applications. Trends in Food Science & Technology, 123, 290-309. https://
doi.org/10.1016/j.tifs.2022.03.005

Nobari Moghaddam, H., Tamiji, Z., Akbari Lakeh, M., Khoshayand, M. R., & Haji
Mahmoodi, M. (2022). Multivariate analysis of food fraud: A review of NIR based
instruments in tandem with chemometrics. Journal of Food Composition and Analysis,
107. https://doi.org/10.1016/j.jfca.2021.104343

Peng, X. (2018). Study on the relationship bewteen biological charactreistics and medicinal
morphology of the alternate leaves of Rhizoma Pologonatum [Master, Anhui University
of Chinese Medicine].

Puleo, S., Di Monaco, R., Luca Langellotti, A., & Masi, P. (2022). The origin of mussels
(Mytilus galloprovincialis): NIRS explanatory identification and the effect on
consumers. Food Chem X, 16, Article 100497. https://doi.org/10.1016/j.
fochx.2022.100497

Shen, L., Li, X. W., Meng, X. X., Wu, J., Tang, H., Huang, L. F., ... Chen, S. L. (2019).
Prediction of the globally ecological suitability of Panax quinquefolius by the
geographic information system for global medicinal plants (GMPGIS). Chinese
Journal of Natural Medicines, 17(7), 481-489. https://doi.org/10.1016/51875-5364
(19)30069-X

Shi, D., Hang, J., Neufeld, J., Zhao, S., & House, J. D. (2022). Estimation of crude protein
and amino acid contents in whole, ground and defatted ground soybeans by different
types of near-infrared (NIR) reflectance spectroscopy. Journal of Food Composition
and Analysis, 111. https://doi.org/10.1016/].jfca.2022.104601

Shi, Y., Si, D., Chen, D., Zhang, X., Han, Z., Yu, Q., ... Si, J. (2023). Bioactive compounds
from Polygonatum genus as anti-diabetic agents with future perspectives. Food
Chemistry, 408. https://doi.org/10.1016/j.foodchem.2022.135183

Si, J., & Zhu, Y. (2020). Polygonati rhizoma—a new high-quality crop with great
potential and not occupying farmland. Science in China, 1-8.

Su, W., Liu, Y., Jiang, Y., Xie, J., Pan, X., Liu, J., & Si, J. (2018). Status of Polygonati
Rhizome industry and suggestion for its sustainable development. China Journal of
Chinese Materia Medica, 43(13), 2831-2835. https://doi.org/10.19540/j.cnki.
¢jemm.20180329.002

Su, W., Xie, J., Pan, X., Liu, J., & Si, J. (2019). Temporal and spatial variation of
polysaccharides and alcohol-soluble extractives of Polygonatum cyrtonema. China
Journal of Chinese Materia Medica, 44(2), 270-273. https://doi.org/10.19540/j.cnki.
¢jemm.20181106.008

VanWallendael, A., Lowry, D. B., & Hamilton, J. A. (2022). One hundred years into the
study of ecotypes, new advances are being made through large-scale field
experiments in perennial plant systems. Current Opinion in Plant Biology, 66, Article
102152. https://doi.org/10.1016/j.pbi.2021.102152

Wang, C., & Duan, B. (2018). Deternation and analysis of polysaccharide in Polygonatum
kingianum from different planting bases in Yunnan. Journal of Dali University, 3(02),
14-17. https://doi.org/10.3969/j.issn.2096-2266.2018.02.004

Wang, C., Wang, R., Fu, C., Jiang, X., Li, X., Han, G., & Zhang, J. (2022). Combining
bioactive compounds and antioxidant activity profiling provide insights into
assessment of geographical features of Chinese jujube. Food Bioscience, 46. https://
doi.org/10.1016/j.tbio.2022.101573

Wu, L., Gao, Y., Ren, W,, Su, Y., Li, J.,, Du, Y., ... Kuang, H. (2022). Rapid determination
and origin identification of total polysaccharides contents in Schisandra chinensis by
near-infrared spectroscopy. Spectrochimica Acta. Part A, Molecular and Biomolecular
Spectroscopy, 264, Article 120327. https://doi.org/10.1016/j.saa.2021.120327

Xia, M., Liu, Y., Liu, J., Chen, D., Shi, Y., Bai, Z., ... Qiu, Y. (2021). A new synonym of
Polygonatum in China, based on morphological and molecular evidence. PhytoKeys,
175(1), 137-149. https://doi.org/10.3897/phytokeys.175.63383

Xia, M., Liu, Y., Liu, J., Chen, D., Shi, Y., Chen, Z,, ... Qiu, Y. (2022). Out of the
Himalaya-Hengduan Mountains: Phylogenomics, biogeography and diversification
of Polygonatum Mill. (Asparagaceae) in the Northern Hemisphere. Molecular
Phylogenetics and Evolution, 169, Article 107431. https://doi.org/10.1016/j.
ympev.2022.107431

Xiao, L., Wei, H., Himmel, M. E., Jameel, H., & Kelley, S. S. (2014). NIR and Py-mbms
coupled with multivariate data analysis as a high-throughput biomass

11

Food Chemistry: X 17 (2023) 100585

characterization technique: A review. Frontiers in plant science, 5, 388. https://doi.
org/10.3389/fpls.2014.00388

Xie, L., Ye, X., Liu, D., & Ying, Y. (2009). Quantification of glucose, fructose and sucrose
in bayberry juice by NIR and PLS. Food Chemistry, 114(3), 1135-1140. https://doi.
org/10.1016/j.foodchem.2008.10.076

Xu, F., Jiang, M., Chai, W., Xu, X., Jin, M., Liang, Z., & Han, R. (2021). Factor analysis
and cluster analysis of agronomic traits and quality traits of Tetrasigma
hemsleyanum from different provenances. Journal of Zhejiang Sci-Tech University, 45
(03), 408-415. https://doi.org/10.3969/j.issn.1673-3851(n).2021.03.015

Yang, B., Huang, J., Zheng, S., Tang, M., Ma, Y., Xia, N., ... Wang, Z. (2022). Component
Analysis of Polygonatum sibiricum, Polygonatum cyrtonema and Polygonatum
kingianum Based on UPLC-Q/TOF - MS Technology. Acta Chinese Medicine and
Pharmacology, 50(10), 43-51. https://doi.org/10.19664/j.cnki.1002-2392.220225

Ye, Q., Jiang, Y., Feng, J., Feng, K., Xie, C., & Liu, J. (2017). Correlation between
environmental factors and active constituents of Polygonatum cyrtonema. Journal of
Zhejiang A & F University, 34(01), 192-196. https://doi.org/10.11833/j.issn.2095-
0756.2017.01.026

Yelithao, K., Surayot, U., Park, W., Lee, S., Lee, D.-H., & You, S. (2019). Effect of sulfation
and partial hydrolysis of polysaccharides from Polygonatum sibiricum on immune-
enhancement. International Journal of Biological Macromolecules, 10-18. https://doi.
org/10.1016/j.ijpiomac.2018.10.119

Yu, D., Guo, S., Zhang, X., Yan, H., Zhang, Z., Chen, X., ... Duan, J. (2022). Rapid
detection of adulteration in powder of ginger (Zingiber officinale Roscoe) by FT-NIR
spectroscopy combined with chemometrics. Food Chemistry: X, 15. https://doi.org/
10.1016/j.fochx.2022.100450

Zhang, J., Wang, Y., Yang, W., Yang, M., & Zhang, J. (2019). Research progress in
chemical constituents in plants of Polygonatum and their pharmacological effects.
China Journal of Chinese Materia Medica, 44(10), 1989-2008. https://doi.org/
10.19540/j.cnki.cjemm.20190222.006

Zhang, Z., Huang, S., Liu, J., Zhang, X., & Si, J. (2020). Main nutrients and functional
ingredients in flowers of Polygonatum cyrtonema and P. filipes. China Journal of
Chinese Materia Medica, 45(06), 1329-1333. https://doi.org/10.19540/j.cnki.
cjemm.20200104.104

Zhao, P., Zhao, C., Li, X., Gao, Q., Huang, L., Xiao, P., & Gao, W. (2018). The genus
Polygonatum: A review of ethnopharmacology, phytochemistry and pharmacology.
Journal of Ethnopharmacology, 214, 274-291. https://doi.org/10.1016/j.
jep.2017.12.006

Zhao, W., Zhao, Y., & Tseng, Y. (2018). Research progress on pharmacological effects of
Polygonati Rhizoma. Chinese Traditional and Herbal Drugs, 49(18), 4439-4445.
https://doi.org/10.7501/j.issn.0253-2670.2018.18.032

Zhao, X. N., Gui-Ying, L. L, Liu, Y., Ping, L. U., Bao-Qing, D., Yue, M. Q., & Zhang, P.
(2008). Genetic Diversity and Correlation Analysis of Main Agronomic Characters in
Domestic and Foreign Sweet Sorghum Germplasm. Journal of Plant Genetic Resources,
9(3), 302-307. https://doi.org/10.3724/SP.J.1011.2008.00534

Zheng, T., Sun, J., Shi, X., Liu, D., Sun, B, Deng, Y., ... Liu, S. (2022). Evaluation of
climate factors affecting the quality of red huajiao (Zanthoxylum bungeanum maxim.)
based on UPLC-MS/MS and MaxEnt model. Food Chemistry, X, 16, Article 100522.
https://doi.org/10.1016/j.fochx.2022.100522

Zhou, S., Liu, Y., Huang, X., Bao, H., & Yang, B. (2017). Research Progress on
Pharmacological Action and Application of Polygonatum. Journal of Ginseng
Research, 29(03), 52-54. https://doi.org/10.19403/j.cnki.1671-1521.2017.03.014

Zhou, Y., Li, H,, Li, D., Liu, J., Wang, W., Zhang, X., & Si, J. (2021). Quality evaluation of
Polygonatum cyrtonema based on HPLC fingerprint and multi-component
quantitative analysis. China Journal of Chinese Materia Medica, 46(21), 5614-5619.
https://doi.org/10.19540/j.cnki.cjecmm.20210820.102

Zhou, Y., Yang, Z., Dong, L., Zhou, L., & Ye, Z. (2018). Rapid determination of moisture
and extract content in Panax notoginseng by NIRS. Drug Evaluation Research, 41(11),
1994-1999.

Zhu, M., Long, Y., Chen, Y., Huang, Y., Tang, L., Gan, B., ... Xie, J. (2021). Fast
determination of lipid and protein content in green coffee beans from different
origins using NIR spectroscopy and chemometrics. Journal of Food Composition and
Analysis, 102. https://doi.org/10.1016/j.jfca.2021.104055


https://doi.org/10.1016/j.tifs.2022.03.005
https://doi.org/10.1016/j.tifs.2022.03.005
https://doi.org/10.1016/j.jfca.2021.104343
https://doi.org/10.1016/j.fochx.2022.100497
https://doi.org/10.1016/j.fochx.2022.100497
https://doi.org/10.1016/S1875-5364(19)30069-X
https://doi.org/10.1016/S1875-5364(19)30069-X
https://doi.org/10.1016/j.jfca.2022.104601
https://doi.org/10.1016/j.foodchem.2022.135183
http://refhub.elsevier.com/S2590-1575(23)00027-5/h0195
http://refhub.elsevier.com/S2590-1575(23)00027-5/h0195
https://doi.org/10.19540/j.cnki.cjcmm.20180329.002
https://doi.org/10.19540/j.cnki.cjcmm.20180329.002
https://doi.org/10.19540/j.cnki.cjcmm.20181106.008
https://doi.org/10.19540/j.cnki.cjcmm.20181106.008
https://doi.org/10.1016/j.pbi.2021.102152
https://doi.org/10.3969/j.issn.2096-2266.2018.02.004
https://doi.org/10.1016/j.fbio.2022.101573
https://doi.org/10.1016/j.fbio.2022.101573
https://doi.org/10.1016/j.saa.2021.120327
https://doi.org/10.3897/phytokeys.175.63383
https://doi.org/10.1016/j.ympev.2022.107431
https://doi.org/10.1016/j.ympev.2022.107431
https://doi.org/10.3389/fpls.2014.00388
https://doi.org/10.3389/fpls.2014.00388
https://doi.org/10.1016/j.foodchem.2008.10.076
https://doi.org/10.1016/j.foodchem.2008.10.076
https://doi.org/10.3969/j.issn.1673-3851(n).2021.03.015
https://doi.org/10.19664/j.cnki.1002-2392.220225
https://doi.org/10.11833/j.issn.2095-0756.2017.01.026
https://doi.org/10.11833/j.issn.2095-0756.2017.01.026
https://doi.org/10.1016/j.ijbiomac.2018.10.119
https://doi.org/10.1016/j.ijbiomac.2018.10.119
https://doi.org/10.1016/j.fochx.2022.100450
https://doi.org/10.1016/j.fochx.2022.100450
https://doi.org/10.19540/j.cnki.cjcmm.20190222.006
https://doi.org/10.19540/j.cnki.cjcmm.20190222.006
https://doi.org/10.19540/j.cnki.cjcmm.20200104.104
https://doi.org/10.19540/j.cnki.cjcmm.20200104.104
https://doi.org/10.1016/j.jep.2017.12.006
https://doi.org/10.1016/j.jep.2017.12.006
https://doi.org/10.7501/j.issn.0253-2670.2018.18.032
https://doi.org/10.3724/SP.J.1011.2008.00534
https://doi.org/10.1016/j.fochx.2022.100522
https://doi.org/10.19403/j.cnki.1671-1521.2017.03.014
https://doi.org/10.19540/j.cnki.cjcmm.20210820.102
http://refhub.elsevier.com/S2590-1575(23)00027-5/h0315
http://refhub.elsevier.com/S2590-1575(23)00027-5/h0315
http://refhub.elsevier.com/S2590-1575(23)00027-5/h0315
https://doi.org/10.1016/j.jfca.2021.104055

	Variations in the morphological and chemical composition of the rhizomes of Polygonatum species based on a common garden ex ...
	Introduction
	Materials and methods
	Plant collection and identification
	Sample acquisition and preparation
	Chemical and reagents
	Determination of agronomic qualities
	Determination of polysaccharide content
	Determination of saponin content
	Collection of NIR spectra
	Spectral pretreatment
	Outlier identification and design of sample sets
	Partial least squares (PLS) regression
	Statistical analysis

	Results and discussion
	Analysis of agronomic and quality traits
	Discriminant analysis of Polygonatum species using the OPLS-DA model
	Yield of Polygonatum species
	Saponin and polysaccharide contents of Polygonatum species
	Other agronomic traits of Polygonatum species

	Diversity analysis of different provenances of P. cyrtonema
	Analysis of different geographical provinces of P. cyrtonema
	Comprehensive analysis of different provenances of P. cyrtonema
	Cluster analysis of different provenances of P. cyrtonema
	Correlation analysis of different provenances of P. cyrtonema
	Establishment of the quantitative calibration model using NIRS
	Determination of the total saponin contents in Huangjing using NIRS
	Determination polysaccharide contents of Huangjing by NIRS


	Conclusions
	Funding
	Declaration of Competing Interest
	Data availability
	Appendix A Supplementary data
	References


