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Objective: Flower herbs are an important category of traditional Chinese medicinal materials, some of 

which are used as healthcare tea in folk. However, the increasing adulteration of medicinal herbs is 

threatening consumer safety. The adulteration of flower herbs and their healthcare tea products in the 

market were investigated. 

Methods: A total of 33 flower herb samples from several retail pharmacies in China were randomly col- 

lected and 27 flower healthcare tea samples were purchased online. They were identified using ITS2- 

based Traditional Chinese Medicine Database (TCMD). Additionally, Lonicerae Japonicae Flos and the adul- 

terants were compared in the ITS2 secondary structures. 

Results: There were one adulterant ( Inulae Flos ) in flower herb materials and eight adulterants in health- 

care tea samples. Inula linariifolia was an adulterate species of Inulae Flos, Robinia pseudoacacia was of 

Sophorae Flos , and Lonicera macranthoides was of Lonicerae Japonicae Flos. Sophorae Flos and Lonicerae 

Japonicae Flos were two healthcare tea products with high adulteration rates. 

Conclusion: The TCMD is powerful tool to identify flower herbs and the adulterants that frequently oc- 

curred in the flower herb market, especially online shops. 

© 2019 Tianjin Press of Chinese Herbal Medicines. Published by Elsevier B.V. All rights reserved. 
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. Introduction 

Flower herbs largely include medicinal materials from the

ower, pollen, spica, calyx, stamen and stigma of medicinal

lants. There are 31 flower herbs in Chinese Pharmacopoeia

 Pharmacopoeia Committee of P. R. China, 2015 ), such as Farfarae

los (Kuandonghua in Chinese), Croci Stigma (Xihonghua in Chi-

ese), Lonicerae Japonicae Flos (Jinyinhua in Chinese), Albiziae Flos

Hehuanhua in Chinese), and Typhae Pollen (Puhuang in Chinese),

laying a key role in modern medicinal and health services ( Liu,

huang, Lam, Jiang, & Cheng, 2015; Xiao, Yan, Chen, & Zhou, 2015 ).

owever, the adulteration of medicinal herbs has developed into a

erious problem in the market ( De Smet, 2004; Jiang et al., 2016 ).

or example, the substitution of Campsis Flos (Lingxiaohua in Chi-

ese) by flowers of Datura species has become the most common

ause of Chinese herbal medicine-induced anticholinergic poison-

ng in Hong Kong, China ( Cheng, Chan, Mak, Tse, & Lau, 2013 ).

raditional techniques including morphological, microscopic, and

hemical identification are not accurate for some flower drugs. A

tudy showed that the average fineness of several typical Chinese

edicinal materials processed by ultrafine grinding technology
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as 2.0 − 12.7 microns ( Jing, 2005 ). Therefore, morphological and

icroscopic identification cannot be adopted because identifiable

eatures of medicinal materials were lost during processing. 

DNA barcoding was first proposed by Herbert in 2003, allowing

or species identification without specialized taxonomic knowledge

 Hebert, Cywinska, Ball, & deWaard, 2003; Kress, Wurdack, Zim-

er, Weigt, & Janzen, 2005; Schindel, & Miller, 2005 ) . The sec-

nd internal transcribed spacer (ITS2) sequence is used as a stan-

ard DNA barcode for the identification of medicinal plants and

heir closely related species ( Chiou, Yen, Fang, Chen, & Lin, 2007;

iu et al., 2018; Yao et al., 2010 ). The Traditional Chinese Medicine

atabase (TCMD) is a traditional Chinese medicine barcode plat-

orm that was established by our group using an ITS2 + psbA-trnH

wo loci barcode combination ( Kress, & Erickson, 2007 ). It is the

argest DNA barcode database of medicinal materials in the world

 Chen et al., 2014 ) including flower herbs, comprising of 78 847

arcodes belonging to 23 262 medicinal species listed in Phar-

acopoeias all over the world, such as Chinese, European, Ko-

ean and American ( Han et al., 2016 ) and accessed at http://www.

cmbarcode.cn/china/ . In addition, the ITS2 secondary structures

re an available tool for species identification ( Grajales, Aguilar, &

ánchez, 2007 ). And all the secondary structures of complete ITS2

equences with GI numbers in GenBank could be predicted by the

TS2 database ( Schultz et al., 2006 ). 
ll rights reserved. 

https://doi.org/10.1016/j.chmed.2019.05.003
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Cortex herbs and herbal herbs of the Chinese Pharmacopoeia

have been successfully identified using ITS2 barcodes in previ-

ous studies ( Pang, Shi, Song, Chen, & Chen, 2013; Sun, & Chen,

2013 ). However, these studies have focused on neither the authen-

tication of flower herbs of Chinese Pharmacopoeia nor using the

ITS2-based TCMD. Here, we investigated the adulteration of flower

herbs and healthcare tea in the market which is help to guide

proper consumption. Additionally, the secondary structures of ITS2

regions were predicted to identify Lonicerae Japonicae Flos and its

adulterants . 

2. Materials and methods 

2.1. Sampling 

A total of 60 flower herb products were collected in our study,

and they consisted of medicinal materials and correlated tea

products. Of these products, 33 samples (S1 −S33) were randomly

collected from retail pharmacy in Beijing, China ( Table 1 , Fig. 1 )

and represented 20 types of flower herbs recorded in the Chinese

Pharmacopoeia. In addition, 27 samples (S34 −S60) were purchased

online, and they represented seven major flower healthcare tea

products available in the markets. All the samples were dried in

silica gel, and voucher samples were deposited in the herbarium

of Institute of Medicinal Plant Development. 

2.2. DNA extraction, amplification and sequencing 

Twenty milligrams of each sample were rubbed for 2 min

at a frequency of 30 times/s in a Fast–Prep bead mill
Fig. 1. Four commercial flower herb samples (A: S13, Typhae Pollen ; B: S16, Nelumbinis S

to be determined based on traditional methods. 
Retsch MM400, Germany). DNA extraction was performed us-

ng the Plant Genomic DNA Kit (Tiangen Biotech Beijing Co.,

hina) according to the manufacturer’s instructions. The uni-

ersal primer pair 2F (5 ′ -ATGCGATACTTGGTGTGAAT-3 ′ )/3R (5 ′ -
ACGCTTCTCCAGACTACAAT-3 ′ ) was used for ITS2 amplification

 Chen et al., 2010 ). Polymerase chain reaction (PCR) amplification

n a 25 μL volume was performed according to the procedure

rovided by Chen et al. (2013) . The purified PCR products were

equenced by the Major Engineering Laboratory of the Chinese

cademy of Agricultural Sciences University. All purified PCR prod-

cts were sequenced in both the forward and reverse directions. 

.3. Data analysis 

The sequences obtained from the experiment were assembled

sing CodonCode Aligner 6.0.2, and the primer sequences and low-

uality regions at both ends of the sequencing results were re-

oved. The sequences were then annotated and delimited using

he Hidden Markov Model (HMM) ( Keller et al., 2009 ) method

o remove the conserved 5.8S and 28S rDNA regions, and they

ere then deposited in the TCMD for identification based on the

asic Local Alignment Search Tool (BLAST) method. ITS2 secondary

tructures were predicted with the ITS2 database website: http:

/its2.bioapps.biozentrum.uni –wuerzburg.de/ . 
tamen ; C: S31, Croci Stigma ; and D: S10, Lonicerae Japonicae Flos ) that were difficult 

http://its2.bioapps.biozentrum.uni-wuerzburg.de/
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Table 1 

Sixty samples and their identification results in detail. 

Sample No. Latin names of 

medicinal materials 

Chinese names Latin names of original species Identification results Genuine or not 

S1 Schizonepetae Spica Jingjiesui Schizonepeta tenuifolia Briq. S. tenuifolia Genuine 

S2 Campsis Flos Lingxiaohua Campsis grandiflora (Thunb.) K. 

Schum.; Campsis radicans (L.) Seem. 

C. radicans Genuine 

S3 Physalis Calyx Seu 

Fructus 

Jindenglong Physalis alkekengi L. var. franchetii 

(Mast.) Makino 

P. alkekengi Genuine 

S4 Buddlejae Flos Mimenghua Buddleja officinalis Maxim. B. officinalis Genuine 

S5 Carthami Flos Honghua Carthamus tinctorius L. C. tinctorius Genuine 

S6 Carthami Flos Honghua C. tinctorius C. tinctorius Genuine 

S7 Rosae Rugosae Flos Meiguihua Rosa rugosa Thunb. − −
S8 Rosae Chinensis Flos Yuejihua Rosa chinensis Jacq. − −
S9 Sophorae Flos Huaihua Sophora japonica L. S. japonica Genuine 

S10 Lonicerae Japonicae Flos Jinyinhua Lonicera japonica Thunb. L. japonica Genuine 

S11 Inulae Flos Xuanfuhua I. japonica; I. britannica Inula linariifolia Turcz. Not 

S12 Mume Flos Meihua Prunus mume (Sieb.) Sieb. et Zucc. P. mume Genuine 

S13 Typhae Pollen Puhuang Typha angustifolia L.; Typha 

orientalis Presl 

T. orientalis Genuine 

S14 Kaki Calyx Shidi Diospyros kaki Thunb. D. kaki Genuine 

S15 Chrysanthemi Indici Flos Yejuhua Chrysanthemum indicum L. − −
S16 Nelumbinis Stamen Lianxu Nelumbo nucifera Gaertn. N. nucifera Genuine 

S17 Albiziae Flos Hehuanhua Albizia julibrissin Durazz. A. julibrissin Genuine 

S18 Farfarae Flos Kuandonghua Tussilago farfara L. T. farfara Genuine 

S19 Celosiae Cristatae Flos Jiguanhua Celosia cristata L. C. cristata Genuine 

S20 Lonicerae Japonicae Flos Jinyinhua L. japonica L. japonica Genuine 

S21 Rosae Rugosae Flos Meiguihua R. rugosa − −
S22 Chrysanthemi Indici Flos Yejuhua C. indicum − −
S23 Mume Flos Meihua P. mume P. mume Genuine 

S24 Farfarae Flos Kuandonghua T. farfara T. farfara Genuine 

S25 Lonicerae Japonicae Flos Jinyinhua L. japonica L. japonica Genuine 

S26 Lonicerae Japonicae Flos Jinyinhua L. japonica L. japonica Genuine 

S27 Lonicerae Japonicae Flos Jinyinhua L. japonica L. japonica Genuine 

S28 Lonicerae Japonicae Flos Jinyinhua L. japonica L. japonica Genuine 

S29 Lonicerae Japonicae Flos Jinyinhua L. japonica L. japonica Genuine 

S30 Lonicerae Japonicae Flos Jinyinhua L. japonica L. japonica Genuine 

S31 Croci Stigma Xihonghua Crocus sativus L. C. sativus Genuine 

S32 Chrysanthemi Flos Juhua Chrysanthemum morifolium Ramat. − −
S33 Chrysanthemi Flos Juhua C. morifolium − −
S34 Croci Stigma Xihonghua C. sativus C. sativus Genuine 

S35 Croci Stigma Xihonghua C. sativus C. sativus Genuine 

S36 Croci Stigma Xihonghua C. sativus C. sativus Genuine 

S37 Sophorae Flos Huaihua S. japonica S. japonica Genuine 

S38 Sophorae Flos Huaihua S. japonica Robinia pseudoacacia 

Linn 

Not 

S39 Sophorae Flos Huaihua S. japonica R. pseudoacacia Not 

S40 Sophorae Flos Huaihua S. japonica R. pseudoacacia Not 

S41 Sophorae Flos Huaihua S. japonica R. pseudoacacia Not 

S42 Nelumbinis Stamen Lianxu N. nucifera N. nucifera Genuine 

S43 Nelumbinis Stamen Lianxu N. nucifera N. nucifera Genuine 

S44 Nelumbinis Stamen Lianxu N. nucifera N. nucifera Genuine 

S45 Inulae Flos Xuanfuhua I. japonica; I. britannica I. britannica Genuine 

S46 Inulae Flos Xuanfuhua I. japonica; I. britannica I. japonica Genuine 

S47 Inulae Flos Xuanfuhua I. japonica; I. britannica I. japonica Genuine 

S48 Inulae Flos Xuanfuhua I. japonica; I. britannica I. linariifolia Not 

S49 Inulae Flos Xuanfuhua I. japonica; I. britannica I. japonica Genuine 

S50 Lonicerae Japonicae Flos Jinyinhua L. japonica L. japonica Genuine 

S51 Lonicerae Japonicae Flos Jinyinhua L. japonica Lonicera macranthoides 

Hand. -Mazz 

Not 

S52 Lonicerae Japonicae Flos Jinyinhua L. japonica L. macranthoides Not 

S53 Lonicerae Japonicae Flos Jinyinhua L. japonica L. japonica Genuine 

S54 Lonicerae Japonicae Flos Jinyinhua L. japonica L. macranthoides Not 

S55 Albiziae Flos Hehuanhua A. julibrissin A. julibrissin Genuine 

S56 Albiziae Flos Hehuanhua A. julibrissin A. julibrissin Genuine 

S57 Albiziae Flos Hehuanhua A. julibrissin A. julibrissin Genuine 

S58 Physalis Calyx Seu Jindenglong P. alkekengi P. alkekengi Genuine 

S59 Physalis Calyx Seu Jindenglong P. alkekengi P. alkekengi Genuine 

S60 Physalis Calyx Seu Jindenglong P. alkekengi P. alkekengi Genuine 

Note: “−” represents could not be determined. 
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Fig. 3. Identification for seven major healthcare tea samples purchased online. All 

tea samples could be determined. One of five Xuanfuhua, three of five Jinyinhua 

and four of five Huaihua tea samples were adulterants. 
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3. Results 

3.1. Nine adulterants in market identified by TCMD database 

For the 60 flower herb samples, the PCR and sequencing success

rate was 100%. A BLAST search was performed to estimate the reli-

ability of species identification by the TCMD ( Chen et al., 2014 ). All

60 ITS2 sequences generated in our study were deposited to TCMD

for BLAST identification ( Table 1 ). Of the 33 samples collected from

retail pharmacy, one (label species: Inulae Flos , Xuanfuhua) was an

adulterant and seven could not be determined, meaning that the

best BLAST hits for a query sequence covered several species, in-

cluding the target species. These seven samples belonged to four

types of flower herbs including Chrysanthemum Morifolium Flos

(Juhua in Chinese), Chrysanthemum Indicum Flos (Yejuhua in Chi-

nese), Rosa Rugosa Flos (Meiguihua in Chinese), and Rosa Chinen-

sis Flos (Yuejihua in Chinese). The BLAST results for the remaining

samples were consistent with the commodity label species ( Fig. 2 ).

Of the 27 ITS2 sequences generated from the healthcare tea

samples purchased online, approximately 29.6% were adulterants.

Three types of flower herbs, i.e., Sophorae Flos (Huaihua), Inulae

Flos (Xuanfuhua), and Lonicerae Japonicae Flos (Jinyinhua) were not

in accordance with the labeled species. Of the five Flos Sophorae tea

samples, four samples were adulterate species R. pseudoacacia . One

of the five Flos Inulae tea samples was adulterate species I. linariifo-

lia . Three of the five Flos Lonicerae Japonicae tea samples were adul-

terate species L. macranthoides . The identification results of the rest

samples were in accordance with the commercial names ( Fig. 3 ). 

In this study, of the 60 ITS2 sequences generated from the

flower herb samples, only seven could not be identified using

the TCMD; Thus, the identification efficiency was approximately

88.33%. 

Fig. 2. Identification for 33 samples collected from retail pharmacies in China. One

were genuine medicinal materials. 

3.2. Identification of Lonicerae Japonicae Flos and its adulterants by 

secondary structure 

As we known, Lonicerae Japonicae Flos is always confused

with Lonicerae Flos (derived from Lonicera macranthoides, Lonicera

hypoglauca Miq., Lonicera confusa DC., and Lonicera fulvotomen-

tosa Hsu et S.C. Cheng). In our study, L. Macranthoides is also

an adulterate species of Lonicerae Japonicae Flos . To distinguish

Lonicerae Japonicae Flos from its adulterants, the secondary struc-
le was an adulterant; Seven samples could not be determined; Remaining samples

ures of ITS2 regions of these species were predicted with the ITS2

atabase website: http://its2.bioapps.biozentrum.uni –wuerzburg.

e/ . Lonicerae Japonicae Flos and its adulterants exhibited the same

ypical four-helix folding consensus structure consisting of a cen-

ral loop and four similar helices, namely, Helix I, II, III, and IV.

ig. 4 showed that the secondary structures of ITS2 regions among

. japonica and its adulterate species displayed significant differ-

nces in the four helices. The stem loop number, size and posi-

ion on the helix I, II and III can differentiate L. japonica and its

our adulterate species. Thus, the secondary structure is a can-

idate method to discriminate Lonicerae Japonicae Flos from its

dulterants. 

. Discussion 

.1. TCMD is a powerful tool for detecting adulterants in flower herb 

arketplace 

DNA molecular identification is an effective tool when tra-

itional identification methods are not accurate. And several

olecular plant identification platforms have been established.

 De Boer, Ichim, & Newmaster, 2015; Heubl, 2010 ). For example,

http://its2.bioapps.biozentrum.uni-wuerzburg.de/
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Fig. 4. ITS2 secondary structures for L. japonica and its adulterants. L. Japonica and its four adulterate species could be identified directly in terms of stem loop number, size 

and position on helixes. 
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he GenBank database ( http://www.ncbi.nlm.nih.gov/genbank/ ) is

requently used for species identification. However, many medic-

nal sample sequences are not adequately represented in GenBank.

CMD is a traditional Chinese medicine barcode platform which

ontains 23 262 medicinal and closely related species, including

dulterants and substitutions. As the largest DNA barcode database

f medicinal materials in the world, it covers all the flower herbs

isted in the Chinese Pharmacopoeia. Thus, the TCMD platform is

he most suitable for the identification of flower herbs. In our

tudy, the 60 samples collected from the market covered almost

ll the flower herbs in the Chinese Pharmacopoeia, except for a

ew toxic Chinese herbal medicines unavailable due to strict su-

ervision in China, such as Genkwa Flos (Yuanhua in Chinese),

aturae Flos (Yangjinhua in Chinese), and Rhododendri Mollis Flos

Naoyanghua in Chinese). Our results showed that 88.33% of the to-

al samples could be successfully identified using TCMD, and nine

dulterants were successfully detected, indicating that TCMD has

ood ability for detecting the adulterants in flower herbs market.

urthermore, this article presents the first study of the systematic

NA barcode identification of flower medicinal materials in the

hinese Pharmacopoeia. 

.2. More caution should be focused on monitoring flower healthcare 

ea products 

According to our study, the adulteration rate of the online mar-

et of flower healthcare tea was as high as 29.6%. Among the seven

rimary healthcare tea products we investigated, the adulteration

ate of Flos Sophorae tea was the highest, up to 80%, followed by

los Lonicerae Japonicae tea, and the adulteration rate was as high

s 60%. In addition, the adulteration rate of Flos Inulae tea was 20%.

hus, the results revealed serious adulteration of flower health-

are tea products in the market, and we suggested that consumers

hould avoid the types of flower healthcare tea with high adulter-

tion rates. Additionally, this survey also demonstrated that more

aution should be focused on the flower herb market, especially

nline markets for flower healthcare tea. 

.3. Complete chloroplast genome sequence is suggested to be used in

dentification of related species 

In our study, the adulterate species of Sophorae Flos, Inulae Flos

nd Lonicerae Japonicae Flos were accurately detected, they were
. pseudoacacia , I. linariifolia and L. macranthoides , respectively. I.

inariifolia and L. macranthoides are significantly different in chem-

cal composition and pharmacological bioactivities from Inulae Flos

nd Lonicerae Japonicae Flos , respectively ( Chu, Liu, Qi, Liu, & Li,

011; Seca, Grigore, Pinto, & Silva, 2014; Shi et al., 2013; Yuan,

ang, Jiang, Wang, & Huang, 2014 ). Additionally, R. pseudoacacia

s a toxic species ( Luo et al., 2016 ). Therefore, these adulterants

hould be accurately identified to ensure the safe use of flower

erbs. 

However, there are still seven samples that cannot be distin-

uished in this study. We suggest that the complete chloroplast

enome sequence can be employed. The complete chloroplast

enomes have shown to be highly effective for resolving relation-

hips among species with low molecular divergence, and been

sed as an alternative to short diagnostic barcoding regions. And

t has recently been widely used for the molecular identification

f closely related species ( Kang et al., 2017; Kuang et al., 2011;

oore, Soltis, Bell, Burleigh, & Soltis, 2010; Zhang et al., 2017 ).

oreover, other methods of the systems biology approach can

ork synergistically with DNA barcoding, such as transcriptomics

nd proteomics ( Mishra et al., 2016 ). 

. Conclusion 

In this study, we investigated 60 samples that represent 20

ypes of flower herbs recorded in the Chinese Pharmacopoeia and

he related healthcare tea products. The TCMD played a key role in

he accurate identification of flower herbs in this survey. Approxi-

ately 88.33% of the total samples could be successfully identified.

his investigation surprisingly revealed a serious adulteration in

he flower herb market. Nine samples were found to be substituted

ith other species, especially the following three flower herbs:

ophorae Flos (Huaihua in Chinese), Inulae Flos (Xuanfuhua in Chi-

ese) and Lonicerae Japonicae Flos (Jinyinhua in Chinese). Most of

hese adulterants were healthcare tea samples purchased from on-

ine market. Flower healthcare teas with high adulteration rates

ere provided here, which can guide proper consumption. 
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