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CMMs, and additionally features nine sets of Dutch materia medica kits that were used for training 

pharmacists from the 19th to 20th centuries. An examination of these kits shows that many of the 

drugs included also had a history of use in Chinese medicine. Indeed, as recently as 1969, 34 of the 

96 herbal drugs (35%) that were legally required to be stocked in Dutch pharmacies were also used 

in Chinese medicine; thus, collections of European herbal medicines are also a potential source for 

investigating CMMs that should not be overlooked. To advance research in this area, one 

representative set of Dutch materia medica specimens from 1969 was donated to the Bank of China 

(Hong Kong) Chinese Medicines Center at Hong Kong Baptist University for further evaluation by 

the Naturalis Biodiversity Center. 

3. Methodology and Background 

Macroscopic identification was the primary method used in the present study, which aims to 

use collections as material evidence for understanding historical changes in CMMs. Macroscopic 

identification is an essential method of authentication for investigating historical collections of 

CMMs. Morphology and other organoleptic features have been used as a primary method of 

identifying CMMs for centuries (Zhao et al. 2011), and macroscopic identification remains highly 

developed in the field of Chinese medicine. Macroscopic identification offers a fast, efficient 

approach to CMM authentication that does not damage the integrity of historical artifacts or require 

the use of special equipment and solvents; furthermore, macroscopic identification reveals valuable 

details that can be lost with other methods (Zhao et al. 2006).  

My decision to investigate historical collections using macroscopic identification was 

inspired by my studies of herbal authentication and easily confused Chinese herbal medicines. 

Previously, I served as the lead translator of a textbook on macroscopic identification, requiring an 

in-depth investigation of the traditional macroscopic features of over 400 commonly used Chinese 

medicines; this work was the first text to feature English translations of specialized technical terms 

used in Chinese medicinal identification (Zhao and Chen 2014). Our team also published 

peer-reviewed articles and monographs on the evolution of daodi medicinal material (Zhao et al. 

2012) and herbal processing (Guo et al. 2015), and I additionally published a series of articles for 
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TCM practitioners on easily confused CMMs in the U.S. market (Brand and Zhao 2014), herbal 

processing, and traditional pharmacognosy. This work served as the foundation for the present 

study. 

3.1. Methodological limitations 

Many of the specimens explored in this study are stored in historical collections and museums, 

so removal of the artifacts was unfeasible in most cases. Thus, this study relied on macroscopic 

identification, which is a method that has natural limitations in terms of its precision. For example, 

macroscopic is often insufficient for species-level identification when dealing with closely related 

plants from the same genus or infraspecific taxa. Thus, additional testing methods such as  

microscopy, genetic analysis, or chemical constituent testing are necessary to fully resolve some of 

the initial questions raised by macroscopic assessment. 

In many instances, macroscopic identification proved to be insufficient for definitively 

identifying CMMs down to the species level, particularly in cases where multiple species from the 

same genus share a single drug name. For example, the CMM chaihu is derived from multiple 

Bupleurum species: B. chinense and B. scorzonerifolium are specified in the Chinese 

Pharmacopoeia, while B. falcatum is specified in the Japanese Pharmacopoeia (Chinese 

Pharmacopoeia Commission 2015, Japanese Pharmacopoeia Commission 2011). The crude drug 

samples of chaihu observed in various historical collections were often similar to contempary 

decoction pieces in terms of morphology, but macroscopic assessment was insufficient for 

identification down to the species level for the Bupleurum samples. 

Prolonged storage degrades the morphological features of many herbal medicines, which 

further limits the accuracy of macroscopic identification. For example, after prolonged storage 

lycium fruit becomes dark and shrivled, making it difficult to distinguish between closely related 

species such as Lycium barbarum L. or L. chinense Mill. Additionally, the degradation of volatile 

compounds from prolonged storage made it difficult to use aroma as a reliable macroscopic feature 

in many cases. While some specimens such as Angelica dahurica Fisch. ex Hoffm. and Syzygium 
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aromaticum (L.) Merr. et Perry retained their characteristic aroma, the aroma of many others had 

degraded, which further limited the utility of macroscopic identification.  

In some cases, historical specimens have the potential to clarify which subvarieties and 

cultivars were present in trade; however, macroscopic identification is often insufficient to make an 

objective and definitive assessment in this area. Techniques such as chemical analysis and DNA 

barcoding could also help to elucidate differences between different cultivars and morphologically 

similar species, which would help to identify CMMs derived from closely related species.  

In some cases, the issues raised by macroscopic identification require confirmation with 

chemical analysis or other methods. For example, chemical analysis could provide more definitive 

evidence to assess toxic components such as aristolochic acid in herbal medicines that share similar 

nomenclature and morphology. Additionally, testing methods such as LC/MS could be applied to 

clarify the processing methods used for potentially toxic CMMs, such as aconite. Thus, 

incorporating chemical analysis would be helpful to confirm the identity of specimens as well as to 

evaluate their processing methods. 

For example, macroscopic identification was successful for distinguishing different forms of 

Paeonia lactiflora Pall. described in TCM as baishao and chishao, and was also able to provide 

insight into the post-harvest handling and processing of the two materials, demonstrating that the 

baishao specimen had been processed and the root cortex had been removed. By integrating 

chemical analysis with macroscopic identification, the processing methods used for the baishao 

specimens could be further clarified by examining its constituents for characteristic sulfur 

compounds to determine if sulfur fumigation was used during processing (Kong et al. 2014). 

Similarly, DNA barcoding could help to clarify the geographic origin and the wild vs. cultivated 

nature of the Paeonia lactiflora samples, which is traditionally considered to be a key factor in the 

distinction between the two forms (Wang et al. 2014). 

Nonetheless, despite the limits of macroscopic identification, it proved to be effective in 

many cases. For example, multiple CMMs derived from different plant parts of a single species 

were easily differentiated with macroscopic identification, which would have been elusive with 
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the identification process (Smith 1871, Hooper 1929). These two groups of specimens were thus 

evaluated separately. 

The specimens (and their corresponding text) were first examined macroscopically at Kew by 

Eric Brand, a Chinese medicine practitioner with training in the morphological identification of 

CMMs, with additional support from Christine Leon, a botanist with training in CMM 

identification. Photographs of the samples were then further evaluated by members of our research 

team with extensive expertise in CMM identification (Ran Huang, Zhongzhen Zhao, and Ping Guo). 

Vouchered CMM reference specimens from the Leon Collection at Kew (part of the EBC 

collection) and authenticated crude drug samples at the Bank of China (Hong Kong) Chinese 

Medicines Center at Hong Kong Baptist University were used for comparison during the process of 

identification. The original specimens were retained in the Kew EBC, and were evaluated based on 

the current specifications of the Chinese Pharmacopoeia (2015 edition) and contemporary 

professional textbooks focused on macroscopic identification of CMMs (Kang 2003, Zhao and 

Chen 2014, CP 2015).  

The samples were further evaluated based on their Chinese nomenclature and the 

identifications made by Hooper in 1929 were reviewed. After an initial assessment, specimens that 

could not be morphologically identified due to degradation from prolonged storage or insufficient 

sample size were excluded, as were specimens that lacked adequate identifying features or lacked 

reference materials for comparison (as in the case of some drugs that are no longer encountered in 

commerce or pharmacopoeias). The specimens that were investigated are detailed in the Appendix, 

which lists the specimens based on the label information found in the Kew Economic Botany 

Collection database.  

Based on our previous research into commonly confused CMMs and historical changes in 

CMMs and their processing (Zhao et al. 2006, Guo et al. 2015, Zhao et al. 2012), specimens were 

selected as case studies to highlight the potential for collections to clarify issues that remain of 

clinical concern today. In the context of commonly confused CMMs, the HC was investigated for 

specimens that mirror current marketplace confusion, as demonstrated by a systematic study of over 
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10,000 samples of commercial medicinal materials conducted in Hong Kong from 2004-2005 (Zhao 

and Li 2008). Additional case studies were selected as examples of differences between the 

historical samples and current market materials, such as changes due to processing or changes in the 

plant parts used as a given Chinese drug. By presenting case studies that illustrate prominent themes 

that remain relevant in the quality control of CMMs today, it is hoped that this preliminary study 

will stimulate systematic future research into historical collections of CMMs. 

3. Results and Discussion 

The HC is one of the few known collections that aims to capture the range of CMMs in trade 

in a specific location and historical period, and its specimens illustrate how CMMs from nearly 100 

years ago share many similarities and differences with the materials in use today. In this study, case 

studies were selected to highlight issues that relate to authentication and safety, with an emphasis on 

easily confused CMMs and changes in processing and plant parts used. By applying additional 

analytical techniques, the HC and similar collections could be effectively used to systematically 

investigate many topics related to historical changes, regional practices, herbal quality, and the 

evolution of CMMs.  

3.1. Case studies of commonly confused CMMs 

Over 50 pairs of commonly confused CMMs have been reported in modern trade (Zhao et al. 

2006), but the historical and geographic prevalence of this confusion is unclear in many cases. The 

HC specimens demonstrate that many CMMs that are commonly confused in the modern era were 

already prone to confusion in the Malay Peninsula prior to 1929. Our assessment of HC specimens 

with intact Chinese drug names revealed 14 examples of confused drugs, all of which have been 

associated with contemporary marketplace confusion (Zhao et al. 2006).  

Regional substitutes 

CMMs are prone to regional variations in botanical identity, producing a situation in which 

the botanical sources used in given region do not match the official source of a drug as specified in 
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3.2. Changes in medicinal plant parts used 

 In the HC, some CMMs feature plant parts that differ from contemporary market materials 

and/or the official specifications of the Chinese Pharmacopoeia. For example, in modern practice 

the seeds are removed in the preparation of cornus fruit (shanzhuyu, Cornus officinalis Sieb. et 

Zucc., Cornaceae); however, in the two specimens contained within the HC (EBC#69638, Fig. 5), 

the seeds were not removed. Historical bencao texts are divided regarding the used medicinal part 

for cornus fruit; some ancient texts indicate that the seed should be retained while others indicate 

that the seed should be removed (Xie 2008). In another case, the seeds and pericarps of Sichuan 

peppercorn (huajiao [pericarps], jiaomu [seeds], Zanthoxylum bungeanum Maxim., Rutaceae) are 

separated and employed as separate drugs in the modern era (Zhao and Chen 2014), but the 

specimen labeled as huajiao in the HC contains a mixture of the seeds and pericarps (EBC#69599).   

Fig. 5: Cornus officinalis (shanzhuyu) in the HC with the seed intact 

In some cases, the use of different plant parts is subject to regional variations. For example, in 

the case of eriocaulon (gujingcao, Eriocaulon buergerianum Koern., Eriocaulaceae), the whole herb 

plus capitulum is the official source specified by the Chinese Pharmacopoeia. However, in some 

regions of China only the capitulum of a related species (Eriocaulon sexangulare L.) is used. In the 

HC, the gujingcao specimen (EBC#69372) consisted of the capitulum of E. sexangulare, which is 

similar to the contemporary market material often seen in Hong Kong (Zhao 2016). 
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Fig. 7: Concentrated latex of Aloe sp. with wood embedded (likely to increase weight) 

In the case of lonicera flower (jinyinhua, Lonicera japonica Thunb., Caprifoliaceae), the HC 

specimen (EBC#69438) included leaf matter and other material in addition to the immature flower 

buds. The HC sample of jinyinhua was thus similar to a nearly 300-year-old sample observed at the 

Sloane Collection at the British Natural History Museum, which also included leaf material mixed 

with the immature flower buds (Zhao et al. 2015); furthermore, additional 19th and early 20th 

century crude drug samples in the Kew EBC also feature a mixture of leaf and flower tissue in 

specimens of L. japonica. This suggests that the material used may have historically featured 

impurities or mixed medicinal plant parts.  

Another representative example of historical changes in the plant parts used involves asarum 

(xixin, root and rhizome of Asarum heterotropoides Fr. Schmidt var. mandshuricum (Maxim.) 

Kitag., A. sieboldii Miq. var. seoulense Nakai, or A. sieboldii Miq., Aristolochiaceae). From the 5th 

century AD through the Qing Dynasty (1644-1911 AD), bencao texts consistently emphasized that 

the aerial portion was toxic and only the root should be used (Liu et al. 2009). However, due to a 

shortage of medicinal material, the whole plant began to be used as xixin in the 1950s (Lai and Li 

2001, Xie 2008), posing a risk of unnecessary exposure to aristolochic acids (Zhao et al. 2008). In 

the HC, two specimens of asarum (xixin) are present (EBC#69256 and EBC#69621); labeled as A. 

sieboldii, both specimens consist of primarily root and rhizome material. This suggests that the 

primary medicinal material used as xixin in the Malay region in the early 20th century was the root 

and rhizome rather than the whole herb. 
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al. 2011). 

Processing is frequently applied to reduce the toxicity of certain CMMs. The HC features two 

processed forms of pinellia rhizome within a single container (banxia, Pinellia ternata (Thunb.) 

Makino, Araceae, EBC# 69080, Fig. 9). Three processed forms of pinellia are detailed in the 2015 

Chinese Pharmacopoeia to reduce toxicity and highlight specific therapeutic effects (CP 2015); with 

further research, it may be possible to compare how the processing methods used nearly 100 years 

ago compare with the processing methods specified in the Chinese Pharmacopoeia today. 

Fig. 9: Processed Pinellia ternata (banxia) in the HC 

Another example of processing can be seen in HC specimens of the processed lateral root of 

aconite (fuzi, Aconitum carmichaelii Debx., Ranunculaceae, EBC#69612). Different processing 

methods and adjuvants influence the toxicity of aconite products in TCM (Lu et al. 2010), and over 

forty different processing methods for aconitehave been recorded in classical TCM texts (Ye et al. 

1999).Thus, further assessment using chemical analysis could help to clarify the adjuvants used in 

previous eras, as well as the toxicity of pre-modern medicinal material. 

In addition to reducing toxicity, processing is used to alter the therapeutic effects of some 

CMMs. Evidence of such processing was observed in the HC, including in CMMs such as 

rehmannia root (dihuang, Rehmannia glutinosa Gaertn., Plantaginaceae, EBC#69547), huangjing 

(Polygonatum sibiricum Red., Asparagaceae, EBC#69518), and chuanxiong (Ligusticum striatum 

DC., Apiaceae, EBC#69493). In the case of peony root, white peony root (baishao, Paeonia 

lactiflora Pall., Paeoniaceae, EBC#69662) and red peony root (chishao, P. lactiflora Pall. or P. 
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veitchii Lynch, EBC#69481) exhibited different methods of processing; the former had its cortex 

removed and its fractured surface suggested it had been boiled before drying, while the latter was 

used crude. These features of peony root closely correspond with contemporary market materials 

(Wang et al. 2014). 

Differences in the appearance of decoction pieces can also be seen between the HC 

specimens and contemporary materials. For example, many medicinal materials in the HC were 

sliced more thinly than contemporary materials, which increases their surface area and likely 

influences the efficiency of extraction; examples of CMMs with very thinly sliced decoction pieces 

in the HC include areca seed (binglang, Areca catechu L., Arecaceae, EBC#29243), anemarrhena 

rhizome (zhimu, Anemarrhena asphodeloides Bunge, Asparagaceae, EBC#69236), andalisma 

rhizome (zexie, Alisma orientale (Sam.) Juzep., Alismataceae, EBC#69222). In the case of ephedra 

(mahuang, Ephedra sinica Stapf., Ephedraceae, EBC#69367), the HC specimen featured stems with 

the internodes partially removed; while current market materials retain the internodes, the 

internodes were similarly removed in a specimen from the Sloane Collection at the British Natural 

History Museum (Zhao et al. 2015). 

In the case of the pericarp of the opium poppy (yingsuqiao, Papaver somniferum L., 

Papaveraceae, EBC#69487), modern textbooks on CMM authentication invariably emphasize the 

distinctive feature of visible cuts on the outer surface of the opium poppy capsule, which are 

produced from the harvesting of opium (Kang 2003). However, no cuts are present in the specimen 

observed in the HC, suggesting that the HC material used was derived from opium poppy capsules 

that were not previously cut to extract opium. While further research would be required to assess 

whether this has implications for potency, the lack of scarification marks suggests that some poppy 

plants were deliberately left uncut to supply the material used in Chinese medicine. This sample 

was thus similar to a previously reported specimen from the Sloane Collection at the British Natural 

History Museum, which also lacked scars from cutting (Zhao et al. 2015). 
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present, which include C. chinensis Franch. (EBC#69326) and C. teeta Wall. (EBC#69327), as well 

as an unusual form (EBC#69325) that includes a portion of aerial stem tissue and may be derived 

from C. omeiensis or another wild-crafted species that is no longer in use. These samples thus 

suggest that the species used have changed over time in response to advances in cultivation and 

limitations of wild resources. 

Clarifying the prominence of wild vs. cultivated sources 

Over centuries of use, advances in cultivation have been necessary to supply many CMMs 

that cannot be sustained solely by wild populations. As wild and cultivated materials often differ in 

their macroscopic features, in some cases it is possible to ascertain information about the wild vs. 

cultivated origin of CMMs by examining specimens organoleptically. A review of the materials in 

the HC reveals several striking examples of differences between pre-modern and modern materials, 

which may help to clarify the timeline surrounding their transition from wild to cultivated sources. 

Several CMMs in the HC differed dramatically in size from contemporary market materials. 

These materials may be derived from wild-crafted rather than cultivated plants, or may reflect 

differences that relate to cultivar selection or fertilizer application. For example, the goji berries 

(gouqizi, Lycium barbarum L. or L. chinense Mill., Solanaceae, EBC#69443, Fig. 10) and 

ophiopogon tubers (maidong, Ophiopogon japonicus (Thunb.) Ker Gawl., Asparagaceae, 

EBC#69472) in the HC were much smaller than contemporary cultivated specimens. 

 

Fig. 10: Lycium fruit in the HC was very small in comparison to modern medicinal material   
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future research. For example, in addition to clarifying issues related to confused drugs and 

processing methods, historical collections have the potential to illuminate other questions relevant 

to quality control, such as probing the levels of heavy metals found in CMMs prior to the industrial 

revolution and modern agricultural techniques. 

This preliminary investigation of the HC illustrates the potential of collections for clarifying 

questions that have been advanced via bencao literature research, particularly in areas such as 

botanical identity, medicinal plant parts used, processing methods, and issues of confused species. 

These issues have had important implications for the safe clinical practice of TCM from ancient 

times to the present, and will remain important in the future. Historical materia medica collections 

are cultural treasures with medical significance, and are worthy of multi-disciplinary research for 

generations to come. 
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montana in 2005. 

3.1.2. Additional mutong-related specimens in the EBC 

The four additional pre-modern specimens in the Kew EBC further illustrate the potential for 

confusion between different sources of mutong. Among the specimens that were labeled as Akebia 

quinata, only one was consistent with Akebia sp. This specimen, which consisted of whole stems 

from Japan, was collected in 1884 and came to the Kew EBC from the collection of the 

Pharmaceutical Society of Great Britain (Fig. 11). 

Fig. 11: A specimen of Akebia sp. from Japan (1884); this specimen was the only specimen 
identified that conforms to the modern Chinese Pharmacopoeia definition for mutong 

Two additional specimens labeled as Akebia quinata were collected in northern China and 

were provided by TL Bickford in the year 1862. One of these consists of three whole stems, two of 

which are morphologically consistent with the Akebia genus while the third stem appears to be 

derived from Aristolochia manshuriensis (Fig. 12).  




































































































































































