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Abstract 
 

The development of the monograph of a commonly used Chinese medicine, Lini Semen, for 

the Hong Kong Chinese Materia Medica Standards (HKCMMS) was recorded. HKCMMS is 

a set of reliable and internationally recognized standards of Chinese medicine. The 

monograph of Lini Semen was proposed, endorsed, and under editorial phase for the 

publication of the 9th volume of HKCMMS. 

 

In the proposed HKCMMS monograph of Lini Semen, besides regular content such as 

macroscopic and microscopic identification, and TLC identification, a HPLC fingerprint 

method and two assay methods were developed. All methods were well-established and 

validated.  

 

TLC identification: Lini Semen n-hexane extract is identified on a HPTLC Silica gel RP-18 

plate, with α-linolenic acid and linoleic acid as the markers. The developing system consisted 

of acetone, acetic acid and dichloromethane in the ratio of 5:4:2. The spraying reagent was 

5% sulphuric acid – ethanol solution and the plate was observed under 366 nm. 

 

HPLC fingerprint: Fingerprint of Lini Semen was conducted on a HPLC system with a C8 

column. Mobile phase consisted of (A) water and (B) acetonitrile and isopropanol (9:1). Six 

characteristic peaks, including α-linolenic acid and linoleic acid were detected under 210 nm. 

 

Assay: α-Linolenic acid and linoleic acid were detected from Lini Semen n-hexane extract 

under the same HPLC condition of the fingerprint of Lini Semen. The proposed total content 

of α-linolenic acid and linoleic acid was not less than 0.56%. Secoisolariciresinol diglucoside 

(SDG) was detected from hydrolysed Lini Semen extract by HPLC system with a C18 

column. Mobile phase consisted of (A) water and (B) acetonitrile. The detection wavelength 

was 280 nm. The proposed content of SDG was not less than 0.81%. 

 

Conclusion: It is the first time to propose a HPLC fingerprint and introduce SDG as a assay 

marker of Lini Semen in a regional standard monograph. The established methods for TLC 

identification, HPLC fingerprint, assay of the total content of α-linolenic acid and linoleic 

acid, as well as assay for SDG were validated with in-house and inter-laboratory comparison to 

prove that the methods are reliable.  
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摘要 
 

此論文記載了常用中藥亞麻子之香港中藥材標準的建立過程。香港中藥材標準（港標）

是一套可靠並受國際認可的中藥材標準。論文所提出的亞麻子參考標準已被接納，現正

處於編輯階段，將出版在港標第九冊。除了一般的性狀鑒別、顯微鑒別和薄層色譜鑒別

外，本參考標準亦建立了一個高效液相色譜指紋圖譜鑒別方法和兩個含量測定方法。所

有新建立之方法均經過驗證。 

 

薄層色譜鑒別：以α－亞麻酸和亞油酸為對照品，於高效硅膠 RP-18 F254 薄層板上對亞

麻子正己烷提取液進行鑒別，置紫外光（366 nm）下檢視。展開劑為丙酮、醋酸和二氯

甲烷之混合溶液（5:4:2）。顯色劑為 5%硫酸乙醇溶液。 

 

高效液相色譜指紋圖譜鑒別：於八烷基鍵合硅膠填充柱上對亞麻子進行指紋圖譜鑒別。

流動相為（A）水和（B）乙腈／異丙醇（9:1）。在 210 nm 波長下，可檢測包括α－亞

麻酸和亞油酸在內的 6 個特徵峰。 

 

含量測定：亞麻子正己烷提取液中的α－亞麻酸和亞油酸可在高效液相色譜指紋圖譜鑒

別所列的條件中檢出，兩者的含量總和建議為不少於 0.56%；亞麻子水解液中的開環異

落葉松樹脂酚 1,4-二葡萄糖苷可利用十八烷基鍵合硅膠填充柱在高效液相色譜系統中

檢出。流動相為（A）水和（B）乙腈。檢測波長為 280 nm。開環異落葉松樹脂酚 1,4-

二葡萄糖苷的含量建議為不少於 0.81% 

 

結論：這是首次在區域性標準中加入亞麻子的高效液相色譜指紋圖譜鑒別方法，及提出

以開環異落葉松樹脂酚 1,4-二葡萄糖苷作為亞麻子的含量測定標準品。新建立之薄層色

譜鑒別方法、高效液相色譜指紋圖譜鑒別方法、α－亞麻酸和亞油酸總含量測定方法及

開環異落葉松樹脂酚 1,4-二葡萄糖苷含量測定方法，均經過實驗室內部比較和實驗室外

控樣互校實驗，證明方法之可靠性。 
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1. Introduction 

1.1. Chinese Medicine in Hong Kong 

Hong Kong has been an entrepot since the British ruled in the 1840s. Located at the outer 

estuary of the Pearl River, Hong Kong played an important role in trading with China and other 

countries all over the world. Chinese medicine is one of the commonly traded products. More 

than a century has passed, Hong Kong still maintains her international reputation of being a 

great entrepot. Statistics data[1] provided by the Census and Statistics Department showed that, 

in 2014 to 2016, the value of imported Chinese herbal medicines (specified in Schedule 1 or 2 

of the Chinese Medicine Ordinance) amounted more than $4 billion annually. More than 60% 

of the imported Chinese medicines were locally consumed, which reflects the great acceptance 

of Chinese medicines in Hong Kong. 

 

The increase in the use of herbal medicines is a global trend. According to the World Health 

Organization Strategy (2014-2023)[2], the healthcare systems around the world are facing the 

problems of the increased chronic illness and the rising healthcare cost. Traditional medicines, 

with proven quality, safety, and efficacy, are accessible and affordable to many people. 

Traditional or indigenous forms of healing and treatment can be easily found in many countries 

with various cultures and history. Some of them such as traditional Chinese medicine, 

Ayurveda medicine, and Unani medicine, are very popular worldwide. The rising practices of 

traditional medicine in the health system put the safety and quality control of herbal medicines 

on the health authorities’ agenda. 

 

Among the pharmacopoeias published by different countries and authorities, the 

Pharmacopoeia of the People's Republic of China (CP) contains the most number of Chinese 

medicine monographs. Sources, characteristics, and identification are often included in a 

monograph. However, there were two issues in adopting CP monographs in Hong Kong. Firstly, 

there was no assay of chemical markers in CP until the 2010 edition. Secondly, the sources and 

usage of Chinese medicine are regional. Not all Chinese medicines recorded in CP are 

commonly used in Hong Kong, and vice versa. Therefore a regional reliable and internationally 

recognised standard of Chinese medicines is necessary. 
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1.2. Hong Kong Chinese Materia Medica Standards 

The Hong Kong Chinese Materia Medica Standards (HKCMMS) was first launched in 2002 to 

develop standards for commonly used Chinese Materia Medica (CMM) in Hong Kong. The 

term ‘CMM’ covers not only herbal materials but also animal and mineral materials. Since 

2005, the HKCMMS office from the Department of Health has released eight volumes of 

HKCMMS, covering standards for 275 CMM. In each monograph, there is a general quality 

control method which includes a description, identification, tests, extractives, and assay of the 

CMM.  

 

“Description” refers to the macroscopic and organoleptic characteristics of CMM samples. 

“Identification” refers to the verification of CMM samples by microscopic identification and 

chromatographic analysis. Other technologies, such as x-ray diffraction identification (e.g. 

Arsenicum 砒霜 in vol. 4) and DNA identification (e.g. Fritillariae Cirrhosae Bulbus 川貝母 

in vol. 7), may also be adopted[3-4]. “Tests” refers to the qualitative and quantitative detection of 

heavy metals, pesticide residues, mycotoxins (aflatoxins), sulphur dioxide residues, foreign 

matter, ash, water content and other chemical components in the CMM which should be 

monitored.  “Extractives” refer to the soluble contents of a CMM as extracted by water, 

ethanol or other appropriate solvents. “Assay” refers to the quantitative determination of the 

active ingredients or markers of CMM samples. 

 

Each HKCMMS monograph is proposed by the research institute with the advice from the 

International Advisory Board (IAB), which consists of local and international renowned 

experts. The proposed methods are also validated by the Government Laboratory (GL) for 

inter-laboratory comparison. Hence HKCMMS is a reliable and internationally harmonized 

regulatory standard for traditional medicine. 

 

In this thesis, the development of the HKCMMS monograph of a CMM, namely Lini Semen is 

recorded. The monograph has been accepted by the HKCMMS office and is under editorial 

phase for the volume 9 of HKCMMS. 
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2. Literature Review 

2.1. Source of Lini Semen 

Lini Semen (linseed, 亞麻子), the dried ripe seed of Linum usitatissimum L. (Linaceae) [5], is a 

modern functional food as well as an ancient medicine. It is widely used in different regions in 

the world. The plant was already mentioned in the “De Materia Medica”, written by Pedanius 

Dioscorides, a Greek physician and pharmacologist, in 50-70 A.D while the seed, Lini Semen, 

was firstly documented in “Illustrated Classics of Materia Medica” (《本草圖經》) in 

1020-1101.  

 

The seed is collected in autumn when ripe[5]. In worldwide, Canada, China, United States, India 

and Ethiopia are the largest Lini Semen producers [6]. In China, the material is mainly source in 

Heilongjiang, Inner Mongolia and Liaoning [7]. 

 

2.2. Traditional use and bioactivity 

The actions of Lini Semen stated in CP are to moisten dryness to relax the bowels, nourish 

blood and dispel wind[5]. Its indications are for constipation caused by intestinal dryness, 

itching or dry skin, and hair loss. The traditional uses of Lini Semen in Chinese medicine 

practice match with its modern bioactivity researches. 

 

Partially defatted Lini Semen meal has the laxative effect to facilitate fecal output in normal 

and constipation modeled mice by shortening the start time of defecation and increasing stool 

frequency and weight [8]. A pilot trial also showed that Lini Semen may be useful in relief of 

irritable bowel syndrome [9]. 

 

Lini Semen diet can help with the prevention of cardiovascular diseases. Lini Semen has 

modest effects on lowering low density lipoprotein cholesterol and improving the insulin 

sensitivity in hyperlipidemia patients[10]. Consumption of Lini Semen also reduces the risk of 

breast cancer [11] and potentially reduces the tumor growth in breast cancer patients[12]. In 

addition, it has been showed that Lini Semen inhibits colon and skin cancers in cell cultures 

and in animal studies [13]. 
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2.3. Chemical profile 

The average yield of oil from Lini Semen is 35-50% of the weight of seed[14-15]. The fatty acid 

profile of the oil varies depending on the conditions of growth [16-17]. It is rich in 

polyunsaturated fatty acids (73%), moderate in monosaturated fatty acids (18%) and low in 

saturated fatty acids [18]. The protein content of Lini Semen is around 20-30% with 

approximately 20% of glutelin and 80% of globulins and its amino acid profile is comparable 

to that of soybean [6]. Lignan in Lini Semen is composed of secoisolariciresinol diglucoside 

(SDG), pinoresinol, lariciresinol and matairesinol [19-20].  

 

2.4. Current Pharmacopoeia monograph 

Lini Semen is included in the Pharmacopoeia of the People's Republic of China (CP), the 

European Pharmacopoeia (EP), the British Pharmacopoeia (BP), and the Ayurvedic 

Pharmacopoeia of India (API). However, only CP set an assay test of α-linolenic acid and 

linoleic acid with the total content should be not less than 13.0%. In the API, the amount of 

fixed oil in Lini Semen should be not less than 25%. However, there is no TLC or fingerprint 

identification in the four monographs. 

 

There is another monograph for the linseed oil in EP and BP. The composition of fatty acids 

is listed as: fatty acids with a chain length less than C16 (maximum 1.0%), palmitic acid 

(3.0-8.0%), palmitoleic acid: (maximum 1.0 %), stearic acid (2.0-8.0%), oleic acid 

(11.0-35.0%), linoleic acid (11.0-24.0 %),α-linolenic acid (35.0-65.0%), and arachidic acid 

(maximum 1.0%). Since linseed oil is obtained from Lini Semen, the linseed oil monograph 

can be only used as a reference but not applicable to the CMM. 

 

It is clear that the current monographs of the CMM mainly focus on the lipid part. However, 

it may not be enough to monitor the quality of the CMM as there are other chemical 

components. Therefore it is important to develop a more comprehensive monograph for Lini 

Semen. 
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3. Experimental 

3.1. Chemicals and materials 

Ten batches of samples were acquired: six were purchased from Mainland China with batch 

numbers: YMZ-BU-01 (from Fengning, Hebei Province), YMZ-BU-03 (from Anding, Gansu 

Province), YMZ-BU-04 (from Longxi, Gansu Province), YMZ-BU-05 (from Huining, Gansu 

Province), YMZ-BU-07 (from Duolun, Inner Mongolia Autonomous Region), YMZ-BU-08 

(from Mengaiti, Xinjiang Uyghur Autonomous Region), and four were purchased from Hong 

Kong local market with batch numbers L-YMZ-BU-01, L-YMZ-BU-02, L-YMZ-BU-03, 

L-YMZ-BU-04. All samples matched the macroscopic descriptions in the CP (2015 edition). 

Therefore, the samples are authenticated as Lini Semen, the dried ripe seed of Linum 

usitatissimum L.  

 

Reference markers of α-linolenic acid (purity ≥ 99%) and linoleic acid (purity ≥ 99%) were 

purchased from Sigma (MO, USA) with lot number SLBQ5256V and SLBQ9359V, 

respectively. Reference marker of secoisolariciresinol diglucoside (SDG, purity ≥ 99.5%) was 

purchased from ChromaDex Inc (CA, USA) with lot number 00019103-0668. Their chemical 

structures were shown in Figure 1. 

 

HPLC grade acetonitrile, glacial acetic acid, methanol, and AR grade acetone, 

dichloromethane, and n-hexane were purchased from RCI Labscan (Bangkok, Thailand). AR 

grade hydrochloric acid (37%), sulphuric acid and HPLC grade formic acid were purchased 

from VWR International (PA, USA). HPLC grade isopropanol was purchased from Duksan 

Pure Chemicals (Ansan, South Korea). HPLC grade ethanol was purchased from Merck KGaA 

(Darmstadt, Germany). AR grade sodium hydroxide was purchased from Merck (Darmstadt, 

Germany). Water used was purified with Millipore Milli-Q water purification system 

(Darmstadt, Germany). 

 

Glass HPTLC Silica gel 60 RP-18 F254s plates (10 x 10 cm) were purchased from Merck 

(Darmstadt, Germany).  
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Figure 1 Chemical structures of (i) α-linolenic acid; (ii) linoleic acid; (iii) secoisolariciresinol diglucoside (SDG) . 
 

3.2. Description 

The macroscopic and organoleptic characteristics include form, size, colour, texture, fracture, 

gross internal structure, odour/smell, taste, and other relevant information of CMM samples. 

This part of experiment was conducted by Dr. Wong Lai Lai, School of Chinese Medicine, 

Hong Kong Baptist University (HKBU).  

 

3.3. Identification 

3.3.1. Microscopic identification 

The microscopic identification refers to the observation of the characteristics of structural 

features, cells and ergastic substances in section, powder, disintegrated tissue or surface slides 

of CMM samples. This part of experiment was conducted by Dr. Wong Lai Lai, School of 

Chinese Medicine, HKBU. 
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3.3.2. Thin Layer Chromatography identification 

Sample preparation 

0.2 g of powdered sample (passed through a No. 2 sieve) was weighed and 

put into a 100-mL conical flask. 50 mL of n-hexane was added. The mixture 

was sonicated (300 W) for 60 minutes. The mixture was then filtered and the 

filtrate was transferred to a 100-mL round-bottomed flask. The solvent was 

evaporated to dryness at reduced pressure by a rotary evaporator. The 

residue was dissolved in 5 mL of isopropanol. The solution was filtered with 

a 0.45-μm PTFE syringe filter to obtain the test solution for TLC analysis.  

The steps were repeated for a sample duplicate. 

 

Standard solution preparation 

0.2 mg of α-linolenic acid was dissolved in 1 mL of ethanol to obtain the 

α-linolenic acid TLC reference standard (200 mg/L). 0.2 mg of linoleic acid 

was dissolved in 1 mL of ethanol to obtain the linoleic acid TLC reference 

standard (200 mg/L). 

 

Thin Layer Chromatography conditions 

Isopropanol reagent blank (2.5 μL), α-linolenic acid (2.5 μL), linoleic acid 

(3.5 μL), sample (6 μL), sample duplicate (6 μL), and spiked sample (6 μL 

sample + 2.5 μL of α-linolenic acid + 3.5 μL of linoleic acid) were applied 

separately to the TLC plate by a CAMAG automatic TLC sampler 4 

(Muttenz, Switzerland) as bands spaced 1 cm from the bottom of the plate.  

The developing solvent system consisted of acetone, acetic acid, and 

dichloromethane in the ratio of 5:4:2 (v/v). The TLC plate was developed 

over a path of about 8 cm and evenly sprayed with 5% (v/v) sulphuric acid - 

ethanol solution and heated at about 105°C until the bands become visible.  
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The image of developed TLC plate was recorded under 366 nm by CAMAG 

Reprostar 3 Thin Layer Chromatography Visualiser (Muttenz, Switzerland) 

and Digital Documentation System with winCATS Planar Chromatography 

Manager, version 1.4.3.6336. 

 

3.3.3. High-performance liquid chromatographic Fingerprinting 

Sample preparation 

0.2 g of powdered sample (passed through a No. 2 sieve) was weighed and 

put into a 50-mL centrifuge tube. 50 mL of n-hexane was added. After 

sonication (300 W) for 60 minutes at 60°C, the mixture was centrifuged at 

4000 rpm for 10 minutes. The supernatant was then filtered and transferred 

to a 250-mL round-bottomed flask. The extraction was repeated for two 

more times. The filtrates were combined to the 250-mL round-bottomed 

flask. The solvent was evaporated to dryness at reduced pressure by a rotary 

evaporator. The residue was dissolved in isopropanol and transferred to a 

25-mL volumetric flask and isopropanol was added to the mark. The 

solution was filtered with a 0.45-μm PTFE syringe filter to obtain the test 

solution for HPLC analysis.  

The steps were repeated for a method blank, a sample duplicate and spiked 

samples (0.2 g sample + 0.76 mg α-linolenic acid and 0.26 mg linoleic acid). 

 

Standard solution preparation 

2.0 mg of α-linolenic acid and 1.6 mg of linoleic acid were weighed and 

added to a 5-mL volumetric flask and made up to the mark with ethanol to 

prepare the mixed standard stock solution (α-linolenic acid 400 mg/L; 

linoleic acid 320 mg/L).  

0.5 mL of the mixed standard stock solution was pipetted into a 5-mL 

volumetric flask, and made up to the mark with ethanol to obtain working 

standard solution (α-linolenic acid 40 mg/L; linoleic acid 32 mg/L). 
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High Performance Liquid Chromatography conditions 

HPLC data were collected using an Agilent 1100 liquid chromatograph 

system with An Agilent Eclipse XDB-C8 HPLC column (2.1 x 100mm, 3.5 

μm) connected to a DAD detector. The column temperature was 40°C. The 

mobile phase, degassed by an ultrasonic bath, consisted of water (A) and 

acetonitrile/isopropanol (9:1, v/v) (B) (0-5 min, 20-75 % B; 5-10 min, 75 % 

B; 10-18 min, 75-100 % B; 18-40 min, 100 % B). The flow rate was 0.6 

mL/min and the injection volume was 10 µL. The detection wavelength was 

set as 210 nm. 

 

3.4. Test 

3.4.1. Heavy metals 

Heavy metals refer to the heavy metals and their respective compounds arising from external 

contamination and are absorbed and accumulated in CMM. Arsenic (As), cadmium (Cd), lead 

(Pb), and mercury (Hg) are highly toxic to human beings. This part of experiment was 

conducted by WELLAB Limited, a HOKLAS accredited laboratory. 

 

3.4.2. Pesticide residues 

Pesticide is a synthetic chemical, a natural or biological substance, or a mixture thereof, used 

for prevention, termination and/or control of diseases, pests, grass which harms the agriculture; 

or for regulation of the growth of plants and pests in an intended way. The targeted pesticides 

for the analysis of pesticide residues in CMM include aldrin, dieldrin, chlordane, 

dichlorodiphenyltrichloroethane (DDT), endrin, heptachlor, hexachlorobenzene, 

hexachlorocyclohexane isomers, lindane, and quintozene. This part of experiment was 

conducted by Mr Chan Chi Leung, School of Chinese Medicine, HKBU.  

 

3.4.3. Mycotoxins (aflatoxins) 

Mycotoxins refer to the toxic metabolites generated by molds and/or fungi. The contents of 

aflatoxins B1, B2, G1 and G2 in CMM are studied. This part of experiment was conducted by Mr 

Chan Chi Leung, School of Chinese Medicine, HKBU.  
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3.4.4. Sulphur dioxide residues 

Sulphur fumigation is conducted to preserve CMM and give them a more attractive appearance. 

However, the residue of sulphur dioxide in CMM would cause allergic reaction to certain 

people so it is necessary to study the content of sulphur dioxide residues in CMM. This part of 

experiment was conducted by WELLAB Limited. The sulphur dioxide residues test was 

newly added to the monograph of HKCMMS in the 9th volume. The reflux-titration method is 

adopted from the updated edition of Pharmacopoeia of the People's Republic of China (CP). 

 

3.4.5. Foreign matter 

Foreign matter in CMM refers to the materials which biological origin is the same as the CMM 

but the description or botanical part is different; or the biological origin of which differs from 

that of the CMM; or inorganic foreign matter such as stones, sand, lumps of soil etc. The test 

method is adopted from the updated edition of Pharmacopoeia of the People's Republic of 

China (CP). 

 

Procedure 

100-500 g of CMM sample was weighed and spread in a thin layer. The 

foreign matter was sorted into groups by visual inspection, using a 

magnifying lens, or with the help of a suitable sieve. Each group of foreign 

matter was weighed separately. The percentage of foreign matter in the 

weight of CMM sample was calculated.  

After examination, the sample and its foreign matter were mixed thoroughly 

with the bulk sample for use in other tests and analysis. 

 

3.4.6. Total ash and acid insoluble ash 

The ash of CMM includes the amount of non-volatile inorganic materials remaining after 

ignition of the plant materials, and the amount of ash derived from extraneous matter such as 

sand and soil. The method for the determination of total ash and acid-insoluble ash is adopted 

from the updated edition of CP. 
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Procedure 

3-5 g powdered sample (passed through a No. 2 sieve) was accurately 

weighed and put in a tared crucible. The sample was placed into a NeyTech 

Vulcan Multi-stage Programmable Furnace, Model 3-550 (CA, USA). The 

sample was ignited gently until completely carbonized.  The temperature 

was then gradually increased to 500-600°C. The ignition was continued for 

18 hours more to obtain a carbon0free ash with constant weight. The 

percentage of total ash in the weight of CMM sample was calculated. 

10 mL of dilute hydrochloric acid (10%, v/v) was added to a crucible 

containing the total ash. The crucible was then covered with a watch glass 

and gently heated for 10 minutes on a water bath. The watch glass was 

rinsed with 5 mL of hot water and the rinsing was added to the crucible. The 

insoluble matter and remaining residues from the crucible were transferred 

and rinsed onto an ashless filter paper. The filtrate was washed with hot 

water until the filtrate was free of chlorides. The ashless filter paper 

containing the insoluble matter was then transferred to the original crucible, 

dried and ignited to constant weight. The percentage of acid-insoluble ash in 

the weight of CMM sample was calculated. 

 

3.4.7. Water content 

The water content of CMM directly affects the stability of the quality of CMM during storage. 

The oven-dried test method used for Lini Semen is adopted from the updated edition of CP. 

Procedure 

2 to 5 g of powdered sample (passed through a No. 2 sieve) was placed in a 

flat weighing bottle, previously dried to constant weight, to form a smooth 

layer. The bottle was dried in an oven at 105°C for 5 hours with the stopper 

of the bottle removed. The bottle was closed promptly upon opening the 

oven and allowed to cool in a desiccator for 30 minutes. The bottle was 

weighed accurately and dried again in the oven under similar condition for 1 

hour, cooled and weighed. The operation was repeated until the difference 
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between two successive weighings is not more than 5 mg. The percentage of 

water content in the weight of CMM sample was calculated. 

 

3.4.8. Extractives 

Extractives are usually determined as water-, alcohol-, and ether- soluble extractives. The 

amount of materials of CMM extracted will fall within a range under specified conditions thus 

it is meaningful to take it as one of the parameters for the quality of CMM. The test method is 

adopted from the updated edition of CP. The determination of extractive was conducted in 

water and alcohol (70% ethanol, v/v) using cold extraction method. 

Procedure 

4.0 g of powdered sample (passed through a No. 2 sieve) was weighed 

accurately and placed in a 250-mL conical flask with a stopper. 100 mL of 

water was accurately added into the flask. Stopper was inserted and the 

mixture was extracted for 24 hours under the following conditions: shook 

frequently during the first 6 hours; allowed to stand for 18 hours. The 

mixture was filtered rapidly through a dry filter. 20 mL of the filtrate was 

accurately transferred to an evaporating dish, which was previously dried to 

constant weight, and evaporated to almost dryness on a water bath. The dish 

was then dried at 105°C for 3 hours. The dish was cooled in a desiccator for 

30 minutes and weighed immediately and accurately. The percentage of 

water-soluble extractives with reference to the dried CMM sample was 

calculated.  

The procedures for ethanol-soluble extractives were same as water-soluble 

extractive, except water was replaced with 70% ethanol. 
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3.5. Assay 

3.5.1. Assay of α-linolenic acid and linoleic acid 

Sample preparation 

0.2 g of powdered sample (passed through a No. 2 sieve) was weighed and 

put into a 50-mL centrifuge tube. 50 mL of n-hexane was added. The 

mixture was sonicated (300 W) for 60 minutes at 60°C and then centrifuged 

at 4000 rpm for 10 minutes. The supernatant was then filtered and 

transferred to a 250-mL round-bottomed flask. The extraction was repeated 

for two more times. The filtrates were combined to the 250-mL 

round-bottomed flask. The solvent was evaporated to dryness at reduced 

pressure by a rotary evaporator. The residue was dissolved in isopropanol 

and transferred to a 25-mL volumetric flask. Isopropanol was added to the 

mark. The solution was filtered with a 0.45-μm PTFE syringe filter to obtain 

the test solution for HPLC analysis.  

The steps were repeated for a method blank, a sample duplicate and spiked 

samples (0.2 g sample + 1.05 mg α-linolenic acid and 0.47 mg linoleic acid). 

 

Standard solution preparation  

2.0 mg of α-linolenic acid and 1.6 mg of linoleic acid were weighed and 

added to a 5-mL volumetric flask and made up to the mark with ethanol to 

prepare the mixed standard stock solution (α-linolenic acid 400 mg/L; 

linoleic acid 320 mg/L).  

Working standard solutions were prepared by two-fold dilutions of the 

mixed standard stock solution.  

ICV (Initial Calibration Verification) standard solution of α-linolenic acid 

(25 mg/L) and linoleic acid (20 mg/L) was prepared from an independent 

source. 
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High Performance Liquid Chromatography conditions  

HPLC data were collected using an Agilent 1100 liquid chromatograph 

system with An Agilent Eclipse XDB-C8 HPLC column (2.1 x 100mm, 3.5 

μm) connected to a DAD detector. The column temperature was 40°C. The 

mobile phase, degassed by an ultrasonic bath, consisted of water (A) and 

acetonitrile/isopropanol (9:1, v/v) (B) (0-5 min, 20-75 % B; 5-10 min, 75 % 

B; 10-18 min, 75-100 % B; 18-40 min, 100 % B). The flow rate was 0.6 

mL/min and the injection volume was 10 µL. the detected wavelength was 

set as 210 nm. 

 

3.5.2. Assay of SDG 

Sample preparation 

After the sample preparation for assay ofα-linolenic acid and linoleic acid, 

the residues were transferred to a 50-mL conical flask. 20 mL of 1 M sodium 

hydroxide in 70% methanol was added to the conical flask and sonicated 

(300 W) for 60 minutes at 60°C. The mixture was transferred to a 50-mL 

centrifuge tube and centrifuged at 4000 rpm for 10 minutes. The supernatant 

was filtered and transferred to a 250-mL beaker. The extraction was repeated 

for one more time. The filtrates were combined in the 250-mL beaker. The 

solution pH was adjusted to 3 by adding 4.37% (w/v) hydrochloric acid in 

70% methanol. The solution was transferred to a 100-mL volumetric flask 

and made up to the mark with 70% methanol. The solution was filtered with 

a 0.45-μm PTFE syringe filter to obtain the test solution for HPLC analysis.  

The steps were repeated for a method blank, a sample duplicate and spiked 

samples (0.2 g sample + 2.89 mg SDG). 
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Standard solution preparation 

2.86 mg of SDG was weighed and added to a 5-mL volumetric flask and 

made up to the mark with 70% methanol to prepare the standard stock 

solution (572 mg/L).  

Working standard solutions were prepared by two-fold dilutions of the 

standard stock solution.  

ICV (Initial Calibration Verification) standard solution of SDG (35.75 mg/L) 

was prepared from an independent source. 

 

High Performance Liquid Chromatography conditions 

HPLC data were collected using an Agilent 1100 liquid chromatograph 

system with An Agilent Prep-C18, Scalar HPLC column (4.6 x 250mm, 5 

μm) connected to a DAD detector. The column temperature was 30°C. The 

mobile phase, degassed by an ultrasonic bath, consisted of water (A) and 

acetonitrile (B) (0-5 min, 15 % B; 5-15 min, 15-22 % B; 15-20 min, 22-90 % 

B; 20-25 min, 90 % B). The flow rate was 1.0 mL/min and the injection 

volume was 10 µL. The detection wavelength was set as 280 nm. 
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4. Results 

4.1. Description 

Ovoid, flat, 2.3-5.9 mm long, 1.6-2.9 mm width, 0.7-1.3 mm in thickness. Externally brown to 

reddish-brown, smooth and lustrous. One end acuminate and slightly oblique, the other end 

obtuse. With raphe and dented hilum on one side, which hilum is located on the acuminate end. 

Testa and endosperm thin, cotyledons 2, yellowish-white, oily. Odour slight, slightly flavoured 

and viscous when chewed (Figure 2). 

 

 
Figure 2 A photograph of Lini Semen. (A) Lini Semen; (B) Magnified seed; (C) (1) Magnified hilum; (2) raphe. 

 

4.2. Identification 

4.2.1. Microscopic Identification 

Transverse Section 

Epidermis of testa consists of 1 layer of rectangular cells with mucilaginous 

walls. Hypodermis consists of 1 layer of cells, walls slightly thickened. 

Sclerenchymatous cells layer consists of 1 layer of densely arranged cells, 

wall thickened. Parenchymatous cells layer consists of collapsed cells, 
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boundaries indistinct. Pigment layer consists of 1 layer of flattened cells 

filled with pigment masses. Endosperm consists of several layers of 

polygonal cells filled with aleurone grains. Cotyledon cells relatively small, 

filled with aleurone grains (Figure 3). 

 

 
Figure 3 Microscopic features of transverse section of Lini Semen. (A) Sketch; (B) Section illustration; (C) 
Magnification of testa. (1) Epidermis of testa; (2) Hypodermis; (3) Sclerenchymatous cells layer; (4) 
Parenchymatous cells layer; (5) Pigment layer; (6) Endosperm; (7) Cotyledon. 
 

Powder 

Colour yellowish-brown to pale brown. Pigment cells square, rectangular or 

polygonal in surface view, 9-49 µm in diameter, anticlinal walls finely 

beaded, pale yellow to yellow, always contain yellowish-brown, brown or 

reddish-brown masses. Pigment masses yellowish-brown, brown or 

reddish-brown, square, rectangular or polygonal, edges usually finely 

serrated. Epidermal cells of testa large, polygonal in surface view, 16-69 µm 
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in diameter, with mucilaginous walls. Sclerenchymatous cells pale yellow or 

yellow, strip-shaped, walls thickened or slightly thickened, 4-23 µm in 

diameter, with fine and dense pits; yellow or white under the polarized 

microscope. Hypodermal cells colourless to pale yellow, subpolygonal or 

subrounded in surface view, wall slightly thickened. Endosperm cells 

polygonal or subpolygonal, wall slightly thickened, filled with aleurone 

grains and oil droplets. Cotyledon cells polygonal or subpolygonal, 

relatively small, filled with aleurone grains and oil droplets (Figure 4). 

 

 
Figure 4 Microscopic features of powder of Lini Semen. (1) Pigment cells; (2) Pigment masses; (3) Epidermal 
cells of testa; (4) Sclerenchymatous cells (4-1 walls thickened; 4-2 walls slightly thickened); (5) Hypodermal cells 
(6) Endosperm cells; (7) Cotyledon cells. (a) Features under the light microscope; (b) Features under the polarized 
light microscope. 
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4.2.2. Thin-layer chromatographic identification 

Batch 
No 

Sample ID Source 
α-linolenic acid 

Rf 
Linoleic acid 

Rf 
Result 

1 L-YMZ-BU-01 本地樣本 
Local Sample 

0.74 0.69 Positive result 
1 L-YMZ-BU-01D 0.74 0.69 Positive result 
 Marker  0.74 0.69  
   Conclusion:  + ve 

2 L-YMZ-BU-02 本地樣本 
Local Sample 

0.74 0.69 Positive result 
2 L-YMZ-BU-02D 0.75 0.69 Positive result 
 Marker  0.74 0.69  
   Conclusion:  + ve 

3 L-YMZ-BU-03 本地樣本 
Local Sample 

0.75 0.69 Positive result 
3 L-YMZ-BU-03D 0.75 0.69 Positive result 
 Marker  0.74 0.69  
   Conclusion:  + ve 

4 L-YMZ-BU-04 本地樣本 
Local Sample 

0.71 0.66 Positive result 
4 L-YMZ-BU-04D 0.71 0.66 Positive result 
 Marker  0.71 0.66  
   Conclusion:  + ve 

5 YMZ-BU-01 河北豐寧 
Fengning, Hebei 

0.71 0.66 Positive result 
5 YMZ-BU-01D 0.71 0.66 Positive result 
 Marker  0.71 0.66  
   Conclusion:  + ve 

6 YMZ-BU-03 甘肅安定 
Anding, Gansu 

0.71 0.66 Positive result 
6 YMZ-BU-03D 0.71 0.66 Positive result 
 Marker  0.71 0.66  
   Conclusion:  + ve 

7 YMZ-BU-04 甘肅隴西 
Longxi, Gansu 

0.73 0.69 Positive result 
7 YMZ-BU-04D 0.73 0.69 Positive result 
 Marker  0.73 0.69  
   Conclusion:  + ve 

8 YMZ-BU-05 甘肅會甯 
Huining, Gansu 

0.73 0.69 Positive result 
8 YMZ-BU-05D 0.73 0.69 Positive result 
 Marker  0.73 0.69  
   Conclusion:  + ve 

9 YMZ-BU-07 內蒙古多倫 
Duolun, Inner 

Mongolia 

0.70 0.65 Positive result 

9 YMZ-BU-07D 0.70 0.65 Positive result 

 Marker  0.70 0.65  
   Conclusion:  + ve 

10 YMZ-BU-08 新疆麥蓋提 
Maigaiti, Xinjiang 

0.70 0.65 Positive result 
10 YMZ-BU-08D 0.71 0.65 Positive result 

 Marker  0.70 0.65  
   Conclusion:  + ve 

Table 1 Result summary of thin-layer chromatographic identification  
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Chromatograms Results under UV 366 nm after staining: 

 

 
Figure 5 TLC image for Batch 1-3 

 

 

 

 

 

Lane Description 
1 Blank (isopropanol) 

2 α-Linolenic acid 

3 Linoleic acid 

4 L-YMZ-BU-01 

5 L-YMZ-BU-01 duplicate 

6 L-YMZ-BU-02 

7 L-YMZ-BU-02 duplicate 

8 L-YMZ-BU-03 

9 L-YMZ-BU-03 duplicate 

10 L-YMZ-BU-03 spike 
 

 

 

 

 

 

under 366 nm after staining 

 

Lane Description 
1 Blank (isopropanol) 

2 α-Linolenic acid 

3 Linoleic acid 

4 L-YMZ-BU-04 

5 L-YMZ-BU-04 duplicate 

6 YMZ-BU-01 

7 YMZ-BU-01 duplicate 

8 YMZ-BU-03 

9 YMZ-BU-03 duplicate 

10 YMZ-BU-03 spike 
 

 

 

 

 

  

1   2   3   4   5   6   7   8   9   10 

 

------Front 

------Start 

------Front 

------Start 

1   2   3   4   5   6   7   8   9   10 

 
Figure 6 TLC image for Batch 4-6 
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Lane Description 
1 Blank (isopropanol) 

2 α-Linolenic acid 

3 Linoleic acid 

4 YMZ-BU-04 

 YMZ-BU-04 duplicate 

6 YMZ-BU-05 

7 YMZ-BU-05 duplicate 

8 YMZ-BU-05 spike 
 

 

 

 

 

 

 

 

 
Figure 8 TLC image for Batch 9-10 

 

 

 

 

 

 

 

Lane Description 

1 Blank (isopropanol) 

2 α-Linolenic acid 

3 Linoleic acid 

4 YMZ-BU-07 
( 內蒙古多倫   nner 
Mongolia) 

5 YMZ-BU-07 duplicate 

6 YMZ-BU-08 
( 新    

7 YMZ-BU-08 duplicate 

8 YMZ-BU-08 spike 
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Figure 7 TLC image for Batch 7-8 
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TLC data interpretation 

The Rf value is calculated as the ratio of the distance travelled by the 

compound from the sample application point to the distance travelled by the 

solvent front from the application point. 

 

For positive identification, the sample must provide bands with 

chromatographic characteristics, including the colour and the Rf values, 

corresponding to those of α-linolenic acid and linoleic acid reference 

standard.  

In this experiment, ten batches of Lini Semen samples gave positive 

identification results. 

 

frontsolvent  by the  travelledDistance
 compound by the  travelledDistance

=fR
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4.2.3. High-performance liquid chromatographic fingerprinting 

 
Figure 9 HPLC fingerprinting of batch 1 to 5. (A) α-linolenic acid; (L) linoleic acid. 
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Figure 10 HPLC fingerprinting of batch 6 to 10. (A) α-linolenic acid; (L) linoleic acid. 
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Figure 11 Stacked fingerprint chromatograms of 10 batches of Lini Semen extract. (A) α-linolenic acid; (L) 
linoleic acid. 

 

Batch Sample ID Peak 1 (A) Peak 2 (L) Peak 3 Peak 4 Peak 5 Peak 6 

  RRT RPA RRT RPA RRT RPA RRT RPA RRT RPA RRT RPA 

1 L-YMZ-BU-01 1.000 1.000 1.115 0.172 2.707 7.377 2.815 4.264 2.947 6.652 3.130 3.377 

2 L-YMZ-BU-02 1.000 1.000 1.115 0.155 2.704 2.571 2.811 1.473 2.944 2.294 3.124 1.273 

3 L-YMZ-BU-03 1.000 1.000 1.114 0.162 2.707 4.386 2.815 2.523 2.945 4.110 3.123 2.342 

4 L-YMZ-BU-04 1.000 1.000 1.113 0.195 2.703 10.575 2.811 6.248 2.941 9.807 3.120 5.006 

5 YMZ-BU-01 1.000 1.000 1.114 0.150 2.701 4.121 2.809 2.437 2.941 3.568 3.122 1.943 

6 YMZ-BU-03 1.000 1.000 1.114 0.185 2.704 8.899 2.811 5.279 2.941 9.875 3.120 5.609 

7 YMZ-BU-04 1.000 1.000 1.115 0.146 2.696 5.236 2.803 3.028 2.932 5.630 3.109 3.094 

8 YMZ-BU-05 1.000 1.000 1.113 0.217 2.696 5.872 2.800 4.131 2.927 7.199 3.099 4.404 

9 YMZ-BU-07 1.000 1.000 1.114 0.174 2.698 1.618 2.804 0.982 2.933 1.593 3.108 0.816 

10 YMZ-BU-08 1.000 1.000 1.113 0.163 2.693 7.398 2.799 4.202 2.925 6.894 3.099 3.321 

Mean 1.000 1.000 1.114 0.172 2.701 5.805 2.808 3.457 2.938 5.762 3.115 3.119 

SD 0.000 0.000 0.001 0.022 0.005 2.799 0.006 1.664 0.008 2.875 0.011 1.571 

RSD (%) 0.000 0.000 0.073 12.799 0.182 48.212 0.210 48.147 0.264 49.892 0.349 50.384 

A: α-Linolenic acid; L: Linoleic acid 
Table 2 Summary of Results of the HPLC fingerprint of Lini Semen 

Batch 1 
Batch 2 

Batch 3 
Batch 4 
Batch 5 

Batch 6 
Batch 7 
Batch 8 
Batch 9 
Batch 10 2 (L) 

3 

4 5 1 (A) 

6 
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Figure 12 Reference fingerprint chromatogram of Lini Semen extract. (A) α-linolenic acid; (L) linoleic acid. 
 

Fingerprint result interpretation 

Identification of α-linolenic acid and linoleic acid is based on comparison of 

its retention time in the standard solution with that in the sample extract 

under the same experimental conditions. For positive identification, the 

retention time of the marker in the sample and the standard chromatograms 

should not differ by more than 2%.  

In addition to the α-linolenic acid and linoleic acid peaks, 4 more 

characteristic peaks were observed for the 10 batches of Lini Semen samples  

Relative retention time (RRT) was calculated as below: 

r

i

RT
RT

RRT   =
 

where  RTi = retention time of selected peak; RTr = retention time of 

reference peak (α-linolenic acid). 

Relative area of peaks (RPA) was calculated as below: 

r

i

A
A

RPA =  

where  Ai = area of selected peak; Ar = area of reference peak (α-linolenic 

acid). 

  

1 (A) 

2 (L) 

3 

4 5 

6 
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4.3. Test 

4.3.1. Heavy metals 

Batch Sample ID Source As Cd Hg Pb 
No   (mg/kg) (mg/kg) (mg/kg) (mg/kg) 
1 L-YMZ-BU-01 本地樣本 ND ND ND 0.08 
1 L-YMZ-BU-01D Local Sample ND ND ND 0.08 
  Mean: ND ND ND 0.08 

2 L-YMZ-BU-02 本地樣本 ND 0.12 ND 0.08 
2 L-YMZ-BU-02D Local Sample ND 0.11 ND 0.08 
  Mean: ND 0.11 ND 0.08 

3 L-YMZ-BU-03 本地樣本 ND 0.07 ND ND 
3 L-YMZ-BU-03D Local Sample ND 0.07 ND ND 
  Mean: ND 0.07 ND ND 

4 L-YMZ-BU-04 本地樣本 ND 0.40 ND ND 
4 L-YMZ-BU-04D Local Sample ND 0.38 ND ND 
  Mean: ND 0.39 ND ND 

5 YMZ-BU-01 河北豐寧 ND 0.05 ND 0.05 
5 YMZ-BU-01D Fengning, Hebei ND 0.05 ND 0.05 
  Mean: ND 0.05 ND 0.05 

6 YMZ-BU-03 甘肅安定 ND ND ND ND 
6 YMZ-BU-03D Anding, Gansu ND ND ND ND 
  Mean: ND ND ND ND 

7 YMZ-BU-04 甘肅隴西 ND ND ND 0.05 
7 YMZ-BU-04D Longxi, Gansu ND ND ND 0.05 
  Mean: ND ND ND 0.05 

8 YMZ-BU-05 甘肅會甯 ND ND ND 0.08 
8 YMZ-BU-05D Huining, Gansu ND ND ND 0.08 
  Mean: ND ND ND 0.08 

9 YMZ-BU-07 內蒙古多倫 ND 0.46 ND ND 

9 YMZ-BU-07D 
Duolun, Inner 

Mongolia 
ND 0.45 ND ND 

  Mean: ND 0.45 ND ND 
10 YMZ-BU-08 新疆麥蓋提 ND 0.52 ND ND 
10 YMZ-BU-08D Maigaiti, Xinjiang ND 0.54 ND ND 

  Mean: ND 0.53 ND ND 
HKCMMS limit (no more than) 2.0 mg/kg 1.0 mg/kg 0.2 mg/kg 5.0 mg/kg 

Failing rate 0% 0% 0% 0% 
Table 3 Result summary of heavy metals. ND= Not detected or Less than 0.05 mg/kg. 
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4.3.2. Pesticide residues 

Batch 
Sample ID Source 

α-BHC PCNB Heptachlor 
No (mg/kg) (mg/kg) (mg/kg) 
1 L-YMZ-BU-01 本地樣本 ND ND ND 
1 L-YMZ-BU-01D Local Sample ND ND ND 

  Mean: ND ND ND 
2 L-YMZ-BU-02 本地樣本 ND ND ND 
2 L-YMZ-BU-02D Local Sample ND ND ND 

  
Mean: ND ND ND 

3 L-YMZ-BU-03 本地樣本 ND ND ND 
3 L-YMZ-BU-03D Local Sample ND ND ND 

  
Mean: ND ND ND 

4 L-YMZ-BU-04 本地樣本 ND ND ND 
4 L-YMZ-BU-04D Local Sample ND ND ND 

  Mean: ND ND ND 
5 YMZ-BU-01 河北豐寧 ND ND ND 

5 YMZ-BU-01D 
Fengning, 

Hebei 
ND ND ND 

  
Mean: ND ND ND 

6 YMZ-BU-03 甘肅安定 ND ND ND 
6 YMZ-BU-03D Anding, Gansu ND ND ND 

  
Mean: ND ND ND 

7 YMZ-BU-04 甘肅隴西 ND ND ND 
7 YMZ-BU-04D Longxi, Gansu ND ND ND 

  Mean: ND ND ND 
8 YMZ-BU-05 甘肅會甯 ND ND ND 
8 YMZ-BU-05D Huining, Gansu ND ND ND 

  Mean: ND ND ND 
9 YMZ-BU-07 內蒙古多倫 ND ND ND 

9 YMZ-BU-07D Duolun, Inner 
Mongolia 

ND ND ND 

  
Mean: ND ND ND 

10 YMZ-BU-08 新疆麥蓋提 ND ND ND 

10 YMZ-BU-08D 
Maigaiti, 
Xinjiang ND ND ND 

  Mean: ND ND ND 
Table 4 Result summary of pesticide residues (α-BHC, PCNB and heptachlor). ND=Not Detected 
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Batch 
Sample ID 

Pentachloro- Aldrin β-BHC δ-BHC Heptachlor cis-Chlordane 

No 
aniline 
(mg/kg) (mg/kg) (mg/kg) (mg/kg) 

Epoxide 
(mg/kg) (mg/kg) 

1 L-YMZ-BU-01 ND ND ND ND ND ND 
1 L-YMZ-BU-01D ND ND ND ND ND ND 
 Mean: ND ND ND ND ND ND 

2 L-YMZ-BU-02 ND ND ND ND ND ND 
2 L-YMZ-BU-02D ND ND ND ND ND ND 
 Mean: ND ND ND ND ND ND 

3 L-YMZ-BU-03 ND ND ND ND ND ND 
3 L-YMZ-BU-03D ND ND ND ND ND ND 
 Mean: ND ND ND ND ND ND 

4 L-YMZ-BU-04 ND ND ND ND ND ND 
4 L-YMZ-BU-04D ND ND ND ND ND ND 
 Mean: ND ND ND ND ND ND 

5 YMZ-BU-01 ND ND ND ND ND ND 
5 YMZ-BU-01D ND ND ND ND ND ND 
 Mean: ND ND ND ND ND ND 

6 YMZ-BU-03 ND ND ND ND ND ND 
6 YMZ-BU-03D ND ND ND ND ND ND 
 Mean: ND ND ND ND ND ND 

7 YMZ-BU-04 ND ND ND ND ND ND 
7 YMZ-BU-04D ND ND ND ND ND ND 
 Mean: ND ND ND ND ND ND 

8 YMZ-BU-05 ND ND ND ND ND ND 
8 YMZ-BU-05D ND ND ND ND ND ND 
 Mean: ND ND ND ND ND ND 

9 YMZ-BU-07 ND ND ND ND ND ND 
9 YMZ-BU-07D ND ND ND ND ND ND 
 Mean: ND ND ND ND ND ND 

10 YMZ-BU-08 ND ND ND ND ND ND 
10 YMZ-BU-08D ND ND ND ND ND ND 

 Mean: ND ND ND ND ND ND 
Table 5 Result summary of pesticide residues (pentachloroaniline, aldrin, β-BHC, δ-BHC, heptachlor exposide, 
and cis-chlordane). ND=Not Detected . 
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Batch 
Sample ID 

Dieldrin Endrin 2,4-DDT 4,4-DDT HCB γ-BHC 
No (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 
1 L-YMZ-BU-01 ND ND ND ND ND ND 
1 L-YMZ-BU-01D ND ND ND ND ND ND 

 Mean: ND ND ND ND ND ND 
2 L-YMZ-BU-02 ND ND ND ND ND ND 
2 L-YMZ-BU-02D ND ND ND ND ND ND 

 Mean: ND ND ND ND ND ND 
3 L-YMZ-BU-03 ND ND ND ND ND ND 
3 L-YMZ-BU-03D ND ND ND ND ND ND 

 Mean: ND ND ND ND ND ND 
4 L-YMZ-BU-04 ND ND ND ND ND ND 
4 L-YMZ-BU-04D ND ND ND ND ND ND 

 Mean: ND ND ND ND ND ND 
5 YMZ-BU-01 ND ND ND ND ND ND 
5 YMZ-BU-01D ND ND ND ND ND ND 

 Mean: ND ND ND ND ND ND 
6 YMZ-BU-03 ND ND ND ND ND ND 
6 YMZ-BU-03D ND ND ND ND ND ND 

 Mean: ND ND ND ND ND ND 
7 YMZ-BU-04 ND ND ND ND ND ND 
7 YMZ-BU-04D ND ND ND ND ND ND 

 Mean: ND ND ND ND ND ND 
8 YMZ-BU-05 ND ND ND ND ND ND 
8 YMZ-BU-05D ND ND ND ND ND ND 

 Mean: ND ND ND ND ND ND 
9 YMZ-BU-07 ND ND ND ND ND ND 
9 YMZ-BU-07D ND ND ND ND ND ND 

 Mean: ND ND ND ND ND ND 
10 YMZ-BU-08 ND ND ND ND ND ND 
10 YMZ-BU-08D ND ND ND ND ND ND 

 Mean: ND ND ND ND ND ND 
Table 6 Result summary of pesticide residues (dieldrin, endrin, 2,4-DDT, 4,4-DDT, HCB, and γ-BHC). ND=Not 
Detected. 
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Batch 
Sample ID 

MPCPS Oxychlordane trans-Chlordane 4,4-DDD 4,4-DDE 
No (mg/kg) (mg/kg) (mg/kg) (mg/kg) mg/kg) 
1 L-YMZ-BU-01 ND ND ND ND ND 
1 L-YMZBU-01D ND ND ND ND ND 

 Mean: ND ND ND ND ND 
2 L-YMZ-BU-02 ND ND ND D ND 
2 L-YMZ-BU-02D ND ND ND ND ND 

 Mean ND ND ND ND ND 
3 L-YMZ-BU-03 ND ND ND ND ND 
3 L-YMZ-BU-03D ND ND ND ND ND 

 Mean: ND ND ND ND ND 
4 L-YMZ-BU-04 ND ND ND ND ND 
4 L-YMZ-U-04D ND ND ND ND ND 

 Mean: ND ND D ND ND 
5 YMZ-BU-01 ND ND ND ND ND 
5 YMZ-BU-01D ND ND ND ND ND 

 Mean: ND D ND ND ND 
6 YMZ-BU-03 ND ND ND ND ND 
6 YMZ-BU-03D ND ND ND ND ND 

 Mean: ND ND ND ND ND 
7 YMZ-BU-04 ND ND ND ND ND 
7 YMZ-BU-04D ND ND 

 
ND ND 

 Mean: ND ND ND ND ND 
8 YZ-BU-05 ND ND ND ND ND 
8 YMZ-BU-05D ND ND ND ND ND 

 Mean: ND ND ND ND ND 
9 MZ-BU-07 ND ND ND ND ND 
9 YMZ-BU-07D ND ND ND ND ND 

 Mean: ND ND ND ND ND 
10 YMZ-BU-08 ND D ND ND ND 
10 YMZ-BU-08D ND ND ND ND ND 

 Mean: ND ND ND ND ND 
Table 7 Result summary of pesticide residues (MPCPS, oxychlordane, trans-chlordane, 4,4-DDD, and 4,4-DDE).  
ND=Not Detected. 
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4.3.3. Mycotoxins (Aflatoxins) 

Batch 
No 

Sample ID Source 
Aflatoxin 

B1 B2 G1 G2 Sum 
(μg/kg) (μg/kg) (μg/kg) (μg/kg) (μg/kg) 

1 L-YMZ-BU-01 本地樣本 ND ND ND ND ND 
1 L-YMZ-BU-01D Local Sample ND ND ND ND ND 
  Mean: ND ND ND ND ND 

2 L-YMZ-BU-02 本地樣本 ND ND ND ND ND 
2 L-YMZ-BU-02D Local Sample ND ND ND ND ND 
  Mean: ND ND ND ND ND 

3 L-YMZ-BU-03 本地樣本 ND ND ND ND ND 
3 L-YMZ-BU-03D Local Sample ND ND ND ND ND 
  Mean: ND ND ND ND ND 

4 L-YMZ-BU-04 本地樣本 ND ND ND ND ND 
4 L-YMZ-BU-04D Local Sample ND ND ND ND ND 
  Mean: ND ND ND ND ND 

5 YMZ-BU-01 河北豐寧 ND ND ND ND ND 
5 YMZ-BU-01D Fengning, Hebei ND ND ND ND ND 
  Mean: ND ND ND ND ND 

6 YMZ-BU-03 甘肅安定 ND ND ND ND ND 
6 YMZ-BU-03D Anding, Gansu ND ND ND ND ND 
  Mean: ND ND ND ND ND 

7 YMZ-BU-04 甘肅隴西 ND ND ND ND ND 
7 YMZ-BU-04D Longxi, Gansu ND ND ND ND ND 
  Mean: ND ND ND ND ND 

8 YMZ-BU-05 甘肅會甯 ND ND ND ND ND 
8 YMZ-BU-05D Huining, Gansu ND ND ND ND ND 
  Mean: ND ND ND ND ND 

9 YMZ-BU-07 內蒙古多倫 ND ND ND ND ND 
9 YMZ-BU-07D Duolun, Inner 

 
ND ND ND ND ND 

  Mean: ND ND ND ND ND 
10 YMZ-BU-08 新疆麥蓋提 ND ND ND ND ND 
10 YMZ-BU-08D Maigaiti, Xinjiang ND ND ND ND ND 

  Mean: ND ND ND ND ND 
HKCMMS limit 5μg/kg - 10μg/kg 

Failing rate 0% - 0% 
Table 8 Result summary of mycotoxins (aflatoxins). ND=Not Detected or less than 0.3 μg/kg. 
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4.3.4. Sulphur dioxide residues 

Batch 
No. Sample ID Source 

Sulphur dioxide residue 
(mg/kg) 

1 L-YMZ-BU-01 本地樣本 ND 
1 L-YMZ-BU-01D Local Sample ND 
  Mean: ND 
2 L-YMZ-BU-02 本地樣本 ND 
2 L-YMZ-BU-02D Local Sample ND 
  Mean: ND 
3 L-YMZ-BU-03 本地樣本 ND 
3 L-YMZ-BU-03D Local Sample ND 
  Mean: ND 
4 L-YMZ-BU-04 本地樣本 ND 
4 L-YMZ-BU-04D Local Sample ND 
  Mean: ND 
5 YMZ-BU-01 河北豐寧 ND 
5 YMZ-BU-01D Fengning, Hebei ND 
  Mean: ND 
6 YMZ-BU-03 甘肅安定 ND 
6 YMZ-BU-03D Anding, Gansu ND 
  Mean: ND 
7 YMZ-BU-04 甘肅隴西 ND 
7 YMZ-BU-04D Longxi, Gansu ND 
  Mean: ND 
8 YMZ-BU-05 甘肅會甯 ND 
8 YMZ-BU-05D Huining, Gansu ND 
  Mean: ND 
9 YMZ-BU-07 內蒙古多倫 ND 
9 YMZ-BU-07D Duolun, Inner Mongolia ND 
  Mean: ND 

10 YMZ-BU-08 新疆麥蓋提 ND 
10 YMZ-BU-08D Maigaiti, Xinjiang ND 
  Mean: ND 

HKCMMS limit (not more than) 150 mg/kg 
Failing rate 0% 

Table 9 Result summary of sulphur dioxide residues. ND = Not Detected or less than 10 mg/kg. 
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4.3.5. Foreign matter 

Lini Semen 
Foreign Matter 

(% w/w) 

1 0.0318 

2 0.1261 

3 1.6571 

4 0.0450 

5 1.4046 

6 0.3387 

7 0.4021 

8 1.0184 

9 0.4931 

10 0.1693 

  

Mean 0.5686 

SD 0.5859 

REMU (from phase I) 0.4620 

MU 0.2627 

Calculated Limit (not more than) 1.35% 

Proposed Limit (not more than) 2.0% 

Failing rate 0% 

Outlier No 

Reference Nil 
Table 10 Result summary of foreign matter. 
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4.3.6. Ash (total ash and acid-insoluble ash) 

Lini Semen Total Ash 
(% w/w) 

Acid Insoluble Ash 
(% w/w) 

1 3.18 0.05 

2 3.59 0.23 

3 3.64 0.22 

4 3.22 0.04 

5 3.79 0.23 

6 3.22 0.05 

7 3.40 0.20 

8 3.43 0.28 

9 3.28 0.04 

10 3.59 0.05 

   

Mean 3.43 0.14 

SD 0.21 0.10 

REMU (from phase I) 0.0528 0.0708 

MU 0.18 0.01 

Calculated Limit 
(not more than) 

3.80% 0.24% 

Proposed Limit 
(not more than) 

4.0% 0.5% 

Failing rate 0% 0% 

Outlier No No 

Reference 
Not more than  
5.0% (EP 9.0) 

Nil 

Table 11 Result summary of ash (total ash and acid-insoluble ash). 
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4.3.7. Water content 

Lini Semen 
Water Content 

(% w/w) 

1 6.90 

2 6.90 

3 7.11 

4 6.32 

5 7.16 

6 7.12 

7 6.85 

8 7.07 

9 6.95 

10 6.86 

  

Mean 6.99 

SD 0.12 

REMU (from phase IV) 0.1270 

MU 0.8879 

Calculated Limit (not more than) 7.99% 

Proposed Limit (not more than) 8.0% 

Failing rate 0% 

Outlier Batch 4 

Reference 
Not more than 
 8.0% (EP 9.0) 

Table 12 Result summary of water content. 
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4.4. Extractives 

Lini Semen 
Extractives 

(Water, Cold 
Extraction) (% w/w) 

Extractives 
(70% Ethanol, Cold 
Extraction) (% w/w) 

1 21.66 8.41 

2 19.03 9.91 

3 21.97 9.51 

4 19.65 8.71 

5 20.10 8.65 

6 19.01 8.70 

7 20.15 8.30 

8 17.65 8.30 

9 19.44 9.45 

10 19.12 8.04 

   

Mean 19.78 8.80 

SD 1.28 0.12 

REMU (from phase IV) 0.1288 0.1360 

MU 2.55 1.19 

Calculated Limit 
(not less than) 

16.08% 7.05% 

Proposed Limit 
(not less than) 

16.0% 7.0% 

Failing rate 0% 0% 

Outlier No No 

Reference Nil Nil 
Table 13 Result summary of extractives. 
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4.5. Assay of α-linolenic acid and linoleic acid 

Batch 
Sample ID Source 

Wt. of 
Sample 

α-Linolenic acid Linoleic acid 

No (g) (mg/kg) (mg/kg) 
1 L-YMZ-BU-01 本地樣本 

Local Sample 
0.2004 7294 2453 

1 L-YMZ-BU-01D 0.2005 8433 2862 
   Mean : 7864 2658 

2 L-YMZ-BU-02 本地樣本 
Local Sample 

0.2018 18545 5516 
2 L-YMZ-BU-02D 0.2003 19535 5332 
   Mean : 19040 5424 

3 L-YMZ-BU-03 本地樣本 
Local Sample 

0.2016 11620 3529 
3 L-YMZ-BU-03D 0.2014 11551 3521 
   Mean : 11585 3525 

4 L-YMZ-BU-04 本地樣本 
Local Sample 

0.2017 6011 2150 
4 L-YMZ-BU-04D 0.2012 6086 2205 
   Mean : 6049 2178 

5 YMZ-BU-01 河北豐寧 
Fengning, Hebei 

0.2019 13768 3574 
5 YMZ-BU-01D 0.2008 13991 3693 
   Mean : 13880 3634 

6 YMZ-BU-03 甘肅安定 
Anding, Gansu 

0.2003 5416 1947 
6 YMZ-BU-03D 0.2004 5190 1742 
   Mean : 5303 1845 

7 YMZ-BU-04 甘肅隴西 
Longxi, Gansu 

0.2016 9044 2474 
7 YMZ-BU-04D 0.2010 9023 2524 
   Mean : 9034 2499 

8 YMZ-BU-05 甘肅會甯 
Huining, Gansu 

0.2019 6548 2399 
8 YMZ-BU-05D 0.2018 6568 2777 
   Mean : 6558 2588 

9 YMZ-BU-07 內蒙古多倫 
Duolun, Inner 

Mongolia 

0.2011 32081 8999 

9 YMZ-BU-07D 0.2020 33681 9715 

   Mean : 32881 9357 
10 YMZ-BU-08 新疆麥蓋提 

Maigaiti, Xinjiang 
0.2002 8096 2629 

10 YMZ-BU-08D 0.2001 8240 2608 
   Mean : 8168 2619 

Table 14 Result summary of the assay of α-linolenic acid and linoleic acid. 
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Batch No α-Linolenic acid (mg/kg) 
Linoleic acid 

(mg/kg) 

Total content of 
α-linolenic acid and 

linoleic acid 

 (Assay content calculated on the dry basis) 

1 8447 2855 11302 

2 20450 5826 26276 

3 12472 3795 16267 

4 6457 2324 8781 

5 14950 3914 18864 

6 5710 1986 7696 

7 9698 2683 12381 

8 7057 2785 9842 

9 35335 10055 45390 

10 8770 2811 11581 

    

Mean 10446 2894 13666 

SD 4765 662 5900 

RSD (%) 45.62 22.87 43.18 

Outlier Batch 9 Batches 2 and 9 Batch 9 

Minimum 5710 1986 7696 

Maximum 35335 10055 45390 

t-value 2.821 2.896 2.821 

REMU 0.1446 0.1550 0.1696 

MU 1510 449 2318 

Cal. Limit 4335 1744 5652 

Proposed Limit 
(not less than) 

4300 (0.43%) 1700 (0.17%) 5600 (0.56%) 

Failing rate 0% 0% 0% 

Reference 
(not less than) 

Nil Nil Nil 

Table 15 Results of proposed assay limit on α-linolenic acid and linoleic acid. 
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Figure 13 Reference assay chromatogram on α-linolenic acid and linoleic of Lini Semen extract. 
 

Assay result interpretation 

Identification of α-linolenic acid and linoleic acid is based on comparing the 

retention time of α-linolenic acid and linoleic acid in sample with that of the 

nearest check standard solution. The retention time of α-linolenic acid and 

linoleic acid in the two chromatograms should not differ by more than 5%. 

Calibration curves are prepared by plotting the peak area against 

concentration (in mg/L) of the standards. The slope, y-intercept and the 

square of correlation coefficient (r2) were obtained from the calibration 

curves. 

The content of a marker in sample (C, mg/kg) was calculated by the 

following equation: 

C, mg/g = C = A × V × D / W 

where 

A = Concentration of respective α-linolenic acid or linoleic 
acid in sample extract (mg/L) 

V = Final make-up volume of extract (L) 

D = Dilution factor 

W = Weight of sample used for analysis (kg) 

 

α-Linolenic acid 

Linoleic acid 



41 

 

The value of A was calculated by: 
m

cIA −
=  

where 

I = Area ratio in the sample solution 

c = Y-intercept of the calibration curve 

m = Slope of the calibration curve 

 

The absolute deviation from mean (ADM) of duplicate analysis was 

calculated according to the following equation: 

( )
( ) %100

2
2

21

211 ×
+

+−
=

DD
DDD

ADM  

where 

D1 = Concentration of α-linolenic acid or linoleic acid in 
sample 

D2 = Concentration of α-linolenic acid or linoleic acid in 
sample duplicate. 

 

The content of α-linolenic acid and linoleic acid in the sample were 

calculated and recorded in two significant figures. 
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4.6. Assay of SDG 

Batch 
Sample ID Source 

Wt. of 
Sample 

SDG 

No (g) (mg/kg) 
1 L-YMZ-BU-01 本地樣本 

Local Sample 
0.2004 12287 

1 L-YMZ-BU-01D 0.2005 11115 
   Mean : 11701 

2 L-YMZ-BU-02 本地樣本 
Local Sample 

0.2018 10700 
2 L-YMZ-BU-02D 0.2003 10872 
   Mean : 10786 

3 L-YMZ-BU-03 本地樣本 
Local Sample 

0.2016 11640 
3 L-YMZ-BU-03D 0.2014 11146 
   Mean : 11393 

4 L-YMZ-BU-04 本地樣本 
Local Sample 

0.2017 7836 
4 L-YMZ-BU-04D 0.2012 8017 
   Mean : 7926 

5 YMZ-BU-01 河北豐寧 
Fengning, Hebei 

0.2019 9617 
5 YMZ-BU-01D 0.2008 10165 
   Mean : 9891 

6 YMZ-BU-03 甘肅安定 
Anding, Gansu 

0.2003 10918 
6 YMZ-BU-03D 0.2004 11352 
   Mean : 11135 

7 YMZ-BU-04 甘肅隴西 
Longxi, Gansu 

0.2016 9574 
7 YMZ-BU-04D 0.2010 9464 
   Mean : 9519 

8 YMZ-BU-05 甘肅會甯 
Huining, Gansu 

0.2019 9628 
8 YMZ-BU-05D 0.2018 9520 
   Mean : 9574 

9 YMZ-BU-07 內蒙古多倫 
Duolun, Inner Mongolia 

0.2011 9287 
9 YMZ-BU-07D 0.2020 9887 
   Mean : 9587 

10 YMZ-BU-08 新疆麥蓋提 
Maigaiti, Xinjiang 

0.2002 9641 
10 YMZ-BU-08D 0.2001 10143 

   Mean : 9892 
Table 16 Result summary of the assay of SDG result summary. 
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Batch No SDG (mg/kg) 

 (Assay content calculated on the dried basis) 

1 12568 

2 11585 

3 12265 

4 8461 

5 10654 

6 11989 

7 10219 

8 10302 

9 10303 

10 10621 

  

Mean 10897 

SD 1228 

RSD (%) 11.27 

Outlier Nil 

Minimum 8461 

Maximum 12568 

t-value 2.821 

REMU 0.1522 

MU 1658.48 

Cal. Limit 8143 

Proposed Limit 
(not less than) 

8100 (0.81%) 

Failing rate 0% 

Reference 
(not less than) 

Nil 

Table 17 Results of proposed assay limit on SDG. 
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Figure 14 A reference assay chromatogram on SDG of Lini Semen extract. 
 

Assay result interpretation 

Identification of SDG is based on comparing the retention time of SDG in 

sample with that of the nearest check standard solution. The retention time of 

SDG in the two chromatograms should not differ by more than 5%. 

Calibration curves are prepared by plotting the peak area against 

concentration (in mg/L) of the standards. The slope, y-intercept and the 

square of correlation coefficient (r2) were obtained from the calibration 

curves. 

The content of a marker in sample (C, mg/kg) was calculated by the 

following equation: 

C, mg/g = C = A × V × D / W 

where 

A = Concentration of SDG in sample extract (mg/L) 

V = Final make-up volume of extract (L) 

D = Dilution factor 

W = Weight of sample used for analysis (kg) 

 

 

Secoisolariciresinol diglucoside (SDG) 



45 

 

The value of A was calculated by: 
m

cIA −
=  

where 

I = Area ratio in the sample solution 

c = Y-intercept of the calibration curve 

m = Slope of the calibration curve 

 

The absolute deviation from mean (ADM) of duplicate analysis was 

calculated according to the following equation: 

( )
( ) %100

2
2

21

211 ×
+

+−
=

DD
DDD

ADM  

where 

D1 = Concentration of SDG in sample 

D2 = Concentration of SDG in sample duplicate. 

 

The conternt of SDG in the sample were calculated and recorded in two 

significant figures. 
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5. Discussion  

5.1. Method development 

5.1.1. Thin-layer chromatographic identification 

TLC is commonly adopted for the identification of CMM due to its relatively low costs. Since 

the performance of TLC is easily affected by external factors, the operation procedures should 

be well-established. A good TLC method should give good separation of the markers from the 

matrix components of the test solution. For a positive identification, the bands of the test 

solution and the standard solution should have comparable chromatographic characteristics 

including Rf value, colour, and UV absorption. The method development of TLC identification 

of Lini Semen is showed below. 

 

Selection of HPTLC plate 

Two commonly used TLC plates from the same manufacturer were 

compared: Silica gel F254 (normal phase) and silica gel 60 RP-18 F254 

(reversed phase). Reversed phase plate gave a better separation on the two 

markers as well as the matrix of the sample extract. 

 

 
Figure 15 Selection of HPTLC plate, captured under UV 366nm. (i) Silica gel F254 plate with developing system 
petroleum ether: ethyl aceate (8:2, v/v); (ii) Silica gel 60 RP-18 F254 plate with developing system acetone: acetic 
acid: dichloromethane (5:4:2, v/v). (1) 0.2 mg/mL α-linolenic acid; (2) 0.2 mg/mL linoleic acid; (3) sample; (4) 
sample duplicate. 
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Selection of extraction solvent 

From the TLC patterns obtained in both normal phase and reserved phase 

plates, it can be confirmed that besides the two fatty acid markers, there were 

more chemical components in the Lini Semen extract. As Lini Semen 

contains 35–50% oil by weight[14-17], a relatively non-polar solvent may be 

suitable for extraction in order to obtain a more characteristic TLC pattern. 

Five solvents, n-hexane, ethanol, methanol, 80% methanol and isopropanol, 

were selected for comparison. Among them, the polarity of n-hexane is the 

lowest, which mean it can be used to extracted largest amount of oil. 

However, due to the high volatility of n-hexane, the concentration of the 

extract may not be very stable. Therefore, two solvents were selected to 

dissolve the n-hexane extracts. In each extraction, 0.2 g sample powder were 

extracted with 50 mL of solvent by sonication (300W) for 1 hour and 

concentrated to 5 mL or dried and re-dissolved in 5 mL solvent.  

The number of bands in n-hexane extract was more than in other solvent 

extracts. The band intensity in lane 4 (concentrated n-hexane extract) was 

greater than that in lane 2 (concentrated n-hexane extract, dissolved in 

isopropanol). However, lane 2 solvent was selected in order to in-line with 

the extraction method for fingerprint. 
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Figure 16 Selection of extraction solvents on RP-18 plate with developing system acetone, acetic acid, 
dichloromethane (5:4:2, v/v), captured under 366 nm. (1) mixed standard of α-linolenic acid and linoleic acid; (2) 
n-hexane extract dissolved in isopropanol; (3) n-hexane extract dissolved in ethanol; (4) n-hexane extract; (5) 
ethanol extract; (6) methanol extract; (7) 80% methanol extract; (8) isopropanol extract 

 

Selection of extraction duration 

Three extraction durations were compared: 15 minutes, 30 minutes, and 1 

hour. The result showed that 1 hour extraction gave the best performance on 

TLC pattern.  

 

 
Figure 17 Selection of extraction duration on RP-18 plate with developing system acetone, acetic acid, 
dichloromethane (5:4:2, v/v), captured under 366 nm. (1) mixed standard of α-linolenic acid and linoleic acid; (2) 
15 minutes sonication; (3) 30 minutes sonication; (4) 1 hour sonication. 
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Selection of developing solvent 

There was no TLC identification in the CP and EP Lini Semen monographs 

but in EP linseed oil monograph. The mobile phase recorded in EP is 

methylene chloride (i.e. dichloromethane), glacial acetic acid, acetone (20: 

40: 50, v/v/v). This developing system was selected for comparison with two 

more systems. The results showed that the EP method is already well 

established and suitable to use as TLC identification of Lini Semen. 

 

 
Figure 18 Selection of developing solvent on RP-18 plate, captured under 366 nm. (i) Diethyl ether: acetic acid: 
acetone (2:3:5, v/v/v); (ii) ethyl acetate: acetic acid: acetone (25:25:50, v/v/v); (iii) acetone, acetic acid, 
dichloromethane (5:4:2, v/v/v). (1) solvent blank; (2) α-linolenic acid standard solution; (3) linoleic acid standard 
solution; (4) sample; (5) sample duplicate. 
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Selection of observation condition 

The detection method stated in EP linseed oil monograph is to treat the 

developed TLC plate with a 100g/L solution of phosphomolybdic acid in 

ethanol and heat at 120 °C for 3 minutes and examine in daylight.  

In this method development, another universal spray reagent, 5% sulphuric 

acid in ethanol, was used for the observation condition comparison. From 

the results, it showed that after spraying with 5% sulphuric acid in ethanol, 

the pattern could be observed best under UV 366. When compared with the 

image in EP, spraying with 5% sulphuric acid in ethanol and observed under 

UV 366 is more or less the same as using phosphomolybdic acid in ethanol 

and observed under daylight. 

 

 
Figure 19 Selection of developing solvent on RP-18 plate, developed with acetone, acetic acid, dichloromethane 
(5:4:2, v/v/v) and sprayed with 5% sulphuric acid in ethanol. (i) Captured under UV 254nm; (ii) captured under 
UV 366nm; (iii) captured under visible light. (1) solvent blank; (2) α-linolenic acid standard solution; (3) linoleic 
acid standard solution; (4) sample; (5) sample duplicate. 
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Selection of spraying reagent concentration 

Three concentrations of sulphuric acid in ethanol were compared. Results 

showed that the concentration of spraying reagent does not affect the 

observation. For the ease of operation, 5% sulphuric acid in ethanol was 

selected. 

 

 
Figure 20 Selection of spraying reagent concentration on RP-18 plate, developed with acetone, acetic acid, 
dichloromethane (5:4:2, v/v/v) observed under UV 366nm. (i) Sprayed with 5% sulphuric acid ethanol solution; 
(ii) 10%; (iii) 20%. (1) α-linolenic acid standard solution; (2) linoleic acid standard solution; (3) sample; (4) 
sample duplicate; (S) mix standard of α-linolenic acid and linoleic acid. 
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TLC method comparison with EP 

In the EP linseed oil monograph (Figure 21), 20 mg of the oil was dissolved 

in 3 mL of dichloromethane. The test solution concentration is 6.67 mg of 

linseed oil in 1mL of dichloromethane. In this HKCMMS method, 0.2 g of 

Lini Semen was extracted with 50 mL of n-hexane and dried and dissolved 

in 5 mL of isopropanol, which makes the test solution concentration to be 40 

mg Lini Semen sample in 1 mL of solvent.  

As the Lini Semen contains 35-50% oil [14], the oil concentration in the test 

solution would be 14 to 20 mg/mL, which is much higher than that in EP. 

Thus, more intense pattern is expected.  

In HKCMMS method, two fatty acids, α-linolenic acid and linoleic acid 

were selected as markers, while in EP, only another plant oil maize oil were 

used as reference. The HKCMMS method is more selective. Both methods 

select ODS silica gel as TLC plate coating material. HKCMMS method 

adopts developing solvent from EP. The differences between two methods in 

the TLC conditions are the spraying reagent and observation method.  

 

 
Figure 21 Chromatograms for the identification of fatty oils (captaured from EP 9.0). (1) Arachis oil; (2) sesame 
oil; (3) maize oil; (4) rapeseed oil; (5) soya-bean oil; (6) rapseed oil (erucic acid-free); (7) linseed oil; (8) olive oil; 
(9) sunflower oil; (10) almond oil; (11) wheat-germ oil; (12) borage oil; (13) evening primrose oil; (14) safflower 
oil (type I); (15) safflower oil (type II). 
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5.1.2. High performance liquid chromatography fingerprinting 

High performance liquid chromatography (HPLC) and gas chromatography (GC) methods 

have the merits of high selectivity, high sensitivity, and high separation rate. Hence, in addition 

to TLC methods, identification methods using HPLC or GC are important. In CP and EP, there 

is no HPLC or GC fingerprinting method for linseed, and/or linseed oil. After comparison 

between HPLC and GC, which will be discussed in Section 5.4., HPLC is selected for both 

fingerprint and assay for Lini Semen.  

Selection of detection wavelength 

The UV spectra (Figure 22) of the two fatty acids showed that both markers 

have UV absorption before 225 nm therefore the detection wavelength was 

set at the lower wavelength. 

Figure 23 showed that under 210 nm, the peak area of both marker peaks 

was lower than that detected under 205 nm, but the baseline was better. 

Therefore 210 nm was selected as the detection wavelength for Lini Semen 

HPLC fingerprinting. 

 

 
Figure 22 UV spectra of (i) α-linolenic acid and (ii) linoleic acid. 
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Figure 23 Chromatograph of marker solution under 205 and 210 nm. (A) α-linolenic acid; (L) linoleic acid. 
 

Selection of HPLC column 

Due to the properties of the two markers, reversed phase HPLC column 

should be used. Therefore, two reversed phase column, Agilent Prep-C18, 

Scalar HPLC column (4.6 x 250mm, 5μm) and Agilent Eclipse XDB-C8 

HPLC column (2.1x 100mm, 3.5μm) were selected for comparison. The 

elution programme used was the same, consisted of two solvents: (A) water 

and (B) acetonitrile (0-10 min, 20-75% B; 10-16 min, 75-100% B; 

16-30min, 100% B). The flow rate of C18 column was 1.0 mL/ min and that 

of C8 column was 0.6 mL/min, for its smaller particle diameters 

A C8 column was selected because more peaks can be eluted under same 

elution programme (Figure 24). A column with longer carbon chain can 

retain the molecule with a stronger bond. The weaker retention power of C8 

column lets more peaks to be eluted under the same elution condition. 
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Figure 24 Selection of HPLC column. (i) C18 column; (ii) C8 column. (A) α-linoleic acid; (L) linoleic acid. 

 

Selection of mobile phase  

Some literatures reported the use of isopropanol as one of the mobile phase 

for liquid chromatography analysis of triglyceride in linseed and/or plant 

seed oil[16, 21-22]. Therefore, besides acetonitrile, isopropanol was also 

included in the selection of mobile phase B while water was used in all 

condition as mobile phase A.  

Figure 25 showed that, among five conditions, acetonitrile and isopropanol 

with the ratio of 9:1 gave the best separation and baseline of both marker 

peaks and other peaks. Thus ACN/IPA (9:1, v/v) was selected as mobile 

phase B. 
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;  
Figure 25 Selection of mobile phase: (i) ACN/IPA (1:1, v/v); (ii) ACN; (iii) ACN/IPA (9:1, v/v); (iv) MeOH/IPA 
(9:1). 
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Selection of column temperature 

The column temperature was selected to be 40°C as it gave better peak shape 

and more peaks can be eluted at shorter time. 

 

 
Figure 26 Selection of column temperature: (i) 25°C; (ii) 30°C; (iii) 40°C. (A) α-linolenic acid; (L) linoleic acid. 
 

Selection of elution programme  

The HPLC fingerprinting method should contain as many well resolved 

peaks as possible for better identification of the CMM. The technical 

guideline provided by the HKCMMS office requires that at least 4 

characteristic peaks is needed in a fingerprint chromatogram. Also, early 

elution of the characteristic peaks within first five minutes of the run should 

be avoided. Therefore, the elution programme needed to be fine-tuned to 

achieve the best performance.  

Figure 27 showed that when using water as mobile phase (A) and ACN/IPA 

(9:1, v/v) as mobile phase (B), elution programme 0-5 min, 20-75 %B; 5-10 

min, 75 %B; 10-18 min, 75-100 %B; 18-40 min, 100 %B gave a better peak 

shape and separation.  
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Figure 27 Selection of elution programme. (i) 0-10 min ,20-75 %B; 10-11 min, 75-100 %B; 11-30 min, 100 %B; 
(ii) 0-6 min ,50-75 %B; 6-15 min, 75-100 %B; 15-30 min, 100 %B; (iii) 0-10 min ,20-75 %B; 10-16 min, 75-100 
%B; 16-30min, 100 %B; (iv) 0-5 min ,20-75 %B; 5-10 min, 75 %B; 10-18 min, 75-100 %B; 18-40 min, 100 %B. 
(A) α-linoenic acid; (L) linoleic acid. 
 

Selection of extraction solvent 

Five solvents were used for sonication (300W) extraction comparison: 80% 

methanol, methanol, n-hexane, petroleum ether, and ethanol. For n-hexane 

and petroleum ether, they are immiscible in water. Injection of these two 

solvent extracts may affect the performance of the HPLC system, such as 

erratic flow, noisy baseline, or baseline drift. To prevent the unwanted 

situations, the n-hexane and petroleum extracts were dried and re-dissolved 

in isopropanol while methanol and ethanol extracts were concentrated with 

the original solvents. 

Figure 28 showed that the number of peaks and patterns of four solvent 

extracts were similar, except for 80% methanol extract which most of the 
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compounds were not extracted. After comparing with the peak areas of two 

marker peaks, n-hexane was selected as the extraction solvent.  

In order to confirm the usage of isopropanol as re-dissolving solvent, another 

comparison was made. Results showed that when re-dissolving in 

isopropanol, the peak areas were the highest. The results were showed in 

Figure 29. 

 

 
Figure 28 Selection of extraction solvent. (i) 80% methanol; (ii) methanol; (iii) n-hexane, re-dissolved in 
isopropanol; (iv) petroleum ether, re-dissolved in isopropanol; (v) ethanol. (A) α-linoenic acid; (L) linoleic acid. 
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Figure 29 Selection of re-dissolving solvent. (i) Isopropanol; (ii) acetonitrile; (iii) ethanol. (A) α-linoenic acid; (L) 
linoleic acid. 
 

Selection of sonication temperature 

Two sonication (300W) temperatures were compared. Results showed that 

the peak areas were higher when the sample was extracted with 60°C 

sonication for one hour. 

 

 
Figure 30 Selection of sonication temperature. (i) 40°C; (ii) 60°C. 
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Selection of extraction method 

0.2g of powdered sample was extracted with 50 mL of n-hexane under two 

conditions, sonication (300W) and heat under reflux for one hour. After 

centrifugation at 400 rpm for 10 minutes, the solvents were evaporated to 

dryness by rotatory evaporator and then re-dissolved in 5 mL of isopropanol. 

Results showed that both methods gave comparable fingerprint pattern, peak 

shape, and peak areas. Sonication was selected for the ease of operation. 

 

 
Figure 31 Selection of extraction method. (i) Sonication; (ii) heat under reflux. 
  



62 

 

5.1.3. Assay of α-linolenic acid and linoleic acid 

Assay refers to the quantitative determination of the markers of CMM. For the assay of 

α-linolenic acid and linoleic acid, the HPLC conditions were same as that of the fingerprinting 

analysis. However, as assay is a quantitative determination, the extraction yields of markers 

affect the said determination. Therefore, the sample extraction procedure needed to be 

modified for a higher extraction yield. 

 

Selection of extraction times 

The extraction times refer to the times of extraction, not the extraction 

duration. To obtain a higher extraction yield, increase the times of extraction 

is one of many ways.  

In this comparison, the sample size and solvent volume was the same as that 

of fingerprinting sample extraction. However, instead of extracting sample 

once by sonication for one hour, the extraction procedure was repeated with 

the residues for three more times. Under these procedures, larger amount of 

the marker chemicals can be extracted. The extracts of each time of 

sonication were obtained by evaporating the solvent to dryness and 

re-dissolving in 5 mL of isopropanol.  

After comparing each time of sonication, it was clear that after three times of 

extractions, more than 99% of α-linolenic acid and linoleic acid in Lini 

Semen was extracted with less than 1% residues remained in the fourth time 

extract. Therefore, three times sonication with one hour each was selected as 

the extraction method for the assay of α-linolenic acid and linoleic acid. The 

results were showed in Figure 32. 
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Figure 32 Selection of extraction times. (i) First time extraction; (ii) second time extraction; (iii) third time 
extraction; (iv) fourth time extraction. 
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5.1.4. Assay of SDG 

Besides α-linolenic acid and linoleic acid, another lignan compound was selected as the assay 

marker of Lini Semen. Unlike fatty acids, SDG could not be extracted by n-hexane. 

Furthermore, it presents in the plant in the form of ester-linked oligomers or polymers [23–25] 

and cannot not be extracted without hydrolysis [23-28]. Therefore different HPLC conditions and 

extraction methods were needed for the assay of SDG in Lini Semen. During each comparison, 

all external conditions were kept at the same level, except for the targeted variables.  

 

Selection of detection wavelength  

Unlike fingerprinting, in the assay, marker peak is the only target. The 

selection of detection wavelength is based on the marker peak UV 

absorption. It is not necessary to detect other peaks in the test solution. The 

UV spectrum of SDG standard solution showed that SDG has strong UV 

absorption at 280nm (Figure 33). Therefore, the detection wavelength was 

set at 280nm.  

 

 
Figure 33 UV spectrum of SDG. 
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Selection of extraction solvent 

SDG exists in plant in the form of oligomers or polymers. However, the 

oligomer or polymer forms are not commercially available as a reference 

standard. To extract SDG from plant material, hydrolysis is needed. The 

most frequently used hydrolysis agent is sodium hydroxide [23-25]. Therefore, 

extracts from different solvents with the same molarity of sodium hydroxide 

were compared. Figure 34 showed that 2M NaOH in 70% methanol can 

extract the highest amount of SDG. 

 

 
Figure 34 Selection of extraction solvent. (i) 2M NaOH in water; (ii) 2M NaOH in methanol; (iii) 2M NaOH in 
70% methanol. (S) SDG. 
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Selection of molarity of sodium hydroxide 

Three concentrations of sodium hydroxide in 70% methanol were selection 

for comparison, together with no sodium hydroxide in 70% methanol. For 

the extract without NaOH, there was no SDG peak detected. The peak areas 

of SDG in 1M and 2M NaOH were comparable (Figure 35). Therefore, 1M 

NaOH in 70% methanol was selected for the ease of operation. 

 

 
Figure 35 Selection of molarity of sodium hydroxide. (i) 70% methanol without NaOH; (ii) 0.5M NaOH in 70% 
methanol; (iii) 1M NaOH in 70% methanol; (iv) 2M NaOH in 70% methanol. 
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Selection of defat duration  

Literatures records that in order to prevent the lipid of Lini Semen from 

hindering the hydrolysis and extraction process of SDG, non-polar organic 

solvent such as n-hexane and petroleum ether are used to defat the Lini 

Semen before hydrolysis [23-25].  

Different defat times were studied. Figure 36 showed that after defatting the 

sample, the peak area of SDG increased. Defatting with n-hexane for three 

times with one hour each produced same result with defatting for four times. 

Three times defat was adopted for the ease of operation and to in line with 

the extract procedures of the assay of α-linolenic acid and linoleic acid.  

In this case, after three times extraction with n-hexane, the extract was used 

for the assay of α-linolenic acid and linoleic acid, while the residues were 

used to proceed hydrolysis for the assay of SDG. 
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Figure 36 Selection of defat times. (i) no defat; (ii) 1 hour defat; (iii) two times defat, 1 hour each; (iv) three times 
defat, 1hour each; (v) four times defat, 1 hour each. 
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Selection of extraction method 

One hour extraction using 4 different methods, magnetic stirring, heat under 

reflux, sonication (300W) and sonication at 60 ºC, were compared. Figure 37 

showed that sonication at 60 ºC produced higher amount of SDG. 

 

 
Figure 37 Selection of extraction method. (i) Magnetic stirring; (ii) heat under reflux; (iii) sonication; (iv) 
sonication at 60 ºC. 
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Selection of hydrolysis duration 

Four hydrolysis durations were selected for comparison. Results showed that 

one hour hydrolysis gave the highest peak area of SDG (Figure 38) 

. 

 
Figure 38 Selection of hydrolysis duration. (i) 15 minutes; (ii) 30 minutes; (iii) 45 minutes; (iv) 1 hour. 
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Selection of extraction times 

After defatting three times with n-hexane, which extract was used for fatty 

acid assay, the Lini Semen residues were than hydrolzed by 1M NaOH in 

70% methanol. In order to obtain SDG as much as possible, several 

hydrolysis may be needed. Figure 39 showed that after twice hydrolysis, 

SDG had been completely extracted. Therefore, two times of NaOH 

hydrolysis was selected. 

It had been reported that secoisolariciresinol (SECO) can be released from 

SDG upon acidic hydrolysis [25, 29]. In order to investigate the stability of 

SDG, a recovery test had been conducted. Data were shown at the Section 

5.2.4.6 (Table 45). The satisfactory results showed that SDG does not break 

down and release SECO upon the alkaline hydrolysis. 
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Figure 39 Selection of times of hydrolysis. (i) First time hydrolysis; (ii) second time hydrolysis; (iii) third time 
hydrolysis. 
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5.2. Method validation 

All test methods were validated, following the “Technical Guidelines for Research and 

Laboratory Work of the HKCMM Standards (Phase IX)” provided by the HKCMMS office. 

 

5.2.1. Thin-layer chromatographic identification 

Inter-laboratory validation 

The test method was validated by the Government Laboratory (GL) with 

satisfactory result. 

 
Figure 40 Inter-laboratory validation of TLC results of Lini Semen observed under UV 366 nm after staining  
 

Lane Sample 
Description Standard 

HKBU GL 

Rf Result Rf Result 

1 Blank - - - - - 

2 Standard α-Linolenic acid 0.71 + 0.71 + 

3 Standard Linoleic acid 0.67 + 0.68 + 

4 Sample 
α-Linolenic acid 0.71 + 0.72 + 

Linoleic acid 0.67 + 0.68 + 

5 Sample duplicate 
α-Linolenic acid 0.71 + 0.72 + 

Linoleic acid 0.67 + 0.68 + 

6 Spiked sample 
α-Linolenic acid 0.71 + 0.72 + 

Linoleic acid 0.67 + 0.68 + 

"+" denote a positive observation; "-" denote a negative observation 
Table 18 Result summary of inter-laboratory validation of TLC.   
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5.2.2. HPLC fingerprint chromatographic identification 

System Suitability Test 

 
Figure 41 HPLC chromatograms of four Lini Semen samples for system suitability test. (i) Local 

sample, L-YMZ-BU-04; (ii) local sample, L-YMZ-BU-02; (iii) Duolun, Inner Mongolia, 

YMZ-BU-07; (iv) Huining, Gansu, YMZ-BU-05. 
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Sample Marker RT (min) Wh/2 (min) n R T 

L-YMZ-BU-04 

α-linolenic 

acid 

7.780 0.0907 40790 4.36 0.70 

L-YMZ-BU-02 7.782 0.0917 39922 3.81 0.83 

YMZ-BU-07 7.776 0.0920 39576 3.76 0.80 

YMZ-BU-05 7.766 0.0893 41871 3.89 0.69 

L-YMZ-BU-04 

linoleic 

acid 

8.637 0.1067 36325 1.78 0.72 

L-YMZ-BU-02 8.634 0.1053 37224 1.81 0.74 

YMZ-BU-07 8.632 0.1033 38663 1.87 0.74 

YMZ-BU-05 8.621 0.1053 37106 1.69 0.69 

Table 19 Results of resolution (R), No. of theoretical plates (n) and tailing factor (T) for HPLC 

fingerprint. 

 

Trial 

α-linolenic acid Linoleic acid 

Retention 

Time (min) 

Peak Area 

(mAU×s) 

Retention 

Time (min) 

Peak Area 

(mAU×s) 

1 7.762 3282.7 8.609 505.9 

2 7.795 3291.8 8.658 522.9 

3 7.792 3311.8 8.654 517.6 

4 7.789 3304.3 8.652 509.6 

5 7.792 3354.2 8.656 510.9 

Mean 7.786 3309.0 8.646 513.38 

SD 0.014 27.661 0.021 6.798 

RSD (%) 0.174 0.836 0.239 1.324 

Table 20 Reproducibility of peak area and retention time for HPLC fingerprint.. 
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System suitability parameters: 

The RSD of the peak area reproducibility of α-linolenic acid and 

linoleic acid (sample or Std_FP) should be ≤ 5%. The RSD of the 

retention time reproducibility of α-linolenic acid and linoleic acid 

(sample or Std_FP) should be ≤ 2%. Resolution factor (R) of 

α-linolenic acid and linoleic acid with the closest peak from 

analysis of sample should be ≥ 1.5. Number of theoretical plates 

(n) of α-linolenic acid and linoleic acid (sample or Std_FP) 

should be ≥ 32000. Tailing factor (T) of α-linolenic acid and 

linoleic acid (sample or Std_FP) should be within 0.65 and 1.1. 

 

Inter-laboratory validation 

The analysis is conducted strictly in compliance with the method 

on the Chromatographic Fingerprint of Lini Semen submitted by 

HKBU. The test method was validated by the GL with 

satisfactory result. 

From the system suitability parameter provided by HKBU and 

GL (Table 21), their HPLC systems have met the system 

suitability requirements stipulated in the method. The data of 

quality control parameters on characteristic peaks (Table 22) 

shows that the ADM of RPA and RRT meet QC requirement that 

the ADM of RPA was less than 10% and that of RRT was less 

than 2%.  
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From the chromatograms provided by both HKBU and GL, no 

peak was observed in the blank run except solvent peak. The 

differences of marker peak areas between sample and spiked 

sample were within QC requirement. The retention time of each 

marker between two standard injections was within 2%, which 

met the QC requirement. Therefore the HPLC fingerprint method 

was validated. 

 

Parameter 

HKBU Results GL Results 

α-linolenic 

acid 

linoleic 

acid 

α-linolenic 

acid 

linoleic 

acid 

Area reproducibility (RSD) of 

α-linolenic acid and linoleic acid 
1.09 % 0.72 % 0.844 % 1.183 % 

Retention time reproducibility 

(RSD) of α-linolenic acid and 

linoleic acid peak 

0.15 % 0.32 % 0.067 % 0.083 % 

Resolution factor (R) of 

α-linolenic acid and linoleic acid 

peak and its adjacent peak in 

sample analysis 

7.87 3.01 3.56 4.04 

Number of theoretical plate (n) 

of α-linolenic acid and linoleic 

acid peak 

63540 52477 82648 65570 

Tailing factor (T) of α-linolenic 

acid and linoleic acid peak 
0.89 0.93 1.081 1.030 

Table 21 System suitability parameter for HPLC fingerprint inter-laboratory validation. 
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Peak 

no. 

Sample Sample duplicate ADM (%) 

tR 

(min) 
RRT 

Peak 

area 

(mAU×s) 

RPA 
tR 

(min) 
RRT 

Peak 

area 

(mAU×s) 

RPA RRT RPA 

H
K

B
U

 

1 (A) 7.973 1.000 1136.4 1.000 7.965 1.000 1178.4 1.000 0 0 

2 (L) 8.914 1.118 261.4 0.230 8.905 1.118 267.1 0.227 0 0.656 

3 21.919 2.749 14640.3 12.883 21.943 2.755 15081.4 12.798 0.109 0.331 

4 22.81 2.861 8502.2 7.482 22.843 2.868 8781.3 7.452 0.122 0.201 

5 23.855 2.992 13261.5 11.670 23.889 2.999 13677.7 11.607 0.117 0.271 

6 25.359 3.181 6713.9 5.908 25.424 3.192 6931.3 5.882 0.173 0.221 

G
L

 

1(A) 7.785 1.000 1325.771 1.000 7.785 1.000 1268.584 1.000 0.000 0.000 

2(L) 8.496 1.091 283.773 0.214 8.501 1.092 270.719 0.213 0.029 0.150 

3 22.074 2.835 12372.700 9.332 22.081 2.836 12594.100 9.928 0.016 3.090 

4 22.830 2.933 7418.783 5.596 22.844 2.934 7316.614 5.768 0.031 1.511 

5 23.722 3.047 11706.800 8.830 23.729 3.048 11490.700 9.058 0.015 1.273 

6 24.929 3.202 6187.330 4.667 24.956 3.206 6022.925 4.748 0.054 0.858 

Table 22 Quality control parameters on characteristic peaks for HPLC fingerprint inter-laboratory 

validation. 
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 HKBU GL 

Blank   

Observation : 
Except solvent peak, no peak 

observed in the blank run. 

Except solvent peak, no peak 

observed in the blank run. 

Result : Meet QC requirement. Meet QC requirement. 

 

Spike 
α-Linolenic 

acid 
Linoleic acid 

α-Linolenic 

acid 
Linoleic acid 

Peak area (spike): 
2147.7 

mAU×s 

531.5 

mAU×s 

2135.526 

mAU×s 

442.749 

mAU×s 

Peak area (sample): 
1136.4 

mAU×s 

261.4 

mAU×s 

1325.771 

mAU×s 

283.773 

mAU×s 

Result : Meet QC requirement. Meet QC requirement. 

 

Standard Injection 
α-Linolenic 

acid 
Linoleic acid 

α-Linolenic 

acid 
Linoleic acid 

Retention time 

(begin): 
7.957 min 8.930 min 7.780 min 8.508min 

Retention time (end): 7.968 min 8.908 min 7.827 min 8.554 min 

Result : 
The retention time of each 

marker is within 2%. 

The retention time of each 

marker is within 2%. 

Table 23 Quality control parameters on spiked sample and standard solutions for HPLC fingerprint 

inter-laboratory validation. 

  



80 

 
Figure 42 Fingerprint chromatograms provided by HKBU for inter-laboratory validation. (i) Blank 

(isopropanol); (ii) mixed standard solution of α-linolenic acid (40.0 mg/L) and linoleic acid (32.0 

mg/L); (iii) sample; (iv) sample duplicate; (v) spiked sample. (A) α-linolenic acid; (L) linoleic acid. 
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Figure 43 Fingerprint chromatograms provided by GL for inter-laboratory validation. (i) Blank 

(isopropanol); (ii) mixed standard solution of α-linolenic acid (40.1 mg/L) and linoleic acid (32.0 

mg/L); (iii) sample; (iv) sample duplicate; (v) spiked sample.  
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5.2.3. Assay of α-linolenic acid and linoleic acid 

System suitability parameters  

As the HPLC conditions of assay of α-linolenic acid and linoleic 

acid were the same as that of fingerprint, the system suitability 

parameters were the same. The parameters were showed in 

Section 5.2.2.1 

System Suitability Test 

As the HPLC conditions of assay of α-linolenic acid and linoleic 

acid were the same as that of fingerprint, the system suitability 

results were the same. Results were listed in Table 19 and 20. 

Linearity study 

Marker 
Concentration 

(mg/L) 
Equation r2 

α-linolenic acid 

0.78 – 199.34 

(9 points) 
y = 28.471x + 49.31 0.9984 

6.23 – 99.67 

(5 points) 
y = 30.38x + 18.954 0.9996 

Linoleic acid 

0.62 – 159.42 

(9 points) 
y = 13.786 x + 6.3755 0.9998 

4.98 – 79.71 

(5 points) 
y = 14.038x + 2.7708 0.9995 

Table 24 Linearity of α-linolenic acid and linoleic acid. 
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Figure 44 Linearity and calibration curve of α-linolenic acid. 

 

 

Figure 45 Linearity and calibration curve of linoleic acid. 

 

Precision 

Trial 
α-Linolenic acid 

(mg/L) 
Linoleic acid (mg/L) 

1 24.70 19.54 

2 24.90 19.72 

3 24.53 19.54 

4 24.37 19.45 

5 24.83 19.70 

Mean 24.67 19.59 

SD 0.22 0.12 

RSD (%) 0.88 0.59 

Standard Conc. (mg/L) 24.92 19.93 

Table 25 Precision test result for the assay of α-linolenic acid and linoleic acid. 
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Repeatability 

Trial 

α-Linolenic acid 

Sample 
weight (g) 

Peak area 
(mAU×s) 

Calculated 
conc. in 

solution (mg/L) 

Calculated 
conc. in sample 

(mg/kg) 

1 0.2037 1355.5 43.992 5399.102 

2 0.2029 1333.2 43.259 5330.147 

3 0.2031 1271.3 41.224 5074.337 

4 0.2025 1345.8 43.675 5391.996 

5 0.2037 1287 41.739 5122.555 

Mean (mg/kg) 5263.627 

SD (mg/kg) 154.102 

RSD (%) 2.928 

Table 26 Repeatability of α-linolenic acid for assay. 

 

Trial 

Linoleic acid 

Sample 
weight (g) 

Peak area 
(mAU×s) 

Calculated 
conc. in 

solution (mg/L) 

Calculated 
conc. in sample 

(mg/kg) 

1 0.2037 267.5 18.861 2314.785 

2 0.2029 262.4 18.493 2278.531 

3 0.2031 276.3 19.485 2398.417 

4 0.2025 268.2 18.906 2334.070 

5 0.2037 265.2 18.696 2294.490 

Mean (mg/kg) 2324.059 

SD (mg/kg) 46.536 

RSD (%) 2.002 
Table 27 Repeatability of linoleic acid for assay. 
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Recovery 

Trial 

α-linolenic acid 

Sample 

Weight 

(g) 

Spiked 

Amount 

(mg) 

Cal. 

Total 

Conc. 

(mg/L) 

Cal. 

Total 

Amount 

(mg) 

Amount 

in 

Sample 

(mg) 

Cal. 

Spiked 

Amount 

(mg) 

Recovery 

(%) 

1 0.2025 1.049 84.8435 2.1211 1.0783 1.0427 99.41 

2 0.2024 1.049 84.4518 2.1113 1.0778 1.0335 98.52 

3 0.2011 1.049 81.2326 2.0308 1.0709 0.9599 91.51 

4 0.2021 1.049 84.6789 2.1170 1.0762 1.0408 99.22 

5 0.2019 1.049 84.7645 2.1191 1.0752 1.0440 99.51 

Mean 97.63 

SD 3.45 

RSD 

(%) 
3.53 

Table 28 Recovery data of α-linolenic acid. 

 

Trial 

Linoleic acid 

Sample 

Weight 

(g) 

Spiked 

Amount 

(mg) 

Cal. 

Total 

Conc. 

(mg/L) 

Cal. 

Total 

Amount 

(mg) 

Amount 

in 

Sample 

(mg) 

Cal. 

Spiked 

Amount 

(mg) 

Recovery 

(%) 

1 0.2025 0.474 37.1797 0.9295 0.4340 0.4955 104.54 

2 0.2024 0.474 36.7595 0.9190 0.4337 0.4853 102.38 

3 0.2011 0.474 35.3561 0.8839 0.4310 0.4529 95.55 

4 0.2021 0.474 37.2723 0.9318 0.4331 0.4987 105.21 

5 0.2019 0.474 36.0970 0.9024 0.4327 0.4697 99.09 

Mean 101.35 

SD 4.03 

RSD 

(%) 
3.97 

Table 29 Recovery data of linoleic acid. 
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Detection Limit (MDL)  

A matrix without the targeted analytes was used for the 

determination of MDL and LOQ. When analyzed with the 

proposed method, no α-linolenic acid and linoleic acid was 

detected in Dioscoreae Rhizoma. Therefore, Dioseoreae Rhizoma 

was a suitable matrix. 0.2 g Dioscoreae Rhizoma spiked with 

0.052 mg of α-linolenic acid and 0.050 mg of linoleic acid was 

used for the detection limit experiments. 

 

Trial α-Linolenic acid (mg/L) Linoleic acid (mg/L) 

1 3.48 2.54 

2 3.52 2.50 

3 3.51 2.58 

4 3.42 2.50 

5 3.24 2.50 

6 3.59 3.02 

7 3.44 2.59 

Mean Conc. (mg/L) 3.458 2.606 

SD (mg/L) 0.111 0.186 

RSD (%) 3.21 7.20 

MDL in solution 

(mg/L) 0.349 0.584 

MDL in sample 

(mg/kg) 43.63 73 

Spiked Amount 

(mg) 52 50 

Table 30 Calculation of α-linolenic acid and linoleic acid for MDL level. 
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Figure 46 HPLC Chromatogram of Dioscoreae Rhizoma: (i) blank matrix for MDL; (ii) spiked with 

α-linolenic acid at MDL (46.63 mg/kg) and Linoleic acid at MDL (73 mg/kg). 

 

Limit of Quantitation (LOQ)  

Dioscoreae Rhizoma spiked with 0.0435 mg of α-linolenic acid 

and 0.0735 mg of linoleic acid was used for LOQ determination. 

The limit is set at 217.5 mg/kg for α-linolenic acid and 367.5 

mg/kg for linoleic acid for a sample size of 0.20 g with a 

make-up volume of 25 mL. 5-point calibration curve of 

α-linolenic acid and linoleic acid for quantitation limit is listed in 

Table 31. 
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Marker Concentration (mg/L) Equation 
Correlation 
coefficient 

(r2) 

α-linolenic acid 0.20, 0.39, 0.78, 1.56, 3.12 y=23.817x + 0.9042 0.9990 

Linoleic acid 0.31, 0.62, 1.25, 2.50, 5.00 y= 14.83x +1.0125 0.9995 

Table 31 Calibration curve of α-linolenic acid and linoleic acid for LOQ. 

 

Trial α-Linolenic acid (mg/L) Linoleic acid (mg/L) 

1 1.851 3.175 

2 1.868 3.020 

3 1.801 2.953 

4 1.742 3.175 

5 1.885 3.148 

Mean Conc. (mg/L) 1.830 3.094 

SD (mg/L) 0.058 0.102 

RSD (%) 3.173 3.294 

Spiked Amount (µg) 43.5 73.5 

Amount Found (µg) 45.7 77.4 

Mean Recovery (%) 105.06 105.31 

Table 32 Calculation of α-linolenic acid and linoleic acid for LOQ level. 

 

 
Figure 47 HPLC Chromatogram of Dioscoreae Rhizoma Spiked with α-linoleic acid at LOQ (217.5 

mg/kg) and linoleic acid at LOQ (367.5 mg/kg). 
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 Inter-laboratory validation 

The analysis is conducted strictly in compliance with the 

endorsed method for the determination of α-linolenic acid and 

linoleic acid in Lini Semen by HPLC submitted by the HKBU. 

The test method was validated by the GL with satisfactory result. 

 

Parameter 

HKBU Results GL Results 

α-linolenic 
acid 

linoleic acid 
α-linolenic 

acid 
linoleic acid 

Area reproducibility (RSD) 
of α-linolenic acid and 
linoleic acid 

1.04 % 0.93 % 0.006% 0.008 % 

Retention time 
reproducibility (RSD) of 
α-linolenic acid and linoleic 
acid peak 

0.11 % 0.13 % 0.000 % 0.001 % 

Resolution factor (R) of 
α-linolenic acid and linoleic 
acid peak and its adjacent 
peak in sample analysis 

3.37 2.60 3.56 4.04 

Number of theoretical plate 
(n) of α-linolenic acid and 
linoleic acid peak 

67269 60290 75338 60308 

Tailing factor (T) of 
α-linolenic acid and linoleic 
acid peak 

0.89 0.89 1.092 1.032 

Table 33 System suitability parameter for the assay of α-linolenic acid and linoleic acid 

inter-laboratory validation.  
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 HKBU GL 

Standard 

ID 

α-linolenic acid linoleic acid α-linolenic acid linoleic acid 

C 

(mg/L) 

PA 

(mAU*s) 

C 

(mg/L) 

PA 

(mAU*s) 

C 

(mg/L) 

PA 

(mAU*s) 

C 

(mg/L) 

PA 

(mAU*s) 

Std_1 99.97 3066.5 79.93 1081.7 6.261 228.685 4.994 85.405 

Std_2 49.99 1506.8 39.97 523 12.522 409.036 9.988 137.267 

Std_3 24.99 808.1 19.98 286.4 25.043 761.122 19.976 268.979 

Std_4 12.50 406.1 9.99 148.1 50.086 1505.909 39.952 552.305 

Std_5 6.25 211.4 5.00 77 100.172 2892.951 79.905 1078.386 

Table 34 Concentration of calibration curve for the assay of α-linolenic acid and linoleic acid 

inter-laboratory validation. C: concentration; PA: Peak area. 

 

 Marker Slope Intercept Equation r2 

HKBU 
α-linolenic acid 30.311 25.562 y = 30.311x + 25.562 0.9996 

linoleic acid 13.304 11.175 y = 13.304x + 11.175 0.9992 

GL 
α-linolenic acid 28.424 56.200 y = 28.424x + 56.200 1.000 

linoleic acid 13.389 9.890 y = 13.389x + 9.890 1.000 

Table 35 Slope (m), intercept (c), equation & square of correlation coefficient (r2) of calibration 

curve for the assay of α-linolenic acid and linoleic acid inter-laboratory validation. 
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Std /Sample 

ID 

Wt of sample 

(g) 

Retention 

time (min) 

Peak Area  

(mAU*s) 

Concentration 

(mg/L) 

Content 

(mg/kg) 

Blank -- -- -- -- -- 

Std_3 (start) -- 8.021 808.1 24.99 -- 

Std_3 (end) -- 7.998 778.3 24.83 -- 

Sample 0.2020 8.014 1396.6 45.23 5598 

Sample 

duplicate 
0.2034 7.996 1343.4 43.48 5344 

Mean: 5471 

ADM (%): 2.324 

Recovery 

Study 

Wt. of sample 

(g) 

Spike level 

(mg) 

Peak Area  

(mAU*s) 

Concentration 

(mg/L) 

Recovery 

(%) 

Spike sample 0.2000 1.048 2532.6 82.71 92.90 

Table 36 Calculation of α-linoleic acid provided by HKBU for the assay of α-linolenic acid and 

linoleic acid inter-laboratory validation. 

 

Std /Sample 
Wt of sample 

(g) 

Retention 

time (min) 

Peak Area  

(mAU*s) 

Concentration 

(mg/L) 

Content 

(mg/kg) 

Blank -- -- -- -- -- 

Std_3 (start) -- 8.968 286.4 19.98 -- 

Std_3 (end) -- 8.813 273.3 19.70 -- 

  

Sample 0.2020 8.924 259 18.63 2305 

Sample 

duplicate 
0.2034 8.907 250.8 18.01 2214 

Mean: 2260  

ADM (%): 2.027 

Recovery 

Study 

Wt. of sample 

(g) 

Spike level 

(mg) 

Peak Area  

(mAU*s) 

Concentration 

(mg/L) 
Recovery (%) 

Spike sample 0.2000 0.474 501.2 36.83 98.92 

Table 37 Calculation of linoleic acid provided by HKBU for the assay of α-linolenic acid and 

linoleic acid inter-laboratory validation.  
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Std /Sample 

ID 

Wt of sample 

(g) 

Retention 

time (min) 

Peak Area  

(mAU*s) 

Concentration 

(mg/L) 

Content 

(mg/kg) 

Blank -- -- -- -- -- 

Std_3 (start) -- 7.781 761.122 25.043  

Std_3 (end) -- 7.800 769.007 25.078  

Sample 0.2045 7.785 1325.771 44.665 5460 

Sample 

duplicate 
0.2029 7.785 1268.584 42.654 5255 

Mean: 5.358 

ADM (%): 1.912 

Recovery 

Study 

Wt. of sample 

(g) 

Spike level 

(mg) 

Peak Area  

(mA x s) 

Concentration 

(mg/L) 

Recovery 

(%) 

Spike sample 0.2047 1.080 2522.469 86.767 99.298 

Table 38 Calculation of α-linoleic acid provided by GL for the assay of α-linolenic acid and linoleic 

acid inter-laboratory validation. 

 

Std /Sample 
Wt of sample 

(g) 

Retention 

time (min) 

Peak Area  

(mAU*s) 

Concentration 

(mg/L) 

Content 

(mg/kg) 

Blank -- -- -- -- -- 

Std_3 (start) -- 8.503 268.979 19.976 -- 

Std_3 (end) -- 8.519 286.837 20.685 -- 

  

Sample 0.2045 8.496 283.773 20.456 2501 

Sample 

duplicate 
0.2029 8.501 270.719 19.481 2400 

Mean: 2451  

ADM (%): 2.049 

Recovery 

Study 

Wt. of sample 

(g) 

Spike level 

(mg) 

Peak Area  

(mAU*s) 

Concentration 

(mg/L) 
Recovery (%) 

Spike sample 0.2047 0.477 538.198 39.458 101.644 

Table 39 Calculation of linoleic acid provided by GL for the assay of α-linolenic acid and linoleic 

acid inter-laboratory validation. 
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Marker Conc. (mg/kg) HKBU GL 

α-linolenic acid 5471 5400 

Linoleic acid 2260 2500 

Table 40 Assay result of α-linolenic acid and linoleic acid in Lini Semen for inter-laboratory 

validation. 
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Figure 48 HPLC chromatograms provided by HKBU for assay inter-laboratory validation. (i) 

Blank (isopropanol); (ii) mixed standard solution of α-linolenic acid (24.99 mg/L) and linoleic 

acid (19.98 mg/L); (iii) sample; (iv) sample duplicate; (v) spiked sample. 
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Figure 49 HPLC chromatograms provided by GL for assay inter-laboratory validation. (i) Blank 

(isopropanol); (ii) mixed standard solution of α-linolenic acid (25.00 mg/L) and linoleic acid 

(20.00 mg/L); (iii) sample; (iv) sample duplicate; (v) spiked sample. 
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Measurement uncertainty 

Measurement uncertainty is the non-negative parameter 

characterizing the dispersion of the quantity values being 

attributed to a measurand in a test method.  

The measurand as specified in the method concerned is 

schematically presented on Flowchart 1. The measurand is then 

expressed in an equation that contains the parameters / input 

quantities representing the major components of uncertainty.  

Calculation – Concentration of analytes in Lini Semen 

)1( WCW
VDAC

−×
××

=  

where 

C = content of analytes in the Lini Semen sample, in mg/kg 

A = concentration of the analytes in the sample solution, mg/L 

V = volume of isopropanol, mL 

W = sample weight, g 

D = dilution factor, if any 

Cw = water content, % 

 

A factor F(Hom) is further included to account for sample 

homogeneity, the equation becomes: 

)1(
)(

WCW
HomFVDAC

−×
×××

=  
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Flowchart 1 Specifing the measurand in the determination of α-linolenic acid and linoleic acid in 

Lini Semen by HPLC 
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Figure 50 Cause and effect diagram for the determination of α-linolenic acid and linoleic acid in 

Lini Semen by HPLC. 
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To facilitate the identification and analysis of the uncertainty 

sources arising from the components, a cause and effect diagram 

is constructed (Figure 50). The parameters in the equation of the 

measurand are presented by the main branches of the diagram.  

Other possible contributing factors such as sample 

inhomogeneity, purity of standard used, sample matrix and 

possible interference are considered.  

To quantify the uncertainty components, precision study, bias 

study, recovery of spiked samples, conversion factor for sample 

weight to dried weight, Other source of uncertainty, standard 

purity, sample homogeneity are needed.  

The standard uncertainty was calculated as the standard deviation 

of the mean: 

u(Rec) = SD / n  

 

The purity of the standard is given by the manufacturer. The 

standard uncertainty in purity is calculated using the assumption 

of a rectangular distribution. 

u(Pu) = 
3

1
2

)1(
×

− Purity
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The combined relative standard uncertainty is calculated by the 

following equation: 

uc(Csum)/Csum =  

2222222 )C()Pu()c(Re)(Pr)Pu()c(Re)(Pr wuuuuuuu FFFOOO ++++++′′+  

where  

Csum = content of α-linolenic acid and Linoleic acid in 
the sample, mg/kg 

uc(Csum) = combined standard uncertainty of the 
α-linolenic acid and Linoleic acid content in 
the sample, mg/kg 

 

The expanded uncertainty at 95% confidence level for the 

determination of α-linolenic acid and linoleic acid in Lini Semen 

is calculated by multiplying the combined standard uncertainty 

with a coverage factor k of 2. 
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Description Value (x) 

Standard 

uncertainty 

u(x) 

Relative 

standard 

uncertainty 

Remark 

Precision (PrO) 1.0 0.0305 0.0195 Replicate tests 

Bias (RecO) 1.0 0.0154 0.0350 Spike samples 

Purity (PuO) 1.0 0.0029 0.0058 Purity of the markers 

Precision (PrF) 1.0 0.0404 0.0174 Replicate tests 

Bias (RecF) 1.0 0.0180 0.0112 Spike samples 

Purity (PuF) 1.0 0.0029 0.0058 Purity of the markers 

Water Content 

(Wat) 
- 0.0636 Convert to dried basis 

Combined 

uncertainty 
- 0.0848 - 

Expanded 

uncertainty 
- 0.1696 - 

Table 41 Combined relative uncertainty for α-linolenic acid and linoleic acid. 
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5.2.4. Assay of SDG 

System suitability parameters 

The RSD of the peak area reproducibility of SDG (sample or 

Std_3) should be ≤ 5%. The RSD of the retention time 

reproducibility of SDG (sample or Std_3) should be ≤ 2%. 

Resolution factor (R) of SDG with the closest peak from analysis 

of sample should be ≥ 1.5. Number of theoretical plates (n) of 

SDG (sample or Std_3) should be ≥ 25000. Tailing factor (T) of 

SDG (sample or Std_3) should be within 0.70 and 0.80. 

 

System Suitability Test 

Sample  Marker RT (min) Wh/2 (min) n R T 

L-YMZ-BU-04 

SDG 

13.955 0.1667 38838 14.08 0.73 

L-YMZ-BU-02 13.825 0.1667 38117 14.83 0.75 

YMZ-BU-07 13.792 0.1683 37188 14.91 0.75 

YMZ-BU-05 13.792 0.1667 37935 15.06 0.75 

Table 42 Results of resolution (R), No. of theoretical plates (n) and tailing factors (T) for the assay 

of SDG. 
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Trial 
SDG 

Retention Time (min) Peak Area (mAU×s) 

1 13.970 102.7 

2 13.952 102.9 

3 13.879 103.3 

4 13.905 102.9 

5 13.88 102.8 

Mean 13.917 102.9 

SD 0.042 0.228 

RSD (%) 0.300 0.222 

Table 43 Reproducibility of peak area and retention time for the assay of SDG. 

 

Linearity study 

Marker Concentration (mg/L) Equation r2 

SDG 
1.12 – 572 (9 points) y = 3.8231x -4.6787 0.9997 

8.94-143 (5 points) y = 3.7855x -2.425 0.9996 

Table 44 Linearity of SDG. 

 

 
Figure 51 Linearity and calibration curve of SDG. 
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Precision 

Trial SDG (mg/L) 

1 143.21 

2 143.58 

3 143.45 

4 145.17 

5 142.39 

Mean 143.56 

SD 1.01 

RSD (%) 0.70 

Standard Conc. (mg/L) 143 

Table 45 Precision test result for the assay of SDG. 

 

Repeatability 

Trial 

SDG 

Sample 

weight (g) 

Peak area 

(mAU×s) 

Calculated conc. 

in solution 

(mg/L) 

Calculated 

conc. in sample 

(mg/kg) 

1 0.2001 102.7 27.770 13878.061 

2 0.2025 102.9 27.823 13739.753 

3 0.2011 103.3 27.929 13888.115 

4 0.2022 102.9 27.823 13760.138 

5 0.2022 102.8 27.797 13747.280 

Mean (mg/kg) 13802.669 

SD (mg/kg) 73.86 

RSD (%) 0.54 

Table 46 Repeatability of SDG for assay. 
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Recovery 

Trial 

Sample 

Weight 

(g) 

Spiked 

Amount 

(mg) 

Cal. 

Total 

Conc. 

(mg/L) 

Cal. 

Total 

Amoun

t (mg) 

Amount 

in 

Sample 

(mg) 

Cal. 

Spiked 

Amount 

(mg) 

Recovery 

(%) 

1 0.2031 2.898 52.15 5.21 2.58 2.64 90.75 

2 0.2064 2.746 51.90 5.19 2.62 2.57 93.59 

3 0.2031 2.859 53.53 5.35 2.58 2.77 96.89 

4 0.2030 2.899 52.32 5.23 2.58 2.65 91.41 

5 0.2063 2.743 51.55 5.16 2.62 2.54 92.60 

Mean 93.05 

SD 2.41 

RSD (%) 2.59 

Table 47 Recovery data of SDG. 
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Detection Limit (MDL)  

A matrix without the targeted analytes was used for the 

determination of MDL and LOQ. When analyzed with the 

proposed method, no SDG was detected in Dioscoreae Rhizoma. 

Therefore, Dioseoreae Rhizoma was a suitable matrix. 2.0 g 

Dioscoreae Rhizoma spiked with 0.1174 mg of SDG is used for 

the detection limit experiments. 

 

Trial SDG (mg/L) 

1 1.11 

2 1.27 

3 1.17 

4 0.93 

5 0.93 

6 0.87 

7 1.19 

Mean Conc. (mg/L) 1.07 

SD (mg/L) 0.156 

RSD (%) 14.57 

MDL in solution (mg/L) 0.490 

MDL in sample (mg/kg) 245 

Spiked Amount (mg) 117.4 

Table 48 Calculation of SDG for MDL level. 
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Figure 52 HPLC Chromatogram of Dioscoreae Rhizoma: (i) blank matrix for MDL; (ii) spiked 

spiked with SDG at MDL (245 mg/kg). 

 

Limit of Quantitation (LOQ)  

Dioscoreae Rhizoma spiked with 0.491 mg of SDG was used for 

LOQ determination. The limit is set at 2455 mg/kg for SDG for a 

sample size of 0.20 g with a make-up volume of 100 mL. 

5-point calibration curve of SDG for quantitation limit is listed in 

following table. 

 

Marker Concentration (mg/L) Equation 
Correlation 

coefficient (r2) 

SDG 
0.37 - 5.94 

(5 points) 
y=3.4517x -0.0133 0.9985 

Table 49 Calibration curve of SDG for LOQ. 
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Trial SDG 

1 5.10 

2 5.19 

3 5.33 

4 5.28 

5 5.33 

Mean Conc. (mg/L) 5.25 

SD (mg/L) 0.100 

RSD (%) 1.90 

Spiked Amount (µg) 491 

Amount Found (µg) 520 

Mean Recovery (%) 105.91 

Table 50 Calculation of SDG for LOQ level. 

 

 
Figure 53 HPLC Chromatogram of Dioscoreae Rhizoma Spiked with SDG at LOQ (2455 mg/kg) 

 

 Inter-laboratory validation 

The analysis is conducted strictly in compliance with the 

endorsed method for the determination of SDG in Lini Semen by 

HPLC submitted by the HKBU. The test method was validated 

by the GL with satisfactory result. 
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Parameter HKBU Results GL results 

Area reproducibility (RSD) of SDG 3.07 % 0.658 % 

Retention time reproducibility (RSD) 

of SDG peak 
0.12 % 0.032 % 

Resolution factor (R) of SDG peak 

and its adjacent peak in sample 

analysis 

6.2 7.34 

Number of theoretical plate (n) of 

SDG peak 
46138 42482 

Tailing factor (T) of SDG peak 0.88 1.034 

Table 51 System suitability parameter for the assay of SDG inter-laboratory validation.  

 

Standard ID 

HKBU GL 

Concentration 

(mg/L) 

Peak area 

(mAU*s) 

Concentration 

(mg/L) 

Peak area 

(mAU*s) 

Std_1 143.02 613.7 8.952 36.903 

Std_2 71.51 315.3 17.903 72.563 

Std_3 35.76 149.6 35.807 146.780 

Std_4 17.88 74.9 71.614 293.431 

Std_5 8.94 36.8 143.227 584.089 

Table 52 Concentration of calibration curve for the assay of SDG inter-laboratory validation. 

 

 Marker Slope Intercept Equation r2 

HKBU SDG 4.3205 -1.3875 y=4.3205x-1.3875 0.9996 

GL SDG 4.079 0.391 y = 4.079x + 0.391 1.000 

Table 53 Slope (m) , intercept (c), equation & square of correlation coefficient (r2) of calibration 

curve for the assay of SDG inter-laboratory validation.  
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Std /Sample ID 
Wt of sample 

(g) 

Retention time 

(min) 

Peak Area  

(mAU*s) 

Concentration 

(mg/L) 

Content 

(mg/kg) 

Blank -- -- -- -- -- 

Std_3 (start) -- 13.568 149.6 34.95 -- 

Std_3 (end) -- 13.553 142.8 33.37 -- 

Sample 0.2020 13.560 64.9 15.34 7595 

Sample 

duplicate 
0.2034 13.557 65.1 15.39 7566 

Mean: 7581 

ADM (%): 0.191 

Recovery 

Study 

Wt. of sample 

(g) 

Spike level 

(mg) 

Peak Area  

(mAU*s) 

Concentration 

(mg/L) 
Recovery (%) 

Spike sample 0.2000 1.53 134.8 31.52 106.93 
Table 54 Calculation of SDG provided by HKBU for the assay of SDG inter-laboratory validation. 

 

Std /Sample 
Wt of sample 

(g) 

Retention time 

(min) 

Peak Area  

(mAU*s) 

Concentration 

(mg/L) 

Content 

(mg/kg) 

Blank -- -- -- -- -- 

Std_3 (start) -- 13.743 146.780 35.807 -- 

Std_3 (end) -- 13.711 149.542 36.566 -- 

  

Sample 0.2023 13.696 64.851 15.803 7812 

Sample 

duplicate 
0.2027 13.689 64.914 15.818 7804 

Mean: 7808  

ADM (%): 0.050 

Recovery 

Study 

Wt. of sample 

(g) 

Spike level 

(mg) 

Peak Area  

(mAU*s) 

Concentration 

(mg/L) 
Recovery (%) 

Spike sample 0.2047 2.787 176.663 43.215 97.711 
Table 55 Calculation of SDG provided by GL for the assay of SDG inter-laboratory validation. 
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Marker Conc. (mg/kg) HKBU GL 

SDG 7581 7800 
Table 56 Assay result of SDG in Lini Semen for inter-laboratory validation. 
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Figure 54 HPLC chromatograms provided by GL for assay inter-laboratory validation. (i) Blank 

(70% methanol); (ii) standard solution of SDG (35.76 mg/L); (iii) sample; (iv) sample duplicate; (v) 

spiked sample. 



113 

 
Figure 55 HPLC chromatograms provided by GL for assay inter-laboratory validation. (i) Blank 

(70% methanol); (ii) standard solution of SDG (35.8 mg/L); (iii) sample; (iv) sample duplicate; (v) 

spiked sample.  
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Measurement uncertainty 

The measurand as specified in the method concerned is 

schematically presented on Flowchart 2. The cause and effect 

diagram is constructed in Figure 56. 

The combined relative standard uncertainty is calculated by the 

following equation: 

uc(CO)/CO = 222"2 )C()Pu()c(Re)(Pr wuuuu OOO +++  

where  

CO = content of SDG in the sample, mg/kg 

uc(CO) = combined standard uncertainty of the SDG 
content in the sample, mg/kg 

 

The expanded uncertainty at 95% confidence level for the 

determination of SDG in Lini Semen is calculated by multiplying 

the combined standard uncertainty with a coverage factor k of 2. 
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Flowchart 2 Specifing the measurand in the determination of SDG in Lini Semen by HPLC 
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Figure 56 Cause and effect diagram for the determination of SDG in Lini Semen by HPLC. 
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Description Value (x) 
Standard 

uncertainty 
u(x) 

Relative 
standard 

uncertainty 
Remark 

Precision (PrO) 1.0 0.0197 0.0197 Replicate tests 

Bias (RecO) 1.0 0.0364 0.0364 Spike samples 

Purity (PuO) 1.0 0.0058 0.0058 Purity of the markers 

Water Content 

(Wat) 
- 0.0636 Convert to dried basis 

Combined 
uncertainty 

- 0.0761  - 

Expanded 
uncertainty 

- 0.1522  - 

Table 57 Combined relative uncertainty for SDG. 
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5.3. Selection of α-linolenic acid and linoleic acid as fingerprint and 

assay markers 

 

In CP, there is no fingerprint chromatography identification for Lini Semen while 

the assay of α-linolenic acid and linoleic acid in Lini Semen is performed on gas 

chromatography with flame ionization detector (GC-FID) with the limit of total 

content not less than 13.0 %. The extraction procedures stated in CP includes three 

parts, extraction, hydrolysis, and esterification: powdered sample was extracted 

with petroleum ether by sonication. After evaporating the solvent, the residues 

were heated with methanolic potassium hydroxide for hydrolysis. 

Transesterification catalysts methanolic boron trifluoride was added for the 

esterification of free fatty acids. After solvent partition between octane and 

saturated sodium chloride solution, the organic layer was injected into GC-FID for 

the determination of α-linolenic acid and linoleic acid in the form of their methyl 

esters. 

 

The purpose of the above extraction procedure is to obtain fatty acid methyl esters 

(FAMEs). The procedures are frequently used in fatty acid composition analysis 

[30-33], along with some AOAC official methods quantitatively measuring FAMEs in 

food. Similar method was also adopted in the Ricini Semen (蓖麻子) monograph in 

HKCMMS vol. 6 [34].  

 

However, after esterification, the content of FAMEs is the total fatty acids content 

of the sample, including those originally in triglycerides (TAGs). It no longer 

reflects the true chemical profile of a CMM. Therefore, in the fingerprinting 
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identification of Lini Semen, liquid chromatography was favoured. Test solution 

for HPLC can be obtained by simple extraction without any hydrolysis or 

methylation. 

 

Figure 57 shows the difference between HKCMMS method and CP method. It 

shows that before hydrolysis by potassium hydroxide (KOH), petroleum ether 

extract (CP method) shared similar fingerprint patterns with that of n-hexane 

extracts (HKCMMS method): peak 1 and 2 appeared at 8-9 minute, six major TAG 

peaks appeared from 22 to 31 minute.  

 

After KOH treatment, the six TAG peaks no longer existed. New peaks 3 and 4 

appeared from 10 to 13 minute. With the help of reference standard, peaks 1 to 4 are 

identified as α-linolenic acid, linoleic acid, α-linolenic acid methyl ester, and 

linoleic acid methyl ester, respectively. The results confirmed that by hydrolysis 

and methylation, the major components of Lini Semen are removed and 

transformed to FAMEs. Hence hydrolysis and methylation is not suitable to Lini 

Semen fingerprint identification. 

 

In addition, the calculated contents Table 54 showed that after hydrolysis, the peak 

areas of peak 1 and 2 increased. It indicated that certain amount of α-linolenic acid 

and linoleic acid was being released from TAGs, which are the major components 

in Lini Semen n-hexane extract. However, the existence of peak 1 and 2 after 

hydrolysis proved that the process of esterification and methylation of fatty acids to 

FAMEs was not complete. The conversion factor between triglycerides and FAMEs 

is not clear.  
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Therefore, in the assay on Lini Semen, α-linolenic acid and linoleic acid were 

directed extracted and determined rather than their content after hydrolysis. In this 

way, the actual contents of the two fatty acids upon the CMM consumption are 

detected. 

 

 
Figure 57 Comparison between HKCMMS method and CP method. (i) n-hexane extract following 

HKCMMS method; (ii) petroleum ether extract following CP method; (iii) KOH hydrolyzed 

petroleum ether extract following CP method. (1) α-linolenic acid; (2) linoleic acid; (3) α-linolenic 

acid methyl ester; (4) linoleic acid methyl ester. 
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 Calculated content (%) 

Peak 
HKCMMS method 

Figure 58 (i) 

CP method before 
hydrolysis 

Figure 58 (ii) 

CP method after 
hydrolysis 

Figure 58 (iii) 

1 (α-linolenic acid) 0.634 0.520 1.464 

2 (linoleic acid) 0.200 0.165 0.331 

3 (α-linolenic acid 
methyl ester) 

- - 5.433 

4 (linoleic acid 
methyl ester.) 

- - 1.557 

Table 58 Calculated content (%) of α-linolenic acid, linoleic acid, and their methyl esters in Lini 

Semen treated with HKCMMS and CP methods. 

 

In the EP, the assay limit of linseed oil includes palmitic acid (3.0-8.0%), 

palmitoleic acid: (maximum 1.0 %), stearic acid (2.0-8.0%), oleic acid 

(11.0-35.0%), linoleic acid (11.0-24.0 %), α-linolenic acid (35.0-65.0%), and 

arachidic acid (maximum 1.0%) under the detection of GC-FID. Their chemical 

structures were showed in Figure 58.  

 

As linseed oil is different from Lini Semen extract, the assay requirement should 

not be adopted directly. However, it hints the presence of other fatty acids in Lini 

Semen extract. HPLC-Q-TOF-MS/MS with extracted ion chromatograms were 

used for the determination of their presence. Figure 59 showed that α-linolenic acid 

and linoleic acid are the most abundant fatty acids in Lini Semen n-hexane extract. 

Oleic acid and palmitic acid are with small amount while arachidic acid, stearic acid, 

and palmitoleic acid are with too low content to be detected. The results support the 

selection of only α-linolenic acid and linoleic acid as assay markers. 
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Figure 58 Chemical structures of (i) α-linolenic acid; (ii) linoleic acid; (iii) oleic acid; (iv) 

palmitoleic acid, (v) palmitic acid; (vi stearic acid); (vii) arachidic acid. 
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Figure 59 Lini Semen HPLC-Q-TOF-MS/MS chromatogram for the identification of fatty acids. (i) 

Base peak chromatogram; (ii) extracted ion chromatogram of 277.2163 m/z; (iii) EIC of 279.2317 

m/z; (iv) EIC of 282.4616 m/z; (v) EIC of 255.2330 m/z; (vi) EIC of 311.2956 m/z; (vii) EIC of 

283.2643 m/z; (viii) EIC of 253.2173 m/z. 

 

Admittedly, TAGs major in the oil of Lini Semen [16]. However, there are 

difficulties in picking TAGs as assay markers. Firstly, TAG identification is 

necessary. The fatty acids compositions in the Lini Semen TAGs were deducted 

with the help of APCI-UPLC-MS/MS. Similar method was used to determine the 

fatty acid composition in the oils of Lini Semen and other plants [16, 21, 35]. The 
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chromatogram and MS spectra were showed in Figure 60. The ion fragment data 

were listed in Table 55. 

 

Although the fatty acids compositions have been deducted, it is unknown that 

which fatty acid is located in 1-, 2-, and 3-positions of a glycerol, except peak 1 and 

7, which are homotriglycerides where the three fatty acids are identical.  

 

The identification of TAGs was not completed during the development of the 

monograph. Otherwise, as the reference standards of the two homotriglycerides, 

namely glyceryl trilinolenate and glyceryl trioleate, are commercially available, 

they can be candidate markers of the fingerprint and/or assay for Lini Semen. 
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Figure 60 HPLC-APCI-Q-TOF-MS/MS chromatogram of Lini Semen extract and the 

corresponding MS spectra of 8 TAG peaks. 
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Peak no. Ion fragments m/z 

1 
[LnLnLn+H]+ 873.6773 

[LnLnLn+H-Ln]+ 595.4698 

2 
[LnLnL+H]+ 875.7116 

[LnLnL+H-Ln]+ 597.4850 

3 
[LnLnO+H]+ 877.7273 

[LnLnO+H-Ln]+ 599.507 

4 
[OLLn+H]+ 879.7416 

[OLLn+H-Ln]+ 601.5159 

5 
[LnOO+H]+ 881.7558 

[LnOO+H-Ln]+ 599.5005 

6 
[SOLn+H]+ 883.7709 

[SOLn+H-O]+ 601.5161 

7 
[OOO+H]+ 885.7860 

[OOO+H-O]+ 603.5318 

8 [SOO+H-O]+ 605.5470 

Table 59 Fatty acids composition of 8 TAG peaks in Lini Semen extract. Ln: α-linolenic acid; L: 

linoleic acid; O: oleic acid; S: Stearic acid.. 
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5.4. Selection of SDG as assay marker 

SDG polymer is the main lignin in Lini Semen [23, 36]. For better a representation of 

the chemical content in a CMM, it is wise to conduct the assay of a marker in its 

original form, i.e. the polymers and oligomers of SDG. However, their structures 

are not clear and the number of repeating unit is unknown. Also, there are no 

commercial source for the polymer and oligomer. Therefore, SDG was selected to 

be the assay marker.  

 

5.5. Pesticide residues limit in CMM 

At present, there is no standardized set of pesticide residue limit for CMMs in the 

worldwide regulatory agencies. In CP 2015, limit of up to 16 organochlorine 

pesticides are set for only four CMMs (Glycyrrhizae Radix et Rhizoma, Astragali 

Radix, Panacis Quinquefolii Radix, and Ginseng Radix). Those 16 pesticides are 

already included in the HKCMMS pesticide residues test in all monographs. 
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6. Conclusion 

Lini Semen (Linum usitatissium L.) is a commonly used traditional medicine. Its 

monographs are included in CP, EP, BP, and the API. In this these, the 

development of its HKCMMS monograph is recorded. 

 

In the proposed monograph, the macroscopic features of Lini Semen are described. 

The microscopic identification was set for the transverse section and powder.  

 

TLC identification and HPLC fingerprint methods were proposed with α-linolenic 

acid and linoleic acid as the markers. Both markers were detected in all ten 

batches of Lini Semen sample by TLC and HPLC. The methods were validated by 

the Government Laboratory (GL). 

 

The test results on heavy metals, pesticide residues, aflatoxins and sulphur dioxide 

residues in ten batches of Lini Semen passed the HKCMMS limit. The amounts of 

foreign matter, total ash and acid insoluble ash, water content and extractives in 

Lini Semen were determined and the corresponding limits were proposed as: 

foreign matter not more than 2.0%, total ash not more than 4.0%, acid-insoluble 

ash not more than 0.5%, water content more than 8.0%, water extractives not less 

than 16.0% and 70% ethanol extractives not less than 7.0%.  

 

Two HPLC assay methods were proposed. The total content of α-linolenic acid 

and linoleic acid in Lini Semen was proposed to be not less than 0.56% while the 

content of SDG was proposed as not less than 0.81%. Both methods were 

validation by GL.  
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