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The emerging global significance and faster rate of increase in interest on 
herbal drugs for treating various illnesses cannot be underestimated. This 
research is aimed to evaluate physicochemical, phytochemical and FT-IR 
spectroscopy to identify leached ginger with pure ginger. The 
physicochemical parameters were determined using standard analytical 
methods, phytochemical screening was determined using standard method 
and the FT-IR analysis was conducted using an agilent microlab 4000 
(Agilent Technology). The results shows that fat contents is 3.97% and 
0.00%, moisture contents 11.40% and 2.40%, ash value 8.20% and 2.50% 
and acid-insoluble ash 11.30% and 2.20%. Moisture contents, ash value 
and acid-insoluble ash of leached ginger suggested some level of 
adulteration, and that of pure ginger were found to be of acceptable limits for 
powdered medicinal plants prescribed by European pharmacopoeia. The 
results also revealed the presence of phytochemicals tested in pure ginger 
but only flavonoids and alkaloids were present in the leached ginger. The 
results of FT-IR revealed different characteristic peak values with various 
functional compounds such as alcohols, alkanes, carbonyl, and aromatic 
ring. The research has suggested that, the result of physicochemical and 
phytochemical analysis indicated that pure ginger is a good source of 
micronutrients and it could be useful in medicinal herb.  
 
Keywords: Phytochemical screening; Physicochemical analysis; FT-IR 
spectroscopic studies; Zingiber officinale  

1. Introduction 

The contribution of ginger to herbal product in 
modern medicine is well known and life in most 
parts of Africa begins and ends with herbal 
medicine. About 65-80% of world’s population 
relies on traditional medicine for their health care 
needs (Calixto, 2000). According to the United 
Nations Conference on Trade and Development, 
33% of total modern drugs produced by 
industrialized countries are plant based (Raskin, 
et al., 2002). In Nigeria, thousands of plant 
species such as ginger are known to have 
medicinal values and the use of different parts of 
several medicinal plants to cure specific ailments 
has been in vogue since ancient times (Rios, et 
al., 2005). As a result of better cultural 
acceptability and fewer side effects herbal 
medicine still remains the mainstay of 75-80% of 
the whole population in the developing countries 
for primary health care (Ghasi, et al., 2000).  
 
In recent years, the ginger, soft drinks and jams 
industry have received great attention because of 
their biological activities and sensory quality, and 

have become very important agricultural product 
in the world (Gurdeniz et al, 2007). The 
adulteration of food products is of primary 
important for consumers, food processors and 
industries. From the legislative point of view, the 
quality standards were established through the 
requirement of quality labels that specify the 
chemical composition of each product (Gallardo, 
et al, 2009). The adulteration frequently involves 
the replacement of high-cost ingredients with 
cheaper substitutes (Flores, et al, 2007). 
Although the adulteration is done for economic 
reasons, the action can affect the chemical 
composition and quality parameters of food 
(Christy, et al, 2004).  
 

Several analytical techniques have been 

developed for detection and quantification of 

adulteration and authentication of food products, 

such as mass spectrometry using new type of ion 

source, direct analysis in real time (Vaclavik et al, 

2009), nuclear magnetic resonance (NMR) 

spectroscopy (Jafari, et al, 2009), Raman 

spectroscopy (Heise, et al,2005), fluorescence 
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(Poulli, et al,2007), gas chromatography (Jafari, 

et al, 2009), high performance liquid 

chromatography (HPLC) (Flores, et al, 2007) and 

differential scanning calorimetry (Chiavaro, et al, 

2009). Some of these methods are time 

consuming, expensive, generally destructive of 

the sample material, and require a high degree of 

technical knowledge when interpreting the data. 

Optical spectroscopy techniques have the 

potential to replace or at least complement some 

of the classical laboratory methods. In many 

cases, they allow for a reliable analysis in quality 

control during production where speed and 

simplicity of analysis are crucial advantages. FT-

IR spectroscopy has shown to be useful for a 

range of adulteration problems in food sector 

(Kemsley, et al., 1996). There is a demand for 

new and rapid analytical methods for assessing 

quality attributes. Recently, Fourier-Transform 

Infrared Spectroscopy (FT-IR) has become a 

well-accepted method for the determination of 

food constituents since it achieves high analysis 

speed and requires little or no sample 

preparation. FT-IR spectroscopy often coupled 

with chemometrics has been used to study 

different quality attributes in many food samples 

including fruits, vegetables or beverages 

(Veraverbeke, et al, 2005). 

 

2. Materials and Methods 

2.1 Collection and identification of plant 
materials 

Fresh samples of ginger (Zingiber officinale) 
were purchased from Marina market in Sokoto 
metropolis. The sample of the plant materials 
were authenticated at herbarium unit, 
Department of Pharmacognosy and 
Ethnopharmacy, Faculty of pharmaceutical 
Science, Usmanu Danfodiyo University, Sokoto 
where a specimen was prepared and a voucher 
number (PCG/UDUS/ZING/0002) was issued. 

2.2 Preparation of the plant material 
Fresh ginger was thoroughly washed with tap 
water to remove earthly materials, and then cut 
into small pieces and allow to dry at 550C for 24 
hours in an oven (Nuve oven FN-055). The dried 
samples were weighed with electronic balance 
(Model: MT-2000) and then dry again for another 
1 hour and record the mass, until no change in 
the weight of ginger and then pulverized to 
powder and kept for use.  

2.3 Extraction of Ginger 
Ginger rhizome (35 g) was extracted with (350 
cm3) of n-hexane using Soxhlet extractor to 
obtained the ginger oil. The marc of ginger 
extracted from the n-hexane was cold macerated 
with water-ethanol (50:50) and the mixture was 

kept for 72 hrs with occasional shakings to afford 
hydro-ethanol extract. The mixture was filtered 
with Whatman No.1 filter paper and the filtrate 
was oven dried at 40oC (Mohammadi, et al., 
2014). 

2.4 Determination of Fat Contents 

The fat content of the sample was determined by 
adapting the AOAC method (AOAC, 2000). 
About 3 g of sample was weighed, paper filter 
and wrap, the sample was taken to extraction 
thimble and Soxhlet apparatus was connected 
and heat for about 14 hours, the solvent was 
evaporated by using the vacuum condenser. The 
bottle was incubated at 90oC until solvent is 
completely evaporated and bottle is completely 
dry. 

Fat contents = %100
w

 w-w

1

21   - - - - - - - - - - - - 1 

Where: W1 = initial weight (g) of the sample  

W2 = weight (g) of the sample after extraction 

2.5 Determination of Moisture Content 
The moisture content of the sample was 
determined by adapting the AOAC method 
(AOAC, 2000). A clean dried petric dish was 
weighed empty and 3 g of the sample was put on 
it. The petric dish containing the sample was 
then placed in the oven at 105OC for 24 hours. 
This was done in triplicate. 
 

Moisture (%) = %100
sample ofweight 

 w-w 32   - -  - -2 

Where: W1 = weight (g) of empty crucible  
W2 = weight (g) of empty crucible + sample before 
drying 
 W3 = weight (g) of empty crucible + sample after 
drying 

 
2.6 Determination of Ash Content  
The ash content was determined according to 
the method described by (AOAC, 2000). A clean 
dried crucible was weighed and 3 g of sample 
was placed on the empty crucible. The sample 
was heated in a Muffle furnace at 600oc for 7 
hours and the procedure was carried out in 
triplicate.  

Ash value (%) =  %100
 w-w

 w-w

12

13   - - - - -  - - - - - 3 

Where: W1 = weight (g) of empty crucible  

 W2 = weight (g) of empty crucible + sample 
before burning 

 W3 = weight (g) of empty crucible + sample 
after burning 
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2.7 Determination of Acid-Insoluble Ash 
The crucible with the ash was transferred to a 
beaker containing 25 cm3 of dilute hydrochloric 
acid and boiled for five minutes and filter through 
an ash-less filter paper, the beaker and crucible 
was washed with water and the washing was 
pass through the filter paper. The washing was 
repeated for three times and the residue was 
collected in the tip of the cone of filter paper, the 
funnel and filter paper was then dried in an oven 
at 105oC (AOAC, 2000). 
 
Acid-insoluble ash (%) = 

%100
sample ofweight 

)(w weight -)(wweight 32   - - - - - - 4 

2.8 Phytochemical Screening of the Plant 
Extract 

The preliminary phytochemical screenings were 
performed on the pure and leached ginger 
samples according to the standard procedures to 
identify the presence of some secondary 
metabolites (Trease and Evans, 1996). 

2.9 FT-IR Analysis 
FT-IR (Agilent Technology) analysis of the 
samples was conducted at Central Advanced 
Science Research and Analytical Services 
(CasRas), Usmanu Danfodiyo University, 
Sokoto. The frequency was set at range of 4000-
650 cm-1 at resolution of 4.0cm-1. 

3. Results and Discussion 

The result of the analyses is presented in tables 
1, 2 and 3. The results in table 1 show the fat 
content, moisture content, ash content and acid-
insoluble ash of the samples. It can be seen that, 
there was no fat detected in leached ginger while 
it is present in pure ginger (3.97%), this shows 
that pure ginger is an important source of energy 
in addition to other essential nutrients (Kim, et 
al., 2020). The moisture content of leached 

ginger (11.40%) was higher significantly than 
pure ginger (2.40%), this shows that the leached 
ginger can easily be prone to spoilage than pure 
ginger due to higher moisture content, while the 
value of moisture of pure ginger indicates that it 
can be stored for a longer time without spoilage 
(Kim, et al., 2020). The low value of moisture 
content could prevent bacterial, fungal and yeast 
growth (African Pharmacopoeia, 1986). The 
result of moisture content is within and in 
agreement with the 10% maximum limits 
moisture content in powdered medicinal plants 
prescribed in European pharmacopoeia (2007).  
The ash content of pure ginger was found to be 
(8.20%) which is higher significantly than leached 
ginger (2.50%), which were within the 14% 
maximum limit for total ash value in powdered 
medicinal plants (European Pharmacopoeia, 
2007). The ash content is an indication of the 
total inorganic mineral elements content; the 
results obtained indicate that the pure ginger has 
more mineral composition than leached ginger. 
The ash content is a measure of the amount of 
specific inorganic components present within a 
plant, such as Ca, Na, and K. Higher ash content 
indicates high mineral elements while lower ash 
content indicates low mineral elements (Leung, 
et al., 2005).  
The Acid-insoluble ash of pure ginger (11.30%) 
is significantly higher compare to the leached 
ginger (2.20%) which were within the 14% 
maximum limit for acid insoluble ash value in 
powdered medicinal plants (European 
Pharmacopoeia, 2007). this shows that the pure 
ginger has more inorganic materials like silica, 
sand and other types of minerals that are difficult 
for acid to dissolve in or not easily soluble in acid 
than leached ginger. The purity and quality of 
food products, including cereals, animal feed and 
other agricultural products are determined by 
using the acid-insoluble ash content as a quality 
control standard. (Musa, 2006). 

 
Table 1: Result of physico-chemical analysis of pure ginger and leached ginger samples 

S/No Parameters Pure Ginger Leached Ginger 

1 Fat Content 3.97 ± 0.551 0.00 ± 0.000 

2 Moisture Content 2.40 ± 0.173 11.40 ± 0.173 

3 Ash Value 8.20 ± 0.346 2.50 ± 0.173 

4 Acid-Insoluble Ash 11.30 ± 0.300 2.20 ± 0.346 

Table 2: Result of the phytochemical screening of pure ginger and leached ginger samples 

Test/Phytochemical Pure Ginger Leached Ginger 

Tannins   
Ferric chloride test + - 
Flavonoids   
Shinoda’s test ++ - 
Alkaline test (NaOH) +++ + 
Alkaloid   
Meyer’s test + - 
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Wagner’s test ++ + 
Steroid   
Salkowki’s test + - 
Protein   
Xanthoproteic test + - 
Carbohydrate   
Molich’s test ++ - 
Fehling’s test + - 
Saponins   
Frothing test ++ - 
Phenols   
Ferric chloride test + - 

Key:  - = absent, + = present (trace amount), ++ = present (moderate amount), +++= present (High amount), PG 
= Pure ginger, LG = leached ginger 

 

Table 3: Results of FT-IR Spectroscopic studies of Pure Ginger and Leached Ginger samples 

Sample 

Wave no. cm-1 

(Reference article) 
(Hong et al., 2019) 

Wave no. cm-1 

(Test sample) Assignment Functional Group 

Pure Ginger 3200-3500 3283 (m) O-H Alcohol 
 2800-3000 2926 (m) C-H Alkanes 
 1630-1680 1634 (m) C=O Carbonyl 
 1400-1550 1517 (w) C-C Aromatic ring 
 1000-1320 989 (s) C-O Alcohol 

Leached Ginger 3200-3500 3283 (m) O-H Alcohol 
 2800-3000 2926 (m) C-H Alkanes 
 1630-1680 1634 (m) C=O Carbonyl 
 1320-1370 1319 (w) C-H Bonded with Alkyl group 
 1000-1320 1012 (s) C-O Alcohol 

Key: Where (S)=strong peak, (M)medium peak, (W)=weak peak, (b)=broad peak, and (sh)=sharp peak 

 
The result in table 2 show the phytochemical 
screening of pure ginger and leached ginger 
samples. The result of phytochemical screening 
tested for pure ginger sample revealed the 
presence of tannins, flavonoids, alkaloids, 
steroids, proteins, carbohydrates, saponins and 
phenols, but only flavonoids and alkaloids 
showed presence in the leached ginger sample, 
which is due to the extraction process it 
undergone. The quantitative phytochemical 
analysis on the potency of pure ginger sample 
corroborates the findings of it should be noted 
that the plants are rich in medicinal and immune 
stimulating phytochemicals which will be 
beneficial to health. Plants generally contain 
chemical compounds (such as saponins, tannins, 
alkaloid, flavonoids, steroids, phenols, proteins, 
carbohydrates, and glycosides) known as 
secondary metabolites, which are biologically 
active (Azu, et al., 2007). Secondary metabolites 
may be applied in nutrition and as 
pharmacologically-active agents. Plants are also 
known to have high amounts of essential 
nutrients, vitamins, minerals, fatty acids and 
fiber.  

The results in table 3 demonstrate the presence 

of various functional groups recognized from the 

pure ginger and leached ginger samples of 

Zingiber officinale rhizome. The medium and 

broad peak observed at 3283 cm-1 is the 

characteristics absorption for O-H (alcohol) 

functional group in the pure ginger and the O-H 

is associated with intermolecular bonding, the 

medium and sharp peak observed at 2926 cm-1 is 

assigned to C-H stretching vibration of alkane, 

the medium and sharp peak observed at 1634 

cm-1 is the characteristics absorption for C=O of 

carbonyl compound frequency vibration, which 

means some carbonyl compounds are present in 

the pure sample of Zingiber officinale, the weak 

peak observed at 1517 cm-1 is assigned to C-C 

for aromatic ring, the strong and sharp peak 

obtained at 989 cm-1 are the characteristics 

absorption for C-O of alcohol. These peaks were 

in consistent with the FT-IR of Zhang et al., 

(2021). In the case of leached ginger, the 

medium and broad peak at 3369 cm-1 is the 

characteristics absorption for free O-H (alcohol) 

functional group, the weak peak at 2918 cm-1 is 

assigned to C-H stretching vibration of alkane, 

the strong and sharp peak observed at 1630 cm-1 

is the characteristics absorption for C=O of 

carbonyl compound frequency vibration, the peak 

observed at 1319 cm-1 is the characteristics 

absorption for C-H bonded with alkyl group, the 

medium peak obtained at 1012 cm-1 is assigned 

to C-O for alcohol functional group. These peaks 
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were similar with the findings of Zhao et al., 

(2020). 

 
4. Conclusion 
 
Physicochemical analysis of Zingiber officinale 
was determined and the results indicate that pure 
ginger has more mineral composition and has 
more inorganic materials like silica, sand and 
other minerals. In phytochemical assessment of 
ginger, the known phytochemicals tested showed 
presence in pure ginger sample but only 
flavonoids and alkaloids showed presence in the 
leached ginger sample. By using FT-IR analysis 
we confirmed the various functional groups 
observed in the different ginger samples such as 
alcohols, alkanes, alkenes, aldehydes, 
aromatics, aromatic ring, aromatic amines and 
aliphatic amines, which showed major peaks. 
The FT-IR analysis confirmed the various 
functional groups observed in the different ginger 
samples such as alcohols, alkanes, alkenes, 
aldehydes, aromatics, aromatic ring, aromatic 
amines and aliphatic amines, which showed 
major peaks. The research has suggested that 
pure ginger has good secondary plants 
metabolites which justify its therapeutic utility and 
a source of medicinal herb. 

 
Conflict of interest 
The authors declare no conflict of interest. 
 

Acknowledgements 
I wish to acknowledge and appreciate the 

prayers and support of my parents and family, i 

also acknowledge the contributions, corrections, 

insightful comments, support and motivations of my 

supervisors, i also wish to thank the entire staff of the 

Department of Energy and Applied Chemistry (UDUS) 

and also like to express profound gratitude and 

appreciation to the Faculty of Pharmaceutical 

Sciences for work space and particularly the 

Department of Pharmacognosy and Ethnopharmacy 

(UDUS). 

 

References 
African pharmacopoeia (1986). General methods 

for analysis. 1st edition vol. 2 (OAU/STRC) 
lago-p-123. 

AOAC, (2000). Official Methods of Analysis, 13th 
ed. Association of Official Analytical 
Chemist. Pub., Washington D. C., USA. 

Azu, N. C., Onyeagba, R. A. (2007). 
Antimicrobial properties of extracts of 
Allium cepa (Onions) and Zingiber 
officinale (Ginger) on Escherichia coli. 
Salmonella typhi and Bacillus subtilis, int. 
journal of Trop. Med. 3(2): 1540-2681. 

Calixto, J. B, (2000). Efficacy, safety, quality 
control, marketing and regulatory 
guidelines for herbal medicine 
(Phytotherapeutic agentd). Brazilian 
Journal of Medical and Biological 
Research, 33: 179-189. 

Chiavaro, E., Vittadini, E., Rodriguez-Estrada, M. 
T., Cerretani, L., Capelli, L. and Bendini, 
A. (2009). Differential sacnning 
calorimetry detection of high oleic 
sunflower oil as an adulterants in extra-
virgin olive oil. Journal of Food Lipids , 
16, 227-244. 

Christy, A. A., Kasemsumran, S., Du, Y. P. and 
Ozaki, Y. (2004). The Detection and 
Quantification of Adulteration in Olive oil 
by Near-Infrared Spectroscopy and 
Chemometrics. Analytical Sciences, 20, 
935–940. 

European pharmacopoeia (2007). Technical 
Guide for the Elaboration of Monographs 
on Herbal Drugs and Herbal Drug 
Preparations. 

Flores, G., Ruiz Del Castillo, M. L., Blanch, G. P. 
and Herraiz, M. (2007). Detection of the 
Adulteration of Olive Oils by Solid Phase 
Microextraction and Multidimensional 
Gas Chromatography. Food Chemistry, 
97, 336–342. 

Gallardo-Velazquez, T., Osorio-Revilla, G., 
Zouiga-de Loa, M., and Rivera-Espinoza, 
Y. (2009). Application of FTIR-HATR 
spectroscopy and multivariate analysis to 
the quantification of adulterants in 
Mexican honeys. Food Research 
International , 42:313-318. 

Ghasi, S.; Nwobodo, E.; Ofili, J.O. (2000). 
Hypocholesterolemic effect of crude leaf 
of Moringa oleifera in high farm diet fed 
wistar rats, Journal of 
Ethnopharmacology, 69: 21-25. 

Gurdeniz, G., Tokatli, F., and Ozen, B. (2007). 
Differentiation of mixtures of 
monovarietal olive oils by mid-infrared 
spectroscopy and chemometrics. 
European Journal of Lipid Science and 
Technology , 109, 1194-1202. 

Heise, H. M., Damm, U., Lampen, P., Davies, A. 
N. and Mcintyre, P. S. (2005). Spectral 
variable selection for partial least 
squares calibration applied to 
authentication and quantification of extra 
virgin olive oils using Fourier transform 
Raman spectrscopy. Applied 
Scpectroscopy , 59, 1599-1604. 



CaJoST  A. M. Dinawa et al. 

CaJoST, 2024, 3, 259-264 © 2024 Faculty of Science, Sokoto State University, Sokoto.|264 

 

Hong, X. Z., Fu, X. S., Wang, Z. L., Zhang, L., 
Yu, Z. P. and Ye, Z. H. (2019). Tracing 
geographical origins of teas based on 
FT-NIR spectroscopy: introduction of 
model updating and imbalanced data 
handling approaches. Journal of 
Analytical methods in Chemistry, 2019, 
Article 1537568. 10.1155/2019/1537568.  

Jafari, M., kadivar, M. and keramat, J. (2009). 
Detection and Adultertaion in Iranian 
olive oils using instrumental (GC, NMR, 
DSC) methods. Journal of the American 
Oil Chemists' Society , 86, 103-110. 

Kemsley, E. K., Holland, J. K., Defernez, M. and 
Wilson R. H. (1996). Detection of 
Adulteration of Raspberry Purees Using 
Infrared Spectroscopy and 
Chemometrics. Journal of Agric. Food 
Chemistry , 3864-3870. 

Kim, B. G., Lee, S. A., Park, K. R., Stein, H. H. 
(2020). At least 3 days of adaption are 
required before indigestible markers 
(chromium, titanium, and acid insoluble 
ash) are stabilized in the ileal digesta of 
60-kg pigs, but values for amino acid 
digestibility are affected by the marker. 
Journal of Animal Science, 2020, Vol. 
98(2), 1-8. 

Leung, K. S. Y., Chan, K., Lau, A. C. K., Lu, G. 
H. (2005). Measurement uncertainty for 
total ash and acid-insoluble ash 
determination of Chinese material 
medica, Accred. Qual. Assur. 10, 289-
294. 

Mohammadi, M., Maskooki, A. M., Mortazavai, S. 
A., Kocheci, A., Nahardani, M. and 
Pourfallah, Z. (2014). Extraction of the 
phenolic compound from berberry by 
subcritical water and investigation of 
antioxidanttion properties of extracted 
juice. Journal of Food Science and 
Technology, vol. 46, pp. 49-59. 

Musa, K. Y., Katsayal, A. U., Ahmed, A., 
Mohammed, Z. and Danmalam, U. H. 
(2006). Pharmacognostic investigation of 
the Leaves of Gisekia pharmacioides, 
African Journal of Biotechnology, 5: 956 
– 957. 

Poulli, K. I., Mousdis, G. A and Georgiou, C. A. 
(2007). Rapid synchronous flourescence 
method for virgin olive oil adulteration 
assessment. Food Chemistry , 105, 39-
375. 

Raskin, I.; Ribnicky, D.M. (2002). Komarnytsky, 
S.; Ilic, N.; Poulev, A.; Borisjuk, Plants 

and human health in the twenty-first 
century, Trends of Biotechnology, 20: 
522-531. 

Rios, J.L.; Recious, M.C., (2005). Medicinal 
plants and antimicrobial activity. Journal 
of Ethnopharmacology, 100: 80-84. 

Trease, C., and Evan, C.W. (1996). A textbook of 
pharmacology (13th edition). brilliens, 
tindall limited London pp.40-58, 224-323. 

Vaclavik, L., Cajka, T Hrbek, V. and Hajslova, J. 
(2009). Ambient mass spectrometry 
emplying direct analysis in real time 
(DART) ion source for olive oil quality 
and authenticity assessment. Analytica 
Chimica Acta , 645, 56-63. 

Veraverbeke, E. A., lammertyn, J., Nicolai, B. M. 
and Irudayaraj, J. (2005). Spectroscopic 
evaluation of the surface quality of apple. 
Journal of Agriculture and Food 
Chemistry , 53, 1046-1051. 

Zhang, Z. Y., Wang, Y. J., Yan, H., Chang, X. 
W., Zhou, G. S., Zhu, L., Liu, P., Guo, S., 
Dong, T. T. X. and Duan, J. A. (2021). 
Rapid geographical origin identification 
and quality assessment of Angelicae 
Sinensis Radix by FT-NIR spectroscopy. 
Journal of Analytical methods in 
Chemistry, 2021, Article 8875876. 
10.1155/2021/8875876. 

Zhao, J., Gui, P., Liu, H., Wang, C., Liu, M., Li, 
G., Pan, M., Li, Z. and Suo, T. (2020). 
Rapid screening and quantitative analysis 
of adulterant Lonicerae Flos in Lonicerae 
JaponicaeFlos by Fourier-transform near 
infrared spectroscopy. Infrared Physics 
and Technology, 104, Article 103139. 
10.1016/j.infrared.2019.103139. 

 


