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a b s t r a c t

Background: In this study, we investigated how to convert the Panax ginseng DNA sequence code and
chemical fingerprints into a two-dimensional code. In order to improve the compression efficiency,
GATC2Bytes and digital merger compression algorithms are proposed.
Methods: HPLC chemical fingerprint data of 10 groups of P. ginseng from Northeast China and the internal
transcribed spacer 2 (ITS2) sequence code as the DNA sequence code were ready for conversion. In order
to convert such data into a two-dimensional code, the following six steps were performed: First, the
chemical fingerprint characteristic data sets were obtained through the inflection filtering algorithm.
Second, precompression processing of such data sets is undertaken. Third, precompression processing
was undertaken with the P. ginseng DNA (ITS2) sequence codes. Fourth, the precompressed chemical
fingerprint data and the DNA (ITS2) sequence code were combined in accordance with the set data
format. Such combined data can be compressed by Zlib, an open source data compression algorithm.
Finally, the compressed data generated a two-dimensional code called a quick response code (QR code).
Results: Through the abovementioned converting process, it can be found that the number of bytes
needed for storing P. ginseng chemical fingerprints and its DNA (ITS2) sequence code can be greatly
reduced. After GTCA2Bytes algorithm processing, the ITS2 compression rate reaches 75% and the
chemical fingerprint compression rate exceeds 99.65% via filtration and digital merger compression al-
gorithm processing. Therefore, the overall compression ratio even exceeds 99.36%. The capacity of the
formed QR code is around 0.5k, which can easily and successfully be read and identified by any
smartphone.
Conclusion: P. ginseng chemical fingerprints and its DNA (ITS2) sequence code can form a QR code after
data processing, and therefore the QR code can be a perfect carrier of the authenticity and quality of
P. ginseng information. This study provides a theoretical basis for the development of a quality trace-
ability system of traditional Chinese medicine based on a two-dimensional code.
� 2016 The Korean Society of Ginseng, Published by Elsevier Korea LLC. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Panax ginseng is a worldwide popular herbal medicine, which
has been used in traditional Asian medicine for thousands of years.
Since the quality of P. ginseng depends on many conditions and
factors, the most fundamental problem to be solved is the
authenticity and evaluation model of quality level issue, which
involves a lot of information. Therefore, it is essential to design a

very simple and easy information carrier to carry the related quality
information. The current use of DNA sequences to identify true and
false methods has been widely recognized [1,2]. Meanwhile,
chemical fingerprints form the industry’s widely accepted evalua-
tion model of quality level [3e7]. If these two kinds of P. ginseng
information can be represented by the current popular two-
dimensional code information carrier, the final consumer can
easily trace the quality of P. ginseng using a smartphone, which will
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promote the development and application of a P. ginseng quality
traceability system.

More convenient traditional Chinese medicine quality infor-
mation carrier has been studied. Chen et al [8] found that the in-
ternal transcribed spacer 2 (ITS2) sequence code is more
appropriate for identifying medicinal plant species. Liu et al [9]
studied the conversion of the Chinese herbal medicine DNA
sequence into a quick response code (QR code). Kumar et al [10]
studied the conversion of DNA barcoding into PDF417. Cai et al
[11] studied the conversion of Chinese medicine chemical finger-
prints into a QR code. However, the two-dimensional code storage
space is very limited; the original data of the normal P. ginseng DNA
sequence and chemical fingerprints far exceed the capacity of the
current two-dimensional codes. Therefore, compression algorithms
for P. ginseng DNA sequence and chemical fingerprint data are very
important. Many methods are used for compression of DNA se-
quences; some effective methods are BioCompress-2 [12], Gen
Compress [13], CTW þ LZ [14], DNA Compress [15], DNAPack [16],
DNADP [17], GeNML [18], and so on. Currently, the main processing
step for chemical fingerprints is to find the inflection point in the
filtering process [11]. The subsequent compression algorithm is to
be studied in the future.

Based on the existing studies of conversion of traditional Chi-
nese medicine chemical fingerprints into two-dimensional codes
[11], in this study, we explored a novel way to further convert the
P. ginseng DNA (ITS2) sequence code and chemical fingerprints into
a QR code to record authenticity information and quality infor-
mation of ginseng.

2. Materials and methods

2.1. Materials

This study was carried out on HPLC chemical fingerprint data of
10 groups (Agilent rapid detection method) of roots and fibrous
roots of ginseng from Northeast China, grown for 2e6 years. The
ITS2 sequence code was selected as the DNA sequence code for its
species. Moreover, HPLC chemical fingerprint data of P. ginseng
were obtained from the State Key Laboratory of Quality Research in
Chinese Medicine, University of Macau. The ITS2 sequence code
data were acquired from the Chinese pharmacopoeia medicine
DNA barcoding standard sequence [8,19]. Meanwhile, Cai et al [11]
found the QR code very suitable for carrying chemical fingerprints
of traditional Chinese medicine by comparing the popular two-
dimensional code QR code, data matrix, PDF 417, and other for-
mats. In this study, since we only need add DNA (ITS2) sequence
code on the basis of the original, there is no need to choose any
other two-dimensional code. Therefore, the QR code was suitable
for use as our target two-dimensional code.

In this study, data processing was completed with Ruby lan-
guage (v1.9.3 p551), the Excel spreadsheet was operated by a third-
party plug-in named Gem spreadsheet 0.9.8, and the QR code was
created by a third-party plug-in named Gem rqrcode 0.7.0. The
program could run on the operating system of Windows XP/Win-
dows 7/Windows 8. Fig. 1 shows a flowchart of whole conversion
processes.

2.2. Six steps of two-dimensional code conversion

2.2.1. Step 1: Obtaining chemical fingerprint data set of key feature
points

The original data of P. ginseng chemical fingerprints were ob-
tained from Agilent equipment output file, and the original

contents of the file are shown in Fig. 2 (test results of the fibrous
roots of a 4-year-old ginseng).

The key data set (timeevalue) of chemical fingerprints in the
output file was saved in an Excel file format due to the text-
formatted output file. “Time” represents duration of detection in
minutes, while “value” represents detected absorption values in
that minute. The number of data points was about 5,000 or so
(about 104K bytes), which is beyond the capacity of the current
variety of any two-dimensional code format. Thus, the data needed
to be filtered before being converted into a two-dimensional code.
According to the selected inflection point filtering algorithm [11],
we needed to collect the data of the key feature points (inflection
points) of P. ginseng chemical fingerprints. Inflection point features
are shown in Fig. 3 and inflection point judgment conditions in
Fig. 4. “Time” represents the detection duration in minutes and
“value” represents the absorbance value corresponding to the
detected time.

Comparedwith the filtering algorithm proposed earlier [11], this
study proposed mainly the following two improvements:

(1) Time accuracy was up to two decimal places, while time ac-
curacy had been up to one decimal place in the original paper.

Fig. 1. Flowchart of conversion processes. ITS2, internal transcribed spacer 2; QR, quick
response.
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(2) Within a given time accuracy (0.6 s) range, the time point
corresponding to the greatest change of value was selected as
the time point characteristic value in this region, while the first
point within the range had been selected directly in the orig-
inal paper.

Table 1 lists the data results after implementing the filtering
algorithm.

2.2.2. Step 2: Digital merger compression based on digital data sets
of chemical fingerprinting

Digital merger compression (DMC) was proposed due to the
digital feature of chemical fingerprints. Time data and mAu data
were amplified 100 times and 10 times, respectively, in order to
obtain integers. Then the data could be combined into an array of 2
bytes, 3 bytes, or 4 bytes according to its size. More details of the
algorithm are shown in Fig. 5.

Using the DMC algorithm, data sets of chemical fingerprinting
completed the precompression processing. Table 2 lists the data
changes after running the DMC algorithm.

2.2.3. Step 3: Conversion of ginseng DNA (ITS2) sequences code into
bytes (GTCA2 bytes)

The P. ginsengDNA (ITS2) sequence codewas 230 bytes whenwe
chose 70 characters per line breaks, as shown in Fig. 6.

Each of the four bases (G, T, C, and A) was represented by 2 bits
(00, 01, 10, and 11, respectively) according to the features of
P. ginseng DNA (ITS2) sequence code. The first two bytes were used
to save the total length of the sequence code within 65,535 base
sequence. Therefore, it became a byte algorithm (GTCA2Bytes) by
transition, as shown in Fig. 7.

2.2.4. Step 4: Chemical fingerprint data and DNA (ITS2) sequence
code data combined by a predefined data format

To ensure that the converted two-dimensional code of tradi-
tional Chinesemedicine chemical fingerprints can be identified and
reproduced, the compressed array of bytes needs to be combined in
accordance with the set data format. The available common stan-
dard formats are XML, JSON, etc. However, it requires additional
bytes, which is not proper for the two-dimensional code due to its
limited data capacity. Therefore, a combination of simpler rules was
adopted in this study.

The compressed byte array of DNA (ITS2) sequence and byte
array of chemical footprints were combined with the following
format, in which “jj” was chosen to separate arrays, shown as
follows:

2 bytes array of ITS2 sequence jj 2 bytes array of chemical
fingerprint data jj 3 bytes array of chemical fingerprint data jj 4
bytes array of chemical fingerprint data

2.2.5. Step 5: Compression of combined data by Zlib
The combined data needed to be compressed in advance in or-

der to get less data. Many algorithms of compression are available,
which are divided into two major categories of lossy and lossless
compression. Owing to nondestructive reduction, the most com-
mon Zlib (DEFLATE RFC 1951, variation of the LZ77 algorithm
[20,21]) lossless compression algorithmwas suitable for this study.

Signal Parameter Information: 
Signal Info  

Raw Data: 
Time (min) Step (s) Value (pA) 
0.000000 n.a. –0.015466 
0.003333 0.2 –0.014959 
0.006667 0.2 –0.015197 
0.010000 0.2 –0.014005 
0.013333 0.2 –0.013648 
0.016667 0.2 –0.015078 
0.020000 0.2 –0.017075 
0.023333 0.2 –0.018237 
0.026667 0.2 –0.018297 
0.030000 0.2 –0.018505 
0.033333 0.2 –0.017641 
0.036667 0.2 –0.017403 
0.040000 0.2 –0.019340 
0.043333 0.2 –0.018565 
0.046667 0.2 –0.017492 
0.050000 0.2 –0.018207 
0.053333 0.2 –0.017969 
0.056667 0.2 –0.017403 
0.060000 0.2 –0.016807 
0.063333 0.2 –0.015585 
0.066667 0.2 –0.015227 
0.070000 0.2 –0.017582 
0.073333 0.2 –0.017432 
0.076667 0.2 –0.015883 
0.080000 0.2 –0.013767 
0.083333 0.2 –0.012545 
0.086667 0.2 –0.011831 
0.090000 0.2 –0.011771 
0.093333 0.2 –0.015466 
0.096667 0.2 –0.018327 
0.100000 0.2 –0.017432 
0.103333 0.2 –0.015615 
…… 

File Path
 chrom://icmsqc/YYX/RS.seq/724.smp/
CAD_1.channel 
Channel CAD_1 

Injection Information: 
Data Vault YYX 
Injection RS-4-XU 
Injection Number 13 
Position GB3 
Comment  
Processing Method 11 
Instrument Method RS-S 
Type Unknown 
Status Finished 
Injection Date 2015/9/9 
Injection Time 4:16:20 
Injection Volume (μl) 1.000 
Dilution Factor 1.0000 
Weight 1.0000 

Raw Data Information: 
Time Min. (min) 0.000000 
Time Max. (min) 15.002900 
Data Points 4499 
Detector CAD 
Generating Data System Chromeleon 
7.2.1.5833 
Exporting Data System Chromeleon 7.2.1.0 
Operator Instrument Controller 
Signal Quantity Current 
Signal Unit pA 
Signal Min. -0.019340 
Signal Max. 64.224269 
Channel CAD_1 
Driver Name Corona.dll 
Channel Type Evaluation 
Min. Step (s) 0.197 
Max. Step (s) 0.21 

Fig. 2. Part of the original data from 4-year-old P. ginseng fibrous root test results
(Agilent rapid detection method).

Fig. 3. Judgment conditions of inflection point (X axis / time; Y axis / value). Points inside a black circle will be considered inflection points; there are five possible conditions.
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Compared with other compression algorithms, this compression
algorithm has the advantage of high efficiency, free and open
source, and so on. Table 3 lists the data changes after adopting the
Zlib compression algorithm.

2.2.6. Step 6: Conversion of the data compressed into QR code
After Zlib compressed, data generated QR code by rqrcode gem,

where the parameters are as follows:

(1) Error correcting code: L-smallest
(2) Size: 25

3. Results

Through the above six steps, all batches of P. ginseng DNA (ITS2)
sequence and its HPLC chemical fingerprints were successfully
transformed into a QR code. A very important purpose of the con-
version process is to reduce the number of bytes of the original
data; in this study, four processes were used to reduce the number
of data bytes. The results of the four processes are analyzed as
follows.

The first process was a screening process, corresponding to Step
1. The chemical fingerprint features of data sets were screened
through the inflection point filtering algorithm. Screening results
are given in Table 1. After screening, the length of the obtained data
string was in the range of 1,113e1,667, a reduction of 1.37e2.08%
compared with the original data string length. The data points were
in the range of 121e178, corresponding to a reduction of 2.68e
3.95% in the number of the original data points.

The second process involved the DMC algorithm, corresponding
to Step 2. The characteristics of P. ginseng chemical fingerprint data
set were compressed. Table 2 lists the differences of the P. ginseng
chemical fingerprint characteristics before and after implementing
the DMC algorithm. The compression rate of byte numbers was
between 30.23% and 31.73%, whichwas between 0.42% and 0.65% of
the original data.

The third process involving the GTCA2Bytes algorithm, which
corresponded to Step 3, was a precompression algorithm for the
P. ginseng DNA (ITS2) sequence code. Through the algorithm, the

P. ginseng DNA (ITS2) sequence code could be compressed easily;
the byte count could be reduced to nearly 75%.

The fourth process involved the Zlib compression algorithm,
corresponding to Step 5. Table 3 shows the changes in the number
of bytes after the implementation of the Zlib compression algo-
rithm. Compared with the number of data bytes before compres-
sion, the compression ratio was between 87.2% and 94.85%, while
compared with the original data, the compression rate was be-
tween 0.48% and 0.64%.

After the six-step process, the P. ginseng DNA (ITS2) sequence
code and chemical fingerprints were been successfully converted
into a QR code. The results of the operation are shown in Figs. 8 and
9 for the selected four groups of data.

By converting the 10 groups of data into a QR code, we could find
that the number of bytes for ginseng chemical fingerprints and DNA
(ITS2) sequence codewas significantly reduced after treatment. The
DNA (ITS2) sequence code compression rate could reach 75%. After
filtering the chemical fingerprints and DMC algorithm processing,
the compression rate could bemore than 99.65%. Finally, the overall
compression ratio was over 99.36%, and the capacity of the QR code
was about 0.5 kilobytes (KB).

4. Discussion

In this study, on the basis of the conversion of the DNA (ITS2)
sequence code [9,10] as well as the chemical fingerprints into a
two-dimensional code [11], further research was carried out. The
P. ginseng DNA (ITS2) sequence code and HPLC chemical finger-
printing were converted into a two-dimensional code in accor-
dance with certain procedures and formats. GATC2Bytes and DMC
algorithms were used in this conversion process. After compression
by Zlib, QR code bytes were about 0.5 KB, which is far less than
converting chemical fingerprint QR code method proposed by Cai
et al [11]. Using their method, the number of bytes in the two-
dimensional code was found to be between 1 KB and 2 KB.
Compared the QR code conversion method with theirs, DMC and
Zlib compression processing made the number of bytes of QR code
less nearly between 50% and 75%.

Many DNA sequences compression algorithm are available [12e
18]; most of them have been proposed to solve the issue of DNA
sequence, which is very largedmore than 100 million petabytes
[22]. In this study, the simple GATC2Bytes compression algorithm
was adopted due to the small DNA sequence code of P. ginseng,
which is less than 1 kb. After processing, the number of bytes can be
reduced by 75%, which can be improved further. We promote a
novel method to compress the chemical fingerprint code by the
DMC algorithm. Since no similar literature reports are available,
further research is required.

Furthermore, the converted two-dimensional code can be
recognized by a computer and be restored to the original DNA
(ITS2) sequence and chemical fingerprint data, the process of which
has been proved to be reversible.

Traditional Chinese medicine chemistry (composition) finger-
printing methods are mainly based on spectroscopy and
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403403

404

1. (Y[n + 1] – Y[n])*(Y[n + 2] – Y[n + 1]) < 0 
2. (Y[n + 1] = Y[n])&&(Y[n + 2] – Y[n + 1]) < 0 
3. (Y[n + 1] = Y[n])&&(Y[n + 2] – Y[n + 1]) > 0 
4. (Y[n + 1] = Y[n + 2])&&(Y[n + 1] – Y[n]) < 0 
5. (Y[n + 1] = Y[n + 2])&&(Y[n + 1] – Y[n]) > 0 

  (Y[n + 1] Y[n]&&(Y[n + 1] > Y[n + 2]) 
(Y[n + 1] Y[n]&&(Y[n + 1] < Y[n + 2]) 
(Y[n + 1] > Y[n]&&(Y[n + 1] Y[n + 2]) 
(Y[n + 1] < Y[n]&&(Y[n + 1] Y[n + 2])

Fig. 4. Inflection point selection algorithm (Y [ ] / value of point; n / time of point), according to the five possible conditions shown in Fig. 2.

Table 1
Data changes of ginseng chemical fingerprint after adopting the filtering algorithm

Sample dataset Raw source
(bytes/points)

After filter
(bytes/points)

Compression ratio
[bytes (%)/points (%)]

xu-2.xls 79,961/4,498 1,548/166 1.93/3.69
zhu-2.xls 81,000/4,498 1,184/129 1.46/2.86
xu-3.xls 79,719/4,499 1,449/156 1.81/3.46
zhu-3.xls 80,839/4,498 1,191/130 1.47/2.89
xu-4.xls 79,128/4,499 1,515/162 1.91/3.6
zhu-4.xls 81,056/4,499 1,113/121 1.37/2.68
xu-5.xls 79,797/4,499 1,667/178 2.08/3.95
zhu-5.xls 80,274/4,498 1,303/142 1.62/3.15
xu-6.xls 79,754/4,498 1,525/163 1.91/3.62
zhu-6.xls 80,817/4,499 1,263/137 1.56/3.04

J Ginseng Res 2017;41:339e346342



chromatography: UV, IR, MS, NMR, TLC, GC, HPLC, capillary elec-
trophoresis, and so on. Among them, HPLC has become the primary
means of fingerprint research currently. This study focuses on the
conversion of HPLC and DNA (ITS2) sequence, due to its chemical
fingerprint data form and DNA (ITS2) sequence have many simi-
larities, so six steps conversion method should be applicable to
some of the traditional Chinese medicine.

During the experiment, we found that how to compress the
space was an important challenge. DNA (ITS2) may be replaced by
other ways (for example, SNP) to reduce space. In addition,
recording only the major chemical fingerprints is a very good idea
for space compression. However, it will cause problems with
incomplete information [23,24]. Therefore, we finally chose to use
DNA (ITS2) and complete chemical fingerprints for this experiment.

Time complexity should be considered within this experiment.
If the time complexity cannot be reduced, the experiment does not
have practical significance. As shown in Table 4, 10 sets of data
conversion processes were tested (Computer Environment: Sony
VAIO with window XP sp3, 3G memory, dual-core, Intel CPU:
1.8GHz). We found that the average total time for the conversion of
10 sets of datawas 11.675 s, which was within the acceptable range.

Begin

t <= 255 && 
mAu <= 255 

two_bytes.concat(t,mAu) 

End

Yes 

1. ps represents the data set of 
fingerprint, expressed in a 
two-dimensional array 

2. two_bytes, three_bytes, 
four_bytes, b2, b3, b4 are 
initial variables 

t = p[:time] * 100 
mAu = p[:mAu] * 10 

t <= 255 && mAu > 
255 && mAu <= 65535 

three_bytes.concat(t,mAu) 

Yes four_bytes.concat(t,mAu) 

No

No 

No

Yes 

b2 = two_bytes.pack("C*") 
b3 = three_bytes.pack("SC"* (three_bytes.length/2))
b4 = four bytes.pack("I*")

two_bytes = three_bytes = four_bytes = []; 
b2 = b3 = b4 = nil; 
ps[]; 

p = ps.has_next_point()? 

Fig. 5. DMC algorithm, in which time data and mAu data are amplified 100 times and 10 times, respectively, in order to obtain integers. Then the data can be combined into an array
of 2 bytes, 3 bytes, or 4 bytes according to its size. With this algorithm, data sets of chemical fingerprinting complete the precompression processing. DMC, digital merger
compression.

Table 2
Data changes after adopting the DMC algorithm

Sample
dataset

Raw source
(bytes)

After filter
(bytes)

After DMC
(bytes)

Compression ratio
[bytes (%)]

xu-2.xls 79,961 1,548 476 30.75
zhu-2.xls 81,000 1,184 364 30.74
xu-3.xls 79,719 1,449 448 30.92
zhu-3.xls 80,839 1,191 371 31.15
xu-4.xls 79,128 1,515 458 30.23
zhu-4.xls 81,056 1,113 342 30.73
xu-5.xls 79,797 1,667 520 31.19
zhu-5.xls 80,274 1,303 407 31.24
xu-6.xls 79,754 1,525 462 30.3
zhu-6.xls 80,817 1,263 389 30.8

DMC, digital merger compression.

CGCATCGCGTCGCCCCCCAACCCATCACTCCCTTGCGGGAGTTGAGGCGGAGGGGCGGATAATGGCCTCC 

CGTGTCTCACCGCGCGGTTGGCCCAAATGCGAGTCCTTGGCGATGGACGTCACGACAAGTGGTGGTTGTA 

AAAAGCCCTCTTCTCATGTCGTGCGGTGACCCGTCGCCAGCAAAAGCTCTCATGACCCTGTTGCGCCGTC 

CTCGACGTGCGCTCCGACCG

Fig. 6. P. ginseng DNA (ITS2) sequence code. ITS2, internal transcribed spacer 2.
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Conversion of P. ginseng DNA (ITS2) sequence and chemical
fingerprints into a two-dimensional code can be explored further.
While a QR code can carry a maximum of 2,953 bytes, our experi-
ment used only about 500 bytes, leaving a large amount space to
carry more related information. If the P. ginseng DNA (ITS2)
sequence and chemical fingerprints can be converted into a two-
dimensional code successfully and easily, then it will be simple
and convenient for a customer to trace the P. ginseng quality by a
smartphone. Therefore, this method is a solid foundation of a
P. ginseng quality traceability system.

4.1. Limitation and future research

This paper presents only the conversion of the P. ginseng DNA
(ITS2) sequence and the HPLC chemical fingerprint data of 10

groups detected by Ailent Quick test into a two-dimensional code.
Whether the DNA and chemical fingerprints of other medicines
detected by other instruments can be smoothly converted into a
two-dimensional code requires further research.

By analyzing the above discovery process, P. ginseng fingerprints
and Chinese medicine DNA (ITS2) sequences must be filtered and
must undergo compression processing before being converted into
a two-dimensional code. In the present study, there should be room
for optimization in the second-step HPLC chemical fingerprint
compression (DMC) algorithm and third-step DNA (ITS2) sequence
compression algorithm (GTCA2Bytes). Furthermore, the fourth-
step selection of the data format combinations “jj” for separation,
there need to be perfected.

5. Conclusions

This study presents six steps to convert the P. ginseng DNA
(ITS2) sequence code and chemical fingerprints into a QR code. In
order to improve the compression ratio, this study proposes a
simple GATC2Bytes compression algorithm for the compression
of DNA (ITS2) sequence code and a DMC preprocessing algorithm
for early treatment of chemical fingerprints. This study shows
that the P. ginseng DNA (ITS2) and the chemical fingerprint in-
formation can be stored in a two-dimensional code. This study
provides a theoretical basis for building a P. ginseng quality
tracing system based on the two-dimensional code that contains
quality information.

Fig. 7. GTCA2Bytes algorithm, to compress P. ginseng DNA (ITS2) sequence code to bytes. ITS2, internal transcribed spacer 2.

Table 3
Data changes after adopting the Zlib compression algorithm

Sample Raw
source
(bytes)

Before
Zlib

(bytes)

After Zlib
(bytes)

Zlib compression
ratio [bytes (%)]

Total compression
ratio [bytes (%)]

xu-2 80,194 542 483 89.11 0.60
zhu-2 81,233 430 395 91.86 0.49
xu-3 79,952 514 471 91.63 0.59
zhu-3 81,072 437 400 91.53 0.49
xu-4 79,361 524 480 91.60 0.6
zhu-4 81,289 408 387 94.85 0.48
xu-5 80,030 586 511 87.20 0.64
zhu-5 80,507 473 423 89.43 0.53
xu-6 79,987 528 479 90.72 0.60
zhu-6 81,050 455 416 91.43 0.51
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Fig. 8. Conversion result of zhu-2, P. ginseng DNA (ITS2), and chemical fingerprint of zhu-2 to a QR code. QR, quick response.

Fig. 9. Conversion result of xu-6, P. ginseng DNA (ITS2), and chemical fingerprint of xu-6 to a QR code. QR, quick response.

Table 4
Time spent in each step (unit: s)

Sample Filter
points

DMC GTCA2
bytes

Data
combination

Zlib Created QR
code

Total

xu-2 9.125 0.016 0.0 0.0 0.031 1.578 10.750
zhu-2 5.718 0.047 0.0 0.0 0.0 1.594 7.359
xu-3 17.063 0.047 0.0 0.0 0.0 1.594 18.704
zhu-3 6.593 0.047 0.0 0.0 0.0 1.563 7.903
xu-4 16.218 0.063 0.0 0.0 0.016 1.594 16.307
zhu-4 5.046 0.031 0.0 0.0 0.0 1.563 7.640
xu-5 15.171 0.047 0.0 0.0 0.0 1.594 16.822
zhu-5 7.375 0.016 0.0 0.0 0.0 1.578 8.969
xu-6 14.375 0.031 0.0 0.0 0.0 1.609 16.015
zhu-6 7.359 0.016 0.0 0.0 0.0 1.609 8.984
Average 10.405 0.036 0.0 0.0 0.005 1.589 11.675
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