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Tiegun yam is a typical food and medicine agricultural product, which has the efects of nourishing the kidney and beneftting the
lungs.Te quality and price of Tiegun yam are afected by its origin, and counterfeiting and adulteration are common.Terefore, it
is necessary to establish a method to identify the origin and index component contents of Tiegun yam. Hyperspectral imaging
combined with chemometrics was used, for the frst time, to explore and implement the identifcation of origin and index
component contents of Tiegun yam. Te origin identifcation models were established by partial least squares-discriminant
analysis (PLS-DA), support vector machine (SVM), and random forest (RF) using full wavelength and feature wavelength.
Compared with other models, MSC-PLS-DA is the best model, and the accuracy of the training set and prediction set is 100% and
98.40%. Partial least squares regression (PLSR), random forest (RF), and support vector regression (SVR) models were used to
predict the contents of starch, polysaccharide, and protein in Tiegun yam powder.Te optimal residual predictive deviation (RPD)
values of starch, polysaccharide, and protein prediction models selected in this study were 5.21, 3.21, and 2.94, respectively. Te
characteristic wavelength extracted by the successive projections algorithm (SPA) method can achieve similar results as the full-
wavelength model. Tese results confrmed the application of hyperspectral imaging (HSI) in the identifcation of the origin and
the rapid nondestructive prediction of starch, polysaccharide, and protein contents of Tiegun yam powder. Terefore, the HSI
combined with the chemometric method was available for conveniently and accurately determining the origin and index
component contents of Tiegun yam, which can expect to be an attractive alternative method for identifying the origin of
other food.

1. Introduction

Yam is the feshy underground tuber of Dioscorea. In China,
yam is a typical food and medicine agricultural product. It is
not only a common vegetable, often used for fresh eating,
fresh stir-fry, steaming, making vermicelli, and potato chips,
but also a traditional Chinese medicine which can invigorate
the spleen and stomach, beneft the lung, generate saliva, and
beneft the kidney [1]. Yam contains many nutrient me-
tabolites which include starch, polysaccharide, and protein

[2]. Because of its nutritional content, it is widely used in
traditional Chinese medicine to treat chronic diseases such
as indigestion [3]. China is an important center of yam
cultivation, with more than 90 varieties [4]. Tiegun yam
(D. opposite Tunb.) is mainly produced in Wen County,
Henan Province of China, has the best quality, and is
considered to be the representative of Chinese yam (Dio-
scorea opposite Tunb.). In recent years, Tiegun yam has
been planted in most areas of China, such as Inner Mon-
golia, Shaanxi, Jiangsu, Shandong, Hebei, and other places,
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and there have been many problems with fake Tiegun yam
from other origins in the market. Te fake Tiegun yam not
only damages the interests of consumers but also has a great
diference from that of the Wen County Tiegun yam in
nutrient substance. Starch is the most abundant ingredient,
which also afects the taste of Tiegun yam, while poly-
saccharides and proteins are the main pharmacological
components.Te content of these three components has also
become an important index to evaluate the quality of Tiegun
Yam. Terefore, it is necessary to establish an analytical
method to identify the origin and index component contents
of Tiegun yam.

At present, the traditional nutrient content evaluation
methods include enzymatic hydrolysis [5] and the un-
derwater weight method [6] to determine the starch content.
Te content of polysaccharides was determined by in-
ductively coupled plasma mass spectrometry (ICP-MS) [7],
spectrophotometry [8], and liquid chromatography-tandem
mass spectrometry (LC-MS) [9], and the content of protein
was determined by the Kjeldner method [10], spectropho-
tometry, and combustion [11]. However, most of the tra-
ditional content determination methods are destructive,
time consuming, and environment polluting with few other
shortcomings and only applies to small samples and cannot
meet the requirements of online monitoring [12]. In addi-
tion, the traditional methods of origin identifcation include
liquid chromatography-mass spectrometry [13], gas
chromatography-mass spectrometry [14], molecular biology
techniques [15], stable isotope [16], and chemical fnger-
printing [17]. However, traditional chemical methods have
high accuracy but also have some disadvantages, such as
high detection cost, difcult operation, and time consuming.
Terefore, the establishment of a rapid and accurate de-
tection method has an urgent market demand.

Hyperspectral imaging (HSI) technology is a non-
destructive detection method that integrates image in-
formation and spectral information [18]. Compared with
traditional spectral analysis technology, HSI can not only
obtain two-dimensional spatial and one-dimensional spec-
tral information that corresponds to internal and external
features [5] but also collect data from multiple samples
simultaneously. Compared to single-point measurement
technologies, HSI is capable of performing spatial substance
content analysis [19]. It has been widely used in the rapid
identifcation of corn [20], sorghum [21], wolfberry [22],
chrysanthemum [23], and other samples due to its char-
acteristics of simultaneously obtaining spectral and spatial
information. At the same time, HSI is also used for detecting
the content of various substances, such as starch content in
sorghum detection [19], corn grain oil content [24], total
content of favonoids in the cherry prediction [12], analysis
of protein content in rice [11], and prediction of total fa-
vonoids and polysaccharides in Anoectochilus formosanus
[25]. All these studies have achieved satisfactory results.
However, as far as we know, no studies have been published
on using HIS to identify the origin and determine the
contents of starch, polysaccharide, and protein in
Tiegun yam.

In this study, we discussed the feasibility of the HSI
method to identify the origin and determine the contents of
starch, polysaccharide, and protein in Tiegun yam. An ef-
fcient and accurate method based on the graph segmen-
tation algorithm was developed to achieve the rapid
automatic identifcation and information extraction of the
hyperspectral information of Tiegun yam powder samples.
In addition, it combined with the chemometric method that
can establish diferent models to realize the rapid identif-
cation of diferent regions of Tiegun yam and the accurate
prediction index of its composition.

2. Materials and Methods

2.1. Sample Preparation. Tiegun yam samples were collected
from late October to November 2019, from six producing
areas, including Inner Mongolia (NM) (n� 7), Shaanxi (SX)
(n� 6), Jiangsu (JS) (n� 6), Shandong (SD) (n� 11), Hebei
(HB) (n� 13), and Henan (HN) (n� 17) provinces, and
fnally a total of 60 batches of Tiegun yam samples was
collected. All batches of samples were purchased from the
local medicinal herbs market, and each batch consisted of
10–20 Tiegun yam. Te specifc information of the sample is
shown in Table 1. Te collected Tiegun yam samples were
cleaned, peeled, and cut into 10 cm sections and dried for
approximately 36 hours in an oven at 50°C. Finally, all dried
Tiegun yam samples were ground into powder and sifted
through 50mesh. Te powder was sealed in a polyethylene
bag and stored at 4°C.

2.2. Hyperspectral Imaging Systems. Te HSI system con-
sisted of an imaging spectrograph, a high-performance
charged couple device (CCD) camera, a pair of 150W
halogen lamps (150W/12V, H-LAM Norsk Elektro Optikk,
Norway), a mobile platform (Standa Translation Stage,
Lithuania) driven by a stepper motor, and a computer with
data acquisition and analysis software (HySpex Ground,
Norsk Elektro Optikk, Norway). Te imaging spectrograph
consisted of SN0605 VNIR (H-V16, Norsk Elektro Optikk,
Norway) and N3124 SWIR (H-S16, Norsk Elektro Optikk,
Norway).

2.3. Hyperspectral Data Acquisition. First, 60 samples were
randomly selected from diferent batches of Tiegun yam
powder from each producing area, with a total of 360
samples. 15 g of each Tiegun yam samples powder sample
was selected as a hyperspectral sample and loaded into
a Petri dish with a diameter of 5 cm. Te criterion is that the
bottom of the Petri dish should not be seen when the powder
is laid fat.

When the sample was collected, the distance between the
spectrometer lens and the sample was 25 cm, the platform
moving speed was 1.5mm/s, the integration time of SN0605
VNIR lens was 3500 μs, the frame time was 18000, and the
spectral range was 410–990 nm. Te integration time of the
N3124 SWIR lens was 4500 μs, the frame time was 46928,
and the spectral range was 950–2500 nm. Te spectral
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resolution of both VNIR and SWIR lenses was 6 nm. Te
samples were arranged on a black horizontal moving plat-
form according to the matrix, and the Tefon whiteboard was
placed at the end of the sample row to collect the hyper-
spectral images. In order to reduce the infuence of natural
light on the experiment, the whole experiment was con-
ducted in a dark room. Finally, the average surface spectral
data of the powder in each Petri dish were used as a region of
interest (ROI).

2.4. Hyperspectral Image Processing. In order to eliminate
the infuence of instruments and environment on the sample
data, the raw hyperspectral image data were corrected by
software (HySpex RAD, Norsk Elektro Optikk, Norway),
followed by black-and-white plate correction. Black-and-
white plate correction is a common method in hyperspectral
image data processing, which is used to eliminate the in-
fuence of air and surrounding environment on spectral
images, so as to obtain the relative refectance of the
spectrum. Tis method is used to calculate the relative
refectivity of samples, whiteboards, and blackboards, and
the calculation formula is as follows:

R �
Rraw − Rd
Rw − Rd

, (1)

where R is the corrected refectivity image, Rraw is the
original refectivity image, Rw is the whiteboard reference
image, which is obtained by Tefon whiteboard (refectivity is
close to 1), and Rd is the blackboard reference image, which
is obtained by covering the lens cap (refectivity is close to 0).

2.5. Reference Measurement of Nutrient Substances Content

2.5.1. Evaluation of Starch Content. Te soluble sugar and
starch in the samples were separated by 80% ethanol, and the
starch was hydrolyzed into glucose by acid hydrolysis.
Glucose content was determined by anthrone colorimetry,
and starch content was calculated [26]. Glucose standard
solution of 1, 0.8, 0.4, 0.2, 0.1, and 0.05mg/mL was prepared.
Te standard curve Y� 2.9468x+ 0.2768 (R2 � 0.997) was
established with glucose concentration as abscissa and ΔA
(ΔA�A−A blank) as abscissa. Te 0.01 g Tiegun yam
powder sample was weighed, and the test solution was
confgured.Te absorbance value Awas measured at 620 nm
with a microplate reader. Te abovementioned de-
termination was completed with a total starch content

determination kit (BC0700, Solarbio, Beijing, China). Te
formula for calculating starch content is as follows:

M1 �
x∗V∗F

1.11∗W
, (2)

where M1 stands for starch content (mg/g), x is the cal-
culated concentration of starch based on the standard curve
(mg/mL), W is the sample mass (g), F stands for sample
dilution ratio, and V is the volume after extraction (ml).

2.5.2. Evaluation of Polysaccharide Content. Total poly-
saccharides were extracted by the water extraction and al-
cohol precipitation method, and the content of total
polysaccharides was determined by the phenol-sulfuric acid
method [27, 28]. Standard solution of 0.4, 0.2, 0.1, 0.05,
0.025, and 0.0125mg/mL was prepared, and the standard
curve Y� 6.7386x+ 0.2257 (R2 � 0.998) was established with
concentration as abscissa and ΔA (ΔA�A−A blank). Te
0.025 g Tiegun yam powder sample was weighed, and the test
solution was confgured. Te absorbance value A was
measured at 490 nm with a microplate tester. Te above-
mentioned determination was completed with a total
polysaccharide content determination kit (YX-W-ZDT,
HEPENGBIO, Shanghai, China). Te formula for calculat-
ing the polysaccharide content is as follows:

M2 �
5∗Y

W
, (3)

whereM2 stands for polysaccharide content (mg/g), Y is the
calculated concentration of polysaccharide based on the
standard curve (mg/mL), andW stands for sample mass (g).

2.5.3. Evaluation of Protein Content. Protein concentration
was detected by the Bradford method. Te standard protein
solution of 0.0625, 0.125, 0.25, 0.5, 0.75, 1, and 1.5mg/mL
was confgured to establish the standard curve
Y� 0.5676x+ 1.4197 (R2 � 0.994). Te 0.025 g Tiegun yam
powder sample was weighed with the test solution, and the
absorbance was measured at 595 nm. Te Bradford protein
Assay kit (P0006C, Beyotime Biotechnology, Shanghai,
China) was used to detect protein concentration. Te for-
mula for calculating protein concentration is as follows:

M3 �
Y

W
, (4)

Table 1: Detailed information of Tiegun yam.

Number Origin Quantity of sample
NM Dengkou County, Bayanchuer city, Inner Mongolia, China 60
SX Dali County, Weinan city, Shaanxi province, China 60
JS Fengxian County, Xuzhou city, Jiangsu province, China 60
SD Dingtao District, Heze city, Shandong province, China 60
HB Li County, Baoding city, Hebei province, China 60
HN Wen County, Jiaozuo city, Henan province, China 60
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where Y stands for protein concentration (mg/mL) and W
stands for weight of the sample (g).

2.6. Statistical and Chemometrics Analysis

2.6.1. Statistical Analysis. Te mean value and standard
deviation of starch, polysaccharide, and protein contents of
Tiegun yam from diferent origins were calculated. Te
contents of starch, polysaccharide, and protein of Tiegun
yam from diferent producing areas were compared. One-
way analysis of variance (ANOVA) (P< 0.05) was used to
analyze whether there were signifcant diferences in the
contents of polysaccharides, starch, and proteins in Tiegun
yam from diferent origins.

2.6.2. Data Preprocessing. A total of 360 hyperspectral data
were obtained from the extraction of hyperspectral regions
of interest. Te pretreatment of spectral data can reduce
errors caused by baseline changes such as background, noise,
and other physical factors and can improve the prediction
ability and stability of the model. In this study, fve methods
including multiple scattering corrections (MSCs), frst de-
rivative (D1), second derivative (D2), SG smoothing (SG),
and standard normal variable transformation (SNV) were
used to preprocess spectral data to improve the accuracy and
stability of the discrimination model.

2.6.3. Chemometric Method. Tree diferent classifcation
models, including partial least squares discriminant analysis
(PLS-DA), support vector machine (SVM), and random
forest (RF), were established to identify the origin of Tiegun
yam. Similarly, three diferent classifcation models including
partial least square regression (PLSR), support vector re-
gression (SVR), and random forest (RF) were established.

PLSR model, a classical linear regression algorithm, can
consider both matrices x (spectral data) and y (chemical
index), to fnd the maximal correlation between the new
variables of X and Y [29, 30]. PLS-DA is a supervised
classifcation algorithm adapted from PLSR. Te optimal
number of 10–12 important potential variables in diferent
prediction groups was obtained by using the leave-one cross-
validation method.

Te SVM model, which aims to obtain the best hyper-
plane by selecting the hyperplane passing through the
maximum possible gap between points of diferent cate-
gories, was used with a nonlinear radial basis function to
reduce the training complexity. In this research, the SVM
model was constructed based on the radial basis function,
and the optimal combination of two important parameters,
namely, the penalty factor (C� 12000) and the kernel pa-
rameter (c �100), was determined by a grid-search method
[31]. Support vector regression (SVR) is an important ap-
plication branch of the support vector machine (SVM).

RF is an integration algorithm based on a classifed
regression tree, which builds multiple regression trees by
constructing multiple training sets with the putback sam-
ples. Te number of trees in this study is 50.

Te successive projections algorithm (SPA) was used to
select the characteristic wavelength of the classifcation
model. SPA is a forward variable selection algorithm that
minimizes the space collinearity of vector quantity. Its ad-
vantage lies in extracting several characteristic wavelengths
of the whole band and eliminating redundant information in
the original spectral matrix. Finally, the characteristic var-
iable modeling results are compared with the full-band
modeling results.

2.6.4. Model Evaluation. Te performance of the classif-
cation model was evaluated based on the classifcation
discrimination accuracy and confusion matrix. Te confu-
sion matrix is a method to evaluate the prediction results of
the classifcation model in data analysis. Te specifc eval-
uation indexes include accuracy, sensitivity, and specifcity
[32]. Tese precision indexes refect the accuracy of model
classifcation from diferent aspects.

Accuracy �
TP + TN

TP + FN + FP + TN
,

Sensitivity �
TP

TP + FN
,

Specif icity �
TN

TN + FP
,

(5)

where TP is the number of true positive samples, TN is the
number of true negative samples, FP is the number of false
positive samples, and FN is the number of false negative
samples.

Te prediction efect of pretreatment methods combined
with regression models was evaluated based on residual
predictive deviation (RPD) and curve correlation coefcient
R2 values. Usually, the R2 value from 0.61 to 0.80 and the
RPD value ranging from 2.0 to 2.5 indicate that the model
can be used for prediction. R2 value between 0.81 and 0.90
and RPD value between 2.5 and 3.0 demonstrate high model
performance. Te model has an excellent prediction per-
formance with an R2 value higher than 0.90 and an RPD
value higher than 3.0.

2.7. DataDivision. Te samples were randomly divided into
training sets and prediction sets in a ratio of 7 : 3 for sub-
sequent modeling and analysis. 240 (2/3 samples) and 120
(1/3 samples) samples were randomly assigned to establish
prediction models for starch, polysaccharide, and protein.
Te predictive set content range should be included in the
training set content range.

2.8. Software and Program. Te image correction tool used
in this study is RAD correction software. ROI was collected
by ENVI 5.3 software (Harris Geospatial Solutions Inc., CO,
USA). ANOVA was conducted on SPSS software (22.0
version, IBM Inc., Chicago, IL, USA). Data analysis, such as
spectral data preprocessing and classifcation model con-
struction, was realized by Matlab 2020a (MathWorks, USA)
software, and scripts were written by our research group.
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3. Results and Discussion

3.1. Statistical Analysis. Te content ranges, mean, and
standard deviation (SD) of starch, polysaccharide, and
protein of Tiegun yam powder classifed into a training set
and prediction set are shown in Table 2. Te contents of
starch, polysaccharide, and protein training set ranged from
(377.4 to 638.3) mg/g, (8.06 to 36.01) mg/g, and (5.09 to
51.25) mg/g and (391.4 to 603.8) mg/g, (8.06 to 35.20) mg/g,
and (5.44 to 36.59) mg/g for the prediction set. Te pre-
dictive set content range should be included in the training
set content range. Meanwhile, at the same time, ANOVA
showed that there were signifcant diferences in starch,
polysaccharide, and protein contents of Tiegun yam beans
from 6 origins (P< 0.05). Te starch content of Tiegun yam
in JS was the highest, while that in SD was the lowest. Te
other four producing areas have little diference in starch
content. Te content of polysaccharide of Tiegun yam in
NM, SX, and JS was lower than that in SD, HB, and HN.Te
protein content of Tiegun yam was very low in NM, and
there was little diference in other producing areas. Wen
County of Henan province, as an authentic production area
of Tiegun yam, had a high content of all these three nu-
trients. In other words, starch, polysaccharide, and protein
content was signifcantly afected by the origin. Te place of
origin can be used as a grouping basis for classifcation
modeling of hyperspectral Tiegun yam.

3.2. Original Spectral Curve Analysis. Te spectral curves of
Tiegun yam powder samples from diferent origins (Fig-
ure 1) have similar variation trends in VNIR and SWIR
bands, and the mean values of spectral data have obvious
diferences in visible near-infrared (VNIR) bands, which
may be caused by the signifcant diferences in chemical
composition content of Tiegun yam powder samples from
diferent origins as shown in Table 2. Tis is related to
diferent plant base sources, environmental conditions, and
planting methods. However, the overall spectral charac-
teristics of the short wave near-infrared (SWIR) band are
similar with little diference.

Te absorption peaks near 980 nm, 1450 nm, and
1855 nm were mainly attributed to the moisture [33].
However, because 980 nm is where the VNIR band ends, the
signature is not obvious. Te absorption peak near 1210 nm
corresponded to the second stretching overtone of C-H.Tis
absorption peak was mainly attributed to carbohydrates and

fats [34]. Te absorption peak at 1290 nm and 1471 nm was
formed by the in-plane bending of C-H.Te absorption peak
at 1648 nm was formed due to the efect of amide groups
[35]. Te absorption peak at 1792 nm indicated the anhy-
dride group. Te absorption peak at 2069 nm was formed
due to the combined efect of stretching and bending of O-H.
Te absorption peak at 2101 and 2190 nm was the charac-
teristic absorption peaks of the protein. Te absorption peak
at 2101 nm might be possibly associated with the carboxyl
group. Te absorption peak at 2190 nm indicated the
combined absorption peak of C-H and C-O [11]. Compared
to VNIR, the wavelengths in SWIR could fully refect the
vibration of molecular bonds in diferent compounds.

3.3. Results of the Origin Identifcation Model of Tiegun Yam.
Te original spectral data of Tiegun yam powder samples
from diferent origins were preprocessed by MSC, D1, D2,
SG, and SNV, and the training set/prediction set was divided
into input variables to calculate the accuracy of PLS-DA, RF,
and SVM classifcation and identifcation methods (Table 3).
For the PLS-DAmodel, MSC preprocessing can improve the
accuracy of the model training set and prediction set. Te
prediction set accuracy of raw data-PLS-DA was 96.00%,
and that of MSC-PLS-DAwas 98.40%, with an improvement
of 2.40%. Te SVM model has high precision in the training
set and low precision in the prediction set, and there is a big
gap between them. Te SVM model may not be suitable for
the origin identifcation data of Tiegun yam.Te accuracy of
the prediction set of the D2-RF model is 83.33%, which is
14.44% higher than the raw data, but lower than that of the
MSC-PLS-DA model. Terefore, MSC-PLS-DA is the op-
timal model for the origin identifcation of Tiegun yam, and
this model is used for spectral modeling after feature
wavelength selection and model evaluation.

As shown in Figure 2, there are 55 feature wavelengths
selected based on SPA. MSC preprocessing and PLS-DA
algorithm are used for modeling, and the accuracy of the
training set is 99.13% and the prediction set is 97.71%. Te
results show that the extraction of characteristic wavelength
modeling can achieve almost the same results as full-
wavelength modeling.

In classifcation problems, a confusion matrix is a visual
evaluation criterion to describe the real category attributes of
sample data and to predict the performance of algorithms.
Te behavior of the confounding matrix is a true label, listed
as the predictive label. Te bottom line shows the percentage
of predicted correct or incorrect classifcation, that is,
sensitivity and error rate. Te right-most column shows the
percentage of all examples that fall into each category that
are correctly and incorrectly classifed, that is, the precision
and false negative rates. After MSC treatment of the full-
band spectrum of Tiegun yam powder samples, the con-
fusion matrix generated by the PLS-DA classifcation model
prediction results of samples from diferent sources is shown
in Figure 3(a), and the sensitivity and precision of the
classifcation and identifcation models of each origin are all
above 95. Te confusion matrix generated by the PLS-DA
classifcation model after SPA screening characteristic

Table 2: Statistical values of starch, polysaccharide, and protein
contents in Tiegun yam powder for both calibration and prediction
sets (mg/g).

Content Sets Range Mean SD

Starch Training 377.4–638.3 489.5 60.23
Prediction 391.4–603.8 490.5 60.33

Polysaccharide Training 8.06–36.01 22.41 8.13
Prediction 8.06–35.20 23.57 11.04

Protein Training 5.09–51.25 23.68 10.05
Prediction 5.44–36.59 22.37 9.62
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variables of spectral data is shown in Figure 3(b). Te
precision and sensitivity of diferent producing areas are
both above 92%, which is not diferent from full-wavelength
identifcation, thus showing a good performance.

3.4. Starch, Polysaccharide, and Protein Content Prediction.
Te prediction results of Tiegun yam powder showed that
the three models had better prediction ability for starch
content but worse prediction ability for polysaccharide and
protein content than starch. Spectral data preprocessing is
an important step in chemometrics modeling. Its purpose is
to reduce the error caused by background, noise, and other

physical factors so as to improve the prediction ability and
stability of the model. Tamburini et al. [36] have also re-
ported that MSC, SNV, D1, and D2 can improve the ac-
curacy of PLSR models. In contrast, the Caporaso study [37]
showed that the accuracy of the model was not improved
when the MSC, SNV, and D1 or D2 were applied.Te
prediction results of diferent pretreatment combined with
three models for starch, polysaccharide and protein are
shown in Tables S1, S2, and S3. MSC, D2, SG smooth, and
SNV pretreatment methods can all improve the accuracy of
the model, but the improved accuracy varies signifcantly
according to diferent components and models. Te frst
derivative does not apply to the prediction model. As shown
in Table 4, R2 values of the training set and the prediction set
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Figure 1: Raw spectra (a), spectra after pretreated byMSC (b), second derivative (c), andmean refectance spectra (d) of Tiegun yam powder
samples from diferent origins.

Table 3: Pairwise combination classifcation accuracy of the
preprocessing method and classifcation model of Tiegun yam
powder samples from diferent origins.

Models Preprocessing
Accuracy (%)

Training set Prediction set

PLS-DA

Raw data 99.57 96.00
MSC 100.00 98.40
D1 100.00 96.00
D2 97.82 95.42
SG 98.72 95.20
SNV 99.15 96.80

SVM

Raw data 98.81 61.11
MSC 97.22 61.11
D1 98.81 25.93
D2 34.52 27.78
SG 98.41 59.26
SNV 100.00 24.07

RF

Raw data 97.14 68.89
MSC 99.05 76.67
D1 99.05 52.22
D2 100.00 83.33
SG 98.09 77.78
SNV 97.14 68.89
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Figure 2: Screening results of SPA characteristic variables.
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should be signifcantly diferent, and the optimal pre-
treatment method should be selected for diferent models
based on the size of the prediction model of starch RPD
value. Te optimal prediction model of starch, poly-
saccharide, and protein was D2-SVR. Among the three
models, SVR has the best prediction result, followed by
PLSR, and RF has the lowest prediction result. Te D2-SVR
prediction model of starch had a higher R2p value (0.9636)
and RPD value (5.21) and lower RMSE value
(RMSEC= 3.8399mg/g; RMSEP= 10.7103mg/g). For the
polysaccharide prediction model, the parameters of the
optimal model were R2p= 0.9275, RPD= 3.21,
RMSEC= 0.1397mg/g, and RMSEP= 2.0717mg/g. For the
protein prediction model, the parameters of the optimal
model were R2p= 0.8939, RPD= 2.94, RMSEC= 0.5219mg/
g, and RMSEP= 2.6464mg/g, indicating that the prediction
models have good accuracy and stability. Terefore, ap-
propriate spectral pretreatment is needed in the starch
prediction model to improve the regression model. Te D2-

SVR prediction model results of the three components are
shown in Figure 4.

Te characteristic variables were selected based on the
SPA method. 39 characteristic wavelengths were selected for
the starch regression model, 23 characteristic variables for the
polysaccharide regression model, and 48 characteristic vari-
ables for the proteinmodel.Temodeling results of themodel
selected above are shown in Table 5. D2-SVM was used to
model hyperspectral data selected by characteristic wave-
length. RPD values of starch, polysaccharide, and protein
models were 4.45, 2.05, and 2.18, respectively. Te results
show that the characteristic wavelength modeling of protein
extraction can obtain almost the same results as that of the
full-wavelength modeling. Te selection of SPA characteristic
wavelengths revealed the important spectral regions for
predicting the index components of Tiegun yam powder. In
addition, modeling results similar to those of full-wavelength
can be obtained, which greatly reduces the difculty of model
data processing and reduces the time of model operation.
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Figure 3: Te hyperspectral raw data (a) and hyperspectral data after characteristic wavelength selection (b) results of origin identifcation
prediction set of Tiegun yam powder samples.

Table 4: Prediction results of spectral data of Tiegun yam powder samples after diferent pretreatments.

Content Models
Training set Prediction set

R2 RMSEC (mg/g) R2 RMSEP (mg/g) RPD

Starch
PLSR 0.9598 11.0908 0.9270 13.6931 3.22
SVR 0.9948 3.8399 0.9636 10.7103 5.21
RF 0.9896 8.4654 0.9677 14.4532 3.45

Polysaccharide
PLSR 0.8684 2.6837 0.8425 2.9637 2.52
SVR 0.9996 0.1397 0.9275 2.0717 3.21
RF 0.9818 1.6933 0.9012 3.5702 1.45

Protein
PLSR 0.8933 2.4077 0.8610 2.6676 2.61
SVR 0.9943 0.5219 0.8939 2.6464 2.94
RF 0.9770 1.7388 0.9292 3.5203 1.63
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4. Conclusions

Tis study indicated that it was feasible to use hyper-
spectral technology combined with chemometric pre-
treatment and modeling to fast and nondestructive
identifcation of the origin and nondestructive detection of
starch, polysaccharide, and protein contents of the Tiegun
yam powder samples. Some spectral pretreatment methods
(MSC and SNV) can improve the accuracy of hyperspectral
data, while others (frst-order derivation) are not suitable
for the content regression model. MSC combined with
PLS-DA is the best combination for the discriminant
model, and the accuracy of the training set and the pre-
diction set is over 98%. D2-SVR was the best pretreatment
method for starch, polysaccharide, and protein prediction
models with relatively high R2P and RPD values. Te
characteristic wavelength extracted by the SPA method
can achieve similar results to the full-wavelength model,
which can greatly reduce the complexity of the model and
can reduce the operation time of the model. Tis study
demonstrates the great potential of using hyperspectral
images to quickly and nondestructively determine the
indicator components of samples, which will be helpful for
further prediction of other chemical components in Tie-
gun yam or applied to other materials with the homology
of medicine and food.
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Figure 4: D2-SVR prediction model results for starch (a), polysaccharide (b), and protein (c).

Table 5: Prediction results of selected data by SPA of Tiegun yam powder samples.

Content Number
Training set Prediction set

R2 RMSEC (mg/g) R2 RMSEP (mg/g) RPD
Starch 39 0.9943 4.0396 0.9521 12.0895 4.45
Polysaccharide 23 0.9992 0.2161 0.8145 3.5468 2.05
Protein 48 0.9608 1.4008 0.8259 3.3886 2.18
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An isotope-dilution liquid chromatography tandem mass spectrometry method was established for the determination of vitamin
B12 in milk and dairy products. +e samples were spiked with stable isotope-labeled vitamin B12 and digested by pepsin and
amylase.+e various forms of cobalamin were transformed to cyanocobalamin by potassium cyanide after they were released from
the enzymatically digested samples. Cyanocobalamin was extracted and purified by an immunoaffinity SPE cartridge and then
measured in multiple reaction monitoring mode (MRM). +e linear correlation coefficient (R2) of this method was greater than
0.999 in the range of 2–100 ng/mL.+e detection limit and the quantification limit were 0.5 μg/kg and 1.0 μg/kg, respectively. +e
spiked recoveries ranged from 92.0% to 99.4% at the three spiked levels with the relative standard deviation (RSD) between 1.89%
and 4.51%.+emeasured results of NIST SRM1849a and NIST SRM1869a by the current method are all within the reference value
range. +e Z value was 0.8 during participating in the FAPAS proficiency test using the developed method in 2021. +e method is
simple, rapid, accurate, and sensitive, and it is suitable for the determination of vitamin B12 in different types of milk and dairy
products such as whey powder, whole milk powder, pure milk, fermented milk, infant formula, and prescription food for special
medical purposes.

1. Introduction

Vitamin B12 (VB12) is also known as cobalamin or cobamide,
and it has at least five chemical variants with similar mo-
lecular structure [1] (Figure 1). +e naturally occurring
forms of VB12 in food are hydroxocobalamin, 5′-deoxy-
adenosylcobalamin, methylcobalamin, sulphitocobalamin,
and a small amount of cyanocobalamin. Among them,
cyanocobalamin has the most stable chemical structure, and
other chemical variants of VB12 are photolabile [2, 3]. +e
amount of VB12 required by the human body is very small.
However, VB12 is an essential nutrient for humans, which
plays an important role in the formation of normal red blood
cells and the maintenance of the normal function of mye-
linated nerve cells in the human body. VB12 deficiency can
cause anemia, nervous system disorders, and other symp-
toms [4–6].+e recommended intake for adults is 2 μg/d and

the adequate intake (AI) for infants at 0–6 months and 6–12
months is 0.6 μg/d [7]. VB12 cannot be synthesized by
humans de novo and it must be acquired through dietary
intake of animal-based foods rich in VB12 such as milk and
dairy products [8]. VB12 is usually presented as a protein-
bound form in milk and dairy products, whereas cyano-
cobalamin is the main form of VB12 used in human dietary
supplements. +e low content of VB12 in food usually has
various photolabile forms, which make it difficult for
quantitative detection. It is urgent to establish an effective
detection method for the determination of VB12 in various
foods including milk and dairy products.

+e existing reportedmethods for determination of VB12
in infant formula mainly include microbiological assays
[9, 10], high-performance liquid chromatography (HPLC)
[11–19], liquid chromatography-tandem mass spectrometry
(LC-MS/MS) [20–26], and liquid chromatography and
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inductively coupled plasma-mass spectrometry (LC-ICP-
MS) [27–29]. +e microbiological assays usually have a long
measurement time and complicated operation. +e strains
need to be frequently resurrected and stored until analysis.
Multiple dilutions need to be prepared to optimize a suitable
linear range for the determination of samples with unknown
contents. It is difficult for unskilled inspectors to carry out
the inspection tests. HPLC methods for determination VB12
usually employ immunoaffinity purification and online solid
phase extraction (SPE) followed by column switching
techniques. AlthoughHPLCmethods have the advantages of
simple operation, efficient separation, and high degree of
automation, the methods based on UV detectors are not
sensitive enough to detect VB12 in non-fortified food. It takes
a long time to transform VB12 to fluorescent compounds by
derivatization reaction using a fluorescence detector as VB12
itself does not emit fluorescence. In recent years, LC-MS/MS
has been used to detect the content of VB12 in food.+e trace
level VB12 content in food can be detected by LC-MS/MS
due to its high selectivity and sensitivity. However, the
sample preparation using pepsin and potassium cyanide has
not been comprehensively optimized in the existing reports.
Based on our research of vitamins [30–32], in this study, an
isotope-dilution ultra-performance liquid chromatography
tandem mass spectrometry (UPLC-MS/MS) method was
established to detect VB12 content in milk and dairy
products. +is study focused on the effects of pepsin and
potassium cyanide solution during sample preparation on
the determination results of VB12 in milk and dairy prod-
ucts. +e sample preparation procedure, quality control, and
chromatographic and mass spectrometry conditions were
systematically optimized for the first time. +e immu-
noaffinity SPE cartridge and stable isotope-labeled VB12

were applied for sample pretreatment and MS analysis to
ensure high specificity and good accuracy of the developed
method. +e method has the characteristics of high sensi-
tivity, good repeatability, and high accuracy, and it can be
applied and popularized in food testing laboratories.

2. Materials and Methods

2.1. Chemical Reagents. HPLC grades of acetonitrile (ACN),
ethanol (EOH), acetic acid, and ammonium acetate were
purchased from Fisher Chemical (Canada). Analytical grade
sodium acetate and sodium hydroxide were purchased from
Shanghai Lingfeng Chemical Reagent Co. Ltd. (China).
Ultrapure water was obtained from a Milli-Q water puri-
fication system (Millipore, USA). Vitamin B12 (cyanoco-
balamin, 1.000± 0.006mg/mL) was purchased from SIGMA
(USA). [13C7]-vitamin B12 (0.995± 0.030 μg/mL) was pur-
chased from Beijing Manhage Biotechnology Co. Ltd.
(China). Immunoaffinity SPE cartridge was purchased from
R-Biopharm (Germany). Pepsin from porcine gastric mu-
cosa (250U/mg, 400U/mg, 600–1800U/mg, 2500U/mg)
and Takadiastase (100U/mg) were purchased from SIGMA
(USA). Milk and dairy products were purchased from local
supermarkets in Hangzhou, China.

2.2. Analytical Instrumentation. +e analyte chromato-
graphic separation was performed on an Waters BEH C18
column (10 cm× 2.1mm i. d.; 1.7 μm), and the mobile phase
consisted of water containing 2.5mmol/L ammonium ac-
etate (A) and water/acetonitrile (10 : 90V/V) (B), for a total
run time of 7min and column temperature of 40°C, with a
sample injection volume of 2 μL. +e chromatographic
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Figure 1: Structure of vitamin B12: (1) 5′-deoxyadenosylcobalamin; (2) methylcobalamin; (3) hydroxocobalamin; (4) sulphitocobalamin;
(5) cyanocobalamin.
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gradient was operated at a flow rate of 0.4mL/min starting
from 0min: 2% B; 0–1min: 2% B; 1–4min: 2%–90% B;
4–5min: 90% B; 5–7min: 2% B.

+e mass spectrometer was XEVO TQ-S, a triple
quadrupole instrument equipped with an ESI ionization
source (Waters Corp.). All analyses were conducted in
positive ESI mode using multiple reactionmonitoring on the
2 main product ions; the optimized mass spectrometer
conditions for both analytes are reported in Table 1. +e
capillary voltage was 3.0 kV, source temperature was 150°C,
and desolvation temperature was 650°C. Nitrogen was used
as desolvation gas (1000 L/h) and cone gas (50 L/h), whereas
the collision gas was argon (flow rate of 0.25mL/min). Data
acquisition processing was performed using MassLynx 4.1
software (Waters Corp.).

2.3. Preparation of Standard Solutions. Vitamin B12 inter-
mediate standard (20.0 μg/mL) was prepared by diluting 1
mL of vitamin B12 stock standard solution (cyanobalamine,
1.000± 0.006mg/mL) to 50mL with water. Vitamin B12
working standard (200 ng/mL) was prepared by diluting
1mL of vitamin B12 intermediate standard (20.0 μg/mL) to
100mL with water. [13C7]-vitamin B12 working standard
(50 ng/mL) was prepared by diluting 2.5 mL of [13C7]-vi-
tamin B12 stock standard solution (0.995± 0.030 μg/mL) to
50mL with water. A set of standard solutions containing
vitamin B12 in the concentration range of 2–100 ng/mL was
prepared, containing 5 ng/mL of [13C7]-vitamin B12.

2.4. Sample Preparation-Extraction and Purification.
Weigh, to the nearest 0.01 g, about 30 g of solid milk and
dairy products into a 500mL flask, dissolve the sample in 180
g of warm water (40°C to 45°C) and mix until homogeneous.
+e liquid milk can be weighed directly after shaking.
Reconstituted milk or liquid milk was accurately weighed
into a 50mL centrifuge tube to withstand high temperatures
of 100°C. 100 μL of [13C7]-vitamin B12 working standard
solution (50 ng/mL), 25mL of sodium acetate solution,
10mg of Takadiastase, and 1mL of potassium cyanide (1%)
were added, respectively, under agitation and the solution
was incubated at 37°C for 30min in thermostatic oscillator.
+e hydrolysates were transferred to a water bath at 100°C
for 30min. Cooling down to room temperature, the solution
was shaken fully and centrifuged at 8000 r/min for 10min.
+e supernatant was filtered through a 1.6 μm glass fiber
filter paper before purification.

All filtrate was loaded onto an immunoaffinity column,
using a suitable glass adapter. +e column was washed with
10mL of water and then completely dried by passing

through at least 10mL of air. Vitamin B12 was eluted into a
10mL glass tube with 1mL of methanol for 3 times by
complete denaturation of the antibody. +e eluate was
concentrated to dryness at 60°C under slow nitrogen gas flow
and reconstituted in 1mL of mobile phase and filtered
through a 0.22 μm membrane filter before HPLC analysis.

3. Results and Discussion

3.1. Optimization of the MS/MS Conditions. Structural in-
formation to confirm the identity of analytes and the op-
timization of the instrumental sensitivity were obtained by
performing a preliminary fragmentation study and MS/MS
experiments. Full scans under the positive ESI mode for
vitamin B12 and [13C7]-vitamin B12 were acquired for the
selection of the precursor ions according to the relative
intensities of multiple charged ions. [M+ 2H]2+ at m/z 678.1
and 681.8 were the precursor ions selected for vitamin B12
and [13C7]-vitamin B12 as it gave the most intense peak in the
mass spectrum. Product ion scan mass spectra are shown in
Figure 2. Collision-induced dissociation (CID) of vitamin
B12 produced two product ions at m/z 147 and 359, and
[13C7]-vitamin B12 produced two product ions at m/z 154
and 366, also shown by the fragmentation pattern in Fig-
ure 2. For each analyte, two among all available MRM
transitions were chosen on the basis of the best chro-
matographic signal-to-noise (S/N) ratio, to perform quan-
titative and confirmative analysis on the selected food
matrices.

3.2. Optimization of the LC Separation Conditions.
Acetonitrile was selected as an organic modifier for its
chromatographic selectivity, and ammonium acetate was
added to the mobile phase, it could provide the best ioni-
zation contions. +e best compromise in terms of sensitivity
and analyte separation was afforded by the 2.5mmol/L
concentration of ammonium acetate as mobile phase A and
water/acetonitrile (10 : 90V/V) as mobile phase B.

3.3. Optimization of Extraction Solvent. Vitamin B12 can
dissolve in strong polar solvents, such as water, methanol,
and ethanol, but not in organic solvents with medium
polarity, such as acetone, chloroform, and ether. +us,
strong polar solvent was suitable for extraction in the sample
process. +ere are other kinds of naturally occurring co-
balamin in infant formula, prepared milk powder, and in-
stant grain food including fortified cyanocobalamin. +ese
cobalamins coordinated with the protein to form stable large
molecular compounds. +e cobalamin must dissociate from

Table 1: LC/MS/MS parameters.

Compound (m/z) Precursor ion (m/z) Daughter ion Cone voltage (V) Collision energy (eV)

Vitamin B12 678.6 147.1∗ 32 37
359.2 23

[13C7]-vitamin B12 681.5 153.9∗ 32 37
365.8 23

∗means qualifier ion.
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combined compounds and transform into cyanobalamin
prior to determination, and the reaction was proceeded in
the condition of aqueous solution. Enzymatic hydrolysis of
diastase can also react in aqueous solution. +erefore, water
was chosen as the extraction solvent.

3.4. Necessity of Potassium Cyanide. +ere are many spe-
ciations of vitamin B12 with physiological activity, such as
cyanocobalamin, aquacobalamin, adenosylcobalamin,
and mecobalamin in natural food. Cyanocobalamine was
the most stable speciation among them, and other

speciation of vitamin B12 must be transformed into cya-
nobalamin prior to determination. In this study, measured
results of 9 milk and dairy products were compared by adding
potassium cyanide or not. As shown in Table 2, there was a
significant difference between the two groups, most of the p
values were less than 0.05, excepting sample of NIST SRM
1849a, wich was 0.814.+emeasured values adding potassium
cyanide are 1.1–14.9 times more than the results without
potassium cyanide. Measured values would significantly
lower if potassium cyanide was not used in the determination
of vitamin B12 in milk and dairy products and would cause
determination deviation.
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Figure 2: Mass spectrum of full scan and daughter scan of VB12 and isotope-labeled VB12.(a) MS scan of VB12 (b) Full MS scan of 13C7-VB12
(c) Daughter scan of VB12 (d) Daughter scan of 13C7-VB12.

Table 2: Comparison of results by adding potassium cyanide or not.

Samples
Adding potassium cyanide Not adding potassium cyanide t-Test

Value (μg/kg) SD (μg/kg) Value (μg/kg) SD (μg/kg) P value
FAPAS-1 19.90 2.13 8.75 0.65 <0.05
FAPAS-2 16.49 3.12 9.97 0.48 <0.05
NIST SRM 1849a 47.17 4.06 42.12 0.51 0.814> 0.05
Infant formula-1 39.88 2.76 10.09 1.4 <0.05
Infant formula-2 32.76 0.57 23.08 0.94 <0.05
Non-fat milk powder 28.82 2.79 5.54 0.38 <0.05
Demineralized whey 23.81 2.06 15.83 0.6 <0.05
Whole milk powder 16.73 1.81 3.23 0.17 <0.05
Pure milk 4.44 0.53 1.14 0.23 <0.05
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3.5. Optimization of Enzymatic Hydrolysis Conditions.
Pepsin is often used coupled with diastase in the determi-
nation of vitamin B12 [11–14]; in the meanwhile, there are
background values of vitamin B12 in pepsin. To further
evaluate the influence of background value, several pepsins
were purchased with different activities of 250U/mg, 400U/
mg, 600U/mg, and 2500U/mg, respectively. +e concen-
tration of vitamin B12 was determined following the opti-
mization method in 1 g sample with 0.2 g pepsin and 0.05 g
diastase added. As shown in Figure 3, the background value
of vitamin B12 in pepsin increased with the activity of pepsin.
+e background value of vitamin B12 in pepsin cannot be
neglected.

3.6. Choice of Internal Standard. In most cases, the con-
centrations of vitamin B12 are not very high in foods, al-
though it widely exists in dairy products. It is necessary to
purify and concentrate in the determination to achieve ideal
detection sensitivity. Two studies [21, 22] reviewed vitamin
B12 loss during cooking treatment with contradictory results.
+e absolute recovery of immunoaffinity SPE cartridge for
vitamin B12 is not very well; meanwhile, quality differences
between batches would influence the accuracy of determi-
nation. Luo [24] developed an analytical method for the
determined of vitamin B12 in food products and multivi-
tamin multimineral tablets by HPLC-ESI-MS, and ginse-
noside Re was used as an internal standard (I.S.).
Ginsenoside Re is not a perfect internal standard of vitamin
B12 for the obvious contrast between the molecular structure
of ginsenoside Re and vitamin B12. In this study, to achieve
the purpose of accurate quantification, [13C7]-vitamin B12
isotope-labeled vitamin B12 was used as an internal standard
in the whole analysis.

3.7. Matrix Effect. Liquid chromatography coupled with
tandemmass spectrometry (LC-MS/MS) has become a “gold
standard” in many fields of analytical chemistry. One of the
most common interference types in the case of LC-MS/MS
analyses is the alteration of ionization efficiency (usually
ionization suppression) due to co-eluting compounds, called
matrix effect (ME). Matrix effect results in differing analyte
peak areas while comparing the sample and standard with
the same analyte concentration. +ere are many fats, pro-
teins, and sugars naturally present in milk, which would
produce interfering substances after enzymatic hydrolysis
and heating process. +ese interfering substances would
cause certain matrix effects in the LC-MS/MS analyses if
purification process was less efficient. In common, matrix
effect was calculated as a ratio of the slope of the matrix
matching the standard curve and the slope of the solvent
standard curve. +ere is no obvious matrix effect if the ratio
is between 85% and 115%. It is difficult to find a blankmatrix
of vitamin B12 for vitamin B12 is widespread in milk and
dairy products, so the isotope of vitamin B12 was used to
evaluate the matrix effect of infant formula, non-fat milk
powder, fermented milk, and cheese samples instead of

vitamin B12 in this study. +e matrix effect (ME%) can be
quantitatively expressed by (1), where Amatrix and Astandard
are the peak areas of the equal amount of [13C7]-vitamin B12,
respectively, in presence and in the absence of possibly
interfering compounds.

ME% �
Amatrix

As tan dard
× 100%. (1)

+is technique is also called post-extraction spiking: the
analytical signal of a blank sample extract spiked with [13C7]-
vitamin B12 (Amatrix) is compared with the signal of the equal
amount of [13C7]-vitamin B12 in pure solvent (Astandard).

ME% (n� 6) of infant formula, non-fat milk powder,
fermented milk, and cheese was 99.51%± 1.71,
102.51%± 6.12, 102.15%± 4.65, and 102.18%± 1.66, re-
spectively. +e results have shown that the purification effect
of immunoaffinity SPE cartridge was efficient, and the in-
terfering substance almost can be removed after purification
treatment with immunoaffinity SPE cartridge.

3.8. Method Validation. +e standard series solutions with
the concentration of 2, 5, 10, 25, 50, and 100 ng/mL were
prepared, and the standard curves were drawn according to
the corresponding peak areas. +e correlation coefficients
were all greater than 0.999, and the standard curves had good
linearity. +e limit of quantitation (LOQ) and the limit of
detection (LOD) were investigated according to 10 times and
3 times of signal-to-noise ratio, respectively. When 1 g of
infant formula was taken for determination, the limit of
quantitation and the limit of detection were 1.0 μg/kg and
0.5 μg/kg, respectively.

+e whole milk powder (the background value was
16.7 μg/kg± 1.8 μg/kg) was selected as the sample. Each
standard addition concentration was determined 6 times in
parallel. +e recoveries of vitamin B12 were 92.0%∼99.4%.
+e RSD of six repeated determination was 3.03%∼5.76%.

For further confirmation of the accuracy of the estab-
lished method, two standard reference materials (SRMs),
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Figure 3: Relationship of background value of vitamin B12 and
pepsin activity.
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NIST SRM1849a and NIST SRM1869 infant formula, were
selected as verified objects. +e results are shown in Table 3.

+e present method was also applied to determine vi-
tamin B12 in the infant formula of FAPAS Proficiency Test in
2021. +e measured value was 19.9± 1.0 μg/kg, and Z value
was 0.8, and the result is satisfied.

4. Concluding Remarks

An isotope-dilution liquid chromatography tandem mass
spectrometry method was established for the determination
of vitamin B12 in milk and dairy products. +e sample
preparation procedure using pepsin and potassium cyanide,
quality control, and chromatographic and mass spectrom-
etry conditions were systematically optimized for the first
time. +e various forms of cobalamin were transformed to
cyanocobalamin by potassium cyanide after they were re-
leased from the enzymatically digested samples. Cyanoco-
balamin was extracted and purified by immunoaffinity SPE
cartridge before UPLC-MS/MS. +e measured results of
NIST SRM1849a and NIST SRM1869a by the current
method are all within the reference value range. +e Z value
was 0.8 during participating in the FAPAS proficiency test
using the developed method in 2021. All validation results
showed that the method is simple, accurate, and sensitive,
and it is suitable for the determination of vitamin B12 in
different types of milk and dairy products.
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+e data used to support the findings of this study are in-
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Mycotoxins can accumulate in various feeds and thus may get in duck meat, which may have severe food safety and public health
implications. .is study examined mycotoxins and veterinary medications in duck meat marketed in eight marketplaces around
China. For the determination of mycotoxins, including the mycotoxins aflatoxin B1 (AFB1), aflatoxin B2 (AFB2), aflatoxin M1
(AFM1), T-2 toxin, zearalenone (ZEN), and ochratoxin A (OTA), a liquid-chromatography tandem mass spectrometry (LC-MS/
MS) method was validated. Overall, 13 out of 48 samples (27%) presented AFB1, and AFB2 was present in 14 out of 48 samples
with positive levels ranging from 0.5 μg/kg (gizzard) to 4.1 μg/kg (lung). Eleven samples were contaminated with AFM1. T-2 was
also found in three parts of duck samples (duck gizzard, neck, and lung), and the 5th and 48th samples were contaminated with
T-2. ZEN was found in 5 of 48 analyzed samples (10%), and OTA was present in 21 out of 48 samples. .e maximum kinds of
mycotoxins found simultaneously in duck samples were six in duck lungs. High co-occurrence of mycotoxins was verified in
several samples. .e detection rate of various veterinary drugs was 0–12.5% in duck meat samples, and the over standard rate was
2.1%. Co-occurrence of veterinary drugs was verified in several samples.

1. Introduction

Mycotoxins are, in general, stable molecules, which are
challenging to remove from foods once they have been
produced [1, 2]. Aflatoxins, metabolites of Aspergillus flavus
and Aspergillus parasiticus, are highly toxic substances [3, 4].
Its harmfulness lies in its damaging effect on human and
animal liver tissues, and it can cause liver cancer or even
death in severe cases [5, 6]. .ey are present in soil and
plants and various nuts, especially grain and oil products
such as peanuts, corn, rice, soybeans, and wheat. [7–10].
Ochratoxin A (OTA) is another mycotoxin [7], and it mainly
contaminates agricultural grain products such as oats,

barley, wheat, corn, feed, and animal food (such as pig
kidney and liver) [10, 11]. A variety of other mycotoxins
(including various aflatoxins, deoxynivalenol, and zear-
alenone) also may contaminate foods [12–14].

Ducks are one of the most sensitive animals to myco-
toxin contamination. In recent years, the global production
amount of duckmeat and duck eggs has been increasing year
by year, so it is necessary to study the harmful effects of
mycotoxins on ducks, especially ducklings [15]. .e feed
contaminated with multiple mycotoxins is particularly
harmful to ducks [16]. Certain mycotoxins frequently cause
harm to the muscle, stomach, and intestines of broilers,
while such damage is uncommon in meat ducks. .e
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immune system, liver, and heart are the essential target
organs of mycotoxin in ducks. After ducks eat mouldy feed,
mycotoxins may damage the liver and kidneys of the ani-
mals..esemycotoxins may remain in the liver, lungs, heart,
and other parts of animals [17]. .erefore, this study aims to
investigate the residual mycotoxins in various tissues and
organs of ducks purchased from the market, providing a
reference for the occurrence of mycotoxins in various tissues
of duck meat.

Veterinary drugs play an essential role in ensuring an-
imal health and improving the quality of animal products,
but they also have many adverse effects, such as the problem
of veterinary drug residues in animal products. Although the
maximum limits of veterinary drug residues in food and the
management regulations for veterinary drugs have been
issued successively, the abuse of veterinary drugs is still
severe. .erefore, we studied the veterinary drug residues in
duck meat samples.

2. Materials and Methods

2.1. Reagents and Standard Solutions. .e standards of af-
latoxin-B1 (AFB1), aflatoxin-B2 (AFB2), aflatoxin-
M1(AFM1), T-2 toxin (T-2), ochratoxin A (OTA), and
zearalenone (ZEN) all with purity >98% were purchased
from Yuanye (Yuanye, Shanghai, China). EURO-DIAG-
NOSTICA and BIOO SCIENTIFIC CO provided the en-
zyme-linked immunosorbent assay kits. .e standard
veterinary medicines were all purchased from Dr. Ehren-
storfer (Augsburg, Germany). Each mycotoxin’s standard
stock solution at 10mg/L was prepared inMeOH. From this,
a mix of working solutions at 100 μg/L each was prepared in
MeOH. All solutions and standards were stored at −18°C.

2.2. Sampling. Forty-eight duck meat samples were pur-
chased from 8 different local markets in Taizhou. .e
samples were vacuum-packed (portions of 50 g) and stored
at −18°C until the analysis.

2.3. Mycotoxin Analysis. Instrument and analytical condi-
tions: .e assays were performed using a Waters HPLC
(Waters, Milford) with a QqQ mass spectrometer (Waters,
Manchester, U.K.). A C18 column (150× 4.6mm) main-
tained at 30°C was used for analytical separation. .e
method was similar to those previously applied in food by
Peromingo et. al [18]. .e mobile phase A was water/acetic
acid 99 :1 (v/v). .e mobile phase B was methanol/acetic
acid 99 :1 (v/v). .e solvent gradient in volume ratios was as
follows: 0–0.5min, 95% A; 0.5–7min, 95% A-35% A;
7–11min, 35% A-25% A; 11–13min, 25% A-0% A;
13–20min, 0% A. .e flow rate was 0.8mL/min.

Mass spectrometry conditions were as follows: positive
ion scanning, the capillary voltage of 3.0 KV; cone hole gas
flow rate of 50 L/h; ion source temperature of 100°C; the
dissolvent temperature of 400°C; collision energy of 20 eV;
and dissolvent gas flow rate of 700 L/h.

Sample preparation: .e extraction of mycotoxins in
meat samples was performed according to the method

optimized by Zou et al. [19] and Sulyok et al. [4]. Firstly, all
samples were thawed. Briefly, 20mL extraction solvent
acetonitrile/water/acetic acid (79/20/1, v/v/v) were added
with 2 g of each sample and the samples were extracted for
90min at room temperature (200 rpm). After extraction, it
was centrifuged. .e supernatant was taken, and then the
same volume of the same solvent was added and diluted to
half of the original concentration. Five microliter was used
for LC-MS/MS analysis.

2.4. Method Validation and Quality Control. .e chro-
matographic peak area of mycotoxins was taken as the
ordinate (Y), the corresponding content was taken as the
abscissa (X), and a linear regression equation was obtained
as a standard curve [20]. .e limit of detection (LOD) and
the limit of quantification (LOQ) of each mycotoxin was
taken as the corresponding concentrations when the signal-
to-noise ratio was 3 (signal-to-noise ratio� 3), and the
signal-to-noise ratio was 10, respectively. Precision for inter-
and intraday was expressed as relative standard deviation (%
RSD). .ese parameters were determined by analysis of
triplicate spiked samples on the same day (intraday) and
three subsequent days (interday) at three concentration
levels: 5 μg/kg, 40 μg/kg, and 100 μg/kg for mycotoxins
(AFB1, AFB2, AFM1, OTA, ZEN, and T-2).

2.5. Veterinary Drug Analysis. .e veterinary drugs in the
samples were extracted according to the recommended
method of each kit. .en, each veterinary drug in samples
was determined according to the recommended procedure
of the respective kit.

2.6. Statistical Analyses. Calibration curves were submitted
to regression analysis by the least square method and
analysis of variance (ANOVA), where the lack of fit was
assessed. It was found that all curves were statistically sig-
nificant (p< 0.05), and no lack of fit was found (p< 0.05). All
statistical analyses were performed in Statistica 10.0
(StatSoft®).
3. Results and Discussion

3.1. Method Validation for the Determination of Mycotoxins.
As shown in Table 1, good linearity was observed for six
mycotoxins, with determination coefficients (R2) higher
than 0.979. LODs ranged from 0.01 to 0.02 μg/kg. LOQs
ranged from 0.1 to 0.2 μg/kg. .e results here obtained are
similar to several other chromatographic methods reported
in a literature review conducted by Zhang [21]. For multi-
mycotoxin analysis, it is difficult to obtain identical opti-
mization conditions because of the differences in physico-
chemical properties of these mycotoxins.

.e percentage of recovery (%) was higher than 87%
(Table 2). .e relative standard deviation (% RSD) values for
interday and intraday precision were lower than 11%. .e
results obtained are within the control limits recommended
by Chinese Regulation (GB 5009.22–2016).
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3.2. Mycotoxins in Real Samples. Overall, 13 out of 48
samples (27%) presented AFB1, as shown in Table 3. .e
duck heart is the part where AFB1 appears most, and 50% of
heart samples contained AFB1, followed by the neck and
lung. AFB1 was not detected (<LOD) in any sample.
.irteen samples were contaminated with AFB1 with levels
ranging from 0.1 to 1.3 μg/kg.

Among the emerging mycotoxins studied, AFB2 was one
of the most usual mycotoxins, present in 15 out of 48
samples with positive levels ranging from 0.5 μg/kg (gizzard)
to 4.1 μg/kg (lung). AFB2 was present in five parts of duck
samples, from which the duck neck showed the highest level,
followed by the duck heart (Table 4). For duck leg samples,
AFB2 was not detected in any sample. Duck lung is the part
where AFB2 appears most, present in 63% of samples.

AFM1 was also found in six parts of duck samples (Duck
gizzard, breast, neck, heart, leg, and lung). Overall, 11
samples were contaminated with AFM1 (Table 5). .e
positive samples contaminated with AFM1 ranged from 0.1
to 4.0 μg/kg. Several positive samples showed total AFM1
higher than those laid down for milk and other products by
the Chinese State standard (0.5 µg/kg, GB2761-2011). .ere
is a specific correlation between AFM1 and AFB1 because
the primary phase biotransformation of AFB1 is AFM1.

Not detected. T-2 was also found in three parts of duck
samples (Duck gizzard, neck, and lung), with levels ranging
from 0.2 to 1.1 μg/kg (Table 6). Overall, five samples were
contaminated with T-2. Duck lung is the part where T-2
appears most, present in 25% of samples, followed by neck
and gizzard. In duck heart, leg, and breast samples, T-2 was
not detected in any sample.

Regarding ZEN, it was found in 5 of 48 analyzed samples
(10%), with the positive levels ranging from 12.8 to 17.2 μg/
kg (Table 7). ZENwas present in three parts of duck samples,
from which, duck lung showed the highest level (17.2 μg/kg),

followed by duck breast and gizzard. For duck neck, heart,
and leg samples, ZEN was not detected in any sample. Duck
gizzard and breast are the parts where ZEN appears most,
present in 25 percent of total samples.

In general, the results obtained for the AFB1 regulated
are lower than those reported in the literature: around 7 μg/
kg for AFB1 in fresh and processed meat in Egypt [1]. In
another report [22], an analysis of 22 retail products
showed one Parma meat with a very high level of OTA
contamination (56–158 μg/kg) that exceeded the Italian
regulatory limit of 1 μg/kg, and their results were higher
than the OTA contents of our study. In some other studies
[23, 24], lower contents of mycotoxin were detected in meat
samples.

3.3. VeterinaryDrug Residue in Actual Samples. As shown in
Table 9, in the duck meat samples collected, the detection
rate of various veterinary drugs was 0–12.5%, and veterinary
drug residues were detected in various parts of duck meat
and various duck viscera, and the overall detection rate was
not high. .ere was only 1 sample with veterinary drug
residue exceeding regulatory limits. Among the 48 samples
of duck meat and duck viscera, three veterinary drugs,
oxytetracycline, clenbuterol hydrochloride, and streptomy-
cin, were all detected in 4 groups of duck meat or viscera
samples, and the detection rates of other veterinary drugs
were lower. Five veterinary drugs were detected simulta-
neously in the Duck gizzard and duck neck samples. Few
kinds of veterinary drugs were detected in the duckmeat and
duck viscera samples from other parts. Chloramphenicol,
which the state prohibits from being used in animal food, is
detected in the samples. Once detected, it will be judged to
exceed the standard. For chloramphenicol residues, the total
detection rate was 2.1%.

Table 2: Results for the recovery and precision arising from the validation of the analytical method.

Analyte

Medium High Low
Recovery

(%)
(n� 6)

Intraday
precision
(%) (n� 6)

Interday
precision
(%) (n� 6)

Recovery
(%)

(n� 6)

Intraday
precision
(%) (n� 6)

Interday precision
(%) (n� 6)

Recovery
(%)

(n� 6)

Intraday precision
(%) (n� 6)

Interday
precision
(%) (n� 6)

AFB1 91.3 5.82 6.38 105.9 8.90 7.83 95.6 3.61 8.91
AFB2 87.2 8.61 9.60 103.8 6.37 8.67 90.8 5.87 7.34
AFM1 103.7 7.31 6.83 93.7 6.96 9.18 87.3 9.18 9.66
T-2 87.6 5.86 10.61 92.6 7.82 9.60 87.5 10.60 5.87
OTA 90.5 7.90 9.61 89.1 9.10 8.17 91.3 9.24 8.20
ZEN 106.9 9.66 7.90 88.6 7.91 6.15 106.1 9.61 8.93
Levels used for precisions and recovery assays were level 1� 5 μg/kg, level 2� 40 μg/kg, and level 3�100 μg/kg for AFB1, AFB2, AFM1, OTA, T-2, and ZEN.

Table 1: Performance parameters: limit of detection (LOD), linear range, and coefficient of determination (R2) obtained with developed LC-
MS/MS method.

Mycotoxin LOD (μg/kg) Linear range (μg/kg) Linearity (R2)
AFB1 0.01 0.1–100 0.998
AFB2 0.01 0.1–100 0.997
AFM1 0.01 0.1–100 0.983
T-2 0.01 0.1–100 0.979
OTA 0.02 0.2–100 0.989
ZEN 0.01 0.1–200 0.996
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Table 3: Levels of AFB1 in duck meats (μg/kg).

Source of samples Number of samples
Average (μg/kg)

Duck breast Duck gizzard Duck neck Duck heart Duck leg Duck lung
Market 1 3 1.3 — 0.5 0.5 — LOQ
Market 2 3 <LOQ — LOQ — — —
Market 3 3 — — — — 0.1 LOQ
Market 4 3 — — — — — —
Market 5 3 — — LOQ LOQ — —
Market 6 3 — — — 0.3 — —
Market 7 3 — — — LOQ — —
Market 8 3 — — — — — 0.1
Not detected. When the content of mycotoxin found in infusion was < LOQ, it was considered the arithmetic mean between the limit of detection (LOD) and
the limit of quantification (LOQ).

Table 4: Levels of AFB2 in duck meats (μg/kg).

Source of samples Number of samples
Average (μg kg−1)

Duck breast Duck gizzard Duck neck Duck heart Duck leg Duck lung
Market 1 3 3.1 0.5 0.5 0.5 — 3.6
Market 2 3 — — 4.1 3.9 — 3.1
Market 3 3 — — — — — 3.8
Market 4 3 — — 1 — — —
Market 5 3 — — — 0.9 — —
Market 6 3 — <LOQ — — — —
Market 7 3 — — — 2 — 1.1
Market 8 3 — — — — — <LOQ
Not detected. When the content of mycotoxin found in infusion was < LOQ, it was considered the arithmetic mean between the limit of detection (LOD) and
the limit of quantification (LOQ).

Table 5: Levels of AFM1 in duck meats (μg/kg).

Source of samples Number of samples
Average (μg/kg)

Duck breast Duck gizzard Duck neck Duck heart Duck leg Duck lung
Market 1 3 — 2.3 — — — 1.5
Market 2 3 — — — — — 1.8
Market 3 3 — — — — 2.1 4.0
Market 4 3 — — — 0.6 — —
Market 5 3 — — — 0.5 — —
Market 6 3 — — 0.3 — — —
Market 7 3 — — — — — 0.1
Market 8 3 — — 0.4 0.1 — —

Table 6: Levels of T-2 in duck meats (μg/kg).

Source of samples Number of samples
Average (μg/kg)

Duck breast Duck gizzard Duck neck Duck heart Duck leg Duck lung
Market 1 3 — 0.2 <LOQ — — —
Market 2 3 — — — — — —
Market 3 3 — — — — — 1.1
Market 4 3 — — — — — 0.5
Market 5 3 — — — — — —
Market 6 3 — — — — — —
Market 7 3 — — <LOQ — — —
Market 8 3 — — — — — —
Not detected. When the content of mycotoxin found in infusion was < LOQ, it was considered the arithmetic mean between the limit of detection (LOD) and
the limit of quantification (LOQ).

4 Journal of Food Quality



Table 7: Levels of ZEN in duck meats (μg/kg).

Source of samples Number of samples
Average (μg/kg)

Duck breast Duck gizzard Duck neck Duck heart Duck leg Duck lung
Market 1 3 — 14.4 — — — o
Market 2 3 — 12.8 — — — —
Market 3 3 — — — — — 17.2
Market 4 3 16.9 — — — — —
Market 5 3 13.6 — — — — —
Market 6 3 — — — — — —
Market 7 3 — — — — — —
Market 8 3 — — — — — —
Not detected. Among the mycotoxins studied, OTA was most often found and was present in 21 out of 48 samples (Table 8), with positive levels ranging from
0.72 μg/kg (gizzard) to 1.02 μg/kg (lung). OTA was present in six parts of duck samples, from which duck lung showed the highest level, followed by duck
breast, neck, heart, gizzard, and leg. OTA has been detected in all the duck parts studied. Duck gizzard and lung are the part where OTA appears most, present
in 63% of samples.

Table 8: Levels of OTA in duck meats (μg/kg).

Source of samples Number of samples
Average (μg/kg)

Duck breast Duck gizzard Duck neck Duck heart Duck leg Duck lung
Market 1 3 0.96 0.94 0.95 0.95 — 0.93
Market 2 3 0.93 0.94 — 0.92 0.92 0.94
Market 3 3 0.93 — — 0.94 0.92 1.02
Market 4 3 — — — — — 0.94
Market 5 3 — 0.93 0.95 — — 0.92
Market 6 3 — 0.93 — — — —
Market 7 3 0.86 — — — — —
Market 8 3 — 0.72 — — — —
Not detected. .e maximum number of mycotoxins found simultaneously in duck samples was six in duck lung, followed by neck and gizzard with five
mycotoxins, and heart and breast with four mycotoxins each. .ere were three types of mycotoxins detected in duck leg samples, which was the least. .us,
high co-occurrence of mycotoxins was verified in these samples.

Table 9: Detection of veterinary drug residues in duck meat and viscera samples.

Duck Oxytetracycline Chlortetracycline Tetracycline Clenbuterol
hydrochloride Chloramphenicol Gentamicin Streptomycin Furans

Breast

Relevance amount
(samples) 0 0 1 0 0 0 1

Over standard rate
(%) 0 0 0 0 0 0 0

Gizzard

Relevance amount
(samples) 1 0 1 1 0 1 1

Over standard rate
(%) 0 0 0 0 0 0 0

Neck

Relevance amount
(samples) 0 1 1 1 1 0 1

Over standard rate
(%) 0 0 0 0 12.5 0 0

Heart

Relevance amount
(samples) 1 1 0 0 0 1 1

Over standard rate
(%) 0 0 0 0 0 0 0

Leg

Relevance amount
(samples) 1 1 1 0 0 0 0

Over standard rate
(%) 0 0 0 0 0 0 0

Lung

Relevance amount
(samples) 1 0 0 0 0 0 1

Over standard rate
(%) 0 0 0 0 0 0 0
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In the test, it was found that some duck meat samples
contained multiple veterinary drugs simultaneously. Al-
though this can synergize the drugs and improve the drug
effect, it also increases the veterinary drug residues. In the
samples with veterinary drug residues detected, there were
six samples with two or more veterinary drug residues. .e
potential harm to human health caused by veterinary drug
residues in animal food has been recognized by more and
more people. .e detection rate of veterinary drug residues
in duck meat samples was 0–12.5%, and the exceeding rate
was 2.1%. Only one sample had chloramphenicol residues
exceeding the standard. Chloramphenicol can cause bone
marrow hematopoietic disorders, leading to severe aplastic
anemia, agranulocytosis, and other diseases.

For this reason, countries around the world and China
have banned its use in animal breeding. In addition, samples
containing chloramphenicol, gentamicin, gentamicin, and
streptomycin were also found simultaneously. .e com-
bined use of such a variety of veterinary drugs enhances
disease resistance and increases the residues of veterinary
drugs, which is worthy of attention.

4. Conclusions

Six mycotoxins were simultaneously determined in 48 duck
meat samples using an LC-MS/MS method, and the ana-
lytical performance (such as linearity, reproducibility, and
sensitivity) of the method showed that it was accurate and
sensitive for all the mycotoxins analyzed. .e analysis in-
dicated the presence of mycotoxins in 43% of the samples.
AFB1 was present in 27% of the samples, with levels ranging
from 0.1 to 1.3 μg/kg. .e maximum number of mycotoxins
found simultaneously in duck samples was six in duck lung,
followed by neck and gizzard with five mycotoxins, and
heart and breast with four mycotoxins each. .ere were
three types of mycotoxins detected in duck leg samples,
which was the least. .us, high co-occurrence of mycotoxins
was verified in these samples. .e detection rate of 8 vet-
erinary drugs in duck meat and viscera samples was
0–12.5%, and the exceeding rate was 2.1%. Co-occurrence of
several veterinary drug residues was found in some duck
meat and viscera samples.
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In this paper, we built a method of verifying the 4 retinols of vitamin A and 8 tocopherol isomers of vitamin E in the food industry
based on RP-HPLC-PDA-FLR. Te efect of laboratory light conditions on the target components was considered for the frst
time, and it was found that the loss rate of the target components was the smallest in the case of a white laboratory bench with red
or LED light in the dark room.Tere was no fnding of extraction recoveries of the target components with a signifcant diference
under diferent saponifcation conditions. Meanwhile, it was found that using ethyl acetate/n-hexane mixed solvent as the
extraction solvent could ensure the efective extraction of the target components. Finally, baseline separation of 12 components
was achieved within 45min using the C30 column. With the help of methodological verifcation, we found that the recovery rate
ranged from 76.45% to 93.52%, and RSD was between 0.19% and 12.99%; the Limit of Detection minimum value was 0.01mg/
100 g and the Limit of Quantitation minimum value was 0.03mg/100 g. Te detection method was successfully applied to the
distribution detection of 4 kinds of retinols and 8 kinds of vitamin E in egg and dairy products and provided technical support for
the accurate nutritional evaluation of vitamin A and vitamin E.

1. Introduction

Vitamin A, also known as retinol, refers to all isoprene-like
compounds with full trans-retinol biological activity, be-
cause it has four conjugated double bonds on the side chain;
theoretically, there are 16 kinds of cis- and trans-isomers;
due to the stereoteric hindrance efect, the geometric isomers
that exist in nature mainly include all-trans retinol, 9-cis
retinol, 13-cis retinol, and 11-cis retinol. Among the isomers,
the biovalence of the all-trans formula is the highest
(measured at 100%), followed by that of the 13-cis (75%),
that of the 9-cis is 23%, and that of the 11-cis is 24% [1–3].
Vitamin A is one of the 13 essential vitamins in the human
body; as a fat-soluble antioxidant, it can maintain vision and
promote bone growth in the human body; it is mainly
distributed in animal-derived foods like animal livers, egg

yolk, and cream, and the main form in food is retinol and its
esters [4, 5]. Vitamin E is mainly derived from various plant
seeds, and it mainly has 8 kinds of forms: 4 kinds of to-
copherols (α-, β-, c-, and δ-tocopherol) and 4 kinds of
tocotrienols (α-, β-, c-, and δ-tocotrienol). Studies had
shown that all forms of tocopherols had similar antioxidant
activities, which was essential for the optimal functioning of
reproductive, muscular, neurological, and immune systems
in various animals [4, 5]. Te biological activities of β-, c-,
and δ-tocopherol and α- and β-tocotrienol are 50%, 10%,
3%, 50%, and 5% of α-tocopherol [1], respectively; there is no
relevant research data on the α-tocopherol activity equiv-
alent of c-tocotrienol and δ-tocotrienol, but studies had
shown that c- and δ-tocotrienol had a preventive efect on
the prevention of colorectal cancer, gastric cancer, prostate
cancer, breast cancer, and other diseases [6–9]; they also
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could reduce cholesterol, alleviate cardiovascular disease,
and improve nonalcoholic fatty liver and other diseases
[10–12].

At present, the methods of isolating and detecting
vitamin A or E in food mainly include the liquid chroma-
tography (HPLC) method [13, 14], liquid chromatography-
mass spectrometry (HPLC-MS) method [15, 16], and gas
chromatography (GC) method [17, 18]. When determining
vitamin E, the GCmethod often requires the introduction of
chemical groups suitable for determining the type of de-
tection to convert analytes through the derivatization pro-
cess, and cholesterol in animal-derived foods will interfere
with the determination of tocopherols. Compared with the
GC method, the pretreatment process of the LC method is
relatively simple and is more suitable for the simultaneous
detection of retinols and tocopherols. Normal-phase liquid
chromatography (NP-HPLC) method [19] and reversed-
phase liquid chromatography (RP-HPLC) method [13, 15]
can both be used for the analysis of vitamin E; NP-HPLC is
separated by polar adsorption of compounds; it is very
suitable for the separation of retinol isomers and tocopherol
subtypes, but it uses n-hexane or other volatile solvents as
mobile phases; the system equilibrium time is long and the
reproducibility is poor. Te RP-HPLC method often uses
MeOH or ACN as the mobile phase, when using the tra-
ditional ODS (C18) column to separate tocopherols; it is
difcult to efectively separate β-tocopherol and c-tocoph-
erol and β-tocotrienol and c-tocotrienol [20–22]. Separation
of these two isomers requires pentafuorophenyl columns
(PFP), chiral chemical columns, or long-chain alkyl-bonded
silica columns (C30) [23–25]. At present, most of the sep-
aration and detection of retinol cis- and trans-isomers in
food focus on all-trans retinol and 13-cis retinol, and the
simultaneous separation of 4 retinol cis- and trans-isomers
has not been reported.

Te isolation and determination of 4 retinols and 8
tocopherols in food can be better used for food nutrition
evaluation, which is of great signifcance for the imple-
mentation of accurate nutrition assessment of residents. In
this study, we established a quantitative method for the
simultaneous determination of 4 retinol cis- and trans-
isomers and 8 tocopherol isoforms in food by RP-HPLC.Te
chromatographic separation conditions and the sample
pretreatment methods were optimized for better
performance.

2. Materials and Methods

2.1. Chemicals andMaterials. All-trans retinol (CAS no. 68-
26-8), 9-cis retinol (CAS no. 68-26-8), 11-cis retinol (CAS
no. 68-26-8), and 13-cis retinol (CAS no. 68-26-8) were
purchased from TRC Company; α-tocopherol (CAS no.
10191-41-0), β-tocopherol (CAS no. 148-03-8), c-tocopherol
(CAS no. 54-28-4), δ-tocopherol (CAS no. 119-13-1),
α-tocotrienol (CAS no. 1721-51-3), β-tocotrienol (CAS no.
490-23-3), c-tocotrienol (CAS no. 14101-61-2), and
δ-tocotrienol (CAS no. 25612-59-3) were purchased from
Chromadex, USA, with purity more than 96%. Absolute
ethanol (EtOH), methanol (MeOH), ethyl acetate, and

n-hexane (HPLC grade) were purchased from Fisher
Company of the United States; ascorbic acid, 2,6-di-tert-
butyl-p-cresol (BHT), and potassium hydroxide (KOH)
(analytical purity) were purchased from Aladdin company;
food products were purchased from a supermarket in
Hangzhou.

2.2. Instrument Conditions. High-performance liquid
chromatography (Waters Company, USA) was used
(equipped with PDA and FLR).

Consider the following: column: C30 column
(150× 4.6mm, 3 μm); column temperature: 28°C; mobile
phase: phase A, water; phase B, MeOH, gradient elution (see
Table 1); fow rate: 0.8mL/min; detection wavelength:
PDA� 325 nm (retinol); FLR: Ex� 294 nm, Em� 328 nm
(vitamin E); sample volume: 20 μL.

2.3. Experimental Methods

2.3.1. Standard Solution Preparation. After the standard
stock solution is prepared by dissolving in absolute ethanol,
the absorbance of each component is determined according
to the wavelength of Table 2, and the corrected concen-
tration of each standard stock solution is calculated
according to the specifc absorbance coefcient E1%1 cm. A
certain amount of standard stock solution was pipetted
separately to prepare the intermediate solution, of which 4
retinol concentrations were 10.0 μg/mL, and 8 tocopherol
concentrations were 50 μg/mL for subsequent use.

2.3.2. Sample Preparation

Experimental Environment. Te pretreatment process of this
study was carried out under the white experimental table of
red light (illuminance 20LUX) or white LED lamp (illu-
minance 70LUX) in the dark room to reduce the loss of the
target compound from the infuence of light factors.

Saponifcation. After a certain number of samples had been
reduced, crushed, and homogenized as required, a ho-
mogenized sample was weighed at 0.5 g and mixed in a
50mL centrifuge tube, 0.4 g of ascorbic acid was added, 6mL
of 0.1% BHT EtOH solution was vortexed andmixed for 30 s,
and then 3mL of KOH solution was added in it, vortexed,
mixed well, and shaken at 80°C± 2°C for 30min (or vortexed
for 16 h± 2 h at 25°C± 5°C).

Extraction. 6mL of 40% ethanol aqueous solution and 5mL
of water were added to the saponifcation solution described
above, and then 20mL of ethyl acetate/n-hexane mixture (1/
1� v/v) was added and extracted for 10min, and the upper
layer of solution was transferred to another 50mL centrifuge
tube after high-speed centrifugation. Another 10mL of ethyl
acetate/n-hexane mixture (1/1� v/v) was added to the
original centrifuge tube and extracted for 10min, and then
the upper organic phase was merged. Water was added to
50mL in a centrifuge tube incorporating the upper organic
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phase, followed by centrifugation after slight shaking, and
the upper organic phase was transferred and blow-dried with
nitrogen. Finally, made up to 5 mL by MeOH/Water(4/1,v/
v) and passed through the microporous flter membrane,
and took the fltrate to be determined.

2.3.3. Methodological Verifcation. Te established HPLC-
PDA-FLR method is verifed in terms of specifcity, linear
range, the Limit of Detection, the Limit of Quantitation,
precision, and accuracy. Te linearity of each analyte is
assessed by calculating the slope, intercept, and correlation
coefcients of each component within a certain concen-
tration range; the Limit of Detection and the Limit of
Quantitation are determined by low concentration level
standardization experiments and determined as the lowest
concentrations that produce chromatographic peaks, with a
signal-to-noise ratio (S/N) of 3 times and 10 times as Limit of
Detection and Limit of Quantitation, respectively; and the
accuracy and precision of this research method are tested by
three levels of diferent concentration standardization ex-
periments in infant formula. In addition, it is validated using
infant/adult nutrition formulas SRM 1849a and SRM 1869
reference standards provided by the National Institute of
Standards and Technology (NIST).

3. Results and Discussion

3.1. Chromatographic Conditions

3.1.1. Selection of Column andMobile Phase. To separate and
detect 4 kinds of retinols and 8 kinds of tocopherols at the
same time, it is necessary to select a suitable column and
optimize the mobile phase at the same time. As far as the
separation of retinol is concerned, the RP-LC separation
method of the trans- and the cis-isomers was less docu-
mented, and the authors had used polysaccharide derivatives
to modify chiral silicone columns (OD-5H column) to
separate α-tocopherol and other tocopherols and retinol
isomers in infant formula [22] and obtained an ideal analysis
result, but its defect was that it was impossible to separate 11-
cis retinol and 9-cis retinol at the same time; what is more,
the C18 column cannot be used for the separation of cis- and
trans-retinol, β and c-tocopherol, and β and c-tocotrienol
isomers. So we mainly considered C30 column and PFP
column as alternative columns. Compared with the tradi-
tional column, the PFP column has a strong separation
ability for easily polarizable substances such as aromatic

rings and heterocyclic compounds and has a better sepa-
ration efect on isomers, and it was found that it could
efectively achieve separation and detection of vitamin E
isomers in a short period [26], but, in this study, we cannot
efectively separate 9-cis retinol and 13-cis retinol by opti-
mizing mobile phase conditions. What is more, it was found
that the C30 column can achieve the separation of vitamin E
isomers, and, based on this study, it was found that when the
proportion of the aqueous phase in the mobile phase reaches
17%, four retinol isomers can be separated. Finally, the full
separation and detection of retinol and vitamin E 12 target
substances can be achieved within 50minutes by gradient
elution, so the C30 column was selected as the conditioned
column for subsequent analysis.

3.1.2. Selection of Detector. Te 4 kinds of retinols have a
very high UV absorption characteristic spectrum, while
vitamin E has strong FLR characteristics. Terefore, we used
PDA and FLD detection to detect retinol and vitamin E,
respectively, and the two detectors were used in series, and
the standard solution separation chromatogram of retinol
and vitamin E is shown in Figure 1.

3.2. Sample Pretreatment Conditions

3.2.1. Laboratory Environmental Conditions. Because of the
unstable feature of retinol and vitamin E when exposed to
light, heat, and oxygen, and under the light conditions,
retinol was prone to degradation or isomerization [1]. Tus,
sunlight should be avoided during the experiment, the
pretreatment process should be completed in a dim envi-
ronment, and the solution should be stored in glassware with
a low photochemical rate as much as possible. During the
actual sample extraction process, it is impossible to perform
in a completely light-protected environment, so this study
investigated the efects of diferent light conditions on the
target components.

Te standard solution of 12 components added with BHT
antioxidants was separately aliquoted in a 1mL transparent
injection fask and three experimental environments (south-
facing sun laboratory, north back sun laboratory, and win-
dowless dark room) were chosen as diferent light sources, and
each was put for 4hours (the storage time covered the entire
time for the pretreatment process), and the standard solution
before storage was synchronized with the injection control; the
loss rate is shown in Table 3, retinol was sensitive to ultraviolet
light, and the loss rates of the four retinols weremore than 75%
when stored in the south-facing sun laboratory by the window.
11-cis retinol was themost unstable component, whether in the
south-facing sun laboratory by the window or on the north side
of the back sun laboratory against the window, and the loss rate
was 100%. In addition, 8 tocopherols were relatively stable
under the protection of the antioxidant BHT. Ultimately, our
study found that, when using a red light (illuminance 20LUX)
or a white LED lamp (illuminance 70LUX) in the darkroom
with a white experimental table, the loss rate of 12 components
is less than 4%.

Table 1: Mobile phase gradient elution conditions.

T (min) A (%) B (%)
0.0 17 83
15.0 17 83
15.5 7 93
22.0 7 93
32.0 5 95
37.0 5 95
37.5 17 83
45.0 17 83
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3.2.2. Saponifcation Conditions. Egg yolk powder is a
powder obtained after a series of processes of fresh eggs as
raw materials, which is a common health food and food
additive on the market. Egg yolk powder is rich in various
types of proteins, phospholipids, fatty acids, and so forth,
with a strong emulsifcation function [27, 28]. Vitamins A
and E are two main fat-soluble vitamins in food mainly
combined with various types of lipid structures and coexist,
so it is necessary to carry out a certain saponifcation
treatment. As a common pretreatmentmethod, the principle
of saponifcation is to carry out an ester hydrolysis reaction
under the catalytic action of alkali, to dissociate the target
detection substance from the grease, which is conducive to
the next step of enrichment extraction and detection. At
present, the standard method for the determination of vi-
tamins A, D, and E in food in China [29] recommends
saponifcation conditions for 80°C constant temperature
water bath oscillation for 30min, and the saponifcation

conditions reported in the literature were overnight cold
saponifcation at room temperature (25°C for 15 hours in the
dark room) [30, 31]. Tis study mainly compared the two
saponifcation conditions above and used low background
egg yolk powder as a matrix sample, through the standard
recovery experiment to compare the diferent results of the
two methods by statistical analysis, and the comparison
chart is shown in Figure 2. Te results showed that there was
no statistical diference in the recovery rate of 12 target
components under two saponifcation conditions in this
study (P> 0.05), and the recovery rate of each target
component was above 83.02%, basically meeting the testing
requirements.

3.2.3. Extraction Reagent. China’s determination standards
for vitamins A, D, and E in the recommended liquid ex-
traction extractant are petroleum ether/ether mixture [29],
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Figure 1: Standard solution chromatogram results. (a) UV� 325 nm; (b) FLR (Ex� 294 nm, Em� 328 nm) (1:11-cis retinol; 2: 9-cis retinol;
3:13-cis retinol; 4: all-trans retinol; 5: δ-tocotrienol; 6: c-tocotrienol; 7: β-tocotrienol; 8: α-tocotrienol; 9: δ-tocopherol; 10: c-tocopherol; 11:
β-tocopherol; 12: α-tocopherol).

Table 2: Standard storage solution correction parameters.

Name Wavelength (nm) E1%1 cm Name Wavelength (nm) E1%1 cm

All-trans retinol 325 1830 c-Tocopherol 298 91.4
9-cis retinol 323 1477 δ-Tocopherol 298 87.3
11-cis retinol 319 1220 α-Tocotrienol 292 86.0
13-cis retinol 328 1689 β-Tocotrienol 292 86.2
α-Tocopherol 292 75.8 c-Tocotrienol 297 91.0
β-Tocopherol 296 89.4 δ-Tocotrienol 297 85.8
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but the extract has a special pungent odor and strong
toxicity, which is not conducive to the experimenter’s own
protection. In recent years, some studies used n-hexane and
other reagents instead of petroleum ether, ether, and other
highly toxic reagents [13]. In this study, the extraction efects
of six common extraction reagents (petroleum ether, ether,
petroleum ether/ether, ethyl acetate, n-hexane, and ethyl
acetate/n-hexane) were compared with the extraction efects
of retinol and vitamin E, 6 samples were determined in

parallel with each reagent, and the target components were
extracted twice in turn to achieve a better enrichment efect,
and the fnal experimental results are shown in Figure 3. Te
results showed that when ethyl acetate/n-hexane was used as
the extraction reagent, the recovery rate of the target
components was comparable to that of petroleum ether/
ether mixture, and the experimental error was even smaller,
so ethyl acetate/n-hexane was selected as the extractant for
this study.
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Figure 2: Recovery results for diferent saponifcation conditions.

Table 3: Loss rate of target components in diferent experimental conditions (%).

Towards South North Dark room

Placement By the
window

By the
corridor

countertop

By the
corridor

countertop

By the
window

By the
corridor

countertop

By the
corridor

countertop

Red
light

Red
light

LED
light

LED
light

Illuminance
(LUX) 1496–3060 565–710 565–710 1490–1800 230–310 230–310 20 20 70 70

Table color Black Black White Black Black White Black White Black White
9-cis retinol 78.48 37.47 18.90 82.43 5.89 2.11 4.97 3.48 6.28 1.78
11-cis retinol 100.00 52.11 34.31 100.00 18.29 4.52 15.00 3.48 15.00 2.56
13-cis retinol 80.04 42.73 27.65 78.02 7.99 4.91 12.40 2.16 10.14 1.06
All-trans
retinol 76.74 28.26 18.10 73.83 4.25 1.28 3.96 2.16 3.96 1.96

α-Tocopherol 2.29 2.27 3.02 3.74 3.93 4.86 3.21 2.68 2.22 2.29
β-Tocopherol 2.71 2.06 2.31 2.48 2.26 2.48 2.36 2.61 2.68 3.12
c-Tocopherol 2.35 2.00 2.14 2.36 2.40 2.79 3.46 2.96 2.72 3.19
δ-Tocopherol 2.62 1.85 2.50 1.92 1.63 2.81 2.09 2.63 2.28 2.21
α-Tocotrienol 2.84 2.33 3.22 3.55 1.99 4.72 3.12 3.96 3.13 3.77
β-Tocotrienol 2.18 2.46 2.52 2.59 2.36 3.10 1.66 2.81 2.41 2.79
c-Tocotrienol 2.44 1.82 2.60 3.04 2.28 3.18 1.21 3.24 3.01 3.27
δ-Tocotrienol 2.27 2.04 2.12 2.76 2.30 2.57 4.46 2.67 2.19 2.27
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3.3. Method Validation

3.3.1. Standard Curve Linear. Te linearity calculation was
based on the six increasing concentrations of each isomer.
Ranged from 0.02 μg/mL to 0.50 μg/mL for retinols, and
ranged from 0.10 μg/mL to 2.50 μg/mL for tocols. Te
standard curve was drawn with the concentration as the
abscissa and the peak area as the ordinate, and the cali-
bration curve and related coefcients are shown in Table 4.

3.3.2. Method Limit of Detection and Limit of Quantitation.
Skimmed milk powder was selected as a blank background
sample according to the method of sample preparation in
2.3.5, according to the signal-to-noise ratio (S/N) evaluation
Limit of Detection and Limit of Quantitation, 3 times of the
S/N is the method Limit of Detection value, and 10 times of
the S/N is the method Limit of Quantitation value. Te
results showed that when the solid sample was weighed at
0.50 g and the volume was fxed to 5.00mL; the Limits of
Detection of 9-cis retinol, 11-cis retinol, 13-cis retinol, and
all-trans retinol were 10 μg/100 g, and the Limits of Quan-
titation were 30 μg/100 g; and the Limits of Detection for the
eight tocopherols were 0.05mg/100 g and the Limits of
Quantitation were 0.15mg/100 g, respectively.

3.3.3. Method Precision and Accuracy. Blank background
skimmed milk powder was selected as the standardized
matrix; the standard recovery rate test was carried out at the
three concentration levels of the lowest, intermediate, and
highest points of the standard curve, respectively. Each
concentration level was tested for 6 times, and the results
were located in Table 5. Te average recovery rate of low-
level standardization was between 76.45% and 87.10%, RSD

was between 3.06% and 12.99%, the intermediate concen-
tration recovery was between 80.72% and 92.50%, RSD was
between 0.19% and 8.44%, and the high concentration
standard recovery was between 78.52% and 93.52%, and
RSDwas between 0.44% and 2.75%; and the results indicated
that the method established had great reproducibility and
precision.

3.3.4. Detection of Certifcated reference Materials. Tis
study also used the certifcated reference materials SRM
1869 and SRM 1849a provided by the National Institute of
Standards and Technology (NIST) to verify the method;
each reference standard underwent three parallel replicates
to ensure the accuracy of the results, and the specifc results
are detailed in Table 6. From the experimental results, it can
be seen that 11-cis retinol, β-tocotrienol, and δ-tocotrienol
were not detected in the two certifcated reference mate-
rials; the all-trans retinol of the two certifcated reference
materials was low compared to the nominal retinol values
but was comparable to the declared values when the other
isomers were counted; α-tocopherol’s measurements were
within the reference range of the indicated values; the
detection values of β-tocopherol, c-tocopherol, and δ-to-
copherol in SRM 1869 were basically the same as those
indicated. Te detection values of the two certifcated
reference materials indicated that the test results of this
method were true and reliable, and the method was suitable
for the separation and detection of retinol and vitamin E
isomers in real samples.

3.4. Actual Sample Results. Tis study also analyzed and
detected the retinol and vitamin E isomer content in 15
kinds of formula milk powders and 6 kinds of egg yolk
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Figure 3: Results for diferent extraction reagents comparison.
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powder commonly used in the market. Retinol examination
results showed that three retinol isomers (9-cis retinol, 13-cis
retinol, and all-trans retinol) could be detected in formula
milk powder, and a small amount of 11-cis retinol can be
detected; this may be due to the efect of steric resistance in
space, making the presence of 11-cis retinol unstable in
nature, making it impossible to obtain efective separation
detection. In the egg yolk powder sample, only one of the

samples detected retinol isomers, and none of the remaining
samples detected retinol; it may be that some processes in the
production and processing destroy the retinol in it. Except
for the four detectable cis- and trans-isomers of retinol, there
was a high unknown peak between 11-cis retinol and 9-cis
retinol during the detection of some actual samples, and if
the content of the component was calculated by all-trans
retinol, it accounted for 2.53% to 8.54% of the total all-trans

Table 5: Method precision and accuracy of experimental results.

Name
Addition level 1 Addition level 2 Addition level 3

Recovery (%) RSD (%) Recovery (%) RSD (%) Recovery (%) RSD (%)
9-cis retinol 76.79 4.52 85.92 1.66 86.41 2.75
11-cis retinol 79.85 7.94 80.72 8.44 78.52 1.02
13-cis retinol 76.45 3.06 89.08 2.08 91.52 2.24
All-trans retinol 87.10 7.41 91.28 1.56 93.52 0.98
α-Tocopherol 76.56 2.62 88.46 3.31 90.07 0.44
β-Tocopherol 76.63 12.99 90.82 4.35 90.46 1.44
c-Tocopherol 76.53 11.54 92.50 2.85 92.85 1.49
δ-Tocopherol 78.12 3.76 89.34 2.54 90.40 0.80
α-Tocotrienol 79.93 8.50 84.79 2.21 83.71 2.02
β-Tocotrienol 79.28 4.09 82.44 1.97 80.78 2.06
c-Tocotrienol 80.73 4.22 84.53 1.92 83.68 1.99
δ-Tocotrienol 79.61 4.23 81.91 0.19 82.73 1.32

Table 6: Certifcated reference materials test results.

Name SRM 1869 SRM 1849a
Measured value (mg/kg) Certifed value (mg/kg) Measured value (mg/kg) Certifed value (mg/kg)

Retinol

9-cis retinol 0.45 19.27± 0.32 (for retinol) 0.60 7.68± 0.23 (for retinol)
11-cis retinol ND ND
13-cis retinol 1.42 1.39
All-trans
retinol 18.66 6.60

Vitamin
E

α-Tocopherol 214.7 217.2± 6.2 (for total
α-tocopherol) 204.70 219± 16 (for total

α-tocopherol)
β-Tocopherol 3.79 4.22± 0.69 6.30 —
c-Tocopherol 99.83 99.4± 5.1 144.1 —
δ-Tocopherol 33.21 32.5± 2.9 82.3 —
α-Tocotrienol 1.20 — 1.83 —
β-Tocotrienol ND — ND —
c-Tocotrienol 0.41 — 1.20 —
δ-Tocotrienol 0.05 — ND —

ND: not found; —: not referred.

Table 4: Linear range for retinol and tocopherol isomers.

Name Range (μg/mL) Calibration curve R2

9-cis retinol 0.02∼0.50 Y� 432.3 + 211783.7X 0.9999
11-cis retinol 0.02∼0.50 Y� 488.7 + 82274.3X 1.0000
13-cis retinol 0.02∼0.50 Y� 157.8 + 285759.4X 0.9999
All-trans retinol 0.02∼0.50 Y� 119.1 + 389663.3X 1.0000
α-Tocopherol 0.10∼2.50 Y� −69853.9 + 1116543.5X 0.9993
β-Tocopherol 0.10∼2.50 Y� −42411.4 + 2535083.8X 0.9998
c-Tocopherol 0.10∼2.50 Y� −60077.5 + 2782667.2X 0.9997
δ-Tocopherol 0.10∼2.50 Y� 663.2 + 3344578.7X 1.0000
α-Tocotrienol 0.10∼2.50 Y� −91398.5 + 1004661.7X 0.9992
β-Tocotrienol 0.10∼2.50 Y� −46799 + 2424243.3X 0.9996
c-Tocotrienol 0.10∼2.50 Y� −65585.5 + 2760020.3X 0.9995
δ-Tocotrienol 0.10∼2.50 Y� −4499.3 + 2834712.8X 0.9999
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retinol, so the confrmation of the component needs to be
further studied to confrmwhether it is a retinol isomer or an
impurity component. Te detailed sample and the standard
were compared to detect the chromatogram as shown in
Figure 4, and the number 5 chromatographic peak in the
fgure was the unknown component chromatographic peak.

Te test results of the vitamin E isomer showed that the
presence of four tocopherols could be found in almost all
samples, with the content being α-tocopherol > c-tocoph-
erol > δ-tocopherol > β-tocopherol; however, tocotrienols
were detected less often, and the presence of various types of
tocotrienols can be detected in some formula milk powders
(such as four samples nos. 5, 6, 8, and 11). According to the
biological activity equivalent of other forms of tocopherols
known to the study, after conversion, it was found that the
activity equivalent of other isomers detected in the sample
accounted for 0.11% to 59.18%. Terefore, it is not perfect to
evaluate the nutritional value of food only in line with
α-tocopherol, and it is necessary to isolate and test other
forms of tocopherol and include them in the calculation
according to their active equivalent and improve the eval-
uation criteria further.

4. Conclusion

In this study, the infuence of experimental light conditions
on the degree of loss of the target components was con-
sidered for the frst time, and, fnally, the study found that, in
the case of open red light (illuminance 20LUX) or white LED
lamp (illuminance 70LUX) in the dark room, the loss rates of
12 target components were less than 4%. On this basis, the
saponifcation conditions and liquid-liquid extraction sol-
vents were studied, and it was found that there was no
signifcant diference in the infuence of hot saponifcation
and cold saponifcation conditions on the target components
of this study. Te selection of ethyl acetate/n-hexane mixed
solvent as the extraction solvent could meet the require-
ments of the extraction and detection of the target com-
ponents while ensuring the safety of the experimenter. Te
optimized research method had the advantages of simple
operation, high accuracy, and good repeatability, which can
meet the simultaneous separation and detection of retinol

isomers and vitamin E homologues and can be efectively
applied in dairy products.
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Fupenzi (Rubus chingii Hu) is a dried and immature fruit in East China, which has effects of nourishing kidneys, solidifying
essence, and otherwise. Because Fupenzi was often adulterated and replaced with inferior things, this paper had researched
Fupenzi and its adulterant raspberry. A new type of visible sensor was constructed by using Au nanoparticles (AuNPs), which was
modified by the surface-active agent and combined with the ultraviolet-visible (UV-vis) spectrum technology. It was found that
the change in particle size after the interaction of AuNPs and adulterants will lead to color change. In this paper, the RGB (red,
green, and blue) values of the solution were extracted to correlate the color with the concentration of adulterants, and the
relationship between the absorption peak intensity and the concentration of adulterants was established. +e results showed that
the intensity of an absorption peak is related to adulteration concentration, and the color of the solution changed from red to gray
as the particle size changed. +e visual sensor constructed based on the above principle is a fast and precise method to detect
adulteration with different concentrations, which has a potential application value in real-time and rapid detection of
Fupenzi’s quality.

1. Introduction

Food and drug safety has always been the focus of people’s
concern. At present, in the Chinese traditional medicine
market, the phenomenon of adulteration of traditional
Chinese medicine is not uncommon, especially some
valuable medicinal materials such as saffron, Panax ginseng,
and Panax quinquefolium L.. +erefore, the identification of
adulteration of Chinese medicinal materials is an important
problem that perplexes consumers and relevant regulatory
departments; at present, it is very necessary to develop a
technical method for rapid detection of adulteration of
Chinese medicinal materials.

Fupenzi (Rubus chingiiHu), a wild raspberry in China, is
usually picked when it is not ripe. Fupenzi has different

applications in the food and pharmaceutical industry be-
cause of its nutritional value and pharmacological activity.
Fupenzi is rich in vitamins, amino acids, and mineral ele-
ments, which can be used to make fruit juice drinks and
health products [1, 2]. So far, more than 235 chemical
constituents have been isolated and identified from R. chingii
[2]. +ese compounds include 15 triterpenoids, 15 diter-
penoids, 18 flavonoids, 7 alkaloids, 95 volatile compounds, 5
coumarins, 9 steroids, 56 organic acids, and 15 other
compounds [2], which have the pharmacological effects of
reducing blood sugar and blood lipids [3], antitumor [4],
antioxidation [5, 6], anti-aging [6], and anti-inflammation
properties [7], so it has been used in traditional Chinese
medicine for a long time. Reducing costs and increasing
profits are the main reasons for the frequent adulteration in

Hindawi
Journal of Food Quality
Volume 2022, Article ID 6278549, 10 pages
https://doi.org/10.1155/2022/6278549

mailto:glp01@126.com
https://orcid.org/0000-0002-2701-6980
https://orcid.org/0000-0002-1173-3985
https://orcid.org/0000-0002-3447-711X
https://orcid.org/0000-0002-4134-8092
https://orcid.org/0000-0001-9729-4305
https://orcid.org/0000-0002-5354-0751
https://orcid.org/0000-0002-2273-4510
https://orcid.org/0000-0003-1325-6382
https://orcid.org/0000-0002-0865-0652
https://orcid.org/0000-0001-6974-1411
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/6278549


the Chinese herbal medicine market, and Fupenzi is no
exception. +e adulteration way of Fupenzi in the market is
mainly to use other plant materials with similar appearance
but different or no effect as adulterants, in which raspberry
(Rubus corchorifolius L. f.) is commonly used as Fupenzi
adulteration. +e adulteration of Fupenzi can not only harm
the right of consumers and break the market orders but also
cannot achieve the same therapeutic effect as Fupenzi. +us,
it is necessary to identify a detection method for Fupenzi
adulteration.

+ere are a variety of identification methods and tech-
niques for food and drugs. +ese techniques include ana-
lytical, physical, chemical, and most recent DNA-based
molecular techniques [8]. In the aspects of qualitative and
quantitative analysis and quality control of compounds,
chromatographic techniques such as high performance
liquid chromatography (HPLC), gas chromatography (GC),
and chromatography-mass spectrometry technology are
often used. Generally, those chromatography and mass
spectrometry technologies are often used in metabonomics.
For example, by detecting as many of these small molecules
as possible, untargeted metabolomics approaches enable a
holistic analysis in comparing complex samples [9], and it is
an accurate method to identify the adulteration. In addition
to chromatography and mass spectrometry technology, the
spectroscopic technique is a common method to detect
adulterants as well. Universal spectral techniques include
near-infrared (NIR) andmid-infrared (MIR) spectroscopies,
ultraviolet-visible (UV-vis) spectrum, and fluorescence
spectrum. +ese spectral techniques are often used to detect
adulteration of edible oil [10], honey [11, 12], and rare
medicinal materials [13, 14]. In addition, with the devel-
opment of molecular biology techniques, many molecular
biology techniques have been applied to identify the adul-
teration of food and drugs. For example, the adulteration
identification of food and drugs such as plant oil [15] and
Fritillariae cirrhosae bulbus [16] was realized by using DNA
barcoding technology. Except for those methods, a stable
isotope technique can also be used to identify adulterants
[17, 18]. To improve the sensitivity of identification, che-
mometrics methods are often used in combination with the
aforementioned methods. Such as using near-infrared (NIR)
spectroscopy and mid-infrared (MIR) spectroscopy com-
bined with principal component analysis (PCA), partial least
squares discriminant analysis (PLS-DA), and partial least
squares regression (PLS-R) to identify saffron and its
adulteration [14]. Vieira et al. [19] used Fourier transform
near-infrared (FT-NIR) and PLS-DA to establish a separate
model to distinguish adulterated extravirgin olive oil
samples.

Although these methods can be used to identify food
quality sensitively, there are still some shortcomings.
Chromatography, spectroscopy, and molecular biology
techniques rely on large-scale instruments and time-con-
suming sample preparations, and operators should possess a
high level of skill for those instruments. On the basis of these
methods, chemometrics combined with nanomaterial
methods came into being. In recent years, new methods
based on nanomaterials combined with spectroscopy have

been applied to fruit juice adulteration, drug adulteration,
and food corruption [20–22]. +ese new methods can
distinguish adulterants effectively and have application
prospects in the future. In recent years, by integrating metal
nanoparticles into the detection process, an ultraviolet-
visible (UV-Vis) spectrum has considerably improved the
application of ultraviolet detection of various chemical
substances [23–26]. It has been applied in the detection of
target analyses with high selectivity and high sensitivity, and
the performance has been improved to a level comparable to
that of precision instruments [27]. +e surface plasmon
resonance (SPR) effect significantly exists in nanonoble
metal materials, and it occurs when the vibration frequency
of the metal free conduction electron is equal to that of the
incident light. SPR absorption of Au nanoparticles (AuNPs)
is extremely sensitive to their size, shape, surrounding
media, and interparticle distances [28]. With the change in
the shape and size of AuNPs and the physical properties of
the environment medium, the position of the plasmon
resonance absorption peak is different, and the accumula-
tion of AuNPs results in red shift of SPR, which changes the
solution from red to blue or gray [28, 29]. For example, Rohit
et al. [30], based on the color change in AuNPs from red to
blue, developed a colorimetric sensor for the determination
of quinalphos in water and food samples. At present, a AuNP
colorimetric sensor is widely used in the detection of an-
tibiotics, pesticide residues, heavy metals, and so on [29, 31,
32].

Since gold nanoparticles have SPR characteristics and
color changes can be seen intuitively by naked eyes, we
choose AuNPs as a colorimetric sensor in this article. At
present, there is no report on the application of AuNP
colorimetric sensors in the adulteration identification of
Fupenzi. In our research study, Fupenzi and its adulterants
were quantitatively characterized according to the color
change characteristics of AuNPs, and the detection results
were compared and verified by UV-Vis spectroscopy. +e
results showed that the detection method was consistent
with the results of UV-Vis spectroscopy, which proved that
the method of Fupenzi adulteration rapid detection by
AuNPs combined with the RGB value was feasible. +e
method could achieve simple, rapid, efficient, and sensitive
detection of the Fupenzi adulteration effect. And it can be
applied not only to the rapid identification of adulteration of
other Chinese medicinal materials but also to a variety of
fields, including food, biometric identification and drug
quality control.

2. Experiment

2.1. Materials, Reagents, and Equipment. A total of 18
batches of Fupenzi were purchased from Zhejiang, Shanghai,
Anhui, Guizhou, Guangdong, Guangxi, Chongqing, Fujian,
Sichuan, and Yunan. Adulterated raspberries (Rubus
corchorifolius L. f.) were purchased from amarket inWuhan,
Hubei. Anhydrous methanol, anhydrous ethanol, and
chloroauric acid were purchased from Yongda Chemical
Reagent Co. Ltd (Tianjin, China). A microporous filtration
membrane was purchased from Jiaxing Haining Kono
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Filtration Equipment Co. Ltd (Zhejiang, China). Sodium
borohydride was purchased fromHongrui Chemical Co. Ltd
(Shanghai, China). All the reagents used in the experiment
are analytically pure, and the water used in the experiment is
ultrapure water. A buckle-type small grinder was purchased
from Guangzhou Xulang Machinery Equipment Co. Ltd
(Guangdong, China). A total of 50 and 100 mesh screens
were purchased from Xinxiang Jinhe Machinery Co. Ltd
(Henan, China).+eKQ-500DE CNC ultrasonic cleaner was
purchased from Kunshan Ultrasonic Instrument Co. Ltd
(Jiangsu, China). +e TD4 small desktop centrifuge was
purchased from Hetian Scientific Instrument Co. Ltd
(Shanghai, China). Analytical ultrapure water equipment
was purchased from Shanghai Moller Scientific Instrument
Co. Ltd (Shanghai, China). +e BSA224S analytical balance
was purchased from Sedolis Instrument System Co. Ltd
(Beijing, China). +e UV-5800 (PC) ultraviolet-visible
spectrophotometer was purchased from Yuanxi Instrument
Co. Ltd (Shanghai, China).+e high-resolution transmission
electron microscopy TF20 Joel 2100 F microscope was
purchased from Japan Electronics Corporation Company.

2.2. Preparation of AuNPs. +e synthesis of AuNPs was
performed in the previous report and modified in [33]. 2mL
chloroauric acid (1%) was taken into a round bottom flask,
6.5mL water was added and stirred at room temperature for
15min, 1.5mL 0.1mol·L−1 cetyltrimethyl ammonium bro-
mide (CTAB) was added, and 3mL sodium borohydride
(0.4mol·L−1) was slowly added under the stirring state after
10min and continued stirring for 3 h at room temperature.
Finally, the color of the solution changed from light yellow to
dark red.

2.3. Preparation of Pure and Adulterated Fupenzi.
Fupenzi and adulterants were crushed in a grinder, and the
powder was passed through a 50 mesh sieve for reserve. A
0.1 g Fupenzi powder which was shifted was taken and put
into a flask, and we added 20mL boiling water into Fupenzi,
soaked for 20min, kept the temperature at 50°C and ul-
trasonic for 30min, centrifuged for 10min at 4000 r min−1,
took the supernatant, and filtered through a 0.22 μm mi-
croporous membrane to obtain Fupenzi and adulterant
stock solutions. Similarly, the Fupenzi powder was mixed
with different proportions of the adulterated powder, and
the same extraction method was used to obtain the Fupenzi
mixture of 1%, 2%, 5%, 10%, and 20% adulterated powders.

2.4. Condition Optimization. +e influence of the pH, re-
action time, and reaction temperature on the ultraviolet
absorbance was investigated.+ere are three parallel tests for
each condition optimization.When AuNPs were mixed with
the adulterants, the pH value of the solution was changed to
observe the ultraviolet absorbance peak intensity of the
solution at different pH values. +e gradient of the reaction
time was set at 0, 5, 10, 20, 30, 45, and 60min, respectively;
and the temperature of the reaction was set at 5, 15, 25, 35,
45, 55, 65, 75, 85, and 95°C, respectively.

2.5. FT-IR Spectral Analysis. In order to characterize the
functional groups, the prepared AuNPs, the AuNPs-Fupenzi
mixture, and the AuNPs-adulterant mixture were ground
and pressed with the KBr powder and placed at wave-
numbers of 4000 to 400 cm−1 for FT-IR analysis.

2.6. Detection of Fupenzi Adulteration. In order to quickly
detect the raspberry adulteration, 1mL of Fupenzi and the
stock solution of the adulteration were added into the
colorimetric dish to detect and record the absorbance. +en,
the absorbance of the Fupenzi mixture was detected. After
that, 900 μL mixture and 100 μL AuNPs were added into the
cuvette, the combined mixture was kept for 1min, and its
absorbance was detected. 900 μL ultrapure water was mixed
with 100 μL AuNPs, which was left standing for 1min as in
the blank control group. Finally, transmission electron
microscopy (TEM) was used to observe the diameter of the
different concentrations of the AuNP mixture. +en, the
RGB value was applied to obtain the color information of the
different concentrations of the AuNP mixture solution. +e
flowchart of experimental steps is shown in Figure 1.

+rough UV-Vis spectrum, the limit of detection (LOD)
was used to measure the low detection limit of the detection
method. +e LOD is expressed as the following function:

LOD �
3.3δ

S
, (1)

where δ is the RSD of blank samples and S is the slope of the
calibration curve.

2.7.Data Processing. +eUV-vis spectrum data, FT-IR data,
and other statistical analyses were plotted by Origin 2018
(Massachusetts, USA). Data obtained by TEM were im-
ported into nanomeasure particle size measurement soft-
ware (Laboratory of Surface Chemistry and Catalysis,
Department of Chemistry, Fudan University). +e RGB
values were extracted by Microsoft Office PowerPoint 2019
(Microsoft, USA).

3. Results and Discussion

3.1. Condition Optimization. According to the maximum
absorption peak of the ultraviolet absorption spectrum, the
pH value, reaction time, and temperature of the solution
were optimized. It can be seen that when the pH value of the
solution was 8–10, the absorbance was stable (Figure 2(a)).
+ough the reaction time was negatively correlated with the
absorption intensity, the absorbance changed slowly and
leveled off with the increase in time after 20min
(Figure 2(b)). However, when the reaction temperature rose
gradually, the maximum absorption peak intensity did not
change significantly before 65°C. However, when the reac-
tion temperature was greater than 65°C, the absorbance
showed an overall upward trend (Figure 2(c)).

3.2.UV-Vis Spectra of Fupenzi andAuNPMixtures. +eUV-
vis absorption spectra of the Fupenzi stock solution,
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solution during reaction. (c) +e reaction temperature and absorbance of solution during reaction.

4 Journal of Food Quality



adulterated stock solution, AuNPs, and mixtures of various
concentrations are shown in Figure 3. It can be seen that the
Fupenzi stock solution has a characteristic absorption peak at
540nm, while the adulteration stock solution has almost no
absorption peak (Figure 3(a)). When the Fupenzi stock so-
lution was added with a small amount of adulterants, the
absorption peak did not change and the shape of the peak did
not change significantly with the increase in the proportion of
adulterants (Figure 3(b)). However, the absorbance of the
mixture decreased after the addition of AuNPs, and compared
with that before the addition of AuNPs, it could be seen that the
absorbance gradually decreased with the increase in the pro-
portion of adulterants (Figure 3(c)). +e absorbance of AuNPs
and the concentration of the mixture showed a good linear
relationship in the range of 1%–20%. +e formula for the
standard curve is y� −0.0034x+0.6366, R2� 0.9962. By setting
a blank control group (Figure 3(d)), it can be found that the
intensity of the absorption peak of AuNPs changed signifi-
cantly after the combination of the Fupenzi stock solution,

which can be accurately distinguished by different concen-
trations from 1% to 20%. In addition, according to formula (1),
the LOD of this method can be calculated. +e LOD of the
method that we proposed is 0.2%.

In order to correlate the concentration with the color, the
visualization experiment in the reagent bottle was carried
out. In the course of the experiment, it was found that the
color of the mixed solution of AuNPs and Fupenzi without
adulterants was red. With the increasing proportion of
adulterants, the color of solution gradually changed from red
to gray, and the proportion of the adulterants was 1%, 2%,
5%, 10%, and 20%, respectively, (Figure 4(a)). +is shows
that the relationship between absorbance and adulterant
concentrations can be transformed into the relationship
between color and adulterant concentrations.

3.3. FT-IR Spectral Analysis. +e functional groups in
Fupenzi and its adulterants were characterized by infrared
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Figure 3: UV-vis spectrum of Fupenzi, AuNPs, and adulterants. (a) UV-vis spectrum of raspberry and adulterants; (b) UV-vis spectrum of
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spectroscopy, the interaction of AuNPs with them was
studied, and the results are shown in Figure 5. +e strong
and wide band near 3380 cm−1 is O-H stretching vibration,
and the band at 2920 cm−1 is C-H stretching vibration. +e
absorption peak at 1730 cm−1 is attributed to the stretching
vibration of C�O [34]. +e bands of 1640 and 1470 cm−1 are
attributable to the C�O asymmetric and symmetric
stretching vibration [35]. +e strong absorption band of
1190 cm−1 is due to the O-H out-of-plane bending vibration.
+e absorption bands of 960 and 920 cm−1 were represented
rhamnogalacturonan I and D-glucopyranosyl, respectively,
[34, 36]. +ese groups indicated that there were abundant
phenols and carboxylic acid compounds in Fupenzi and its
adulterants, such as ellagic acid and its glycoside derivatives
[1]. When these phenolic acid compounds combined with
the negatively charged CTAB-AuNPs, AuNPs were aggre-
gated (Figure 5).

3.4.TEMImages ofAuNPs. In order to verify the mechanism
of color change, we used TEM to observe particle size
change. All the particles in the TEM image were measured
diameter through the Nano Measure particle size mea-
surement software. As can be seen that the mixed solution of
AuNPs and Fupenzi without adulterants was well dispersed
with the mean particle size of 7.5 nm (Figure 6(a)). However,
the AuNPs were significantly aggregated with the mean
particle size of 12.3 nm when the concentration of adulterate
is 20% (Figure 6(f)). With the increase of the concentration
of adulterants, the aggregation degree of AuNPs increased
and the particle size became larger, resulting in the color of

gold nanoparticles from red to gray. +e standard curve was
drawn according to the relationship between the particle size
of AuNPs and the concentration of adulterants (Figure 4(b)),
which indicated that there was a certain linear relationship
between the particle size of AuNPs and the concentration of
adulterants (y� 0.2026x+ 8.3405, R2 � 0.9761). +e possible
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Figure 4: +e relationship between concentration of different adulterants and particle size of AuNPs and solution color. (a) A–F represent
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reason for this phenomenon is the positive charge of CTAB
modified AuNPs, and there were negatively charged acids
and compounds with carboxyl and hydroxyl groups in
raspberry. +ese negatively charged compounds combined
with CTAB with ammonium state to aggregate AuNPs and
increase the particle size. At the same time, the color of
solution became red to gray with the increase in the AuNP
particle diameter.

3.5. Identification of Fupenzi Adulteration. +e color of
AuNPs changed with the particle size, and it can be spec-
ulated that the adulteration of raspberry can be judged by the
color of AuNPs. Based on the relationship between the
solution color and adulterant concentration, we made the
colorimetric card of the Fupenzi mixture solution of AuNPs
with different concentrations of adulterants (Figure 4(c)).
We introduced the concept of the RGB color mode to
characterize the color of solution. RGB (red, green, and blue)
is applied in many areas, such as electronics, medicine, and
food [37–39]. In order to achieve the purpose of rapid
detection, we needed to eliminate instruments. +e pipette
function was added on the basis of colorimetry to achieve
more portable quantitative analysis, in which the qualitative
color changes were converted into the quantitative RGB

values.+erefore, the RGB values could be used to bridge the
color variation with the mixture concentration.

+e average RGB values (any 10 points) of the known
concentration of adulteration with AuNP Fupenzi mixtures
were measured to make a colorimetric card by using the
pipette function using Microsoft Office PowerPoint 2019
software. Secondly, after obtaining the average RGB values
(any 10 points) of the unknown sample photos in the same
way, similar RGB values were searched and located in the
color comparison card. Finally, quantitative information
could be obtained by converting RGB values into mixture
concentrations.

In order to verify the accuracy of the colorimetric
method, two AuNP samples (5% concentration and 10%
concentration of the mixture) were selected for testing. +e
two samples were treated under the same conditions, and the
average RGB values were (156, 109, and 118) and (157, 145,
and 149). Similar RGB values were found in the colorimetric
card (155, 109, and 119) and (158, 146, and 151). +e
concentrations of the mixture were (5.02± 0.32)% and
(9.74± 0.52)% through calculation, respectively, and the
recovery rate was good. +en, mixtures containing 5% and
10% adulterants were analyzed by UV-vis. 100 μL AuNPs
and 900 μL 5% mixture solution were added into the col-
orimetric dish to detect the absorbance. It can be found that
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Figure 6: TEM images and frequency histograms of AuNP mixtures with different concentrations (a–f) Adulterant concentrations of 0%,
1%, 2%, 5%, 10%, and 20%, respectively).
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the mixture concentrations of the two samples quantitatively
obtained by the UV-vis spectrophotometer are
(5.06± 0.07)% and (9.94± 0.18)%, respectively. +e results
are shown in Table 1. By comparison, it can be found that the
quantitative results of colorimetry and UV-vis spectroscopy
are similar, but the colorimetric method does not rely on
large instruments and can achieve real-time on-site iden-
tification, and the operation is more convenient and rapid.

4. Conclusion

In this paper, a new type of a visual sensor was constructed
by using surfactant-modified AuNPs as sensing materials,
combined with UV-vis spectroscopy, which was successfully
applied to the identification of Fupenzi adulteration. +e
changes in the solution color and absorbance caused by
AuNPs can reflect the degree of Fupenzi adulteration. After
adding AuNPs, the absorbance was linearly correlated with
the concentration of adulterants, and the range of detection
is 0%–20%. +e correlation coefficient between the particle
size of AuNPs and the concentration of adulterants was
0.9761, which indicated that the adulterants interacted with
AuNPs.+e relationship between the mixture concentration
and AuNP color was constructed according to RGB values.
Compared with UV-vis spectroscopy, the accuracy of the
quantitative results is almost the same, and the accuracy and
effectiveness of this method have been confirmed. Nano-
labeling technology shows a broad application prospect in
the on-site rapid detection of adulteration of traditional
Chinese medicine. However, because of the complexity of
the components of traditional Chinese medicine, there are
still some challenges in the detection of traditional Chinese
medicine. For example, the content of some characteristic
chemical components in traditional Chinese medicine will
change with the extension in storage time and resulting in
false positive results, which will have certain interference in
the identification of traditional Chinese medicine. To solve
the problem of interference component diversity, the next
step of this paper is to establish a reliable detection standard
by studying the differences in Fupenzi components from
different producing areas, which lays a foundation for
adulteration analysis of traditional Chinese medicine
products on the spot and ensuring the quality and safety of
traditional Chinese medicine.
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+e aim of this study was to explore the regional characteristics of soluble sugars, organic acids, and stable isotopes (δ2H, δ18O, and
δ13C) in Fuji apple and the viability of tracing the geographical origin. Totally, 181 Fuji apple samples from 2017 and 2018 from
three main apple production regions in China, Bohai Bay (BHB), Loess Plateau (LP), and Northwest region (NW) were collected.
+e parameters of soluble sugars, organic acids, and stable isotopes in samples were analyzed with HPLC, IC, and IRMS, re-
spectively. +e results of regional difference analysis, multiway variance analysis, and correlation analysis indicated that sorbitol
(Sor), glucose (Glu), fructose (Fru), sucrose (Sucr), δ2H, and δ13C can be used to distinguish the samples from the three regions.
Stepwise linear discriminant analysis (SLDA) showed that the correct discriminant rate of samples from the advantageous
production areas of apples in China (BHB and LP) was 82.2%, and the most effective indexes were Glu, Fru, Sucr, and δ2H.
Moreover, satisfactory classification can be achieved in samples from BHB and NW, with a correct classification rate of 90.0%, and
Sor, Glu, and Fru were included in the discrimination model. Furthermore, the validity of the discriminant model was verified by
the prediction set. +e study also found that organic acids were not suitable to distinguish the apple samples from the three
regions. In addition, soluble sugars and stable isotopes could not effectively distinguish LP and NW samples, which was also the
reason that the samples from the three main apple production regions could not be distinguished well.

1. Introduction

In recent years, due to the occurrence of food safety issues
such as heavy metal pollution, pesticide residues, adulter-
ation, and fake and inferior agricultural products [1], con-
sumers want to know more relevant information to confirm
the safety of the food they purchase [2]. In this situation,
consumers are more inclined to buy agricultural products

with a clear geographical origin, especially certified foods,
such as agricultural products with geographical indications,
which comply with relevant standards [3, 4]. However, some
unauthorized operators may use false labels to impersonate
agricultural products with clear geographical indications in
order to obtain higher profits, as the agricultural products
with guaranteed origin will charge a high premium, which
will damage the interests of operators and consumers [5].
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+erefore, the development of suitable analytical techniques
for tracing the origin of agricultural products is highly
desirable for consumers, production operators, and gov-
ernment regulators [6].

Due to the different principles and characteristics, es-
pecially the limitations of technology in the application, it is
difficult to accurately trace the origin of agricultural prod-
ucts with only one traceability technology [7–9]. For ex-
ample, stable isotope ratios analysis technology is an
increasingly accepted tool for tracing the geographical origin
of agricultural products, but the isotopic composition is
mainly affected by geographic and climatic conditions, such
as latitude, distance from the sea, altitude, temperature, and
precipitation [10]. +erefore, the isotopic compositions of
agricultural products from areas with similar climates and
topography may not be effectively distinguished [5]. Using
organic fingerprints to trace the origin of agricultural
products, the discriminant rates were varied greatly due to
the selected indexes. +erefore, screening out the organic
ingredients which are unique or closely related to envi-
ronmental conditions is the key to use organic compounds
fingerprint analysis technology to trace the origin of agri-
cultural products [11]. +erefore, it is the current devel-
opment trend to use multiple technologies and multiple
indexes to trace the origin of agricultural products. For
instance, by combining the stable isotopes with volatile
compounds, organic compounds, andmultiple elements, the
geographical origin of potatoes, kiwifruit, apple juices, and
red wine can be well classified, and the total correct dis-
crimination rate was varied from 83.9% to 100% [8, 12–14].

+e cultivation of apples in China is mainly distributed
in the advantageous production areas of apple, Bohai Bay
(BHB), and Loess Plateau (LP), including the seven major
apple-producing provinces of Shaanxi, Shandong, Henan,
Shanxi, Hebei, Liaoning, and Gansu. In 2018, the apple
cultivated area and the yield in BHB and LP accounted for
84.22% and 89.12% of the total cultivated area and yield in
China [15]. Xinjiang and Ningxia are characteristic apple-
producing areas in China and belong to the Northwest
region (NW). In recent years, the cultivation area and yield
of apples in the NW have continued to increase; moreover,
with the changes in the layout of apple production, Xinjiang
has gradually become an important apple-producing area in
China. Furthermore, the Fuji apple is the main cultivated
variety, and its cultivation proportion accounts for 72.7% of
the total cultivated area [16]. As we all know, the quality and
price of agricultural products will be different due to their
geographic origin [17]; in addition, studies have found that
the physiological quality of apples was related to the latitude,
longitude, and altitude of the growing area [18]. For ex-
ample, fructose has the highest proportion in the soluble
sugars in Fuji apple from Shaanxi Province which belongs to
the LP [19], with a higher price than in other provinces;
moreover, apples in some specific areas of Shaanxi have been
recognized as “protected designation of origin” (PDO)
products [20]. +erefore, tracing the origin of the Fuji apple
in the three main apple production regions in China is of
great significance to achieving the traceability of apple and
protecting the regional advantages of agricultural products.

What’s more, there has not been literature that specifically
studied the use of organic compounds and stable isotope
fingerprint characteristics to trace the origin of the Fuji
apple.

Since the isotope ratios of carbon, hydrogen, and oxygen
were altitude-, latitude-, and climate-dependent, these three
stable isotope ratios can provide information about the
geographic origin and metabolism of plants, so the isotopic
ratios of carbon, hydrogen, and oxygen are suitable for
tracking the geographical origin of agricultural products
related to regional climate conditions [17, 21–23]. In ad-
dition, soluble sugars and organic acids were important
nutrients in apples, as well as the main flavor compounds in
apples. Moreover, studies have found that soluble sugars and
organic acid compounds in Fuji apple were different be-
tween regions [19]. +erefore, the soluble sugars, organic
acids, and stable isotopes (δ2H, δ18O, and δ13C) will be used
to study the effectiveness of multi-index in tracking the
origin of Fuji apples from the three main apple producing
areas (BHB, LP, and NW) in China. It is expected to provide
references for tracing the origin of apples.

2. Materials and Methods

2.1. SampleCollection. A total of 181 Fuji apple samples were
collected from the 2017 and 2018 harvests from three main
apple production regions in China, BHB (Hebei, Shandong,
and Liaoning provinces), LP (Shaanxi, Gansu, Shanxi, and
Henan provinces), and NW (Ningxia and Xinjiang auton-
omous regions). For each sample, approximately 5 kg of fruit
was collected at the harvest maturity stage from September
to November. Samples were transported to the laboratory 3
days after collection.+e information on samples was shown
in Table 1.

2.2. Sample Preparation. About 2.0 kg of fruit was ground
into a powder in liquid nitrogen by a SPEX Sample Prep
system (New Jersey, USA) and stored at −20°C for the de-
termination of soluble sugars and organic acids. For the rest
of the samples, wipe the surface of the peel and core; then the
sample was homogenized by a homogenizer (JT C, Jintian,
China), which was used for the determination of stable
isotope ratios. +e extraction of soluble sugars and organic
acids was carried out according to the previously reported
method [24, 25] and the extracted solution was stored at
−20°C and analyzed by the instrument later. +e homoge-
nized sample was placed in the sample chamber of a vacuum
freeze dryer (VFD-1000, Bilon, China); then, the sample was
freeze-dried for 72 hours under the instrument conditions of
−40°C and under 15pa.+e dried sample was passed through
a sieve (100 mesh, Huafeng, China) immediately. Finally, a
powdered sample was obtained to detect the isotope ratio
13C/12C in samples.

2.3. Instrument Conditions

2.3.1. High-Performance Liquid Chromatography (HPLC)
Measurement Conditions [25,26]. After filtered through a
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0.22 μm pore filter (Fine, Japan), the extracted solution was
used to detect the organic acid compounds directly, using
HPLC (LC-10A, Shimadzu, Japan), with SPD-10A UV-VIS
detector, and a C18 column (Ultimate LP-C18,
4.6mm× 300mm, 5 μm, Ultimate, China). A total of five
organic acid compounds, including oxalic acid (Oxa), tar-
taric acid (Tar), quinic acid (Qui), malic acid (Mal), and
shikimic acid (Shi), were identified by comparison with the
standards. +e calibration curves were prepared by plotting
different concentrations ranging from 0.05 to 50mg/L (for
Mal, the concentrations ranging from 25 to 400mg/L) of
standards versus the area measurements in UPLC
(R2≥ 0.9992). Results were expressed as mg/g. +e repro-
ducibility of the chromatographic separation of the organic
acid compounds was carried out according to the previously
reported method (Wu et al., Wang). +e results of the re-
producibility of chromatographic separation for organic
acids were expressed as relative standard deviation (RSD%)
as follows: 0.63 for Oxa, 1.41 for Tar, 0.43 for Qui, 0.62 for
Mal, and 0.81 for Shi.+e content of total acid in the samples
was the sum of the contents of the five organic acids.

2.3.2. Ion Chromatograph (IC) Measurement Conditions
[24, 25]. +e soluble sugars were detected by an Ion
Chromatograph (ICS-5000, Dionex, USA) with a conduc-
tivity detector, an anion exchange analytical column (Dio-
nex CarboPacTM PA10, 4mm× 250mm, +ermo Fisher
Scientific, USA), and a guard column (IonPac AG23,
4mm× 50mm, Dionex, USA). +e extracted solution after
being diluted 50 times with deionized water can be used to
measure sorbitol (Sor), glucose (Glu), fructose (Fru), and
sucrose (Sucr) in the samples. +e soluble sugars were
identified by comparison with the standards. +e calibration
curves were prepared by plotting different concentrations
ranging from 0.5 to 100mg/L of standards versus the area
measurements in IC (R2≥ 0.9965). +e result was expressed

as mg/g. +e results of the reproducibility of chromato-
graphic separation for soluble sugars, expressed as RSD%,
were as follows: 1.75 for Sucr, 1.52 for Glu, 1.69 for Fru, and
0.37 for Sor.+e content of total sugar in the samples was the
sum of the contents of the four soluble sugars.

2.3.3. Isotopic Ratio Mass Spectrometer (IRMS) Measurement
Conditions

(1) Stable Hydrogen and Oxygen Isotope Determination
Conditions [27,28]. About 2 g of the homogenized
sample was weighed and placed in a glass sample
bottle. +e fully automatic vacuum condensed water
extraction system (LI-2100, LICA, China) was used
to extract the water in the samples; then, the
extracted water was put into the automatic sampling
tray of the element analyzer (Flash HT2000, +ermo
Fisher Scientific, USA). +e elements of H and O in
the samples were converted into H2 and CO by
splitting at 1,400°C. After passing through the
chromatographic column, H2 and CO successively
entered the stable isotope mass spectrometer (MAT
253, +ermo Fisher Scientific, USA) to detect the
isotope ratios 2H/1H and 18O/16O. +e flow rates of
helium carrier gas and helium purge gas were both
100mL/min.

(2) Stable Carbon Isotope Determination Conditions
[27,28]. About 0.8mg of the powder sample was
weighed, which was wrapped in a tin cup, and placed
in the element analyzer. +e element of C in the
sample was converted into CO2 in a combustion
furnace at 960°C. After passing through the chro-
matographic column, CO2 entered the stable isotope
mass spectrometer for the determination of the
isotope ratio 13C/12C.+e flow rates of helium carrier
gas and helium purge gas were both 100mL/min.

Table 1: +e region information of apple samples.

Location Province/region Longitude (E) Latitude (N) Altitude (m) Years Mean annual
temperature (°C)

Annual
precipitation (mm)

Number of
samples

BHB Hebei 113°27′–119°50′ 36°05′–42°40′ 3–386 2017 11.3 499.6 14
2018 11.8 549.0 15

BHB Liaoning 118°53′–125°46′ 38°43′–43°26′ 10–39 2017 10.3 368.0 2
2018 10.6 477.5 3

BHB Shandong 114°19′–122°43′ 34°22′–38°23′ 33–305 2017 13.5 622.4 2
2018 14.2 750.1 9

LP Shaanxi 105°29′–111°15′ 31°42′–39°35′ 580–969 2017 19.0 591.0 23
2018 16.9 525.6 23

LP Gansu 92°13′–108°46′ 32°31′–42°57′ 1085–1421 2017 9.8 546.1 1
2018 13.5 725.8 5

LP Shanxi 110°14′–114°33 ′ 34°34′–40°43′ 365–778 2017 13.8 503.6 9
2018 17.7 386.0 7

LP Henan 110°21′–116°39′ 31°23′–36°22′ 504–626 2017 15.0 641.1 3
2018 14.8 525.7 4

NW Ningxia 104°17′–107°39′ 35°14′–39°23′ 1111–1226 2017 10.8 224.5 24
2018 10.6 280.1 8

NW Xinjiang 73°40′–96°23′ 34°22′–49°10′ 663–1104 2017 12.2 70.2 17
2018 11.6 101.4 12

∗ BHB, the Bohai Bay; LP, the Loess Plateau; NW, Northwest Region.
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(3) Be Calculated Stable Isotope Ratios. +e isotope
values were calibrated against standard materials,
which were Vienna StandardMean OceanWater (V-
SMOW), USGS45 (δ2HVSMOW� −10.3‰,
δ18OVSMOW� −2.238‰), USGS46
(δ2HVSMOW� −235.8‰, δ18OVSMOW�

−29.8‰), and USGS40 (δ13CVPDB-LSVEC�

−26.39‰, δ14NAIR� −4.52‰). According to the
equation, R was the isotope ratio of heavy isotope to
light isotope abundance in the samples (18O/16O, 2H/
1H, and 13O/12O). Rsample and Rstandard were the
isotope ratio of the samples and the international
standards. Results were referenced to Vienna Pee
Dee Belemnite (V-PDB) for δ13C and Vienna
Standard Mean Ocean Water (V-SMOW) for δ2H
and δ18O. +e analytical precision was 2‰, 0.4‰,
and 0.2‰ for H, O, and C, respectively. +e stable
isotope ratios were calculated as follows:

δ(‰) �
Rsample − Rstandard􏼐 􏼑

Rstandard

⎡⎣ ⎤⎦ × 1000 (1)

2.4. Statistical Analysis. When data conformed to both
normality and homogeneity assumptions, a regional dif-
ferent analysis was performed by one-way analysis of var-
iance (ANOVA) (P value< 0.05), and the Pearson
correlation analysis was used to investigate the relationship
between indexes and regional conditions. When data con-
formed to the normality assumption but failed on the ho-
mogeneity of variances, analysis of variance was performed
using Welch’s test. For not normally distributed data,
Kruskal-Wallis (K-W) was used for the analysis of regional
differences, and Spearman correlation analysis was used to
investigate the relationship between indexes and regional
conditions. Multiway ANOVA was applied was to quantify
the contributions of geographical origin, harvest year, and
their interactions to the total variance in stable isotope ratio,
soluble sugars, and organic acids levels. In addition, the
sample set was randomly split up into two groups, with
three-quarters of the total samples as a training set and the
remaining one-quarter of samples as a prediction set.
According to F-value, the training set was used to create the
discriminant model by Linear Discriminant Analysis (LDA),
and the predictive ability of the discriminant model was
estimated by the prediction set. Stepwise linear discriminant
analysis (SLDA) was used to select necessary and optimal
indexes to incorporate into the discriminant model, and the
coefficients of the indexes in the discriminant model were
standardized coefficients. +e statistical analysis of the data
was performed with SPSS 26.0 software (SPSS, IBM Corp.,
USA).

3. Results

3.1. Analysis of Soluble Sugars in Apples. +e proportion of
each sugar component in samples from high to low was Fru,
Sucr, Glu, and Sor. For BHB, LP, and NW samples, the
proportion of Fru to total sugars was 45.93%, 49.65%, and

49.33%, respectively (Figure 1(a)), which was the main
soluble sugar component, in addition, the proportion of Sucr
(26.44%, 23.03%, and 28.36%, respectively) was higher than
Glu (23.12%, 22.51%, and 16.19%, respectively), and the
lowest content was Sor (4.51%, 4.81%, and 6.12%, respec-
tively). Moreover, the radar chart showed that the soluble
sugar content in samples from different regions had different
patterns (Figure 2(a)).

Regional differences of soluble sugars were shown in
Table 2, and the contents of soluble sugars were expressed as
means± standard deviation (SD). In LP samples, the average
content of Fru was 59.5± 12.8mg/g FW, which was higher
than in BHB and NW samples, which are 54.3± 9.41mg/g
FW and 55.2± 13.3mg/g FW, respectively. +e average
content of Sucr in LP samples was 27.4± 9.21mg/g FW,
which was lower than BHB and NW samples
(31.6± 9.34mg/g FW and 32.2± 10.0mg/g FW, respec-
tively). +e contents of Fru and Sucr in the LP samples were
significantly different from the BHB and NW samples
(P< 0.05), and the content of Sucr was significantly different
in LP and NW samples (P< 0.01), while the differences in
Fru and Sucr contents in BHB and NW samples were not
significantly (P> 0.05). +e content of Glu in NW samples
was significantly different from that in BHB and LP samples
(P< 0.01). In addition, the content of Sor was significantly
different between the BHB and NW samples (P< 0.05).

3.2. Analysis of Organic Acids in Apples. Different from
soluble sugars, the content characteristics of organic acids
had similar patterns among regions, and the content of
organic acids in descending order was Mal, Qui, Oxa, Tar,
and Shi (Figure 2(b)). In the samples from BHB, LP, and
NW, Mal accounted for 85.18%, 85.66%, and 88.73% of the
total acids, respectively (Figure 1(b)), indicating that Mal
occupies an absolute advantage in the total acid content.

Regional differences of organic acids are shown in Ta-
ble 2, and the contents of organic acids were expressed as
means± standard deviation (SD). Mal was the main organic
acid component in Fuji apple; the average content of Mal in
BHB, LP, and NW samples was 4.11± 1.31mg/g FW,
3.70± 0.828mg/g FW, and 3.85± 1.20mg/g FW, respec-
tively; however, the differences in the three regions were not
significant (P> 0.05).+e average content of Qui in the BHB
samples was significantly different from NW samples
(P< 0.01). +e content of Tar in NW samples was signifi-
cantly different from that in BHB and LP samples (P< 0.05).
+e average content of Oxa and Shi in samples from the
three main production regions was not significantly different
(P> 0.05).

3.3. Analysis of Stable Isotopes in Apples. +e characteristics
of the δ18O and δ13C values in the samples from the three
main apple-producing areas showed similar patterns, while
the δ2H value in the BHB samples was higher than that in
NW and LP samples (Figure 2(c)). +e mean δ2H value of
the BHB samples was −39.6‰, which was higher than that of
the LP and NW samples (−44.6‰ and −44.4‰, respec-
tively), and the results of ANOVA showed that the δ2H value
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of BHB samples was different from LP and NW samples, and
the difference was significant (P< 0.01). In addition, there
was no significant difference in themean δ2H values between
LP and the NW samples (P> 0.05). +e distribution of δ18O
values in the samples was similar to the δ2H value; the mean
δ18O value of BHB samples was higher than that of LP and
NW samples, which were −4.67‰, −5.26‰, and −5.22‰,
respectively. +e results of ANOVA showed that the mean
δ18O value in the BHB samples was significantly different
from the LP sample (P< 0.05). In addition, the mean δ18O
value of NW samples was not significantly different from
BHB and LP samples (P> 0.05). +e distribution of the δ13C
value of samples roughly showed that the δ13C value of the
NW samples was higher than that of LP samples, while the
δ13C value of the BHB samples was the lowest, and the mean
δ13C values of NW, LP, and BHB samples were −25.5‰,
−25.7‰, and −26.3‰, respectively. +e results of ANOVA
analysis showed that the mean δ13C value of BHB samples
was different from the LP and NW samples, and the dif-
ference was significant (P< 0.01). In addition, the mean δ13C
value of LP and NW samples was not significantly different
(P> 0.05) (Table 2).

3.4. Multiway ANOVA. A combined analysis of variance of
two years and three geographical origins was performed
using the general linear model (GLM). Harvest year and
geographical origin were considered as the fixed factors. +e
effects were portioned into different sources: year, region,
and region× year (Table 3). Oxa was not statistically sig-
nificant in this analytical model (P> 0.05). Sor, Glu, Fru,
Sucr, Tar, Qui, Mal, Shi, δ2H value, and δ18O value were
significantly influenced by year (P< 0.01). Sor, Glu, Fru,
Sucr, δ2H value, and δ13C value were significantly affected by
region (P< 0.01). Qui, Mal, and δ18O values were signifi-
cantly affected by region (P< 0.05). Region× year had a
significant effect on Sucr (P< 0.05) and δ13C (P< 0.01). +e
results showed that geographical origin was the most

important source of the concentration variations of δ13C
value, and the contribution percentage was 44.76%. +e
harvest year was the most source of variation for soluble
sugars, organic acids, δ2H, and δ18O.

3.5. Correlation between Indexes and Regional Conditions.
To identify the relationship between indexes and regional
conditions (longitude, latitude, altitude, mean annual
temperature, and annual precipitation), correlation analysis
was employed to assess whether or not positive/negative
correlation patterns existed. +e results showed that lon-
gitude was significantly negatively correlated with Sor
(r� −0.150, P< 0.05) and δ13C value (r� −0.244, P< 0.01)
had a significant positive correlation with Glu (r� 0.320,
P< 0.01) and δ2H value (r� 0.228, P< 0.01) (Table 4).
Latitude was negatively correlated with Glu (r� −0.328,
P< 0.01) and Fru (r� −0.205, P< 0.01) and significantly
positively correlated with Sucr (r� 0.189, P< 0.05). Altitude
was significantly positively correlated with Sor (r� 0.290,
P< 0.01) and δ13C value (r� 0.336, P< 0.01) and was cor-
related with Glu (r� −0.326, P< 0.01) and Tar (r� −0.170,
P< 0.05) showing a significant negative correlation. +e
temperature was significantly positively correlated with Glu
(r� 0.199, P< 0.01) and was significantly negatively corre-
lated with Sucr (r� −0.222, P< 0.01) and Mal (r� −0.162,
P< 0.05). +ere was a significant negative correlation be-
tween precipitation and Sor (r� −0.196, P< 0.01) and δ13C
value (r� −0.178, P< 0.05), and there was a significant
positive correlation with Glu (r� 0.398, P< 0.01), Tar
(r� 0.160, P< 0.05), and δ2H value (r� 0.181, P< 0.05). In
addition, in the sample collection area, Oxa, Qui, Shi, and
δ18O values had no correlation with the regional conditions
studied. +erefore, geographical location has a significant
impact on most soluble sugars, organic acids, and stable
isotopes studied (P< 0.05), which provides a basis for dis-
tinguishing the samples from different geographical regions
by using soluble sugars, organic acids, and stable isotopes.
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Figure 1: +e proportions of soluble sugars (a) and organic acids (b) in samples.
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3.6. Linear Discriminant Analysis (LDA). In order to explore
the effectiveness of soluble sugars, organic acids, and stable
isotopes in tracing the origin of the Fuji apple in China, the
indexes had significant differences between regions (P< 0.05)
and were significantly affected by regional factors (P< 0.05);
besides, the selected indexes were significantly correlated with
the regional conditions. Finally, Sor, Glu, Fru, Sucr, δ2H, and
δ13C were selected for stepwise discriminant analysis (SLDA)
of BHB, LP, and NW samples. About three-quarters of the
samples (136 samples) were used as training set and the
remaining 45 samples, BHB (11 samples), LP (19 samples),
andNW (15 samples), were used as prediction set to verify the
stability of the discriminant models.

SLDA was used to classify Fuji apple samples from BHB,
LP, and NW. +e classification of the training set by the
canonical discriminant functions was shown in Figure 3; it
can be seen that BHB, NW, and LP samples were overlapped,
mainly because the LP samples were misjudged as BHB and
NW samples, and the correct classification rate and cross-
validation rate were only 69.1% and 67.6% (Table 5); in
addition, Sor, Glu, Fru, Sucr, and δ2H, which had a sig-
nificant impact on sample discrimination (P< 0.001), were
included in the discriminant model, and the correct dis-
crimination rate of the discriminant model for the predic-
tion set was only 75.6% (for BHB, NW, and LP samples was
81.8%, 80.0%, and 68.4%, respectively) (Table 6). In addition,
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Figure 2: +e content characteristics of soluble sugars (a), organic acids (b), and stable isotopes (c) in samples from different regions.
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it was found that the classification effect of the samples from
two producing areas was better (Figure 3). So, SLDA was
performed on samples from the two production regions to
explore the effectiveness of the combination of soluble
sugars and stable isotopes in distinguishing the regions of
samples.

Glu, Fru, Sucr, and δ2H were selected by SLDA to classify
Fuji apple samples from the advantageous production areas
of apple in China (BHB and LP). +e correct classification
rate and cross-validation rate of the training set of BHB and
LP samples were both 82.2% (Table 5), and the correct
discrimination rate of the prediction set was 80.0% (Table 6).
When SLDA was used to classify Fuji apple samples from
BHB and NW, a satisfactory classification was obtained, and
the correct classification rate of the training set and cross-
validation rate were 90.0% and 86.3%, respectively (Table 5);
moreover, the discriminant model, including Sor, Glu, and
Fru, had a correct discrimination rate of 84.6% for pre-
diction set (Table 6). However, it was found that the samples
from the LP and NW were not easy to be distinguished, and

the correct classification rate of the training set was only
71.6% (Table 5), which was the reason that the classification
of samples from the three production regions was not
satisfactory.

4. Discussion

In this study, Fru was the main soluble sugar in samples,
accounting for 45.93%–49.65% of the total sugar content,
and Mal was the main organic acid, accounting for 85.18%–
88.73% of the total acid, which was consistent with previous
studies [24,29]. For apple fruits, the formation and accu-
mulation of the flavor substances (soluble sugars and organic
acids) were closely related to ecological and climatic con-
ditions such as temperature, light intensity, and altitude. In
this study, LP (Shaanxi, Gansu, Shanxi, and Henan) is next
to BHB (Shandong, Hebei, and Liaoning) and NW (Ningxia
and Xinjiang). +e altitude and annual average temperature
of provinces on the LP are similar to those of BHB and NW,
such as Gansu, Ningxia, and Xinjiang. +is may cause the

Table 2: Analysis of the regional differences of soluble sugars, organic acids, and stable isotopes in samples.

Composition Location Means± SD Range Variation coefficient (%)

Sor
BHB 5.57± 2.76 b 2.04–14.4 49.5
LP 5.86± 2.22ab 1.77–10.9 37.8
NW 6.81± 2.75a 2.39–14.4 40.4

Glu
BHB 27.8± 8.03a 12.8–48.9 28.9
LP 27.3± 10.2a 11.4–52.0 37.4
NW 18.2± 5.82 b 8.90–34.8 31.9

Fru
BHB 54.3± 9.41 b 38.2–87.0 17.3
LP 59.5± 12.8a 34.0–106.1 21.6
NW 55.2± 13.3 b 36.6–126 24.0

Sucr
BHB 31.6± 9.34a 5.21–53.2 29.6
LP 27.4± 9.21 b 9.59–49.1 33.6
NW 32.2± 10.0a 6.74–74.5 31.1

Oxa
BHB 0.187± 0.0417a 0.110–0.301 22.3
LP 0.204± 0.0686a 0.0811–0.641 33.6
NW 0.207± 0.0839a 0.108–0.482 40.6

Tar
BHB 0.0852± 0.0368a 0.0191–0.175 43.2
LP 0.0812± 0.0318a 0.0191–0.143 39.1
NW 0.0684± 0.0331 b 0.0295–0.180 48.4

Qui
BHB 0.416± 0.171a 0.146–0.901 41.1
LP 0.339± 0.216ab 0.000–0.943 63.7
NW 0.276± 0.230 b 0.00–1.58 83.4

Mal
BHB 4.11± 1.31a 2.00–7.72 31.8
LP 3.70± 0.828a 1.79–6.10 22.4
NW 3.85± 1.20a 2.12–8.60 31.3

Shi
BHB 0.00670± 0.00137a 0.00460–0.0110 20.4
LP 0.00631± 0.00146a 0.00310–0.0103 23.2
NW 0.00632± 0.00169a 0.00360–0.0105 26.8

δ2H
BHB −39.6± 6.88a −57.6–−21.8 17.4
LP −44.6± 5.77b −59.5–−32.7 12.9
NW −44.4± 7.66b −73.9–−25.6 17.2

δ18O
BHB −4.67± 1.44a −8.48–−1.85 30.9
LP −5.26± 1.57b −8.58–−1.59 29.8
NW −5.22± 1.51ab −8.26–−1.86 28.9

δ13C
BHB −26.3± 0.973b −28.1–−24.5 3.70
LP −25.7± 0.834a −28.0–−23.3 3.25
NW −25.5± 0.963a −27.3–−22.3 3.78

∗ +e different letters in the same column mean significant difference (P< 0.05); the coefficient of variation of stable isotopes was the absolute value of the
original value.
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content of soluble sugar in the LP sample to be similar to the
NW and BHB samples, making it difficult to be classified
from BHB and NW samples. In fact, acid metabolism and
regulation in apples are very complex, and the acid content is

jointly regulated by the relevant genes and enzymes [30]. In
addition, it is also affected by many factors such as envi-
ronment and cultivation conditions. For example, a certain
degree of deficit irrigation will affect the content of total acid

Table 4: Correlations of soluble sugars, organic acids, and stable isotopes with regional conditions.

Sor Glu Fru Sucr Oxa Tar Qui Mal Shi δ2H δ18O δ13C
Longitude −0.150∗ 0.320∗∗ 0.023 −0.002 −0.045 −0.012 0.121 0.090 −0.045 0.228∗∗ 0.081 −0.244∗∗
Latitude 0.017 −0.328∗∗ −0.205∗∗ 0.189∗ −0.100 −0.039 −0.005 0.006 0.132 −0.112 −0.032 −0.035
Altitude 0.290∗∗ −0.326∗∗ 0.140 0.073 0.114 −0.170∗ −0.090 0.020 −0.073 −0.123 −0.011 0.336∗∗
Mean annual
temperature −0.065 0.199∗∗ 0.051 −0.222∗∗ 0.022 0.070 −0.070 −0.162∗ −0.127 0.045 −0.049 0.056

Annual precipitation −0.196∗∗ 0.398∗∗ 0.069 −0.129 −0.063 0.160∗ 0.112 0.080 0.058 0.181∗ 0.076 −0.178∗
∗∗Significant correlation (P< 0.01). ∗Significant correlation (P< 0.05).
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Figure 3: Scatter plot of the scores of apple samples from the three major apple-producing areas on the canonical discriminant functions.
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in fruit [31,32]. Moreover, fruit acidity rather than sweetness
was likely to have undergone selection during apple do-
mestication [26]. In this study, it was found that the organic
acids were not suitable for distinguishing the Fuji apple
samples from these three producing regions. +erefore, it
was speculated that organic acids are less affected by tem-
perature, light, and altitude than soluble sugars, which was
consistent with the results of correlation analysis of soluble
sugars, organic acids, and regional conditions (Table 4).

+e fractionation of hydrogen isotopes was affected by
distance from the sea, temperature, rainfall, and atmospheric
humidity. In this study, BHB (including Hebei Province) is
located on the east coast of China and will be affected by
coastal climate, so the δ2H value will be different from the
samples in inland areas (LP and NW), which can be used to
distinguish samples from coastal and inland areas, even from
different coasts [10,28]. In addition, the altitude of BHB was
lower than LP and NW; these factors will lead to the en-
richment of heavy isotopes of hydrogen in BHB samples
[33].+erefore, the decreasing order of δ2H value in samples
from the three production regions was BHB (−39.6‰), NW
(−44.4‰), and LP (−44.6‰), and the δ2H value in BHB
samples was significantly different from LP and NW samples
(P< 0.01). Oxygen isotopes in plants were affected by lati-
tude, distance from the sea, altitude, and degree of evapo-
ration (mainly affected by humidity and temperature)
[34–36]. In addition, in samples in coastal areas, the δ18O
value was high [37], so it was speculated that the content
characteristics of the δ18O value in the three production
regions were consistent with δ2H. +e study found that the
decreasing order of δ18O value was BHB (−4.67‰), NW
(−5.22‰), and LP (−5.26‰), and there was a significant
difference between BHB and LP samples (P< 0.05), but NW
samples had no significant difference with BHB and LP
samples (P> 0.05), possibly because the increase of solar

radiation and the decrease of precipitation in NW lead to the
enrichment of oxygen heavy isotopes in samples [36]; fur-
thermore, as the hydrogen isotopes in plants only come from
water, the coastal climate had a greater impact on δ2H than
δ18O [10].+erefore, the variation in δ18O values within NW
samples was observed. +e δ13C value in plants is related to
atmospheric photosynthetic carbon sequestration during
growth and some environmental factors [38], such as water
availability, relative humidity, light intensity, and temper-
ature in the plant environment (atmospheric and soil water)
[36,39,40]. In this study, the altitude of NW was higher than
LP, and the altitude of BHB was the lowest, and the average
δ13C value roughly conforms to the characteristics that it
increases with the increase of altitude. +e average δ13C
value of samples from high to low was NW (−25.5‰), LP
(−25.7‰), and BHB (−26.3‰). +is phenomenon was
considered to be related to the physiological changes of
plants adapting to their growth conditions and the changes
of carbon dioxide content with the rise of sea level [41–43].

+e fingerprint characteristics of soluble sugars, organic
acids, and stable isotopes formed under the influence of
geographic and climatic conditions tend to distinguish
samples without LP samples, and the correct discrimination
rates of the training set were above 82.2%; furthermore, the
correct discrimination rates of prediction set were above
80%. +e storage time and the sample preparation for
detecting sugars and acids in 2017 samples were different
from 2018 samples, which may increase the differences in
indexes between years (except δ13C value); however, the
correct discrimination rates of the prediction set were
similar to the training set, indicating that although the year
may be the main source of variance, there is a variation of
soluble sugar, organic acid, and δ2H value, and the dis-
criminant model still has a certain stability. In addition,
organic acids were not suitable for distinguishing the

Table 5: +e correct classification rate (%) of the training set obtained by SLDA.

Sample groups BHB LP NW
Total

Original Cross-validated
BHB-LP-NW 73.5 60.7 76.1 69.1 67.6
BHB-LP 73.5 87.5 82.2 82.2
LP-NW 71.4 71.7 71.6 71.6
BHB-NW 91.2 89.1 90.0 86.3

Table 6: +e correct discrimination rate of discrimination model for prediction set.

Sample groups Discriminant models
Prediction set (%)

Total

BHB-LP-NW
BHB� −0.653 Sor + 1.973 Glu−1.829 Fru + 1.468 Sucr + 0.859 δ2H −2.166 81.8 75.6
LP� −0.134 Sor + 0.285 Glu + 0.448 Fru−0.568 Sucr−0.477 δ2H−1.313 68.4
NW� 0.646 Sor−1.805 Glu + 0.806 Fru−0.393 Sucr−0.054 δ2H−1.744 80.0

BHB-LP BHB� 0.847 Glu−1.375Fru + 0.998 Sucr + 0.927 δ2H −1.320 81.8 80.0
LP� −0.514 Glu + 0.835 Fru−0.606 Sucr−0.563 δ2H −0.924 78.9

LP-NW LP� −0.417 Sor + 0.698 Glu−0.886 68.4 73.5
NW� 0.508 Sor−0.849 Glu−0.979 80.0

BHB-NW BHB� −0.594 Sor + 2.436 Glu−1.106 Fru−1.609 81.8 84.6
NW� 0.439 Sor−1.800 Glu + 0.817 Fru−1.193 86.7
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samples from the threemain apple production regions, while
soluble sugars and stable isotopes were not satisfactorily
distinguishing LP and NW samples; therefore, in the fol-
lowing research, it is necessary to add indexes, suitable for
distinguishing LP and NW samples, to improve the correct
discrimination rate of samples from the three production
regions.

5. Conclusions

In this study, as the soluble sugar, organic acid, and stable
isotope studied were closely related to the regional condi-
tions, which lead to the poor discrimination rate of LP and
NW samples, the correct discrimination rate of the samples
from the three main apple production regions was only
69.1%. Nevertheless, it can still be used for many specific
applications, such as Glu, Fru, Sucr, and δ2H which can be
used to distinguish the samples from the advantageous
production areas of apple in China (BHB and LP), and the
correct discrimination rates of the training set and pre-
diction set were 82.2% and 80.0%, respectively. In addition,
BHB and NW samples can be satisfactorily distinguished by
Sor, Glu, and Fru, and the correct discrimination rates of the
training set and prediction set were 90.0% and 84.6%,
respectively.
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-e flowers of Elaeagnus angustifolia L. have been used as a homologous variety in China, whose quality seriously relies on the
compositions during the flowering period. Unfortunately, studies on the variations of volatile compounds during the flowering
season are rarely reported. Herein, a gas chromatography-mass spectrometry-based untargeted metabolomic methodology was
proposed for the comprehensive analysis of volatile compounds in E. angustifolia flowers to classify various flowering stages.
Samples from four flowering stages were collected, including the initial bloom stage, pre-full bloom stage (70–80% of flowers), full
bloom stage, and ending of the bloom stage. Simultaneous distillation extraction was used for the extraction of volatile compounds
in the flowers, which was then analyzed by a newly developed chemometric data analysis tool, autoGCMSDataAnal. An advantage
of the developed methodology is that compounds can be accurately screened and identified. Finally, 59 compounds that showed
significant difference among four flowering stages were screened and 31 compounds were identified. Sample clustering results
from principal component analysis and hierarchical clustering analysis suggested that flowers from the pre-full bloom stage and
full bloom stage may be more suitable when used as raw materials for industrial products.

1. Introduction

As a homologous variety, the flowers of Elaeagnus angustifolia
L. (oleaster, Russian olive, or wild olive) have been used in the
west zones of China [1–4]. Traditionally, the flowers were used
as amedicine [5] for chronic bronchitis and tetanus [6], asthma
[7–9], arthritis, and cough [10, 11]. Additionally, it can also be
used as a material of food additive for flavor treatment of some
wines [12, 13]. E. angustifolia flowers are widely used as tea
beverage in northwest zone of China [14]. It was reported that
E. angustifolia flowers have anti-saccharification effect and can
be used as a food additive to inhibit the undesirable sac-
charification reaction in food processing [15].-e essential oils
of E. angustifolia flowers and leaves have been extracted and
identified as preservatives in the food industry and natural
pesticides in agriculture [7].

In China, E. angustifolia has been widely planted in the
northwest zones, including Ningxia, Qinghai, Gansu, and
Xinjiang provinces [16]. Usually, the flowering season lasts
about 20–30 days and mostly ranges from May to June in
Ningxia province of China. During this period, the flowers
were collected for extracting essential oil [17]. However, the
volatile compounds in the flowers changed rapidly during
the flowering season, which can thus seriously influence the
quality of product.

A number of works had been published for character-
izing the compounds in the flowers of E. angustifolia. For
instance, Torbati et al. [7] utilized gas chromatography-mass
spectrometry (GC-MS) for studying the compounds in the
essential oil, and about 53 compounds can be quantified,
including ethyl cinnamate, hexahydrofarnesyl acetone,
palmitic acid, etc., which accounted for about 96.59%
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content in the essential oil. Chen et al. [18] and Han et al. [9]
separated a number of new compounds in the flowers of
E. angustifolia and characterized them by nuclear magnetic
resonance (NMR), which involved macrocyclic flavonoid
glycoside, triterpenoid saponin, and lignan glycosides [18].
Most of published works focused on the employment of GC-
MS for characterizing the compounds in the flowers or
related products [19]. Very little work had been reported for
studying the volatile compounds during the flowering
season.

In this work, a GC-MS-based untargeted metabolomic
strategy [20] was proposed for performing compound
identification and characterization of the content variations
during the flowering season. -e recently proposed auto-
matic GC-MS data analysis software, autoGCMSDataAnal
[21], was introduced for analyzing flower samples of
E. angustifolia for the first time. Samples from Ningxia
province were collected as examples for demonstrating the
developed strategy. Coeluted compounds in the GC-MS can
be reasonably separated with the aid of chemometric
mathematical separation algorithm and accurately qualified.

2. Experiment

2.1. Sample Collection. -e flower samples were collected
during the flowering season between 16 May and 2 June in
Yinchuan, Ningxia province of China, with a sampling
interval of 4 or 5 days. Four flowering stages were manually
divided, i.e., the initial bloom stage (with about 25% flowers,
the perianth is not open), the pre-full bloom stage (70–80%
flowers, the perianth opens), the full bloom stage (100%
flowers, the perianth is completely open), and the ending of
the bloom stage (100% flowers with some abscission, the
perianth began to wilt) [22]. A total of 34 samples from
different trees in the same area were collected, including 8
samples from the initial bloom stage, 10 samples from the
pre-full bloom stage, 8 samples from the full bloom stage,
and 8 samples from the ending of the bloom stage. After
collection, all the samples were treated in the lab for analysis.

2.2. Sample Pretreatment. A simultaneous distillation ex-
traction (SDE) procedure was utilized for volatile compound
extraction. For each sample, about 20 g of flowers was weighed
into a 1L round-bottom flask, and then 350mL of pure water
(Watsons, China) and 40 g of NaCl were added. CH2Cl2
(-ermofisher, USA) was selected as the extraction solvent and
about 40mL was added into a 250mL round-bottom flask.-e
SDE was performed for about 2h. -en, about 10mL of ex-
traction solvent was transformed into a 25mL flat-bottom flask
and 2 g of anhydrous sodium sulfate was added. Finally, 1μL of
solvent was injected for GC-MS analysis.

2.3. Preparation for Quality Control Sample. A quality
control (QC) sample was prepared by equally mixing the
extraction solutions of 34 samples. During the sample in-
jection procedure, the QC sample was injected after every 6
samples.

2.4. Instrumental Analysis. Agilent GC-MS was used for
data collection. A DB-WAXETR (30m× 0.25mm, 0.25 μm)
column was used. He (99.999%) was used as carrier gas. -e
temperature of front injection was set as 250°C, with a split
ratio of 5 :1.-e oven temperature was started with 50°C and
maintained for 3min, followed by an increment of 3°C/min
to 250°C. A 15min post-run was used under the temperature
of 250°C. -e solvent delay time was set as 4min.

-e parameters of mass spectrometry were optimized.
-e full scan mode was used with the scan range of
50–500Da and the scan speed of 5 spectra/s. -e EI tem-
perature was 230°C, and the collision energy was 70 eV.

2.5. Data Analysis. All collected GC-MS data were trans-
formed into the “mzdata.xml” file format and imported into
autoGCMSDataAnal platform for performing total ion
current chromatogram (TIC) peak detection, peak decon-
volution, time-shift correction, component registration, and
statistical analysis like analysis of variance (ANOVA),
principal component analysis (PCA), and hierarchical
clustering analysis (HCA). -e resolved spectra of screened
compounds from autoGCMSDataAnal were finally used for
compound identification in National Institute of Standards
and Technology (NIST).

3. Results and Discussion

3.1. TIC Peak Detection and Deconvolution. -e success of
GC-MS data analysis seriously relied on the compound
information extraction. -e performance of autoGCMS-
DataAnal on TIC peak detection was firstly investigated in
this work. A typical example is shown in Figure 1, where
about 107 TIC peaks were detected. A major peak eluted at
43.49min can be clearly found in the TIC signal, which
occupied about 64.42% of content in the sample. -e
margined plot in Figure 1 shows the peak detection results of
some minor peaks in more detail. Evidently, the minor
components can be successfully extracted by
autoGCMSDataAnal.

In complex sample analysis, it is very common to find
coeluted compounds, whose TIC peaks were overlapped
with each other [23]. In this case, compound identification
based on the mass spectrum collected under the peak apex
may provide inaccurate results. It will be reasonable to
perform a peak deconvolution at first. Usually, analysts may
resort to the AMIDS for TIC peak deconvolution. However,
the AMDIS can provide a number of false-positive com-
pound resolution results. Herein, the TIC peak deconvo-
lution was performed based on the multivariate curve
resolution-alternating least squares algorithm (MCR-ALS)
[24], which was implemented in autoGCMSDataAnal. An
advantage of MCR-ALS is that it is insensitive to initialized
parameters by using the iterative strategy. autoGCMSDa-
taAnal can automatically provide the initialized parameters,
like the number of components, chromatographic profiles of
components under a TIC peak, and so on, for MCR-ALS,
which will be iteratively optimized to retrieve the underlying
chromatographic and mass spectral profiles of compounds.
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An example of the TIC peak deconvolution in
autoGCMSDataAnal is shown in Figure 2. Figure 2(a)
provides a TIC peak that was extracted by autoGCMSDa-
taAnal. -e extracted ion chromatograms (EICs) under
various m/z values are shown in Figure 2(b). Figure 2(c)
shows the smoothed EICs after baseline correction.
autoGCMSDataAnal classified these EICs into two clusters
for generating initialized chromatograms for MCR-ALS.
Finally, two compounds were retrieved from the TIC peak,
with the resolved chromatographic profiles shown in
Figure 2(d).

-e benefit of compound identification after TIC peak
deconvolution is shown in Figures 2(e) and 2(f ). -e mass
spectrum of the resolved compound eluted under the apex of
the −32# was matched with the compound heptacosane by
NIST with a match factor (MF) of 761. -e other retrieved
compound (33#) was identified as benzeneacetaldehyde by
NISTwith aMF of 915. It seems that both compounds can be
matched with acceptable match factors. However, a further
investigation indicated that the resolved compound ben-
zeneacetaldehyde can be accurately identified. Results in
Figure 2 indicated that compounds under detected TIC
peaks can be successfully retrieved by autoGCMSDataAnal.
-us, in the following part of this work, autoGCMSDa-
taAnal was used for TIC peak deconvolution and compound
registration to screen compounds showing significant dif-
ference among various flowering stages.

3.2. Compound Screening and Statistical Analysis. With the
aid of autoGCMSDataAnal, a registered compound list
(266× 34) was obtained, where 266 and 34 were the number
of compounds and samples, respectively. A further analysis

indicated that 59 compounds can be found in at least 80% of
samples. -e compound screening was performing by
ANOVA with p value <0.05, and compounds that could not
be detected by 80% of samples were removed. Finally, 59
compounds were screened.

-e PCA and HCA were used to analyze grouping
characteristics of samples on the basis of the screened
compounds. Figure 3(a) provides sample distributions on
the first two principal components, which explained ap-
proximately 78.6% of information in the dataset. It can be
seen that samples from the first (initial bloom) and the
fourth (ending of the bloom) stages of the flowering season
can be clearly separated with the others, i.e., the pre-full
bloom stage and the full bloom stage. Samples from the
second (pre-full bloom) and the third (full bloom) flowering
stages were located quite close to each other in the PCA plot
(Figure 3(a)), with their ellipses calculated under 95% level
partly overlapped.

Similar results can be found from HCA (Figure 3(b)), as
samples from the second and the third flowering stages were
firstly clustered, followed by the fourth and the first flow-
ering stages. A very possible reason is that volatile com-
pounds varied dramatically during the first and the fourth
flowering seasons. In fact, sample clustering results were
consistent with practical realizations, as the flavor charac-
teristics of the second and the third were similar. With
respect to the fourth flowering stage, the flavor content
released by flowers decreased gradually.

3.3. Compound Identification. Mass spectra of the screened
59 compounds were written in an MSP file by
autoGCMSDataAnal, which were then imported into the
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Figure 1: A typical example for TIC peak detection results of Elaeagnus angustifolia L. flowers. Margined plot shows TIC peaks in detail.
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NIST for compound identification. Linear retention index
(RI) was used to limit the number of candidates. In this
work, the tolerance of RI was set at 30. An example of the
compound identification is shown in Figure 4. Figure 4(a)
provides resolved chromatogram and mass spectrum of a
screened compound, whose content was gradually decreased
from the first to the fourth flowering stages. -e resolved
chromatographic and mass spectral profiles of this com-
pound by autoGCMSDataAnal are depicted in Figure 4(b).
-e importation of the resolved mass spectrum into NIST
resulted in a number of candidate compounds. Figure 4(c)
provides several acceptable candidates on the basis of MF. In
this case, one may find it hard to identify the matched
compound, especially for the first two compounds in
Figure 4(c). With the aid of RI, the candidate can be limited
to only one candidate, which is the first one in the candidate
compound table (Figure 4(c)). Finally, the resolved com-
pound was confirmed by standard compound.

A combination of autoGCMSDataAnal with NIST sug-
gested that among the screened 59 compounds, 31 compounds
can be matched by NIST with MFs above 700 and RI error
below 30, which involved 11 esters (hexanoic acid ethyl ester,
benzoic acid ethyl ester, benzeneacetic acid ethyl ester, ben-
zenepropanoic acid ethyl ester, ethyl cinnamate, 2-propenoic
acid-3-phenyl methyl ester, 2-propenoic acid-3-phenyl ethyl
ester, 2-propenoic acid-3-phenyl-2-methylpropyl ester, hex-
adecanoic acid ethyl ester, octadecanoic acid ethyl ester, and 9-
octadecenoic acid ethyl ester), 7 aldehydes (hexanal, heptanal,
2-hexenal, nonanal, furfural, benzaldehyde, and benzeneace-
taldehyde), 4 alcohols (benzyl alcohol, phenylethyl alcohol, 3-
phenyl-2-propen-1-ol, and phytol), 3 organic acids (2-meth-
ylbutanoic acid, heptanoic acid, and n-hexadecanoic acid), 2
phenols (2-methoxy-4-vinylphenol, and trans-isoeugenol), and
4 unclassified compounds. Detailed information of matched
compounds including retention time, RI, MF, and so on is
shown in Table 1.
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Figure 2: Illustration of TIC peak deconvolution by autoGCMSDataAnal. (a) Detected TIC peaks. (b) Original acquired EICs under the TIC
peak. (c) EICs with baseline correction by autoGCMSDataAnal. (d) Retrieved compounds for the TIC peak. (e) Identified compound for 32#
compound. (f ) Identified compound for 33# compound.
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-e content variations of identified compounds during
flowering season are shown in a heatmap in Figure 5. As can
be seen, ten ester compounds showed higher expression level
at the first stage (initial bloom), such as 9-octadecenoic acid
ethyl ester, isobutyl cinnamate, benzoic acid ethyl ester,
benzeneacetic acid ethyl ester, ethyl cinnamate, hexanoic
acid ethyl ester, 2-propenoic acid-3-phenyl methyl ester,
octadecanoic acid ethyl ester, 2-propenoic acid-3-phenyl

ethyl ester, and hexadecanoic acid ethyl ester. By contrast,
fifteen compounds show more content at the fourth flow-
ering stage, including benzyl alcohol, nonanal, heptanal,
heptanoic acid, 2-methoxy-4-vinylphenol, phenylethyl al-
cohol, 2-hexenal, hexanal, 6,10,14-trimethyl-2-pentadeca-
none, furfural, benzenepropanoic acid ethyl ester,
n-hexadecanoic acid, 2-methylbutanoic acid, benzeneace-
taldehyde, and benzaldehyde. Notably, all of the identified
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Figure 3: PCA (a) and HCA (b) clustering results. “G1,” “G2,” “G3,” and “G4” represent the initial bloom stage, the pre-full bloom stage, the
full bloom stage, and the ending of the bloom stage, respectively.
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Figure 4: Illustration of compound identification procedure in the present work. (a) A screened compound. (b)-e resolved chromatogram and
mass spectrum of the compound. (c) Candidates in the NIST. (d) With the aid of RI, a candidate was finally accepted and confirmed. “G1,” “G2,”
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aldehydes were significantly increased at the fourth stage. A
similar report was found by Hou et al. [25], which suggested
that aldehydes will be gradually increased during the mat-
uration stage.

Results indicated that most of compounds were changed
slowly during the second and the third flowering stages.
Compounds in the first and the fourth stages were quite
different with the other stages. -e compound distribution

Table 1: Information of identified compounds.

ID RT (min) Calculated RI NIST RI Compound Formula CAS MW MF
1 5.821 1068 1083 Hexanal C6H12O 66-25-1 100 741
2 8.928 1183 1184 Heptanal C7H14O 111-71-7 114 922
3 10.070 1218 1216 2-Hexenal C6H10O 6728-26-3 98 899
4 10.687 1233 1233 Hexanoic acid ethyl ester C8H16O2 123-66-0 144 836
5 11.333 1250 1235 3,7-Dimethyl-1,3,6-octatriene C10H16 3338-55-4 136 853
6 16.966 1392 1391 Nonanal C9H18O 124-19-6 142 912
7 19.968 1468 1461 Furfural C5H4O2 98-01-1 96 854
8 22.116 1521 1520 Benzaldehyde C7H6O 100-52-7 106 879
9 26.833 1642 1640 Benzeneacetaldehyde C8H8O 122-78-1 120 899
10 27.661 1664 1658 Benzoic acid ethyl ester C9H10O2 93-89-0 150 938
11 28.200 1679 1662 2-Methylbutanoic acid C5H10O2 116-53-0 102 755
12 32.138 1785 1783 Benzeneacetic acid ethyl ester C10H12O2 101-97-3 164 935
13 35.341 1878 1870 Benzyl alcohol C7H8O 100-51-6 108 924
14 35.523 1883 1893 Benzenepropanoic acid ethyl ester C11H14O2 2021-28-5 178 843
15 36.470 1911 1906 Phenylethyl alcohol C8H10O 60-12-8 122 953
16 38.100 1959 1950 Heptanoic acid C7H14O2 111-14-8 130 907
17 39.113 1989 2012 Ethyl cinnamate C11H12O2 4610-69-9 176 880
18 41.748 2072 2056 2-Propenoic acid-3-phenyl methyl ester C10H10O2 103-26-4 162 897
19 43.422 2125 2131 6,10,14-Trimethyl-2-pentadecanone C18H36O 502-69-2 268 884
20 43.487 2127 2130 2-Propenoic acid-3-phenyl ethyl ester C11H12O2 4192-77-2 176 943
21 45.594 2195 2188 2-Methoxy-4-vinylphenol C9H10O2 7786-61-0 150 814
22 46.320 2220 2243 Isobutyl cinnamate C13H16O2 122-67-8 204 811
23 47.301 2254 2251 Hexadecanoic acid ethyl ester C18H36O2 628-97-7 284 716
24 48.154 2283 2282 3-Phenyl-2-propen-1-ol C9H10O 4407-36-7 134 834
25 49.996 2347 2354 trans-Isoeugenol C10H12O2 5932-68-3 164 941
26 51.534 2400 2399 Isoelemicin C12H16O3 487-12-7 208 855
27 52.608 2441 2445 Indole C8H7N 120-72-9 117 774
28 53.116 2459 2451 Octadecanoic acid ethyl ester C20H40O2 111-61-5 312 817
29 53.613 2478 2476 9-Octadecenoic acid ethyl ester C20H38O2 6114-18-7 310 916
30 57.203 2613 2622 Phytol C20H40O 150-86-7 293 921
31 64.546 2915 2931 n-Hexadecanoic acid C16H32O2 57-10-3 256 903
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characteristics can be found in the sample clustering results,
as samples from the second and third stages were classified at
first (Figure 3). -e relatively constant factor in composition
of E. angustifolia flowers is the evaluation criterion for in-
dustrial products. According to the results shown in this
work, the quality of E. angustifolia flowers can bemaintained
during the second and the third flowering stages, which may
be more suitable when used as a raw material for industrial
products.

4. Conclusion

-is work proposed a strategy for investigating the volatile
compounds in the E. angustifolia flowers during the flow-
ering season. Samples from four flowering stages including
the initial bloom stage, the pre-full bloom stage, the full
bloom stage, and the ending of the bloom stage were col-
lected for studying. 31 compounds were finally screened and
identified. Both PCA and HCA indicated that samples from
the second and third stages were closer than the remaining
two stages. In conclusion, flowers from the second and third
stages were more suitable when used as raw materials for
industrial products.
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