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Abstract

In order to realize the nondestructive and rapid detection of fat content of Xanthoceras sorbifolia and meet the screening of
breeding materials and industrial processing requirements of X.sorbifolia, 46 X.sorbifolia were selected as the standard sample
set, the results showed that the fat content of 46 apricot kernel kernels was 49.38%~68.98% an average content of 61.62%. The
fat content of the seed kernel was determined by the Soxhlet extraction method, and the spectral data of the sample was
collected by the near-infrared spectroscopy (NIRS) technology, and the Unscrambler software was used to construct the NIRS
prediction model of X.sorbifolia fat content by the partial least squares (PLS) method. The results showed that the regression
curve R-Square (determination coefficient) of the model was 0.9856, and the RMSE (standard error) was 0.4149, which could
be used for effective prediction. At the same time, 32 X.sorbifolia samples not participating in the modeling were selected as
validation materials to further carry out external test on the prediction effect of the model. The results showed that the external
test regression curve R-Square was 0.9014, RMSE was 0.8259, and the predicted value of fat content was in good agreement
with the chemical value.
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1. Introduction

Xanthoceras sorbifolium is a unique woody oil plant in
China with both medicinal and edible value. The oil content
of seed is as high as 60%. Besides, the fruit, root, and stem
can be used as medicine, which is of great economic value [1,
2]. In addition to being processed into edible oil, can also be
used to produce high-grade industrial crude oil. Currently,
the determination of fat content in X.sorbifolia primarily
relies on chemical analysis methods, which provide accurate
results but the process is time-consuming, labor-intensive,
and destructive to samples. Therefore, there is an urgent need

to develop a simple, rapid, non-destructive, and environ-
mentally friendly method for determining fat content in
X.sorbifolia. Therefore, it is imperative to develop a simple,
non-destructive, and green determination method for the fat
content of X.sorbifolia fruit. Near-infrared spectroscopy
(NIRS) technology can quickly, efficiently, and
non-destructively detect the content of various components
in plants [3, 4]. In recent years, it has been widely applied in
many fields such as agriculture, food, and medicine [5-13].
In agriculture, NIRS models have been established for ana-
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lyzing relevant components in crops such as soybeans, pea-
nuts, and corn, and the content of various components in
different genotypes has been investigated [14-20]. However,
as of now, there have been no reports on NIRS-based predic-
tion of fat content in X.sorbifolia. In this study, spectra col-
lected using the Perten Company's third-generation diode
array near-infrared analyzer DA7250 were combined with
corresponding chemical values. Using The Unscrambler X
10.4 (64-hit) software for analysis, a mathematical model for
non-destructive and rapid detection of fat content in
X.sorbifolia was established. The aim is to achieve rapid
determination of fat content, to save time and costs, provide
an efficient approach for screening breeding materials and
industrial processing of X.sorbifolia.

2. Materials and Methods

2.1. Experimental Materials

The experimental materials were different types of
X.sorbifolia from Hebei, Shandong, Henan, Liaoning Shanxi,
and other places. Among them, 46 types of them were used for
modeling, and 32 types were used for validation of the model.
For each sample, 100 g of seeds were randomly selected,
shelled and dried, and NIRS spectra were collected; then, they
were ground, crushed, sieved through a round hole sieve with a
diameter of 1.0 mm, and the material passing through the sieve
was placed in an oven 80T to constant weight, and then packed
in sealed bags for preservation, used for the determination of
chemical values of fat content in X.sorbifolia.

The main instruments or reagents include near-infrared
analyzer DA7250 (manufactured by Perten Instruments,
USA), Soxler extractor (produced by Shanghai Hongji In-
strument Equipment Co., LTD.), and petroleum ether (boil-
ing point 60~90 <C).

2.2. Experimental Methodology

(1) Determination of chemical value of fat content in sam-
ple set: The fat content of X.sorbifolia kernels was deter-
mined by Sox extraction method [21] according to GB
5009.6-2016.

(2) Collection of NIRS Spectral Profiles for Sample Sets:
Forty-six varieties of X.sorbifolia kernels were selected. Us-
ing the DA7250 near-infrared analyzer in advanced mode,
spectral data collection was performed with 5 nm resolution
and a spectral range of 950-1650 nm. To ensure experimental
accuracy, each sample was measured three times with re-
peated measurements for a total of three replicates. Spectral
data from each variety's kernels were processed into DX
format files.

Import the dx format file into The Unscrambler X 10.4
(64-bit) software. After successful import, add the chemical
values corresponding to each sample. Define the database
range using spectral wavelength as the X-variable and
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chemical values as the Y-variable. View the original spec-
trum, remove abnormal spectra and their corresponding out-
liers, and generate the sample spectral profile.

(3) NIRS Model Establishment: Utilizing The Unscram-
bler X 10.4 (64-bit) software, the spectra after deleting the
abnormal values were pre by 1st Derivative, SNV, and
Detrending to eliminate the effects of scattered light and path
length variation, and the chemical value and the acquired
NIR data were fitted respectively; the chemometrics method
of partial least squares (PLS) was used to establish a mathe-
matical model, and the model was optimized by repeatedly
adopting the internal-validation to eliminate the influence of
the abnormal value and the number of factors; the best model
was screened through comparing the R-Square (coefficient
of determination), RM (standard error), and the influence of
the number of factors of the model. The smaller the RMSE,
the larger the R-Square, and the better the prediction of the
model.

(4) External Validation of the NIRS Model: 32 non-modelled
samples were randomly selected as validation materials. The
screened NIRS model was applied to predict fat content, with
chemical values measured using Soxhlet extraction. The model's
predictive performance was evaluated by comparing the corre-
lation and accuracy between NIRS predicted values and chemi-
cal measurements for each sample.

2.3. Data Analysis

Data processing and analysis were performed using Excel
2017 and The Unscrambler X 10.4 (64-bit) software.

3. Results and Analysis

3.1. Chemical Values of Sample Set Kernel
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Figure 1. Chemical value of fat content of the samples.

The Soxhlet extraction results (Figure 1) indicate that the
fat content of 46 varieties of X.sorbifolia kernels ranges from
49.38% to 68.98%, with an average of 61.62%. The fat con-
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tent distribution of the samples essentially covers the normal
range of production and breeding materials, demonstrating
good continuity and representativeness that meets the re-
quirements for NIRS calibration. The selected X.sorbifolia
kernels in this study exhibit a wide variation in fat content,
making them suitable for establishing NIRS models.

3.2. NIRS Mapping of Sample Set Kernel

After acquiring spectral data from 46 varieties of
X.sorbifolia kernels, we generated Near-Infrared Spectral
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(NIRS) curves using The Unscrambler X 10.4 (64-bit) soft-
ware. The results (Figure 2) demonstrate that all 46 samples
exhibited nearly identical spectral trends, with distinct ab-
sorption peaks observed across the 950-1650 nm wavelength
range. While multiple absorption peaks were present in indi-
vidual samples, significant variations were observed at the
same peak positions between different specimens. This indi-
cates that the NIR absorption spectrum of Chinese wingnut
seeds can effectively support both qualitative and quantita-
tive analysis of their constituent components.

Wavelength

Figure 2. NIR spectra of X.sorbifolia samples.

3.3. Construction of NIRS Model

Spectral data were collected using a near-infrared analyzer,
and Unscrambler software was employed to perform fitting
processes on both the chemical values of seed fat content and
the acquired NIRS data. A partial least squares (PLS) model
was established through iterative outlier removal, with the
best model selected based on R-square and root mean square
error (RMSE). Results (Figure 3) demonstrate that the model
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predictions exhibit a strong linear relationship with chemical
method measurements, showing excellent fitting perfor-
mance. The regression curve achieved an R-square value was
0.9856 and RMSE was 0.4149. The predicted value of the
model of the fat content X.sorbifolia kernels by NIRS is in
good agreement with the measured value of the chemical
method, model is credible, and the prediction of the fat con-
tent of X.sorbifolia kernel has high reference value.
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Figure 3. Regression curve of the predicted model.
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3.4. External Validation of the NIRS Model

Thirty-two X.sorbifolia kernels not included in the mod-
eling process were randomly selected for external validation
of the established Near-Infrared Spectroscopy (NIRS) model.
The results (Figure 4) demonstrate a strong linear correlation
between NIRS predicted values and chemical analysis meas-
urements, with sample data clustering closely around the
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central axis. The model exhibits an R-squared value of
0.9401 and root mean square error (RMSE) of 0.8259, indi-
cating high reliability of the predictions. The prediction val-
ue of fat content of X.sorbifolia kernel obtained by NIRS
model was more accurate, and this model can be used for the
screening of materials and industrial production of
X.sorbifolia.
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Figure 4. Regression curve of externally validation for NIRS model.

4. Conclusion and Discussion

The X.sorbifolia, a unique woody oil crop in China, yields
seeds containing over 60% oil with more than 90% unsatu-
rated fatty acids. These neuroactive compounds, which can
repair brain nerve cells and promote nerve fiber regeneration,
play a crucial role in preventing and treating neurodegenera-
tive diseases and nervous system disorders. In recent years,
Near-Infrared Spectroscopy (NIRS) technology has been
widely applied in agriculture, with predictive models estab-
lished for various crops. For instance, Geng Liguo et al. [14]
developed a non-destructive NIRS model to assess soybean
seed viability, Ji Hongchang et al. [18] created an oil content
prediction model for peanut kernels using NIRS, and Fang
Yan [20] established a corn kernel crude starch content pre-
diction model through NIRS analysis. However, current
methods for determining Chinese wingnut fat content typi-
cally involve Soxhlet extraction or acid hydroly-
sis—processes requiring sample pulverization and chemical
reagents that are time-consuming, damage sample integrity,
and cause environmental pollution. This study employed a
DA7250 NIRS spectrometer combined with Unscramble
software to develop a predictive model for seed fat content.
The model enables accurate and rapid measurement of fat
content in whole seeds, semi-seeds, and powdered forms.
Compared to traditional methods, this approach preserves
sample integrity, avoids material waste, and allows efficient
fat content determination without chemical reagent contami-
nation.
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Due to the influence of multiple factors such as measure-
ment environment, technical conditions, background compo-
sition, and target components of samples on near-infrared
spectroscopy collection [22-24], the spectral information
often exhibits significant overlap and abnormal complexity.
This results in complicated parameter configurations for pre-
dictive models, making prediction accuracy the most critical
challenge limiting.

their development. Therefore, scientific sampling and er-
ror reduction are crucial for improving the predictive accu-
racy of spectral analysis models. To achieve ideal prediction
outcomes, this study randomly selected excluded, while pre-
processing eliminated the effects of scattered light and path
variations. Through repeated fitting of chemical values and
spectral data, we established and progressively optimized the
model, ultimately achieving an optimized X.sorbifolia kernel
fat content determination model with R-squared value of
0.9856 and root mean square error (RMSE) of 0.4149. In
conclusion, the developed near-infrared spectroscopy predic-
tion model for X.sorbifolia kernel fat content demonstrates
stable and accurate performance. The detection method is
economical, rapid, efficient, and non-polluting, providing a
swift and effective pathway for X.sorbifolia breeding materi-
al screening and industrial processing.

Abbreviations

NIRS Near-Infrared Spectroscopy
RMSE Root Mean Square Error
PLS Partial Least Squares
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