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Abstract: A prediction model for soybean meal protein content was developed using low-field NMR and
near-infrared spectral data fusion for rapid protein content detection during soybean meal production. Firstly,

the low-field NMR and near-infrared spectral data were collected from test samples. Secondly, the two
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collected signals were preprocessed and the Successive Projections Algorithm (SPA) was used to extract the

characteristic variables of the low-field NMR and near-infrared spectra. The partial least squares method, BP

(Back Propagation) neural network and Sparrow Search Algorithm (SSA) were employed to optimize the BP

neural network (SSA-BP). The selected characteristic variables were fused to establish a prediction model for

soybean meal protein content. The SSA-BP model, constructed by fusing low-field NMR and near-infrared

feature layer data, showed the best performance, with a calibration set determination coefficient of 0.983 0,

RMSE of 0.127 3, validation set determination coefficient of 0.956 4, and RMSE of 0.203 9. In summary,

this method enables achieve rapid, non-destructive and accurate quantitative detection of soybean meal

protein content while verifying, feasibility and effectiveness of low-field NMR and near-infrared data fusion.

Key words: protein; low-field nuclear magnetism resonance; near-infrared; feature layer fusion; soybean

meal protein
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Table 4 Detection results of soybean meal from different origins
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1 4323 43.29 4339 4321
2 4256 43.48 42.48 42.60
3 46.73  46.66 46.53 46.77
4 4428 4421 44.19 4431
5 4138  41.46 42.48 41.42

AHIF A P AR 00 245 51 5 A 0 25
REA—Z, EAREREEEIIE 0.1%UN . U
WA 1205 1 RERE VT T BRI 3R 0 A E

3 i

AWFFEAE IR ZEE A S HR , IR
AR 5E L AMDGIE S TRLG B SR R
PN R 22 TR A SRR 2 A
X R T A e AT T . A R B A% R
LIRS 5 I LL AN R AR 2 Al ISR T
B AR T ROR , Horh B A IE SRR A i 42
BT 3.71%, BUEERBREERS T 4.15%. B
TR FH AR LA A B A ot o 500 il 5 J A 1 T A
RIBEATHAIE , 25 REWURIG R ILIR 5 40 1y
I J2 5500 Rl 5 R A8 2 e B R TROMORG B2, Bef 1
TOMA SR EA RS ST, XhESE
B AR SR E TR BAR SCRE, TR R A
TIPS 2R I S5 AT A 2 T R A P S

S 3K -

[1] B, Dhouk, kSR, & KEHEAEREET LR
[7]. A= 5N T, 2022, (12): 52-56.

FAN J, MA J H, ZHANG H E, et al. Research on optimization of
soybean protein compound extrusion process[J]. Agricultural
Products Processing, 2022, (12): 52-56.

2]  Z—2, kT, KRR, % AR SO TR T
WFFE[I]. M-SR, 2024, 37(4): 115-118.

LIY J, ZHANG Y, WU T L, et al. Research on the production
process of low-calorie quinoa sandwich dumplings[J]. Grains
and Oils, 2024, 37(4): 115-118.

[31  ZHk, SR, AR, S5 kD HTRbR A L I E R AE £
S GG P Y LB ST 1), Th I R SRR, 2020, (4):
258-265.

QIN L, HUANG S Q, ZHONG L L, et al. Comparative study of
Dumas combustion method and Kjeldahl nitrogen determination

method in soil total nitrogen detection[J]. China Soil and

(4]

[3]

(6]

(7]

(8]

(9]

[10]

[11]

Fertilizer, 2020, (4): 258-265.

guige. ORISR F1 BT R T DA E BORBIATSET]. AR
SRR, 2017, 38(8): 14-15+35.

NA R. Study on near infrared rapid determination of protein
content in soybean meal[J]. Animal Husbandry and Feed
Science, 2017, 38(8): 14-15+35.

LENG T, HU X, CHEN Y. Rapid identification and quantitation
of pork and duck meat of binary and ternary adulteration in
minced beef by 1H NMR combined with multivariate data
fusion[J]. Food Control, 2023, 154: 110018.

VT, e, KT, % RAERERENEE N PR
&[], iRk, 2022, 43(20): 269-274.

TANG S Y, TANG X Y, ZHANG Y H, et al. Determination of fat
content in pork by low-field nuclear magnetic resonance[J].
Food Science, 2022, 43(20): 269-274.

TEWE, ST, RN, % BTGB 1 AR
F B I 2 B JC b G I D I IS (/0L B Tk BHE,
1-13.

WANG Y Y, DAI Y J, WANG Y Y, et al. Non-destructive
detection method of protein and fat content of Cinnamon
chinensis based on near-infrared spectroscopy[J]. Science and
Technology for the Food Industry, 1-13.

Bl EIE, Z5IRFR, & B TR CIE AR 4k
B[] SerhaRallR2E2E4], 2024, 43(2): 264-272.

YANG K, HE Y T, LI W L, et al. Detection of adulteration of
whole egg powder based on near-infrared spectroscopy[J].
Journal of Huazhong Agricultural University, 2024, 43(2): 264-
272.

W, TR, ARG S ARG R PR R S R
1555 M BURE 0 3 A 4B (1], & 5L, 2020, 36(7):
23-27+71.

XIE A G, WANG M S, SHI X W, et al. Dynamic analysis of
low-field NMR relaxation signal and quality characteristics
during beef heating[J]. Food & Machinery, 2020, 36(7): 23-
27+71.
ROV, FE, DR, 5. RGREES G AT R A R
P L2 AR AR Y I D). 0 Tl B, 2019, 40(6):
31-36.

YUAN Y P, LI J, MAY, et al. Low-field NMR combined with
physical and chemical indexes to analyze the quality of vacuum
packed yak meat during low-temperature storage[J]. Science and
technology for the food industry, 2019, 40(6): 31-36.

KA, EHTy, BAR, F AR IR TR E T
B Ak BHT XS AS [ RO ILPA i B RO RZ M [T, £ An e, 2016,
37(9): 23-28.

ZHU X S, HUANG X F, LU X X, et al. Combined with
low-field nuclear magnetic resonance (MRI), the effects of
repeated freeze-thaw treatment on muscle quality in different
parts of broilers were analyzed[J]. Food Science, 2016, 37(9):
23-28.




335 2025 £ 18

?ﬁ InmBesETnE

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[21]

BRI E A, A, S ST IRLAMGRE TR A
JRIREARAEE ] 656550 4T, 2019, 39(9): 2818-
2822.

SHENG X H, LI Z W, LI Z P, et al. The hardness of Korla
fragrant pear was determined based on near-infrared spectroscopy
analysis technology[J]. Spectroscopy and Spectral Analysis,
2019, 39(9): 2818-2822.

k. BET RIS AR BOR 1 KT T S AP 4 BT [D]. 451
VLo L9 K24, 2023.

YANG H. Research on the identification of maize seed varieties
based on hyperspectral imaging technology[D]. Zhenjiang:
Jiangsu University, 2023.

YUAN Y, LI J, HE S, et al. Composition of phenolic and
antioxidant activity of water chestnut peel during digestion in
vitro as affected by blanching time[J]. International Journal of
Food Properties, 2019, 22(1): 71-83.

WEI C, BIN Z, JINZHAO Y, et al. Research on rapid detection
of cross-scale defects in surface based on deep learning[J].
Journal of Manufacturing Processes, 2024, 10(9): 345-358.

EMg, KRN, EEE, F A TEEBGEAERAER M SVR
ERBILT]. AR SRR, 2024, 34(4): 24-29.

WANG M, ZHANG T S, WANG Z B, et al. SVR acceleration
algorithm based on spatial projection and clustering[J]. Computer
Technology and Development, 2024, 34(4): 24-29.

PR, BT G R BOR Y K o B PRE T A
ILWTFE[D]. KB TR Tl k2%, 2023.

LU G Q. Research on rapid nondestructive detection method of
maize freshness based on hyperspectral imaging technology[D].
Zhengzhou: Henan University of Technology, 2023.

SHENG G, HUIHUI S, XIAOYAN H, et al. Performance audit
evaluation of marine development projects based on SPA and BP
neural network model[J]. Open Geosciences, 2023, 15(1): 153-
157.

AN, AbAR, FFORMI, S ARSI RN 45
SRAE A BUR 3 B SRR B ST Fe U (1], i 5ot
SIAT, 2024, 44(2): 467-473.

GU X P, YANG L L, QI D M, et al. Fourier transform infrared
spectroscopy for the establishment of quantitative model and
content determination of active ingredients in honeysuckle[J].
Spectroscopy and Spectral Analysis, 2024, 44(2): 467-473.
FRE, BT, i, % ST IEASM R BRI I 5K
HREHATTE]. 3 AR E4R, 2023, 35(2): 89-96.

WANG C Y, LUO H P, GAO F, et al. Inversion of moisture
content of apricot leaves based on near-infrared spectroscopy[J].
Journal of Tarim University, 2023, 35(2): 89-96.

LA, XWGHE. BT 2203 PR Al 1 6 3R THDIE o A )
[7]. HLFE AR, 2022, 45(3): 131-135.

XIANG J H, LIU C L. Detection of optical surface defects based
on multispectral image fusion[J]. Electronic Measurement

Technology, 2022, 45(3): 131-135.

[22]

(23]

(24]

[25]

[26]

LIU Y, SUN X, OUYANG A. Nondestructive measurement of
soluble solid content of navel orange fruit by visible-NIR
spectrometric with  PLSR and PCA-BPNN[J].
LWT-Food Sci Technol, 2010, 43(4): 602-607.

technique

XUE J K, SHEN B. A novel swarm intelligence optimization
approach: sparrow search algorithm[J]. Systems Science &
Control Engineering, 2020, 8(1): 22-34.

2N, skEE, kg 55T SSA Bk SVM i &k shplii
TS BAREIEAG[I]. Wi 5% 3, 2023, 48(2): 129-134.

LI Y S, ZHANG G Y, ZHANG Y. Engine lubricating oil
information status evaluation based on SSA algorithm optimization
SVM[J]. Lubrication and Sealing, 2023, 48(2): 129-134.

U, B, PR, S JETUE SSA-BP MIZE 2K K 2 5
KGRI EETN[T]. Al HHR, 2022, 42(6): 18-25.

WANG H, CHEN T, CHEN X H, et al. Prediction of moisture
and temperature for re-roasting based on improved SSA-BP
neural network[J]. Agriculture and Technology, 2022, 42(6):
18-25.

SUN L Z, GUO Y, PAN S E, et al. Reflow soldering process
virtual test based on BPNN-GA and ANSYS[J]. Applied
Mechanics and Materials, 2013, 2213(281-281): 417-421. &

#iF: AW EARFAATIERMN (http:/lyspkj.ijournal.en ), 1

(EEF S N N SN iR R €L RN





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF005B57FA4E8E201C005B9AD88D2891CF62535370005D201D005D00204F7F75288FD94E9B8BBE5B9A521B5EFA7684002000500044004600206587686353EF901A8FC7684C976262535370673A548C002000700072006F006F00660065007200208FDB884C9AD88D2891CF62535370300260A853EF4EE54F7F75280020004100630072006F0062006100740020548C002000410064006F00620065002000520065006100640065007200200035002E003000204EE553CA66F49AD87248672C676562535F00521B5EFA768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


