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Application of modern spectroscopic technologies in the analysis
of plant nutritional quality

DU Chang-wen
( State Key Laboratory of Soil and Agricultural Sustainability/
Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China )

Abstract: In current stage food security has been considering both the total food amount and the food quality
instead of formally mainly considering the total food amount, therefore, the society pay more attention to the
analysis of food quality. The conventional plant nutritional analysis was laboratory-based chemical analysis,
which was time- and cost-consuming as well as high labor intensity. Thus, the routine methods are difficult to
meet the requirement of mass plant nutritional information deprived from food quality. Correspondingly,
spectroscopic methods, including ultraviolet, visible, infrared, fluorescence and Raman etc., have been widely
used for in situ rapid obtaining of food quality parameters in a large variety of plants including crops, vegetable
and fruit as well as some Chinese medicine plants. Furthermore, some subjective sensory properties can be
characterized by spectroscopic methods in a more objective way. Infrared photoacoustic spectroscopy and laser
induced breakdown spectroscopy have been applied in various fields, and demonstrated great potential in plant
nutritional analysis. Multivariate calibration and validation were needed since spectral analysis involved numerous
data points, which were well supported by chemometrical methods and computer technology, and highlights will
focused on the in situ rapid obtaining of food quality parameters based on plant nutrition knowledge combining
the platforms of internet and cloud technology as well as intelligent terminals.
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Table 1 Application of infrared spectroscopy in plant nutritional analysis

A A fit Tk YsitiSES 250K
Plant Wavelength range Chemometrical methods Quality parameters References
INE VIS/NIR/MIR PLS/PCR/ICA-ANN W35y, |HM, &AF, N6, A0, B, S8 [10-24]
Rice SVMR/LDA B, VEREEH, TR

Mineral nutrients, amino acid, protein, fat, organic acid,

sugar, amylase, starch structure, micro elements

INE NIR/MIR PLS/ANN WAy, HAR, M, SRR, WA, Koy, N, 4 [25-30]
Wheat *4, JEK
Mineral nutrients, protein, sugar, amino acid, gluten, fat,

cellulose, starch

ESP N NIR PLS-DA/SIMCA/ WRES, |AK, 2L, rIEvERE, I8, Ek, 2% [31-37]
Corn K-NN/LS-SVM A% MR, R, TRER

Root activity, protein, amino acid, soluble sugar, fat,

starch, carotenoid, oleic acid, mycotoxin

+5 NIR/MIR PLS HYIFRsy, dEAER, MEA, I8N, WEky, ZP4E, UEBE  [38-42]
Potato Plant nutrients, vitamin, crude protein, fat, starch,

cellulose, acrylamide

pNEl NIR/MIR PLS WHERY, HH, 5, AER, mokkay, —RR [43-47]
Soybean Jie, MR, BENERR, AEEER
E Mineral nutrients, protein, fat, amino acid,

carbohydrate, melamine, oleic acid, octadecanoic acid,

vitamin E
TR VIS/NIR/MIR PLS/SVM/MLR/ELM 4/, Ly, ¥, nNAEMEESY, Bokeaw, &, % [48-56]
Fruit W NE, Wy, B, EER, PR

Vitamin, polyphenol, sugar, soluble solid, carbohydrate,
nitrogen, carotenoids, phenol, flavones, anthocyanidin,

ascorbic acid

fiE NIR/MIR PLS R, BHRRER, TIAMER A, FTRERR, B, ArERR, B [57-61]
Vegetable B, IR, IR
Nitrogen, nitrate, soluble solid, titratable acid, sugar, citric
acid, monosaccharides, reducing sugar, amino acid
I H %% NIR PLS MR, 4EA=3KE, MY [62-63]
Sunflower Fatty acid, vitamin E, phytosterin
B NIR/MIR PLS WERsy, EAR, &N, AR, T, TR [64-70]
Oil rape Mineral nutrients, protein, fat, amino acid,
glucobrassicine, mustard
L NIR PLS 0pE, 285, By, W, dAERC, Ak, Sfkis [71-72]
Honey %,
Monosaccharides, polysaccharides, phenol, flavones,
vitamin C, antioxidant capacity, oxidation index, copper
it NIR PLS JURR, 2B, BAER, MHER [73-75]
Tea Catechin, polyphenol, amino acid, caffeine
iy NIR PCA/PLS/SVM FYELER, MR, MRER [76-77]
Cotton Cellulose structure, cotton oil, cotton protein

i (Note) : VIS—H]WLEE Visible spectroscopy; NIR—ITZLAEE Near-infrared spectroscopy; MIR—TEL 4161 Mid-infrared
spectroscopy; PLS—1fif /N 37 Partial least square; PCR— 32 %2431 J9 Principal component regression; ICA—4ft 37 i 4343 #T Independent
component analysis; ANN—A T #1222 Artificial neural networks; SVMR—3Z 3¢ /L [F])H Support vector machines regression; LDA—2k 4
JI5143 87T Linear discriminant analysis; PLS-DA—{#5/)» —3f€ [ )4 Partial least squares discriminant analysis; SIMCA—#& S0 7 45k #4035
Soft independent modeling of class analogy; K-NN—K #7455 % K-nearest neighbors; LS-SVM—¥x/N "I 7 #5: [/ &L Least-squares support
vector machines; ELM—#% FR 2% >J #| Extreme learning machine; MLR—22 7G4k 7% [1 5 multiple linear regression.
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Fig.3 Schematic description of the photoacoustic spectroscopy setup
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Fig. 4 Principle of laser induced breakdown spectroscopy (LIBS)
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Fig. 5 In situ rapid obtaining of plant nutrition quality parameters combining information technology
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