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Grain quality involves the appearance, nutritional, and safety attributes of grains. With the improvement of people’s
living standards, problems pertaining to the quality of grains have received greater attention. Modern quality
detection techniques feature unique advantages including rapidness, non-destructiveness, accuracy, and efficiency
in detecting grain quality.

appearance attributes nutritional attributes safety attributes non-destructive detection

physical properties sensory properties cereal grains

| 1. Introduction

Grains, containing nutritional ingredients including carbohydrates, proteins, fats, vitamins, and minerals, are daily
necessities of human life. However, impurities, unsound kernels, fungal toxins, pesticides, and heavy metal
residues pose a risk to human health. With regular economic growth and social progress, consumers have begun
to pay more attention to the quality and safety of grains and have increasingly larger demands for high-quality and
highly safe grains. The quality attributes of grains acceptable to consumers mainly include appearance attributes
(size, shape, and color), nutritional attributes (protein, starch, fat, and vitamin), and safety attributes (contaminants
such as mildew, pesticide residues, and heavy metal residues). Detailed and specific requirements for quality
indices of grains have been set in Chinese National Standards. For appearance attributes, appearance indices
including the color and shape, impurity, and unsound kernels of wheat, maize, paddy, and soybean have been
elucidated in detail in the Assistant Atlas of Grain Sensory Inspection WIZIEI4l As to nutritional attributes, the
determination methods for nutrients including proteins B, starches &, fats [, ashes B, amino acids &, dietary
fibers 29 and trace elements 11 have been specified in the Chinese National Standards for Food Safety. In terms
of safety attributes, the maximum residue limits for pesticides 12, maximum residue limits for fungal toxins 22!, and
maximum levels of contaminants 24! in grains have been listed in the Chinese National Standards for Food Safety.
There are also detailed requirements pertaining to the appearance L6718 nytritional attributes [121[201[21][22](23]

(241[25] and safety attributes [28127128]29] of grains in international standards.

Grain quality is an important index in the grain circulation process involving the production, storage, trading, and
processing. Grain quality detection has always been one of the greatest challenges pertaining to the treatment,

processing, classification, and safety guarantees needed in the food industry. Traditionally, grain quality detection is
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realized through sensory and chemical analyses. However, sensory analysis is time-consuming, inefficient, highly
subjective, and susceptible to external interference (influences of physical conditions such as fatigue); chemical
analysis is expensive, time-consuming, laborious, and destructive, and requires a laboratory. In recent years, to
meet the requirements of modern quality inspection, detection techniques based on physical properties such as
acoustic, optical, thermal, electrical, and mechanical properties and sensory features including visual, gustatory,
and olfactory features have been developed apace. The references of the state of the art were obtained within the
last five years in the core collection database of the Web of Science search engine. The researchers searched the
references by combining the keywords cereal, grain, and quality with the technical words of physical properties
such as near-infrared spectroscopy (NIRS), hyperspectral imaging (HSI), Raman spectroscopy (RS), optical,
dielectric, nuclear magnetic resonance (NMR), X-ray, electromagnetic, acoustic, thermal, and mechanical, and
sensory features such as electronic eye (E-eye), computer vision, electronic nose (E-nose), electronic tongue (E-
tongue), and sensory, respectively. The researchers classified all the references according to the quality as the first
condition and the techniques as the second condition, and summarized and analyzed the research purposes,
research contents, research methods and research results of each reference. The previous references have
focused on the applications of a particular detection method to different objects, or some detection methods for
selected objects. Herein, the researchers analyzed and summarized the advantages and disadvantages of the
methods of physical properties and sensory features in terms of appearance, nutritional and safety attributes of
cereal grains, and explored the techniques that can detect various quality indicators in different application

scenarios. Based on the latest technical references the researchers have collected, the researchers have mapped
the latest research progress of research institutes [BUBL[32][33][34][35][36][37](38][39][40][41][42][43][44][45][46][47][48][49][50](51]

2] (Figure 1) and commercial instruments [B3IB4I5SIE6I7[581[591(601(61][62][63](64](651[66][6 7|[681(691 7 Ol 7 L[ 72| 73] 74][75][76][7 7]
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Figure 1. The research progress of research institutions on grain quality detection techniques [B2[31][32][33][34][35](36]
[37][38](39][40][41][42][43][44][45][46][47][48][49][50][51][52]
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Figure 2. Commercial instruments for grain quality detection [B3I[54I55][561[57][58][59][60][61][62][63][64][65][66][67][68][69][70][71]
[72][73][74][75][76][77][78][79](80][81][82](83][84](85][86]

Among detection techniques for grain quality based on physical properties, those based on optical features such as
NIRS, HSI, and RS detect nutritional attributes (proteins, starches, and fats) and safety attributes (pesticide
residues and fungal toxins) of grains 7. The detection is based on the response to light in grains, including its
absorption, reflection, transmission, and scattering. In addition, HSI can also be used to determine color and shape
[88l: RS also can be adopted to assay heavy metal residues 2, Detection techniques based on electromagnetic
properties such as those based on dielectric properties, NMR, and X-ray realize detection according to response
signals of grains in the electrical or magnetic fields. They can be utilized to determine the moisture content 2% and
nutritional attributes such as starches and fats 21, X-rays also can be used to determine trace elements and heavy
metals in grains 2. Detection techniques based on acoustic features were adopted to study nutrients including
proteins and appearance attributes such as unsound kernels according to responses of grains to acoustic signals
(reflection and transmission) 23, Detection techniques based on thermal features were used to assess safety
attributes involving fungi and appearance attributes including unsound kernels based on differences in thermal
radiation of each part of grains 24, Those based on mechanical properties were employed to study nutritional
attributes including proteins and starches according to mechanical features of grains under all kinds of applied load
93 Among detection techniques for grain quality based on sensory features, E-eyes were used to identify
appearance attributes of grains including the color and shape, impurities, and unsound kernels according to
features such as color and shape in images 28. E-noses were employed to evaluate safety attributes involving
pesticide residues and fungal toxins and appearance attributes including unsound kernels in accordance with
gaseous response signals of volatile organic compounds in grains ©Z. E-tongues are often used to detect
nutritional attributes such as proteins and starches and safety attributes about heavy metals based on taste
response signals in grain leachates [28. The principles and objects of detection techniques for grain quality based

on physical properties and sensory features are listed in Table 1.

Table 1. Modern inspection techniques for grain quality.

Detection methods Principles Objects Limitation
Physical Optical NIRS Realizing Nutritional High precision
quantitative quality attributes instruments are
properties properties detection and including expensive and the
qualitative analysis proteins, NIR spectra of
according to starches, and different
differences in the fats, and safety components
absorption band and attributes overlap.
intensity of hydric pertaining to
groups in organic pesticide

components of
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Detection methods

HSI
RS
Electromagnetic
properties
Dielectric

Principles

grains in the near-

infrared region

Realizing accurate
detection of grain
quality based on
hyperspectral and

image data

Based on scattering
spectra of different
components in
grains at different
light frequencies;
achieving quality
detection by
analyzing molecular
vibration and rotation
of these components

in grains

According to the
response
characteristics of
grains in the applied

electric field

Objects Limitation

residues and

fungal toxins

Nutritional HSI is costly, the
attributes amount of
including hyperspectral data

proteins, safety is extremely large,

attributes and it is difficult to
pertaining to store and analyze.
pesticide
residues and
fungal toxins,
and appearance
attributes

including color

and shape

- Fluorescence
Nutritional

) phenomena on
attributes ) o
) ) Fourier variation
including

) Raman spectral
proteins, and . _
] interference, optical
safety attributes )
o systems affecting
pertaining to ) o
] different vibrational
fungal toxins,
o peak overlaps, and
pesticide )
) Raman scattering
residues, and ) )
intensity.
heavy metals

High correlation
mainly with

Moisture content moisture.
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Detection methods

NMR

X-ray

Acoustic properties

Thermal properties

Mechanical properties

Principles

Atomic nuclei with
fixed magnetic
moments in grains
produce a string of
response signals
with attenuated
intensity in the
specific impulse

trains.

Elements in grains
release X-ray
fluorescence of
specific energy
under X-ray

irradiation

According to the
reflection, scattering,
projection, and
absorption
characteristics of
acoustic waves in

grains

According to
differences in
thermal radiation of
various parts of

grains

According to the

mechanical features

Objects

Moisture content

and nutritional
attributes

including

starches and fats

Nutritional
attributes
including trace
elements, and
safety attributes
pertaining to

heavy metals

Nutritional
attributes
including
proteins, and
appearance
attributes such
as unsound

kernels

Appearance
attributes such
as fungal
infection and

unsound kernels

Nutritional
attributes

Limitation

Mainly used for
moisture state,
migration process
analysis, high price,
complex signal
analysis, and
imperfect NMR

spectrum database.

X-ray control is
complicated and

dangerous.

High environmental

noise interference.

High ambient
temperature

disturbance.

The association
between
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Detection methods Principles

of grains under all
types of mechanical

load

According to
features including
E-eye .
color and shape in

images

According to
Sensory gaseous response

E-nose signals of volatile

features organic compounds

in grains

According to taste
E-tongue response signals of

grain leachates

Beljing, cnina, CFOA: beljing, cnina, Zulo; p. 1u.

Objects

including proteins
and starches

Multiple
appearance
attributes

Safety attributes
pertaining to
fungal toxins and
pesticide

residues

Nutritional
attributes
including proteins
and starches,
and safety
attributes
pertaining to

heavy metals

Limitation

mechanical
properties and

quality is unclear.

High requirements
for clarity of
acquired images,
difficulty to identify
early mold and pest
images, and
difficulty to segment

multi-seed images.

Early mold or mild
pesticide residues
produce low gas
concentrations that

are difficult to detect

and environmental CUION—
gas interference.
ction—
The detection object
is the leachate of .
ection—
seed samples
-Part 4.
.html
PC:

6. GB 5009.9-2016; National Food Safety Standard—Determination of Starch in Food. NHFPC:

Beijing, China; CFDA: Beijing, China, 2016; p. 12.

Theam8Igatisn2h 3B qEE Oh B F (56 & Té P IR daFigWe&ermination of Fat in Food. NHFPC: Beijing,

China; CFDA: Beijing, China, 2016; p. 14.

8. GB 5009.4-2016; National Food Safety Standard—Determination of Ash in Food. NHFPC: Beijing,

China, 2016; p. 9.
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

. GB 5009.124-2016; National Fo arety Standard—DbDetegfmination of Amino Acids in Food.
NHFPC: Beijing, China: CFDA: Beijing1aRedusion g

10.

GB 5009: e, tetary-Hper in Food.
NHFPC: Detection methods
GB 50009. : i d Safety Standard—Determinati ' ents in Food.
NHFPE: Beijing, China; CFDA: Beijiyg, China, 2016; p/¥T.

NIRS
GB 2163-2021; National Food Safety] Standard—Max ' imifgf Hesticides jn Food.
NHC: B IjE’IP a%&r;gﬂﬂl\({l@fﬁ%b%?éjg g, [China; : , CHi8R, 2021, %. 9_,_2"
GB 26T , ndard—L4Amj Myastoxing in Food. NHFPC: Beijing,
China] CFDA: Beijing, China, 2017;
GB 27162-2017; National Food Safety] Sta i r@m&@mi{lantsg qd. PQ-IED(I:
Beijinl, China; CFDA: Beijing, China)20170X22. g g *§ =

NMR B2 35
ISO 19942:2018; Maize (Zea mays L eciligagon ' SwitZefangl, 261%‘, a. 14.

X-ray e
ISO 6 )5- 1?311’11? Ses— al?ttent‘%u 5 rties, 'qi ours. lsebts, and Jpecies
and Variely— & 99#C81:15bﬁc properties
ISO 7B01:2011; Rice—Specification. [ISO; eva, S , P

Thermal properties
ISO 7970:2021; Wheat (Triticum aesfivuyn\ L. )/—SpgCifcatt tzerland, 2021; p.
29 Mechamcal propertles /
ISO 18903:2005; Animal Feeding Stytfs—Detexminati | i _Geneva,
Switzgrldnd, 2005, p. 17.
2.3. safety attributes E-eye "

ISO 7p7§&. : | Jerea | e sitﬁ'o%’FlDur—
Methdd Using an Amylograph. 1ISO: Geneva, Switzerland,-1992: !E—aose

&<
ISO 2§483:2013: Cereals and Pulseg—Determination|{oflthe NitBd8f8®ntent ahd Calculhtion of
the Cru | Method. ISO: Ge - i - P13

4
ISO 11085:2015; Cereals, egeﬁlnsgﬁl,e%d[ {m(iiuiﬁts algiieélrgimal Feeding Stuffs—Determination of

Crude Fat and Total Fat Co ethod. ISO: Geneva, Switzerland,
2015; p. 16.

ISO 2171:2007; Cereals, PLIIseg'gﬁlé“éeyfﬁ’groaéﬁ%t%“—eﬁleot%?mi|1ation of Ash Yield by Incineration.
ISO: Geneva, Switzerland, 2007; p. 11.

ISO 7305:2019; Milled CeFi8dR|ees dipptas AR BAUY A EAIR. 1SO: Geneva, Switzerland,
2019; p. 8.

zlsgsog})’zﬁ rlsﬁ"z"? FQC@QDthm%%H Gf B@%&%&Qngt%% Spectrophotometric Method

with a Defatting Procedure by Methanol and with Calibration Solutions of Potato Amylose and
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2.1vhNorrDestruictivei Q uality DetectionMetihodsfomAppearance Attributes of
2%%%'29(@’%21 Cereals—Determination of Cadmium Content by Graphite Furnace Atomic

Acc'A‘oPdglr‘ngrF{gooqlesSc‘?i%ﬁg)rr(l)srrllrtl9 ttWeM%Qis gr%%ﬂa’g“ggcdor‘a%irg e)ﬁggr%/t i%@'p'e%%n@t?lgea}/paﬁegygﬁ%ee r(!lﬁﬂgﬂtég%} ;g?ains
mal%py' include quality indices such as color and shape, impurities (screen underflows, inorganic impurities, and
20t gEB0 MEOBUL)03nd-voastnffseDeteimination dfiafatoxirdBad aprdkére TetaliGuedeandf Mfldiogiams).
TraglioBfly Ghreach B2 iftdrrealsieNuenbndsPesioe thRugtuatsarifiigh seesfuyraalyeis.igich is both time-
andCabontartsyraipbien atieatly FSectSienesiah)Swite dataerd, 20089 pnddern detection methods of appearance
attributes, the HSI, NMR, X-ray, those based on acoustjc and thermal features, and E-eye all can detect indices of
28. CXS 193-1995; General Standard for Contaminants and Toxins in Food and Feed. CCCF: Rome,

II
9
appearance attributes (Table 2).
Italy, 1995; p. 39.

29. CAC/MRble 2009:-ddaixictive cReldiddelddtnitgn@dRrs fdoatpestiide sitFa@EsRO neeedtaigiZ009.

~ - s o~ —_ N —_ a —_ P wasnas —_ o o—— — . I

~ Detection Methods Objects Devices References livalenol
em. J.
. Color and shape, unsound kernels, Zolix “GaiaSorter” hyperspectral [99][200]
3 and impurities imaging system 104 S using
2 NMI20 bench top pulsed NMR i
. NMR Unsound kernels PP oz SINg
analyzer . 1691,
3 scale
Skyscan 1272 X-ray micro-CT
X-ray Unsound kernels Y Y 48l St.
scanner
2 ce.
Acoustic Self-made impulse signal acquisition
_ Unsound kernels P _ J k [203]
properties device
3 igh Rice
Thermal
. Unsound kernels MLG-Il temperature sensor [104]
3 properties
inadian
Color and shape, unsound kernels, (81][105]
E-eye ] - CCD camera or smartphone 106
3 and impurities .
0}

ensure quality and safety. Food Control 2021, 121, 107572.

38. Sabanci, K.; Aslan, M.F.; Durdu, A. Bread and durum wheat classification using wavelet based

2. 2RSS EStrU iV E 4l Dt tiohn Methods>for Nutritional Attributes of Cereal

Grains

https://encyclopedia.pub/entry/39819 9/19



Non-Destructive Quality-Detection Techniques for Cereal Grains | Encyclopedia.pub

3theYimailY. nididimndl; ivdicds. dtignicatandnethadsiataliffers b clshed egreas anfdvadiaang ifitg: il eatrbmnice
elemeses cOwoliechallth matritiefed tatebiesiane Heaasnitdd ustocphgital End. RelticaB 2xpbdmanal analysis.
B0 MBI I RE I AR G N RRY S YRS e Rln LD RE LAY

[ (81,
enzdrﬁg}lg r%\grﬁw tﬁg rrlréetHo%Ce}ng__g 3%ash%re2%%r380ad§£é%d tg 4dﬂlermme protein & starch , fat I, ash

amino acid [, dietary fiber 29, and trace eIement contents in grains. Traditional detection methods generally
4éa||%raa§%fmg.s&m§4w§%pmgam Bndear imn8 INAliRR PEEOHGELRATDAIRR ISR MSiition methods for
nutAESHEPSIEHETRG MlBChY4 P18 RN IR, IRERr RS SRAAT ORGAPY add @kEs&lnask 2 6R TacBdstkOBrbperties,

AP RN AR IS AN hE-tppBusk AT M AE TR Ry pe near-infrared (NIR) reflectance

spectrometer for the analysis of maize flour. Instrum. Sci. Technol. 2021, 49, 521-531.
Table 3. Non-destructive detection methods for nutritional attributes of cereal grains.

43. Amanah, H.Z.; Joshi, R.; Masithoh, R.E.; Choung, M.-G.; Kim, K.-H.; Kim, G.; Cho, B.-K.

Detection Methods Objects Devices References )rm
S.
NIRS Proteins, starches, and amino Unity SpectraStar 2500XL- 1071108
acids spectrometer )
4 cation of
it. Plant
. Proteins, oleic acids, and OCI-UAV-1000 hyper- (31][109][110
starches spectrometer
4 nt pre-
- Proteins, starches, amino acids, . (111][112][113][114]
enishaw Raman spectrometer -
4 and oils P 115 re Free
4 ] Minispec mg20 NMR TG cal
NMR Oils |
spectrometer ’S.
4 X-ray Trace elements Hard X-ray microprobe [Z1JL17]118 the
2real
Acoustic properties Proteins and ashes Physical property analyzer (6]
4
Mechanical L, 12,
] Proteins and starches CT3 physical property analyzer (50](63]
properties

n

] Self-made three-electrode E- e
E-tongues Starches and proteins [119]
tongue \

n

mays)
Seeds of Different Endosperm Types. Trans. ASABE 2019, 62, 913-918.
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52.3/2NonaDesRudtiye IinspegtivreMetho dsdoreSafetyn A ttribytite suof Ceread Graliresy-A

Review. Food Bioprocess Technol. 2011, 4, 186—-199.
Regarding safety attributes, the maximum limits for pesticide residues, fungal toxins, and contaminants in grains

Pl Wil @02 cRnED Ranblgh staddfi%or rddd Sared? G RRHT IR CRIRAESFAPYERY tiquia
chrohlrkgég%%%gtg?etl\égrﬁrﬂgyf IL?SMGD %?lofé?erpmlrnqrpgo {ﬁéor%la&?mlfj?ncﬁpn%s-%’fa rrJ]eSs'tl((%Hlen 'reSsP u'e'g‘%rr%%' tlL\J/In%%[ﬂ toxins,

ano2 g oghigodb%%rSﬁ%Q?’s—T)%z%bmetry (ABS) is utilized to measure heavy metal residues. Modern methods for

Sdetegting sAtegngtiribygsimainly Ratdg NIRSHHE eRficatiynaofisopbeem(Tabletfes based on
hyperspectral imaging technology and one-dimensional convolutional neural network. J. Food
Process End-.aét?ﬂ Nop-desjgtetive inspection methods for safety attributes of cereal grains.

S Detection _ _ in
Objects Devices References
Methods 10.
< C
; — i [120][121]
NIRS Fungal toxins Zeiss fiber optical spectrometer Hamon).
c ) ANDOR EMCCD camera + Xenics LWNIR 155 -
< HSI Fungal toxins .; etal.
camera
021, 14,
Pesticide residues and fungal [32][60] )
5 RS . 1064-nm NanoRam Raman spectrometer 123 Rice
oxins
7, 263—
Y. CHEETAN micron-resolution X-ray CT
£ X-ray Heavy metals and fungal toxins scanner [L24]{L25) arties of
099-
Pesticide residues and fungal
¢  Emnoses , ¢ Fox3000 E-nose 126]{127] d
toxins
2,11,

/8.

61. Odek, Z.; Siebenmorgen, T.J.; Atungulu, G.G. Validating the Glass Transition Hypothesis in
Explaining Fissure Formation in Rough Rice Kernels during the Drying Process. Trans. ASABE

| 3cWnselved Technical Problems

620G dddtity HRACER of gr4iNaN@irdl e REYSIQRINBEIBHch GYBINGHIOBAT SR TRE! i HaliRd IMAREuracy

detS¥RIRMENDighspatipbanddemreial FesainihRIAPINRIRSFesS MRRIR geefigern within a
greenhouse. Comput. Electron. Agric. 2016, 121, 149-159.

63: Fighg®I0RNAR! 961251198 msihogs. DR ALRS: 1S n Ak TR hAuRdeyRIPRd AR rEAve T ag b sl dpe
e R RRI QLB FSBRFHHY SPYiRY DI kSR AR AYFSHS IR T0Ng £y iah cost
2. Environmental interference. Grain quality detection based on acoustic and thermal features is greatly influenced

by the environment (ambient noise and temperature).
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64. Bbeatidd. hrinkible. R); Penechiionsbanebeden) the MedtewscdR febtured. andrgasiinilityicb s efeption edmains
infested @icevasing am eleoedramic facse thatSiteed Fredlidkasi @2dned®, df0di@0ts, while the relationship
65. Retween Su,algg '”d'%?ﬁﬂ?{‘g&er'ﬁf {|,c|_|i).r erties.of grains is also Pﬂgrl understood. .® Detection objects of E-

niese, ce, assitication of cerea Species using raman

tongues must be grain leachates, which limits the lication thereof tq the guality detectign. @ X-ray§ ma
sp lcJtroschj)py ih COMmbiation Wwith Ispe'ct'ra quaﬁ&p Control and multivariate statistca analy5|s.y 3.may

SraTEls 9B9% 101, 1032909.

4. E-nose detection is limited by the LOD of gas sensors and the method fails to identify problems including early
66. K i gr¥@eg, G.; Jeong, S.; Roh, J.; Lee, S. Establishment of machine learning

5. ReIRarRREBFS T4 o edigfineh e rRps andlinanpiics-ahnpede s fromuthedhRinesmadiediRs
ProRariarof aMheatdodbe) 1hare, FadspiedioR 2dndld8988ing of grains.

6P FTiHRg, B9 SRAGAEAUAD ST PARMCEBIRS; WMshra0 RARY dhsbisaifier) 5arriRad iRt AR iMRAtiBIF
BRI PEERITE YRR HTCACH SRR TR (WhEaHAShe HBHERIG ISR IS s IR KISBRRHD nPrain
gy\%{ipfs%s_i%a:s,i%%%gc@gﬁg,eq_@’i%qa_rsgglg_determine one or several indices, which fails to meet the

grading and classification demands imposed in practice.

68, Ktcrea 450 Ratisn Wa0gs LinRERebn BENRationdV A Yo T ARG 80N RS R A NG R  ent
SRARERLLAEHANRS A IRvQLRIeS PR iR SEMR GSIMEe & ARG AN Ral AR OB IBR
Wghm%gﬁmeor{/n JHES th/%gti%:é] 85?1'a egtzthé%aa I ?/:llr%ﬁ"o%'ction results.

69. Yan, Y.; Ren, J.; Tschannerl, J.; Zhao, H.; Harrison, B.; Jack, F. Nondestructive Phenolic

I @_omwapwinMi@h@ation of Peated Barley Malt Using Near-Infrared
Hyperspectral Imagery and Machine Learning. IEEE Trans. Instrum. Meas. 2021, 70, 3082274,

70: Barghit & e UER e TR, AR YRS e T e HELY additeh ffag ke ading"
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