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Abstract: T he physical p ropert ies of agricu ltu ral p roducts are very impo rtan t in m any aspects, such as to determ ine som e

physical characterist ics (such as shape, vo lum e, size, density, po ro sity, co lo r and appearance) , fru it firm ness, ripeness

level and quality, to evaluate m echan ical dam age in grain s, seed quality and in tegrity, genetic change and o thers. T he

p resen t w o rk is a review abou t som e of the mo st common ly used physical p ropert ies of agricu ltu ral p roducts such as

electrical conductivity, op tical p ropert ies, m echan ical p ropert ies and therm al conductivity, w h ich can be used in

determ in ing o ther param eters and p ropert ies such as the mo istu re con ten t, density, m icrow ave dielectric frequencies,

ripeness levels, firm ness and m any o ther param eters in fru its, vegetab les and grain s. M any research resu lts in th is secto r

in the last th ree decades are also h igh ligh ted.
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1　 In troduction

　T he physica l p ropert ies of agricu ltu ra l p roducts in

the last 40 years have been invest iga ted by m any

au tho rs due to its im po rtance in rela t ion to the
determ ina t ion of som e physica l characterist ics (such as

shape, vo lum e, size, den sity, po ro sity, co lo r and

appearance ) , fru it f irm ness, ripeness level and

quality, to eva lua te m echan ica l dam age in gra in s, seed
quality and in tegrity, genet ica l change and o thers.

M any aspects are d iscu ssed by the researchers to

estab lish w hat to m easu re, how to m easu re it, and

w hat va lues can be con sidered genera lly accep tab le by
the person s o r in st itu t ion s requ iring such

m easu rem en t, ava ilab le techno logy, econom ic facto rs

and o thers. T hese p ropert ies have been invest iga ted
by researchers fo r m o re than 60 years, actua lly these

have a w idesp read u se, and it is hoped tha t m any new
techno log ies in rela t ion to fru it and vegetab le quality

detect ion w ill appear in th is new cen tu ry beginn ing.

T he m ain ob ject ive of th is w o rk is to p resen t an up 2to2
date info rm at ion abou t the m o st im po rtan t physica l
p ropert ies of agricu ltu ra l p roducts and their u ses, in

o rder to determ ine som e physica l param eters and to

p ro tect and evalua te fru it and vegetab le quality.

2 　 Som e physica l properties of agr icultura l
products and the ir uses

2. 1　Electr ic and d ielectr ic properties
　 It has been dem on stra ted in p reviou s scien t if ic w o rk

the ex ist ing rela t ion am ong electrica l conduct ivity

p ropert ies of agricu ltu ra l p roducts and m o istu re

con ten t, due to a regu lar varia t ion betw een them.

O ver the years changes in electrica l p ropert ies such as

conduct ivity, im pedance, d ielectric con stan t,

d ielectric lo ss, o r pow er facto r have been u sefu l fo r

the m easu rem en t of the m o istu re con ten t in cerea ls

and cerea l p roducts, d ried fru its, dehydra ted

vegetab les and o ther p roducts. Indeed, m o istu re

con ten t in m any cases is u sed to co rrela te the electrica l
" conduct ivity " p ropert ies of agricu ltu ra l p roducts.

M o reover electrica l conduct ivity has been u sed on

seeds to p red ict: germ ina t ion po ten t ia l, vigo r, g row th
ra te, to test cellu la r m em b rane in tegrity, genet ic

characterist ics and m echan ica l dam age resistance[ 1～ 4 ].

T he p rincip le of electro sta t ic separa t ion has been

invest iga ted fo r separa t ing and clean ing of agricu ltu ra l
seeds depending upon physica l characterist ics such as

w eigh t, size, shape and su rface tex tu re. T he electrica l
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conduct ivity can be influenced by sub stance
com po sit ion and physio log ica l qua lity of the seeds.

A lthough u sed on ly fo r seed quality eva lua t ion the

electrica l conduct ivity tests dem on stra te som e
characterist ics tha t cou ld be u sefu l in estab lish ing a

dam age evalua t ion test fo r gra in s. How ever, t im e

con sum p tion is the m ajo r draw back of th is m ethod [ 1 ].

T he electrica l p ropert ies m ay also be u sed to determ ine
quality am ong the ion s tran sference, it a llow s the

estab lishm en t of som e quality levels in fru its,

vegetab les and seeds.

　A ctua lly the d ielectric p ropert ies are w idely u sed
specif ica lly in m icrow ave dielectric hea t ing p rocesses.

T he dielectric p ropert ies are h igh ly co rrela ted w ith

m o istu re con ten t, becau se, the d ielectric p ropert ies of

w ater are m uch grea ter than tho se of dry m atter, and
thu s, these p ropert ies are u sefu l fo r sen sing the

m o istu re con ten t and den sity th rough electrica l

m easu rem en t of these param eters. T he dielectric
p ropert ies determ ine to a la rge ex ten t the behavio r of
the m ateria l in in teract ing w ith h igh frequency o r

m icrow ave field in d ielectric hea t ing p rocesses o r

cook ing. Know ledge of the d ielectric p ropert ies of the
m ateria ls to be p rocessed o r m easu red is im po rtan t in

the design of the equ ipm en t to be u sed fo r these

pu rpo ses[ 5, 6 ]. O n the o ther hand dielectric p ropert ies
of fru its and vegetab les tak ing in to accoun t their
frequency dependence, m ay even tua lly be u sed to

determ ine som e quality facto rs ( as ripeness fo r

exam p le) u sing non destruct ive m easu rem en ts.

　M icrow ave dielectric p ropert ies of selected fru it and

vegetab les m easu red w ith the opened2end coax ia l

p robes and netw o rk analyzer, have been repo rted by

T ran. [ 7 ] from 0. 1 to 10 GH z and by Seam an [ 8 ] from
0. 15 to 6. 4 GH z. Seam an and Seals[ 8 ] com pared the
perm it t ivit ies of the pu lp and sk in of pom e fru its
("R ed D eliciou s" and " Go lden D eliciou s" app les ) ,

stone fru it ( peaches ) , cit ru s fru its ( tangelo s and
o ranges ) and bananas, a t room tem pera tu re.

Sign if ican t d ifferences betw een the d ielectric con stan ts

and lo ss facto rs fo r the pu lp and sk in w ere found by

them [ 2 ].
2. 2　Optica l properties
　A cco rd ing to op t ica l p rincip les in tact agricu ltu ra l

p roducts are den se, ligh t sca t tering m ateria ls w h ich
requ ire a h igh ly sen sit ive and especia lly designed

spectropho tom eter fo r m easu ring their spectra l

t ran sm it tance characterist ics[ 9 ]. Op t ica l reflectance

has been u sed to eva lua te certa in characterist ics near
the su rface of the p roduct, includ ing m atu rity

eva lua t ion of fru it. Op t ica l p ropert ies are based on

reflectance, t ran sm it tance, ab so rbance, o r sca t ter of
ligh t by the p roduct. W hen a fru it o r vegetab le is

expo sed to ligh t, as show n in F ig. 1, abou t 4% of the

inciden t ligh t is reflected a t the ou ter su rface, cau sing
specu lar reflectance o r g lo ss, and the rem ain ing 96%

of inciden t energy is t ran sm it ted th rough the su rface

in to the cellu la r st ructu re of the p roduct w here it is

sca t tered by the sm all in terfaces w ith in the t issue o r
ab so rbed by cellu la r con st ituen ts[ 9, 10 ].

F ig. 1　 Inciden t ligh t on a fru it o r vegetab le resu lts in specu lar

reflectance (glo ss) , diffu se reflectance from featu res at dep th s

to abou t 5 mm ( body reflectance o r in teractance ) , diffu se

transm it tance, o r abso rbance. Co lo r resu lts from very shallow

diffu se reflectance

　 Cu rren t ly m u lt i2w avelength o r w ho le2spectra

ana lyt ica l m ethods are being developed fo r non2
destruct ive determ ina t ion of so lub le so lids, acids,

sta rches and ripeness. Sta rch o r so lub le so lids (SS)

con ten t can be determ ined in in tact fru it ( app le,

cit ru s, k iw ifru it, m ango, m elon s, on ion, peach,

po ta to and tom ato) [ 10 ].

　 O il con ten t is im po rtan t in seeds, nu ts, and
avocado s and can be determ ined u sing N IR.

D ifferences betw een sound and dam aged t issues in

visib le and N IR diffu se reflectance are u sefu l fo r
detect ing b ru ises, ch illing in ju ry, sca ld, decay lesion s

and num erou s o ther defects[ 10 ]. D ifferences in im ages

taken at specif ic w avelength s m u lt ispectra l o r hyper

spectra l im aging and com pu terized im age p rocessing
techn iques are being u sed to au tom ate detect ion and

classif ica t ion of m any defects on line. In addit ion to

im aging techno log ies, the m ajo r advances in spectra l

ana lysis in recen t years have been in sta t ist ica l
m ethods w h ich are being sa t isfacto rily developed fo r

qua lity assessm en t.

2. 3　Therma l prop ierties
　Know ledge of therm al characterist ic such as specif ic

hea t, therm al conduct ivity, therm al d iffu sivity,

su rface conductance and em issivity, as w ell as physica l

characterist ics like den sity, shape and size are
essen t ia l fo r design of equ ipm en t and p red ict ing of the

p rocessing of hea t ing o r coo ling of agricu ltu ra l
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p roducts[ 11 ]. T he convect ion hea t t ran sfer coefficien ts

are im po rtan t energy tran spo rt p ropert ies in the design

and opera t ion of food therm al p rocesses, they depend

strongly on the apparen t visco sity of the flu id food o r
con sistence of the fru it and the p rocessing equ ipm en t.

F rom litera tu re review , the structu ra l m odel is

suggested to p red ict the effect ive therm al conduct ivity

of sta rch2based so lid food from the therm al
conduct ivit ies of the so lid and gas phases, and the

po ro sity of the m ateria l[ 12 ]. It s dependence w ith the

m ateria l po ro sity perm its the u se of therm al p ropert ies
to determ ine fru it f irm ness.
　Based on F ik iin et a l. and A bbo t [ 10～ 13 ] ob serva t ion s,

the therm al behavio r of fru it layers in trays m ay

encoun ter som e diff icu lt ies. F irst, the dependence in
the hea t t ran sfer ana lysis fo r every separa te fru it u sing

loca l o r p roduct2average su rface hea t t ran sfer

coefficien ts w ith in p roduct po sit ion w ith in layer. T h is

m ethod m ay becom e ex trem ely d iff icu lt from the
beginn ing w ith the experim en ta l determ ina t ion of the

hea t t ran sfer coefficien t tha t needs a la rge num ber of

m easu rem en ts to be ca lcu la ted. Secondly, w hen the
w ho le heterogeneou s system of bo th fru it and ou ter

su rrounding a ir is regarded as a sing le un if ied system

ob ject, w here the system therm al behavio r depends on

equ iva len t ( effect ive ) therm ophysica l p ropert ies and
su rface hea t t ran sfer coefficien t [ 14 ].
　T he therm al conduct ivity betw een fru it and fru it

increases ripeness sta te over t im e, a lso each fru it

p resen ts therm al conduct ivity from sk in to co re,

independen t of shape and size. T hese d ifference in

som e parts of the fru it favo rs the p resence of som e

in sects, fo r th is reason the fru it p roducers are u sing

differen t therm al t rea tm en ts a lone o r in com b ina t ion
w ith co ld o r con tro lled a tm o sphere ( CA ) sto rage

condit ion s in o rder to elim ina te these in sects. T he fact

tha t the u se of therm al t rea tm en ts can affect fru its
qua lit ies, it is very im po rtan t to have a com p lete

understand ing of the influence of variou s facto rs on

hea t t ran sfer in fru its, to m in im ize adverse effects on

fru it qua lity.
2. 4　Force and m echan ica l properties
　T he u se of fo rce and m echan ica l p rop iert ies in m o st

cases is concen tra ted in the determ ina t ion of fru it

f irm ness. T he im pact fo rce has a clo se dependence on
im pact ing velocity, m ass, rad iu s of cu rva tu re, elast ic

m odu lu s and characterist ics of con tact su rface. In

addit ion, the ex istence of h igh co rrela t ion betw een
im pact fo rce w ith fru it m ass and fru it f irm ness has

been dem on stra ted. U sing im pact param eters som e

fru its as app les, pears and avocado s, can be classif ied

in to d ifferen t f irm ness group s[ 15 ].
　D iaz Perez et a l. [ 16 ] repo rted tha t fru its tha t feel

f irm to the hand are found to be soft w hen checked

w ith a penetrom eter, these fru its feel as firm as
sim ila r fru it assessed earlier in the co ld sto rage period.

Som e differences betw een penetrom eter and non2
destruct ive m easu rem en ts are due to the fact tha t
these non2destruct ive techn iques invo lve fru it st iffness
m easu rem en ts and tha t fru it st iffness does no t

necessarily decrease in a m ono ton ic w ay du ring

sto rage [ 10 ].

　U sing fo rce im pact m ethods the effect of changes in

fru it param eters, can be determ ined, such as (m ass,

rad iu s of cu rva tu re, elast icity) and im pact param eters

such as (con tact speed o r drop heigh t) on t im e2dom ain
characterist ic of im pact fo rces; d ifferen t m ethods fo r
sen sing the frecuency com ponen ts ind ica t ive of

firm ness can be evalua ted [ 17 ].

　U nder m echan ica l load ing, fru its and vegetab les
exh ib it viscoelast ic behavio r w h ich depends on bo th,

the am oun t of fo rce app lied and the ra te of load ing.

How ever, fo r p ract ica l pu rpo ses, they are often

assum ed to be elast ic and load ing ra te is la rgely
igno red. M easu rem en t of elast ic p ropert ies requ ires

con sidera t ion of on ly fo rce and defo rm at ion, w hereas
viscoelast ic m easu rem en t invo lves funct ion s of fo rce,

defo rm at ion and t im e [ 10 ].
　E last ic m odu lu s can be m easu red non2destruct ively,

w hereas b ioyield and rup tu re by defin it ion requ ire

som e cellu la r dam age. T he best rela t ion sh ip s am ong
sen so ry firm ness, hardness and crispness are ob ta ined

w ith fo rces a t o r beyond defo rm at ion s tha t cau se t issue

dam age [ 11 ]. T herefo re a non2destruct ive m easu rem en t

is un likely to p roduce excellen t p red ict ion of these
tex tu ra l a t t ribu tes o r of M agness2T aylo r (o r sim ila r)

test va lues, a lthough u sefu l levels of p red ict ion m ay

be at ta ined in t issues w here elast ic m odu lu s and
rup tu re st reng th are clo sely co rrela ted [ 10 ]. Q uasi sta t ic

tests do no t p red ict im pact p ropert ies.

3　Overv iew and conclusion s

　 1) T he u se of fo rce and m echan ica l p ropert ies is

su itab le in the determ ina t ion of fru it f irm ness. By

u sing im pact param eters som e fru its can be classif ied

in to d ifferen t f irm ness group s.
　2) U nder m echan ica l load ing, fru its and vegetab les

exh ib it viscoelast ic behavio r w h ich depends on bo th

the am oun t of fo rce app lied and the ra te of load ing.

Fo r p ract ica l pu rpo ses, elast ic and load ing m ay be
igno red.

　 3 ) E lectrica l conduct ivity is su itab le to eva lua te

9　 A nnia G P et al: M easu ring and app lying physical p ropert ies of agro2p roducts
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m echan ica l dam age in gra in s, and separa te sm all seeds
based on den sity. E lectrica l conduct ivity test is a lso

capab le of iden t ifying genet ica l variab ility, cellu la r

m em b rane in tegrity, and germ ina t ive po ten t ia l in
d ifferen t cu lt ivars, as w ell as estab lish ing som e

quality levels in fru its.

　4) U sing dielectrica l p ropert ies, m o istu re con ten ts,

den sity and the behavio r of som e m ateria ls sub jected
to h igh frecuency like m icrow ave fields d ielectric

hea t ing p rocesses can be determ ined.

5) T herm al p ropert ies are essen t ia l in the design of

equ ipm en t and in the p red ict ion of coo ling and hea t ing
p rocesses of agricu ltu ra l p roducts. T hey can be u sed

in determ in ing fru it f irm ness th rough the po ro sity of

the m ateria l and it is a lso very im po rtan t in
po stharvest t rea tm en ts in o rder to elim ina te in sects

tha t m ay reside in som e comm odit ies.

　6) Op tica l p ropert ies have been u sed to eva lua te

som e characterist ics near the su rface of the p roduct,

includ ing m atu rity eva lua t ion of fru it, co lo r,

appearance, etc.

　 7) T h rough soph ist ica ted m ethods such as m u lt i

w avelength o r w ho le2spectra ana lyt ica l m ethods,

w h ich are based on op t ica l p ropert ies, so lub le so lids

and o il con ten ts, acids, sta rches and ripeness, in

m any fru its and vegetab les, variet ies can be

determ ined.
　 8) Op tica l system s, especia lly in the N IR reg ion,

and new er softw are has m ade it po ssib le to detect

som e facto rs tha t m ay im p rove quality indexes.
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农产品物理特性的检测与应用研究进展

A nn ia García Pereira1, 2, A n t ihu s H ernández Góm ez1, 2, 何　勇1

(1. 浙江大学生物系统工程系, 杭州 310029; 　2. 哈瓦那农业大学农业机械系, 古巴)

摘　要: 农产品物理特性在测定农产品的物理特征 (如: 形状、体积、尺寸、密度、颜色、外观)、水果的坚实度、成熟度和品质
及估算谷物的损坏程度、种子的品质、完整性和遗传变化等方面起着非常重要的作用。介绍了几种被广泛应用的农产品物
理特性: 电导率、光学性质、力学性质和热传导性, 并分析了它们在测定水果、蔬菜和谷物的湿度、密度、微波介电频率、成熟
度、坚实度及其它一些参数中的具体应用, 同时还介绍了专家们在这个领域近三十年来的研究成果。
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