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! Cheddar cheese

2 Emmental

3 Pecorino

4 Mozzarella

3 Destructive

¢ Nondestructive

7 Machine vision

8 Electronic Nose

9 ultrasonic

19 Infrared spectroscopy
I Near Infrared spectroscopy
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12 Digitizer

13 Grey value

14 Statistical analysis
15 General linear
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'* Melting property

Y Melting degree

' Melting rate
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" cheese shred

" Calcium lactate crystal

" Biological Systems
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™ Purge and trap
¥ Static headspace

23 Solid-phase micro

26 Conducting polymer

27 Metal oxide sensor

28 Bulk acoustic wave

29 Optical sensor

30 Tin oxide

31 Pattern recognition< analysis
32 Principal components analysis
33 Artificial Neural Networks

34 Pattern recognition techniques
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e Market classification

" Gas-tight syringe

™ partial least squares-discriminant analysis
™ Danish blue cheese

™ Multivariate analysis

* Crescenza cheese

™ Asiago cheese

™ Near infrared

" Mid-infrared

*f Far infrared
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* Covalent Bond

" Spectroscopy

" Peak

** Spectrophotometer
™ Optical Fibers

®* Spectroscopy modes
' Broadband

" Narrowband
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33 Modified Partial Least Squares

3 Correlation Coefficients

35 Prediction Corrected Standard Errors
36 ratio performance deviation

57 peptide

38 Chromatographic - Mass Spectrometric
39 Zamorano

0 dry matter
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61 Test Sensory panel
92 reference method
63 Asiago cheeses

64 d’allevo cheese

% Churra

66 Castellana

67 Assaf



LQJJJL:S LSLQL.)’.?M’LA ww gjlﬂ oji;s M'; _9\@3)1"“'6(‘%

O el 5800 5 (s 500 SSSG) P
Q\J_@J om‘: Ncb 9 LS).)JL:'S d’“‘i"fi ‘3}1

C‘}S - \rq¥ %J‘)\ Y B Y \PAF et

l ool s ClS O Fe e Sl 5 I sl 5L (g xin Ol 5 o3 s 2Ol 5 auga  lag i 35

warg by das el 3 Sbsls,se |y gl ol bis o Sl dle s ol Sl SO s 4 e

) 03 NIR Gl eslial 1 3505 (6 2y Cowal Jgams O35 sla S5 5 OS5 cxls o cutS oLl s oSl

=i h el 3 48 Sl el 5 AS o Aol |y o ol 5 e dd D la iash 45 Cenl axils 1) 38 o mie ws

S o e B Ly e S o

;\s’u,@m

P YooY Q‘J.gj oK isls Q\)L,.b‘ Jj\ ul:; J.AJ.; Qj)\./a d.:;u._\b AYAS < ‘szj)j} ‘fufl’?‘g‘f wb}- A

WISINIR) 335 ¢ s = 5o o sSemns fSml b B 030 e b SIS 5 LasetSIVA) L sbitar Y

e S S JLiils (g5 las slagile 05,5 (85 5Ss bobl

s o eSS ol .V.A:)'Ll Sl sl glaes gl 5V TAY £ (ol S .S (e £ o5 & s Y

10.

11.

12.

13.

14.
15.

(2 PO DL B ele Ll anta Ol (e 5) i 3 SSOYAY O Gige ¥
Benedetti, S. & Mannino, S. 2007.Procedure 19 Characterization of the PDO Asiago cheese by an
electronic nose.Comprehensive Analytical Chemistry.Vol. 49, 131-138.

Benedetti, S. Sinelli, N. Buratti, S.& Riva, M. 2005.Shelf Life of Crescenza Cheese as Measured
by Electronic Nose.Journal of Dairy Science. Vol. 88(9), 3044-3051.

Caccamo, M. Melilli, C. Barbano, D. M. Portelli, G. Marino, G.& Licitra, G. 2004.Measurement
of Gas Holes and Mechanical Openness in Cheese by Image Analysis. Journal of Dairy Science.
Vol. 87(3), 739-748.

Cevoli, C. Cerretani, L. Gori, A. Caboni, M. F. Toschi T. G. & Fabbri, A. 2011.Classification of
Pecorino cheeses using electronic nose combined with artificial neural network and comparison
with GCMS analysis of volatile compounds. Food Chemistry. Vol. 129,1315-1319.

Cho Y. J. & Kang, S. 2011.Emerging technologies for food quality and food safety evaluation.
Taylor & Francis. US.

Coker, C. J. Crawford, R. A. Johnston, K. A. Singh H. & Creamer, L. K. 2005.Towards the
classification of cheese variety and maturity on the basis of statistical analysis of proteolysis dataa
review. International Dairy Journal. Vol. 15, 631-643.

Downey, G. Sheehan, E. Delahunty, C. O’Callaghan, D. Guinee, T. & Howard, V. 2005.
Prediction of maturity and sensory attributes of Cheddar cheese using near-infrared spectroscopy.
International Dairy Journal. Vol. 15, 701-709.

Filho P. A. C. & Volery, p. 2005. Broad-based versus specific NIRS calibration: Determination
of total solids in fresh cheese. Analitica Chimica Acta. Vol. 554, 82-88.

Francis, F. J. 1980.Colour quality evaluation of horticultural crops. HortScience. Vol. 15(1), 14-
15.

Gonzalez R. & Woods, R. E. 2002.Digital image processing. 2" edition. Prentice-Hall.
Gonzalez-Martin, 1. Gonzalez-Pérez, C. Hern"andez-Hierro J. M. & Gonz’ alez-Cabrera, J. M.
2008.Use of NIRS technology with a remote reflectance fibre-optic probe for predicting major
components in cheese. Talanta.Vol. 75, 351-355.



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

LQJJJL:S LSLQL.)’.?M’L" ww gjlﬂ oji;s M'; _9\.53)1"‘“'6(‘%

. . . "
qﬂ‘ﬁ&a}(wﬁ&b\a) !
Q\J_@J om‘: Nc‘w« 9 LS).)JL:'S g)’“'.’."j‘i ‘3}1

G"S_ \Yq¥ %JJ\ s B Y \PAF et

Gonzalez-Martin, 1. Gonzalez-Pérez C., Revilla, I. Vivar-Quintana, A. M. Hernandez-Hierro, J.
M. Gonzalez-Pérez, C. & Lobos-Ortega, [.A. 2011. Prediction of sensory attributes of cheese by
near-infrared spectroscopy. Food Chemistry. Vol. 127, 256-263.

Gonzalez-Martin, I. Hernandez-Hierro, J. M. Gonzalez-Pérez, C. Revilla, I. Vivar-Quintana A. &
Lobos Ortega, 1. 2014. Potential of near infrared spectroscopy for the analysis of volatile
components in cheeses. LWT - Food Science and Technology. Vol. 55, 666-673.
Gonzalez-Martin, I. Hernandez-Hierro, J. M. Mor on-Sancho, R. Salvador-Esteban, J. Vivar-
Quintana, A. & Revilla, I. 2007.Determination of the percentage of milk (cow’s, ewe’s and
goat’s) in cheeses with different ripening times using near infrared spectroscopy technology and a
remote reflectance fibre-optic probe. Analitica Chimica Acta. Vol. 604, 191-196.
Gonzalez-Martin, 1. Hernandez-Hierro, J. M. Revilla, I. Vivar-Quintana, A. Lobos Ortega, L.
2011.The mineral composition (Ca, P, Mg, K, Na) in cheeses (cow’s, ewe’s and goat’s) with
different ripening times using near infrared spectroscopy with a fibre-optic probe. Food
Chemistry. Vol. 127, 147-152.

Gonzalez-Martin, 1. Hernandez-Hierro, J. M. Vivar-Quintana, A. Revilla, I. and Gonzalez-Pérez,
C. 2009.The application of near infrared spectroscopy technology and a remote reflectance fibre-
optic probe for the determination of peptides in cheeses (cow’s, ewe’s and goat’s) with different
ripening times. Food Chemistry. Vol. 114, 1564-1569.

Gursoy, O. Somervuo P. & Alatossava, T. 2009.Preliminary study of ion mobility based
electronic nose MGD-1 for discrimination of hard cheeses. Journal of Food Engineering. Vol. 92,
202-207.

Jha, S. N. 2010.Nondestructive Evaluation of Food Quality. Springer Heidelberg Dordrecht
London New York. Acta Horticulturae. Vol. 421, 91-98.

Karoui, R. Mouazen, A. M. Dufour, E. Pillonel, L. Schaller, E. Baerdemaceker, J. D. & Bosset, J.
2006. Chemical characterisation of European Emmental cheeses by near infrared spectroscopy
using chemometric tools. Int. Dairy Journal. Vol. 16, 1211-1217.

Karoui, R. Pillonel, L. Schaller, E. Bosset J.-O. & De Baerdemaeker, J. 2006. Prediction of
sensory attributes of European Emmental cheese using near-infrared spectroscopy: A feasibility
study.Food Chemistry. Vol. 101, 1121-1129.

Lucas, A. Andueza, D. Ferlay, A. & Martin, B. 2008. Prediction of fatty acid composition of
fresh and freeze-dried cheeses by visible—near-infrared reflectance spectroscopy. Int. Dairy
Journal. Vol. 18, 595-604.

Ni, H. & Guansekaran, S. 2004.Image processing algorithm for cheese shred evaluation. Journal
of Food Engineering. Vol. 61, 37-45.

Nicolai, B. M. Beullens, K. Bobelyn, E. Peirs, A. Saeys, W. Theron, K. I. & Lammertyn, J.
2007.Nondestructive measurement of fruit and vegetable quality by means of NIR spectroscopy.
Postharvest Biology and Technology. Vol. 46, 99-118.

Noh S. H. & Choi, K. H. 2006.Nondestructive quality evaluation technology for fruit and
vegtables. International Seminar on Enhancing Export Comoetitivenes of Asian Fruit.Tailand.
Oca, M. L. Ortiz, M. C. Sarabia, L. A. Gredilla A .E. & Delgado D. 2012.Prediction of Zamorano
cheese quality by near-infrared spectroscopy assessing false non-compliance and false
compliance at minimum permitted limits stated by designation of origin regulations. Talanta. Vol.
99, 558-565.

Oriordan P. J. & Delahunty, C. M. 2003.Characterisation of commercial Cheddar cheese
flavour.1: traditional and electronic nose approach to quality assessment and market
classification. International Dairy Journal. vol. 13, 355-370.



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

LQJJJL:S LSLQL.)’.?M’LA ww gjlﬂ oji;s M'; _9\@3)1"“'6(‘%

. . . "
qxw‘ﬁ&a}(wﬁ&bw) !
e (P ) 3
d\j@.: ol Ncb 9 LS).)JL:'S OS2 }‘\,
C‘}S - \rq¥ %J‘)\ Y B Y \PAF et

Ottavian, M. Facco, P. Barolo, M. Berzaghi, P. Segato, S. Novelli, E. & Balzan, S. 2012. Near-
infrared spectroscopy to assist authentication and labeling of Asiago d’allevo cheese. Journal of
Food Engineering. Vol. 113, 289-298.

Pearce, T. Schiffman, S. Nagle H. & Gardner, J. 2003.Handbook of machine olfaction: Electronic
nose technology. Wiley-VCH Velag GmbH & Co. KGaA, UK.

Rajbhandari, P. & Kindstedt, P. S. 2005.Development and Application of Image Analysis to
Quantify Calcium Lactate Crystals on the Surface of Smoked Cheddar Cheese. Journal of Dairy
Science. Vol. 88(12), 4157-4164.

Raji, A. O. Fagboun A. A. & Dania, M. K. 2000. An approach to detecting defects in food
products. Proceedings of the First International Conference of the Nigerian Institution of
Agricultural Engineers. 36-39.

Revilla, I. Gonz’alez-Mart'in, I. Hern"andez-Hierro, J. M. Vivar-Quintana, A. Gonzalez-Pérez, C.
&Luruena-Martinez, M. A. 2009. Texture evaluation in cheeses by NIRS technology employing a
fibre-optic probe. Journal of Food Engineering. Vol. 92, 24-28.

Schaare P. N. & Fraser, D. G. 2000. Comparison of reflectance, interactance and transmission
modes of visible-near infrared spectroscopy for measuring internal properties of kiwifruit
(Actinidia chinensis). Postharvest Biology and Technology. Vol. 20, 175-184.

Shewfelt R. L. & Bruckner B. 2000. Fruit and vegetable quality: An integrated view.
Pennsylvania Technomic Publishing, Lancaster

Skeie, S. Feten, G. Almey, T. Ostlie, H. & Isaksson, T. 2006. The use of near infrared
spectroscopy to predict selected free amino acids during cheese ripening. Int. Dairy Journal. Vol.
16, 236-242.

Serensen L. K.& Jepsen, R. 1998. Assessment of Sensory Properties of Cheese by Near-infrared
Spectroscopy. Int. Dairy Journal. Vol. 8, 863-871.

Timmermans, A. J. M. 1998.Computer vision system for online sorting of pot plants based on
learning techniques.

Trihaas, J. Vognsen L. & Nielsen, P. V. 2005.Electronic nose: New tool in modelling the ripening
of Danish blue cheese.International Dairy Journal Vol. 15, 679-691.

Wang H. H. & Sun, D. W. 2003.Assessment of cheese browning affected by baking conditions
using computer vision. Journal of Food Engineering. Vol. 56(4), 339-345.

Wang H. H.& Sun, D. W. 2002.Melting characteristics of cheese: analysis of effect of cheese
dimensions using computer vision techniques. Journal of Food Engineering. Vol. 52(3), 279-284.
Wang H. H. & Sun, D. W. 2002.Melting characteristics of cheese: analysis of effects of cooking
conditions using computer vision technology. Journal of Food Engineering. Vol. 51, 305-310.
Wang W. & Paliwal, J. 2007.Near-infrared spectroscopy and imaging in food quality and safety.
Food Qual. Vol. 1, 193-207.



S35 Slaimdle pwdige oo XS ey
e 5 (et SHS)
Ol o8l b abe 5 $3sWS s
C"S —\Ya¥ &L.i.@.:.:s‘)\ s 3 Y ' 1PAF watgus

Review of applications in machine vision, electric nose and infrared
spectroscopy in non-destructive evaluation of quality cheese

Abstract

Cheese is one of the dairy products that due to having mineral and nutritional materials considering an important
resource of food. As the quality assurance is on of the most significant goals of any industry, so it is required a rational.
Affordable and non-destructive method to quality assessing of this main product. The substantial purpose of this study
is representation an overview of common method s and non-destructive techniques that comprising machine vision,
electronic nose and near infrared spectroscopy (NIR) to assess the quality of cheese. Machine vision system, based on
imaging of product, can be able to measure colour alteration during the reaching period, assessment of melting
capability, determining the area of surface holes and other geometric charactristics of cheese product. Hence, using of
electronic nose technology has been reported to grade cheese with respect to maturity time, quality assessment and
market grading, checking of changes in terms of reaching and insolubility of cheese. NIR spectroscopy performs based
on optical principles, the capability of measuring organic and mineral material, volatile compounds and sensing feature
of cheese and, also, determining of amino and fatty acid. The results of this research suggest that the utilizing of non-
destructive methods for assessing the cheese quality is not comparable comparable with the destructive one, whereas the
use of former method increasingly is on the rise.

Keywords: cheese, quality assessment, machine vision, electronic nose, NIR spectroscopy.



