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1. Resonance Raman Spectroscopy

28

5515 53 Ossle easidoes 53 45 A5 Ll 4000 et 400
oy DAt S50 DS 5 Rl G 08 e
ile3l 4 (5 sl ShlesT plnil 51 iulesl 5550 sladi sl
S5 5 Jsdoe 3 PH el sl 5 o Jime lie sbe
Metrohm (827 pH Lab, UK) olKews 5102 ol Wl s,
DR- Juss ATAGO s 5, 5l 5 lad ses PH (g, S o310 5l
Slss Ole 6 Soslkl gl AL(ATAGO, CO. Ltd. Japan)
Glaib Mo 5w eslina BIX &y 4 dlows el
45 15 ol OMNIC NICOLET sl 5 53 Il el oty
et 3 2003 D1 il olKais LS 3 (gl58le 5 s s
Matlah 5 EXCEl s 555 sdmcss oo &) 50 o Lacid
P P S - RN PRt SOt g3 PSR SPPRP IR R
s Gl c.)s_.:vl..)Ls_ACJJaA sy K g Olgie 4 &S
Leib (8 i wliS i 5 ege GLls BL g Cizen
Al mly Do 4 S i JSAL ol el el
Salesn A Dlio g oA S nd e 5 Sge slaLls

LLaas
SLS S ah mlbes mlon (K S o 0,5 100 0 ol
il Kden U gl sl axdl a8 Wlos s 250155 1, ik
5390l el ol s gad eslinad ST 51 )8 5k 4 Ol5 o 5
© by e Glaly gaminr 3 dd 4 S glacib 5 i) g0 0 g
(Gl oas 218 Ll Dlen (S5 par S 53 «5) Ll yday S
oo el L sl a3l SO s syl 5l 5
G5S5553) s ol Uls (HPLC) WU LS L e 1S ke S
s S ol Sl @ a5 LAl s (5558 oL
L ased Ll il €500 (5,8 o5l et Ol ol 4 skt
Tl ¢ Glae O3 Gl Cogr ke cpl a4 sl Gl S U
SIGMA 4K 15 Jue ,ls Jlnses 55 5k b sl 4 4 505 ol
Lo sod gt 5lo 31 ot i 5l rPML000 s olJT a5
Wy ol Sl s K0 20 Culg 55 5 el Bl SlS - 1o 3 5
L (WATERS 600, E USA) HPLC o&Kvs s sli Gl
A5 3,5 Bondapack™ C18 (250mmx4.6 mm) o .
aids i) Jel Ol > a5 (25-75) T o s il IO
Lo QLI sles Hs (giluliar Jos i eslinul S e 56 Olge
¢l WATERS s 2 5 (Refractive Index) RI L. 1


https://fsct.modares.ac.ir/article-7-7285-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-05-12 ]

1389 QL:.««.A) c4 c)l.q.\i' c7 c)jé

S w5 ple wllad

23§13 OS5 edes 4 53 0L HPLC LT 51 Jol> s

s g by b oSl 3 0ls e (251 gl JS2)
e 53000 Mt i essams s alex 515 S Iy acid s

80000 -
> Sl GSs s SIS Ll by e (S5 ax S o 70000 1 1544
) 555555 SIS SAU3 bavge 5k 4 JolS o5 0 5100 _ ooy
. e S . . T 50000
ﬁbéuw&\ﬂlwﬁb)j@m:)l::F)(CMUJy § 1186
= 40000
£
_ < 30000 -
JalasT 540 45 e s 5 PPM 10000 5 8000 6000 4000 z
Cods ol Culg 3 S 15 el O o 4 amecid 10000 | 1083
.wﬁ‘)l}w‘)f})‘}d(m‘}wdlr{f@)4d§.§:&UﬁﬁéJ\AI 0 Q : : : : : ; )
400 800 1200 1600 2000 2400 2800 3200 3600 4000
250000 Fructose 2000 ppm
Wavenumber(cm™)
200000 it 4;-)5 J:L; L&J:Sjﬁ)\su.bff LSL“&:i CLAJJ\‘ oo Sl Bj:AZJSn:l
|
glsoooo— Ol A58 oMy = e e 45 550 e sdalin 3 IS5 5o
% (N) C.JLM_SJJ d"’l L;l._.ﬁ‘ o3y c=C AJK): 61.;&.,\.;}:.3 Sl
%100000* 264 o=l [18] sols 5o et s o a8l S L e s
500001 L i Ol S, Gl &Sl G (] 5o i 58
o Sl Sl eslial L sy ge sl sl (53T 51k
0 500 1000 1500 2000 2500 3000 3500 4000 4500 o bl Candse a Las il Lfd‘-‘b SR o I S S
Wavenumber (cm’) Sl o b oL e I s sla s, 51 AL s oy
200000
Glocose 2000 ppm G S (gl 555 Aol o iy 53 S &S R
2919
on J_.’)‘&B} or J‘JJLQ.LAJJ‘)SUMIJLSAJ;MK)} 6LAJ.)‘}:.3
U asS e a5 i | boisls 5y 1540 cm™ sy
; ;ﬂj—g':s ‘)‘}sa_? j‘<'L:" (C'C)1180 Cm_l DL n2 4.{:5L7- DL cw‘}g.:s
< 12000 i i
= “ [3] ol e 6315 s C-CH3 iis
80000 |
E 1580 - y
= / retinal
40000 1560 yd
4
_ 4
0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ g 15404 = crocetin
0 50 1000 150 200 250 300 3500 40 50 -
1 ~ 1520 p-carotene
Wavenumber (cm”) -
_ Iycopenea
2000 ppm chale b S8 5 55855 5l adel oy Olol; ik 4 IS 1500 4 /‘ decapreno-g-carotene
u_.)l A.W._.Ju.ﬁ L).C,»J"J\f )L::D.-] B L_s.z\.:iﬂ )L:MJ CJLP)M?] LA&..&._.J& J‘ _.-/; dodecapreno-f-carotene
. . . Z . . 1430 L T T g T L] 1
P o d o Sledd an S glaci b s Lacid 0.00 005 010 0.15 020 025 0.30

(N+1)"
53 C=C o845 slai s ;l.chfm; Condgo o abal; 3 e

L&J:Sjﬁ)\s‘).p‘aﬁu)

29


https://fsct.modares.ac.ir/article-7-7285-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-05-12 ]

O 5 eSS s o

0.002

0.0018

0.0016

0.0014

0.0012

0.001

0.0008

0.0006 -

Raman Intensity

0.0004

0.0002

T T
500 1000 1500 2000 2500 3000 3500 4000 4500

-0.0002 -

Wavenumber (cm'l)

0.0024 4
0.0022 4
0.002 4

0.0018 4

0.0016 4 b

ity

e 2
g g
[ IS

0.001 4

Raman Intensi

<3
8
8

0 500 1000 1500 2000 2500 3000 3500 4000 4500

Wavenumber (cm'l)
O (0) sy i 5 (8) ooy 4o 0500 33 oS anulia 6 s
el 3 5 SolS Lnosls O gl dle 5 31 ey Lol okt
o5 5> 5 000178 e e o g s Jsl L o Jlie b
Jlasl 3l dr ol onls OLzs slasl) sl e 0700226 ooy i
s L (ol a8l 2alS LS e cpl by 5 03 O gl e
S-S el gl ol lie (B, 0Ll il (G5 Vs
Lo 55,18 i Sl SLaalaSS, (sl S 3l SO AS 5 oS
oS5 03 A Shas =l 51Ol e B sk 4 pl b il e
e e R R P R
bs e Sl 5l (ol 5o Olil) il B, &S Sl S
5 G G ke (355l b Emle 53 o LSS «
S il ol Kos am g L0 G [16] ol eas 518 Sa
o by sl Bl 5 (S5 ax S g, 0l 4 S lacid
YL a0ty 3 tdl o dgamme 53 S5, SSLled oS Laus 58

g5 33 3l ool oy glacids 53 (o3 pme sl p s> 5 Iyl L

sl olas ad
DLl 4 015 e | ol sk 2l 5 K s 45 891 emit it
[4] A2l o o 5m 53 3 30 A pder S s 48 315 s CH
sxb el IS s s es s i AL opl (b daDle S shailes
L b S o 55 iy ja) il el pasits LB msls
2 Rl s a0 s 5 (5580 alb (58 5nta 5l eslina
Uit s sbees bkl 45 (1030 OM™) ol 55,15 6350t
SSelul gl e s Cib s 3101y e Yool Lol s s

NG eﬁgl).,\:hﬁ;ﬂy

50000 -
b 45000 -
40000
35000

ty

Sl

30000 -
= 25000 1
=

£ 20000 |
[+

15000
10000 - 801
5000 |

O T T 1
400 800 1200 1600 2000 2400 2800 3200 3600 4000

Wavenumber(cm'l)
edhe Gl ol 53 el SLlST SO a5 s Olely ik 5SS
S e gie S S 5 ST LSS 4 by e 558 slacid
A3l o odalin b oa Lo jha s S

oS Jodow cbis-1-3
S Cslall Sl 3 ax g LB Ol lacab 3 s Kos aS8
SIS, oS SMie i 53 5 o ge Sk Oloe 43 by s Likas
Sl 5 0SS Sl s 3l A eS aslie ol andlcsls
Sheslizad b ab O gl e 5ol a3 § s b LS
calsee SIJIG s S ¢L?.;11-norm@u,up S e 5
o Sl ogi e b LS, Gud s bies S o&aus J\«JLA‘)I
S el e (6 JSs) sl ol 5o oS Jlo Ol 5 4,
sl IS 3 ol Sasy Gdd 5y Casl o el o l8 sl

30


https://fsct.modares.ac.ir/article-7-7285-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-05-12 ]

1389 QL:.M.-A) c4 n)l.q.:: c7 69>

S ol sy Culg o 5 osliS SV pame JS S5k o

b e

e -6

[1]Tavakoli Hashtjin, T. (1382). Mechanics of
Agricultural  Products. Trandation. Khadamate

Farhangie Salekan. Tehran, Iran. Pp: 528.

[2]Schrader, B., Klumpb, H.H., Schenzdc, K. and
Schulz, H. (1999a). Non-destructive NIR FT
Raman analysis of plants. Journal of Molecular
Structure, 509: 201-212.

[3]Schulz, H. and Baranska, M. (2007).
Identification and quantification of valuable plant
substances by IR and Raman spectroscopy.
Vibrational Spectroscopy, 43: 13-25.

[4]Edwards, H.G.M., Munshi, T. and Anstis, M.
(2005). Raman spectroscopic characterisations and
analytical discrimination between caffeine and
demethylated analogues of  pharmaceutical
relevance. Spectrochimica Acta, Part A, 61: 1453
1459.

[5]Lewis, I.R. and Edwards, H.G.M. (2001).
Handbook of raman spectroscopy, from the
research laboratory to the process line Marcd
Dekker, Inc. USA.

[6]Ghiamati  Yazdi, E. (1379). Biochemical
Applications of Raman and Resonance Raman
Spectroscopies. Trandlation. Mashhad, Iran. Pp:
251.

[7]1Zhang, P.X., Zhou, X., Cheng, A.Y.S. and Fang,
Y. (2006). Raman spectra from pesticides on the
surface of fruits. Journal of Physics: Conference
Series, 28: 7-11.

[8]Polder, G., VanDerHejden, GW.AM and
Young, I.T. (2002). Spectral image analysis for
measuring ripeness of tomatoes. Transactions of
the ASAE, 45(4): 1155-1161.

[9]Gao, X., Heinemann, P.H. and lrudayargj, J.
(2003). Non-destructive apple bruise on-line test
and classification with raman spectroscopy.
American Society of Agricultural and Biological
Engineers, ASAE Annual Meeting, St. Joseph,
Michigan. Paper No: 033025.

[10]Anonymous. (2006). Raman spectroscopy: a
complex technology moving from lab to the clinic
? and before too long, the marketplace. Available
on-line at: http://www.opticsreport.com/content/

31

0B Ol P el B a5 03,0 e BB i 5

ey o 0 4 o gllas
Ot sl iy dlasl 5 aenls oS ol m 555 4 oY
el Sl (55, (CIETOMBATICS) i o
LS 5 03 G 3550 Lodls (ledie 5 (oS (S eIl 4t
o Jlasl L S cul oo 8 e 0l s o] s O
Serd g LAl gl il s o L OIS s oleds)
S osb a5 Laose 2S5 oS anlie 4 S e glals
wo e i bl 5o 5 en el Bl (63,508 Y e

D05 Shua 3 |y Lo g hekae 5w e

S aoesi=dh

Gl el 5 G 3550 Glediss Sl S e oKl Sl 1 Jsa
deas e ialas | LT sl S 2 b s (6 - Seslisl LB s
Slasn abde by w5 L 355 Olge 4 Ol e
3 a3 g (5l WIS e e b K03 Gl 4 e O
SusliS Va8 gla il o s b (g Se sl
5 G ol o3 el oty Slaci Lo 5 4 35 o gems
4 Ll e by aewca b oS sl DL (il Dlades b oang s
25 el (S par S e lamabl (A4S ep S 25
22 S5 Blaea =L Olpe a4 bads IS aasiis ailate an o
5 At esls QLS Sl b 4 sdelndy glacid )3 Slroge
Lol 5l pe Ol 4 S Sl Sl 0 plon] Slinlesl uoman

2505 SN Ol o 50 L 2 se S 52 S 5 sl

l.a.al.@.:..':.y’—f)
Sty dlasl L as ol 0L s 4 Goss ol )3 ol il
P30 ok psb o i et Jlesl 25 b (e A5l
Vg A SLS 5 oS 5 AS Gla S eIl 5y el
Ol esls el o o 50 Ok 5 Oles (rim e 03 L 300l
2d ] 53 OF ol ol sl 5 0350 Ly 3550 Goiond alsl 3 iy
D3k dn b e dae S S Sl 8 Gl Ko

ijeﬂ&éd}ﬁ%WJééjf(K6)\}]@5)}9-


http://www.opticsreport.com/content/
https://fsct.modares.ac.ir/article-7-7285-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-05-12 ]

O 5 eSS s o

Raman spectra of carotenoids in natural products.
Spectrochimica Acta, Part A, 59: 2207_ 2212.
[15]Schulz, H., Schutze, W. and Baranska, M.
(2006). Fast determination of cartenoids in
tomatoes and tomato products by raman
spectroscopy. ISHS Acta Horticulture, 712. IV
International Conference on managing Quality in
Chains.

[16]Petrich, W. (2001). Mid-infrared and raman
spectroscopy for medical diagnostics. Applied
Spectroscopy Review, 36 (2-3): 181-237.

32

[11]JAnonymous (1999). Tomatoes. Licopersicon
esculentum. USDA nutrient database for standard
reference, reease 13.

[12]Lai, A., Santangdo, E., Soress, G.P. and
Fantoni, R. (2007). Analysis of the main secondary
metabolites produced in tomato (Lycopersicon
esculentum, Mill) epicarp tissue during fruit
ripening using florouscence  techniques.
Postharvest Biology and Technology, 43: 335-342.

[13]Camdo, A.F.L. and Gomez, P.A. (2004).
Comparison of color indexes for tomato ripening.
Horticultura Brasileira, Brasilia,22 (3):.534-537.

[14]Withnall, R., Chowdhry, B.Z., Silver, J,
Edwards, H.G.M. and de Oliveira, L.F.C. (2003).


https://fsct.modares.ac.ir/article-7-7285-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-05-12 ]

JEST Vol. 7, No. 4, Winter 2010 ABSTRACT

Application of Raman Spectroscopy for Non-Destr uctive
Deter mination of Qualitative Parameters of Tomato

Nikbakht, A.M.%, Tavakoli Hashjin, T.?, Malekfar, R.%, Ghobadian, B.*

1- PhD student, Department of Farm Machinery Engineering, Tarbiat Modares University, Tehran, Iran. (Staff
Member of Urmia University)
2- Professor, Department of Farm Machinery Engineering, Tarbiat Modares University, Tehran, Iran.
3- Associate Professor, Department of Atomic and Molecular Physics, Tarbiat Modares University, Tehran, Iran.
4- Associate Professor, Department of Farm Machinery Engineering, Tarbiat Modares University, Tehran, Iran.
(Received: 87/7/3 Accepted: 87/9/3)

Non-destructive methods yield a great deal of importance in agriculture since the tested product can
return to the market process, together with simplicity compared to destructive ones. Therefore, the major
challenge in industrial on/in line quality evaluation is to diminate damages in fruits and vegetables. Every
visible or invisible damage can be followed by problems in storage, processing and diseases. During
recent years, machine vision, optical techniques such as Raman, NIR, NMR spectroscopies, acoustics and
ultrasonic techniques are the main methods which have gained worldwide attention. In order to sort and
grade fruits, several methods are implemented which are mostly slow, time consuming, and destructive.
Yet, a rapid, non-destructive and precise measurement of qualitative factors including pH, SSC and color
in tomato fruit yields a great deal of importance. For such a purpose, Raman spectroscopy is implemented
to measure qualitative parameters in tomato non-destructively. Sugar components in tomato were
investigated with HPLC test and spectroscopy was conducted on pure sugars. Results showed that Raman
spectra highlight the major bands related to the fruit components. Lycopene and Carotene as the major
cartenoeids in tomato fruit were detected explicitly through the spectra, in the way that all the three
characteristic regions indexing such pigments (C-C and C=C stretching vibrations) are peaked as strong
bands. Also carbohydrates could be shown by a medium band assigned to C-H vibration together with
strong bands in 2300 cm™ — 3000 cm™* range. Thus it can be concluded that the technique is capable
enough to be used in recognizing non-destructively both the external factors (eg. color) and internal
parameters (e.g. SSC) in tomato fruit.
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