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Table 1- Values of some physical properties of Mazafati variety of date fruit at different ripeness stages
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Table 2- Values of chemical parameters of date fruit

Sy Jol e
ol Ripeness stages
Parameter . .
Sy Jws b, 5
Kimri Khalal Rutab Tamr
(1013) Jsboxe sel> Slge 1042.82 1744.10 40+5.3 58+6.26
SSC (%)
(10y3) oials 43 10+1.75 14+1.84 42+4.32 80+6.5
Reduces sugar (%)
(03] el 5+0.24 44032 6.35£0.74 7.5£0.85
Acidity (%)
pH 6.5+0.28 6.03+0.57 7.8+0.26 7.0240.15

P LA)> 090 dw#)ﬁ uo‘9> odas 45 Db UL“J ‘.A)> 0g.0
bgoye Tannin pls ay (oS5 e Sy 0 (S Jolpe Job
sl 2l agen Sy b e 5l cline 45 5ot exdlie
Barreveld, 1993; ) suw) 0 395 jldo oy S & i dlsyo 43 g
1 o8l yslaie 4y (Myhara et al., 1999; Al-Farsi, 2005
3y50 Tannin Lalls dises «yS i cpl a by b (slalos
S SleMbl cabs ol (V¥ USS) €8)5 58 il il
a)S sacalb g lacab pl dwlio b .culiS [Ls) o) i
9 WAV S0 Lol jlg aw 31 e o Y SKE) Lo y3 0gue 3 0l

Dg0d oy lacads (o 1) Tannin & bayye wsSsxe sio il VO

Sle ol L Olles 1 osel consay cab w013 Y IS
O ) oS dl>po )3 Lob 0500 digel (6l dine) o
ol g dw 2gd e pazida S ol jl4S jghailen ans e
03,5 yords ol olad )0 woSae yio Slw VOR+ o VWAV FO-
5 C=C) 5= S byl & glgie 1y bo)lg cnl el
5 ol oy s 45 (C-H) igyian =S 3 (C-C
olidss (Withnall, 2003) sl cows audly jl8 Jaw>e olosd
Y game (B 59y = olely (Prwdinb bwgia S (LS
WS o 30l 1) oS ami ol wl 01 plul (y9lsS
Nikbakht et al., 2011; Zhang et al., 2006)
Sy 0)90 (69 y calisee Jliize Oldisd | dlols guls



YD Jol Jlumoss o) 0 ylods of oo (5 5y9linS” (g pmiilo as it Yo F

6000 -

4500

3000

Raman Intensity (CCD Count)

1500 +

0

~— Original
-~~~ Polyfit
——Corrected

- b T

0 200 400 60O 800 1000 1200 1400 1600 1800 2000 2200 2400 2600
Raman Shift (cm™")

SyosS Alsyo 53 Lo s ga0 diged (6l die) ww gumnal slp (B33 i Slles I odel Cossay cids a0l 3 - Y UKW
Fig.2. Procedure of obtained spectrum from preprocessing operations for correcting foreground for date fruit at Kimri

stage
2
5 &
g 5 i
= =
< -
g
<
= 5
s
4] 2££|U 400 800 800 1000 12;.'.‘0 14.{]'3 1600 18.01} ZU.DD 2200 2400 2600
Raman shift (cm™)
Tannin o)l o3l jl odel Cowsay jloly cals — ¥ JSS
Fig.3. Obtained spectrum from pure tannin
o3lo e Oy 4 dn g5 b ool cwday (slacabs )> (6l5 e 0940 (Sduw) dsye ¥ Jobo > Tannin ol gl ¥ S o,
g oy (Sawy s oy polie gl ob olis 1) Tannin Oosiss ly pwsSae o il Fre=VOe v adb odgize jo oy
Cowl oais 0)l3 8 el lddswe lawgd Tannin oolo 500 bla oyl cusBas yuxi g ol bl Sl jiolie ialS Dged (oslS

(Barreveld, 1993; Myhara et al., 1999; Al-Farsi, 2005 Oolds  Shwyals o ¥ ) 04 odalie b dw
I Sy al> 0 ¥ 5 (g5 1 )



YoV obly b 3l oolaiwl b (S8lao sloys (Fowwy Jol o i

1372 A
£ \ i \ Rutah
5 Frn ot | A ] I"\J‘\—J
B
E 1365 , |A|

\ Ehalal

E s fr'u—\-\.ﬂ-.:—--" —J\ ATIR R e
é 1357

0 200 400 00 B00 1000 1200 1400 1600 1800 2000 2200 2400 2500

Raman shift cm™)

Sy ilisee Jolye 33 loys ogse il ool Canay loly (slacib € JSWS
Fig.4. Obtained spectrums from date fruit at different ripeness stages

0l 6y uSojlasl Bly yolis plys j3 1, PLS Juo oy yigo bawes
slaasl b C‘L‘“’ o_.{] SAomd e ULMJ I 0 duu:’ﬁ) by
= (285 olaio 4y Mireei ef al. (2010) lawgs odds yi)l55
S0 (uwwcinb jloolatwl b boys Jolowe dols dlge 500 o ysee
Sl callas 30,8 el

g liae oy y3 ol 4B ld gl Jde Kb s ¥ g
Oglaie sla il iy 5l ealawl b1y boys ogmo Joloro Sols
plosl a8 om0 lis LaJao ool dulie aad o lis
2 i ol sl i g Jde €8> jd ds 4 B 55l e

qead g it la! Goe) PH (i (295 Gl
O A o Jol e o ¥ a0 b aibe b bl 81 iy
JSi a5 V¥ RMSEP 5 + /A  Sitisod o pd liwe b Jo
Williams and Norris, ) L gilles a3 o olis |y gols opl &
oy b e @y yoxie ol 25y guomad 5500 42001
A 2oy WY (Siod o pd g 1A Siiod

Jleys sloyiie b (230t 4 bgye Jdo 0 5ciens
b Olie 45 1Bl Jgl Fde § Soge Jras o Il
5 el Cewdas 11/ L ol RMSEP e b +/VY  Siuen
slolad 5 (Swod oy (lise 45 500 Jao 22 ¥ Jgio
Wl 04 039l 030> Cawday 1y Jlate

ol gy olaly (rweiab ol @) gl ganzer b
u;]);LJ ML‘SA d))ﬁ‘..ws uYyaDu L;Q«.{ 9 L§°5 6)50)‘.).:] 6‘);
$529LiS Y guae 0> )3 b (boy (3l Bl b sl
Dy 00

asl cad o dasg LB IME] cab 5)50 50 500 aS
=S Hldo don 1D g 0gue (Sdawy e 4 basye Bias 45 ol
5 088 UsS ly o Slan oS duwlio (pl aill .l oSS,
b b mlidle s sl 485 )90 (A (sl JUSew (35132
U s S plosll-normal ay sl i puds gy 1 oolaiwl
Ll LSy @ ) baes a5 olfiws 5 ileojl ciliseo el
(¥ JS=3) 215 plosl 55 (oS Jelod Ol 5 48 e ) 095
S8y s Cawl o Tannin eole cdale &S cowl o
odalie ¥ S5 )5 e oo oty d ) a5 ol sl JIS 51 el
Cowl ol (og) loly (oriwiads (368 LY (sdbzen b 2ges
Tannin ggls 4 (oolg o S5y S 9 oS g pSojlul oly
oi9=> 3 At oy ol ploSiee b skt ulpl il
A4S Cl Cpe ot 4 Loll 5 0500 S5y bl (gdids
> Sy bgyye Sl 1 )l )3 Gl (Priwcidls (b,
ol o (5155 (6555liS e oo )

5okl sladiabs (us ouel orusas dalg ) ooy
LA Sy dda e yo (ailasds sLa yial )y

sl 3l Jse ooy Jolome dels dlge (e 095k Holateds

Ly asbe b <o ltial Jlogi slapeite s il ot

slled o Siuad oy e 2 ai Jol i o ¥ anyo

(R U“""’L)“"'_’ J9_1>u ..\.al> .)|9A ul)A.A );.)Lao I\ Jg.w .)9: PLS

1- Standard Normal Variate (SNV) transformation



IWAB Jo Jluos o) 6 ko o Al ¢ 5ol g oymiblo g o YA

PLS slaJas oUlg ol Lus |y Tannin esle oyl jee &l puss
B pgloan PH g Jglome ol 3,130 e (liee (it sl
Ol > 392 o3kl 390 (laBild i £95 U CoS (k28
el> Blge (e (p9Sidin jolate 4 Sglite ol iy Jlos!
sbaysie Jas slagbild ot el il Jae o Jobee
A Ao ol i o ¥ a0 L asle yilid ojlailin] oy
slabil i Gl sl Uy PH Oliee (2% (sl oo
4 yomie Jol 5ide 9 ¥ dr o b b pild o8I ioy puonal
5 V¥ RMSEP 4 +/AAY  Stisond oy e b Jdo oy i

60 -

y=0.9576x + 6.2484
B g =0.955
50 - RMSEP=1/2"Brix

45 -

40 -

SSC, pridcited (°Brix)

35

8 25 4o
S5 S oy i s oyl 5l ol cwdan gl
2 895l by s 9 LS () sl (il
Lo i slasiabl 5 Sy Jolys g 3 clojon (e
oo ¥ ) Sy it (o x5 b e
osSxe yio il YORe 5 WOV $B- Lol Jlg dus oy Sies,
alsyo y 2 ddgage Tannin oS ysjs Gl aasg bl
5 &9l bLE Sl polie (2alS o (g ysbody 3903 pasiie (Sipw)
ads o ¥y (69, ol sl b dw o bl oyl Cusdge yum
o any b odsl cowsay lacib ) (65 dxe Colis (S,

25 30 35

40 45 50 55

SSC, measured (°Brix)

85 ol plyy O PLS o (e basgi 005 (i hay Jolome dol> dlge yolie —0 JSUW
Fig.5. Values of predicted SSC by best model of PLS versus actual values

calisee (gla (i3 5l eslitul b Lo ys Jolome Sols dlge lise (pass (s1p PLS (sla e zols - Jous
Table 3- Results of PLS models for estimating of SSC of date fruit by using of different preprocessing

sd Jlos! (gl i 315 13 g

ol sradlae

)9:5 © O PR R

RMSEP
Operated preprocessing Principle components Best factor
- ‘ - | -
o) >)Ju-’ Jlesl o9 15 15 0.54 1.9
Original data
odl 38l i ¥
AR g e 15 15 0.68 1.7
MSC
| i « SS90 SNV
Jol nde « S 90 1 15 8 0.78 1.5
SNV, Wavelet, D
| i il ild SNV
gl griae s L3 1 15 7 0.82 1.4
SNV, Median filter, D
ps> uie e s SNV 15 12 0.89 1.3

SNV, Median filter, D?




Y4

Ololy giwiinb 5l ool b (G8lao gloys (Sawmw; Joly0 unni

B -
y=1.0003x + 0.2631

2 7 R2=0.981
=
2 6 RMSEP=1/4"Brix
=]
— 5 i

4 i

31 : : : .

3 4 5 6 7

pH, measured
@3‘9 )J.)Lo.a ))l).) 2 PLS J,\A OJ)A.Q) Jawy [ W) U“"’L)‘“" pH );.)Laa —1 N
Fig.6. Values of predicted pH by best model of PLS versus actual values

o sla iilo Sl eolatwl b boys pH Oliee (pesd (glp PLS sl s ls -£ Js.\}
Table 4- Results of PLS models for estimating of pH of date fruit by using of different preprocessing

sd Jlos! (gl i 315 13 gl ol swadlze 2958 i R? RMSEP
Operated preprocessing Principle components Best factor
- ‘ - | .
AP Jloel 05 15 13 0.83 1.7
Original data
odulj8l i 5
WP O e 15 15 0.89 1.6
MSC
sl gude «Sze SNV 15 11 0.72 1.9
SNV, Wavelet, D
ol gnie il 2l SNV 15 15 0.95 14
SNV, Median filter, D'
pp> iie s 23 SNV 15 12 0.91 15
SNV, Median filter, D
A bl dgude (wgd 8 olKily (g,9liS 0uSiily (5 ) &l 3wl

9 Coles L YYYY o)leds Slidod z)b B 5 iegh ol

References

1. Al-Farsi, M., C. Alasalvar, A. Morris, M. Baron, and F. Shaihdi. 2005. Comparison of antioxidant
activity, anthocyanins, carotenods and phenolics of three native fresh and sun-dried date (Phoenix
dactylifera. L.) varieties grown in Oman. Journal of Agricultural and Food Chemistry 53: 7592-7599.

2. Al-Hooti, S., J. S. Sidhu, and H. Qabazard. 1995. Studies on the physio- chemical characteristics of date
fruits of five UAE cultivars at different stages of maturity. Arab Gulf Journal of Scientific Research 13:
553-569.

3. AOAC. 1984. Official methods of analysis. 14™ edition. Association of Official Analytical Chemists,
Washington D.C.

4. Awad, M. A. 2007. Increasing the rate of ripening of date palm fruit, Helali by preharvest and
postharvest treatments. Postharvest Biology and Technology 43: 121-127.

5. Barreveld, W. H. 1993. Date Palm Products. FAO Agricultural Services Bulletin. Food and Agriculture
Organisation of the United Nations, Rome.

6. Biglari, F., A. F. M. Alkarkhi, and A. M. Easa. 2009. Cluster analysis of antioxidant compounds in



IWAB Jo Jluas ) 0 ko o Al (659l gl oymislo g o YV @

10.

11.
12.

13.
14.
15.
16.
17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

dates. Journal of Food Chemistry 112: 998-1001.

Blanco, M., and I. Villarroya. 2002. NIR spectroscopy. A rapid-response analytical tool. Tractrends in
analytical chemistry 21: 240-250.

Bukhaev, V. T., B. A. Abdul-Nour, and V. F. Noure. 1988. Physical and chemical changes in dates
during ripening with special reference to pectic substances. Date palm Journal 5: 199-207.

Cen, H., and Y. He. 2007. Theory and application of near infrared reflectance spectroscopy in
determination of food quality. Trends in Food Science & Technology 18: 72-83.

Edwards, H. G. M., T. Munshi, and M. Anstis. 2005. Raman spectroscopic characterisations and
analytical discrimination between caffeine and demethylated analogues of pharmaceutical relevance.
Spectrochimica Acta 61: 1453-1459.

FAOSTAT. 2011. Statistical Year Book of FAO, Available from: http:// faostat.fao.org.

Gao, X., P. H. Heinemann, and J. Irudayaraj. 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.

Ghiyamati-Yazdi, E. 2000. Biochemical Application of Raman spectroscopy 251 pages. (In Farsi).
Hashempour, M. 1991. Treasure of date palm. Amozesh keshavarzi Publisher. Karaj, Tehran. (In Farsi).
Hedayati, K., B. Emadi, M. Khojastehpour, and S. Beyraghi Toosi. 2013. The effect of ultrasound on
the extraction of sugar and mechanical properties of sugar beet. Journal of Agricultural Machinery 3
(2): 144-153.

Ismail, K. M., and S. A. Alyahya. 2003. A quick method for measuring date moisture content.
Transaction of the ASAE 46: 401-405.

Jahromi, M. K., S. S. Mohtasebi, A. Jafari, R. Mirasheh, and Sh. Rafiee. 2008. Determination of some
physical properties of date fruit (cv. Mazafati). Journal of Agricultural Technology 4: 1-9.
Khodabakhshian, R., B. Emadi, and M. H. Abbaspour-Fard. 2010. Some engineering properties of
sunflower seed and its kernel. Journal of Agricultural Science and Technology 4: 37-46.

Kulkarni, S. G., P. Vijayanand, M. Aksha, P. Reena, and K. V. R. Ramana, 2008. Effect of dehydration
on the quality and storage stability of immature dates (Pheonix dactylifera). LWT- Food Science and
Technology 41: 278-283.

Lewis, I. R., and H. G. M. Edwards. 2001. Handbook of Raman spectroscopy, from the research
laboratory to the process line. Marcel Dekker, Inc. USA.

Mireei, S. A., S. S. Mohtasebi, R. Massudi, Sh. Rafiee, and A. S. Arabanian. 2010. Feasibility of near
infrared spectroscopy for analysis of date fruits. International Agrophysics 24: 351-356.

Nicolai, M. B., K. Beullens, E. Bobelyn, A. Peirs, W. Saeys, 1. K. Theron, and J. Lammertyn. 2007.
Nondestructive measurement of fruit and vegetable quality by means of NIR spectroscopy: A review.
Postharvest Biology and Technology 46: 99-118.

Nikbakht, A. M., T. Tavakkoli Hashjin, R. Malekfar, and B. Gobadian. 2011. Nondestructive
Determination of Tomato Fruit Quality Parameters Using Raman Spectroscopy. Journal of Agricultural
Science and Technology 13: 517-526.

Sahari, M. A., M. Barzegar, and R. Radfar. 2007. Effect of Varieties on the Composition of Dates
(Phoenix dactylifera L.). Journal of Food Science and Technology International 13: 269-275.

Salari Kia, A., M. H. Aghkhani, and M. H. Abbaspour-Fard. 2014. Study of the effects of different
levels of moisture contents and temperature on the specific heat capacity of two varieties of Iranian
pistachio. Journal of Agricultural Machinery 4 (1): 30-36.

Sang-He, N., and C. Kyu-Hong. 2007. Nondestructive quality evaluation technologies for fruits and
vegetables. Available from: http://www.unapcaem.org.

Schmilovitch, Z., A. Hoffman., H. Egozi, and J. Grinshpun. 2006. Determination of single-date water
content by a novel RF device. Transaction of the ASAE 22: 401-405.

Schrader, B., B. Dippel, 1. Erb, S. Keller, T. Lochte, H. Schulz, E. Tatsch, and S. Wessel. 1999. NIR
Raman spectroscopy in medicine and biology: results and aspects. Journal of Molecular Structure 480-
481:21-32.

Williams, P. C., and K. Norris. 2001. Near-Infrared technology in the Agricultural and Food industry.
St. Paul, MN: American Association of Cereal Chemists, Inc.

Withnall, R., B. Z. Chowdhry, J. Silver, H. G. M. Edwards, and L. F. C. de Oliveira. 2003. Raman
spectra of carotenoids in natural products. Spectrochimica Acta 59: 2207-2212.



VY bl (omminb 3 ooliwl b (13las sloy5 (Sugwy o150 s

31. Myhara, R. M., J. Karkalas, and M. S. Taylor. 1999. The composition of maturing Omani dates. Journal
of Science and Food Agriculture 79: 1345-1350.

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



Journal of Agricultural Machinery @ — Gl sl piilo 4 Jid
Vol. 6, No. 1, Spring - Summer 2016, p. 201-213 i NG YooY o TR Jg! Jlmons o) o ykods  lor

Determination of ripeness stages of Mazafati variety of date fruit by Raman
spectroscopy

R. Khodabakhshian'"- B. Emadi’
Received: 26-04-2014
Accepted: 10-08-2014

Introduction: The economical yield of date fruits depends on many factors (Al-Shahib and Marshall, 2003).
One of them is harvesting in optimum stage. Generally, date fruits have four distinct stages of ripeness to satisfy
different consumption requirements (e.g., fresh and processed). They are known throughout the world by their
Arabic names which are Kimri, Khalal, Rutab and Tamr in order of ripeness (Imad and Abdul Wahab, 1995; Al-
Shahib and Marshall, 2003; Sahari et al.,, 2007). Decreasing moisture content and increasing sugar content
happens gradually while the date ripeness approaches to Tamr stage. From Kimri to Khalal stage, the size and
acidity decreases when the color of Mazafati variety changes from green to red. The change in acidity continues
from Rutab to Tamr stage while color transforms from brown to black. At the final stage of ripeness, Mazafati
variety is soft and has a good storability (Al-Shahib and Marshall, 2003). The main Raman techniques
commonly applied in agricultural product and food analyzing include dispersive Raman spectroscopy, Fourier
Transform (FT), Raman spectroscopy, Surface-Enhanced Raman Spectroscopy (SERS) and Spatially Offset
Raman Spectroscopy (SORS). Synytsya et al. (2003) illustrated that FT-Raman spectroscopy is a valuable tool in
structural analysis of commercial citrus and sugar beet pectin. Yang and Irudayaraj (2003) employed an FT-
Raman approach to detect and classify foodborne microorganisms on the whole apple surface for the first time.
Schulz et al., (2005) revealed the potential of FT-Raman spectroscopy in natural carotenoid analysis. Also, many
researchers have attempted to apply FT-Raman spectra on the whole fruits and vegetables. FT-Raman
spectroscopy was used by Veraverbeke ef al. (2005) to evaluate the natural, intact wax layers on the surface of
whole fruits. Nikbakht ef al. (2011) used a FT-Raman spectroscopy for qualitative and quantitative analysis of
tomato ripeness parameters. The scope of this study was to evaluate the feasibility of a nondestructive method
based on FT-Raman spectroscopy in distinction of Mazafati date fruits according to four mentioned ripeness
stages.

Materials and Methods:

Sample preparation: Mazafati variety of date fruit was used for this study. During the harvest seasons of
2012 (July-August), the samples from each four stages of ripening namely Kimri, Khalal, Rutab and Tamr were
collected from two different orchards in Bam, Kerman province, Iran. A number of 100 date samples were tested
in this study, and the external features of the four stages are exemplified in Fig.1. To characterize the physical
properties of studied samples, the selected physical properties such as initial moisture content, mass, geometric
mean diameter, sphericity and density of studied samples were measured using represented methods by
Mohsenin (1896), Jahromi et al. (2008) and Shakeri and Khodabakhshian (2011). At least, the samples were kept
at 5°C in a refrigerator for 7 days to distribute the moisture uniformly throughout the sample. Before spectral
acquisition, the required quantities of date fruits in each ripeness stage was taken out of the frig and allowed to
warm with room temperature for approximately 2 hr (Khodabakhshian ef al., 2012).

Chemical properties measurements: Tissue samples were cut from each fruit separately and were
macerated with a commercial juice extractor, filtered and centrifuged. The supernatant juice was used for the
determination of sugar content with a manual refractometer, and expressed as percent Brix in the juice. Dry
weight percentage of samples (Between 3-5 g) was determined by weighing them first, then dried them at 105°C
in a forced-air oven for 4 h and finally reweighed. PH value of date fruits was determined by a pH meter.

Raman spectroscopic set-up: FT-Raman spectra on the whole fruits in the region 200-2500 cm™ were
recorded using a Thermo Nicolet NEXUS 870 spectrometer (Thermo Electron Corp, Madison, Wis., U.S.A)
equipped with a Deuterated Triglycine Sulfate (DTGS) detector and a solid substrate beam splitter. The spectra
were collected with rapid scan software running under OMNIC (Nicolet, Madion, Wis., U.S.A) and a resolution
of 4 cm™ by coadding of 128 scans. FT-Raman has three main advantages over dispersive Raman systems: (1)
reducing the laser-induced fluorescence that a number of samples exhibit; (2) easing the operation as with a
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Fourier transform infrared (FTIR) spectrometer; and (3) showing a high spectral resolution with a good
wavelength accuracy (Yang and Ying, 2011). Furthermore, the Raman spectra of pure tannin were measured as a
reference spectrum. The original data were used for further analysis only after subtracting dark current spectra.
For obtaining dark current spectra, the laser was set to zero.

Results and Discussion:

Physical properties of date fruits: The results of some physical parameters of the studied date fruit are
shown in Tablel. The changes in the physical properties were dependent on the internal quality in different
ripeness stages. This justification also was revealed for date fruits by Al-Hooti et al. (1995). The obtained
relations between ripening stages and internal quality of studied samples are represented in the next part.

Raman spectra of tannin: Raman features of the tannin in the wavelength range of 200-2500 cm™ are
shown in Figure 3. As shown in the figure, major Raman features of the tannin were observed in the spectral
region of 600-1600 cm™. Three main Raman peaks were identified in this region. The tannin showed its highest
Raman intensity at 1590 cm™, which was higher than that at 1357 cm™. The other peak (650 cm™) showed low
intensity. As stated by many researchers (Shahidi and Naczk, 2004; Al-Farsi et al., 2005; Biglari et al., 2008),
these bands are assigned to stretching C-C, C=C and C-H bonds which compose the structure of phytochemicals.
Beyond 1600 cm™, no notable Raman scattering signals were observed. Themain Raman features of tannin were
revealed in the wavelength range of 600 to 1600 cm™ since the main Raman features of tannin are in the
wavelength range of 600-1600 cm™, this region was used for calculating the spectral information divergence to
evaluate the ripeness degree of the date fruits.

Conclusions: This study reports the potential of FT Raman spectroscopy for nondestructive discriminating of
Mazafati date fruits according to the four ripeness stages. The analysis of the Raman signal changes that
happening during date ripening and its relationship with the ripeness degree of the date fruits was studied. In this
regard, changes of pure tannin content in the wavelength range of 200-2500 cm™ as a good ripeness index for
date fruits was investigated. A modified polynomial, Self-Modeling mixture Analysis (SMA) and the Spectral

Information Divergence (SID) was performed on different samples at four ripeness stages.

Keywords: Date fruit, Non-destructive evaluation, Raman spectroscopy, Quality factors



