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Development of PVA-Methyl Red Radiochromic Films for Gamma Dose Distribution Analysis

and Application in Postharvest Tomato Ripening
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Abstract

This study aimed to develop polyvinyl alcohol-methyl red (PVA-MR) radiochromic films for gamma
radiation dose distribution analysis and to investigate their application in postharvest tomato ripening. The films
were prepared using a solution casting method with 4 wt% PVA and methyl red concentrations ranging from
0.01 to 0.06 wt%. The dosimetric response was evaluated over a dose range of 0 - 100 kGy using UV-Vis
spectrophotometry and RGB image analysis. The results showed that the films exhibited dose-dependent color
fading, with absorbance at 430 nm demonstrating a strong linear correlation with radiation dose (R? = 0.923 - 0.969).
The film containing 0.03 wt% methyl red provided the best performance in terms of linearity, sensitivity, and signal
stability. RGB analysis indicated that the blue channel was the most sensitive to dose variation. Application of
the films within a gamma irradiation chamber revealed non-uniform dose distribution, with higher radiation
levels observed in outer regions compared to inner layers due to attenuation effects. Correspondingly, irradiated
tomatoes exhibited delayed ripening, as indicated by slower increases in a* values and reduced weight loss
compared to non-irradiated controls.

Keywords: Radiochromic film, gamma radiation, dose distribution, tomato


mailto:kittikhun@mju.ac.th

NJU Maejo Journal of Agricultural Production 2026 8(3); 108-124 109

unAnsia
=S n:al'dv rr_': o al & o o a al a & a o o a I3
NIANENURTRRLsTasANaN N TN A ANeR llauaanasea-uiiawn (PVA-MR) &195Un153iasnzi
% . | o [~3 nﬂl A
N19NILANYFAIVDILTUIUTIAUNNNN Uaztaegnel lF N1 LANNITLAUNNINITNUAINIIALIN I IBINEITB LN A
Wangnusizanmsdsnaeansazans tneld PVA fasas 4 Insnwin uaziufiasanadududu 0.01 - 0.06 Feaay
Tnedinvin AnniulsviiunisneUanedsafad g 0 - 100 Alamnssl Aaemaila UV-Vis waznnsamsssininlussuy

o

RGB tngnan1anaaasnud) Aauin1sane@nndiniudedninau InadAinisganaunaii 430 wiluiums
HanudniuidaduiuBunnied (R2 = 0.923 - 0.969) NannHmniauaianas 0.03 lneiwiin Wilsednsnwangn
lusruannududadu aonule wazaruafassesdynind ausiinnsinaed RGB wudn desduiRuilaaula

angn matlszansldianlueiesanaiaduansiiviuii Bunnis@inmszaaldadinase Taatdnmduuanlady

e

o a 1 :’/ tﬁl 2 o =~ dl 1 1 tﬂl Yo o aa ¥ a QI ; ¥ 1
quamwﬂu TIARAARTILINANINARNDS TUNL A NANWLAN ﬂ’c}NVﬂfﬂ?UN’&Nﬂ’]i‘@iﬂ‘ﬁ’m\‘i TadAn a* INauEINgn

1
v o a vy o

waznIIgoyAanuinaAINIINgNALAN nan1sANHEHANIN Han PVA-MR uazaslednisdsiunusnn

q

it}

AnannlunistszgnsldineAruannisgnuariinangnisiuinunananndsniaiuies lfaenellsz dngnn

o o

AdADY: Naudned SAunuan nenszanafareaslfunuied uvidiame

Wandnisdiduginsalinsuinsdain
o e ae - . . .
wadwaMlasuacuiianetnaunivaislulaqiii
P = ay v ' P Yo
Waganndnunsaslasudlaesatnaninnie lasy
o a e I ] v A
F9dleaslud Ineludaealunssuaunisa19UTe
WU LR UAA NN U AN Lan T WU UASLAN
= o a a o
nalnnsasudiinannnszuaunising e s b
. aaa a dl a dgj a ¢
wrelisenaeveyyadaszMiinaunte luwysnd
noamas danaliradudilasunlaanntFuno
Faanlasu deanunsnun ldAmasiimeiunadlsann
mmiqmﬂﬁuumﬁ@mqwmuuuﬁqLLm (Mittal
et al., 2021; Putri et al., 2024; Soliman et al., 2021)

= )

andnfadgninllldeuedrandnenans
lunanaanan Tuanunisunne g uiunisdesiiiv
o o a aa o a
N1INTTANALBILTHI AL LADINF TR
SNEIRATNITAILANAMIN TN BILATEIR1 85I
dl 1 k% ¥

waziATaLNaRNIA TuAnugaanssnldnmaaey
Paunnfadlunszuaunissinmegnaninienisunne

warn1sliudaniResiagnediues douludiu

v
a o o

211117 FAunungnldineanatuauqauael Sud

N199BN2BINT NAALNAY LazEinagNITALINE

HANAANNINI9N AT IneWaN IR TaRsinlazvenafld
lugtduuuaainAniuussqdmuel ivalianne
RIAaaLNI LA LTA lAat19ganLiadaunan

(Das, 2017)

A

NewamA (Solanum lycopersicum) wlviNT&L

dld o o a 3
VINV’]’J"IN@’W’]E‘UV]’NLﬁ?i‘_‘fﬁﬂ@LL@z@mﬂJblﬂmQﬂ'&’ﬁﬂ"lﬁ’]?

i 49

nivszlemisiegunw wu 3eniu mlsivens lalatu
a 2 A wa v a
warasdszneuiuea TedantRsueyyadasy

atnglanmn diamalunaldlszinn climacteric

o

ndnsn1snelagenazgnat193amIinaIng

'
= OELQ./ =3

Aunen vinldangniaifiuinedu Toymanulives

o—

A 1 = a a =® al %’ o
AR N1TUAEAINAAUYITE 29NN TQEYLAEN N
2 X A e aom s o ¥
uaznistinaeiiiaitie vin e gn1sAiuinedu
Fafudeaninlunnsaudauaznisnana naiusnE
ANERUNYNANAINIDTeTEAaBN TGN LA WAl
yansmenanalfiinannisazinuruna (chilling
injury) AN 1 AUATNIINANARARNAY AU
walulaginnseefdsianalessau (ionizing
radiation) i1 S9AUNNNN (Gamma rays) Lazia@wend

(X-rays) audunirsaenfunaula esarndu



NJU Maejo Journal of Agricultural Production 2026 8(3); 108-124 110

=

ngzuaun1sf bl ldma1NFaw (non-thermal) WHN
Usz@nsninlunisanaiuouqauniduazazan
nisgniaanissunaulngeadne DNA uaznszUaunIg
NARLaTIAL (Choi and Park, 2023; Yoon et al., 2023:
Yoon et al., 2024)

Tuaruddedl ldwadlaiawaanaaas
(Polyvinyl alcohol; PVA) idluiuysnduanuasias
4 o e ¥y e .
Wasannilunedwasnazaeinle dannulasssitgs

va & Ao = ' =
71A79n wariauniannla Baveu uazinu
AxNaNe (Mittal et al., 2021) e baFusa@nnuun
NOALINALAANDARAAINITOLAANITLANFID
aeldnefiNe LAz aiNeuNARaTY LT lalagias
A2 o o o \ D
warlamsend GelunuimdnAnysianisnszsu
dffsaniuanslefdnieluildu (Akhtar (a) et al.,
2013; Akhtar et al., 2016; Bhat et al., 2007) uaz
a o o A
wiawsm (Methyl red; MR) 1flugns1a59@ 1ilagann
Lﬁumﬁ@wumw%mﬂgmm TAnTUIR9RUT LA
284lulngian meﬂgmmnm%ﬁmt ANAR
WHAanIINendet19tmnLan ANNNANanaIH
o [ o a o o al = o o
ANANAUS T UAUAULTN TR Avmunzdnusy
NuInfAszAugRaINgIN 1y N19a18faRe s
waznise@aginsninianisunwne wananni
WWAALIATIHAINNLAD L IABLAILATNNTAUSN ™
WarFauauiudsenuissia (Akhtar (b) et al.,
2013; Akhtar et al., 2016; Soliman et al., 2021;
Putri et al., 2024)
ce dd o o o o

$AIENAEIFTLUNEN PVA-MR §9ldaanin
Tun12ANHINATRIANNIT NI IR Rt AN AR ANTA
NM9RaLANeNTITNINL sauTeansd s e nafldw A
FINAND WNBRTIAAaUN1TNIZANEFNa959RN 8111
#Ra185ALNNNN hazn1danlasnanisTnlng
AUNITUAY UL AINIIATIINUNUDILARNA AN
ANTINEATNIENAINTAE5IR 1198 sz @nBAInaes

o A

nnsane AU iuEN1 T ENgANAY (absorbed

o

dose) atldadAny lnaddurufanauiull
814 AN DU AUYTEITaTEABNIZLAUNNAN
TratneflszAnsnn anseEunniadngaiull
U v a = ' v 6 ol
ananaWiiara N asalassainmag danasied
\WoANNA LAZADININTDINAKAS AITIU NITALAL
o . = o o | -
PALIANLENNTWIAA (dosimetry) Al A NANATY B NE
waliduladinanan ldfufsdluseAunmunzas
uazaNAND
P G A I -
At nsAntduafusnninisdamanz
Wandnsa@uant Il i andpFun i anus @ama
1830 TnefnmINNAAINABAAAEIAINNNTENTEY

A a o rnﬂl 9 =) & o o a
NELUBNA Iﬁf;lll%mfﬁjixﬂx‘iﬂLW@@\?LV’]?’]ZMW@NQ@N@
v

PVA-MR 152 UAN N NTWAN9AY (FR8ay 0.01 -

0.06 Tasinuidn) allssiun1snauauaIsasaa

)}

LNNNILALANHINITNIZAN U915 N 0 59R

)}

o

neluiesanaied wiauiadszgnsldWaudnig

PVA-MR Uazn19218 598 unuNI6aAmn1InIaY

I3

ANFALINEINLL TN A TUN1TANHIATRINITRNE
FAUNUNIFBAININTBINELTDINA (Solanum

lycopersicum) WEALATIZAINERAARBITENING

o Salo 11

UFNU59aNT A mﬂﬂ@ﬂuuﬂmmumwmn

LAZANHUZNINNTENINIDINANAANIUNAINT

o

28598 Tnelszilununinudsniafiuifeadiy

[%
o

Faadndndry laun nasgaudainuidn uaznis

'
a

wasuwlasuesdionasaszuLd L a* b*

o aa
aUnsaluazisnng
o da| o o o o
N9AIATIZUNANINTIA
nnsdAT i aNARung Iae ldATag
NAUANTTRALNLNANTAU LATUNAITATANE PVA
ANASIUUINAULTNIRT 100 Aadans annuw b
ANFAUNUIGOIUYH 80 - 90 BIALTALT A
A3 PVA 153004 4 nsu agluiinines wiannquasing

i dl = a o
paliaiunan 15 W auasazaratansela



NJU | Maejo Journal of Agricultural Production 2026 8(3); 108-124 111

waviiluiiawdeniu lnanrazans PVA AN

%

agay 4 lnauiuin danusuldiduanssenulunig

4

1491 AN 1nansazans PVA Rl 45159 50 Aanans

al

=2)

o

ANAUATDN MR waazmINNtdudw nouauls

>

1
aa °

ANFAANENNARNNANDTINTTUL A29E9gNAULA

D

sHamIN AN NI Uresa1sdand Tauwn MR 0.01
MR 0.02 MR 0.03 MR 0.04 MR 0.05 waz MR 0.06
arsazarausaraNidudugninasluniazay
3u1ms 50 Hadamsfenin mnﬁmuﬁ@qmuqﬁ
50 asAnTaldea 1waan 24 dalus tiaszime
vinazanauasin AT dy Wensunairiinig
panTduaanaINanA douTurung 2x2 A9

wummmg uwaziiulilugediden

.

NTANUSIANANIRSIA
TunmeaealaulaianluwAaraanuidu gy
pes@danaaniilu 2 ngu laun nquALAN Wauy
wusnen e lianinzweasnlni Tnglutiunng
o a v 1 £ = lﬂl =3 al =
e39A Mdunguansdaiednsnanuanes1a9a

& o 1 dl a A

ANNITEIZINAT waEusuInIslas Ll lasresdiTe
TR an 1l IMmAntwasantladaun auan wsa
di a 1 v a a) & dl
NNIRONANTWANNEITNENG UATNgNANY A Wauh
Iafunisanafe@unuuniaaldinsesaiaiedu

o al

Gamma Cell 220 nelAana113u10459 0.2 Alawnsel
Aadalng Inen1ruaseaulTN @R Ane Tawn
0 10 20 30 40 way 100 Alaingsl WWaAn®IN1g
d‘ al a a6 o
wWaguudasuavdunazaniifuasNa N guaanig

#5u59R (Figure 1)

[ . l Dissolve PVA80-90°c 15 min

—

Polyvinyl alcohol 4 g DI Water 100 ml PVA 100 ml

A ® 0.01 wit%

; \ ~ *002wt%

CINDIWER S e 003w% #
® 0.04 Wt% &

O + 005wt

® 0.06 W% PVA 50 mi MR 0.02 MR 0.03 MR 0.04 MR 0.05 MR 0.06
Methyl Red

MR 0.01 MR0.02 MRO0.03 MRO0.04 MRO0.05 MRO0.06

Oven 50 °c 24 hr

. .
#L-b‘x—---;

Store in normal condition: To check whether
a the unirradiated film changes over time.

Measure data every 2 day

Co - 60 gamma source
* 0.2 kGy/hr

Figure 1 Schematic diagram of the solution casting process for PVA-MR radiochromic films
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Figure 2 Experimental setup for gamma irradiation using the Gamma cell-220, showing the film placement within

the canister
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Figure 3 Visual observation of PVA-MR films at different MR concentrations (0.01 - 0.06 %wt) and gamma ray

doses (0 - 100 kGy)
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Figure 5 (a) UV-Vis absorbance peak of PVA-MR with different MR concentrations (b) gamma radiation dose

response trend varies by MR dose concentrations

Table 1 PVA-MR film absorbance and RGB dose response parameters with different dye concentrations

Absorbance RGB
Concentrations Dose Dose
(Wt%) response Intercept R? response Intercept R®

(kGy™) (kGy™")
0.01 -0.0032 0.4796 0.9518 -0.0025 0.3236 0.9964
0.02 -0.0050 0.6767 0.9336 -0.0025 0.3236 0.9964
0.03 -0.0059 0.7686 0.9233 -0.0026 0.3442 0.9921
0.04 -0.0079 1.1738 0.9690 -0.0011 0.3954 0.6585
0.05 -0.0124 1.6695 0.9490 -0.0010 0.4287 0.6252
0.06 -0.0149 2.0574 0.9546 -0.0002 0.4452 0.0422
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Figure 6 RGB channel response and sensitivity analysis plots the color intensity values across red, green, and

blue channels
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Before

irradiation

After

irradiation

Figure 7 Scanned film intensity of (top) before irradiated (bottom) after irradiated with different positions in

radiation chamber, out, inner and center

Table 2 Photograph of tomato with storage time from 0 - 120 hours compared to group of control (un-irradiated),

inner and outer position in radiation chamber

Storage Treatment
time Control Inner Outer
(hours)

- 0000 00600 06066
0000 006060 06060

- 0000 V000 060606
- 9000 0060 6660

0000 V0600 606606
- 0000 0000 6060
- 0000 0000 0000
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Table 3 Weight and weight loss with storage time from 0 - 120 hours compared between group of control (un-

irradiated), inner and outer position in radiation chamber

Weight Storage time (hours)
(9) 0 10 24 48 72 96 120
22.16 £ 21.98 £ 21.72 21.54 + 21.29 + 212+ 21.0+
Control
2.85a 2.82a 2.76a 2.72a 2.66a 2.65a 2.62a
| 18.64 + 18.57 18.14 + 18.14 + 17.89 + 17.72 + 17.58
nner
1.42b 1.41b 1.39b 1.39b 1.38b 1.37b 1.37b
out 17.85 + 17.76 17.55 17.43 1717 + 17.04 + 16.87 +
uter
2.88b 2.87b 2.85b 2.86b 2.77b 2.80b 2.79b
F_test * * * * * * *
CV(%) 12.41 12.43 12.42 12.43 12.59 12.66 9.69
Weight Storage time (hours)
loss
0 10 24 72 96 120
(%)
1.16 £
Control - 0.18+0.07a 043 +0.17a 0.62 + 0.25a 0.87 +0.37a 0.96 + 0.42a 050
.50a
1.07 +
Inner - 0.07+0.03b 0.28+0.06b 0.50+0.24b 0.75+0.29ab  0.92 + 0.29ab 0.31b
0.97 £
Outer - 0.09+0.020 0.30+0.07b 0.44 +0.13b 0.65 + 0.25b 0.80 £ 0.27b
0.30b
F-test - * * * * *
CV(%) - 38.94 32.32 19.04 13.79 11.77 19.12




NJU I Maejo Journal of Agricultural Production 2026 8(3); 108-124 120

30

= Control =e— Control
B inner 167 —m Inner
outer Outer

254

T HEEEEEE

1.4

Weight (g)

Weight loss (%)
o I =
o w (=]
’

o
i

I
N

0 10 24 48 72 9% 120 10 2 a8 72 % 120
Storage Time (hr) Storage Time (hr)

(a) (b)

Figure 8 Changes in tomato weight and weight loss during storage at different irradiation positions, (a) bar
plot of weight in gram and (b) line plot of weight loss (%) with the shaded areas indicating the

standard deviation

Table 4 Color parameters of tomato during storage from 0 - 120 hours, (a) L* values, (b) a* values, and (c) b*
values, compared among control (un-irradiated), inner-position, and outer-position groups in the

radiation chamber

(a) L* values

Storage time (hours)

L*
0 10 24 48 72 96 120
44,87 + 4255 + 39.72 + 38.03 + 36.82 33.15 % 33.0+
Control
3.1 2.05 3.05b 2.90 2.69ab 1.91b 0.71b
43.46 + 4252 + 39.98 + 37.42 + 34.57 35.39 + 329+
Inner
3.65 3.36 3.64ab 2.96 3.42b 3.38a 1.76b
43.24 + 43.08 + 4137 + 38.73 + 36.18 = 36.2 + 34.04 +
Outer
3.31 2.99 3.23a 3.12 3.47a 3.27a 2.10a
F-test ns ns * ns * * *

CV(%) 7.58 6.58 4.51 6.57 713 7.30 4.20
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(b) a* values

Storage time (hours)

a
0 10 24 48 72 96 120
473 + 9.55 + 16.92 + 19.38 + 20.9 + 21.8 +
Control 22.0+1.82
1.30b 2.51a 2.32a 2.2ba 2.53a 1.23a
6.34 + 9.86 + 14.88 + 17.74 + 19.24 + 21.62 + 2142 +
Inner
2.39a 2.33a 2.24b 2.51b 2.72b 2.38ab 1.77
433 + 7.32 + 1219 + 15.43 + 17.97 + 20.79 + 21.26 +
Outer
1.19b 1.97b 2.71c 2.71c 2.58¢c 2.80b 2.00
F-test * * * * * * ns
CV(%) 33.01 2517 16.45 14.01 12.27 11.35 7.27
(c) b* values
Storage time (hours)
b*
0 10 24 48 72 96 120
29.86 + 29.5 + 29.48 + 27.85 + 27.58 £ 22.67 + 2118 £
Control
3.29b 2.43b 3.23 3.83 3.99a 2.50b 1.36b
32.61 % 316+ 30.25 26.12 + 24 47 + 25.57 + 22.18 =
Inner
3.98a 4.52a 4.24 6.12 5.99b 2.50a 2.52b
28.99 + 29.79 + 30.38 27.99 + 25.77 26.7 + 23.84
Outer
3.57b 4.10b 3.88 3.77 4.51ab 4.20a 3.06a
F-test * * ns ns * * *
CV(%) 11.72 12.40 4,99 6.43 6.68 7 6.57
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Figure 9 Color parameters, (a) L*, (b) a* and (c) b*, with different storage time from 0 - 72 hours compared

between group of control (un-irradiated), inner and outer position in radiation chamber. The shaded

of line plot indicates the standard deviation of data
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