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The Model of Mango Quality Assessment Using Monte Carlo Simulation (Part 1)
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Abstract
Mango is considered as one of the Thailand’'s major exporting fruits, achieving its
massive export volume in foreign markets with different levels of purchasing power. Thailand is

reportedly ranked the third for the world’s largest mango exporter. Also, there are many factors
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that decrease the competitiveness of the Thai mango including lack of production consistency,
inferior production management, excessive production cost, and the soaring selling prices. In
consequence, a large number of consumers decided to purchase mangoes from other business
competitors. Admittedly, significant factors that influence the consumer’s buying decision are the
information of product quality, reasonable price, desirable taste and appearance. In order to solve
the mentioned problems, it is necessary to study the quality assessment of Thai Mangoes related
to the entire supply chain management from upstream to downstream. According to the study,
the quality assessment of Thai Mangoes using Monte Carlo Simulation at the temperature of
13 °C throughout every stage of the storage, from harvesting to distributing the mangoes to the
consumers, assure the quality level of the mangoes which benefits for the business decision
making process or the quality management of Thai Mangoes. There are three significant factors
that influence the quality level comprising total soluble solid, titratable acidity, and firmness.
However, the quality level can be divided into four levels which are unripe, half-ripe, ripe and
over-ripe. So, the data were modeled the quality index assessment of Thai Mangoes at the
temperature of 13 °C, during storage time from 1-45 days with maximum likelihood estimation
and statistical test. The result showed that the model had mean square error at 0.6876 + 0.0449
and coefficient of determination (R?) is 0.8881 = 0.0076 show that the model of quality index

assessment is appropriate and corresponds to the actual data at an acceptable level.

Keywords: Mango, Quality Level Assessment and Monte Carlo
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(Titratable Acidity) |:‘l: (Ripening Index) ngufi 2 : nunssu
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¥ . (Ripe)
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Input Data
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(Random Variable) (Storage Time)
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NamsﬁnmmﬁﬂLﬁumsa%ﬂmumhammsﬂiuﬁu%f@qmmwmaammﬂmﬁi:ﬁuqmmgﬁ
13 °C laglgmnaftan1InaNT AU FIAARDIVDINITHANKIIANNUNALT U LaTA1INARBULTI
asudsunAgIunvsiialasnismasauvaslalulnsan-swasuew sursndiinnisaiis
me‘haaqamumszﬁmiﬂmﬁmﬁﬁ%f@]qmmw AU UANANNANALARD UV BIANL TN DM ABY
Qs 1 a { o 1 Q a Af =) 4 Qs a £
AudmIAleasimuue uazdgudssintueiniaadnla INegInangfnIIn ANNONABY Uag
mmaa@ﬂﬁawaa@hﬂszmmﬁsuﬁuwams‘mﬂaaw%waaﬁmﬁ%i’@qmmwmaqmmﬂwﬂﬁ
a o A . & = o &
gunnd 13 °C FailHanIAnINAIL
1. ﬂaﬁfmﬁu,ahejue?m%’unﬂﬁafﬁ'smiﬂiuﬁuqmmwmaha"lmsJ PNHANIINARDILA
Lﬁﬂ"ﬁagaﬁm%’unnﬂaﬁ'mﬁl,ﬁmﬁaaﬁ'u@”%ﬁ%i’@qmmw 1N AN NFEANADIVBINITHAN
] v 6 o a 6 v o v = 6
memmauﬂumﬁﬂommﬂmLm'lzwuaga‘mm (Input Analyzer) :nlUsunTuABNRILADS
éﬂL%ﬁ]gﬂ@Tﬁumiﬁmadamumirﬁ LLazﬁmmwﬁﬂwm@ﬁaﬂﬁﬁﬁuaaaﬁq@ 1anan1sIazhag

AN 2

A

P a € v & o il o o o A o
MN1319N 2 ﬂ’]‘i’)l.ﬂi’]ﬁhﬂ’ﬂ&laaﬂﬂﬂad“ﬂBdﬁdﬂ“ﬁ%ﬂ'ﬂuu’]'ﬂtLﬂ%ﬁ’]%‘iu‘qﬂﬂﬁ]ﬁ]EI‘Y]Qm%ﬂu 13 °C

U

2291981 1298 NSUINUDY WInZwN1THINUI Sq Error | p-val
1-7 7% |Firmness Normal Dist? NORM(6.9, 1.45) 0.1550 0.15
Total soluble solids | Beta Dist? 4+8*BETA(1.76, 1.48) 0.0229 0.15

Titratable Acidity Lognormal Dist® | 0.78+LOGN(0.476, 0.224) 0.0038 | 0.15

8-14 1% |Firmness Beta Dist? 12*BETA(2.87, 1.93) 0.0015 | 0.15
Total soluble solids | Gamma Dist? 8+GAMM(1.16, 3.38) 0.0062 | 0.15

Titratable Acidity Lognormal Dist? | 0.63+LOGN(0.357, 0.234) 0.0053 | 0.15

15-21 1% |Firmness Lognormal Dist® | LOGN(4.89, 4.03) 0.0076 | 0.15
Total soluble solids | Normal Dist® NORM(14.6, 1.42) 0.0433 | 0.15

Titratable Acidity Normal Dist? NORM(0.832, 0.12) 0.0077 | 0.15

22-28 1% |Firmness Lognormal Dist? | 0.14+LOGN(0.519, 0.289) 0.0044 0.15
Total soluble solids | Normal Dist® NORM(15.7, 0.842) 0.0212 0.15

Titratable Acidity Gamma Dist® 0.26+GAMM(0.069, 4.4) 0.0038 0.15

29-45 1% |Firmness Beta Dist® 0.05+0.51*BETA(2.67, 4.29) | 0.0074 0.15
Total soluble solids | Gamma Dist? 14+GAMM(0.61, 4.2) 0.0160 0.15

Titratable Acidity Lognormal Dist? | 0.07+LOGN(0.21, 0.0908) 0.0105 0.15

WINEIAG: Nazauindan 0.05
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NANITILATIEAMENARANITAI TN ANUREAARDIVBINIA TN TUINUIIANNUI DL
Lﬂuﬁ'uNamiﬂ@maaﬁaﬁww?unnﬂaﬁbmiﬂﬁnﬁmﬁﬁﬁfﬂqmmwmaamahaﬁs:é’uqmﬁgﬁ 13 °C
Yannuukniite Usuimesudersnuanazaninld wazUsunmnsadlninsale GRERERERT
ﬂaﬁfunﬁﬂsuﬁuﬁ%ﬁ%’?@]qmmwvl,@ﬁdf:

1.1 ﬂaﬁ‘ﬁ'umsﬂs:l,ﬁwiwmuLLuuLﬁa"naammammwmmﬁ'@Lﬁuﬁqm%n‘]ﬁ 13 °C
snanInad Wi TuaIu sga le FIRuMIN (4)

F.'(U,,6.90,1.45) 1<t<7
12xF;*(U,,2.87,1.93) 7<t<14
FN” =1In{F, (U, 4.890,4.03)} 14<t<21 (4)

0.14+In{F, (U,.0519,0.289)} ;21<t<28

N

0.05+0.51xF."(U,,2.67,429) ;28<t<45

U (0.275,1.00) ;1<t<7

U (0.10,0.80) ;7<t<14
Taofl U, ={U (018,092) ;14<t<21
U(0.11,1.00) ;21<t<28
U (0.00,1.00) ;28<t<45

1.2 WIRTwnTUse A nA1UT N a1 0 IuTINIRNAN AL AU eV B INTNIINNTZLLIAN
JaiuNzaugmnnd 13 °C mwnsnaiiisisududsguld asaunsi (5)

4+8xF'(U,176,148) ;1<t<7

8xF,, (U,1.16,3.38) 7T<t<14
TSS® =4 F,'(U,,14.60,1.42) l4<t<21 (5)
F."(U,,15.70,0.842) ;21<t<28

14+F, (U,061,4.20) ;28<t<45

U (0.08,0.70) ;1<t<7
U (0.30,0.90) ;7<t<14
Tasfl U ={U (002,095) ;14<t<21
U (0.00,1.00) ;21<t<28
U(0.28,091) ;28<t<45
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[ a ' a A v 1 [ = A %
1.3 WenTumsdszfiuanvSunmnsad lninsa lavesuzainsmaszasnadanuinzay
amnnil 13 °C sanInasiiTueulgald daaunim (6)

0.78+In{F, (U,,0476,0.224)} ;1<t<7
0.63+In{F,; (U,,0.357,0.234)} ;7<t<14

LN

TA® =1F.*(U,,0.832,0.120) 14<t<21 6)
0.26+F.} (U,,0.069,4400)  ;21<t<28
0.07+In{F,;(U,,0.210,0.091)} ;28<t<45

U(0.150.98) ;1<t<7

U(0.11,0.94) ;7<t<14
Taol U, ={U (0.00,1.00) ;14<t<21
U (0.75,0.90) ;21<t<28
U (0.051.00) ;28<t<45

6 o a 1 a ddyﬂl 1 a = dl ﬂ/
1.4 ﬂx‘iﬂ“ﬁuﬂ'liﬂizl,u%ﬂ’]@“ﬁu“ﬁ?@]ﬂmﬂ’w\l"ﬂENNZ&I’N@]’]&JSzEJZL’JQ’]’@@ILﬂU‘Y]iZ@IU

a ) v ﬂr 6 6 1 o ad o quz a P
qm%n“u 13 °C R20NIDRIN amjumiwmmmm@‘*ﬁwﬁ’mqmmw A AIFUNITIN (7)
13 13
5 _n 100x Fn;” xTa,

! Tss®

RI )

31 F (U, p) fa Wardunniunsuanuasuniud dowmiieed U, o

uaz S

F.' (U, 1 0) Ao WanTunnsunIsuanuasuuudnd drawindiaas U, 4
uaz o’

F. (U, u0)fa Wandunndunisuanuaiuuudondnd arawindiaes
U, u usz o

F.. (U,a p)fa WefTunndun1sianuasuuuwnasn arawindieas U,
ausz f

Ta” fa snSnnansanlninsaldfgamad 13 °C m TrsnandaLiu t 54

Fn® @8 ﬁ'lm'muﬂmﬁaﬁqmﬁnﬁ 13 °C 4 TIIINTALAL t Th

Tss” Aa mﬂ%mmmmLLﬂ':iaﬂgwm"?fa:amﬁﬂvl@Tﬁqm%n‘jﬁ 13 °C ™ T39I

a

ANV t %

(2
o ' a

RI® @a drapiiingmniwyaduzaingmnnd 13 °C o $291819aLAY t

q U
[

T
U, s sudsguidnmauanuaswuusdnieme a 590a9aiu t

t  @e SzpzanIIaLRRMAILGIAUNEIIRtIIaYTHdn ()
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2. LLU‘U'«J"WaadamumizﬁmiﬁizLﬁu@”"ﬁﬁ%i'@qmmwmaw:ajw NIzaugmnnil 13 °C
mnwamﬁmm:ﬁgﬂLLﬂUﬂdﬁ‘ﬁ'u@TaLmiqmLLazmia%’N@”uamq?waaﬁﬁ)fﬁ'ﬂﬁl,ﬁm%d FNTRIN
a%“nuumiwaaaamumszﬁmiﬂszLﬁmﬁﬁ%f@@;mmwmaamma INBFILNANOANTINURZAN

o o ool A o A ° & o (‘:i'VL ) )
ONABIVBITEAUAMNINYDINZN1NTZAVY NN 13 °C Taflunaansn ldannirlsziiinyes
wUUF1aaIREIRMIBElasTNauAA13La (Monte Carlo Simulation) uinafianisinaasaanunsnt
ﬁmﬂawﬁamaﬂmﬂwmﬁ‘aLamﬁima:ﬁqﬁ“ﬁmﬁ"aLLﬂisjuﬁaa@]ﬂa’aoﬁ'umsmzmﬂ‘*ﬂ”ﬂgamaaLwiaz
ﬁﬁ]ﬁ?’ﬂﬁLﬁm*’ﬁaomﬁ‘haaaﬁaga@ﬁﬁ%’?@qmmwmaouzmamﬂ@Tﬂﬁ]fS’ﬁﬁLﬁm“ﬁadvlﬁ@”dmﬁaﬁ 3

A

P o & a \ A a A o
M1319N 3 ﬂ'ﬁ’i]']ﬂa\'iﬁﬂ']uﬂ']imﬂ'ﬁﬂ§$L3J%ﬂmﬂqW°ﬂQGN$NQGI@835NQ%@@H{[Q ‘ngnmnu 13 °C

U

I NIAINANAVE n3asvAIGul e

“ o« ; RIP | nanqmsnn
s | 0700 [ U (00) [Ur(0n) | P | Tl | T

t

—_

0.3932 0.4067 0.3917 6.51 7.86 1.19 | 4.59 Half-Ripe

2 0.2849 0.5175 0.8334 6.08 8.53 147 | 4.65 Half-Ripe
3 0.6859 0.6373 0.6646 7.60 9.24 1.35 | 4.7 Half-Ripe
4 0.7466 0.6566 0.2710 7.86 9.35 112 | 454 Half-Ripe
5 0.4924 0.6486 0.3565 6.87 9.31 117 | 4.46 Half-Ripe
6 0.6607 0.0891 0.6130 7.50 5.52 132 | 5.19 Unripe
7 0.5730 0.6056 0.1644 7.17 9.05 1.04 | 441 Half-Ripe
8 0.3487 0.3138 0.3915 6.24 9.65 0.92 | 4.09 Half-Ripe
9 0.3232 0.3086 0.4986 6.03 9.62 0.99 | 412 Half-Ripe
10 0.4586 0.8945 0.1859 7.06 | 16.51 | 0.78 | 3.50 Ripe
11 0.4169 0.5027 0.3231 6.75 | 10.89 | 0.88 | 4.00 Ripe
12 0.7588 0.8523 0.4830 9.16 | 15632 | 0.98 | 4.07 Half-Ripe
13 0.2069 0.6770 0.1573 5.01 1249 | 0.75 | 3.41 Ripe
14 0.4310 0.7208 0.1862 6.86 | 13.02 | 0.78 | 3.71 Ripe
15 0.6533 0.2390 0.8039 6.48 | 1359 | 0.93 | 3.80 Ripe

16 0.2025 0.3447 0.0949 153 | 14.03 | 0.67 | 2.00 Over-Ripe

17 0.8887 0.3364 0.7194 9.81 14.00 | 0.90 | 4.15 Half-Ripe

18 0.3435 0.6548 0.6911 3.27 | 1517 | 0.89 | 2.96 Ripe
19 0.8100 0.8630 0.6985 8.43 | 16.15 | 0.89 | 3.84 Ripe
20 0.2268 0.6929 0.4509 187 | 15632 | 0.82 | 2.30 Ripe
21 0.8211 0.4449 0.9905 8.60 | 1440 | 1.11 4.20 Half-Ripe

22 0.1980 0.6297 0.8280 0.41 1598 | 044 | 0.12 Over-Ripe
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55

udl MSATANAVFN mMsasvaaulsaa
. — : — RI® | nanamenIn
ey | U(01) | U™ (0,1) | UP(01) | Fn® | Tss® | Ta®
23 0.6596 0.5414 0.7580 0.78 15.79 0.31 0.42 Over-Ripe
24 0.5128 0.4491 0.8057 0.67 15.59 0.38 0.48 Over-Ripe
25 0.2910 0.7737 0.8101 0.50 16.33 0.39 0.17 Over-Ripe
26 0.6264 0.0486 0.7892 0.75 14.30 0.35 0.60 Over-Ripe
27 0.4579 0.1587 0.8013 0.63 14.86 0.37 0.44 Over-Ripe
28 0.5464 0.5959 0.8520 0.69 15.90 0.53 0.84 Over-Ripe
29 0.7869 0.8182 0.5893 0.32 18.55 0.30 | -0.66 Over-Ripe
30 0.3723 0.4559 0.7121 0.21 15.14 0.33 -0.78 Over-Ripe
31 0.8675 0.6303 0.9403 0.35 16.24 0.42 | -0.09 Over-Ripe
32 0.1571 0.8587 0.0537 0.15 19.42 0.13 -2.25 Over-Ripe
33 0.6877 0.8357 0.2732 0.29 18.89 0.23 | 1.07 Over-Ripe
34 0.0405 0.7618 0.7200 0.11 17.64 0.33 -1.60 Over-Ripe
35 0.8522 0.7714 0.5473 0.34 17.78 0.29 -0.58 Over-Ripe
36 0.2317 0.8371 0.3522 0.17 18.92 0.25 -1.49 Over-Ripe
37 0.7204 0.6961 0.3025 0.30 16.85 0.23 | -0.89 Over-Ripe
38 0.1195 0.7747 0.2915 0.14 17.82 0.23 | -1.71 Over-Ripe
39 0.6570 0.5705 0.8760 0.28 15.79 0.38 | -0.38 Over-Ripe
40 0.2552 0.7930 0.8309 0.18 18.11 0.37 | -1.01 Over-Ripe
41 0.9451 0.8428 0.7376 0.40 19.05 0.34 | -0.35 Over-Ripe
42 0.8768 0.6573 0.5784 0.35 16.47 0.30 | -0.44 Over-Ripe
43 0.2393 0.9055 0.5517 0.18 20.84 0.29 | -1.40 Over-Ripe
44 0.1719 0.4477 0.4732 0.16 15.10 0.27 | -1.26 Over-Ripe
45 0.1473 0.8156 0.6208 0.15 18.50 0.31 -1.39 Over-Ripe

qnmgﬁ 13 °C MNLUUINRBIFDIRMIBLasATNanAM I lau1vinmInasasmeldtasuningaas
v o o A v a A o o a & o AN va A ' '

LmewaaW'ﬁwvl,@mLﬂmumﬂﬂﬂmagawamiw@aamia FININNAINTN LD anafy liuandns

ﬂ”ﬂ@hLaﬁwaﬁagamsmaaaﬁa LLamﬁﬁg'ﬂLLuumiiJs:Lﬁuﬁmmgﬂ@Tm QLR RIS VAL S S REAE AT

qmmwmaw:maa@"l.@i” LL@imﬂﬁmLmﬂ@mﬁ'w,l,amiﬂgﬂLLmJmsﬂizl,ﬁu{i'avlaiﬁmmu&iuﬁmglu

3. ﬂ']i%Lﬂi’]Zﬁﬂ?ﬂ&lQﬂﬁad“ﬂ aagﬂ LLUUﬂWiﬂizLﬁ%@ﬁiﬁ%{@ﬂm.ﬂ’]‘w P30z i19NTZAL

seaufivauiuld Salimmasauanugndainuauufziunan (Hy) wazaundgiusas (H,) laasi

H, - Jduuumsliluasiiiaganwimanzaunudayais

H, : sdunumaszduasfiziaguniwhivminzaunudayaats
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