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Abstract

This research aimed to study the effects of temperature and modified
atmosphere packaging (MAP) on storage life of fresh cut lotus root. The Fresh cut of
lotus roots was sliced into 1 cm in thickness, placed on trays (150 g/tray) and packed in
polypropylene bags after that filled with different carbon dioxide composition and
different storage temperature, i.e. 28% CO,, 4+1°C storage and 28% CO,, 27+ 1 °C
storage. Other slices of sample were packed at non-modified atmospheres packaging as
a control (0.6% CO,) and stored at same temperature (0.6% CO, 4+1°C and 0.6% CO,,
27+ 1°0). At 15 days of storage, the physicochemical properties of fresh cut lotus root
were analyzed. Storage fresh cut of lotus roots at 27+1°C (Control) was found that
carbon dioxide concentration significantly increased (P<0.05) whereas storage at low
temperatures (4+1°C) the slowdown in the rise of CO, was observed. Modified
atmosphere packaging (MAP) with storage in low temperature was showed a slight
change in CO, (28-31%) over a 9 days period, whereas CO, increased to 40% at the end
of storage with 15 days. The lightness, hardness, moisture content and pH value of
treatments were decreased when the level of redness and yellowness were increased
in all test conditions. Low temperatures storage (4 +1 °C) combined with modified
atmosphere packaging (MAP) of fresh cut lotus root retarded with a change in physical
and chemical properties.

Keywords: Lotus root, Modified atmosphere packaging, Carbon dioxide, Storage
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2.1 T99AY : Y151nUINA9U1E9
MANare1n Ladvinisveniddensindn
gon tludaunisndalagnisiuniueng
AnwALUULIU MRUATUIAAIIUAUN
Uszaa 1 cm dsnthidausaseudos
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Y1010 LT s SRR IUAI TR WA IMED 17
ussgbugananainunUaydalndlnsiauway
Fadavrngeadniiedesiunisialuaves
910"

2.2 N1ASENUTIAAUT AU
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LA UTURBURITNE1717 91T ULY
n1sAinweendu 2 nqudiegns laun ussy
fuahSusuildiunisifiufeg nsreaeu
wudusurarsusulaeanlan 0.6%
(AIUAN) WAEANNANAIBEIINTINTIAY
Asusulneanlan Tudsunu 28%

2.3 pasiusnen : dsnthandn
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27+1°C wdsanduduifudegiaiinggs
ﬂ15L‘1J?1'8ul,mmauﬁ’§mqmamwu,azmﬁvlﬂ6]
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f1081991NN15ANNEY NISHANTUIAT L
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55 F9a7l@SuRan warAALT fisyaus
A1 25 N wuindeduiavessindhanduiy
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e USueuAuu (Moisture content)
s TIInUnNEa98193 N Ud@A 30 g 9UN
gaungdl 105°C 1Uunian 24 hr. §198935013
nAgaun [9]

e A4 (Color value): 7mA1dm ¢
LA 58 9 Color Difference Meter (Model
JC801, Tokyo, Japan) iwﬂumaiugﬂﬂlm
L*, a*, b* FeAmis 3 andunisuananisinen
a d‘ 1 = 1 1
ARN12LEALNAT L* AD ATAINUEADING
(Lightness) diA1A11uaIsuInioLilng 100

~ ~ A v P ' = |
wardimudalewlng 0 A1 a* AAIAIY
& A A A A& ~
Wudle (Greenness) WaNANUUUINLAZH
AR UALAS (Redness) Liadlaiduau
warAl b*Aae AR LT UdALaD
(Yellowness) wiadanduuintkasArminusdy
= ?:’ a z:l' a1 [~ d" 1 ]
a1 (Blueness) LUalA L JuUay FINauUN

o 1A =~ o ) a
n13inANd 1ATesindazgnusuiiguadny
VYIRS I9BIANANIY Standard Calibration
Plate A1 L*a* way b* w1nu 98.11, -0.11
and -0.08 MUAIAU

1 = o

o ANULANAIIVDEE (AE) : AU
ATAULANFI9YDIATINUAIFANSINIFLAU
) a ' a ~ ) A
SNEINEN1IEA199 Inalleueunuang
SUAUMBENNITN (1) [10]

2, 1/2

AE = (AL + Aa*¥ + Ab*) (1)

e A1A27ULTY (Hardness) : nadau
A1AIINLT IR 281A304 Instron Universal
Tester Machine Tu 3'a  Warner-Bratzler
A213L53 50 mm/min SAUSIIAUAIUNATS
2095USINT2 WAz AANTUIFIAIAIIN LT
(Hardness) 984510039100 15A 20 Wy
wiaedaiu (N) ¥nisveaes 3 erluusas
79819 [11]

e aAraudunsn-aA1e (pH) : 141510
Ttundogeuduiudng andudaimin
10 ¢ waskuTnned warvinsdatiindy
10 ml asludnines TdursuiaausindaIuiy



30 s wginTel3 3 min virgeged 5 9
YN15n5893NUIRER1V1IVS watluTn
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2.5 N153A12YN9anR ; 19lUsunsy
ABUAILADS N5ZAUAIIULANAINIEDE
95% (One-way analysis of variance
(ANOVA)) wasvinsiUieuiisudadeniy
769849 Duncan New’s Multiple Range
Test (DMRT)
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nastnusnelua U s Ta A
afueulaoenlesii 70%
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Tuts 9 Yu uazaavneduganinfusnui
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918 susTluanwidianfueulaeenled
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fudaninaTuesqdunas (14,15] igmgd
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Fudin1siasyresaguniduinnang
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U559An9IsmiunsiusnyIfIe ANy
annsntaednenyudnduaild veduh
Funalgainfian1ng 0.6%C0,:27°C storage
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Usudiumasveulaeanlenuazidunis
Wushwileuingaumgivies anazaanany
fannsadivshnnntanldidune 6 Ju
Tnefasurandaseiviinisfnel laun
aRINNITLNIHIUAwA1sUs Ul en Y
US1naumuty And Auuansinuesd (AE)
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ASLAUSNEISINTIAAFALAINTNITAALUA
ANINUTIOINIAIUTIIAUI LY WUTNIT
WagULUadauuRN19N18A NN UAUIY

"% 0.6% CO9: 4°C storage
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100 4/ 7

—®— 28% COo: 4°C storage
b-

& a A a A v v
AsENaNAnSEeuLdslneianwuelnaLAg
fun1siusnwfianeauay waUsINg
Teszaznansiusny ALy 15 Ju

& 0,6% CO3p: 27°C storage

—®— 28% (COo: 27°Cstorage
_a-

00 £ . .

9 12 15 18

Storage time (days)

JUN 1 nswdsunvasdiinanisueulaeenled (CO,) snitnsiiusnesntaansinusdly

UTTAUIFALUAIANINUTTEINA

3.2 HavaIN15UTIRNElAnNTAnuUas
ANINUITEINIATUUIIAA NN ABNIS
Wasuwlasardluseninanisiivdneasin
U2ENFAALLAY

31nn13ianIn1sasundaswesdues
sindransnuninielagni1izn1sanulag
a0 mussEIMAlUUTIISUsTuaN TN
1 wudsInviandausanaun1susIsien
ANNEINS (L*) Armnadudnne (a®) wazan
ANududwaee (b*) winiu 65.97+0.63,
2.77+0.02, 11.91+0.08 AuasTy 9ot bu
SEMINNSAUSAYINUINAN L* Tuualdy
anasoedldadAyn19aia (P<0.05) Tuyn
an1zn1snadsulazlun1ensenudIunau
WUIAN a* uag b* Suurlduiinduegidl
WedAgynieada (P<0.05) lunnaniiznis
nageuluiy agelsfnudonarsuina
yesgavniinIsiunuinuitgamniivngae
graan1sdsunlawesid wulieadunis
Nusegresintandaumalaenisaauwlas
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aNMUI58INA (Usunauasuaulaeanlas
28%) NUINAINI50YI8BLaRNSUALUANE
WWUEINY 3INFUNIYRTUYIININLAEY
nanedudtnanaiianainisnusneIUILIY
FINUIITLHLIAINITIAUSNEI dN1IY
USTEINIA LAz ATTHANDNT
A AW | ° P A

WasukUadAd@nanand vnlian a* Nuang
fennududunanudu lnoloaungdas
WAZILEZIAINITAUINE LU TNasranis
LAFUINNALED991NSINUIEAINITAALAIR
WMIANISRNVIAVBUYRE AU BLYaALNA
wavin e uley wareanTa U uduNE
Auanstuluflueawazgneandladidulad
P VA Al & 1 a

woa F9lUdd uazgneendladaoilulend
luu (o-quinone) F9azvinUfAsewaiunse

a & = o Y a = 96’

wodlunselusauvilmaaduaisduinia
‘:4' a Y} [y 1 ‘:nl/
N15LUAYULUAIEUDITINUIAARALA I
ADAAABINUIUITYNANGITUNNUINNITNENY
ASFAWAIIEIAIAINNAIanad AuLTuE
WALLWNTY [17,18] L DWAISUINTS



WA ULUAIAINULANA199998 (AFE) Tina

A0AAADITULANIFITUN 2 WUTUTBLIAINTT

I3 [ di{ 1 = =
LAUSNBIUIUTUAINULANFA19UD9E (AE) U

LUALUU LU TURANISAALUAadIEN 1N

Us581M1@ (USunauasuaulaeanlen 28%)

udumMsiiusnuNgumglian aunsatie

Yrann1SUAgUAIAMNLANANNBSE

A13197 1 n1sidsundasand (Lra%b®) sinthandausaseninanisiiusneiluussydue

AnLUasdnNInUIsENANA
Treat ; Color Storage time (days)
reatments
value 0 3 6 9 12 15
0.6% CO, : | L* 65.97+0.63" | 62.02+1.18" | 56.57+0.89° - - -
27°C a* 2774002 | 427+0.10° | 5.65+057° - - -
storage b* 11.91+0.08° | 15.95+0.19° | 19.69+0.88 - - -
L* 65.97+0.63" | 64.69+0.82° | 67.06+0.48" | 5532+1.24° - -
0.6% CO, : " - : . -
. a 2.77+0.02 2.90+0.05 3.68+0.04 4.33+0.13 - -
4 C storage N c . 5 a
b 11.91+0.08° | 12.05+0.12° | 13.77+0.08 18.87+0.49 - -
28% CO, : L* 65.97+0.63" | 62.39+0.12° | 59.02+0.76° | 58.75+1.06° - -
27°C a* 277+0.02° | 5.12+002° | 5.18+0.04 6.64+0.08° - -
storage b* 11.91+0.08° | 15.46+0.46° | 16.80+0.50° | 17.39+0.39° - -
L* | 6597+0.63" | 67.06+0.48° | 65.03+0.53" | 63.62+1.86" | 63.28+0.21° | 60.34+0.46°
28% CO, : " . S — - - -
o a 2.77+0.02 321+0.08° | 3.38+0.05 3.41+0.17 5.86+0.13 5.62+0.06
4 C storage N 5 . 5 5 b 3
b 11.91+0.08° | 14.09+0.12° | 15.56+0.36 15.53+0.57 15.41+0.08" | 18.39+0.01

abc o ¢dl L w = v o v | Ao o w aa d' a =
E]ﬂ@imLLmﬂm"lﬂﬂiﬂuLLﬂ?L@EJ'Jﬂu&Jﬂ'J'HJLLC°']ﬂ@]']ﬂﬂua‘c’ﬂQlIUEJﬁ']ﬂigvnqaﬂm (P<0.05) LN@LU?H‘UL‘WEJ‘UIWEJ

DMRT (mean=+ SD)

10.0

B 0.6% CO4: 4°C storage

® 28% CO4: 27°C storage

E3 28% CO3: 4°C storage

& 0.6% COq: 27°C storage

Storage time (days)

15

JUN 2 MsdsunUainuunnawesd (AE) sindrandnuwisszninanisiuinyluussysioe

ARWUAIANINUTTYINA

215d1S3AINSSUANENS S1BUVAASTYUS




3.3 HAYBIN15UTIIN8TANAS
AnuUAIENINUTIEINIATUUTIAA UG AD
nswasuslasarnundslusenanenis
WuShwrsnUlandnLes

AANULTBIINTIARRALAIIBNENE
INANIENITIAUINY lawn aaungd
USunaumsuoulaeanlen waysyeziiainig
AUTNY mﬂgﬂﬁ 3 uanIN1sUABULYAY
Y0IANANNLTIVBITINUIAARALFAITENING
ASAUSAYINUIT ANANLTaTuua Ty
anasedadduddunieadf (P<0.05) e
svpvnalumsiiudnwenuiy egslsh
AUNITARLUAIENINUTTEINALLUTIS Ut
waznsiiusnuiigaumaiiidievzasnis
anaIveIAIANUILTY nstAuSAvIsInthan
Fausafianinussernasaulasinenisiiiy
amnududuvesnsueulaeenledfigunad
4+1°C in1sanasod19iusdAynIaia
(P<0.05) ¥e9A1AINNLTlUYe 3 Tuusn
(35 N 1du 29 N) 97ntua1auLdeingg
Wasuulandniaessning 2829 N
(P>0.05) Tugaszaziiarnisiiusne 12 Ju
wmzﬁgqéluqmwzLamﬂmﬁu%’ﬂmﬁ 15

B0 day [13 days

35.0

30.0

25.0

20.0

15.0

Hardness (N)

10.0

5.0

0.0
0.6% CO3: 4°C storage

28% COg: 4°C storage

Fu wurndedutavessintrandausad
Snwasdy iaduinadaay welanine
AanaIEINIsagneIgnIsiusnwInansiel
I@fstuiiosanansnmsifivdsniaunse
Nuldiles 6 Tu

nsanasvesAtnunds (dodudad
Snwarduiy) denndoatunisiiuduves
asusulaeanlenlunsaifldfinisusuanin
Us381n1 Lilesainasusulaeenleina
MnlUsAuduannessuan@ ilisintaan
dousainisanudedviliusafuss (Turgor
pressure) TulgaduesnvlansaLAIanas
dsralimuenuudsanasdedanaldangy
7l 3 uwargufl 4 wunthaninisanaswes
Arauduiesseransiiudneiuuty
Uszneufuanneiinanidesenisiasyves
AuUN3d danalniinisgesaangvenansio
Fidunan faueifelannuudiianas
[19,20] Tuaauziin1siin A LT U T UV
arsvaulneanlassiudunisiiusned
gaunndl 4:1°C \iunisdasdudanisiaiey
YBIAUNTY

B 6 days B 9days [112days B 15days

0.6% CO7: 27°C storage 28% COg: 27°C storage

Treatments

[

JUN 3 nswdsunvasianuwiuilesnrandaussseninanisinuinuluvssadueidauas

ANTNUITYINTEA
b o v ' Y ' = v aa a
* Snwssnsiulunsaziegiamunetis dauwanasiumsadn aun1siasizsiiuy DMRT (P<0.05)
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3.4 uavadn1saanUasanIw
Ussenmﬂlumif\;ﬁ’meﬁﬁiamsm?iauu,tlaa
Ananuduluszuineanisiiusnunsintaan
ARG

nsdsundasidannladniay
SEUININSAUSNEISINTIEAFALAILBNRIN
nswasuwlasiedudaazauds fe 510
thandaudainnisaydeuiluseninmis
Ausnwn 1indudosninnisuieladawals
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