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Abstract

The experiment was aimed to evaluate — comparative the efficiency of radio frequency
(RF) heat treatment and convectional heat treatment (oven method) on storage fungai and
aflatoxin decontamination and its affected on perilla grain quality. The experiment was done
under Factorial in CRD with 5 replications. Treatments were initial grain moisture content (10,
14, and 18%-wb), RF — treated temperatures (50, 60, 70, 80 and 90 OC) and RF-treated duration
(1, 3, 5,7, and 10 min). The experiment found that RF-heart treatment had the higher efficiency
of Aspergillus flavus, and Aspergillus niger decontamination than Fusarium moniliforme and
Penicillium sp. decontamination. The best condition of RF-heat treatment to control those fungi
was 90 OC for 10 min in the grain that had 18%-wb of initial moisture content. Moreover, RF-heat
treatment and convectional drying comparison, found that RF-heat treatment provided the higher
efficiency of Aspergillus flavus, and Aspergillus niger decontamination than convectional drying.
However, convectional drying could control Fusarium moniliforme and Penicillium sp. better
than RF-heat treatment.. Additionally, the RF-heat treatment also had the high efficiency on
aflatoxin decontamination. Aflatoxin could decontaminated when applied RF-heat treatment
under conditions; 70 — 90 °C for 5 — 10 min. Under this condition, aflatoxin contamination found
lower than the limitation (20 ppb). On the other hand, the convectional drying could not
decontaminated alfatoxin that still higher than the limitation. Additionally, RF-heat treatment
consumed lower energy than convectional drying about 55 times. RF-heat treatment used energy
for 68.20 — 88.00 kJ, while 3,780 — 4,860 kJ for convectional drying. However, RF-heat treatment
also had the negative effect on seed/grain quality and biochemical degradation when applied un-

suitable conditions.

Keywords: Radio frequency, heat treatment, perilla, grain quality, convectional drying, energy
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The use of hot water in the treatment of seed borne disease (Maude, 1966)

Crop, disease and pathogen

treatment

Reference

Brassica canker (Leptosphaeria maculans)
Brassica canker (Leptosphaeria maculans)
Brassica dark leaf spot (Alternaria brassica)
Brassica dark leaf spot (4lternaria brassica)
Celery leaf blight (Septoria apiicola)

Celery leaf blight (Septoria apiicola)

Cereal loose smut (Ustilago segetum var.
tritici)

Cereal loose smut (Ustilago segetum var.

tritici)

Cereal loose smut (Ustilago segetum var.

tritici)

Millet downy mildew (Sclerospora
graminicola)

Nasturtium leaf spot (Acroconidiella
tropaeoli)

Rice blast (Magnaporthe grisea)

Rice Bakanae disease (gibberella fujikuroi)
Rice leaf spot (Cochliobolus miyabeanus)
Safflower leaf spot (4lternaria alternate,

A.chrthami)

30 min at 50 °C
25 min at 50 °C
20 min at 50 °C
18 min at 50 °C
30 min at 48-49°C
25 min at 50 °C

5 min at 50 °C

1.5-2hat49 °C or

5-6 hat41°C

S5hat21°C
presoak

+1 min at 49°C
+11 min at 52°C

30 min at 50 °C

1 h in water+30
min at 51.7 °C
6-12 h in cool
water +1-2min at
50 °C

7 min at 57 °C

7 min at 51°C

30 min at 50 °C

Walker,1969

Milard, 1945

Randawa andAulakh,1984
Schimmer,1993
Krout,1921

Bant and Storey,1952

Jenes, 1988

Doling, 1965

Walker,1969

Thakur and Kanwar,1977

Baker and Davis ,1950

Nakamura,1986

Zaaaerini et al.,1985

Gries, 1946

Walker,1923

ACA, 0.25% or 0.5% acetate acidified with acetic acid: AZS, 0.1 M acidified zinc sulphate



The comparative of wet and dry heat* upon germination and Mycospherella pinodes

infection of pea seeds (Maude, 1966)

Pea Temperature Wet heat method Dry heat method

type (°C) use Peas Peas Infected Peas Infected Peas
Germination (%) (%) (%) Infected (%)

Round Control 94 14 97 41

seed 55 95 7 97 34

65 0 0 93 19

75 0 0 98 38

Wrinkle Control 82 19 83 26

seed 55 78 6 86 20

65 41 0 76 15

75 0 0 73 17

*All heat treatment applied for 20 min.
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The use of aerated steam for the control of seed borne disease (Maude, 1966)

Crop and Pathogen Treatment Reference
Celery (Septoria apiicola) 56 °C for 30 min Navaratnam et al.,1980
Clover (Fusarium avenaceum) 49-60 °C for 5-30 min McGee and Kellock,1974
Corn (Drechslera maydis) 54-55 °C for 17 min Prichard, 1974
Crucifers (Leptosphaeria maculans) 56 °C for 30 min (H) Baker,1969
Crucifers (4lternaria brasscicae) 56 °C for 30 min (£H) Baker,1969
Lenti (Ascochyta lentis) 45-75 °C for 30 min Kaiser and Hannan,1978
Lettuce (Septoria lactucae) 54.4°C for 20-25 min Bertus,1972
Lobelia (4/ternaria tenuis) 50-51 °C for 15-20 min Hall and Taylor,1983
Parsnip (Itersonilis pastinacae) 45.5 °C for 30 min Smith,1966
Pea (4Ascochyta pisi) 55-75°C for 20-80 min Maude,1966
Pea (Mycosphaerella pinodes) 55-75 °C for 20-80 min Maude,1966
Red beet (Pleospora betae) 56 °C for 30 min Baker,1969
Red beet (Pleospora betae) 52.7 °C for 20min Miller and Hannan ,1987
Sweet corn (Fusarium moniliformae) 60-64 °C for 30 min Navaratnam et al.,1980
Wheat (Septoria nodorum) 52-62 °C for 30 min Navaratnam et al.,1980
Zinnia (Ascochyta Zinniae) 57 for 30 min Baker,1969

H, moisture level of seeds raised before treatment
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3 26.10+£21.091b  56.22+23.809b 85.57+9.958a 53.00+28.402b
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Treatment Aflatoxin contamination (ppb; mean+SD)

Convectionaltreated treated temperature (°C)

50 79.85+12.862a
60 54.07+16.369b
70 31.22+3.681c¢
80 30.70+6.041c
90 24.404+2.921¢
Convectionaltreated treated duration (min)
3 43.004+26.768a
10 44.24420.571a
30 44.68+22.846a
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gﬂﬁ 72:  Wieuifieudsz@namuesmsdszandldaudeunnaauanuding  (Radio
frequency — RF heat treatment) (T1 — T9) HazMIoUaNT oY (Oven method — Convectional
Drying) (T10 - T15) giE)ﬂﬁﬂ’J‘]JﬂllLGdHyE] Aspergillus flavus (A) 4ag Aspergillus niger (B)

T1: RF-70°C 5 min, T2: RF-70°C 7 min, T3: RF-70°C 10 min, T4: RF-80°C 5 min, T5: RF-80°C 7 min, T6: RF-
80°C 10 min, T7: RF-90°C 5 min, T8: RF-90°C 7 min, T9: RF-90°C 10 min, T10: CD-70°C 10 min, T11: CD-
70°C 30 min, T12: CD-80°C 10 min, T13: CD-80°C 30 min, T14: CD-90°C 10 min, T15: CD-90°C 30 min,
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80°C 10 min, T7: RF-90°C 5 min, T8: RF-90°C 7 min, T9: RF-90°C 10 min, T10: CD-70°C 10 min, T11: CD-
70°C 30 min, T12: CD-80°C 10 min, T13: CD-80°C 30 min, T14: CD-90°C 10 min, T15: CD-90°C 30 min,
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Y v 1 1 [ a [ 4 < 1

51 78: andnavesilaseiauszninszAuguugll — sEAUANNTUVRILAANTNDUADMS

= A v A I I 4 . . . g} o Y
nlaguulasmsn)asuuilasariinis wnvouuaawus (Germination index) (A), NN
YOIAUBOU (Seedling dry weight) (B), anwawsalumssenmeldanimuiacilgn (Field

] o 3 [V 4 . ..

emergence) (C), 1ag mmim"lwﬂwmmaﬂwuﬁ (Seed electrical conductivity) (D)
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a a L 4 {a
3.7.42 dniwavesmsiszgnd 1¥naunudIng (Radio frequency — RF  heat
1 A J = I dyai
treatment) Ao 31)asuLilaesnlszneumaalive unaaNULoU

Y

MNMINATIZH AN TUTIUNADA (Analysis of varience; ANOVA) Fauaaalil

=3 a a Qg Y A Aa 1 A J a A
mudalseaninmveanslszgnalsnauanudinedemsnlasunasesnlsznoumanin

< 2y o o & < 2y a Aq
ﬁgﬁuﬂhlflcluluﬁﬂﬂﬁl"’llu'ﬂu NWUN ‘V]\Tﬂ%ﬂﬂﬂaﬁﬂ%umﬂﬂluaﬂﬂ”ﬁ]n@u ﬂqm‘ﬁ@'ll U,ﬂgﬁ%ﬂ%L')ﬁTﬂclslf

A Aa < Y] v A o Y A Aa =\ = a
aguanudInguiladendnniivaauanudinglinadenisilasundasliuinves
v

K}

s ~ 3 = A a = o ' A
E)QﬂﬂizﬂE)iJ‘V]NmiJmEJGlul,iJamT’UiJ@u TﬂmeW1$L11’8J1NinituWﬂﬂﬂﬂ%ﬂijwizﬁﬁwqmﬂgmiu

v A da & < <y g ¥y & o 1w
ﬂjii%ﬂauﬂﬁjﬂﬂﬁﬂq — ATUFUUDIUUAAINIUVUDU “ﬁ\illﬁﬂ\fl'ﬂLﬁl‘l'nﬂﬂﬁ]ﬂiﬁﬂﬂﬁﬂﬁ']')!,ﬂu

]
0o ¥ AAa A

o A 1 a a J A A <
WendannNoninanemslasundaslsnuesalseneumuniiaig 4l Nazaulumann
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VTIU (AT19N 42)

4 a J a a @

M3199 42 M5 AATIHANULL5UTIU (Analysis of varience; ANOVA) ¥999NTHAVINTEAL
Y A Aa [ dy I dle 1

QUM YU i$fng'Jfl'lGluﬂ'licl(’]fﬂﬂuﬂ'J'lllﬂ'Jﬂq UagITAUAITUTIUUDUUAAITVNDOUADNTT

A s A A 2 Ay
Lﬂﬁﬂu&iﬂaﬁ@ﬁﬂﬂi%ﬂﬂﬂﬂ'NlﬂiJﬁ'N 9 T]ﬁﬁﬁu@luluaﬂﬂ']“llﬂ'ﬂu

Parameters
Source

Protein Antiox APX SOD LOX Lipid Linolenic Linoleic Oleic Palmatic Steric Carbo Glu Su Lac Mal

MC * * * * * * * * * * * * * Ns Ns Ns

Temp * Ns Ns * * * * * * * * Ns Ns * * *

Time Ns Ns Ns Ns * Ns * * * * * Ns Ns Ns Ns Ns

Temp xMC * * * * * * * * * * * * * * * *

Temp x Time Ns Ns Ns Ns Ns Ns Ns Ns Ns Ns Ns Ns Ns Ns Ns Ns
cv 16.01 17.52 17.51 14.88 &.11 8.11 7.46 7.00 7.17 7.96 7.38 1326 1298 13.84 1341 11.78

o

wineme: - * anuuandsediaiifeddgmadansedoanumieiu o5 wesimud
1t ' aad Y A o s 4
- Ns: hlmm’nmmnmammammz VANUFONY 95 wosiyua
o v A o 4 A g g Ay o A o A .
- MC: ﬂwmummﬂimummmumamuﬂummamwmu, Temp: ﬂﬂﬂﬂ!uﬂdﬂWﬂiiﬂUQiuW{]ﬂ 1 Time:
faseiloannszeznanlumsldnnuiou
- Protein: Total protein content, Antiox: Total antioxidant activity, APX: Ascorbate peroxidase enzymatic activity,
SOD: Superoxide dismutase enzymatic activity, LOX: Lipoxygenase enzymatic activity, Lipid: Total lipid content, Linolenic: Ol -

Linolenic acid (w-3), Linoleic: Linoleic acid (w-6), Oleic: Oleic acid (w-9), Steric: Steric acid, Palmatic: Palmatic acid, Carbo:

Carbohydrate content, Glu: Glucose, Su: Sucrose, Lac: Lactose, Mal: Maltose



91NM15199 43 N13ANBIBNINAVRINMI lFANuSouIINAAUAIUDINAD NS

K}

nJ"?itJuuﬂmﬂ?mmiﬂiauﬁy@wm (Total protein), NINTTWNITAIUBYYADHATL35IY (Total
antioxidant activity), Aannsumsiauveaeu lay Ascorbate peroxidase, Superoxide
dismutase, 18 Lipoxygenase m@ﬂlwéﬂﬁu‘ﬁ:ﬂ‘ﬁﬂﬂu NN Lﬁaﬁms"lﬁ’wﬁwmﬂﬁummﬁ'?mq
Lﬁaﬁ%’wmm%’auﬁuiumﬁﬂﬁuﬁqﬁyﬁ’auﬁwaﬁﬂﬁ’ﬂ%miﬂiﬁuﬁgqmm (Total Protein) 91

H 1 4
gangll 50 60 uag 70 eeruwarFod lilimsnldsunilas uailogungiigainudszay 80 uas

'
A v o @ aa K

= 2 o Y 1a = ' A
90 mmmamaﬁnwawﬂwﬂimmiﬂmuiamﬂmammuﬂmﬂmumqaa Famsilasundas

=KX a

aesnanddnvazmsnldsunlausufertulonnsudinonssumsdueyyaddsz i
(Total antioxidant activity) TAgNINTINNSATLOYYADATZTINGINTZAVQUULYH 50 — 70 DA
~ A A aq Y dg’ :1’ 1 d?’ ] b4 a 9
waided uaziiloimugungiligeiuawud 8o°c  Julldwaliaafonssumsdueyya
a < ;9} ] A v o W aa & Y = a
paszsumeluwaanideuatedalisdiAyneada swudliumsnasuunlasinssy

o 4 1
myirauvoueu Tyl Ascorbate peroxidase (APX) t481g Superoxide dismutase (SOD) RTRREY

9
a

o ‘o o ad 3 "o
umiﬁ'umi‘wNmmm;@u"lmumﬁmaﬂmmmmuqmwﬂuﬁqﬁu UANIHNINTTUNIT

u

]
a =

o I . = A T A 1 <
Ao aou lal Lipoxygenase (LOX) Lifimsulasuuaslitnemuguuaigatumilsn

LY U

A
A a =2 A v Y o A Aa o a o
WeNsandeszeznansudulumslsnainuaauanudinglunmsdudandeanu

v v
anusouaemslaounlan)sualls@unanua (Total protein), Aonssumsdueyyadasy
a o o

39% (Total antioxidant activity), NINATUNIT Mauvo e Ll Ascorbate peroxidase,
. . . < v J dyQ} [ Aa -~ 3

Superoxide dismutase, {l8% Lipoxygenase UYDUNAANUFTINVUDU WU Usunaldsaunaua

(Total Protein) NINTIUNITAIUOYYADATZIIN(Total antioxidant activity) 1AZAIANTUNS

o 4 . &

Mauvewou lal Ascorbate peroxidase (APX) Hund Ituanaulolinsl¥szoznalums 1y

A da o A w ] 4 A ' ~
ﬂaummmwEﬂumiﬂuuﬂwawmmmmumumu Tagmmizioszeznairu Ui 7 uag

a a

~ a 2 a 9 o L4
10 4N ﬂimmiﬂmmm NINTIUNTATUYUYADNTL Lmzmﬂsiumimqmmmmu"lcm

QU

]
o w a

I @ a a o J
APX anad ogldadAneann °luﬂ1m$ﬁﬂ%ﬂﬁumimqmsummu"lcw Lipoxygenase

o

4 ] 4 4
(LOX) uaztou 13 Superoxide dismutase (SOD) hitimsulasuuilaslaqieszeznarlums
4 {a o A [ 1 < Y

T¥nauanudinglumssudandsuanudounnwaanidou

A a = o dy I A ¥ A Aa 1 =

WANTUINTEAVANUTUYOAVAANTNHIUMS IFAaUANNAINgAEM Tl deuilaq

4

5y Tsaunaviva (Total protein), ﬂﬂﬂiinmiﬁﬁuﬂugﬁﬁ]ﬁi%iﬁu (Total antioxidant

a o o
activity), Avnnsumsianuveaenlasd Ascorbate peroxidase, Superoxide dismutase, LIQE

i & o ¢ Ay ' & g Ay = v o '
Llpoxygenase VDUUAANUTINVUDU WU ANUFUUDUNUAAUVUDUNTEAVAUL 14 - 18 % w.b

a

]
aa =

A ' y A ) Y a = Z . a
WO UMS 1FAAUANY mquwawﬂwﬂsmmiﬂmumwm (Total Protein) UAENINTINNT
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d o

é]’ma%aamzim (Total antioxidant activity) tagAINTsUMIHIUVeweU lyineauria

I dyQ) 1 A v o W aa
fnfJGlULllaﬂ\ﬂ"Ull@uaﬂaﬂ@ﬂ1ﬂﬂu&ﬁ1ﬂmﬂ10ﬁﬂﬁ

M a a A A da A a a9
M13199 43 aNTwavesguguINAAUANNAINgaan 1Tl dsunatlTunalisaunvua
(Total protein), N9N33UNTAUBYYADATL3IY (Total antioxidant activity), NINNTUNITRINN

4 3 o 4
voueu I3l Ascorbate peroxidase, Superoxide dismutase, LL81& Lipoxygenase UBIUUAANUTIT

dyy
VUDU

Treatment

Total Protein Total antioxidant activity APX

Grain moisture content (%-db)

LOX SOD

10 21.100£2.6519a 2.658+0.6165b 0.390+0.0854a  6.546+1.0449a  0.945+0.0991a
14 21.072+4.0720a 3.31240.4103a 0.390+0.0483a  6.624+0.8206a  0.839+0.0685b
18 16.760+3.0699b 3.319+0.7262a 0.313+£0.0725b  5.316+1.2330b  0.835+0.0642b

RF treated temperature (0C)

50
60
70
80
920

2.686+0.295a
2.611+0.253a
2.615+0.245a
2.483+0.252b

2.482+0.253b

68.035+7.250b
67.402+6.549b
66.562+6.797b
72.390+8.605a

71.594+6.162a

19.410£2.165a
18.44+01.561bc

18.2921.619bc

18.632+1.830b

17.930+1.830c

20.167+0.665a
19.350+5.973a
18.968+3.951a
19.780+3.067a

19.957+2.536a

10.340+1.401a

10.215+1.276a
10.164+0.977ab
9.690+1.1933b

9.090+1.2475¢

RF treated duration (min)

1
3

10

2.628+0.311a

2.629+0.249a
2.597+0.220ab

2.500+0.245¢

2.522+0.291bc

65.598+7.356b
69.136+7.18a

69.792+7.151a

70.211+6.870a

71.247+7.668a

18.799+2.059a
18.945+1.804a
18.928+1.480a
18.415+1.917a

17.618+1.742b

19.752+3.568a
19.424+5.426a
19.860+3.264a
19.674+3.454a

19.511+3.455a

9.924+1.3179a
9.927+1.201a
9.760+1.388a
10.120+1.363a

9.768+1.249a

Total protein content (g 100g 'DM), Total antioxidant activity (Ic,,), APX: Ascorbate peroxidase
enzymatic activity (umol min" 100 mg" protein), LOX: Lipoxygenase enzymatic activity (A activity

mg ' protein), SOD: Superoxide dismutase enzymatic activity (A activity mg' protein)
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@ Y 2 1 A a o :fl R
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A
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wangaaua 14% wb. Ju'l szdinashlddSua lviunanua (Total lipid content), 1aznsa

lagiu O - Linolenic acid, Linoleic acid, Oleic acid, Palmatic acid i8¢ Steric acid S RGRAKEY

:

A o A @ Y
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H a o 3’ oy
nasumlasilSuunis Tu'laiasa (Carbohydrate), 1i1a1ang Ine (Glucose), WiniagInsa
Y Y
) ) @ J a o
(Sucrose), thaauan Ing (Lactose) taziitaaialna (Maltose) Wi Usumaas 1ulamsa
4 oy a 1 A o o @ an d' = 9 d' d‘Q
nazoInsznovveaiiniannriaanated LT IAeN1ada Wwolmslgnaunnuding
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a =2

= A Y A Aa A
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A o A @ Y =
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2 Y
fudandsnuausowiuinam Iisuaniinia Glucose, Lactose, tiag Maltose Ut 1173
[ Y :;’ 1 A 9 A Aﬁl A 9 < qyal
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a a a a A Aa ' A a o
N1319N 44 a‘nﬁ‘wammqmw{]mmﬂaummqumE)mquaauuﬂmﬂsmm'lwumwm

(Total lipid content), NS alusy o - Linolenic acid, Linoleic acid, Oleic acid, Palmatic acid Qg

. . s Ay
Steric acid Y2UUAANVUDU

e lvsiusu (Total lipid content)

Treatment

Lipid

(0 - Linolenic acid Linoleic acid

Oleic acid

Palmatic acid

Steric acid

Grain moisture content (%-db)

10
14

18

45.436+4.7554a
40.275+£3.2871b

40.101+£3.0814b

6.360+0.6659a
5.634+0.4595b

5.569+0.4493b

2.781+0.085a
2.478+0.2020b

2.467+0.1892¢

19.901+1.9187a
17.900+1.4614b

17.822+1.3689b

10.562+1.0582a
9.563+0.7500b

9.548+0.7342b

74.969+7.8464a
66.454+1.4637b

66.167+5.0841b

RF treated temperature (0C)

50
60
70
80
920

48.90+0.653a

44.12+40.761bc

46.30+0.452b
44.249+0.571bc

41.82+0.629¢

10.486+1.345a

9.996+1.764ab
10.486+0.931ab
9.911+1.245bc

9.410+01.416¢

0.383+0.054a
0.366+0.118ab
0.366+0.046ab
0.361+0.058ab

0.345+0.094b

3.253+0.054a
3.114£1.001ab
3.108+0.390ab
3.070+0.495ab

2.937+0.798b

0.914+0.109a
0.8780.086b

0.882+0.096b

0.854+0.077bc

0.840+0.085¢

38.404+0.653a
36.081+6.49a

37.905+3.727ab
35.397+4.568c¢

31.804+3.714d

RF treated duration (min)

1
3

10

45.34+5.234a
44.76+0.766a
43.96+0.681a
45.88+0.578a

45.42+0.641a

10.105+1.381a
9.970+1.718a
9.780+1.322a
10.172+1.261a

10.105+1.327a

0.357+0.073a
0.356+0.107a
0.370+0.059a
0.371£0.072a

0.368+0.078a

3.030+0.622a
3.026+0.909a
3.144+0.508a
3.153+0.609a

3.128+0.664a

0.901+0.099a
0.878+0.079ab
0.863+0.099b

0.853+0.093b

0.871+0.096b

35.927a
35.450+6.105a
35.169+5.444a
36.880+4.942a

36.166+4.948a

Lipid (g 100g'DM ), Ol - Linolenic acid (mg g - DM), Linoleic acid (mg g - DM), Oleic acid (mg g -

DM), Palmatic acid (mg g-1 - DM), Steric acid (mg g1 - DM)



d' a A a d’ d'a 1 d' a o
M990 45 @“IﬂﬁWﬁmﬂQQMWQM%WﬂﬂQUﬂQWNﬂ’Jﬂfalﬁf’lﬁlﬂ1§Lﬂﬁﬂullﬂﬁﬁﬂﬁﬂ?mﬂ?iiﬂllalﬂi@]

9
(Carbohydrate) ttaz)3unaniimang Iaa (Glucose), 4 1A3d (Sucrose), an Ine (Lactose), tag

o & o ¢ A9
Valna (Maltose) Vo undANUFNUT DU

Treatment Carbohydrate Glucose Sucrose Lactose Maltose
Grain moisture content (%-db)
10 35.304+6.4362a 4.479+0.8314a 2.206+0.4024a  9.783+1.6324a  9.828+1.7211a
14 36.085+4.4038a 4.502+0.4835a 2.258+0.2727a  10.080+1.1058a  9.961+1.1808a
18 36.366+4.9784a 4.540+0.6273a 2.271£0.3135a  10.217+1.4120a  9.909+0.8693a

RF treated temperature (0C)

50
60
70
80
920

2.3450.338a
2.25+0.409ab
2.32540.250ab
2.213+0.315bc

2.091+0.3153¢

43.873+£5.215a
42.136+4.113b
42.324+4.609b
41.01443.696bc

40.341+4.119¢

6.507+0.920a
6.141+0.991ab
6.216+0.779ab

6.072+1.597b

5.875+1.597b

10.357+1.183a
9.8490.801bc

9.705+0.753bc
9.988+1.018b

9.605+0.981¢c

6.218+0.665a
5.822+0.614b
5.736+0.517bc
5.920+0.645b

5.575+0.595¢

RF treated duration (min)

1

3

10

2.246+0.327a
2.216+0.381a
2.199+0.341a
2.305+0.309a

2.260+0.3095a

41.820+4.441ab
42.627+4.058a
42.471+4.945a
40.946+4.441b
41.823+4.616ab

6.061+1.245a
5.941+1.329a
6.212+1.196a
6.307+1.217a

6.289+1.016a

9.980+1.084a
10.130+£0.948a
10.103+£0.954a
9.894+0.939a

9.398+0.854b

5.883+0.588a
5.979+0.582a
5.896+0.710a
5.686+0.658ab

5.828+0.6485b

Carbohydrate content (g 100g'DM), Glucose (g 100g' DM), Sucrose (g 100g' DM), Lactose (g 100g

'DM), Maltose (g 100g ' DM), (SOD)
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