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Effects of Hot Air and Freeze Drying Methods on Physicochemical Properties

of Thai Hom Mali Rice Grass Juice Powder
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ABSTRACT

Wilaiporn Jantaboon 11

Rice grass juice powders were using hot air drying at the temperatures of 40° and

60°C and freeze drying· methods. Their physicochemical properties (freezing point,

chlorophyll content, water activity (a ) and colour values (L*,a*,b*) were measured and
w

compared with fresh rice grass juice and rehydration rice grass juice powders. The study

has demonstrated that the qualities of freeze-dried powder were higher than that of hot

air dried powder. Moreover. the rehydration freeze-dried powder has the similar qualities

to the fresh ones. The freezing point of fresh rice grass juice was approximately -1°C

which contained the lowest value of total chlorophyll content (0.080 mg/g). The total

chlorophyll content of freeze-dried powder increased from 0.910 to 0.990 mg/g. It was

significantly higher than that of hot air dried powder which gave 0.398 and 0.999 mg/g at

the temperatures of 60° and 40°C, respectively. The results revealed that the total

chlorophyll content (0.116 mg/g) of rice grass juice powder decreased after rehydration.

Water activity value (a ) of freeze-dried powder=decreased' and was lower than 0.6 which
w

is suitable fOfl powder products. The whiteness. redness and yellowness values of hot air

dried powders were increased after drying at the temperature of 40° ll~:: 60°C as

compared to that of fresh rice grass juice. The gradual decrease of L*b*and a* values was

observed after freeze-drying process. As such. this study indicates that rehydration rice
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grass juice powder which drying at low

temperatures using hot air at 40°C and

freeze drying methods, could maintain

chlorophyll content .and colour quality

similar to fresh ones.

Key words: rice grass jUice powder,

freeze dry, chlorophyll, water activity, hot

air drying

nTiilLL1-1" 60° LL~~ 40°"11. ~l)Jtil~lJ 1u-ncu~v1

lJ~)Jl CUl"l ~ D1~W~ ~~"l1)JVl ~Vl ~"VI a" nl~il

~:: ~1 £J (0.116 )J n./n.) Na ~J1cuiN"Vil~n
U~).J1CUJlfl~~~ (a ) UDtlnl1 0.6 ii"LYI)Jl~

w

LlJ~ £JU LLU~" \Oil ~-nD"J1~u..ul1aDUN"DlJ LL1-1"v1

DCUVllliJ 40° LL~:: 60°"11. n\Oil L* b* LL~:: a*, "
L~).J)Jln~u L~mVi£JlJnlJJ1~U~U..ul1EiDU~Vl1U

-n cu::v1 L~DDlJ LL1-1" LLlJ1JLL"liL~ DnLL-7i"\Oil~ L* b*

LL~:: a* nLLU11u)J~Vl~" n1~Am:nii'YllJl1V1a"

" :.
Ul~U~U~11aDUN~Na~~lnlnnl~il

LL1-1~~1m:UJ1m.J (40° LL~~ 60°"11.) LL~~n1~'Vh

'" , 4 a
LL VI ~ LLlJ lJ LL"1I Ltl Dn LL -n "

. . ....
)J:: a N"Vi ~·hUn1~'Vi1 LL1-1"Vi DCUl1lliJ vi1~" LLlJlJ, "
~)J1DU 40°"11. LL~~n1~ilLLl1"LLlJ1JLL"liL~DnLL-7i"

~1).Jl~Cl-rm:JllJ1)J1CUl"l~D hw~~ LL~~I"lru1l1Yl. ,
-nDoJ~1~n~L~tloJnlJJ1~u~u..ul1aDu~~

('V~L~DnLL-7i" lJ~)J1CUl"l~D1~W~~LD ii LL~~,
~~VI)J~ lJ~)J1CUJlfl~~~ LL~~~h~ L*, a*,b*)

" "
n1J\rl~u~uih1EiDU~VlLL~~U1~u~u..ul1aDUN~

v1'Vh~~~lmLt~1 ~lnn1"iAm:tlYllJ"i1n1~ilLLl1~

LLlJlJLL"liLVDnLL-7ioJ 11-1Na~J1cuiNoJnl"lCU1l1Yl~nl1,
Na ~J1cuiv11~ VI aoJ n 1"i DlJ LL 1-1" ~1 £J ~)J 1 DU

L,j D~~l nl1a" nl~'Vil~ ~ ~1 tl Na ~J1cu-nN"11-1

I"lCU~)JU~ LVi tllJ ~~tl"l~nlJJ1~u~u..ul1aDU~Vl•
ii~Jl~u~u~11aDU~Vln~Vl L~Dn LL-7i"lJ~~)Jl CU,

(0.080 )In.ln.) LL~~l1a"nl~ilLL1-1"LLlJlJLL"li

L~DnLL-7i"l1-1lJ~)J1CUl"l~DhW~~~"l1)JVlL~)J~U1u

"li1~ 0.910-0.990 )In.ln. LL~~LLVlnvh"mhoJn

,rmil~tl!'VI1"~i.i~ nlJn"iri1n1~ilLLl1"~1tl~)J

1DU iioJ11-1~1 0.398, 0.999 )Jnin. v1DCUl1lliJ, "

" "A111an: Ul~U~U..ul1EiDUN" ilLLl1~LLlJlJL~Dn

LL-7i~ I"l~Dhw~~ lJ1)J1CUJlfl~"i~ ilLL1-1"~1£J

o 0

fl1U1

" '"
Ul~U~ln~uaDu..ul1~la LUU

Na~J1cuiVil~-rlJI"l11)Jfitl)J mhoJ LLydVl~ltl1U

viloJlJ~~ L'VI,","1Vl tl LUYll ::~ln ~lJ111ll"lv1~D" n1~
"

U~)J1CUl"l~Dhw~~~DU..ul"~" (~n"il, 2553:" ,
Mujoriya and Bodla, 2011;) ii"I"l~Dhw~~

LUU ~l~v1YllJ1ua1uv1n~Liitl1"11D"l1"11 (~~" LLii,

2549) nl"lCU~)JU~~lUDU)J~fl~~~ "li1£J~1"~1~, , "
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n1'Hf~1-JL~VllafJVlLLvh1 aVlUqJ."lLa'l.UafJVl111h

~U LLa:;a'11-Jfl$3\PUJnU (111A11$3, 2550) ~lEJ
v • v

L.,,~iitl1~U'OJln~UflfJuihla'1~ ~-Jih.l1:;1EJ'lfU•
(;'j fJ~l-J nlEJ a'-J LLa:; LiJu~ ~ fJ-J nl111 fJ-J ~U~111Av v

~lU1U),Jln ufJn'OJlnfi'OJlniifJ),JaAUui~tJnan1
v v

l'V1fJ (ihul),J,2556) .... U111uiJ ..... fi. 2553

~alV1LA~fJ-J~),JW-Jri-Kuua (functional drink)

"'1fJLA~fJ-J~),Ja'1I111 ....1li.... ~-J-J1U a' -J L&iU1ti1nil• v

Lyh~l (100%) LLa:;jj LLul1U),J L~),Ji1u1V1 fJjj
.,

),Ja~h'VI1-J0l1ti1alti1n11 4,000 alUU1'V1 ~-Juu
v

dlun-J1UU1Vl n11),J LLl1-J'lfl&i~-J l~jj nl1~~U1

LA~ fJ-J~),J'OJl niil1flfJU'lfil VI N-J ii-J LiJULA~ fJ-J~),J

nN),JW-Jri-Kuua 1V1fJ....U11LUULA~fJ-J~),J~jjAru~h• •
'VIl-J1Jl'lfU10l1a'-J LLa:;....U111u 100% 1IfJ-JJl

v

yfu'OJln~UflfJuiil1a'1~jjtl~),JlruAafJ11Yl a~o-J

7 0 % 1 1 ),J~-J V--J jj a'1 1 fJ 1."1 1 'If il VI ~U1 ~ LL ri

1tl1~u iti11$3U~ iti11$3u~ iti11$3ufl 12

LL),Jnih~fJ),J L.,,~nLLa:;1""LL'VIa'L~fJ),J (Anon.

2013) ii-J'OJlnnl1?fm~111fJ-JAru:;~i~fJ""U11
v

., ., .
n'i:;ulu0l1N~ti1tIll"lu'OJln~UflfJuiil1~fJ-JL~),J

~-J LL(;'j n l1tl a niil1 Ly; fJ1li1~ ~Uiil1 fl fJU fJl fJ
v •

tl1:;),Jlru 7-15 1U rifJU~'OJ:;tIl1tl~uJl ii-J

1ti1o&iu.,,~nvtijnl11imnuu'OJ'OJuu ~fJ "iil1• v.

a'1~" LLa:;tl a n nUfJ Ul-J LL .... ~." al fJ 1 U(;'jl-J
v

1.11:; L'VIA ~,nru-Jlui~fJfi'OJ:;1~'VIVI afJ-J N~ti1Jl

~Uiil1flfJU'OJln~uiil11111V1fJn),J:;~ 105 ii-JLUU

~ il fJ),J1U tl1::' L'VI A1'V1 fJ'VI VI LL'VI U n 1 11iii11~1 ~

L....11:;LiJuiil'Ja'lfJ~Un~"'11~JlfJn1111Al0n
• v

80

111'lfU1 nl1~LUUtl1 :;1fJ'lfUvi fJ ~1-J nl EJ),Jl n),Jl EJ

L~U jjiti11$3ufl 1 iti11$3ufl 2 i~1$3ufl11),J

U),J-Jnli1a'LLa:;Lau1mn.,,11 (Nlril~LLa:;Aru:;,

2555) LLa:;1'l1V111'OJ:; ....uAafJhwa~ L~UL~fJl
., .,

nu tIlI"lU~Uiil1a'1~flfJU~lfJL~UnU

fJ Ul-J11nti11),JO-JLL,j0l1u~1JlAJlyfU'OJl n

m:;ulUnl1N~ti1~U-JfJln L~fJLlalLLa:;~i11-.5•
~lfJa' -J Lii fJ-J~lfJ ~U~111A ~fJ-Jtla niil1 LfJ-JrifJU

'IJ 'IJ 'IJ

tIl~uiil1flfJU),Jl~UJ1Ly;fJu~111A tl1:;nfJUnU

i Enl1V1·11-J~i ti11U fJ 1"'1 a'2JfJfi~~ fJ-J nl1 Al1),J•
11V1 L11LLa:; a':; ti11 n ~-JlfU0l1 LLtl11tlJl~U'OJln

'IJ

~U fl fJUiil1." fJ),J),J:; ~1li LiJWN Ul'OJ:; LiJU'VI1-J

La fJ n~ a':; Vll nLy; fJ nl 'iU~1111"'1 ~1 fJU'OJ'OJuujj•

L~U Ol'iyhuli-JLLUU~UWfJfJ 0l1yhuli-J1V1EJ1-.5

f-J~aUW11L 1V1 nl1yh Uli-J~lfJA~U1),J1A1L1W

LiJU~U ii-JiEmNld1ifJru.,,11$3rifJuiil-Ja'-Jyh1li
• 'IJ 'IJ

fJl"'l'i~),J Na' nu Al1),J1fJU'OJU Lf1ti1 nl1~qJ L~ EJ
., .,

1"'1 ruril'V11-J fJl.,,111~ ~-Juu-Jlui~fJi1'OJ:;'1.11•
L'VI AilAnl1ilLLli-J LLUULL~L~fJnLL-D-J ii-J LuuiE

nl1nl~VlJlfJfJn'OJln1ti1()&iu1ti1fJnl1il1liJl•
Ltl~fJua'mu:;nalfJLuu1fJ .,,1fJ0l11:;Ll;VI 1V1EJ

1,jil1liN~ti1ilrufta'ru L~fJA rua'),Ju&i LLa:; V--JA-J
'IJ ~ •

JlfJ LL(;'j~U'VIUn11N~ti1rifJuiil-Ja'-JLLa:;1i
• 'IJ

L'VIAilAnl1il LLli-J~lfJa),J1fJuii-J LuuiE nl1vt-J

L~),J~a':;Vlln ~U'VIU1Un11N~(i1~ln11n11il•



LL~-J LLtJULL'1hfl tJ nLL'7i-J LLvi1-E L1 a1U1U LLa::tJ1-J

f'lf-JtJ1~l'h1~lIJa"l.nru-n&qJLaf.Jf'lruA1'VI1-JtJ1l1T'i" .
1~ i1-JvY-J&tJ~ L'VIf'l't1i-1~::~nB1l1Ja'1JtJ-Jn11vi1 LL~-J

vitJm1LtI~f.JULLtla-Jf'lru&)'.l1r~'VI1-Jmf.JJl1y.j LLa::•., .,
Lf'l~'1JtJ-JU1~U~ln~uatJU~11'1J11~tJn~::a 105

lIJ-J~&::~1n1unT'itJ~lJlf'l L~~1::f.J::L1a11un11

tJ
.. .....

£) n"HULLa~,)fin1'i•
n17Lfl7tnJ~ui11eiilU l.h~11 Ltl ~ tJ n

A a .., .t rA" '"
'1J11~tJn~::a 105 ~-J~~~tJ~1~lnAUf.J1~f.J'1J11

"
t1'V1~lni1 vi1f'l11~&::tJ1VlLLf.JnL),l~Vl~tJtJtJn U1•
1t1LL"li1uJ1&::tJ1~ 1 folU l1a-J~lmrUU1~1litJ

~1f.JN~11tJ1-JLLa~tJ11~ 1UJl1W::~UVl&'t1'V1 1 folU•
1::l1')1-JtTUL"l1f.J~~ua-J1uCI1Vltlan~um~1 L~tJ

"
L~~Vl-nl1 LtI~tJn1~1:: f.J:: L1a1"l1~~ri111UVl1 ~~

L~~Vl-n11LtI~tJn~'n'1J11VltJn~::a 105 a-J1u~u

Ln~f.J1~vt111ih~U ';1(l1Vltlan~un~111-J 1u
". ., .,

~1LLl1U-JVi-rtJLL&-Je:itJU' 1VlUl 11..161:: 1 - 2 f'l-r-J

1::f.J::na1t11::~1tU 10 - 15 11..1 ~::1~~u-n11

eltJU~~rl11~&-J1J1::~lru 15 - 20 ~~. ~-J
"

L"l1f.J~~VlLyjtJU11t1~uJ1vitJ11..1
~ ~.,.,,, . ... ...

n1'iflUU1flU1l11ililU n11L"l1f.J~U1~U

~ln~uatJu-n11~11VltJn),l::a 105 ~::vi1n11

.. ~R11 G ,CfI..,~ -"'~4

L"l1EJ~f'l1-JLVlf.J1 61tJ"lLVlf.J1nU'VI-Jl1~Vl Vl-JUUL~tJ

'" A oIICI( ~ ..,

'1Jl1'1J11VltJn~::a 105 ~tJ1m\laf.J 10 - 15 11..1•
~Vl~l~lnulVltl~n ~1-JJ11~&::tJ1Vl ~-J111~

LL~-J \h1t1rruJ1~1mf'l~tJ-J~uJ1LLtJtJijtJl1~U
. .

lVlEJ~u-nl1eltJU&Vl 100 n.~::1~Jl~u~u~11

eltJUNVl (Rice grass juice. RGJ) tl~~1ru 10­

20 n. i1-J~::vi1n11~uJ1aVl1~1~tl~~lru"l1~
.,

~tJ-Jm1tiufoltJ tJtJLLm~1EJa~1tJu~1U1U 600 ~a.

(3 CI1Vl, 400 LLa:: 600~.) tJtJLL~-JLLtJtJLL"liLfltJn

LL'7i-J 600 ~a. (3 U1Vl, -400 LLa:: -800~.)

'VIVl&EltJm1m1Ltl~f.JULLtla-J'1JtJ-JtJrul1Jlij1::l1';h-J. "
m::1J1Un11LL"liLL'7i-J-oS1U1U 400 ~a. (-400

LLa::

-800~.) LLa:: 100 ),la. d111-rtJJ1~uaVl (~1

f'l1tJf')~) hWl1a-J~1n1~J1~ua"lLL~1LLti-J1~u-J• •
A 0 0 ....... , a

y.jalN"ln~lU1U()-Ja:: 100 ~a. U1L'1Jl"lLL~LL'1J-J. "
~tJrul1JlSj -400~. LyjtJiJtJ-JnUn~1L~tJ~aJl1y.j." .

mn~tJ.JLntJlJU1UntJUU11tl'V1VlatJtJ1uiu"ltJU(;]tJ1tJ
., .,

0.,., ... 00.., ....
n1'i~1LLl1~fl1aa~'iilU U1U1f'lU"lU

~11eltJUaVl~L"l1f.J~11tJtJn~ln~LL"liLL'7i-J LLa::vil
"

(27±2 o~.) ntJUtJ11~a-J1UmVltJ::aSj Li1f.J~~1f.J. "
f'l11),ll1U1'1JtJ-J\h~u-nl1atJUaVltl1::mru 2-3 ~~.

LLa::';lL~lLf'l~tJ-JtJtJa~1tJufl~tJBinder ~'U•
FED 240 tJtJ~tJrul1Jlij 40 o~. LiJuna1 10 ~~.. "
~U1flllJa"l.nru-nJl~U~U-n11eltJ'UlIJ-J~,"hun11

tJtJ~1f.JtJrul'1JlSj 40 o~ (RGJP (40 o~.)) vi1. "
L"liUL~~lVlmtl~f.JutJrul1Jlijm1tJtJLL~-JLiJ'U 60 o~.. "
(RGJP (60 o~.)) ~1f.J1::f.J::L1a1n11tJtJ 4 ~~.

U1l1Jfl"l.nru-nllJ-JVi1~1J11~1'U()-Jy.ja1&~n LLa:::uVl• •

0., • ... .. 0 ~ ~

n1W1LLl1~LL1J1JLLl1LUOmLll~ Ul'U1f'l'U

~'U-nl1atJ'U&Vl~L"l1f.J),l11tJtJn~ln~ LL"lfLL'7i-J LLa:::
"

vi1 a:: 611 f.JlVl f.Jvl-J111~tJ rul1Jlij Ll'hntJ tJrul1JliJ, ~ , ~
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LL'7iLL-V-J (~'S1 Ever med) vitlCUl1flij -40 0'lJ.. "
LUUL1i'n 24 'lJ),J. l1a-J~1mrUthtltln),J1~1n~LL'7i

"
LL-V-J LLi'l::1ft1U LA~tl-Jvi1 LL~-J LLUU LL'7i L~ tl n LL-V-J

(~'S1 Scanvac. "iu coolsafe 11 0) ~hm::tI::•
L1i'l11um'StluLL~-J1.h::),J1cu 45 'lJ),J. ~un'S::~-J

1~H~Mnn1J'1~u~trli11e:itlU~ (RGJP (-40 0'lJ))

~ a "" I 4 ""
~1nUULnU~1tltl1-Jtltln),J1~1nLA'Stl-JaULLl1-J

LLU1JLL'7iL~amL-V-J 111U'S'S~1'U(1-J~i'l1~~n 1~ LLi'l::• •

'S::tI:: L1 i'l1 n'1'SYl~~auAru~),JU~Yl1-Jn1 tlfl1~•
LLi'l::LAij~::vi1l1a-Jm'SyhLL~-Jl)JLnu 7 1U ~1n

t!Uvi1L'7iu L~)J ~1 tI~1mh-J1l1)J1Itl-JJ1~u~uii11

e:i mJ~~ LLvitl1'ULtl~ tlUa CUl1flij1l a-Jm'S LL'7i LL-V-J. "
J1~u~uii11ilau viaCUl1flij -80 0'lJ. LUUL1i'l1. "
24 'lJ),J. LLi'l:;tI1 Lii1 LA1a-Jvi1 LL~-J LLUULL'7i LV a n

LL-V-JLUUL1i'l1tl'S::),J1CU 45 'lJ),J. ~un'S::~-Jl~

H~~J1nmJ1~u~uii11e:itlUH-J [RGJP (-80 0'lJ.)]

LnU~1mh-J L~tlm'SYl~~auvitlltl

mruAm;1m'SLtl~tlULLtli'l-J1Itl-JtlCUl1flij. "
'S ::Wi1-J n'S::ij1um'S LL'7i LL-V-J L~ tl Ltl~ tlU LVi tlU Hi'l

11 a-JACUfl1~ W~~J1cuen1umrum'Svi1 LL~-J LLUU LL'7i•
4 a.ci , I a c::

Ltltl n LL1I-JYl t:-J1U n1'1 LL'lJ LL1I-J LLUU L11 (q u ick

f reez ing) LL i'l :: n 11 LL '7i LL -V -J LLUU -1i 1 (S low

freezing) vi11~~tl111~1mh-JJ1~u~uii11e:iau

~~~1U1U 200 ),Ji'l. 1ft1ufl111u::~i'l1~~nYl1-J

82

~~~-J~1mYltl-n),Jl"1tlLiJi'l1lt1~ K 11 vi ~1LLl1'l1-J

~-J n i'l1-J1I tl-J1I tl-J Ll1 i'l1viu'S1~ 1Ufl111U:: L~ tlll'l•
a CUl1fl ij 1~ lJ1-1iLA~tl-JuuVi ntl CUl1fl ij (data

'\ \J '\ \J

logger) ~11 Fuke "iu 2625A UUVinHi'l r1tlU•
tl'1fl111U::~ i'l1~~ n~1tl),J ~1mYla-n),J I"1tl LUi'l

11-J1u~LL'7iLL-V-JA1UA),JtlCUl1flijvi -40 °11. LLi'l:: -
\J '\ '\ '\I

.-
rrmhi'l::mfJlhM11e:itl'U~ (Rehydrated

rice grass juice powder. RHGJP) tI1

H~ ~J1cu1iJ1~u~uii11e:iaUH-JVil~~1 n.ffu~ au

n11vi1LL~-J 1~m~tln~1nH~~J1cu1iviijAcum~~•
vi~~~1U1U 1 ~fl11::n11Yll'l~tlU),J1 tl1),J1CU•
2 n. i'l::i'l1t1~1t1J1n~ull'ltl~tltl'1 L~),JJ1~1tl),J

AU1~Lii1nu LLi'l::1~n11Ltl~tlULLtl~-Jrhtl1),J1CU

'YJ tl-J LL-v-Jvi i'l:: i'l1 tIl~utI1~1 tI LA~tl-J~LLW1A1~

ijLl'ltl{ (refractometer) ~um::~-Jl~~1tl1),J1CU

11 tl-J LL-V-Jvi i'l:: i'l1 tIl~utI1 Lvi1 nutI1~u~uii11

£1 tlU~~ r1 au1111tl~11~~tlUACU~),Ju~Yl1-J LAij•

:::. - ~ .......
lIU~ t1UnT'i1 Lfl"i1 ~11 fl WtU,1J ~'n1"fl1tJfl1'W•

. " ..
LLl1-J),J1i-JtI1l1Un~1mA1tl-Ji-JYlrlt1t1),J4 ~1LLl1'l1-J

-41U1u 1 n. L~~tI),J~11~::i'l1[J£J::~1(;l'ULii),Jiiu

80% tl1),J1CU 20 ),J~. l1a-J~1nt!UH~),J

~11~::~1t1a::~1~unu~1£Jci1-Jvii-JJ1l1unAU

1~Lii1nu n1tl-J~1un1::~1~n1tl-JLU£J{ 1 111

~11i'l::i'l1t1vil~ 1l'l~1n11~l'ln~ULL~-J~1t1
"



Ll'l~thnHtln1'Y1'i1y.j1~i)L~f)'r (Genesys 10 UV­

Vis) vil'l11~fJ1lf1~U 663 ·LL~::: 645 \.n1UL~{;l'i

1{;lv1-E~1~~:::~lV[]:::-B1{;lUL-iiW1iU 80% 1Un1'i

~tlULVimJ LL~:::fi·lulrutl1~lrufl~tIhYJ~;rU

"
VI\.hv~n.~tI 1 n.U1V1Un~lm.h\1 (~n./n. of

sample) (Hiscox and Israelstam, 1979)

~ln~~n1'i

Chlorophyll (a)

v
= [12.7(0D363)-2 69(0D345)]X (1)

1000xW(g)

Chlorophyll (b)

v
= [22.9(0D345)-468(0D363)]X (2)

1000xW(g)

Total Chlorophyll

v
= [20.2(0D345)-&02(0D363)JX (3)

. 1000xW(g)

..
L~tI 00 LL~::: 00 l'il

663 645

Optical density vi1{;l1~vilPll1~V1llPl~U

663 U11UL~{;l'i LLiN::: 645 Ul1UL~{;l'i

V!= tl1~1{;l'i~tI\1~1'i~:::~lVtl:::-B1{;lUvi

-E~n{;llPlwtl1 'iYJ~a (~w.)

hYJ~a (n.)

- tl1~lruJla~'i::: (water activity) :

1-ELfI~ tI\1jj tl1{;l1'i1 tl1~1 rut11 a ~'i::: AquaLab

series 1U TE3•
- l'il~ (colour): LfI~tI\1jjflvi11tU1{;l1'i1

i4 ~tI colour difference meter (Model

JC801. Tokyo, Japan) 'ilV\11ur-m1U'itl~tI\1
"

L*, a*, b* ~\1l'il..r\1 3 I'ilLUUn1'iLL~{;l\1n1'i1{;ll'il

i4Lu'Vn:::L~1:::~\11{;lvviI'i1 L* ~tll'ilf1l1~~il"

(lightness) jjl'illPll1~~11\1~lnL~tIL-iil1n~ 100

LLW:::jjfll1~jj{;lL~tIL-iil1n~ 0 l'il a* ?1t1rillPll1'-J

LUU~L.:nVl (greenness) L~tljjl'ilLuUlnnLLw:::jj

I'ilf1l1~LUU~LL{;l\1 (redness) L~tljjl'ilLUU~lJ

LL~:::~h b* ~tll'ill'l11~LUU~LVlfltl\1 (yellowness)

L~ tI iJ l'il dJulJl n LL ~::: I'i 1 fill ~ LUU~Jl L~U

(blueness) L~ tljjril LUU WlJ ~\1 ri tlU'Vhn1'i1{;l1'i1

i4 LIPl~ tI\11{;l ~~::: Clntl1lJ LVi tJlJlPll1~ Lvi £.1\1 {;l'i\1~tI\1
"

1'i1~~lV Standard calibration plate ri1 L*,

a* LLW::: b* L'VhnlJ 98.11, -0.11 and -0.08

{;ll~~l~lJ

n1 'i1 LIPl 'i1 :::11-ii fl ~ ~ 1-Ehh LLn'i ~
"

95% [one-way analysis of variance

(ANOVA)] LLW:::'Vhn1'iL1.11tJlJLViVlJI'i1LU~V{;l1~

1n~tI\1 OMRT

" "
n1'i L{;l1 V~ ~l tI £il\1U1~U~1 n ~U ti tlU

-ii11V1t1~~:::~1{;lV1-ELfI~tI\1yfUJ1 LLlJlJjjtlVl~UOWlJ•
11 J1yfu~{;lVil~jjtl1~lru 10-20 n. L~tILVitllJ

"
nlJ~u-ii1ltitlU·;hulU 100 n. am~ru:::~tI\1111

yfu~::: jj ~ L.:n £.11 L-ii~ LL ~::: L~ tI {;l'il~1{;ltl1~1ru

~ tI \1 LL~ \1 vi ~ ::: ~ 1 £.11 UJ1 OW lJ 1 1 jj I'i 1 1.1 'i ::: ~ 1 ru

3 °Brix ~1t1rj1\1t11yfU~U-ii1lfltlU~{;lVil~111

L-ii1~ m:::lJ1Un1'i LL"liLiitl nLL~\1l1UVi L~tI~mn
"

nl'i Ltl ~ tJu LLtl W\1t1 ruVlni)'i :::Vl11\1n1'i LL-l1 LL~\1vi. "
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Cl.O I ...... Freeze at -40'C
30.0 '1 _ Freeze at -80'C

~ :.: ~\. Freezing time (hr.)

.; .,:: it'~··~~-'-'~:;:::::'~=~~;_.;;--:~--;;-:5.-~~-~-~~~-~;--;~~--;~--:~--;;--- a

~ -20.0 _ .

~ .>0.0 ~ ·········.·_~_.~- _.v.,_.•-__._.•_. __ ......•." ,

~~L~
Figure 1. Temperature profiles of the rice

grass juice samples during the freezing

step at -40" and -80 0"11.

. .... .-
~aUl~U~U~11BaU~~~lUn~~U1Unl~

LL'71 LL-n\l~ a ClJ l111 ij"lJ a \I Lrt ~ a \I LL'71 LL -n \I - 4 0°"11., v

LLa~ -80°"11. 111Nan1~Vl~~aunl~Ll.J~£.JULLl.Ja\l

~rul11J2h~l1'h\ln~~U1Un11 (Figure 1)
I A V 4 I a

~U 11 a ClJ l1 11 ).J (111 n a 1 \I "lJ a \I Lrt ~ a \I LL"1I LL"lJ \I
• v

~ a rul111 iJ -80°"11. ~\I Ln (11~U11a rul111 iJ, v , ~

,]1~ua~a\laf.i1\1~1~L111u'711\1 3 "1I).J.LL~n

-B\I (1 eli1LiJUtrn~ru~n1~ LL'71LLii\l LLUUL11 1~£.J~

n11 LL'71 LLii\l LLUU L11.Q~ ~ ~\lNa1111~r1ruI11~~~,

"1Ja\lN~(11Jlru"]l1tr\ln1~l'hLLl1\1LL~l (Babic et qt..

2009) uan~lndfJ\I~U11 D(11~ln1~Ll.J~£.JULLl.Ja\l
~ ~ .

"1J a\l a rul111 iJu1~U~1 n ~uBaU~11~~ L1).J~U, "
Ll'hnu 25°"11. a~a\lll.J~ -35°"11. 1-EL1a1

l.J~~).J1ru 5.5 "1I).J. LLa~a\lll.Jyj -70°"11. l-EL1al.
1.J~~).J1ru 4.5 "1I).J. '71\1ijLLU11u).Jrt\l~ ~lnrt11).J

~).J ~Un~ ~ l111 \I a ru l1 11 ij LL a ~ L1 a 1 ~ U 11, v

'OJ~L~anLLii\l"1Ja\ll.h~u~U~11Bauaf.i~1.J1~).Jlru, "
-1 0"11. l1tr\l'OJlmrU~\lU1~laf.i1\1~~lUn1~LL'71LL-n\l

LL~lLiJuL1a1~\I~U 24 "1I).J. riauL~l~
"

n1~U1Un1~l'hLLl1\1(;ja11.J

LL~ ~\I n1~1 Lrt~l ~11l11~h1.J1).J1 rurta El

hYJaaLa rtaahYJaau LLa~YlaElhYJaa~\Il1).J~

Table 1. Chlorophyll a. b ~md total chlorophyll contents of rice grass juice and rice grass

juice powder

Treatment RGJ*
RGJP"

(40'C)

RGJP

(GO'C)

RGJP

(-40·C)

RGJP

(-80'C)
RHGJP

Chlorophyll a,.

(mg/g)

Chlorophyll b

(mg/g)

0.060±0.000a 0.615±0.001 f 0.286±0.OO3c 0.615±0.001 e 0.534±0.004d 0.073±O.001 b

0.020±0.001 a 0.356±0.001 C 0.112±0.OO1 C 0.375±0.003e 0.376±0.002e 0.043±0.004b

Chlorophyll total
0.080±0.000a 0.999±0.001 f 0.398±0.OO2c 0.990±0.002e 0.910±0.006d 0.116±0.003b

(mg/g)

.
Means (n=3) ± standard deviation i~ the same column followed by a common letter are

not significantly different at the 5% level by DMRT.

* = Rice grass joice; ** = Rice grass juice powder
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a2.J'lau [RGJP (40°"11.) LLfl~ RGJP (60°"11.)]

'W'lmJ~\I LtJ~f.lU LvhJunuJ1~u~~ riaun11vi1

LLl1\1LLfl~"rHr\ln11FlU~1LLa1 (Rehydeated rice

juice powder) ~\lYlflahWfl~ Liju~11tJ1~nau

i1 'WU1~u"huv1 iHhii f.l11J a\I ~"11 vi1"r1 ii1Yi dJu

12.J Lfl nfl1'u'Wa\l\l'1U~1 nLL~\I LLfl~U1'Wa\l\l1U~\I. .

nfh11tJ1-E1un'~ ~U1Un11a\l LYl11~"r1 LL~\ILvJa

~'l1\1~11aUV1~ii LLfl~U11tJ1-ELvJan11vl11\11i1Vl

l~f.I~flahWfl~L~ m~1\1~'l1\112.JLflnL'li1LLVln~1\1•
~1n~flahWL'l~ij 1~1\1~'l1\1i1LLVln~1\1nuiivh111
q -"A. • .., #:11 <1:1 a
2.J~ru~2.JUVlLLVln~1\1nU 112.J[l\ln11~~nL'lULL~\ln

• v

i1LL(;ln~1\1nU ~\Il!u~flahWL'l~~\I~a\l"1lilVlii~\I

iH~i1LLt'lnlii1\1nu?)a YlflahwL'l~La iifhiif.l1L-n2.J

~1U~L'lahWL'l~iHjt4Liif.l1Yieiauwh (Campbell

and Farrell. 2009) ~1nn11V1VlL'la\l'Wu'hn11

vi1 LLl1\1 LLUULL1fL fianLLii\l1l1tJ12.J1 ru~L'l ahw L'l ~

~\I"r12.J(;l 1u'li1\1 0.9100.006 - 0.9900.002 2.Jn./

n. LLfl~LL(;ln~h.;JaU1\1jjumi1~'YVl1\1~Mi nu

n1 run11V1°1 LLl1\1~1 f.I fl2.J'lau '71\11l1rh1u'li1\1
...

0.3980.002 J.JnJn. LLL'l~ 0.9990.001 2.Jn./n. VI

~ru"r1lJjjn11vhLL~\1 60° LLL'l~ 40°"11. (Table 1)

tJ12.J1ru~L'la hWL'l~~\I"r12.J~ 1uJ1~u~~

jj~h~1f!~ (0.0800.000 2.Jn./n.) a1JLiia\l2.J1~1n

n11jjtJ12.J1 ruJ1Yi ri au-n1\1 ~\1 L~aLVi f.lunum ru
v

"r1a\ln11vi1LLl1\1 ~\Il!uL~tl\r1~~(;lnruiYidJu~\1

LLa12.J1vi1a~a1lJnau~1f.1J1 ~\I'Wu';h1l1tJ12.J1ru

~L'lahWfl~ 0.1160.003 2.Jn.ln. 1naLFlf.l\lnu
., "
ti1~u~~ 112.JG'Jn11aULLl1\1~1f.1a2.J'lauaru"r111jj

• v

40°"11.' 1l1ri1tJ12.J1ru~L'lal1wa~Vil~2.J1nni1n11

au LLl1\1i1a ru"r111jj 60°"11. ~\Iiia1~ Lii a\l2.J1~1 n• v

1~1\I~'l1\11J a\l~aal1wfl~Ln~n11 LtJ~ f.lU LLtJ a\l

LLa~a~L'l\lau1\1jjumi1~CY aU1\111nVl12.Jn11vi1

LLl1\1~1f.1a2.J'laui1aru"r111jj 40°"11. ~\lYI\l1l1rh~fla
• v

l1wfl~vi1naLFl f.I\Inun11vi1 LLl1\1 LLUULL'liLfian LLii\l

'71\1n11L'l~L'l\l1Ja\l~L'lal1wfl~L~al~1'u~112.J'lau

~\IL,ja\l2.J1~1nn11LtJ~f.lULLtJa\l 2 ~1L"r1(;l"r1anv •

(Eskin. 1990) Fia 1) n11vi1\11U1Ja\lLaUl"1l~

chlorophyllase '71\1~~vi1\11Ul~~i1aru"r111jj~\I
• v v

LLliilJ-iLnu 75°"11. hw~~d\ltJiJn1f.11V1°11l1

1~1\1~'l1\1Ln~n11LtJ~f.luLLtJa\l LLL'l~ 2) n11

LtJ~f.lU LLtJa\latHiia\l2.J1~1nm~ l~f.ltJn~ L"1IL'l~

~"1IL~al~1'u~112.J'lau~~tJL'l~tJ~af.ln1~auVI~6

'71\1 n1~fi~ ~ltJ d\ltJiJn~f.l1V1°11l1~flal1wa~

LtJ~f.lULUU pheophytin '71\1jjt4Liif.l1L"r1~a\l

. ~
(LaJallo and Lanter. 1982) uan~1nU~1nn11

VI ~ L'l a\l ~\I'Wu i1 n11 LtJ ~ f.lU LLtJ L'l\l tJ12.J 1ru

~atll1wa~La LLL'l~ii ~\liiLLU11ii2.JL'liuL~E.I1nu

n11 LtJ ~ f.lU LLtJ L'l\l YI aal1w a~~\I"r12.J ~ ~\lViL~

anu1f.11tJ LLa1 L'liunu

tJ~2.J1ruJ1a~1~ (a ) 1Ja\l~~(;lnru.,]J1
w

" .
~U~U-n11ei aU~\lVi ~~t'I~1 f.l1tl n11vi1 LLl1\1 LLUU

LL1fLfianLLii\l LL L'l~ LLUU L'l2.J'lau 'W'la2.J~\I LtJ~f.lU
" .,

LVi EJU nuu1~u~~ ri aun11vi1 LLl1\1 LL L'l~"r1 a\l n11

Fiu~1LLa1 ri1tJ12.J1ruJ1a~1~ (a ) LUUri1i1
w

LL~~\IG\ltJ1~ ~Vlij111'W n1~U1Un11aU LLl1\11~ LUU

aU1"~ 1un11V1~~autJ~2.J1ruJ1a~1~ (a )
w., .,

1Ja\ltI1~U~1n~Ueiau-n11"r1a2.J2.J~~ riau LLa~"r1a\l

m~U1Un11aULLl1\1 'WUi1LV1~il~LLfl~m~U1Un11

au LL l1\1Yi aru"r111 jj Iii1""1 ~\I ~ fllii atJ~ 2.J1 rutI1• v I
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y

~ ru ~ ~U~11\1V11\1 n1 tJ111Yl LLt'l:: LIPl iil1 ~\1 n1 ~,

" I A ..... ~

Lvhtl'ti 1Pl1~11~t'l~l1ru?1"'\1"'l:: ~1).J1~C1t'l~ n1~

L~fl).J L~tJ"'llnL~fl"'latiV\~61~~ln'71ti LLt'l::eJ1"'l,

_ ~ oClI A. ,f
eJ ~~::ti ti fl n"'ll n).J~ t'l"'l1 nn1~ LYl).J"lJti"lJel\1

eJrul111jj1tin1~vi1 LLli\1 LL~1~1 tJ1:: £.I:: L1t'l1~~J1n
, OJ

~'U ni'J\1~t'l~fln1~t'l~t'l\1~1m-rltillti tifln"'llnd

n1~ t'l ~ t'l\1"lJfl\1fl1tJ~).J1 ruJ1a~~:: ~\1 i'J\1 ~ t'l~el

~11~~1~1~C11tin1~t'l::t'lltJn~U"lJel~Na~Jlru-n
y .. •

U1""'U~'U~11elelti~\1 i~YlUl1n1~t'l~t'l\1"lJel~fl1

tJ~).J1 rutI1 a ~~ ::V1°11liIPl11 ~ ~1 ~1~ C11tin1~
... . '" "

t'l::t'lltJU1L~~ii'U (Lrl~1ijn1~. 2554) ~\1tl'ti~\1

LiJ'ULl1~~t'l1'Un1~L~elnNa~Jlru-n~\1J1~'U~'U~11,
elfltivtl~"'llnn1~vhLLli\1LLUULL1iL£jelnLL~\1~ -40°"11.

).J1V\~ t'l el\11ti.ff'U~fl'U"lJfl\1 n1~t'l ::t'lltJ L~elVl~~elUa~~::1vW~a~Jlru-nJ1~ti~ti~11elfl'\.HJ\1Vil~IPlTi

iifl1tJ~~lruJ1a~~::lHNLl1~flmhjmJnl10.6
OJ

Figure 2. Water activities of rice grass

juice. rice grass juice powder and

rehydrated rice grass juice powder; for

the treatment bars labelled with a

common letter are not significantly

different at the 5% level by DMRT.

(el (d)

1.00 1

? :: 1- 0.70

f 0.60 (e)

! .~ t (b)

..... 0.40

J __.:-_.:..
..
3: 0.30

020

0.10

000

RGJ RGJP (40'0 RGJp (60'0 RGJP (-40'C) RGJP (-eo'C) RHGJP

Treatments

.... ,

~lti1\1~\1 (~"'"11. 858/2548) l1\1ih~fl£j~eJ1tJ,

t'l::t'llmL~1

~1~ ~mutii1"'l~tJl1,j\1~n111ti~~ru111Yl,

(Table 2)

n1~V\~~flUfl1tJ~~.J1ruJ1a~~:: (a )
w

YlUl1tJ~mru'\.ha~~::t'l~'NflEi1\1iitl'tJ~1""qj"'lln

0,932 1titI'Urti ~~ L~ fl r-hti n1~ flU LLli\1~

flrul111i1 40°'1f. jjtJ~).J1ruJ1a~~::t'l~t'l\1Ll1~fl
, OJ

0.514 LLt'l::iiLLti11u).Jt'l~t'l\1 (0.381) L~m~~

fl rul111i11tin1~ flU LLli\1 LUti 60°"11. ii\1"'ll n n1~
, OJ

if\1Ln~YlUl1 ~\1Vil~ fl flti~l\1LLli\1).J1 n'71ti 1vItJ

-nfl\1'\.h~'U~'U~11elfl'U~\1LLt'l::LL~~\1m~LtJ~tJ'ULLtJt'l\1

1'i1~1ti~tJLLUU"lJel\1fl1 L* a* LLt'l:: b* "lJfl\1.,

o '" I "* c: '" '"V\1 LL11\1 LLUU LL"11 LtJfl nLL"lJ\1 LLt'l:: LLUUt'l).J~el'U Yl~el).J

if\1 LtJ~tJU LVitJUnuJ1~ti~~ rifl'Un1~Vi1 LLli\1 LLt'l::

11~~n1~?1'U~1LL~1 (Figure 3) YlUl1n1~elU

LLli-JJ1rr'U~'U~11elel'U~flrul111jj60°"11. 1lifl1 L*
, OJ

~\1~~ (42.82) ii\1LL~n~1\1elEi1-Jiitl'tJd1~qjVl1\1

~()~ nUn1~eluLLli\1~1tJt'l).J1flti~elrul111jj40°"11.
, OJ

~ .. A f a
LL"lJ\1V1flrul111~n1~LL"11LL"lJ\1 -40° LLt'l:: -80°'1f. YlU

, OJ

l1tJ~).J1 ruJ·] a ~~:: t'l~ t'l\1 L11 ~ elL~ £.1\1 0.025

o '" 4CII a .IICIII

LLt'l:: n1~V\1 LLl1-J LLUU LtJflnLL"lJ-J mru"lJ fl-J n1~flU

LL li-J LLUU1it'l~1elti"'l:: 1iL1t'llUeltJ ~-JJtin1~

if).J~~nti~::1111\1~a~Jlru.,]nUeJ1n1rl1elti~-JLiJti
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.. 0 A "r I ~ "

L)./aU1 ~ a Vll1 ru-n ~\I)'/1~1Un1'ia::: a1 fJU1 fJ\I

ff\lLn(;l~Ul11";1"i11'l11)'/LiJU~Ua'lU L* a* LLa:::

• a" 0 " AA <di A

LLa:-:a~a\la111\1)./UfJa-1A ill'Vl1\1a-ClI'l L).JElElru'YIJ1)./
~ ,.,

m'iLL"liLL1i\l~~aU)'/1n.:ffuY1 -80°'1l. uEln~1nii

L:BEl)./l11\l El~1\1 Ll1'Ul~i~nu n1'ia~a\l1JEl\lJ1)'/1ru

I'laf)1'iVlafl (Table 1) LLa::: L~ml1~u~'U;h1

tiElw·hun1'i'Vi1LL";\I LLUU LfjamL1i\l1";~1 a* 1'U

"li1\1 -1.16 LLa::: -1,98 :B\lf)1l'tu"li1\11Ja\lA11)./.,

. " "
Elru'YIJ1ij 60°'1l. ~~1 a* L'Vhnu 1.44 l1\1ihJ\I, .,

. "
Liill1a~a\l-7f\l Lii~iiunu nTHlU LL";\I'1lil~a)'/1f)U

'Vi11,.;1'l11 )./.:ffu a ~ a \I LL a ::: LL ,.; \I )./ 1 n~u ~\I,ru

~la~1\1~\I~~~\I~~11'l11)./a-l1\1a~a\l

nTiLtJ~llUL~hJU~1 a* 1Jf)\I~~vlJlrui~u

if11 ti f)U~\lY1a-1l11::: n1'~'Vl~ a-f)uvi1\1"1~ul11";~ a

Y1LLl'lnvi1\1nU1U'Vl1\1a-~~'Y!nn'iru 1~m..l'i1n!l11

~1 a* 1Jf)\ln1'~ElULL";\I~111a)'/1f)Uf)ru'YIJ1ij 40°, .,
LLa:-: 60°'1l. ~LLu1111)./ L~)'/~UVl1)'/Elru'YI1lijY1a-\I, ., .,

~U ~\liiff\lLnVll~i~L'Vul1n'iru~1 a* LiJuu1n

~El~~LLu1111)./ltJ1U'Vl1\1~LLVl\l'YI~f)~11'l11)'/LiJu~

LiJu~Liill1 L"li'UL~ll1nU~1 1'l11)'/LiJU~L'YI~f)\I

(b*) ~LLU1111)./Y1L~)'/~'UL~El~~VlJi'ruiJ1~u;hl

elEl'U~\I~~~.h'Un1'i'Vi1LL";\I~111a),/1ElU 400 LLa:::

60°'tj. 1~1l1";~1 b* L'Vl1nU 35.52 LLa::: 25,16

~\liiLii El\l~1 nEl ru'YI1lij1um'ialJ LL";\I~a-\I ~\I~a, ., .,

1";~\I~~~~L'YI~El\lLii)'/)'/1n~u ~\liieJ1~LiiEl\l)'/1

~1 nAl1)./1f)Ua'\I ~aviEl m'i L~a)./a-J11~LLa:::m'i

LtJ~ ll'ULLtJ a\llA'i\l a-11\1 ~1J a~ ~ ~VlJi'ruiJ1~'U~'U

if11tia'U~\I (Lee et al., 2012) 1u1Jru:::~n1'if)1J
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