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ABSTRACT

Black glutinous rice contains phytochemical substances that are useful. Study on the effect
of black glutinous rice (Oryza sativa var. glutinosa) on the amount of phenolic substance,
anthocyanin substances, antioxidant activity and anti-lipid peroxidation by mixing in 4 fish diet
formulas, the same amount of protein was calculated by 30 percent, with black glutinous broken
rice 0 (control), 10, 20 and 30 percent of the formula. Storing the finished feed in a translucent and
opaque container for 12 weeks at different temperatures (4 and 28 degree Celsius). The results
showed that the amount of black glutinous broken rice in fish feed had an effect on phenolic content,
anthocyanin and the antioxidant activity. The formula of feed with black glutinous broken rice 30
percent can resist the oxidation of lipid better than the control feed (P <0.05). Storing at 4 degree
Celsius in opaque container could help to retain the anthocyanin substances amount is 28.01+4.44
mg/100 g extract, antioxidant activity is 81.21+0.62 percent and anti-lipid peroxidation is 3.8040.15
uM/g more than keeping feed in a translucent container (25.86+4.23 mg/100 g extract, 78.96+0.84
percent and 4.13+£0.19uM/g respectively). Storing feed at 28 degree Celsius in opaque container
could help to retain the anthocyanin substances amount is 21.3743.27 mg/g and antioxidant activity
is 78.83+0.54 percent more than keeping feed in a translucent container (10.714+2.30 mg/g and
75.2240.87 percent respectively).When evaluating the feed efficiency of different levels of black

glutinous rice on growth, hematology and the meat quality of Nile tilapia. It was found that fish fed
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all 4 formulas for 10 weeks showed good growth without statistically significant difference (P>
0.05). Hematology values in black glutinous broken rice 30 percent of the formula showed that the
amount of packed cell volume (hematocrit 40.24+0.24 percent) and red blood cells of fish fed 20
and 30 percent of the formula with black glutinous broken rice tended to increase (3.51+0.06x 10°
cell/mm’ and 3.61+0.01x10° cell/mm’ respectively) and the amount of white blood cells tends to
decrease when compared to the control. The results show that using of black glutinous broken rice
in the diet does not affect health and the immune system. The quality of the fish meat that received
the feed containing black glutinous broken rice has the good ability to resist lipid peroxidation

(P>0.05).
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AA A 9 = o 1 o A J I o
91113MAa93 4 gasnNlsnan)arsinuritedadiaianu ae o, 10, 20 taz 30 WeosiFuaves
[ 1 S 3 o dy = 1 @ ] A v o W aa
0391115 WUNAMBTIFUANNNFUNANNUANA NN UBI LA IAYN DA (P<0.05) 1Ay
Aa (a D, ~ o s d & s 2 o X 9 4
p1vsgasnNdsumlaredrnmitedd 30 lesisud Nilesigudaiiurutosnga
A A A v 2
(1.48+0.01%) WomesunueImIsgasau Usuanalueniisnnyansnaaoiogin 14.06-14.43
S < 4 o o =Y [
weSisudnudray Usuallsauluemsyngamsnaassgnimualitilsuaumii 30
/2 I A ) 1A s3I A 4
osidud USualviinluemsnnganisnaaesegh 8.27-9.62 esisud Usuanbeleln
1A sd o 1A
PIMIINNYANITNAABIDEN 0.74-1.09 loFidua uazms Tulamsaluomisogh 42.56-44.29
J I 4 a g 1 9 = o A
ofidud MINNaTIeIMIITNAREINT 4 gasnunUSuaves i Tsau lviiu welouas
14 1 J o 1 A v o w an 1 A
a3 1ulamsa lulinnuuanasiuediivedidyniesana (P>0.05) uagasermishiinig 149
Uargdamtierdi Iilsuaaisuou s lseiuianuuanaasunaaaa (P<0.05) lag
AA A 9 ~ o J 3 = a ~
psgasiiUSalarediumiioad 30 Wesidua HSumasuenTs leertivuiniiga
MY 41.16£0.25 mg/g MUNIRI8011 15 gaTNTUTuImdared1mTieads 20, 10 uaz 0

1JoSIHUA (38.66:0.08, 34.48+0.08 1AL 8.68+1.00 me/g MUSINL) (A13199 4.1)
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M19190 4.1 fNﬂ‘]_]‘i3ﬂ’é]“]J“VlNIﬂ‘b’Ll%‘UfN’t’J']W']31]'(3'l“VIiJ‘]J'iNWﬂJﬂJ@Qﬂa'IEJSUTJLWufJ'Jﬂ"I 0-30

<
nlodisud

Suadarednaumilendn (%)

29A13ZNOUMIAT (%)

0 (YANILAV) 10 20 30
TAguts 97.58£0.02°  97.23£0.03°  98.29+0.16°  98.52+0.01'
T 2.42+0.01° 2.77+0.02° 1.71£0.11° 1.48+0.01°
1 14.06+0.06 14.13£0.19  14.35+0.06  14.43+0.04
Tsau 30.2240.28 30.64+0.12  30.59+0.55  30.29+0.38
st 8.27+0.20 9.13+0.18 8.99+0.31 9.62+0.52
gl 0.74+0.28 0.76+0.02 0.95+0.16 1.09+0.05
m3ilu'laasn 44.29+0.23 42.56£0.14 43412047  43.09+1.00
WA9U (kCal/g. diet) 3.94 3.93 3.92 3.91
a150eu 15 lse1tiu (mg/g) 8.68+1.00° 34.48+0.08°  38.66+0.08"  41.16+0.25"

ANnAYLSE NnudesnysmuIseng Ay lunuiueurmesiianuuanawedaiiiod Ay nadda (p<0.05)
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asiueadn arsueuls Isentu aAnuansamueyyadasz (DPPH) tazmsing
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4.2.1 waveanslylmedramigisluemsdawazavuzussgaefSinamsilueain
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BINUINHINAUKDN 4 93A UYL BIE

Q Y

4

msnaasalFlarediaumiierdiluerisdarndsua o, 10,20 uag 30 1o IFud
wundsuaarsiueaanlueivisdaniiezunisnaass NSuvaarsiusadnniny
88.7120.85, 102.05+3.02, 116.163.02 1182 123.60+1.63 GAE/100 NSUE1TANANINEIAY (A1519

A [ s o @ 4 1 v A '
HUINN 2) HAIINNIINUTNHIDINITIZILIIAN 12 ﬁﬂﬂm Gl,umf’lmzui‘iﬂqmiﬂuﬂ’aiﬂimﬁx‘l

'
3w = a =

' =3 9 o
LLﬁZﬁULLﬁ\? NUITNYINYIUNNN 4 DA UBALF T Nﬁﬂ1i‘ﬂﬂa®ﬁ‘W‘U31ﬂ5u1mﬂﬁ1€]ﬂﬂﬂ!1’iﬁﬁ]’)@ﬂ

q U

a 1

TuomsdariioninanelSuaarsiueadn (P<0.05) Tagormisnidsuaarediimiien

1w [ [

o S I 4 = = a ~

M 30 Woadud wunvUsnaasHueadnuInNgaMInY 83.60£1.07 GAE/100 NSuaN3an

(1399 4.2 HazN N 4.1) LARYBINFUZVTTY IiNnTnane s mmarsilueadnluems
Ad o 1 = =1 a 1

a1 (P>0.05) e1sdarnnusnu lumyus Tl saaanTenunaanulSunaaisilusadn 1y

1 @ a a 1 1 [ =Y 9 = o
UANANNNY LIAZINMTHIBNTNATINTEH WIS atlaretamtied lueisiaias
1 [ aa a 1 [ . Lé = g}J
MyuzuITINUN 2 T 1HBNEWasuiU (non Interaction) FIHUIYDI DINITNAADING 4

A g J A =R = = a 1 1 o
qmmmﬂumwuzTﬂimmm@‘wmgm Wﬂﬂﬁiﬂmﬁ”ﬁwu@ﬁﬁﬂuliJiJﬂ’J”lllLWlﬂgﬂﬂﬂu

(P>0.05)
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d‘ =3 = a a 9 a
Ms19n 4.2 Ysuaarsiueadn ﬁWiLL@HI‘ﬁVl“KﬂWHu ﬂ'JHJﬁWNWiﬂiuﬂWiﬂWUﬂHHaﬂﬁiz

(DPPH) tiazM3tnaoondiasuved luiiuaneisdaniaiunanvelalsdn

~ ° 73 ¢ A d o A
WueIa1 0 — 30 Lﬂmmu@ LN@Lﬂ‘UﬁﬂHT‘V]Qm‘Vi

U

N 4 DA UAIFEA TTOZIA 12

Fland
. Phenolic Anthocyanin DPPH TBARs
ﬂ%%‘c’l ‘Igﬂﬂﬁ‘ﬂﬂa@\‘i
(GAE/100g) (mg/g) (%) (uM/g)
) 0% 65.46+1.39°  7.47¢023"  77.31%1.15"  4.6620.18"
anei1)
- . 10 % 68.60+0.21°  30.35+1.37°  79.76+0.37°  3.97+0.01°
LT UHYIN R . X R
20 % 70.77+0.12°  33.5240.51°  80.96+0.68"  3.72+0.09
(A)
30 % 83.60+1.07"  36.40+0.58"  82.30+0.63"  3.50+0.12°
P-Value 0.00 0.00 0.00 0.00
MFULUTITY T3 auaq 72284235  25.86+4.23"  78.96+0.84°  4.13+0.19"
(B) NuLLer 71.93+2.95  28.01+4.44"  81.21+0.62° 3.80+0.15"
P-Value 0.69 0.00 0.00 0.00
AxB 0 % x lal5aas 67.16£0.08  7.10+£0.08°  75.36+0.09  4.96+0.03°
0 % x NULAI 63.7542.40  7.85+0.17°  79.27+0.44  4.36+0.1°
10 % x lJsaues 68.56+£023  28.05+0.83°  79.18+0.36  3.98+0.02°
10 % x NULLE 68.64+0.47  32.65+0.08°  80.34+0.09  3.96+0.01°
20 % x ldsauas 70.73x023  32.65+0.08°  80.07+0.18  3.87+0.01°
20 % x NULLE 70.8140.16  34.40+0.17°  81.85+1.07  3.58+0.0°
30 % x 115quaa 82.67+2.09  35.65+0.92°  81.23+027  3.70£0.0°
30 % x NULA 84.53+0.85  37.16£0.25"  83.36£0.09  3.29+0.04"
P-Value 0.24 0.01 0.07 0.00

P-Value <0.05 131084 linnmuanaesiiiodngyniana

' H 9
ANUNAYLSE ‘I/'If‘hmJﬁglliEJE]ﬂHiﬂTlaHE]\1ﬂq‘H@]NﬂLl11&!!1«!3@\1‘”iﬂfJﬁ\nJﬂ’ﬂllLLG]ﬂG]NE]EJNﬂJUfJﬁWﬂﬂJU‘V]NﬁﬂG] (P<0.05)

MU1811Q: Phenolic 1u18d 3 USwrma1sTueaan, Anthocyanin iuied S urmarsuen s Tyg1iiu, DPPH nu1ed

ANUATOAILOYYAdATZNINATEUAIIT DPPH assay, TBARs M1 mstiavendasuves luiuninadeou

#1873 TBARs assay
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m3snaassl¥daredrnntiendr luerivislarndsuin 0, 10,20 uag 30 Wesidua

1 a a A 2 Y =
nulsuaarsueu s lserfiulueimslaniesudunisnaass wuntlSuiaes
o U5 by a1 HUININY 8.68+1.00, 34.48+0.08, 38.66+0.08 14aT 41.16£0.25 mg/e ANNG1AU

~ [ < o 1Y) o 1 v A [
(M3NHUING 2) HAINMINVINBID1ITUIY 12 dilamt Tumsuzussgananune Tl

a
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UALRASNULAINQUN N 4 DIF UG UF YT wami‘nﬂam‘wu’nﬂ‘%mmﬂmﬂmnmumm“luqm
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S < =) a A [ A
30 losidua tdSuaarsueuls lsortiuunigaminy 36.4040.58 mg/g (M13197 4.2 ag
l:' =) a 1 =) =)
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A g =3 t: a 1 A& 1
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I 4 o w { @ 3 o
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Tisaaauana1eed 9l ied AN I9a0a (P<0.05) HLAaZIINNITHIONTNATIVTEH 191

g

a 1 [

Ysuadaedrimioad luemisdawaznisuzussy wu 2 Jvde ldligniwasauiu

= 2 A g ' A= -4
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a a o o 9 1 d' = 9 =

wumsia  eendatuved luiuiseniiemsyaniuaui lulidunauuesilarediumiien
A1 (M15199 4.2 1azn i 4.4) WaveIM¥UzUTTINONENaReMINAoanF At UV lutiulu
A < = ] Y a a o Y]

21151/a1 (P<0.05) Tagnmsnuo1ms lumyusiuuaarielinsinaeengiasuveod lvaiy
J < U a a 1 U [
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Ysualaedrmiieadr lueisuazayuzussanudi 2 Tade Tonswaswnu Taoo1mis

Y = o S I /A g =] =1 Aa a o v 9
q@liﬂa']ﬂell'nlﬁfif!lﬂjﬂ'l 30 1os U ﬂlﬂﬂﬁluﬂ'lclfugﬁﬂ'ﬂllﬁ\?uﬂ'lﬁlﬂﬂf]f]ﬂc]flﬂ%uellﬂ\‘]vhluuu@ﬂ

Nga (P<0.05) 1A 3.29+0.04 uM/g



36

B wueTdsaas [l vz

0 (YANIUAN) 10 20 30

WU uM/g

i

@

A
\]

MINADDNFIATUUD

WSanlaedrimilerdlues (%)

d‘ a a Y &Y A 1 =2
MNN 4.4 msmﬂaeﬂmmumm”lﬂmuﬁlummiﬂam miiﬂumﬂmzTﬂimﬁmazwmmq

A 3 o A a S o 4
WANUSNEINOUYN 4 A usaIFed szazal 12 dilay

Q U



37

4.3 waveanmslFdmednamiemluemsdamazmvuzussgnemsilasunilag

amsueadn a1sueuls lseniiy ANNEBNIIMUIYYadasz (DPPH) Haznsiha

=\

a v Y 4 % Y (Y d
aanmﬂwmm‘lwu !ﬁﬂ!ﬁ‘ﬂﬁﬂ‘]&ﬂ“ﬁ@ﬂ!ﬁﬂu 28 E)Qﬁ]l%ﬁ!‘?fﬂﬁ’ IvgsIaA 12 ’s’ﬁJﬂ]?‘i

Y

4.3.1 waveanislylmedramigisluemsdawazawuzussgaefSinamsilueain

NQaumigi 28 daAuTAITEA

k'
14

° § s <
anmsnaasdlsaredrimiierm lusmisdanisua o, 10, 20 wag 30 WeosiFue
] =) = a d’ Q' 1 [
wuNdSuiaarsilveaanlueivisdanis T unInaao NNy 88.71£0.85, 102.05+3.02,

116.16+3.02 1ag 123.60+1.63 GAE/100 SUAISEANAMINAIAY (A1 1NHUIATN 2) HAIIINAT

a

3 o o 4 1 o A U = ~
NUTNEIDIMITUIUN 12 dUavi GlUﬂ']GIfHZ‘Uﬁii]‘ﬁ']\iﬂu ﬂ@IﬂiQLLﬁQLLa31’]‘]_]&!,?3\11/]@‘@1‘!145]% 28

@

a 1

= ' = 9 = o aa =
RNGRINGIN TG Wﬁﬂ"lﬁ“l/lﬂﬁ@\‘]W‘U'ﬂﬂﬁiJ1i1!‘]Ja']fJEU']'J!ﬁufJ'Jﬂ”lelui’)']ﬁﬁlﬁ‘]JanJﬂﬂ‘ﬁWﬁ@ USum

a a A (A P} ~ ° P-4 ' A
msﬂuaaaﬂ (P<0.05) Tﬂﬂ’f)"lﬁ"li“l/lilﬂiiﬂﬂ!l]ﬁWEJﬂH?L“H‘L!fJ’JﬂT 30 Lﬂ@il“]fu@l NUAURAYUDN

[ [

@130 U0aaNUINNGANIAY 70.77£0.35 GAE/100 ATNATAAA (1131397 4.3 azn1wi 4.5)

Ha Aa 1

HazNaveINFUz D5 lulitninasesmamsilueaanluemisdal (P>0.05) estain
< @ l A R =) =} a [ [ o

nusaw lunsug TdswaanTenuuaanulSnaasiusaan Iuana 190y 1agannITm
a Aa 1 1 [} =Y 9 = ) 1 [}
ansnasszrIislSnalaretmiesdluoisamas sz ussgwud 2 Jade

] 1 19

HAa A . = = g A g 1
UNUBNTWATINAYU (non Interaction) FINNIYDIDINITNAADIN 4 qmmﬂﬂum%uﬂﬂﬂ

—

A K = a = 1 [
u,mmaﬂmmwuﬂ?mmmﬂ\luaaaﬂ”lwmmummmu (P>0.05)
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d‘ =) = a a 9 a
M319N 4.3 Ysunaasiueaan mmauiﬁ"lﬂvmuu ANAINITOATUDYNADATE (DPPH)

73 A I o =
0—30 Wlesidud amnusnyINguY

HATMINARBNTATUVDL I U N ITUan T urauvotatedimiiond

Nl 28 PeFIALTed STozIaT 12 ﬁﬂﬂ1ﬁ

G

Phenolic Anthocyanin DPPH TBARs
NERE FANINAND
(GAE/100g) (mg/g) (%) (uM/g)
g 0% 63.2940.22°  4.31+1.62°  74.42+1.58°  4.93+0.07°
Tw? 10 % 67.63+0.22°  16.53+3.62°  76.83+0.81"  4.56+0.10°
WHMUYIA . . R X
20 % 70.30£0.39°  20.16+3.79°  77.36+1.02°  4.33+0.05
W 30 % 70.77£0.35"  23.34+3.38"  79.49+0.86"  3.85+0.10°
P-Value 0.00 0.00 0.00 0.00
MYULUTTY T3 auaq 67.78+1.11  10.71£2.30°  75.22+0.87°  4.48+0.17
(B) Auita 68.21£1.17  21.37+£3.27°  78.83£0.54"  4.35+0.13
P-Value 0.21 0.00 0.00 0.10
AxB 0% x TUsaueq 63.2940.54  1.34+033"  71.71£0.53°  5.00+0.05
0 % x NULLEY 63.29+0.08  6.93+0.08° 77.13+0.80°  4.85+0.13
10 % x 1squas 67324023 13.534025°  75.44+0.18°  4.72+0.04
10 % x NULES 67.944023  22.79+0.42°  78.2040.62°  4.40+0.06
20 % x 1Usauas  69.80£0.08  13.61£0.25°  75.62+0.36°  4.41+0.02
20 % x NULES 70.8140.62  26.7240.17°  79.09+0.27°  4.24+0.04
30 % x Tlsauas  70.73+0.85  17.62+1.75°  78.1140.18"°  3.80+0.23
30 % x NULLEY 70.81£0.16  29.06£0.50"  80.87+0.09"  3.91+0.00
P-Value 0.64 0.00 0.03 0.26

P-Value <0.05 131084 linnwuanaesiiiodnyniaa

' H 9
ANUNAYLSE ‘I/'If‘hmJﬁglliEJE]ﬂHiﬂTlaHE]\1ﬂq‘H@]NﬂLl11&!!1«!3@\1‘”iﬂfJﬁ\nJﬂ’ﬂllLLG]ﬂG]NE]EJNﬂJUfJﬁWﬂﬂJU‘V]NﬁﬂG] (P<0.05)

MU1811A: Phenolic 1u18d 3 USwrma15Tueaan, Anthocyanin iured S urmarsuen s Tyeg1iiu, DPPH nu1ed

ANUATOAILOYYAdATZNINATEUAIUIT DPPH assay, TBARs M1 mstiavendasuves luiuninadeou

#1873 TBARs assay
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pan1/sznoUMAAT .
dartlu  dwmdes  Uawihawmiiend  darednnum

(%)

AN 7.60 7.50 11.59 9.28
1 27.56 4.65 1.31 0.40
ousiu 7.40 17.94 2.67 0.65
Tsau 51.95 36.63 6.00 7.05
ol 0.79 12.54 4.39 2.28
NFE 4.69 20.74 74.04 80.34
Woanesa 10.86 1.92 1.30 0.46
ICGIE L 0.28 0.04 0.03 0.03
kCal/g. diet 3.83 4.64 3.70 3.83

d‘ = a a Y a
M9 uINT 2 YSuaearsiueaan mmauh"lcwmu ﬂammmmiumamuwgaaaiz

'
aA

nazmsinaeendaruved luiulusiisdarniarunauvesargdid

v
a

= ° I 3 J Y
HUYIA 0 — 30 1OTIHUA [SUAUNITNAADY

daneiamiieasluy Phenolic Anthocyanin DPPH TBARs
911 15NANDY (GAE/100g) (mg/g) (%) (uM/g)
ganduaw 0 Wlofidua  88.71£0.85°  8.68+1.00° 83.190.16°  1.18£0.04
10 osidud 102.05£3.02°  34.48+0.08°  86.74+0.42° 1.16+0.00
20 o3 idud 116.16+3.02°  38.66+0.08°  87.33+0.37° 1.15+0.02
30 Wosidud 123.60£1.63°  41.16£025"  87.8620.16" 1.130.00

v v F2
AunAe+SE Nfnudesnysmsenguaniulunuisunnedsiinnuuanaeseiivedwaynaada (P<0.05)
. = a = a . =2 1a A =
WUI81%19: Phenolic 111099 USuima1sHueaan, Anthocyanin viuedalsuraarsuouTs lag1iiu, DPPH nu1od
ANUATOAILOYYAdATZNINATEUAI0IT DPPH assay, TBARs M1 mstiavendasuves luiuninadeou

#187% TBARs assay
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Tasauas IR Talsauas nuLas

AN 75.71 71.34 71.34 71.86

10 o iFua 67.18 65.97 66.58 67.26
s 3 4

20 1)o7 1FHUA 60.89 60.09 60.96 60.96
s 3 4

30 1los1Fua 66.88 57.23 57.29 68.39

oA o 1 { A A o P4 ' { a A
A lamuaunn EunasSaasiueadni 12 dani / aundelsuaesiueadnizudu) x 100

q' S I 4 A A [ [ < o ~
AT N UINT 4 L‘]J’[’]i!,“IiuG]’ﬁ?5LL@HI‘ﬁulﬁ]ffﬂuu‘1/]ﬂ\‘I’0Qiu’Eﬂﬁ'liﬁﬂl,ﬂ‘ﬂiﬂ}l'l“lﬂqmﬁﬂiﬂm

a

Y

1 1% I @ o
MIUSUITITYUANANNY wWunat 12 gl

@
@

RENMPRINIGIRN

QNN 4 0IFUTAITA

guiniites 28 seruwaIFod

Tu5auas nuLad Tusauas NULA
FANIUAL 81.73 90.38 15.38 79.81
10 oS iFud 81.36 94.67 29.78 66.10
S 3 4
20 1osiFua 84.45 88.98 35.21 69.11
30 Wosidud 86.61 90.26 42.80 70.59

A ° 1 4 a { o P ' { a A
M lamuauan @unastSuamsueu s keriiun 12 dat / aundersuaaisueuTs lyetiviEudu) x 100
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1 1 S o {
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1 Y < @ 4
MBULVITPANANNY 1T UaT 12 ddan
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o
@

QNN 4 DI EAITYE

@mﬂﬂﬁﬁ@ﬂ 28 DRI

Q U

DINITINAADN

Tal5aners Nuer Tal5aners Auuea
FANIUAL 90.58 95.29 86.20 92.72
10 o3 idud 91.28 92.61 86.97 90.15
20 1o idud 91.69 93.73 86.60 90.57
30 Wosidud 92.45 94.88 88.91 92.05

A o ' = 73 o a { o s { - a 2
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