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Abstract

We know that the Fibonacci sequence is usually reloaded to pattern in nature. For example, it
has been known that the arrangement of leaves or flowers around the stem is formed Fibonacci sequence
which is called phyllotactic formations. In this paper, we studied about the Fibonacci-like sequence
which have three dimensional. We found the new ideas for construction them. Then we described the
basic concepts using for construction the new multiplicative pulsating 3-Fibonacci sequences. Moreover,

some identities of them were proved.

Keywords: 3-Fibonacci sequence, Pulsating, Multiplicative, Number theory

Introduction

In the recent years, the coupled recurrence relations are popularized. They are the new sequences
which are the ordinary recursive sequences with using two sequences of integers for construction. Then
we got some result from the considering of two sequences identical. On the other hand, Fibonacci
sequence is usually reloaded to pattern in nature. For example, it has been known that the arrangement
of leaves or flowers around the stem is formed Fibonacci sequence which is called phyllotactic formations
[1]. Thus, to understand the mathematical properties of the Fibonacci and the related sequences are
important also from the pattern formation point of view. Moreover, the first researcher who introduced
the idea of 2-Fibonacci (sometimes we called coupled Fibonacci) sequence is Atanassov [2]. He showed
some curious properties in [3-6]. He explained the new construction of Fibonacci sequence which were
defined and presented in many different ways for the generating coupled sequences. One of them is
pulsating Fibonacci sequence. Then the new types of Fibonacci sequence, which is called the multiplicative
pulsating Fibonacci sequence, was explained by Suvarnamani and Koyram [7] in 2015. They found that

the explicit formulas for the form of its members.

Corresponding author: kotmaster2@rmutt.ac.th
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3 (1) 3y B () P (1) B
. 2 2 ) 2 2 ()
Thatis a,, =a b c ,pB,=a b c and

) (3 i1

Aoy = P za(3 ) b( )02(3 )for every integer number k >0, where the ordered pair of {e, }
and {ﬂn} is a multiplicative pulsating 2-Fibonacci sequences witha, = a, B, =b,a, = p, =c,a,, =
sy Bonzs By = Poni  Cop2sCopit = Popy =y, - B, fOr every natural number 7. In 2016, some
identities of type of the multiplicative pulsating 3-Fibonacci sequence were shown by Suvarnamani and
Tatong [8]. After that Suvarnamani [9] defined the Fibonacci sequence which is the type of the multiplicative
pulsating n-Fibonacci sequence and showed some results of them in 2017. Moreover, the complex
pulsating Fibonacci sequence and some results of them were shown by Halici and Karatas [10]. So, the
study of new ideas for the generalization of Fibonacci sequences in different ways to generate coupled
sequences is very interesting. Therefore, we study about them in this paper. We describe the basic
concepts for using to construction the multiplicative pulsating 3-Fibonacci sequences. The explicit

formulas for the form of its members be showed. Then some fundamental properties of them are proved.

Material and Methods
We have to introduce some theoretical background for studying the properties of multiplicative
pulsating 3-Fibonacci sequences. There are three topics: the multiplicative pulsating 3-Fibonacci sequences,

the geometric sequence and the geometric series. The details are as follows.

1. The multiplicative pulsating 3-Fibonacci sequences

Next, we will introduce some types of Fibonacci-like sequence. If a,b,c and d are four fixed
real numbers. We can construct the multiplicative pulsating 3-Fibonacci sequences in the following
different ways:

Scheme 1: For the natural number n,

)

o = { a, -ﬂn_l *Va_1s Where 1 is odd number
=

a, 'ﬂn-z *Va_a> Where 11 is even number

)

ﬂ {0{”1 'ﬁ,H *V,_1> Where 7 is odd number
n =

a, ., ‘ﬂnfl *YV._2> Where 11 is even number

)

a, ',B,H *V,_1> Where 7 is odd number
Vu =

a,., 'ﬁn—Z *Va_1> Where 11 is even number

with conditions . &, =a, 8, =b, y, =c
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Scheme 2: For the natural number n>1,
o - a, 'ﬂWz *Va_a> Where 11 is even number ’
! a, -ﬂn_l V.o where 11 is odd number

a, , -ﬂH *V,_2s Where I is even number

)

B,

a, ':anl *V,_1> where Il is odd number

a, ., 'an—z *YV,._1» where 1 is even number

}/n = . )
a, 'ﬂ,H *V,_1» Where I is odd number

with conditions . @, =a, B, =b,y,=c, o, =, =y, =d
The ordered pair of three sequences of each scheme is called a multiplicative pulsating 3-Fibonacci
sequence. Next, we introduced a new way for constructing the multiplicative pulsating 3-Fibonacci
sequences. The details are as follows.
Scheme 3: For the natural number n,
a, ',anl *V,_1> Where 7 is odd number

a = )
n .
a, , -ﬁn_l *Vao1s  Where 1 is even number

a, -ﬂn_l *V,_1> Where 71 is odd number

= |

a,, 'ﬁn—z *Va_1s  Where 1 is even number

et " Put *Vuoi> where 11 is odd number

}/71: ’

a, -ﬂn_l *Va_as Where 11 is even number

with conditions . o, =a, B, =b,y, =c

2. The geometric sequence

A sequence {ak} is called a geometric sequence if it has a common ratio 7 of each two

ak+1
a;

consecutive terms. That means =rfor k is a positive integer and all elements of {ak} are not

Zero.

3. The geometric series

A geometric series Zak is a series which {ak} is a geometric sequence with the common

ratio 7 and the condition @, = a . Moreover, we have

B S i §
k=1

1-7
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Zak is convergent and Zak =— If |r| >1
B k=1 1-r

Zak is divergent If |I’| <1,
k=1

Results and Discussion
Now we have some knowledge sufficiency for proving about properties of the multiplicative
pulsating 3-Fibonacci sequences. Next, we will prove some properties of the multiplicative pulsating

3-Fibonacci sequences in form of scheme 3.

Theorem 1. If the ordered pair of {an}, {,Bn} and {7/n} is a multiplicative pulsating 3-Fibonacci

7r171

7 7n 1
sequences of scheme 3 for every natural number 7. Then we get a,, | :ﬂzm =Y, =4 b ¢

1+2§7" 2§7" 251:7" 2”271' 1+2§7" 2"217" 2”27" 2”27" 1+2”i7"

— i=0 i=0 i=0 — i=0 i=0 i=0 — i=0 =0 i=0
a,, =a b= c= B, ,=a= b c and 7,,=a ™ b= ¢

Proof. Let the ordered pair of {a } {ﬁn} and {7/ } be a multiplicative pulsating 3-Fibonacci
sequences of scheme 3 for every natural number 7. Then we can prove it by using the mathematlcal

induction. First, let the statement P(n): o, = f, | =¥, = a b 1+2Z7l szr 227'
Ca,, =a c'

n-1 ’
27 12 7 2) T 237 2Y' 7 142
ﬂ =a Zo: b zo c Zo" and _ 2{; b zo +§ for every natural number 7.
}/Zn =a ¢
Consider the statement P(n) when n=1.Then we have

_ _ _ _ _ 71*1 71*1 71*1
Ay = ﬁz(l)—l_}/z(l)—l =a, By vy=abc=a" b" ¢,

aZ(l) =0q, 'ﬁ1 = (a)(abc)(abc) = a3b202 — al+2'7171b2»71’102.7lf1 ’

ﬂZ(l) = 0‘1 'ﬂo . }/l — (abc)(b)(abc) — a2b3C2 — a2.71*1b|+2,71—lcz'7171 ’

Yoy = & By = (abC)(abc)(c) b2 =2 pT T
Thus P(1) is true.

Next, we consider P(n) for some natural number k. Then we assume that the statement
P(k) is true. That is,
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_ 7/(*1 7k*l 7k*l
Oy =Py =rua=a b c

1+227" zkfjf 2%7’

— i=0 i=0 i=0
a,, =a b= c™ |

2271 1+2§7’ 227’
ﬂzk =a i=0 b i=0 c i=0 ,

2%7” 2%7‘ 1+2§7"
Yy =a =Hoh e =
Then we will show that P(k +1) is true. So, we have

) 1+627’ 1+6Z7’ 1+6Z7’ o
=0 =a b =a b #c¢ @ =da b ¢
2kt = Pyt = Va(sryr = Porany-2Po(ks)-27 o(k41)-2

’ (k+1)-1 t

72 7 T z 7 hzl)‘;l" 37
i=0 c i

: - N A A
Uy = U PyiVypa=a > b7 c? =a

(k+l)1 (k+1)-1 (k+1)-1

71 7842 71 Z"l+227’227’
- —g3p3 el =g 0
182(1”1) =0y futya=a b’ c? =a b ¢
(k+])*] k+| -1 k+l -1
71 7 7 7 227' 1+2Z7‘
— —g3p3e3 =g
V) = UpyrBoyayu=a > b’ c’ =a b= c

So, the statement P(k +1) is true.

By mathematical induction, the statement P(n) is true when n is a natural number.

Theorem 2. If the ordered pa|r of { }, {,Bn} and {7”} is a multiplicative pulsating 3-Fibonacci
71
sequences of scheme 3, then Haz‘ H,Bz H72 (abc "~ for every natural number n

i=l1

Proof. Letthe ordered pair of {an} , {,Bn} and {y/n} be a multiplicative pulsating 3-Fibonacci

sequences of scheme 3. Then we can prove it by using the mathematical induction.

71

First, let the statement P(n): HaZi_l = HIBZi H7zz (abc) e for every natural

number 7. Consider the statement P(niflvvhen n=1.Then we have

71

1 1 1
HaZi—l = Hﬂzm = H]’z,-,l =abc = (abc) 6
i=l i=1 i=1
Next, we consider the statement P(n) for some natural number k. Then we assume that
P(k) is true. That is,
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k k k 71
Ha2i—1 = HﬂZi—l = H72i—1 = (abc) 6
i1 i1 i1

Then we will show that P(k +1) is true.
k+l k+l k+1 71 7M1

Hai:HﬂZi H}/z, (abc) (abc)T:(abc) 6

So, the statement P(k +1) is true.
By mathematical induction, the statement P(n) is true when # is a natural number

Theorem 3. If the ordered pair of {an}, {,Bn} and {7/"} is a multiplicative pulsating 3-Fibonacci

sequences of scheme 3, then
a(77=1) (7)) (774

1) n
= . .. 3 3 3
Q) =0y Oy Oy, < a b c

n n(7"7171) *n(7”’1—1) n(7"’1—1)
Hﬂ2i2ﬂ2'ﬂ4"“.ﬂ2n<a 3 b 3 c 3
i=1

3) -
H72i:72'74'---'7/2n<a b

for every natural number n.

Proof. Letthe ordered pair of {a } , {ﬂn} and {7n} be a multiplicative pulsating 3-Fibonacci

sequences of scheme 3. We have
1 1 1 n-1 n-1
2)' 7 237 2T 12)° 7 237 2
i=0 b = o 0 o la ® b = e

1+220:7f 220:7" 220:7'

a = b oo =0 a

n
1) HaZk:az-a4~...-a2n

_ an+2(n+7(n—l)+72(n—2)+4..+7”’])bZ(n+7(n—1)+72(n—2)+,..+7"’])c2<n+7(n—l)+7z(n—2)+.4,+7”'

227‘ 1+2Z7‘ 227’ 221“7" 1+2Zl“7" 227’ 25)71 1+2Z7’ 227'
i b i i __”,axo b i=0 C'O

2) Hﬂzi:ﬂz'ﬁ4'-..‘ﬂ2n: b = e =0 a = 0 o =0
i=l

az(n+7(n71)+72(n72)+...+7”" )bn+2(n+7(l1*1)+72(n*2)+.N+7”71 )Cz(n+7(n71)+72(n72)+...+7”")

n(7”’1—1) /1(7”"—1) n(7"’]—1)

<a * b 3 ¢ 3
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m 2&7” 220:7" 1+220:7f 221:7" 227" 1+2i7‘ 2n2_17" 2,12_17[ 1+2§7”
3) H72i=]/2'7/4""'}/2n= a bx:() c a bi=0 c la™ br’=0 c
i=1

_ az(n+7(n71)+72(nfz)+.,,+7”")bz(n+7(n71)+72(n72)+.,.+7”")Cn+z(n+7(n71)+72(n72)+...+7”")

Next, we compare the different of each paper which is the similarity topic. First, Suvarnamani
and Koyram [7] proved some properties of the multiplicative pulsating 2-Fibonacci sequences in 2015.
Then Suvarnamani and Tatong [8] explained the multiplicative pulsating 3-Fibonacci sequences in 2016.
So, we consider the multiplicative pulsating 3-Fibonacci sequences and its properties. We found that the
results difference with previous works. That is, we showed some properties of the multiplicative pulsating
3-Fibonacci sequences with the new scheme in this paper. For future research, we can start from the

finding of other properties of the multiplicative pulsating 3-Fibonacci sequences.

Conclusion

The formulas of multiplicative pulsating 3-Fibonacci sequences were proved in this paper. For

. . oy . 7!1*1 71171 7n—l
scheme 3, if n is a positive integerand o, =a, B, =b, y, =c,weget a,, ;= f,, 1 =V =0 b c
n-1 n-1 n-1 n-1 n-1

1+2Z7" 227" 2Z7f 2”27" 1+2§7" 2%7" 2'217' 227" 1+2Z7f

a,, =a N R , ﬂzn =a= b = ¢ and Yy =4 = h i e i

n n n i n N n(7nfl 71) n(7”’1—1) n(7”’l 71)
MOI’GOV€r,wegetH Gri = H Py = H Vo = (abC)T rH a, <a 30h 3 ¢ 3,
= =1 i1

n(7”’1—]) n(7"’1—1) n(7”’1—1) n(7”’1—1) n(7"’1—1) n+n(7”’1—1)

n+

n n
Hﬂ2i<a b % ¢} and Hy2i<a b 3 ¢ 3
i=1 i=1
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UNANELD

msfnwiedaliiinguszasdifiofnyinavesnsmaunuutieandseutsilsiuesinoUsnamseongn’
9T grislumsdnueendiedy warmsseniumeUszamduiavesudndaeiruntlusudly :innsfine
wud ullmlsdueiinuamdaruinisgiisznoudenslulamsn Tsiu Tasu 1 enudu wasunush-
9939UBA WINAU 79.28, 8.02, 3.81, 1.55, 7.34 ¢/100 g taz 30.95 mg/100 ¢ MUAIAU 2NN1TUTZEAUNIIAIU
Usvanduiavesmdndamivuniusuiiy nuimdasasifinaunuiieutinlsduesisesas 20 Tasuavuuu
AruveulnsTmangUslangefian (p<0.05) fesdusznaumandisell mdluleinsn TUsiu luifu 1 mody
wazLANI-083UEA WU 47.88, 8.88, 4.67, 0.85, 37.75 uay 19.15 faandy lnelvndanuiimun 270
Alawaaedsio 100 3y dethuthandumawnuuildilsdueslundnsusvuudueudivisesuiesas 10, 20
waz 30 veuhmnutlsandanun nuinsfiussdunsmaunuuenlsdiuedianntesay 0 81 30 avdinanie
Unaanseengyisnsdaniw wazUszavsamlunisiusendndurestdnfasivutaiuty nansusvuuil
wanivinaunuuileinilsdiueiafisysiudesas 20 fUsinaasUssneufiuednsuiomn atlusessaaun
uazuoulnleendusiuiaun Wiy 115.94 mg GAE/100 g, 85.77 mg RE/100 g, 17.57 mg CyGE/100 g Aua1su
wardiquidueenfinduidiefinsesisne s DPPH, ABTS, FRAP Wa reducing power iinifu 65.43, 116.96, 139.93
mg TE/100 g tag 97.72 mg AAE/100 g aua1nAU

AanAgy: vundaguniy wdslnlsduess gusnmsiuesndndu a15engnsn1edInIm

Corresponding author: Supichaya_k@aru.ac.th



UA 7 auun 2 nsnAu - suoau 2564 2. 2ng. INAlU. Kordaonauwsinasa 17

Abstract

This study investigated the effects of partially substituted of wheat flours with riceberry rice
flour (RBF) on the bioactive compounds, antioxidant activities, and sensory acceptance of sandwich bread
(SWB). RBF had the highest nutritional value with carbohydrate, protein, fat, ash, moisture and y-oryzanol
content at 79.28, 8.02, 3.81, 1.55, 7.34 ¢/100 g and 30.95 mg/100 g sensory evaluation, it was found that
sandwich bread made from RBF in substitution of 20% wheat flour earned the highest consumer overall
liking acceptance score (p<0.05). One hundred RSWB grams of the having 20% (RBF) had proximate values
of carbohydrate (47.88 g), protein (8.88 g), fat (4.67 g), ash (0.85 g), moisture (37.75 g) and y-oryzanol
(19.15 mg), with total calories (270 kcal/100 g). Partially substitution of wheat flour with Riceberry rice
flour (RBF) with increasing concentration 10, 20 and 30% (by wheat flour weight) resulted higher total
phenolic content, total flavonoid content, total anthocyanin content and DPPH, ABTS, and FRAP free
radical scavenging capacity. Sensory evaluation showed 20% (RBF) was an optimum concentration with
corresponding total phenolic content, total flavonoid content, total anthocyanin content had 115.94 mg
GAE/100 g, 85.77 mg RE/100 g, 17.57 mg CyGE/100 g, respectively and DPPH, ABTS, and FRAP free radical

scavenging capacity of 65.43, 116.96, 139.93 mg TE/100 ¢ and 97.72 mg AAE/100 g, respectively.
Keywords: Sandwich bread, Riceberry rice flour, Antioxidant activities, Bioactive compounds

uni awsaldegnaainuany vundadundnsusinusenay
uutls (bread) adundnseiunesitey  lusmewdaidesdny wWesulsenulvluusuiaiuin
uilaafueganinsviamilansiunddulssnelvne  dwalideiiuinaludenss (Glycemic index, GI) way
yunilauaudiv (sandwich bread) wiovunislous  dwadoguainlaluewian Judulymiguamad

(loaf bread) fUsunalludiuoay 3 fis 6 wasliviuna  wwiliuiugadu neliinlsalifnsosasewing o la wu

?)’ v = 5 v ad U
Jrsnadesay 10 9 14 52u59ilsav1fan anwaLvd
a 4( vV Y (22 6 6
wundafnannistuildseiigaisveulneanled
(CO) PYAAHANTULINNTTUIUNTTNLIN (fermentation)
[1] Fanss5uISsuanvuLtlalaainnsiutsanduneeay
v ¥ v o PRy A a '
Auduaunswiuauladuanwagiseni Ia (dough)
= a v [ 14 = G = a
Ao fanwaziluteudvniuiavseddunuvinuauwds
g ansodudwdudounaziugunseing q 1a
MIUANNABINTT FunTENaidumeUlrgnIusenin
uuth InAUNBURNILAINANTUINNATEUIUAITULN
' e v a o PV o %
wazauNaunly vuntladldiunaunan lown wilsand in
a ¢ & PP a Ao &
gadl uawinde [2] vundandamunmaasiidnuuesiile

[

WEdu anunsaiuusemugiulY Ley LA LTUAIY

15A97u Lsawmnu wazlsarilakasviasndeon Wuduy
drulngrundaniinedmhgluiewmaindauaimig
laguinisauagleamnsdes andymaenaiigide
JufawuwifauazaeanisiiuamuamalasuInsiiu
fa 9 9 ¢ ol vl
untaumslagnIsnawnumewdatlsduassing
ANAIMLAYUINTERNAY
v . o 1 & o A aa
213 (Oryza sativa L.) 993 Uulans gy il
Ustlevilsioguamn waziduemsudnvesuszyins
' = vy 1 = v i o
n1eselan wddulngjazuslnativudludagiull
maaniuginfieenlasdludnuvesudndn wu
9 o Y a1 A& v = aa a X P
Y1 DAL U5 1IAI TIANTENAATUUTTNBUMEY
= a PR | a
#1309NMENNTINMABENT @rsuoulnleendy [3]
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9INFIBUNITITEN TG Wuansuoulnleeniiu
i?uﬁqw%ﬁumsﬁmnmﬁﬂﬂﬁﬁ%maaﬂ%m%’u [4] 9ean
audgsveanisiialsailanasnasniden way
dudengasuluaues [5] fagtuuilnadnidifiuanniy
\esaniluszlevisiogunmgenindnem msgdn
ynfiunszIusindasgyidsnuamistarnnis
w1 Wi lostu uagloevns luvnifidnalsdiueds
(riceberry rice) utnaeiudantauszriteinivenila
wazdameunzd 105 Jadufiiiufingauludeans
oonqYEN19TInm uagslqydlunisinusendindugend
Frvienila wazdrvennsd 105 1Hudniidniiauen
yslngunnisgs savadsgauludhemsunusn-lelsyiuen
(y-Oryzanol) 6’?&L‘ﬁumsaaﬂqmémq%amwﬁmﬁqﬁﬁﬁm
waziusglorilunianisunmduasmandsiveruinuieg
6] Twtsdsilanslunduuosioulnlsedu dednlvg
Wuansleendfu-3-nglaled (Cyanidin-3-glucoside)
wazfilefifu-3-nglaled (Peonidin-3-glucoside)
sauvadafiansusznouiiuedn uararsuseneu
Warlhueed Fsns1eeun1side wui dnlsduedi
fgvivnsdaniweing 9 W dueyyadass fud
nsfanazianaluidengs anseduluiuluiden
Fumssniau fudinisfalseuziss uastesiulsadu
siuaugavesgaunidludld [7, 81 mnuselew
YosenTeangMENednn wagguslunistlestumsaiin
Tsasing q vesinlsduesidegminninunuazussgnd
Tlundndnuaiemsviainvaneiuy feg1au nandumn
Wnilsnnudednlsdivess (91 nandasiuasninesda
dmlsdiuedd [10] manundeinlsfiuess [11] uay
Toiidndnlsdiuesd [12] Wudu andeyaiing1mn
PhefuiRfedsduiuisnnudfyuazusslovivosin
lsfiuesiilundvesansoongrdmatanm wazqusly
n1siueyyadaselagdinmuindndasivuntds
WBUAIY

FoifulunuidedfedifngussasdifioAne
AuAmElATLINg warUSinaasunust-lelseuea

voutldnlsdued surdnuUnansaunuulls
andunsdruseuiletnlsdiuesatunzaure Ui
arseanguisymatinm Wi ansUszneufiuedniioun
ansUszneualauesstaun uavasuoulnlyeniu
T gvislunsfueenBindu uaznsueuua Y
Usvamduiavesndnsusiauudweusis 9910
psrmuildamsalUldusslovflumsifiugadn
vowmAnfuriunedlunguvesuunds Snitedadumg
Gonmilsliunguiuilnafisnauan

Wnsantiuniside
1. nmswdeuudetialsdivess
wisnuiletlsdiuesnuulaiuiy daudas
33015970 wans [13] druudedalsdiuessundanen
eanUsnesnuazthundainanuazetn 91t
Rdlfavifninemnauaymaduaineu indswdndn
Tnsvanefainaue Wdhgeuauseuwuuna (tray
dryer) suandiuiaiv Idaamgluseuna 55 oeem
wadea Wunan 4 $alus mnduthunlTiusede
w3ealaiutle (pin mil) warsoURILALLNTINATIIU
ANAZLDEATUIN 100 LY Uiiﬁﬂﬁqaﬂmwﬁﬂqmm’mm
\fusnwlifgamgiivies el lunsmaasssioly

a g

2. MyBesEimUBinaesiUsznaumaniinugiuly
o ' v < o a o ¢ ¢a
arednautlednnlsdiuesiuaznaniusivundauaunis
Sy a v o
nguslnalvinseauiugega

et ilsdivessnasndndusivuuia
wsuiydnlsdiuesinguilaalinisseusunniianun
MNITIATIER

n1USu oA UsenouniaAliiugiu
(proximate compositions) #1135 AOAC 2000 [14]
Toun aslulaase Tostu WWsAu 1w ety Teems
WANY TIAINTIATIZRATUNUL-003YIUE
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3. MmsfnwUsuamsmaunuudsadfeudednalsd
WoSfimunzaudeUSinaEnseengnsneiann uaz
quislunsdusendnduvesransnsivuaisusuddy

ynsEnwUsuiansnaunusdeadniends
Frlsdiessiumnzanlundnssivuntlueusiy S1uu
4 gns laun Sewaw 0, 10, 20 uay 30 vasUsnaudsana
avn TnpdauNanLan s aR 1 nssuismsnanuusils
wauFITIUL 2 Suney (adusle) Tnesnuladiinisunain
TsaSeunmsemnsuiunfaiunan [15] fisuneugeluil

Suneudl 1 Wuduneuvesnswioudiuves
allud Budussnmsnauutamusasdndunsed 1
(undesay 70) AUBad Fl8LASINALLUUES LYY
Tuvaznaniimsiui iy wazuiaiaunauuy 10
it ndsnthuinfeu atiudlilugwinfigamgd 35+2
parnwaliua mTuduiMESesay 70 Uy 3-4 Halus

Fumeudl 2 uduneuveinisndouln
Suduannissount Endevas 30) uurslidniy

wazimansie nde wavtby wnauwasaull
azanoitniu TduldafiwdonlSlundosuinasuu
Aoy 9 hudiunaneuval andudnadudldly
AunanlauINUTIIY @AYIERNLEYIIUIANALIY
neulaweu Mﬁﬂmﬂﬁuﬁﬂﬁaﬂﬂiué%ﬁﬂ Junan 15wl
wintuthieuutilneenunlaenmea dauvsimin
adudufounaliinBeud wals 10 undt arnduldlst
adsounilseanduwiudivasy wdhuduuinay
IUNRUN QUR 4 x 12 x 3.6 53) Ynneiduansluy
finsifiniusr1iuds udentuindeulalugwin
Uszanal 45 il didheuiigumgil 200 ssriwaidea
Usganad 30-40 U7 Wvundausuaivesn wn 3Ty
flgaungiivies anduiiduaosaladuuniiafioun
AN 1 wuRns wazdaiuldganaiafinaile
wodlnsfidudieiludinsedarsoonqniniedainin
Usgandamlunisatusendiadu warn1sussiiiy
mesulsEamduianaly

A15199 1 drunaunarUsunansnawnuslsananientetnilsauassiuseAuuananeaiu

Ingredient % Riceberry rice flour (RBF)

0 (RBFO) 10 (RBF10) 20 (RBF20) 30 (RBF30)
Sponge Method
Bread flour (¢) 300 270 240 210
Rice berry flour (g) - 30 60 90
Cold Water (g) 165 165 165 165
Yeast (¢) 3 3 3 3
Dough Method
Bread flour (¢) 200 180 160 140
Rice berry flour (g) - 20 40 60
Milk powder (g) 20 20 20 20
Sugar (g) 25 25 25 25
Salt (¢) 3 3 3 3
Cold water (g) 160 160 160 160
Shortening (g) 25 25 25 25
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4. M5IAszivsunaEsUsznauluadnnanun
Warlausednavun wazwoulnlegrdusianun
Tundnsusivuntanyuniy
Yrdndasvunueusieiinawnuuiadus
dumpudetnlsduosinn 4 sesu Gevar 0-30) 91nde
3 ﬁwmauﬁqmmgﬁ 60 pernaided Wunanuu 24 91l
mﬂﬁuﬁmwmu,azi'aurzhumLmiﬂmmgmmmamﬁam
R 100 WY waztiviegrsmeundwsunivlugs
anfluniumnuTuil -20 ssrnwalded Msie3ouansara
NADYNNITUNTUBUAIININIEN15V8 Kubola [16]
Tnedsmegnamvunilaugusiy win 5 a3y ldluwingy
YRR 250 Hadans Nasaratgnueaidudy
Jeway 80 (Usuimsmau3uing) Usums 50 fadans
(Fnduiiasieriaisusenoufl uodnsanun waz
Wanlaueesiimue) luvaefinswienansatadmsunis
Siasrzsiueulnloenduianun Yidregransvuui
WUAIY N 5 nSU wnanaeie acidified methanol
(methanol: 1M HCL (85:15, U311a561aU531619)) USuns
50 fiadans antuiluwddenieandn Wunan
2 2l wasidegvensafmlutumumissiinnui
8,000 s9URBWT tuan uiu 10 wndl [17] ndaantiu
asavarefiatnlauiliessimusunaaisusznou
fluoaniaun salousedanun wavuoulylyeniu
Vuageniosanlnsinlafiined (PerkinElmer UV/
VIS spectrometer Lambda 25, USA) 9335015004
Kubola uavaniy [16] uag Belwal wazmug [17] way
fuamysinaaisuseneuiiuedniemunainnsaw
11MIIUVBINTALNAGN (Gallic acid equivalent: GAE)
lusUresdadinsuauyadvesnsaunadnge 100 nsu
dinudssundusuddy (mg GAE/L00g) [18] uae
funanUsinaasUssnounailiuseiiaananns
WINIFIUVRIFAY (Rutin equivalent: RE) Tugdves
findnsuauyaduesgiiusio 100 nduthmiinuisrunil
wusidY (mg RE/100g) [19] Tuvausdianswoulyloeniu
‘ﬁy’q'vmﬂﬁmauiug"d‘umﬁaéﬂ%“uamqgaé%ai%mﬁau 3

ﬂgjdiﬂlsaﬁ (Cyaniding-3-glucoside equivalent: CyGE)
sio 100 n3utmtnuRwuL sy (me CyGE/100g)
[16] Imﬁwmimamﬁy’wm 3 65’1

5. nsAnwgnslunsAusendinduvananinel
yundauasuniy

thansazanediadaléainde 4 wmaaeugns
Tun15e1upanTATun 875 DPPH, FRAP, ABTS way
Reducing power a1135n115904 Kubola wagAuy [16]
La¥Gao uazAmy [18] warAuamumgslunisdiu
sonBindulugUvesdiadniuauyadvediniond (Trolox
equivalent, TE) #ig 100 nsuauutlaususiv (mg TE/100
9) uazrwndluzUvelladnuauyadvosnsaneanain
(Ascorbic acid equivalent, AAE) #i9 100 n3uvunily
WgUAIY (Mg AAE/100 g) MINAIRY Laginn1svnaes
ﬁgwm 3 %ﬂ

6. N13UTTRUAMAINNIA U TEANTUREVD
nanA g vUNUILIUAIY
Ywdnsurvuuilueusdsiivawnuntand
vsdugeutieinlsdiuesava 4 seau ldud feas 0,
10, 20 waz 30 vesUSunauilEndvavun uUsudiy
AunmMasulszandua leun sudnuneivang
4 nau savd Wedudfa uazeuvoulnesIdes
9-point hedonic scale TnelAzuuudaus 1 899 (9 =
youwnilan fa 1 = liveusnniian) Tagldinaaeudy
Fladshunsiindu s1uau 50 au Faduindnuluaw
VANNTIUAEANS ANEINYIAIERS Lazinalulad
UMINYIRYINVAY NITUATATOYTEN

7. MAATidayaneain
mimaaqﬁmmmumwﬂamLL‘UULLU‘U?ju
amuuim( (completely randomized design, CRD)
AATILYANULUTUTINYEIToYas1835 analysis of
variance (ANOVA) 18z 3Las e MU s Ui unsuanmg
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YoIRNRAEEYS Duncan’s new multiple range test
(DMRT) fisgdupnandesiudesas 95 Tngldlusunsu
d593U SPSS version (SPSS Inc., USA)

NaN15938
a ¢ ¢ ad
1. Han1sIATIRsAUsENaUMBAlNug vl

¥ ¢ a
Fralsduas

A15199 2 wangesrUsEnaunIaaivatedilsdues

mylnsenuAmdasunstustadnlsd
wWesivsua 100 ndu nuidvsinamlulanse
79.28 n%u lusfy 3.81 3 TUshiu 8.02 n¥u ALy
7.30 n¥u wazidn 1.55 n3u Tusasfinishnsizedans
wnus-oesguealuutedlsdiueds wuindusuna
ansunusi-oaseuealriiu 30.95 fadnsu (M15197 2)

Chemical composition

Rice berry flour (100 g)

Carbohydrate (g)
Fats ()

Protein (g)
Moisture (g)

Ash (g)

y-oryzanol (mg)

79.28
3.81
8.02
7.34
1.55

30.95

2. wavasUsuruntsnaunundeaidnasut
IsdiadanmunzauieUSinaasoangnsniedanm
Tundndusivundsuguniv
wamﬁLﬁmzﬁﬂ%mmmmanqwémﬁamw
FuA ansUsynauTiueaniivun wanlauossiavue was
ansueulyluenduriovualundnfusivunaaudivi
Wanntusnludlnonisnaunuudsanaunsdiusiouts
Flsduasslu 4 sz laun Sevaz 0, 10, 20 uaz 30
YosUSunauilsandnmiun wandnnd 1 wuiinis
nounuuilsandunsdruseuistnlsuesluvsnad
\isfuanferay 0 Wudesay 30 fnavlruIuiaens
Uszneuiluadniiaun Wailiusosianun uazans
woulnloenfunanualundn Sasivund suaus3od

o w

USunaliudueg9ltud1Ayn9ans (0<0.05) (1w

1B1-183) InendnSausiuaumisinawnuutisanduisdu
sroudleinlsdiueisesay 0, 10, 20 waz 30 YUy
wsendansn SiUSinaensUsnauTiueaniauawiniu
49.07, 96.91, 11595 way 122.59 mg GAE/100 ¢
AUEEU VLA uUsyana 1.97-2.5 wih (At 181)
wariiUSinaansvialusssavawint 47.87, 65.58,
85.77 way 106.15 mg RE/100g Mua19U visafiudy
1.37-2.22 W (0l 182) Tuauefifiuinaasuweuln
lgenfiutamuainiu 0.00, 8.99, 17.57 uay 25.98 mg
CyGE/100 ¢ mud1su (il 183) 2nuanisnaass
wanalifiuinusuianisawnuudad1lsduessi
Wuwntu dwaliusinaanseengninisdanm
Wisnnaunalugae
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(A1) ZW-RBF0 1y

Total phenale cuntent
(E GAB g
= 52 FEEE

(A2) ZW-RBF10

(B2)

3

3

(A3) ZW-RBF20

Javanoid comtent

(ng RE1003)

=$$%3

Total

(A4) ZW-RBF30

o 0 £l 3o
CEWSRIRD) (EWCRIEK 1) (ZW-RIEZ0) (EWRIE0)
Riceberry flour {%)

a

m 0
v (R oW e
ecirerey flour 4%}

TEWRER) (WP (EW.KbFY EWRBED LRI (2w mw ) (LRI

Al 1 NﬁmﬁmsﬁﬁuuuﬁqLtsajuﬁ%ﬁwmLmuLL{]amaﬁasJLLi’]aﬁﬁ'niisﬁma%%"ﬁ%a&Jaz 0 (A1, ZW-RBF0), 10 (A2, ZW-RBF10),
20 (A3, ZW-RBF20) wag 30 (A4, ZW-RBF30) vasUsunautandnaun wavUsunaasusenaviuedniarun (B1)

arsvanliuesavianun (B2) wavarsuaulnlesniuvavun
dlsdussluseiuuanaeiu

3. wavasUsunawasmsnaunuudsadntsudsdng
Isdwaifivansausdeguslunisdussndinduvas
NARAUN VLT SUTUAY
Nan1sNAdeUnNSluN1IR1ueeNTIAT T
nan STt ususivilonaaouseds DPPH, FRAP,
ABTS Way Reducing power lngnisnaunuutiana
vnedrusasudadalsgiuedslulsuaiivana iy
(%osay 0, 10, 20 way 30 VoWSINaUTsEN ATV
WaRIRIn A 2 wuinsnaunustiiandunsaiusae
uisdnlsuesdludsinaiiuuiniuaindesas 0
Hufeway 30 dwalvindnfusivuntueudivignsly

o W

n1sAueandinduliiugelueg1aliduddgynisad

o

£

@
(p<0.05) ilaFguiiguiugasauny (Segaz 0)

(9 2) nsvegeUgVIEluNISATUeNBINTUAIETT
DPPH wuwansauiiausiviigvslunissueendindu

(B3) Tundndusivuudansunisinawnuiteaanauds

Wisguann 22.33 1y 106.51 mg TE/100 g (Al 2
C1) Tuvasiinsvadeuseds ABTS uansfasivuuil
weusvdlgnslunsdueendeduiiautuen 57.71
130.01 mg TE/100 g (101 2 C2) drun1snadeudag
3% FRAP finduan 58.36 1¥u 163.78 mg TE/100 g
(Wl 2 C3) uagn1svadeuseds Reducing Power
Wisguann 53.66 WU 110.69 mg AAE/100 ¢ (At 2
C4) nWansnaassLansliiuinandusiauud
wousiviiTdunaesuilinlsfueiluuanfiuiu
fnavilviigrslunissueenfnduiugeiuesnaiife
dAYNNEns (p<0.05) TneruwUInUUTUIUDIENS
Usvnouiluednienun Watliuesdsianun wazdns
weulnlogfudanuadiiintulundnfusiauuds
UUAIY
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{

=

wing ability iy

DFPH ealical se:

CENUCREEY) GOW REETR W IR (W RO
Riceberry Muur %

(L]

Hiceherry flnur %)

1 T
VARG AW GEWORBEID (R

ABTS ra

" I o
G CEWREFIN)  GOW RBIIe, (W8
Riceberry flour (%)

(€4
o

b

Ralueing power ussay
o A0

[
GEAMBEY RN GEWRBEIE (W RBEE)
Riccherry flour (%]

AT 2 UsyAnSammssnusendadusienadeudies DPPH (CL), FRAP (C2) , ABTS (C3) uaw reducing power (C4)

Turdnsusivundagumivinawnuitianduisdiuaentsdnlsduassluserunuananeiy

4. NANISNAFBUNIAIUUSTEMTUNEVDINARA N
vunanvusdviinaunuudsandunsdiugasuedg
Isduadsluszauiiuansneiu
HAN1SNAEaUNIA 1UUsSsa I ndunaly
nanAue vund suguadvnaunuLted@dn1oul e
Flstuasslusziufiunnseiu (ovar 0-30) wu
Aneaeudulvinzuuunisgausunaiulseamauda

¥
a A o o

Taun dudnuueiiusing @ ndu savd eduda way

o W aa

AU ULAYIINLANA 19N UL 1L NYAN AN I9ED A

o

(p<0.05) iileiUFouiisuiugnsmuny Aeilfnagouds
ThpzuuunsuousundnSaaivunilsususiasiinaunu
wsandunsdrussntadilsdiuessisesay 20 fld
AzLuuNTBaNiUNIiulsTamdudadslunnd
gandndasasivund s ud v iinaunusout s
F1lsdiuesnseudenas 0, 10 uaz 30 vasUSunaudls
anavavLn uasiAAvLuuRaBYntU 8.5, 8.48, 8.95,
8.79, 8.80 LWay 8.68 AIUAIAU

715199 3 AaunmmasnuUszadniavesmandarivunlsunismawundsadmendainlsdiuessluseiu

Pumnsnaiiu

Riceberry Sensorial analysis of Sandwich using different proportions of RBF
rice flour Appearance  Colour Odor Flavor Texture  Overall acceptance

(%)
0 (Control)  7.06+0.32b  6.94+0.47c 7.21+0.93c 7.32+0.71bc 7.22+0.56¢ 7.81+0.78¢

10 7.11+£0.53b  7.59+0.83b 7.40+0.63b 7.59+0.67b 7.58+0.65b 8.21+0.85b

20 8.54+0.38a 8.48+0.41a 8.95+0.3da 8.79+0.30a 8.80+0.21a 8.68+0.41a

30 6.44+0.52d  6.37+0.63d 6.18+1.27d 6.82+0.94d 6.98+0.71d 7.46+0.49d

°

nuemg dsnyinuandiuluredulifiediulanstisniuwansegslidudfaynieai (p<0.05)
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a ¢ ¢ ad
5. KANI5IATITHBIAUTZNBUNIWATNUFIUVDY
a s I3 &a S v

NARN U VUNY Y UR INauNULdIF1af8ue
1 ¢ P
lsdves

IINNANITILATIZY BIAUTENBULAT VDS
NaR A s InauuUsenumewtiimlsdussns esay 20

yesehunauudintoiun wdn 100 nfu wudniusun
Astulawnse viin 47.88 nsu lvshu widn 4.67 nsu
TUsiu wiin 8.88 n3u Arwdu wiin 37.72 ndu 18
wiin 0.85 ndu lgownsianun widn 1.15 n¥u uas
wnuh-eeswuea niin 19.95 fadnsu (m15199 4)

5797 4 p9AUsENaUNBALYas ULt usuRITAwnULlsandnleLtatnilsduasssesas 20

Chemical composition

Riceberry bread (100 g)

Total calories (kcal)
Carbohydrate (g)

Fat (g)

Protein (g)

Moisture (g)

Ash (g)

Total dietary fiber (g)

y-oryzanol (mg)

270.00
47.88
a.67
8.88
37.72
0.85
1.51
19.75

anUseuaaTUNANITIVY
yuntsususindundnsusiiuineiilasu
AudensuUseniuiueg1aninewing wazdadu
nanA e isiudsandidudutsznaundn Fevuuds
wruddvifdmingluiewaaialuinasdguama
Tagwimsen fadululunuisedlddnwesiuseneu
maedituguvendednilsiivesiifomdluneun
udsandlundndusiauudausun iy nudrluwds
F1lsdiuess wiln 100 nfu Susuamsiulanse
i 79.28 n3u Ly win 3.81 ndu TusAu wiln 8.02
nfu ARy wiln 7.36 3y wasidh win 1.55 ndu
Feanuanismeassildnaunnsnefudndosfunis
57897109 Kraithong wazAmy [20] TifUsuIaves
astulawse Tusiu waglusiutioenin (77.06, 3.60 way
7.54 n3u mudeu) Turauedt Tangsrianugul wasmay
3] I§Anwesdusznaumaaiitugiuresiusinlne
148 wundvsualusiunagleduannnin (8.65 way
4.35 n5U auasu) wadldsunamsiulawmsatdesnin
TagAuLAna 197 AR uB1 9910w naA N

NAYsEINAYDINITIMNEUGN ANNUALAINNEANANY T
auluituil sastenszuaunisnaaudstnlsdiueds
NN1TNAABIVBY Prangthipa lazAmy [8] WuId™M
lsfveshifudniiarigmiluseasoongrinisdanm
nanvanewia laun arsoani-lulailsea wnui-
po3Uea Inariuea Naliuews uavueulnlyeiu
(lauA cyanidin-3-glucoside tag peonidin-3-glucoside)
Faasivaniidgninisdanm dun quslunisdiu
pondnduiienadounieis DPPH, FRAP wag ABTS
[11] waziilodiasizriusunannuyi-eeieiuea
(y-oryzanol) Tuutledilsdivess wuindiansunusin-
9e391u0aIAU 30.95 me/100 ¢ Faunuin-se3v1uea
Wuanseongniniadininiiddafiegenod 1u
auyadase MuUNIBNEU ansEAuABlaamesaaluion
Hodlsaummu uartestulsauzide fauainwanis
neaesiitheatvayunsldingauudsinlsdiuesilu
msnawnuutlandlundadosivuudasuiiv Swzdie
\inAaA1malnTuInTg aseongnInIsdinmuaz
nMaiiugrslunsiueendindungie
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NSHAUINAR AT vuN e unIglanenis
nounuutsandusdumsutsinlsfuesslussaud
LANA1AU WUINsNaWNULlsEnausdInaendsdn
IsdweslusSinaiiutuandesas 0 {Ju 30 dwa
THUSanaiansusenouitueaniimun Wanlueesimn
wavarsueulnlsendunanualundndusiusuddadl
Uswanfinanntueg 1efituddynisadn (p<0.05)
TneiiUSinaansUsyneufiuedniavuaiiuduain 49.07
1 122,59 mg GAE/100 g kagiiuSinaansvialiusen
et 47.87 10y 106.15 mg RE/100 ¢ Tuwasy
FUsnaansueulvlaedut i uan 0.00
25.98 mg CyGE/100 ¢ 9MNNANSNAaDILansliiuin
Usmnamsnaunuuiletalsdiuedsniuiy dewaly
Usunwarsuseneuiiuedn Warliuees wazals
worlvleenfufiusnndumuluse Tasanseongrisma
Fanmdidrdgfinvuinluntadalsdiued lawn
protocatechuic acid, ferulic acid wag cyanidin-3-
glucoside @AARDINUTIBNUITHVBIINTT LazAE
[21] wurmansueivundafinaunuudsadsasuds
néenendafistiuansesudosas 0 Wudesas 30
ﬁﬂ'%mz:umiﬂizﬂau%?\luaaﬂﬁwmLﬁmqaeﬁuaﬂwﬁﬁa
diyneadn (0<0.05) Inewfisuann 25.66 1w 35.71
me GAE/100 ¢ Tunauedl wesnssas wavanie [22]
IgvhnsAnuuudeiinaunuutisaameutdnngas
wafisewas 0 &1 20 wuidivsunaasussnauiluedn
Ve LLaxmiLLauimlezjmﬁuLﬁmqﬂ%umﬂ 42.04 1Ju
61.98 mg GAE/100 ¢ uaza1n 0.00 Ju 19.39 mg
CyGE/100 g ANua19U Lag Ranok WagAy [10] vin1s
Waundndusuasnines inaunudrouwd sd9
Isdiuasisosar 0 1 100 nuUiUSIEIsUsENOU
fluednimue wazanswoulvlsendudfiaduain 292.7
191 812.70 mg GAE/100 g wawan 0.00 tJu 387.70
mg CyGE/100 g aua1nuy wonanil Langa WazAN
[23] iﬁﬁmﬁﬁﬂmmémﬁm%ﬁﬂmmmﬂﬂQLmuﬁm%u
nutiedndsng o Wun $1dthaa $1df wardn

Auns NUILANTIWS LRI aEmTUS I sTiuedn
ﬁwmmﬂﬁqm (550.86 pg/g) 599AINABLANTIIALAY
(351.16 pg/g) waridnd1adiinna (262.78 ug/e)
Turguedi Chlopicka wagmug [24] yinnsAnwuIuna
answalauessamunluund Sy fiefiniousaouds
Soyit 3 wilnde udsinin ulaudndnluy wazudsndth
($oway 15 wag 30 vosUdunudiunauutland) wuin
wunsiindnanutandadnlandesas 30 fiuSunaans
waluesdvianunain 20.3 (Fiumuew) Wy 34.9
pg/e 0383 AvrunlsUnintazuundsainutenith
Wity 33.4 waw 28.7 pe/e Mudu atuanmsding
fRsagUldrnsldidnTaidnenm uanfuuvdsesans
pangnIn1Tanniidrdgydmiunisirunldwaun
AR UTUNGS
nsnaaeugnslunisdiueandiadures
nAnSaivunauruisinauuntsandunsdiugae
wildlstiuedfisvau ($evar 0-30) Wlonmaauseis
DPPH, FRAP, ABTS uag Reducing power W31
nrsnawnuwdsanduisdiudiendadilsdiueslu
Usunauiliiuunniu dealindn Saefwoud Sl
Uizﬁ‘m%ﬂwwiuﬂﬂiﬁmaaﬂ%m%ul,ﬁmqasﬁu MINAEDU
P78 DPPH flAwwindu 22.33-106.51 mg TE/100g
Tuvaisfinisnedeusieds ABTS fidwwinfu 57.71-
130.01 mg TE/100g @UN1SVAdeUMEIs FRAP A1
WU 58.36-163.78 mg TE/100g Lagn15nageausiY
7% Reducing Power assay HANWIAU 53.66-110.69
mg AAE/100g 2INHaN1SVInaD LRIl iuIWaR Ut
wrudIefiddrunauvesudsdalsdivesludium
Aty Tuavhldiiuszansnmnisdueondindu
Lﬁmqasﬁu Tngfuuusnuusunuvesansusznauiluedn
Ve el usesioun wazanswoulnleeniurioun
Fiutulundndasivundueudiy Siaenndosiu
aATeves Junejo uazaniz [25] ldvhnismaaougys
ANIANUEDNTATUYDIVUNTUASUNIENLULE7 DPPH,
FRAP @z ABTS wuinnisnawnunadnloaludSunasi
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s
<L

Wiutuandesar 0 fa 3 dwalvinansusivunilalions
1uﬂWiﬁﬂuaaﬂ%Lm%uLﬁuqﬂ%uaéwaﬁﬁaﬁwﬁmmqaﬁa
(p<0.05) WeiTsuifisuiugnsaiun (Sosaz 0)
911 21.15 19w 49.45 uM TE/100g (DPPH) 910 210.88
1Ju 288.90 mg TE/100 g (FRAP) uayain 57.25
1Uu 78.43 uM TE/100 g (ABTS) uanslifiuinnisiiu
weinlangeiasugnslunisdueandindu osann
TuinTougauludasarsoangniniedanin wu
polyphenols, lutein, lycopene, a-carotene, Y-
tocophero La¢ a-tocophero imﬁgﬁaaammé’mﬁu
N99189UNTITOVDN LYITNITU LazAmy [22]
vhnsAnwgrdlunsdueendindudeds DpPH Tu
wanfusmuniinaunudouddveuzauns wui
USnanveunuiiiisduaindesas 0 fe 20 figuslu
AsAusendinduliintuegeilfeddynicada
(p<0.05) 21 20.96 WU 42.14 UM TE/100 g
nInaaeUNIuUsTa AN aluNEn A9
guuiaugudImaunuutaddioudsinlsdives
luszdiv (Fesaz 0-30) nulgnaaeudulinziuunis
YaUTUNIIIUUTEa AR aLANA1s ue g9ty Aty
3adiA (p<0.05) WenBsuiisuiugnsmuny fnaaey
Tipziuuniseousunaauuutlanauisaiumenia
Imlsdueidovas 20 esnnudndasivunusudiy
nounuseulldnlsdiueinitesay 20 fdnwaziled
Ungou wazligaunmlndifssiurundaneunivgns
uAu Tsgmeaeulilvinualadeatuusslond
AlasunnuienlsdueinduSowesSuaasenn
gnduarqrsvadanmitayldsudesuusemudly
AONAADINUIUITBUDY Robles-Ramirez Way Ortega-
Robles [26] Fadudifianelavesinaaouniadiui
Ustlowiitoguanmsnnnisdnfasiueusinidodun Tu
Ve Tindnsneinsuiiviinaunuiondeinlsduess
Yovay 30 nuinddnvazilediradundranniiuly
dedufaddnuvaridouunnniy nfuvaduazings

ginednatiiadnane Usuinsanas anvsmanil
Weannulsdnlsdiuessiduudiivsnmnnngau

'
a

LﬁamLmu“luﬂ'%mmﬁ'me%uﬁﬂlﬂﬂiﬁuﬂqLmuamaa
fainguudulustuiifieglundsandfiandidisly
nsdangu waztasifinanuamsalunsinsaniy
a13Usznaudy (binding power) sauman1sinfiu
fmarsueulneenlenlinigluwananiosas [27] dawa
ilassaisvesuuntelif vinligveaaaudalineuuy
NsgausutaUgn donnnediun1sANYITEY Mau Way
Ay [28] Msnawnuidsanameutsiumalundnsiu
yuntlsUSnaiiiuay (Gosay 0-15)
asUfoyannanAdetinut ullsinlsdueds
fusuimed Usznoviaiifiugiuvieaisernts
a1500ngnineTinanuasdvszdnsninlunis
FrupenTinduiimnzauiiaziuniaudundnsos
YuUNTILTUAITA8N1SNALNULT A 31NN
Usinaiimanzadlunmsmaununilsandursdusaonds
F1lsiued3 fe Sewar 20 lHSumzuuuNsEENTU
masuUsEamdndageiian egnsdeddymisaia
(p<0.05) uawidioTiaTzviosduUsznoumanifiugiuves
vundaurumiv wiiin 100 N5 Useneumediaslulawmsa
wiin 47.88 n3u Tustu iin 4.67 n3u Tushu wiln 8.88 n3u
AL TN 37.72 N3 180 M 0.85 N3y wasunus-
po3vuea wiin 19.95 dadniu Tuvda1seongn’
et liud ansusneuituedniioan (115.95 mg
GAE/100 o) Wlalausessavan (85.77 mg RE/100 g)
wavarshoulnleendu (17.57 mg CyGE/100 g) uay
fluszansamlunisdusendinduionaaeunieds
DPPH, FRAP, ABTS W8z Reducing power Lifiu 65.43,
116.96, 139.93 mg TE/100 g waw 97.72 mg AAE/100 g
Ay FauannsiaREeSausuuL s
yielitun Fmediunmemdaunis mseengvs
MeTIn N wazdreiinUszavsnlunnsiusen B
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1571338 luASItN AduvpvRUAMANY

Y 9

Ingrrraaskavinalulad un13inedesnvdy

WszuAIASOYsUINlA B YLATIYLATe e uay

gunIaleng 9 dmTudniiuniside

LONESD19D9

1.

Zhou W, Hui YH. Bakery products Science and
Technology. 2™ ed. USA: John Wiley & Sons,
Ltd.; 2014.

Gao J, Weibiao Z. Oral processing of bread:
Implications of designing healthier bread
products. Trends Food Sci 2021;112:720-34.
Tangsrianugul N, Wongsagonsup R, Manop S.
Physicochemical and rheological properties of
flour and starch from Thai pigmented rice
cultivars. Int J Biol Macromol 2019;137:666-75.
Dias ALDS, Pachikian B, Larondelle Y, Joélle QL.
Recent advances on bioactivities of black rice.
Curr Opin Clin Nutr Metab Care 2017;20(6):470-
6.

Junga YK, Jooa KS, Rhob SJ, Yong-Ro K. pH-
dependent antioxidant stability of black rice
anthocyanin complexed with cycloamylose.
LWT- Food Sci Technol 2020;129:109474.
Wiriyawattana P, Suwonsichon S, Thongchai S.
Effects of drum drying on physical and
antioxidant properties of riceberry flour.
Agric Nat Resour 2018;52:445-50.
Leardkamolkarn V, Thongthep W, Suttiarporn P,
Kongkachuichai R, Wongpornchai S, Apichart W.
Chemo preventive properties of the bran
extracted from a newly-developed Thai rice:
The Riceberry. Food Chem 2011;283:978-85.
Prangthipa P, Surasianga R, Charoensiria R,

Leardkamolkarn V, Komindrc S, Yamborisuta U,

10.

11.

12.

13.

14.

Vanavichitd A, Ratchanee K. Amelioration of
hyperglycemia, hyperlipidemia, oxidative stress
and inflammation in steptozotocin-induced
diabetic rats fed a high fat diet by riceberry
supplement. J Funct Foods 2013;5:195-03.
Laokuldilok N, Surin S, Nanthina D. Effect of
using riceberry flour and xanthan gum on
physical properties and estimated glycemic
index of steamed rice cakes: optimization by
D-optimal mixture design approach. J Food Sci
Technol [Internet]. [cited 2021 Oct 1]. Available
from https://doi.org/10.1007/513197-021-
05067-8.pdf

Ranok A, Dissamal P, Kupradit C, Khongla C,
Musika , Seksan M. Physicochemical properties
and antioxidant activity of gluten-free riceberry-
cheese cracker under simulated gastrointestinal
transit. J Food Sci Technol 2021;58(7):2825-33.
afivg Meu. waveaudsinlsdiuednoauta
‘I/I’Nmﬁﬂ’]EJﬂ’]‘WLLaquléﬂ’ﬁG’f’]u@‘léyja%ﬁia‘j‘Uaﬂ
nanSuTaln. MsETIemanslazialulad
2563;28(11):2025-38.

Anuyahong T, Chusak C, Sirichai A. Incorporation
of anthocyanin-rich riceberry rice in yogurts:
effect on physicochemical properties,
antioxidant activity and in vitro gastrointestinal
digestion. LWT-Food Sci Technol 2020;129:
109571.

WINT Madug, Ash Ruauds, Bunns Sauiiyad.
naRmukEafusivusednutieinlsdiuess.
NIANTINYINAATYTN 2562;24(2):782-94.
AOAC association. Officail Methods of Analysis
of AOAC International. 17" ed. Gaithersburg:
Association of Official Analytical Chemists, Inc.;
2000.



15

16.

17.

18.

19.

20.

21.

22.

28 2. 2ng. INAIU. KOIGE0INAUWSINESE

Un 7 adun 2 nsnqAU - SuoAu 2564

ClsaSsunisemisuInivIfatugdn. vangas
msilnousy 65 Falus : vuudauaznie. NN,
UNNINGNTYTIWAYAIUAER; 2554,

Kubola J, Siriamornpun S, Naret M. Phytochemical,
vitamin C and sugar content of Thai fruits. Food
Chem 2011;126:972-81.

Belwal T, Dhyani P, Bhatt ID, Rawal RS, Veena P.
Optimization extraction conditions for improving
phenolic content and antioxidant activity in
Berberis asiatica fruits using response surface
methodology (RSM). Food Chem 2016;207:115-
24,

Gao QH, Wu PT, Liu JR, Wu CS, Parry JW, Min W.
Physico-chemical properties and antioxidant
capacity of different jujube (Ziziphus jujube
Mill.) cultivars grown in loess plateau of China.
Sci Hort 2011;130:67-72.

Shao Y, Xu F, Sun X, Bao J, Trust B. Identification
and quantification of phenolic acids and
anthocyanins as antioxidants in bran, embryo
and endosperm of white, red and black rice
kernels (Oryza sativa L.). ) Cereal Sci 2014;59:211-
18.

Kraithong S, Lee S, Saroat R. Physicochemical
and functional properties of Thai organic rice
flour. J Cereal Sci 2018;79:259-66.

3731 mAeITENa, WSy IMdeInTEa,
13301 WALAETIY, AN MYYYSeY, aT3A Aaivhal,
navesUTuantlindevendomaunuuteanadis
noAmuanyzasruNds. NIaTIvInTuasuide
UNI. WILUAT 2564;15(1):1-13.

WeoTnssad anslans, s wadn, a53ssas Tufan.
naaunuLlsandmeulsdnnassouuzdundly
HanATvuNls. 1NsaTINuRTHIEIT 2563;17(2):
273-87.

23.

24,

26.

27.

28.

Langa GH, Kringel DH, Acunha TDS, Ferreira CD,
Dias ARG, Zavareze EDR, Mauricio DO. Cake of
brown, black and red rice: influence of
transglutaminase on technological properties,
in vitro starch digestibility and phenolic
compounds. Food Chem 2020;318:126480.
Chlopicka J, Pasko P, Gorinstein S, Jedryas A,
Pawel Z. Total phenolic and total flavonoid
content, antioxidant activity and sensory
evaluation of pseudocereal breads. IWT - Food
Sd Technol 2012 ;46: 548-55.

Junejo SA, Rashid A, Yang L, Xu Y, Kraithong S,
Yibin Z. Effects of spinach powder on the
physicochemical and antioxidant properties of
durum wheat bread. LWT- Food Sci Technol
2021;150:112058.

Robles-Ramirez MDC, Ortega-Robles E,
Monterrubio-Lopez R, Mora-Escobedo R, Maria
del Carmen BO. Barley bread with improved
sensory and antioxidant properties. Int J Gastron
Food Sci 2020;22:100279.

Ma J, Kaori F, Ma L, Gao M, Dong C, Wang J,
Guangzhong L. The effects of extruded black
rice flour on rheological and structural properties
of wheat-based dough and bread quality. Int J
Food Sci 2019; 54:1729-40.

Mau JL, Lee CC, Yang CW, Chen RW, Zhang QF,
Sheng-Dun L. Physicochemical, antioxidant and
sensory characteristics of bread partially
substituted with aerial parts of sweet potato.
LWT- Food Sci Technol 2020;117:108602.



UA 7 auun 2 nsnAu - suoau 2564 2. 2ng. INAlU. KoIdaonaUWSINEsa 29

AuAAIMsTInwvaswUlndlalaslawnainsrdrisendnamisulssluas
2w o A g o
nsinuinenluiasesnudandudnass
Bio-stability of peptide hydrolysate from rice bran during processing and

storage in functional drink model

nasfa 235A3 Tasn Yan1 uas gnsdnd quns
guéiBenmauinnssueimsguam (eue.) antuddeinermansuazmaluladusisusimalne (12
Unus1il 12120
Kulraphat Wachirasiri, Sorada Wanlapa and Yuttasak Subkaree
Expert Centre of Innovative Health Food (InnoFood), Thailand Institute of Scientific and
Technological Research (TISTR), Pathum Thani 12120

Received: 24 November 2021/ Revised: 25 December 2021/ Accepted: 27 December 2021

UNANED

mAdeiinUsrasdifteAnynnunsimdin e ndlelaslananiiinlussriensusgy
Hurdnfasiesosmuileiiusians Uszneudeannediiusinathmalugag 0-15 Wesidud thwilhdeusias)
fiorlutiag 3.5-7.0 uazdlesnunisliirnuieussiumaaoslsdfigamgil 63 ssrniwaidoa Wuan 30 unil uas
izé’uamaﬂiﬁﬁqmmﬁ 121 serwalda [Wunan 15 wil LLaﬂuidem‘iLﬁU%’ﬂmﬁqmmﬁ 5 paALsARYE
Junan 28 Su man1sAnwnud Uinashmaidutususunslianufeuiinailiedesiuilaidusaesd
Usnafiueiin qvisnisthinevyadasy (DPPH) uagewanansalumsimdmesinifutuegaditoddy (p<0.05)
defonfintuain 3.5 10 7.0 fuavhliedesiuilsifusaesiifihmativsinaiiuedn qninstineyyadasy
wavauasalunsmdilesnanatecnaiiteddy (0<0.05) luvasiiniesilerduinsaositlsifithmanui
auousziumaeslstliviliuinaiiuedn gvdmsridneyyadasy uarauaunsolumsiiadivesinian
naiasuudas dofiovvesmdnsiusifiniu udqvimstineuyadaszanamddlfendoulussduaneslsd
fifitey 3.5-4.5 Mafuinviatesduilsituiaesiigumal 5 esmiwaldea lWuan 28 Yu wuiilivinlviuTunw
fueangvisnsinoyyadass warauaunsalunsiidilesiniAnnisiasuuag NaNIVnABItiwan sl
wilndlelaslawmiindaldaniniauasihmeinngaisenisussdiasnaiuing Sudulselond
agunsen1snUszendlglunisudneimsileidu

Adaey: 51177 wdlvdlalaslaem Anuasdimiedinm nsidneuyadasy wiesmuilndudiaed

Corresponding author: kulraphat@tistr.or.th



30 2. 2ng. INAlU. KOIGEIOIAUWSINEISE Un 7 adun 2 nsnqAU - SuoAu 2564

Abstract

The objective of this study is to investigate the bio-stability of peptide hydrolysate from rice
bran in functional drink model subjected to different processing conditions, including addition of 0-15%
(w/v) sugar, pH 3.5-7.0, moderate heat treatment of pasteurization at 63°C for 30 min and severe heat
treatment of sterilization at 121°C for 15 min. The bio-stability during storage at 5°C for 28 days was also
evaluated. The increases in sugar contents in the formulations and heat treatment resulted in the
significant increases in total phenolic content (TPC), DPPH antioxidant activity and ferric reducing antioxidant
power (FRAP) (p<0.05). Considering only samples with sugar addition, TPC, DPPH antioxidant activity and
FRAP of functional drink model decreased significantly with higher pH (p<0.05). Pasteurization had no
significant effect on TPC, DPPH antioxidant activity and FRAP, regardless of pH levels between 3.5 and
7.0 while those without sugar addition and having pH between 3.5 and 4.5 tended to have lower DPPH
antioxidant activity after sterilization. No significant losses of TPC, DPPH antioxidant activity and FRAP
throughout the 28 days of storage at 5°C. The results suggested that the peptide hydrolysate from
defatted rice bran had high bio-stability during both processing and storage and it can be used as functional

ingredient in food products thereby enriching them with bicactive compounds

Keywords: Rice bran, Peptide hydrolysate, Bio-stability, Free radical scavenging activity, Functional drink model
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FRAP (umol Fe?*/L)
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wavinliuSunafiuedn gudnisdinanlunisiada
ouyadasy warAmanNIaluNTEef NNty
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dearnination vhllassaradsuluuasgapdogrisvs
Fanm 9, 12] swudadinamevunn tasaEsne Usuna
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UNANED
Tusideiifngusrasfiftewiouifisugrsnnadueyyadaszvesasataveuiazaiuuendesain
wWasnduvesduAy duuengesvndiu (Fri-Fré) aunsauwenesnimnaisanavetuiefinosdanvesdden
Séudumne (Garcinia pedunculata) srewmaiianednfiasunlanillasnsifiudavessve asatnneny
Wiz uavdruusndosvavndaugniinsevigrisdnuoyyadasedaeimaia DPPH 9nnanisvadeunyt
ansafianeuefiaeyBiamuazduuendes 1 -3 (Fri - Fra) didn IC_ 11nndn 100 lulasniusiediadans Tuaie
drunenges 4-6 (Frd - Fré) Tandusyyadassiisysiuen IC, %9 43.19-92.49 lailasnSusiafiadians uenanil
MNMTATEivEfnueyyadasmalla ABTS wuiasataveuiefiasdamuazdunentes 1 -2 (Fri -
Fr2) diA IC_ snnnd1 100 lalasnSusiefiadans Tuvaigiidrunentes 3-6 (Fr3 - Fré) fiamsiuoyyadasei
seatuen IC, Tt 7.71- 65.71 lulasn3usiediadans dufulinuansUsznouflueAnioueesasataney
lefasdniazdiuuengoy 1-6 (Frl - Fré) aeﬂuﬁliw?\”’uwi 1.96 - 275.96 mgGAE/eDW Tneduuengesil 4 (Frd)
wansvisFnuoyadaszuariuTInaiiueanagae

AdAey: Nsieyyadasy dunengey Aerullasunlani il duane Ysinailuednviavue
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Abstract

The objective of this research was to compare the antioxidant activity of crude extracts and
sub-fractions from the stem bark of Garcinia pedunculata. Six sub-fractions (Fr1-Fr6) were separated
from ethyl acetate crude extract of Garcinia pedunculata stem bark using the column chromatography
technique by the gradually increasing polarity of the eluent. The antioxidant activities of the ethyl acetate
crude extract and six sub-fractions were evaluated using DPPH and ABTS techniques. It was found that,
the ethyl acetate crude extract and sub-fractions 1 -3 (Fr1-Fr3) showed IC_, values greater than 100 pg/
mL, while sub-fractions 4-6 (Frd-Fré) displayed IC, values in the range of 43.19. -92.49 ug/mL. In addition,
the antioxidant activity examined using the ABTS technique exhibited that the ethyl acetate crude extract
and sub-fractions 1 -2 (Fr1-Fr2) showed IC,_ values greater than 100 pg/mL while sub-fractions 3-6 (Fr3-
Fré) showed IC, values in the range of 7.71-65.71 ug/mL. Total phenolic compounds of ethyl acetate
crude extract and sub-fractions 1-6 (Fr1-Fr6) were ranged from 1.96 to 275.96 mg mgGAE/gDW. The sub-

fraction 4 (Frd) showed the highest antioxidant activities and total phenolic content.

Keyword: Antioxidant, Sub-fraction, Column chromatography, Garcinia pedunculata,

Total phenolic contents

unin

INTIBIIUNITIVVDIANUFUNUS T2 U
oyyadaszlulvadvesdaidin uaznszurunisiden
YoswadfinummuIndudesiitniseliannuddy
aehwiaLﬁaaﬁquﬁiaﬁmuﬁaﬁwﬂ’u \esainnisidon
vouwadiJuameuiaivilisnamevesuyudsoue
ViliAnlsa uazidedinluiian [1] fenuweneslums
Tasiuoyyadaszanvaneiaiflerszasuieduds
nszvIuNsMsEonveaadsuasnnuiisengnls
voseuyadasluad dunandmsuiluansuundlu
aWsuagiAsesdorvanvatevtindnuluansi
auyadaszlundndueinng 9 gnAndududiuiuuin
aswanildmnduasiiunssuaunsdansed
shedsmandl warenaluasitliléunansssunivie
NTAUATIZRABULUUSTINYIR VI IALAANAALAYIAD
HUSlna asiueyyadasyduaneiuisilagnidiin
mslluuasenesuiomnuansAnuuandliidiu
femnuduiivreavnmvesuilan [2] dremana

fanandinsfnuAuaiiansiueyyadaseilean
sysumRinntu Inesdsdenmaonfouazuselon]
aoguamdmsuluilan [3] duuwvniduiiglunszna
CLUSIACEAE (Guttiferea) Sadusuldiudlosmnenald
vosUszwalng TnsfivanuaneiusfifonFoniumly
11 “@uuan” @e Garcinia gummi-gutta (uuan
aneviugdulailide), Garcinia atroviridis (fuuynaneiug
nMAlAneuas) way Garcinia pedunculata (&uan
aewusneldmeunans) nauiauaeiuglidmsy
UjdiﬁLﬁMﬂ??MLU%IEJ’JELﬁﬁ’UE]’Mﬁ Jafeumndsadu
pwnautumald 6. pedunculata \Huaetugues
Fuuaniinuldlunaldnounatsvesusemalngluig
Jmiansed aga e as1ugiondl uazuaseisIsus Y
fnalvgininaneiiug G. atroviridis waisavIRdaAIY
Wisaadreadetuiiliiinanuduauluioses
anetug shevuiadilugnirduuaniasonlunim
Viesdumuvuaiilugninduwan (G. atroviridis) 31
“dupne” [4]
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wiunueladyfegivesdunig lawa ansngy
uaulnu naliueen lwuleiluu uaalau wagnsafuedn
Fafiqvisnsdanmitvannvany 1wy msdnueyyadasy
[5. 6] nseuiiiesen [7, 8] mMsFudos [9] uaz
Fun1snanewiug [7] uenaininavesduaedadiunm
uAlsuuaznsaueanasings Fadmnudululanasly
a158nnVRINadNATUNIAISUNNG 11T way
LA39981979 [10] 91n51891UNNSITeARIULAINUI
asaftnneuanaadignslunsiudeuuadise [11]
n1sane1nsiuIulunymeass [12] wagn1sanu
oyyadase [13] uilasdusnnaziinmsnuludiusadi

a

Heuldlunisuseenms asAuadideludiudaidu
falldoyauideroud1edia FausuiTedadl
ToquszasdifleAnwnvisiueyyedassvesansartinuay
drunsngegveilionainudunielaenisiduniuea
Jushhazansuasldnisatngoiefiaesfnauazin
wazthdulefiaerdnndadnnuiidumnuizanlunis
avaneansnauusulmunuwendudulengasmemaila
poaNtlasulasnsil Lﬁaﬁﬁasﬂaiﬁaﬁiﬁ%“umﬂms
Anwiauasatnanidenaisudurnedaduii
ﬁaﬂﬁuﬁLfJuLaﬂé“ﬂm}uaﬁwi’ﬂqLﬁm Faonah 4y
dunanesuaziAdosdionsiiastiiuyaliiuiialy

yosuilusuns

/ALY
dsadiuazaavinazane

aspdildlunsvaaesu 1,1-diphenyl-2-
picrylhydrazyl, 2,2’-azinobis(3-ethylbenzothaizoline-
6-sulfonic acid) diammonium salt, Folin-Ciocalteau
reagent, gallic acid, 6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid, %’amﬂﬁ@’%
FnundansUsemaasnlus (Sigma Aldrich, Singapore)
fviazanevilngg G]G'ijamﬂu%ﬁ’m 9157 le uduaunu IR
amafuariharmefldlunuddeiidunsednsz

(analytical reagent grade; AR)

finae19dung

Humeghadendduduaneilefounaau
2562 Fadurrafiona NNNBNLY fﬁwi'mgl,ﬁ’m
Uszinrlne feglddauiligniigadiondnualuag
Auliivenssalsl nsugnenuuisnd dndn was
Wuiﬁfu NIANNUNIUAT (BKF No. 194897)

AsanaLazLendIULeng Y

Wiendduvesduaie (7.5 Alanu) gnvinli
wissheemeadunaniulazeumeaniouigamgdl
60 DeANTALTYA LAl dregragnualiieynia
fluun 40-60 Wy FsazlenaUdendidiuusia wiin 5.0
Alansu Wnadenanuduaneudluuniues (MeOH)
Usu1ns 20.0 dns 1unan 3 Ju ansavaregnueneen
wazthnnafelmisnaeseds suwasazaswmuea
wagsyelagldimaiinnisanainuay (RV10, IKA,
Germany) @fnasaNANEIULNIUARIERIINaTATY
\oiaasTnn (EtOAC) LLazﬁwﬁqmmﬁﬁaa Fuefiaoztion
gnsandunazszimeuwis Jainlildansafaneiy
iiaozdinn niln 18.99 n3u

ansannneueNaosding win 18.99 n3u
gnazanglusivhavarenaulaaaelsiinuiaziuniuea
(1:1) ansazanegnyiliuisuu@aninauasldmadanis
wonuuulasinlans Waeaul @an1ea aun 70-230 1)
Imaisﬁﬂaﬁuﬂﬁﬁﬁwhuﬂueﬁﬂmﬂ 30 fadlums 717 400
fadwns 1evhazarevelneiiviavesiviazans
Fustoay 581 100 TngUsunsveterilnuuasieniay
Tngldusuns 1.0 @ns wivdaegnann 30 Taddns
asIdevasRUsEnoUnaliifloTIndIunendoefia
panUsEnoumaaiinaeiulagldmaiialasuilans il
WUUKNLUNS (Thin-layer chromatography) @unsala
duneneos R Iun 6 dunengos (Fri-Fré)
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nsfnuayLABasEYliafNTLaY (DPPH Assay)
ansananeIulefiaesdnalazsaIuLeny oy
(Fr1-Fr6) aza18n2eton1uealinilnnuidudy 100
lulasnSunefiadang wnaua15aza18f108 19930
d1383a18119557U (Trolox) USues 50 lulasdng
AuasazansAnile (2,2-diphenyl -1-picrylhydrazyl
radical) fimnududu 0.1 Sadluans lwenuea
U3ums 150 lulpsdns asluanu 96 vigu welidniv

v
o a

Jovaznsdudiouyadasy = A  -(A,  -A

AN fogn

>
I

R

9813

> >

LUIA

nsAnueyyadaszyliaeliited (ABTS Assay)
nauansavatelelfed (2,27-azinobis
(3-ethylbenzothiazoline-6-sulphonic acid) fifi
AMAUNTY 7.0 fadluans YSuias 5.0 daddns
fuansavarelnunadoueidama (KS0) it
ANUNTY 2.45 Tadluans Ysuns 88 lulasdns
et Adliluidefigumgiivies unan 16 alus
Wevnasarargelilleasisieniuealiilsedunis
ganduuasiimueady 734 uiluues Bidldins
ganduuasegluras 0.70+0.05 fegsililunmaaeu
gnazanedeaisazarelauSadanenlasd (DMSO)

[2eLlAN

Sevarnsdudiayyadasy = {(A

AIUAN

AIUAY

/A

WUsd

/A

.
HUSA

= ﬁ'm’ﬁ@mﬂﬁul,l,awaa 150 uL ABTS + 50 uL 509%DMSO

Junan 3 Wil (Eppendorf, ThermoMixer C, Germany)
fsliluiifinfigamgd 25 sseiwaiboa ifunm 30 wii
LLas’immmsgmﬂﬁuLLaaﬁ 517 Wlung (Biochrome,
EZ2000, UK) [14] Weifusnstiudamsiinesndndu
YDIRANALTAIUIUAINALNT (1) d1msumn IC, Fwal
1neldN19LAT1ERN130AN DL TUEUYDIANUTUT U D
fegnedidnaiu (10, 30, 50, 70 uaz 90 lulasniuse
Uaaans)

a

o) X 100% (1)

AIN1IAANGULEIYEY DPPH 150 ul + Ethanol 50 ulL
ﬂ'ﬁmi@ﬂﬂﬁuuawaﬁ DPPH 150 uL + Sample/standard 50 uL
f-ﬂ"]miﬂﬂﬂﬁumwaﬂ Ethanol 150 uL + Sample/standard 50 uL

AN 50 Wesidud (USumsreusung) Tiens
faegefimnududy 100 lulasnsumeliaddns
11d1982818610819130815019551U UTUIRs 50
lulasans waudvaisavaeletfitea YSuams 150
lulasang Tuam 96 wau wdwazieliludiia
gaumniivies lunan 15 Uil InAinisgandunacil 734
wilwans [11] wazduadedidudnisdudwes
F08 19 UENNTT (2) dmSunisuien C, MLULRLINU
uAlgAINTUYRasiBenglugg 10 - 90 lulasnsu
siodlanans

Av

} X 100% (2)
U

A = ﬁ'mﬁ@mﬂﬁul,l,awaq 150 uL ABTS + 50 uL Sample/standard

[2ehERN

A = mmifﬂmﬂﬁuuawm 150 uL Water + 50 uL Sample/standard

WUIA

USunauiluedniianun (Total phenolic content;
TPC)

Usunafluednitanun (TPC) vasansafinain
dupnelasunisveasulagleisnisves Oliveira [11]
Tneinsiaudandntioossl thansatnvetunsediu
wengesfiazanslulawSadanenles arududu 1.0

fiaanSusiofiadans Usuns 12.5 lulasans maufuih
Usrannlooau Usinns 200 llasans waztien Folin-
Ciocalteau Usuns 12.5 lulasiing luanu 96 vigu way
wendunan 3 undl (Eppendorf, ThermoMixer C,
Germany) ‘Rudrsazatsleiieun1svaiunduda
(NaCO) Usums 25 lulasdns wendua 3 i
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satdlfluilifuas Wunm 60 Wil Sarmagandu
wasweEuNELssIAsaseululaswan (Biochrome,
EZ2000, UK) #i 720 wiluwas TnsauSunaiivedn
ﬁgwmgﬂLﬁ&JULTJummLmaéﬂﬁizé’mmmﬁwﬁu 10-200
lulasnsuneliadans

NaN1539Y
1INNITBULA B UFINAA UFUAINENUINE
Usinanideway 33.33 fufulsinaiitesavansens
Vus uasdestunsuuideuvesdeslunszuiunis
vuisvesimgivlunisade eadanaudondrdiu
FUAMELTIRBAIVINaTaNUIINUEALAL DN AL TLAN
Lﬁa%u’umiazawl,aﬁaas%mmgﬂizmmLﬁqwumiaﬁm
neULeNaneBnn 91U 18.99 n§u AmduSesas 0.25
way 0.37 veshmdniudendiduduninednuazusis
AINEIAU AINNISHENgIuLentaalaanalnneaNY
Tasunlans fidensiiunuiitavesineruaysdy
wendesiiflesrusznaumaaiindrendsiulaemaiea
Aulalgesiasuilansflausanendiunendesls
Vavun 6 daunenges Fultmtnuesduengdesiiy
0.13, 0.46, 1.21, 5.03, 0.98 uaz 0.13 N3 dmsudIu

100.00
90.00
80.00
70.00

60.00

50.00

% Inhibition

40.00

30.00

20.00

10.00

0.00

wengesd 1-6 (Frl — Fré) muandiu wansnswSeusiiey
Tunmd 1 annsuendiusengesnuindiefinnsiu
AuTiTave s USinavesdiunend os asiindu
dlefinnsldsvzszuverdlaunazienieuludnsiay
Zovay 50 TapUSuas nuitmnvesdunendos
uanas uazludiuusndesil 4 (Frd) fvdunamnniign
Fadutnweseedddsazas evdlauuazianiou
Tugnsdusovas 30-50 lneUsuns

NsAueYYadaTEYRaTaiAVE UL EIY
wendosUdenddudurmeunandunmi 1 Tngasadin
NEULDTIABEBAALARINITAIUOLYADATL WU LAY
fisziudenay 9.23+2.20 luvasidunendeei 6 (Fri
~ Fr6) uanINsANueyyadastUUUATITIovTisEiy
6.89+£1.82, 16.89+2.75, 54.07+1.55, 80.23+2.70,
70.84+0.64 Uag 77.85+4.28 muanau lngdiuuengee
7l 4 (Fra) uansmssiuoyyadassuuARTiovaniian
FedalndiAvsduarunendesd 5 (Fr5) waz 6
(Fr6) Tuvazfidruuengesdl 1 (Fr1) dn1suanenis
FusyyadassuUUATTilowTign dmiuasadanety
lofinorfinniinisinueyyadassuuAiiievilngiAss
Fudunengesd 1

Fra Fr5 Fré  Trolox (20

ug/mL)

AU 1 UAAINTAURYYABATEULUUATLEY (DPPH) vesasanaveuleiinezling, diuulendes 1 - 6 (Frl - Fré)

NUdenAPudENAINELATA1TUINSFIU Trolox
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Usedninmnisdueyyadaszvesansanin
neuuazdLLengasveUdenduduAelaewmalla
woi7iea (ABTS) uanslun1ni 2 lngansainvengiodia
pzdanLanInNIIiIueYYadasziuuleUfeanseau
Sowar 6.72+0.40 Tuvneidiuuengaens 6 (Frl - Fr6)
wansnsiueuyadaszwuule ITleansyau 15.29+1.09,

100.00
90.00
80.00
70.00
60.00

50.00
40.00

% Inhibition

30.00
20.00

10.00

0.00

EtoAc

Crud Fr1 Fr2 Fr3

18.47+1.67,68.47+0.52,95.92+0.91, 86.57+3.04 W.ay
97.96+3.16 sudeu Tneduuangesil 6 (Fré) uamanis
Fueyyadassuuuedileanniian FelianlndlAssty
drunengosd 4 (Fra) waz 5 (Fr5) Tuasdiansatnneu

a =

witnerdaninisiusyyadaszuuuedfieadiiian

Frd Fr5 Fré

Trolox (20
ug/mL)

2R 2 uwansnsinueyadaszuuuledfivea (ABTS) vesansafiaveuiefiaes@ing, diuuendes 1 - 6 (Frl - Fr6) a7

wWasnasuduAeuaza1suInIEIU Trolox

1NN1TATIEVTOYANITA U UNADATY
\Wosunuinmsfuouyadassvosmsatavetuuas
dunendesdisziuanandudu 100 lulasniusediadang
ourfitfinanuaandeudsenainananaddy
yeansiueyyadassiigaiuluyinlinsiouiie

TUARANAIALALIANIZ DY 19BN TA UL ADATE VR
dunengesd 4 - 6 (Fra - Fré) Jsvnassmaaudy

vesansiieengvisdudteyyadaseldienas 50 (IC ) &
wansoyalun1sed 1
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=]
1IN

1 uansrnanduvesasiieengnsdudsoyyadaszldosas 50 (IC ) vesmsatineueiiaozding

dunengey 1 - 6 (Frl - Fr6) 31nidenaisudunineuasalsuinsgiu Trolox

Sample

Antioxidant activities
(ICSO; ug/mL)

DPPH ABTS
Crude EtOAc >100 >100
FR1 >100 >100
FR2 >100 >100
FR3 >100 65.71+4.89
FR4 50.80+2.47 7.71+£1.51
FR5 92.49+2.59 35.74+2.70
FR6 43.19+0.71 53.39+3.20
Trolox 24.04+0.25 18.32+1.20

a

NAINA 1 MIFTUOYLATATEUUUANNLDY

a

duengaedl 6 (Fré) IUssananinnisiueyyadasy

Y
=

LuUATiReTinTige Taouansen C,, i flgniisesu
AuLdy 43.19+0.71 lalasniudedadans Tuvasi
drunengesdl 4 (Fra) e IC,, flndesiufiszsu
Aty 50.80+2.47 luvasfinsnueyyadassuuy
woifiea drunendesil 4 (Fra) SUszaniaamnis
Fusyyadaszuvuie loaiidfiaaiisziu 7.71+1.51
Tusariinuidavesansatafiududssansamnis
fusyyadasvuuuieTiiearzanas daaziuldaine
C,, YasdLweNgoed 5 (Frs) wazdunentesd 6 (Fré)
fiflszauen IC,, fiszduamududy 35744270 way
53.39+3.20 AIUEINU

PnHanIaaost A utaTeve sUTuIMETs
fluednuiaviinasienisinueyyadassvesansaiaveny
wavdusengessUSnaasiuedniunvesansarda
wenukazdIuLengosuandlumed 2 Usinaituedn
FvmemesensataveUeTiaosdinnagiissiy 196:+0.25
meGAE/eDW lusauzfidiuusndosis 6 (Frl — Fré)
fSinailuodniviuaiisydu 3.52+0.77, 23.11+0.44,
128.56+5.13, 275.96+4.38, 126.36+2.04 uay
231.53+3.35 mgGAE/eDW sudhdtu Tnsdauuendesii 4
LLamU%maﬁxlua5m%qwummﬂﬁqm%qaamﬂé’aqﬁumami
Frueyyadasziia 2 35
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A157199 2 wanUSunailuedanvianus (TPC) vaansanare1ueNansdwalazdluwengas 1 — 6 (Frl — Fré)

Sample Usuauiluadnianun (mgGAE/gDW)
Crude EtOAc 1.96+0.25
FR1 3.52+0.77
FR2 23.11+0.44
FR3 128.56+5.13
FR4 275.96+4.38
FR5 126.36+2.04
FR6 231.53+3.35
300
250
200
¥
%. 150
g
(]
&

100

50

Crude
EtOAc

Fr1 Fr2

Fr3 Fra Fr5 Fré

A9 3 wansUSunaiuedniianun (TPC) vesansananeuieNassdmanaraiuwengsy 1 — 6 (Frl — Fré)

afUseuaaTUNan1sIVY

MBI ATERRgTes Uszansniwnis
fusyyadaszIasdune (G. pedunculata) 51841
mefeAeuinsenleifisuiuduuan (G atroviridis)
KALAINNITNAFBUNTHUBULADATE YRR UFONA Y
duanenun luansadavetuiefiaesdimniiuseavanm
mMsfueyyadasziidiun esulasuilansfiuuy
Aesuiludulengesiiussansnmnsiueyyadasy
Araula Uiuaasadanewilddvsluszuy
ovdlauisnisunuhluduuendend 4 (Fra) W
wniigedisedu 5.03 ndu Anidudesarsioansadinnety

witaos@nminiu 26.48 uandliiudiau3unaesans
Tunguiifidaunansaeudrannluduvesdendiu
dun1e wenaninisdiueuyadassuuuiifiey
(DPPH) wesdauuengesl 4 (Frd) fuansUszansnm
nsAueyyadaszuuuAffilevfigefigniiszfu
80.23+2.70 lusazilansaiaverudiuefiaozding
uameUsEAviBnmnsinueyyadasLUUARTIe ISy
9.23+2.20 FeiiuszAnsnmiesnindruuendosd 4
(Frd) Uszanau 8 i Wwignfiunsinueyadassiuy
ifilea (ABTS) 2INHANIINARBIRINATINILAAIN
asddyuswiafiiuiinugdludulendesil 4 (Fra)
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ihasnfuasnguusulnudedaninenuidilndifestu
wazansnauusulnLiUs Moy adastiigs [15]
Feansnauuenlnuannsonuldludau doldl [16] way
a19u [17] Tudhuranuansnauwaulnudeutiioy
LﬁaLﬁmmmﬁ%asuaﬂﬁa%miﬂfcjmLLsaqumistﬂ%
oonuiluduuengosl 1 - 3 (Frl - Fr3) usenafiuna
flsisnnnetiozuanaUszavsnwmsinuoyyadass uay
dloriuduuengosi 4 (Fra) TUudnsidfiuanuiida
yoshwgazhliasnguurulnuiifitagstugnuzesn
wuiu1egivTunadaduivesasitlinisuans

'
a o

Usgdnsnmmsinueyyadaseiinnindiunendesi 4

a

Frd) BeUsganSamnisinueyyadasyvesdiuiendoy

—~

a o

714 fszavBnmiige dwudiunengosi 3 uas 5 usin
wwiivGnaiiuedniiamslndifesuuiiinuuansis
Yol MNIAeLYadaTEeNRAnNANS Y
nquiluednuisviine1auaniusednsninnisiiu
oyyadaseivn Fufunisinundeyaiuduluouian
Tagldmmhliuiavsuasiigatmsulasadrsveans
fedsmsauningalal wasthansuiavsildvagou
nsfueyyadassiiotudunansifednads ilefin
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Fnsunluemues Aty 95 Wesidud uasfudeir TiessinuantiduoyyadasyiaeTs 2,2
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anauns TuszAnsnwlunssudsouyadaseaaiian (IC, - 10.867 fladn3usiediadans) wazdszansnmlunis
fudreuyadasyresansataneumdaundunndmingassiiifiatndoioniuea anudutu 95 Wesidus
finnuduiugiudsinaansusenouituednsauimun 3eiidn Wihfu 37.3740.336 meGAE/g extract @y
ﬂizﬁ‘w%mwsluﬂ’1ié’uEquawaﬁaﬁwmmﬁaﬁ’wa’mmﬁmwlumﬂéwmawamwﬁmﬁaﬁ’mﬁwﬁwﬁﬂ%mmmi
ﬂixﬂau?\luaﬁmwﬁgﬁumqqﬁqm Faflen 18.298+0.079 meGAE/g extract ayUlian ansadpanwdauadluwsias

unaslinaandiluniseangnsiueuyadassiarUSaTiueanTIuANsiY

ArdnAy: winwmaly ansfueyyadase ansuszneuiiuedn
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Abstract

The purpose of this study is to compare antioxidant activity, total phenolic compound content,
and the development of tea from watermelon seeds collected from 15 different sources and extracted
using a fermentation method, 95 percent ethanol, and boiling water. The 2,2-diphenyl-1-picrylhydrazyl
(DPPH) method was used to examine the antioxidant properties. The Folin-Ciocalteu method was used
to determine the total phenolic content. The quantitative data were analyzed using analysis of variance
(ANOVA). The antioxidant activity of watermelon seeds extracted with 95 percent ethanol and water had
significant differences (p<0.001). The seeds obtained from Udon Thani province have the highest antioxidant
efficiency (ICEO: 5.757 mg/ml). The crude extracts of watermelon seeds extracted from water of Phon Na
Kaeo will be effective. The highest free radicals (ICEO: 10.867 mg/ml) and the antioxidant efficiency of
watermelon seed crude extract from Udon Thani province, also extracted by 95 percent ethanol is
related to the total amount of phenolic compounds, which is 37.374+0.336 mgGAE/g extract. The
effectiveness of crude extracted by water showed the highest inhibited free radicals of total amount of

phenolic compounds was 18.298+0.079 mgGAE/g extract. In conclusion, each source of watermelon seed

extract has different antioxidant properties and a different total phenolic compound content.

Keywords: Watermelon seed, Antioxidants, Total phenolic compound
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Abstract

This research was quasi experimental research. The purposes of this research were to effects of
health belief program to preventive behavior with COVID-19 of public health volunteers in Pathumthani
Province. The samples were 54 public health volunteers selected by purposive sampling between July
to September 2020. Data were collected using the demographic data record form, the health belief
program, the health belief questionnaire, and the COVID-19 preventive behavior questionnaire. The
content validity by 5 qualified persons which health belief program, the health belief questionnaire, and
the COVID-19 preventive behavior were at 1.00, 0.90 and 1.00 respectively. The reliability of health belief
and behavior in COVID-19 prevention which was conducted using Cronbach’s alpha coefficient, the result
were 0.89 and 0.82, respectively. The descriptive statistics to analyze by using frequencies, percentages,
means, standard deviation and inferential statistics by t-test. The results of the study showed that 1) the
average scores of health belief model after experimental was higher than before participating in the
program at statistically significant difference of 0.05. 2) The average scores of the behavior in COVID-19
prevention after experimental was higher than before participating in the program at statistically significant
difference of 0.05. It can be concluded that the health belief programs are helpful in promoting health
in the prevention of COVID-19. Therefore, relevant personnel can be applied to prevent the spread of

COVID-19 to promote continuously good health.

Keyword: Health belief program, Preventive behaviors for Covid-19, Public health volunteers
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Abstract

The objectives of this research were to study the knowledge, attitude and behavior of the safe
use of pesticide in corn farmers and relationship between personal factors and knowledge, attitudes and
behaviors in using pesticides. The samples were to 320 people of corn farmers in Sriratana district, Sisaket
province. The research instrument was a questionnaire. The results found that the farmers had high
knowledge levels, 92 percent. The most of the attitudes had high levels, 97.00 percent and the most of
the behavior had high levels, 98.00 percent. The study of the relationship of personal factors with
knowledge, attitude and behaviors of used pesticide by using the fisher’s exact test, the results found

that the personal factors of age, gender, education level, annual income and corn growing experience

was related to knowledge, attitude and behavior of all chemical use in agriculture (p<0.01)

Keywords: Pesticides, Farmers, Corn, Attitude, Behavior
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Abstract

Accident at level crossing is a significant problem that can affect both the safety of people and
the reliability of rail transportation in Thailand. This paper presents the application of the network theory
to investigate the connection of the hazards and the root causes of level crossing accidents. 138 cases
of accidents were collected from the news (2010 - 2020) and used as a data in this study. As results, it
is found that traffic violation, having improper safety equipment at level crossing and physical problem
of the drivers seem to be the hazards that can easily link to a level crossing accident. In addition, the
results also illustrate that inefficient level crossing management (e.g., operation and maintenance) could
be the root cause of the common type of level crossing accidents in Thailand which is “train crashes

with passenger car”.

Keywords: Railway level crossing, Accident, Road safety, Network theory
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Bachelor of Science Program in Food Science and Technology
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Bachelor of Science (Food Science and Technology)
B.Sec. (Food Science and Technology)
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