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Improved Modified Class of Estimators in Estimating the Population Mean
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Abstract

In this present paper, following the work of Yadav et al. [1], the author creates alternative class
of estimators for estimating the population mean in situation of positive and negative correlations between
supplementary and interested variables under simple random sampling without replacement (SRSWOR)
scheme. Furthermore, this paper also introduces a modified class of estimators based on combination
of alternative class of estimators and unbiased estimator. The expressions for the bias, Mean square error
(MSE), and Minimum mean square error (MMSE) of all introduced estimators were considered. Both
theoretical and numerical analysis were encouraging and supporting the performance of all introduced
estimators for the mean estimation. The MSE and Percent relative efficiencies (PREs) were used as criteria

for efficiency comparison between the new estimators and other existing estimators.

Keywords: ratio type estimation, product type estimation, supplementary variable, bias, population mean
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Introduction

In many works related to survey sampling,
the use of suitable supplementary information has
been permeated the important role to enhance
higher precision in the estimates of some population
parameters under the SRSWOR scheme such as
population total, population mean, population
proportion, population variance, etc. One of the
popular estimators of population parameters at
present is the population mean. In creating any
estimators for the population mean, if the relation
between supplementary and interested variables
is positive, the ratio type estimation first initiated
proposed by Cochran [2] is a suitable estimator for
the mean of population. On the other hand, if the
relationship is negative, the product type estimation
as envisaged by Robson [3] and Murthy [4] is
appropriate.

In addition, several authors have applied
the concept of Cochran [2], Robson [3], and Murthy
[4] estimators with the purpose of producing a more
efficient population mean estimation. For instance,
Sisodia and Dwivedi [5] was first who used a
coefficient of variation (C,) of supplementary
variable to improve the efficiency of the Cochran
[2]’s estimator. Motivated by Sisodia and Dwivedi
[5], Upadhyaya and Singh [6] proposed another ratio
type estimator of population mean using the

supplementary variable in the form of coefficient

of variation (C,) and coefficient of kurtosis (8, (x)) ,
whereas Singh et al. [7] established two ratio and
product type estimators using transformation based
on known value of coefficient of kurtosis (55 (x)) .

Kadilar and Cingi [8] suggested a class of

ratio estimators for the estimation of population

mean by adapting the estimators in Upadhyaya and
Singh [6] to the estimator in Singh and Tailor [9].
Previously, Kadilar and Cingi [10] also suggested a
chain ratio estimator for estimating the population
mean by adapting the estimators’ type of Ray and
Singh [11]. Al-Omari et al. [12] worked out two new
estimators of the population mean using two
modified simple random sampling (SRS) and ranked
set sampling (RSS) methods when the first or third
quartiles of the supplementary variable are
available. Koyuncu and Kadilar [13] proposed a
general family of combined ratio estimators for
population mean using various known population
parameters in simple random sampling.

In the next year, Yan and Tian [14] proposed
two modified ratio type estimators based on the

values of coefficient of skewness (5,(x)) and kurtosis

(B (x)) of supplementary variable. Subramani and
Kumarpandiyan [15] introduced some new modified

ratio type estimators using the linear combination

of coefficient of variation (Cy) and median (M ;) of
the supplementary variable for estimating the
population mean. Jeelani and Magbool [16] used
the linear combination of coefficient of skewness
(Bi(x))and quartile deviation for proposing two
modified ratio type estimators of population mean.
Also, Jerajuddin and Kishun [17] introduced the use
of sample size (n) to increase the performance of
modify ratio type estimator. They showed that their
estimator is more efficient in the term of the
performance than other existing estimators of the
population mean.

Pandey and Dubey [18] proposed product
estimator for the population mean based on the

known of coefficient of variation (cy) of
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supplementary variable which turns out to be an
alternative estimator in the situation of the relation
between supplementary and interested variables
is negative. Singh [19] proposed new product
estimators under the SRSWOR scheme using known
parameters of the supplementary variable such as
standard deviation (s,), coefficient of skewness
(Bi(x)) and coefficient of kurtosis (f(x)) of
supplementary variable. By applying the estimator
in Koyuncu and Kadilar [13], Yadav and Kadilar [20]
also proposed an improved ratio and product family
of estimators for the population mean using the

information on the coefficient of variation (¢,) and
ty = )7[

where 3 and x denotes the sample mean
of interested and supplementary variables
respectively. X denote the population mean of
supplementary variables. a,b,¢ and d are real

constants or the functions of known parameters of

the correlation coefficient (p) of the supplementary
variable.

Previously, Khoshnevisan et al. [21]
suggested using two supplementary information to
create a general family of estimators of population
mean that cover the other existing estimators.
However, the estimator of Khoshnevisan et al. [21]
was a quite difficult form to use in practice.
Therefore, Yadav et al. [1] suggested adjusting the
estimator of Khoshnevisan et al. [21] by removing
and adding some values of constants. The estimator

of Yadav et al. [1] is given as follows:

abX +cd
abx +cd |’ (1)

supplementary variable such as the inter-quartile
range (Qy), skewness (B(x)), kurtosis (B;(x)),
coefficient of variation (Cy), correlation coefficient

(p), standard deviation (Sy), median (M), and

SO on.

The bias and the MSE of Yadav et al. [1] estimator, respectively, are

Bias(ty) = 27(6°C2 - 6C,,.) @
MSE(ty) =AY X(C? +6°C?-20C,,) (3)
y x )
- = 2_ 2% 227 S
where A=(N-n)/Nn, 0=abX/(abX +cd), Cy=S;/X", C;=8,/Y", C, =S, IVX,

N — N — N — —
ST=Y (3 -V (N-1), $=X (=X /(N-1),and S, =3 (3= T)(x - X)/(N-1),
i=l i=1

i=1

Likewise, the MMSE of this estimator for the Gy =C)x /C)% is equal to

. _ C2
MSE i, (ty) =H2[c§ ——;] @)

»x
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To improve the efficiency of the Yadav et
al. [1] estimator, the author attempts to present
two new classes of estimators for estimating the
population mean by using the exponentiation
method under SRSWOR. The bias, MSE, and MMSE
of the new estimators have been obtained. In
addition, comparative studies of the new estimators
with other existing estimators have been assessed

through theoretical and numerical analysis.

Methods

In this paper, the author is interested in
improving the efficiency of Yadav et al. [1]’s
estimator as a predictor of the mean of the
population using the information supplementary

when the correlation between interested and

thJ_{

abX +cd £
abx +cd

supplementary variables is positive in the sample.
Therefore, in this section, we introduced an
alternative class of estimators in both situations of
positive and negative correlation patterns.
Furthermore, we also introduce a modified class of
estimators based on a combination of alternative
class of estimators and unbiased estimator. The

details of the methods are as follows:

1. Proposed Alternative Class of Estimators

By adjusting the estimator of Yadav et al.
[1], the author introduced an alternative class of
estimators for estimating the population mean by
using three supplementary information. The

alternative class of estimators is given as follows:

’ (5)

where g is constant for creating the different estimators.

For obtaining the expression of bias and MSE of these estimators, we consider the following relative of

error terms, as eO:()_z—f)/f and elz(f—)?)/)?.

Under SRSWOR scheme, we have the following expectations, E(e,)=0;i=0,1, E(eé) = iCﬁ, E(elz) = le,

and E(eye) = AC,, = 4pC,C,.

Rewriting the introduced estimators from equation (5) in term of ¢;’s, we obtain

ty =Y(1+e)(1-0¢) 8 (6)

Equation (7) can be found by expanding the right-hand side of (6), multiplying out and neglecting any

terms that containing powers of higher than two, including subtracting ¥ on both sides, we have

ty—Y =Y (eg—gle +

+1
2ELD g2t - goeye) ™

After that, we just taking expectation on both sides of (7), so the bias of estimators as

Bias(ty) =AY @ach - gtpC,C, ®)
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Following from equation (7), the MSE of these estimators is achieved by squaring and taking expectation

on both sides of its, turns into the below equation
MSE(ty) = 272 [cﬁ +g%0%C2 - ZngCny:| ©
The MSE of alternative class of estimators ¢, from equation (9) is minimized for
0=C, I gC; (10)
Substituting the value of 8 from equation (10) into equation (9), thus the MMSE of alternative class of
estimators ¢y, as given by
MSE pin(ty) = AY°C; (1= p°) (11)
From the alternative class of estimators that showed in equation (5), we can generate a few members

of Yadav et al. [1] estimator with its MSE by substituting the values for a, b, ¢, d and g as shown in the
Table 1:

Table 1. A few members of Yadav et al. [1] estimator

Estimator Values of constants/ functions MSE
a b c d g
[ PayMaX +p 20 20
po=p| 24 AY<(C,+67C;-26C
" y[ﬁzu)Mda? Tp Py  Ma p ! 1 (GG ~20C0)
_[ BoyM X + pC, S22 L 22
tyy =y| ————— AY=(C; +6,C; -26,C
PN Bz oC, | Py Ma P G ! (G + 06200
[ BoMaX+p T2 20
tyy = 7| Dd2 TP AYA(CP+63C-20,C,)
73 ﬂl(x)de s ﬂl(x) M, P 1 1 y TU3Lx 3% x
[ BigMaX + pC, S22 22
tyy=y| —————— AY<(C; +6;C; -26,C
y4a=Y B pC, B M, p C, 1 (Cy +6,C -20,C,,)
_(nX+p
= T2 22
frs =Y "=7 pJ 1 n p 1 1 AY(Cy+6;C; -265C,,)
— n)_(+Cx —
= 2,02 | p22
N Cx] 1 n c, 1 1 AV (CE+05CE-20,C,,)
_ ¥ +pC, T2, g2l
Ll e 1 ” p c, 1 ATA(C) +07CE-20,C,)
e PR 3 X+, T2 22
yg=y npEC, n p C, 1 1 AY2(Cy +65Cy - 26,C,,,)
t —_— w =22 2.2
Y9 =Y iCxtp n C, p 1 1 AY(Cy +65C; = 26,C.,,)
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Similarly, a few members of alternative class of estimators ¢, along with its MSE as given in Table 2:

Table 2. A few members of alternative class of estimators

Values of constants/ functions

Estimator MSE
a b c d g
=7 ProyMax+p ) )
M7 By M X +p Bro) My p 1 1 ATA(CE+67CE+26C,y)
, BoyM 4x + pCy ) )
N2 =Y —ﬂz(x)MdX+PCx B My p C, -1 Ay’ (& +63C2 120, Cyx)
3=y FaMaxrp ATHCE 4 02C2 +20:C
v BioMaX +p Py My p 1 -1 (C) +65C, +26,C,)
=T BioyMax + pCx 9 5
N BMX G, ) Py M, p c, -1 AY(CF+07CT+20,C,)
o 2 2
Ins =Y "Xt p 1 n p 1 -1 NG (& +¢95C +260:C,.,)
[ ix+C, Y, s
=Y " ¥ic 1 . c, 1 1 ATAC? +02C2 +20,C,,.)
X
—| nx+pC, s s
7=y m 1 n P C, -1 ay? (C +97C +26; yx)
X
—[ npx+C, e,
INg =Y m n p c, 1 -1 AY (Cy+98Cx+298ny)
X
[ nCx+p ) )
Ing =D m n C, P 1 -1 aY? (& +99C +26,C,)
My X M X My X My X %
where 6 = PryMa g - ProMa g PoMa g, - PiwMa P

=, b= = , O3= =, O4= = , Og=——,
BryoyMaX +p PrmMyX + pC, BioMaX +p BioMaX + pC, nX +p

nX nX npX an)?
= 5 07 = = N 08 = = N 09 =
nX +C, nX +pC, npX +C, nC.X+p
2. Modified Class of Estimators
In this section, the author suggests a modified class of estimators by combining the estimators

y and ¢y in order to find the MMSE of the suggest estimators. This modified class of estimators is given

as follows:

ty=ay+(-a)ty (12)
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where a is any chosen constant which makes the MSE of modified class of estimators ¢y minimum.

Now consider adopting the same procedure in previous section, we can obtain the bias and MSE of 7y, as

Bias(ty) = (1-a)AY {@e%ﬁ - g@prCx} (13)

MSE((y) = 472 [Cf +(1-a)?g202C2 ~2(1- a)ngCny} (14)

The MSE of modified class of estimators 7y from equation (14) is minimized for

yx

gocC

a=1-

Xopt. (15)

Substituting the value of a from equation (15) into equation (14), thus the MMSE of modified class of

estimators t;, as given by
* 722 2
MSEyiy (1) = AT C (1= p*) = MSE iy 1) (16)
It is observed from (16) that the MMSE of modified estimators ry is equal to the MSE of the usual
regression estimator.
3. Performance Comparisons
Under SRSWOR, it is generally known that the unbiased estimator y has the value of MSE as
N )
MSE(y)=2Y"C, (17

Therefore, in comparing the performance of an alternative class of estimators ¢, and modified estimators

fy With other existing estimators, we can show from expression (18) to (21), as

MSE(F) ~ MSEpin (ty 1) = "7 2C2 > 0 (18)
MSE(ty i) ~ MSEpin 1y, 3) = (6C, — pC, ) > 05 i=1,..,9 (19)
- . *Y=(6. 250 i= (20)
MSE(Ty(3)) ~ MSE iy (ty-1) = (B.Cy + pC,)? > 0; i=1,...9
) - MSE- (b ) = p*C — (21)
MSEmm(tY) MSEmm(tN’tN)_pr 1>0

When these conditions are true, we can extrapolate that the estimators ¢, at its minimum condition

and the estimators ¢y will be more efficient than unbiased estimator 5 and other existing estimators
listed in Table 1 and 2.



UA 8 auun 1 unsAU - TOuau 2565 2. 2n&. INAlu. KoIdeolaLWSINesa 15

4. Numerical Analysis

To investigate the performance of the introduced estimators, the author considered the data
provided in Yadav et al. [1] and Dobson [22] for comparing the performance of their competing estimators,
which details are as follows:
Population 1:

Yadav et al. [1] have used the data of peppermint oil production data in Barabanki district of
Uttar Pradesh State of India, assumed that the yield of peppermint oil (in kilogram) and the area of the
field (in Bigha) were taken as the interested and supplementary variables respectively. The details of any

values that calculate from this group are as follows:
N =150, n=40, X =4.20,Y =33.46, 5, =3.08, 8, =2550,C,=0.73,C, =0.76, M4 =3, p=0.91, f,) =2.80,

Population 2:
Dobson [22] presented data about times to death of patients suffering from leukemia. The data

consists of a list of 17 leukemia patients, assumed that diagnosis time (weeks) was taken as interested
variable and a list of seventeen leukemia patients as taken as supplementary variable. The descriptions

of the parameters related to this population have been given as follows:
N=17,n=4,X =4.10,Y = 62.47, S, = 2.50, S, =5435C,=061,C, =087, M; =4, p=-0.68, fi,) =-048,
In comparing the performance of the introduced estimators over other existing estimators in

this present study, we have used the percent relative efficiencies (PREs) as criteria for comparison with

the unbiased estimator, which details are presented in the following tables.

Table 3. MSE and PREs of different estimators for Population 1

Estimator MSE PRE
y 12.93329 100.00
1 2.25099 574.56
tys 2.25236 574.21
tys 2.23223 579.39
tya 2.23713 578.12
tys 2.24983 574.86

tye 2.25104 574.55
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Table 3. (cont.)

Estimator MSE PRE
- 2.25149 574.43
tys 2.25055 574.67
by 2.24765 575.41
o 47.27208 27.36
trrs 47.32668 27.33
ts 46.31407 27.93
tna 46.62029 27.74
- 47.22509 27.39
te 47.27428 27.36
trm 47.29226 27.35
ts 47.25453 27.37
tro 47.13346 27.44

tys by 222323 581.73

Table 4. MSE and PREs of different estimators for Population 2

Estimator MSE PRE
y 564.78590 100.00
ty1 1,323.68508 42.67

tys 1,346.98356 41.93
tys 1,300.38542 43.43
tya 1,331.75378 42.41
tys 1,434.91063 39.36
tye 1,347.20768 41.92
tyq 1,415.40958 39.90
tys 1,450.65380 38.93
tyo 1,468.69476 38.45

N 300.18729 188.14
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Table 4. (cont.)

Estimator MSE PRE
trrs 299.91655 188.31
ts 300.72781 187.81
- 300.06346 188.22
trs 301.17512 18753
trs 299.91523 188.32
- 300.59785 187.89
- 301.75943 187.16
to 302.55597 186.67

tys ty 299.87934 188.34

From the numerical analysis in Table 3 and
4, it is well established that the introduced
estimators fy» Iy are more desirable over all the
considered estimators under optimum condition
for both population data sets. Because they give
the largest and smallest values of PREs and MSE,
respectively, as compared to other estimators within
the same populations. Besides the introduced
estimators fy, t;;, we also consider the efficiency
comparison between the other existing by using
criterion of MSE and PREs under the same

population groups, which details are as follows:

For the data of population 1, when the
correlation between supplementary and interested
variables is positive, the MSE and PRES of Yadav et
al. [1] (#yp,....ty9 ) estimators is very close to the
introduced estimators sty .Especially, the
estimator #,; seems to be more suitable estimator
in comparison to other estimators in this group,

because it gives the closest values of MSE and PREs

to the introduced estimators N> t;V . Therefore,
besides the estimators ¢y, t;v , the estimators 4
can be used in this group. Also, when comparing
the performance between the estimators of
population 2 in the case of negative correlation, it
has been seen that the MSE and PRES of the
estimators Tyy,...,Tyg i very close to the introduced
estimators tN,l‘;/ . Among all of estimators
Ty Ty » it IS envisaged that the estimator 7y,
is more appropriate than other estimators, because
the MSE and PREs of its is very nearest to the
introduced estimators fy f;v'l'herefore, besides the
estimators ty, t}k\/, the estimators T, can be used
in situation of negative correlation between
supplementary and interested variables.

Finally, from the numerical analysis results,
it is well established that the estimators ty, fjv are
more desirable over all the considered estimators

and should be put into practice.
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Results

It is well known in sample surveys that
when the correlation between the interested and
supplementary variables is positive, the performance
of the ratio estimator is generally more efficient
than the product estimator, which corresponds to
the result of Table 3 and 4. Table 3 and 4 shows
that the MSE of the introduced estimators {y» t; (at
its optimum) are persistently less than over all other
existing estimators in both situations of positive and
negative correlation patterns. While the value of
PRE of its are increasingly higher than other ones.
Therefore, we can conclude that the introduced
estimators tN,t;/ have better performance as
compared to other estimators in the terms of MSE
and PRE. However, besides the introduced
estimators y, f;v , among all estimators, we have
also suggested the estimator Ty, for the next

choice because it gives bigger available.

Conclusions

In this present study, the author introduced
an alternative class of estimators for population
mean under SRSWOR by utilizing the information
from supplementary variables, listed in the section
of the proposed alternative class of estimators. In
addition, a modified class of estimators is presented
by combining the unbiased estimator and alternative
class of estimators introduced in the previous
section. The author clearly proved through
theoretical and numerical analysis that the
introduced estimators are always more efficient
than other existing estimators in terms of PREs and
MSE. Therefore, the introduced estimators are

recommended to use in practice for estimating the

population mean when the supplementary

information is available.
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Abstract

Aloe vera (L.) Burm. f. (Aloe barbadensis Mill.) extract is an essential ingredient in a wide variety
of cosmetic products. This research compares the antioxidant activity and tyrosinase inhibitors of A. vera
extracted from leaves at different stages. The results could be applied in arranging A. vera leaf into grades
for the cosmetic field. In this study, three stages of A. vera leaf: Al (4-6 months), A2 (7-9 months), and
A3 (10-12 months) were divided. In extraction processes, A. vera leaf samples were peeled and rinsed
with deionized water. After A. vera gel was blended thoroughly and freeze-dried, A. vera powder was
obtained. The results showed that the water content of A. vera leaf at Al, A2, and A3 were 98.00 +
0.02%, 97.10 £ 0.02%, and 96.00 + 0.04%, respectively. A. vera powder was extracted with 80% v/v
methanol and dried by vacuum rotary evaporator. The extract yields of all three stages (A1-A3) were
24.97 + 0.28%, 35.27 + 0.70%, and 32.20 + 0.29%, respectively. The antioxidant activity of methanol
crude extracts was examined by using DPPH and ABTS techniques with Trolox as the standard. The
samples (A1-A3) and standard Trolox showed the antioxidant activity against the DPPH radical in terms
of percent inhibition at 41.76 + 0.57%, 40.72 + 2.31%, 37.01 + 2.22%, and 49.90 + 1.74%, respectively.
The samples (A1-A3) and standard Trolox showed the antioxidant activity against the ABTSe+ radical in
term of percent inhibition at 13.65 + 3.44%, 53.02 + 1.16%, 13.85 + 1.08%, and 74.88 + 2.15%, respectively.
Among A. vera extracts from all three stages, the A2 showed the highest antioxidant activity derived from
ABTS technique. Tyrosinase inhibition of A. vera extracts (A1-A3) was investigated and compared with
standardized kojic acid at the concentration of 50 ug/mL. We found that A. vera extracted from A2
showed the highest tyrosinase inhibition at 18.68 + 0.99%, while A. vera Al, A2 stages, and the kojic acid
showed tyrosinase inhibition at 17.93 + 0.80%, 15.74 + 1.17%, and 13.03 + 0.96%, respectively. The
results showed that gel extract from A. vera at age 7-9 months had an antioxidant activity and tyrosinase

inhibition suitable for cosmetic application.

Keyword: Aloe vera (L.) Burm. f., Tyrosinase inhibitory, Antioxidant activities
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Introduction

Natural products were compounds from
plants having various chemical structures such as
xanthone, terpenes, polyphenol, anthraquinone,
and so on [1]. These biologically active compounds
showed antioxidant properties, which can be
applied to cosmetic ingredients. For example, A.
vera (Aloe barbadensis) is one of the plants widely
used in the food and cosmetic industries because
its gel can be soluble in water. Soluble phenolic
compounds contained in A. vera play an important
role in antioxidant capacity [2]. In addition, bioactive
compounds isolated from A. vera gel have shown
effective inhibition of tyrosinase. Tyrosinase is an
enzyme that creates melanin or pigments, causing
dark spots on the face skin. Many studies have
attempted to find natural substances that can
inhibit tyrosinase enzymes and apply them as
cosmetic ingredients [3-6].

A. vera is a plant belonging to the family
Asphodelaceae. It grows in the dry regions of Africa,
Asia, Europe, and America [7]. The biological
activities of this plant were wound healing,
antifungal activities, antidiabetic, anti-inflammatory,
anticancer, laxative, and gastroprotective properties
[8]. In addition, the leaf gel is used externally to
treat skin burn, eczema, reduce inflammation, and
so on [9]. Chemical constituents consisting of leaf
gel are vitamins, enzymes, minerals, sugars, lignin,
saponins, salicylic acids, and amino acids [7]. The
A. vera metabolites; glucose, fructose, alanine,
valine, aspartic acid, 7-hydroxy-8-O-methylaloin,
7-hydroxyaloin A, 6-malonylataloins A, and B
changed to increase in different growth stages [10].
In agriculture, A. vera was harvested for use in the
food industry. It was preferable to harvest large

lower leaves and a maturity of 8-10 months because

of the largest leaf size. Besides the food industry,
A. vera s also used in the cosmetic industry because
many bioactive ingredients from A. vera extract are
suitable for applying to cosmetic products assisting
in cosmetic efficiency.

From the previous report, total phenolics,
flavonoids, flavonols, and antioxidant activities of
gel extracts were influenced by the growth periods
of A. vera [11]. Moreover, the chemometric analyses
of freeze-dried A. vera gel on the UV adsorption
potential and concentration of aloin depended on
the growth stages of A. vera [12].

From the above data, studies on the
biological activities of A. vera extracts have been
extensively reported [1-12]. Usually, harvesting the
lower leaf of A. vera is commonly used for cosmetic
purposes because of the large size and high yielding
of gel. However, the aging effect of A. vera on
antioxidant activity and tyrosinase inhibition has not
been widely studied. Therefore, this research aims
to study the effect of A. Vera age on tyrosinase
inhibitory and antioxidant activities. The results of
this study could reveal suitable harvesting period

of A. vera for applying in cosmetic ingredients.

Materials and Methods
Chemicals and Reagents

Methanol was purchased from RCl Labscan
(Bangkok, Thailand). The 2,2’-azinobis
(3-ethylbenzothaizoline-6-sulfonic acid)
diammonium salt (ABTS), 1,1-diphenyl-2-
picrylhydrazyl (DPPH), L-3,4-dihydroxyphenylalanine
(L-DOPA), mushroom tyrosinase, kojic acid, and
Phosphate buffer were purchased from Sigma
(Singapore). All other chemicals used were of

analytical grade.
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Plant materials

The whole leaves of A. vera (A. barbadensis)
were collected in January 2019 from Aloe vera Rai
Mae Mali Kui Buri Community enterprise, Hat Kham
Subdistrict, Kui Buri District, Prachuap Khiri Khan
Province, Thailand. The voucher specimen of A.

vera (Plant-006) was deposited at General Education

Department (Science), Faculty of Liberal Arts,
Rajamangala University of Technology Rattanakosin,
Wang Klai Kangwon Campus, Nongkae Subdistrict,
Huahin District, Prachuap Khiri Khan Province,
Thailand. Samples were randomly sorted by weight

and age, as shown in table 1.

Table 1 Difference in the sizes and ages of the A. vera samples

Sample Age (month) Weight (gram) per leaf
Al 4-6 200-350
A2 7-9 350-500
A3 10-12 > 500

Sample Preparation

The whole fresh leaves of A. vera were
washed with deionized water three times. The
leaves were cut into pieces, and the A. vera gel was
collected after removing the outer rind. AL A. vera
gels were homogenized with a homogenizer. All
samples were freeze-dried over two days and kept

at -20°C before extraction.

Determination of water content

The water content of A. vera gel was
investigated for comparison to the bioactive
ingredients of extract. Fresh A. vera weighing
approximately 10.0 grams, weighed before baking,
bake at 80 °C, until the weight is stable. Using the

formula to calculate as follows.

Water Content (%) = (WdryN\/ﬁesh) X 100% (1)

where Wdry = Weight of A. vera after oven

W = Weight of A. vera before oven

Extraction

Methanolic crude extract from A. vera gel
powder was carried out by a method described
previously, with slight modifications [3]. First, the
freeze-dried A. vera gel powder (1.0 g) was extracted
with 80 mL methanol (80% v/v) using a magnetic
stirrer at 200 rpm for 4 hours. After extraction, the
extract was centrifuged at 3000 rpm for 10 min, and

the supernatant was concentrated by vacuum rotary

evaporator at 40°C. Methanolic crude extract yields
of the samples A1, A2, and A3 were 24.97 + 0.28%,
35.27 + 0.70%, and 32.20 + 0.29%, respectively.

1,1-Diphenyl-2-picrylhydrazyl (DPPH) assay
The antioxidant activity by 1,1-Diphenyl-2-

picrylhydrazyl (DPPH) assay was evaluated as

previously reported, with a slight modification [13].

A reaction mixture containing 50 uL of A. vera crude
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extract (2.0 mg/mL in methanol) or Trolox (10 ug/
mL in methanol) with 150 uL of DPPH solution (0.1
mM in methanol) were added to a 96-well

microplate. The reaction mixture was incubated in

Inhibition (%) = {[A - (Atest I
= 150 uL DPPH + 50 uL Methanol
= 150 uL DPPH + 50 uL Sample/standard

= 150 uL Methanol + 50 uL Sample/standard

control
where
control

test samplel

Blank

2,2’-azinobis (3-ethylbenzothaizoline-6-sulfonic
acid) diammonium salt (ABTS) assay

The antioxidant capacity of 2,2’-azinobis
(3-ethylbenzothaizoline-6-sulfonic acid)
diammonium salt (ABTS) assay was evaluated as
previously reported [13]. The stock solution of 7 mM
ABTS (5 mL) was reacted with 2.45 mM potassium
persulfate solution (88 ul). The reaction mixture
was incubated at room temperature in the dark for

16 hours. Next, the solution of ABTS was diluted

Inhibition (%) = {[A - (A

control

the dark at room temperature for 30 minutes and
read at 517 nm. The results were revealed as a

percentage of the DPPH as the following equation:

/A

blank contro

J X 100% @

with ethanol until the absorbance reached
0.7 + 0.02 at 734 nm. The 50 uL of A. vera crude
extract (2.0 mg/mL) or Trolox (10 ug/mL) and 150
uL of ABTS diluted solution were added to a 96-well
microplate. The reaction mixture was incubated in
the dark at room temperature for 10 minutes. Then,
the absorbance was measured at 734 nm using
a microplate reader. The results were revealed as

a percentage of the ABTS as the following equation:

/A

blank control

J X 100% (3)

test sample

where A = 150 uL ABTS + 50 uL Ethanol

control

test samplel

Blank

Tyrosinase inhibitor assay

Tyrosinase inhibitor assay of the extract on
mushroom tyrosinase enzyme was analyzed by
a method described previously, with some
modification [14]. First, a 40 uL of A. vera crude
extract (2.0 mg/mL in 50% DMSO), 80 uL. phosphate
buffer (pH 6.8), and 40 uL of 2.5 mM L-DOPA, were
added to a 96-well microplate, and then 40 uL of

150 uL ABTS + 50 uL Sample/standard
150 uL Water + 50 uL Sample/standard

mushroom tyrosinase enzyme (150 U/mL) was
added. The enzymatic reaction was incubated at
room temperature for 10 min. The absorbance of
the reaction was determined at 490 nm in
a microplate reader (EZ2000, biochrome, UK). Kojic
acid (50 ug/mL) was used as a standard. The
following formula calculated the percentage of
inhibition:
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Inhibition (%) = {[A - (A

control

test sample

/A 31X 100% (@)

blank’ control

where A =8oul phosphate buffer +40 uL 2.5 mM L-DOPA + 40 uL Tyrosinase + 40 uL 50% DMSO
st samplel = 80 uL phosphate buffer +40 uL 2.5 mM L-DOPA + 40 uL Tyrosinase + 40 uL Sample
A = 120 uL phosphate buffer +40 uL 2.5 mM L-DOPA + 40 uL Sample

Blank

Statistical analysis

Water content, antioxidant activities,
tyrosinase inhibition, and data points for different
antioxidation assays were analyzed in triplicate and

expressed as mean =+ SD.

Results and Discussion
Generally, A. vera harvested for industrial
delivery or consumption was in the A3 (10-12

months), showing the giant leaves of A. vera. In

Table 2 Water content analysis of the A. vera

Table 2, it was found that the oldest A. vera leaf
had the highest solid contents. In the samples of
A1-A3, the solid contents were 2.00, 2.90, and 4.00%,
respectively. Plant biosynthesis processes in which
the internal chemicals were converted into more
rigid plant structures such as cellulose, hemicellulose,
lignin, and so on. These secondary substances had
low water solubility, resulting in @ more robust plant
structure. Therefore, the older A. vera leaf had a

higher solid content.

Sample % Solid content %Water content
A1 2.001+0.02 98.00 + 0.02
A2 290+ 0.02 97.10 £ 0.02
A3 4.00 £ 0.04 96.00 + 0.04

The DPPH antioxidant efficacy of all three
A. vera extracts (A1-A3; 2.0 mg/mL) and Trolox as
a standard (10 ug/mL) were compared (Figure 1).
The samples (A1-A3) and Trolox showed the

antioxidant activity of DPPH in term of percent

100
90
80
70
60
50

% Inhibition

inhibition at 41.76 + 0.57%, 40.72 + 2.31%, 37.01
+ 2.22%, and 49.90 + 1.74%, respectively. Three
aloe extracts did not exhibit the different antioxidant

effects using the DPPH technique.

40
30
20

Al A2

A3 Trolox
(10 ug/mL)

Sample

Figure 1 Antioxidant efficacy from DPPH technique of different stages of A. vera extract at the concentration of 2.0 mg/mL
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100
90
80
70
60
50
40
30
20
10

% Inhibition

Trolox
(10 ug/mL)

Sample

Figure 2 Antioxidant efficacy by ABTS technique of different stages of A. vera extracts at the concentration of 2.0 mg/mL

From figure 2, the antioxidant activity using
the ABTS technique of A. vera extracts (2.0 mg/mL)
and standard Trolox (10 ug/mL) was displayed. The
samples (A1-A3) and a standard compound showed

antioxidant activity against ABTSs+ in term of percent

100
90
80
70

60

% Inhibition
n
=

Figure 3 Tyrosinase inhibitor of different stages of A.

Tyrosinase inhibition of A. vera extracts
(A1-A3; 2.0 mg/mL) was investigated and compared
with standardized kojic acid at the concentration
of 50 ug/mL. From figure 3, the tyrosinase inhibition
efficacy of A. vera extracted at the A2 stage showed
the highest tyrosinase inhibitory efficacy at 18.68 +
0.99%. While A. vera extracted at stages, A1 and A3
showed tyrosinase inhibitory efficacy at 15.74 +

inhibition at 13.65 + 3.44%, 53.02 + 1.16%, 13.85 +
1.08%, and 74.88 + 2.15%, respectively. Among
three A. vera extracts, the A2 stage showed the
highest antioxidant activity derived from the ABTS

technique.

Kojic acid
(50 ug/mL)

Sample

vera extract at an extract concentration of 2 mg/mL

1.17% and 17.93 + 0.80%, respectively. In contrast,
the standard compound (kojic acid) showed

tyrosinase inhibitory at 13.03 + 0.96%.

Conclusion and Suggestions
As a result, the slow reaction between
DPPH radical and antioxidant might cause less

antioxidant activity. In addition, some substances
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with low solubility in ethanol may precipitate after
the reaction, especially A. vera extract. Consequently,
A. vera in phases Al and A2 had similar DPPH
antioxidant efficiency, while A3 A. vera had lower
DPPH antioxidant efficiency. The ABTS antioxidant
efficacy test results showed that A. vera in phase
A2 had the highest percent inhibitory value at 53.02
+ 1.16%. It implied that the older A. vera had the
lower water solubility because the strong plant
structure led to fewer antioxidants in A. vera extract
in phase A3. On the other hand, the plant
biosynthesis processes of A. vera in phase Al might
not be as finished well as A. vera in phase A2,
bringing about low antioxidant activity [15].

The A. vera extract demonstrated efficacy
in inhibiting tyrosinase. Among all A. vera extracts,
the A. vera in phase A2 showed higher tyrosinase
inhibitory efficacy. Nevertheless, their tyrosinase
inhibitions did not display the difference significantly.

A. vera has found an extensive application
in cosmetic due to its beneficial moisturizing
emollient effect and its effect on treating of scar
tissue [16]. The development of effective processes
in extracting A. vera gel leaves that preserve and
maintain almost all bicactive chemicals has been
investigated. However, the research data about the
suitable duration of harvesting A. vera leaves to
produce the A. vera extract that can manifest a
better antioxidant effect is still ambiguous. This
research found that A. vera extracted in stage A2
(7-9 months) displayed better antioxidant effects
and a tyrosinase inhibition effect. The results could
be applied in arranging the A. vera leaves into grades
for the cosmetic field and increasing the value of

A. vera.
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ATl TngusrasdifioAnwigslunisinueyyadassuaziunisdniavveandlndlslnslaism
nsrdniusamnenugd 105 Sadufaqmumieridnngpamnssuthiusim indlslaslawmansdn
W3BNA8NIEUIUNITEREnInsT 1 lneldeuluddanaaUsunusovar 0.875 puladsasidniuis
wmUlndlalaslaem Andaldiundnuaiauazusinansaesdly @mino acids profile) Auasalunis
éfmaqwﬂaﬁasz (antioxidant activity) WaLANUEANTOIUAISATUATONLEU (anti-inflammatory activity) Han13
NARDINUIN L‘wﬂl‘wm‘laimﬂaLwﬁm5mléfﬂizﬂaué"zaﬂmazﬁiuﬁa@ugﬂLwﬂlwﬁmaﬁgu (short polypeptide)
Sovay 27.66 Imnuanansaduoyyadasy (DPPH) (IC_ = 1.15 mg/mL) uavanunsasmdimaisn (FRAP) 157.12
lalaslua Fe sondu uenandmulndlelaslaemannsimiugumaenued 105 fmnududu 50 lulasniusde
f0adns anunsadunIenausienssusanisnanansiesniauviia Tumor necrosis factor-ol (TNF-Q0),
Interleukin-6 (IL-6), Interleukin-1B (IL-1B) way Nitric oxide (NO) lfseeay 49.07, 34.66, 44.98 uag 41.13
audduresaduualasrng RAW 264.7 fignnsedulsisniausny Lipopolysaccharide (LPS) \flesoenaiien
wamsnuiiuandiiuinmlnglelaslawnaniiiuguneenuyd 105 fsyavsnmlumsduoyyadass
wazsun1ssnay wavausarhuUszandlddudiulsznouluamnsileidu (functional food) wiearaluld
Usgleminansunmglaluauian

Adaey: 11 mdlndlelaslawm grsdueuyadase gnadunisdnay
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Abstract

The aim of this research was to study the antioxidant and anti-inflammatory activities of peptide
hydrolyzate from defatted Khao Dawk Mali 105 rice bran (DFRB), which is agricultural waste from the rice
bran oil industry. Peptide hydrolysate from DFRB was obtained by enzymatic hydrolysis by Alcalase
(0.875%). Amino acid profile, ability of antioxidant and anti-inflammatory activity of peptide hydrolysate
were evaluated. The DFRB peptide hydrolysate (DFRBH) consisted of 27.66% of amino acids in the form
of short polypeptides. It had ability to scavenge DPPH radical (IC50 = 1.15 mg/mL) and reduce ferric ion
(FRAP) (157.12 umol Fe*'/g). The anti-inflammatory by inhibition the production of pro-inflammatory
mediators, tumor necrosis factor-a (TNF-QU), interleukin-6 (IL-6), interleukin-1B (IL-1B) and nitric oxide
(NO) of of DFRBH aqueous solution at 5% concentration were 49.07%, 34.66%, 44.98% and 41.13% of
lipopolysaccharide (LPS)-stimulated RAW 264.7 macrophage cells. These results suggested that DFRBH

could potentially be used as ingredient for functional food and therapeutic agent against oxidant and

inflammatory diseases.

Keywords: Rice bran, Peptide hydrolysate, Antioxidant activity, Anti-inflammatory activity

Uniin

auyadase (free radical) \Uuansiiliaties

\losanvindidnnseuaunsaviufizentuluana
Pafesdmaliluanatiafewineuliaios wag
vuiRsevedugnld UAseihlnAnanudens
wiigad waziinlsadouneg 1y lsanasaiden
lsauzi3e lsadedniau 1saveuia 1salumau lsala
warlsaandon (udu [1] nsdniaudunaln
MsRovaLeIsTInNYesTEUUNTANu e Uasiy
mefiaanmsunaduiede miqﬂﬁﬂﬁuau%aism
wieansaiising [2] Tusgnirsnisuiaduwagnisyngn
voudelsnaziinsndansnedniaunatsein 1y
TNF-a, IL-1, IL-5, IL-6, IL-1B uaw NO ugiu answani
grndsoonuiiletieiiuysyavsnmussssuugifui
ag9lsfd nsndsansludSmamnifuly uwagnis
ndensuuuiFessasilugnsnelsavansvin 1y lse
alddniau lsadedniaugunness lseviouiin lsnuzse
Tseumunazlsailanazvaoniden Wudu [2]
nsdnauwuuisesalinavhlioyyadassgnuantuiy

Srnusnnadsavhlimssniauinuntu [1] oyyadase
29NLaU (Reactive Oxygen Species; ROS) annsoLiY
nseniaulaen1snsEAuNIsUdoaNInednEuMeNIg
inwaduuelasiig (Macrophage) Asadiumiefiangs
Sniaudsdmaliiinssnavsoiiouansess [2] 29es
5%'1/?’1611&153%61'1@6] Tusnenne [1] é’aam@ﬁlmﬁmmm)?
ANHANIAIININUBULABATE LA NN SATUNITENEY
Fudumusdiialunisdumansoengninisdanmn
Afdnenlunsusdnduevsilaiduniemluly
Tumsnsunnddmsudesiulsaaneg [2] wdlnale-
Taslawm (Peptide Hydrolysate) {lundnsdasivilgain
nsgeslushuluanavuintnglilvunaluanadnd
Usgansamluiueyyadassuazimunisoniay Yagdu
Iummaulaiituedoidoansziinvaeaste
wazlifiseanunatradsaievslnauiinauguasse
iles inUlndlelnslawmannsasiuoyyadasylee
nshilazsulusmouniediannsou nsdenduiulany
wifn wazmugumsvhauveseuluifiiisatesty
UfAseeen@intu-3entu (Oxidation-Reduction) #38
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Ujisen3nend (Redox Reaction) [1] wenainil
Frannsarunssnaulalnenisiiudinswanansie
Snauu TNF-, IL-6, IL-1B wag NO udu [2, 3]
ogslsfintadeddnyiinadenaaudRmatinmluns
Ausuyadaszuazn1siunssniavveunlndle
Taslawww fo viauazuvasiunvesingAunaonau
nsrvanmsndnndlndlalaslawm lesnviauas
undsiunvesinguinaienuanlusiulassinves
Fngiu Tuvasiinszuaunsudninansenudnilvajsio
g1eu awnvesnsaeriilusazandivisnienindus
Wy Awasnsalunisazanei (water solubility)
Auanunsalunisiialiy (foaming capacity) U949
wlndlelaslawniindald vuadedidentds i
nsafintndusenud (defatted rice bran) dufiutan
\wivdoangmamnssunsnamingusid1anlidu
Fngiundnlunisudamulndlelaslosn 1Hosand
Usinannlituegiuggna :iaimgium S
Tusiudussdusznougs Usmnailusiush laifiansiinelsr
AANISUI (food allergen) [4] wagHaINANNITAUAU
wnansnud 191 Irnassyfiefiiandadumdlng
fawannsauasgvislunisiueyyedassiazduns
Sniauld [2, 57] uduszAnSnmuazerdiiintuty

IUTuuanndesdusy fussdUsznourasingiu

¥
a v A

nsgvunsuannUnddundn (ﬁwmqﬁmmwuwﬁ
Inqusrasdifiednyignilunisiugrisouuedassuay
grunsonauvaanUlnelalaslawnnasnausiauag
USunansnesiluveamilndlalaslawniindalaain
SriiusyIRenLEa 105 Aikunsafminsuoenud:
Tnamulnglalaslamiithundnudniunssuiuns
HARAENsERERIeLeUlLl (enzymatic hydrolysis)

WAtunsIY
°o_ ¥ <
s1duaziouled

$19UgUIReNUEd 105 Hiunnsaiaungiu
90NuA1 (defatted rice bran) lifuAnuewAsIZRIN
Uitm lasnlsedesaniu Saim iushwliluganatadin

¥ila LDPE (Low density polyethylene) wuuildy i
gaumnisnnin 10 ssmwaidea Loulwilfdueuls
golusfiunianisdnaiia Alcalase 2.4 FG 8o
Brenntag él’qs'famm%ﬁ’w Brenntag Ingredients
(Thailand) Public Company Limited

nswannwdlnalalaslawm

FasdmUsunas 20.0 nduuiiethnduUSnal
100 fadans USuievdrunamdu 8.0 aeluiey
lgmsonlasmnududu 1.0 Tuand nduimeulwisa
AnaaUsInuSeray 0.875 teulatnasidiuii dnluuy
luisewevianiuaugamndl (incubator shaker)
flgamygdl 50 eamwaEa §r91N5I9E1 100 SOUAE
uit unm 6 $alus negaUfiteveseuluifens
TenuFeuiiguungdl 80 ssriwaldea uiian 10 un
Uuierwesansiilelmidu 7.0 drearsazarsnse
lalasman3naududu 6.0 luans MannynouwyIuaee
wazmnddnfumdemeiinstunissiinudiseu
8,000 souUsioudl gl 4 esmwadua Wunan
15 Wit thansazaneilgluvhusiengds msvhuisuuy
Wuee (spray drying) ﬁqmmﬁwﬁﬂ - 91990 90/180
ssrwadua iushwmaadasindlvalelaslawnils
Tugsdugeniigamgiisnnii 5 samiwaidya

nsiaszuvdauasUsununsnesiiluveundlnale
Taslawm
MsheTeRUsunansaezilutmuainlag
mstanUlnglalaslawmadunasnnaaoudnia 6N
HCL Usinas 5 mlL nduliimanufeulasld heating
block ﬁqquﬁ 110 ssrnwaded Junan 22 $alus
duansusspiuasiiluansazanedigeslduaziFeans
78 deionized water NTBIEANTAYANYMIPUUULUTUIUA
0.5 um wdNaNETaraIeTikuN1INTBTY AccO-
Fluor derivatization buffer wag AccQ-Fluor

derivatization reagent iievililuansayiusainiiu



UA 8 auun 1 unsAU - TOuau 2565

2. ong. InAlU. FoIBaoinauwsinesad 31

TviennuFeuiigumall 55 ssmiwaidea iuian 10 un
#8 heating block foudadia3es HPLC nMsiase
USinaunseeziludasyyilaenswamindlnalalaslaw
niunsalelasaassnanuudy 0.1N nduidnens
mmgml,l,amJ%JUU%mmé’wﬁmébu NIBIENTATANYME
Cellulose acetate membrane 2uU1n 0.22 pym
ansazanefildiunaniu AccQ-Fluor derivatization
buffer ag AccQ-Fluor derivatization reagent e
vilsfiduanseyiiudlianusoufiguvgll 55 o
wadea 1Wuan 10 unil fe heating block nauin
Wnades HPLC wasegrefiwIeuliandreduly
JipseviUSinansaeiiluianun (total amino acid)
warUSinaunsnoziludass (Free amino acid) aeLa3es
HPLC (Waters Alliance 2695) lngld detector viln
Jasco FP2020 fluorescence Detector (EX: 250, EM:
395 nm) wazAsaLLYEA Poroshell C18 (4.6*100 mm,
2.7um) sudunsmeansfitsnsinsine 1.2 mL/
min gl 35 BeAnTald Yea19ng sodium

DPPH radical scavenging activity (%) =

Tnedi - A control fe mmi@ﬂﬂﬁuuaqﬁ 517
WULLASY09 0.2 MM DPPH way A sample AioAnis
@mﬂﬁuumﬁ 517 uluAT 989 0.2 mM DPPH auiu
f98g19

AuEIsalun1s3IAginesin (Ferric reducing
antioxidant power; FRAP)
MTIATITIAINEILNTalUNISIAgIESSN
(FRAP) Uszen#a1n Thamnarathip wavAug [9]
w3sulnen1sUiunaisazals FRAP USunad 3,000
lulasansldlunasannass mnthudvansazanefogne
U3mau 100 ulasans Uniioamagiviedluiisiadunan
30 wiit udahluiadnisgandunasiiaanueniady
593 s Inegldiindudu Blank wasldansavans
FeSO,.7H.0 (mmidutu 100 - 1400 uM) 1uans

acetate buffer/acetonitrile/water Uag derivatization
reagent 191 waters AccO-Fluor Reagent \Wisuwanle
AUNsMUAIFIUTBINIROEI ULsasYLn

n153AsEAuENisalunisiueyyadasevas
wlnalalaslan

N135MANBYLAREsE DPPH (DPPH radical scavenging
assay)

N153LATIEN1sIdneyyadase (DPPH)
Uszgndannaideves Chen uagane [8] lagn1sga
asazangnaanUnines (0.02 M, pH 6.0) U3 1.0
fiaddns ldlumaoannass Mntuduaisazats 2,2-
diphenyl-1-picryl-hydrazyl radical (DPPH) ALl
U 0.2 Jadluans Tuenueaiovar 95 laadsnins
USua 1.0 Haddns taztiindieg1eusuin 1.0 Haddns
Unigaumgiiviestufifiafiunan 30 i dluiadnis
@mﬂﬁuLLaaﬁmmmmfﬁu 517 Wlulums AU
MsMdneYyadasy MUAINNT

(A control — A sample)

x 100 1
Acontrol W

wwsgu Mudnmaildliwansoonulugy lulaslua
Fe” sianiu dnsuansavane FRAP WinSeuidledoanis
lilaenswauansazany acetate buffer (300 mM, pH
3.6) AUa1sazaty TPTZ (10 mM) waza1sazale
FeCl 6H O (20 mM) ludnsidu 10: 1: 1 lagusanns
ntuhluitonmii 37 ssmigaidea ium 30
¥ neutlUlY

mMsieszianuaunsalunistudenisudnansne
antau TNF-QL, IL-6, IL-13 waz NO
¥nsiassuualasH RAW 264.7 USunm
1x10° cells/well luanaziidnisnszdudae
Lipopolysaccharide (LPS) asdsdu 1.0 Wilpsnsy
fofladdns TaununUlnalalaslawmanududy 25
uaz 50 ilasnusioiaddns fgnmadl 37 esmiwaidea
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Tugnediflansveulneanlesd (CO) Fovay 5
Dunanu 48 Falus Mnifuthansavangluinszi
Usunaasnesniausiln TNF-QL, 1L-6 uag IL-1P Tneas
sandwich enzyme-linked immunosorbent assay #¢
Ynn519d11593U ELISA MAX™ Deluxe Set uagiinanzi
nU3ua nitrite 1ngd5 Griess assay Aa8YARTII
@593V (griess reagent system) JAAINIAANGULAS
fieueiady 560 wluwns FeURaUsIIMES
fedhiau TNF-O, IL-6 uaz IL-1B filsdu Alnnsusie
fiadans (pg/mL) Vs NO seunaitéidulalas
Tuanedns (umol/L)

nsAAszidayanieata

¥n1snaaessiuan 3 9 (replication)
AATIEIAMULUTUTIU (Analysis of Variance; ANOVA)
wazUSoUiunuuANAI9TEAI9A LRA BT LA aY
N3INMUUlaedd Duncan’s new multiple range test
(DRMT) fiszsumnuderudosas 95 Tneldlusunsu
dn593U SPSS Statistic (Version 19.0) wanralugy
Aade + ﬂ'%ﬁ'mwummgm

NAN15IY
siauazUSununsnesiluveanidlnalalaslawm
widlndlalaslawnansridriiuguninenued
105 Usynaushensmeviilufiamundosas 29.33 ulady
ﬂmasﬁiuﬁa@ugﬂLwﬂiwémaéu’u (short polypeptide)
Soway 27.66 waznsnexiludase (free amino acid)
Soray 1.68 (mM319f 1) wlvslelaslamiinanlas
ﬂsmazﬁiuimamuimgaeﬂugﬂLwﬂimﬁmaé’?ummﬂﬂ
nsmeriiludasy dwalmnulnalalaslayilaudini

a £

Finnga Lﬁ'aamﬂﬂmazﬁiuiugﬂLwﬂlwoﬁawgumqm
ymetamitansnsalilelasiousznen (H') ureyyadasy
Ienninseeziiludase [5, 10] egnalsinnsnesiludase
Fadussrusznevlumdlndlelaslawm suldud nsm
ozilurouih (49 (hydrophilic amino acid) lein
nsangandin nsaueau1sin a5ty uazladu uagnin
oxilulwouth (Lifdh) (hydrophobic amino acid)
laun 88U erandu 1du lnadu Adasvariiu Insau
warloledafu (m3197l 1 uae 2) nnesdluia 2 ndu
fivy R W defiuanasiurildmdlnedlalaslaien
ansauidseyyadassuagiigninadanwlddiily
anmefiitanagliifidn (11, 12] uaﬂf\]’]ﬂ‘ﬁﬂ’ﬁﬁﬂisﬁmﬁﬂ
vsoUszaauvaensneriluainsaduasuysEavsamly
nsaeudulessulangminvaandnaled lnensneziilu
fifluszafenanliun 13537 ladu Bamiu nsanganiin
uaznsaLeaunsin [11] uaﬂmﬁamﬂﬁﬂmasmuﬁﬁmg
ey vyfBlinlea (Imidazole) vyjwelsinin (Aromatic)
sulaun Sanau Adasraniu waylnlstu duszansan
lun1situeyyadasylaas lnenisdenduivlessuy
vodlany 0anTaU wavidnlonsenda wiinavdiusuna
Wigadntlas [13]

WBNIINAMLANTAN TR YLADATEIAY
nsdnauwagmuimdndlalaslawmainsidniug
ymmenuzd 105 1 Silsznevludenseesilusuiu
(essential amino acid) viangada lawn 81530u 823y
1au lafu Adasvanilu s3lotiu loleddu uasdadsiu
fifldutheiaiuaiandile nssduszuunsnnasy
éziamwmLﬁm?}aLLasﬂizﬁumiﬁNmmaaammLLamjaé
Jseam
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M15199 1 YSinanseesiluvewndlndlalaslawmiilaninsidiiuguninenusd 105

Peptide composition Contents (mg/100 mg)
Total amino acid 29.33
Short polypeptide 27.66
Free amino acid 1.68
Hydrophobic amino acid 12.07
Hydrophilic amino acid 12.32
Neutral amino acid 4.94
Essential amino acid 13.27
Non-Essential amino acid 16.06

A19199 2 silansaesiluvesndlndlalaslawmainsitniuguninenyed 105

Amino acids Contents (mg/100 mg)
Glutamic acid (Glu) 5.07
Aspartic acid (Asp) 2.96
Arginine (Arg) 2.59
Leucine (Leu) 2.27
Alanine (Ala) 2.18
Valine (Val) 1.83
Glycine (Gly) 1.81
Serine (Ser) 1.72
Lysine (Lys) 1.70
Phenylalanine (Phe) 1.43
Proline (Pro) 1.43
Threonine (Thr) 1.41
Isoleucine (Ile) 1.12
Histidine (His) 0.92

Tyrosine (Tyr) 0.89
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guin1edanmlunisdueyyadassvaunyindls
Tnslawen
Auatunsalunisiueyyadasyves
widlndlalaslawwnainsidriuguiinenusd 105
Usziuannanuansalunisidneyyadase DPPH
wazANEITalUNTIAdMeIEN (FRAP) dwmisuns
mMineuyadasy DPPH a¢l¥ans 2,2- diphenyl-1-picryl-
hydrazyl (DPPH) SﬁﬂﬁﬁLéﬂmauhiﬂw@jmaﬁ%mm
lulnsiauduansdsdy mvlndlelaslaisnia
Anuannsalunsidneyyedassvinteslnlelasiau
ayay (H') uneuyadase DPPH vilvioyyadase DPPH
fimnuadios Tuvusiindlndlalaslammiigayde
lolasiauaziinluansifirudedla (R) aunsalush
UFR3efveyyadasy DPPH Tuianadus dnlulsl [11]
nani1sfinwinuinndlndlalaslawnaiuisaiidn
oyyadass DPPH ldSouay 45.84 + 2.60 (IC_ = 1.15
mg/mL) Fegeniumilndlelaslawmaindidas 3 i
[8] ANaHNTalUNSIAIENRSIN (FRAP) i sAinw)
Tngldansdasiumosinloou (Fe*-TPTZ) nlndle
Tnslawmiifimuanusalunisineyyadaszeiing
alididnasounnoyyadasznessnlossu (Fe*-TPT2)
nanerdumlesialesou (Fe?-TPTZ) Afimuiadies [11]
nansfnwnuInndlindlalaslawvaunsesadives
3n (FRAP) 1o 157.12 + 1.72 lulaslua Fe sonsu
watlsuanslisuimdndlalaslagnaindriniug
ynnenuyd 105 flanaisfiannsolilalasaussneu

a

(H") uneyyadasz DPPH uaxillassaiisfianunsals
Blanmsau (e) wiwassnlosau (Fe*-TPTZ) vinli
mmiaquﬂﬁﬁ%mmma%a%aizma'ﬂi”ﬁﬁ [11]
nsnedludndulnsadeddnyifinane
auaiusalunisivlalasiauesnon (H) uagli
didnmseu ) uneyyadasyvosnlndlalaslawn [2,

11] nsaeziiluldvsviriinudrAgyed1suinme

Uszdnsarnlunisdueyyadaszvenndlne
lalaslaln ns@Anwves Mendis wazandy [14] uag
Inkanuwat uazaase [15] wunseozilulyiveuth léuA
829U praifiu 118y Ndaszarflu way Iwsdu
danuanunsaadlunisiueyyadase aenadediunis
Anw1ves Sonklin wazamz [11] Fanusnndlng
lelaslawmanlusiududerfigniduoyyadass
DPPH, FRAP, superoxide radical a¥ metal chelation
Lﬁaﬂmﬂﬁﬂmazﬁiulmauﬁw%mmqa nsmeydluly
goutmardansalilolnsiauesnon (H) wayly

a

dudnaseu (e) wnauyadasslanvinlioyyadase

= =

finuaies snvataglindlnglelaslawmanunsain
feoyyadassluanneiluddalddredu inulng
lelnslawmainsrtriiugeninenusd 105 Uszneuld
GﬁEJﬂimazﬁiuhﬁuauﬁﬂqaLLazﬁf\i’mawma‘nﬁm [11]
dmsunseevilureuih 1aun nIANgendn uag NIm
wealrsin Famulimnannlumdlndlalaslawmann
$1919ugv1ImenuEd 105 wavdivsunadndiAes
Fuidlnelalaslaiwnainuna sSyfivdug 1wy
wlndlalaslaismainsidalsdiuess [16] wdlng
Lelaslaanannlusiudades [11] wazindlne
lelaslalmainninviungiu [10] (1151991 3) nsa
azﬁiuaawﬁmfjhiﬁﬁmmsﬁaaﬂammmmmiums

o w a

Mineyyadaselneonislilelasiauesnay (H) uacli
ddnnseu (&) uwriinssenuanuasnsalunisida
auyadaselilaenisdendulszuedlossulanyyinl
auyadasziianuiatios [11] donndediuseauves
Sonklin wazansz [11] Fwuinnulndlelaslawmann
TWsiududeiirnuamnsalunisiudilessuvedlany
wiszdinsnezdlunsangadnuasnsnuoalrsanu

GNGITEERBIGE
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a13199 3 nsnesdluidussdusyneunanveandlvdlalaslawmaningusiieg

Peptide hydrolysate Highest amino acid Antioxidant activity Ref.
Rice bran protein Glutamic acid, Aspartic acid, o &
DPPH, FRAP UIYU
hydrolysate Arginine, Leucine, Alanine
Rice protein Glutamic acid, Aspartic acid,
DPPH, ABTS, ORAC Chen wagmy [12]
hydrolysate Leucine, Arginine, Alanine

Riceberry bran

protein hydrolysate

Mungbean meal

protein hydrolysate

Sunflower protein

hydrolysate

Rice bran protein Leucine, Histidine,

hydrolysate (Fraction) Tryptophan, Tyrosine

Glutamic acid, Aspartic acid,

Arginine, Leucine, Alanine

Glutamic acid, Aspartic acid,

Lysine, Arginine, Leucine

Glutamic acid, Aspartic acid,

Arginine, Leucine, Glycine

Jangmesin LagAtuy
DPPH, FRAP
[16]
DPPH, FRAP,

Superoxide, Metal

Sonklin LLagmny

[11]
chelation
WANSINT WaTAMY
DPPH, ABTS
[10]
DPPH, ABTS Saisavoey LagAUY

[2]

anuEsalunstudannsnanansnasnieu TNF-QL,
IL-6, IL-1P waz NO
wmdlndlalaslawmannsadudinisuanans
nevnLEu TNF-Q, IL-6, IL-1 way NO shemsiudanaln
N15%1974V09 Nuclear Factor-kappa B (NF-kB) uag
wuleyl inducible Nitric Oxide Synthase (iNOS)
Hhundn Feanunsadudilgislussauouled Wsiuuay
mRNA [3] Tasnalnn1svineau NF-kB IYAIUVANNIT
FuAswiaznsmasansnosniauyiin TNF-OL IL-6 uay
IL-1B [3] asnedntausiin Nitric oxide (NO) WanaIN
woa-0153tusenguiaulyyl Nitric oxide synthase
(NOS) FeUsznause neuronal NOS (NNOS), inducible
NOS (iINOS) tag endothelial NOS (eNOS) Tnatoulail
iNOS aziduteulivantunsaauaunsnds NO (3, 17]
uazansnedniau TNF-O,, IL-6 uag IL-1B awnsansedu
nsvinugesieulaal iNOS lasae [2, 3] iwUlna

lslnslawmansnsadudanisudn NO dlaenisdudanis
WaRIeaNYas MRNA way Wsfiufiieadestiunisudn
toulasl INOS [2, 3]
NANSANBIANNEINTTATUNTAUATONLEY
vounUlndlalaslawnansidniuguinenuzd 105
Tunsdudamsnanansiesniau TNF-L, IL-6, IL-1B
waz NO vaaaauualasHig RAW 264.7 wuin Tuaniig
nsisavasfiinsinmdinglalaslawmainidn
WuguImenugd 105 vililwaduualasving RAW
264.7 wanansnesniau TNF-Q, IL-6, IL-1B wag NO
anasegedifedday (p < 0.05) WeaFeudisuiuanig
ﬁﬂiw’juﬁw Lipopolysaccharide (LPS) tig90g13t5ie)
(il 1) nafildaenndastunsinuves Saisavoey
wazAny [2], Chaijaroen [5], Phantuwong agasiy [6]
waz Chanput waz Lawyer [7] @snuinnulng
lslnslawmannsndnanunsadudaniswan TNF-QL, IL-6,
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IL-1B waz NO 19 Tasmuanansalunisinunsontay
GUENLwﬂlmmﬂlaimﬂawaﬁuagﬁuﬂ%mmmmL‘sﬁm%umaa
wdlnalalaslawn nansanwrvesndlnalelaslam
N Tindalafiszsuaududy 25 lalasnsuse
fladans annsadudansuanansnesniay TNF-0L, IL-6,
IL-1B waz NO 193owaz 31.89, 19.82, 32.86 uay 32.18
auarFuLazauansalunssudinisnanansie
Sniavasiiniudiudovas 49.07, 34.66, 44.98 uay 41.13
dlomdlndlalaslawnianududu 50 lulasniuse
fladdns (31971 4)

msldedusniausiln Dexamethasone
aandudy 0.5 llasnudefadans aansadudens
naonwau TNF-oL laseaay 80.69 lnawmdlnalalaslaimm
femududu 50 lulasnSusiefiadans iuszansanlu
nsiuensresnauiisuvifuussansnmendosas
60 vosruduenlduazdiowSouiieulssavanm
fumdlndlalaslawnansyiivdug wudn wdlng
lelaslawmannsrinaiugunoviesnisd 105 Aamudiudu
50 lulasn3usiediadans Suszavsnwlunisdudens
nesnaulanninndlnalalaslawnainsndnadediven
frnududu 1,500 lulpsniudeiaaans dednunsn
Fudimsnanansriedniausin TNF-QL, IL-6, IL-1B wag
NO lsiiiesSoray 9.37- 29.20, 35.56-54.55, 45.58-
71.96 waz 23.05-71.63 auasu [6] Tuvasdidle
Wisuiieutumdlnalelaslawmansrdniléannis
Anwue9 Chaijaroen [5] wuiszansanlunsdud

AsHAR NO vaamUlndannsidninuanlediussansain
MNINSe8ay 9 WallSsulgunaNUNTuReNY

winvoinsnordluddiudrAgAvinliindlng

o
o

lalaslawnilanuaiuisasumssniaulalaenisduds
nsuanaIINednEy TNF-QL, IL-6, IL-1B way NO %3e
Fudinalnnisyineiuves NF-kB uag iINOS [17, 18]
wulndlalaslawwnainsidraiuguianenusd 105
Usznoumensneviiluliiveuthnaneiin Sniteinsaes
fluifuszquanilannsafunissniauldd (15 suldun
nsmeziluesdtduy &8y lnadu uwasdafnu 1 Dudu
dwiunseerillunsangainuaznsaweausan Fadu
nsneziluiinuluusunannlumdlndlalaslawmann
$1uguInented 105 deliifideyaniuaninsaly
mssumssniaulnenss agnalsfanseyivus e wlud
(amide) vaensaerlunIn Ngadin waznsaueallian
fia ngmfiuuarueatndu ansadunssniauld (17,
18] Tneanunsadiudimssniaulnenssyfunsuanansie
sniaulalnla nsvinanuveseulul IKK wagnsaanem
984 IkB waganu19011ean1s Phosphorylation Yoanaln
NF-kB maenaudusanisyinauaes MAPK [17] nsaeziilu
ﬂqmﬁuﬁsmagjﬁuaﬁﬁﬁummmammimém TNF-OL uay
ansnesniavlelaleniduls (18] wulnslalaslawnan
fgiuiinsaoxilungmiin + nganilu nsaueaUrsin +
weaU1513u 9153 1u SrTuuardSulTinug annsadiudi
kAR TNF-QL, IL-1B, IL-10 163 [19]
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10,000.0 1,500.0
80000 | 1,250.0 -
€ 5 1,0000 -
< 6,000.0 - £
E’_" ~
RS 2 7500 |
S 40000 | -
s 4 5000 -
i
2,000.0 | 2500 |
00 | BN 0.0 - .
Control LPS + LPS + LPS + Control LPS + LPS + LPS +
(Untreated) Dex RBPH RBPH (Untreated) Dex RBPH RBPH
25 pg/mL 50 pg/mL 25 pg/mL 50 pg/mL
2,500.0 25.0
2,000.0 | 200
E S
1,500.0 - 0 -
S S 150
Cl £
=5
. 1,000.0 - = i
= o 100
= =z
500.0 50 |
0.0 I
! 0.0 7
Control LPS LPS LPS LPS
ontro + * + Control LPS + LPS + PS +
(Untreated) Dex RBPH RBPH
(Untreated) Dex RBPH RBPH

25 pg/mL 50 pg/mL
Hg/m Hg/m 25 pg/mlL 50 pg/mL

AW 1 Nsw@Rasiesniay TNF-QL IL-6, IL-1B way NO veswaduualasa RAW 264.7 fignnsduse LPS luannis
fdmulnslalaslaen (RBPH) 25 uar 50 lilpsniurediadans uazendusniauyiia Dexamethasone (Dex); a, b, ¢ fe
ANuLANAeIEnI1aNgulaglyd one-way ANOVA feis Duncan’s new multiple range test (DRMT) fisvuanudesiu
Fovay 95 (p < 0.05)

M19199 4 M3duganisuanansnesniau TNF-L, IL-6, IL-1B wag NO vedaauualasvng RAW 264.7 fignnsesu
%2 LPS Tuannziiimulndlalaslaimm 25 uaz 50 lulasniuseiiadans wavedusniaveie

Dexamethasone (Dex)

Inhibition (%)

Pro-inflammatory
Dexamethasone (Dex)  Peptide hydrolysate Peptide hydrolysate

mediators
0.5 pg/mL 25 pg/ml 50 pg/ml
TNF-OL 80.69 + 0.44 © 31.89 +3.75° 49.07 + 1.68°
IL-6 78.57 + 3.64 ° 19.82 £2.21° 34.66 + 2.75°
IL-13 95.19 + 0.44 ° 32.86 + 0.57 ° 44.98 + 0.59 °
NO 68.42 + 1.61 ° 32.18 +0.13 ° 41.13 + 0.64°

MBI : ARRY + ANTELUUINATIIY a, b Uay ¢ kansauuandeiueg1alledfyn1ead (p < 0.05)
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aAUseuaaTUNANTIVY

wilndlalaslaimansidniugunenusd
105 ﬂssﬂa‘uﬁ’gaﬂimasﬁiuﬁaq’lug&wﬂlwﬁmaéy’uﬁaﬁqwé
metnmilannsalilalnsiaueaen (') uieuyadass
gAnnnsneziiludaseiadosay 27.66 agalshfnsnesdl
Tudasedussdusznoulumulndiidldifuiivareain
paonauiUiadndmiingauril s ansamly
nssueyyadastuarmssniaulafiiuiu laensaesdily
annsadueuyadaselimenislilalasiauesaen ()
wazlvididnnsou () unoyyadaszld nsnesilufiiivg
d1Aey laun nanezdilu damnu Adassanduuezlnlsdu fa
wiagiiluuIuudosuniiusednsamgelunisdu
auyadasy nsnngndin uasnsaweaUsAndunsaesdly
fuanniigelumdlng lelaslawmiilsaniniidn
ftuguninenugd 105 nsnovluie 2 wind wiidnlid
FeuANLaslunsidneyyadase DPPH uag
FRAP usianunsaindneyyadastlilaenmsdendulsyues
losaulangyinlvieyyadassiinnuadesld [11] uavans
oS vidaialud (Amide) vesnsneziluaaoswiiniids
loun ngandiu uay weathsdu annsadunsdnauld
[17-19]

NsANYILALIATIZVANAILNTlUNTAY
oyyadaszuazmssniavveamylndlalaslamiings
Ignsrdaiuguinenued 105 wudnndlndaunse
Fudinsuanansnesniau TNF-QL, IL-6, IL-1B waz NO
I¥esnsivszaviaminesudsnalnmavinauyes NF-kB
uaz INOS lasluseduioulesi Tushunay mRNA inlng
ndnldfananiusyavsamlunisiueyyadassuas
sumssniaulifidieFsuiisutumulnginanlsan
Suitwdug wenanidloioufiouusyansnmnis
fudsensredniauyiin TNF-aL ssurnamulndlelaslaim
frugneun1ssniay DEX udamudnindlnasiusyansnim
Judeway 60 vosudiumssniau

widlndlalaslawnansridiugunnenued
105 usnanvziinsnezilufifinnuannsalunisesn
grdmsTanmudidadinsnesdlufidndunaneeiaid
dungduaugunmuazUnsinuesala ey
wadlszam Hindadududsenevemnsilaifians
neagiiun (Allergen) anunsairluussendldlely
wAnSurifivanvans Sniansnsiuliuslend
uananaztunisanuunatagawmvdofiannanis
inwas anuanrdsnndenuddadunsiiiuyaals
uwidngAvasienelauniuseneunisuasinunsnsla

finAinssuusenae
ANzRIYEveveUANUTEN Tas1tlsedesany

o v g v o o v A4 9y o a a o
in Ninsaduayuitanel il ingAuluaide
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n1sdugsuisernisiiaduiniadigansanasidraveuusdgiuns (nv 15)
Tunauzidesnidlandn
Inhibition of browning reaction by Surin jasmine (RD 15) rice bran extract

treatment on freshly sliced eggplant
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nuAdsihjatuieAnugrinmssufiiisamaiaddinalusdosmaladan Usinaasiiuedn uay
qudduayyadassretasatini i avounzdaiund aeiug nu 15 Faedvharaisihieudigungd 80
ssrwaled uazdihazarelevuea 50 Wesidud nulasainsidnaefiihazaisieviuea 50 Wesidud
THUSnaansuseneufiuednuniigauwinfu 73.99+1.72 fadnSuausaveinsaunadnsensuvesansadn sesaen
fio ansafinsidnadneiifeu (47.02£0.13) uavansadasinadeih (36.76+1.23) auddiu nismadeugvis Iy
syyadasznuiiinnuduiudiunanismadeumuimaituedn Tasasadaeniuea 50 wWedldud fquddu
ouABATEINTIAN 11935 DPPH WAz ABTS fifn IC_, Wiy 1293.15+7.53 uay 1385.33+3.56 lulasniustedladans
mudiu msdnwnssudsuiisenmaindinalussdesndlasan Tasnisadd L* a* uay b* uazAnig
Andihma (BY) nuth asatasidnsesihazateiomuea 50 Wesidud fgvsnissudinsiindimaldd
ﬁﬁjm warlinanistudslanninnsaueanesdnuasnsndnin Faflmnuuansnstunsadfegraiiteddayfisedu
msdesiufesay 95
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Abstract

This research aims to study inhibitory activity of browning reaction in freshly sliced eggplant,
total phenolic content, antioxidant activity of Surin jasmine (RD 15) rice bran (RB) extracts, which were
extracted with water, hot water (80°C) and 50% ethanol. The results indicated that the highest total
phenolic content (TPC) was from the 50% ethanol RB extract with TPC 73.99+1.72 mgGAE/gExt, whereas
the hot water RB extract and the water RB extract were shown TPC at 47.02+ 0.13 and 36.76+1.23 mgGAE/
gExt, respectively. The results of antioxidant activity were related to total phenolic content, which the
highest antioxidant activity in DPPH and ABTS assay was also found in the 50% ethanol RB extract with
IC50 at 1293.15 £7.53 Jg/mL and ABTS 1385.33+3.56 g/mL, respectively. Inhibition of browning reaction
in freshly sliced eggplant by measuring L* a* and b* and browning values (BV) found that the 50% ethanol
RB extract had better browning inhibitory effect than the water RB extract and the hot water RB extract.
In addition, the 50% ethanol RB extract showed a stronger inhibitory effect than ascorbic acid and citric

acid with a significant statistical difference at the 95 percent confidence level.
Keywords: rice bran extract, eggplant, browning reaction, phenolic content

unin Uszneufuednidasuduaisuszneuidsdou (o-
madndihnadunudnuueilificiszasd  quinones) vinufAsendelufunsnosiilunde
ogramislunsudsguinuasnald (Huaveiivinlyd  arsusznevlusiuvilfiAnans@iinia (melanin)
gydosarii A uazauAnslnuins enfianssny Bond URRTemaiAedthnafiieadesiuieules
fidfayriegnaivnssueinns walulad uazdunu  (Enzymatic browning reaction) [2] FaUfisendsnan
maAsuegha [1] Sednumedinnandt (dark-color  aufntuluiadovesinuasnaliifidudatuooniau
pigment) ‘17'1'Lﬁ@sﬁuﬁmmemamuﬁﬂﬂﬁﬁ%m Lﬁ'agﬂﬁwmamaﬂa Wy nsden nsviu wiensvilii
ponBindurosasUsznaufluedniignissiisieulsd  voush Wudu UATemaiAadthaatidsatesty
wodflueasendiaa (PPO) Tudnuazwalsl sivlvans  eulwsl wanduguaunisdaning 1

OH
/©/ monophenol
R (colorless)
PPO + O,

(hydroxylation)
Amino acid proteins
Phenolic compounds

OH  ppo+o, o)
R OH R/CEO A—> Complex brown

diphenol o-quinone polymers
(colorless) (browning pigment)
T Reducing Agent |

a1 UfAsenisiiaduinnafiieadesiuieulesl (Enzymatic browning reaction)
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it 1 ifuaumsnisifediaaiosnin
wulsiifuliisendaniintusuiedefiniowad
gnvhaneyanaviililalufiuea (monophenol) fiogflu
wadisdudaduoondiaunazdiouleyd ngu PPO
Wususslfizenlensendiadu (hydroxylation) laidu
o-diphenol miﬁ%gﬂaaﬂ%imeﬁ@ial,ﬂu o-quinone
%1 quinone MARTUITTINFITULAzAAURRS N AUans
Usvneufluedndumderuninesiluldiduasuszney

a

Bedeudthna [3] uavezdiuldindesinislésag
19LaUA (reducing agent) \ie3mad o-quinone i
thma (browning pigment) nduluiluasusznay
diphenol 33l1ifi# (colorless) Fadumnisnanunsadnen
wasafaninuautAdy reducng agent agyinl
annsatharsatagenadluldiiovsasvieduds
Uﬁﬁ%&nﬂ'ﬁlﬁﬂﬁﬁﬂmaﬁLﬁméﬁulé"
finsifonaneanuddeiidnunisldansana
INFITUVIAYUAMN 19 edufansiindiimanas
AnwAEnnsane fiansavanldiitediunnssudaills
fuszavsnmanniianuaziioysslonilunisiunlida
918N3AUSN B0 19U Wavew dudsse uzud
waglanfenn Jaduansussneusssuriflannsaduds
vorvaonIsindhmarewansusiunield waveu
wazansanaiildfauantidediunaindiimalas
fFudsnmsvhaures PPO thduursaiinalunisresu
naindinaluevidawazndrenen tarunildiay
adluutslaielndnfusivundsgadnedu 4]
nstlesfuviensvzaeujisensindinadeans
afnsssumAdunisléansiisignidueyyadassing
st lufinmssihane PPO iilonanidesnsduiaseming

5

ulgyifuduawmsn [5] Jsnsldansusyneudildann
sssumATiEianuaIsalunsief N Andunaay
fianuddyetedarenistensunansaeivaiiann
Auslne

uzidesn (eggplant) Huinaiuasiiifoy
Sudsenmu fauamslasuinisgawavaauluiieans

wodfluea e Imnfiu wavarsenwsdue il
Usgleusogunn 1 anluiuluden Undossiv uas
Juansdueuyadasy [6] egrslsimuuziosniiin
amaldiedosmnuniesnivsinaasseney
Tuednga [7] WleuluinedTiuoasendiwaudouans
Uszneuitueanlhiuansusznoudedoudihmaldnn
Fupuludae [8, 9] Uﬁﬁ%mmﬂﬁm?ﬁfwmammam
Jastulalnenisldanuseulunisvaneeulesd PPO
seldnsanuUasanineinmalunisifiusnun w5099
14 sufuasiainioansatailaainsssuef 1w
msldnsaueanasindudu 1 Wesidud sauiuansann
anaenalusnemduty 0.5 Wesdud Hanudeud
gl 55 ssrwadea Wuaan 45 Jundl wasiiulu
anmiisifeansuaulaeenles 100 wWesidus awise
anmsinatmaludnuals [10] ﬁaﬁeﬁuagﬁ’uﬁﬂwmz
YouAnSueiTsRensie msdenldiinistostu
Msifindtmausegsenalivnzanfudnuazves

a o 3 v

HAnSuTignTneNlsfednTs Wy nMsldnnudeulinase

¥
YY) =

Wedulaveae1uns dAnanesavnfvesinuaznalsl

Qe

°

v lvigapdenuainidasuinis [11] ¥3e01393g
nelitAindunstenesanieaInnIsaenldaisaiiuay
awgul,ﬂﬁaaL'Eu‘[,umﬁmviﬁaﬂmﬂﬁiimwaﬁmmLmau
Frfudeisenuitesuunnildihfannnsssu
ﬁwﬂﬁdwsﬂuﬁaq5ul,|,azﬁ5ﬂmgﬂmv‘hmiﬁﬂwnﬁa%gﬂ
UFAsenaindtnia

$1912 (rice bran) Wuanyieaduiiiuzunm
nuarmlade Tauaudilunsiueyyadassmsg
gauludasarseongninisdinin (bioactive
compounds) [12] laganglunguvesasusenay
Huedn laun nsnflusdn warlouoss Infud uay
wNULB83IUBA (Y-oryzanol) Tuusunamnnninidin
waldl &2 waznaliuesiindug [13] Feanseneg wanil
axvimthiduansiulany (chelating agent) dud
maihnuveseulsinediusasending [14] nsldans
anna1nsidimsiiazsatsienuea 50 wWesidus
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ansnsovzaemsindtmalutuiaun [15] uaznisld
miaﬁm%’ﬁhﬂuguqummmwzhaaﬂmil,ﬁm%ﬁﬂma
Tususfaualdiauiu [16] ansuszneufiuednlusidin
fainduassudusulesifosnnarsnguililassadng
Aa1eiuaIsTUaLmTe (substrate) vodiouleyl PPO
Feragluudaduivduamsmveseulsiuinnussiligy
awsallannsadvhuiisenls [17] vedlessuseneu
manfivesirinildannnszuiunsdtnasiueg i
wugtnihulduazannzunndondiugnaudinssuis
nsfnfsdadm vilesiusenoumanaiivesitnty
ogfudumesiiliannszuIunsatnse (18]
frfunmsdnniFajaduluiindldmsataan
imeunragiunsaneiiu nu 15 fafadedsih
azanei thieuuazionuen 50 Wesidus ileduds
UfFsemaindinaluisdesnaladan Wisuifleu
AunsldansiaiivasAnwianuduiusvesusunnans
Tuedniismunsioruannsalumsueyyadassuay
nsfudamaiadihnaileduiiugiunmmguiiidu
Wlddmsunsuussunaliivasinandntnsiuagldilu
Joyanedadmiumsinunidesiely

BANTUNITITY
1. \n3asflonazansiad
wiesdioddnyfldlun1side laud wieetn
UV-Visible Spectrophotometer (?Jﬁa Perkin elmer
JU Lampda 365) wdestardie Konica Minolta
\P0dans 1w IREve Crest Ultrasonic LARaavsuiios
§%e Universal 32 a1siafifid dey ldun DPPH
(2,2-diphenyl-1-picrylhydrazyl), ABTS (2,2’-azino-bis
(3-ethylbenz thiazoline-6-sulphonic acid), Folin-

Ciocalteu Lagninwnaan (gallic acid)

2. W3Bu gAY

S meuNdgIUNs anesiusny 15 (Oryza
sativa L) cv.RD 15 a1nlsadlusiuaniiaing sunaiies
JaringFums Wnnseuniunzunss 120 W leshaziden

thineuwisiigamgiinafl 50 esmiwaiea Wunan 30
udl leldaudu ndufvinulugdndieity
(Polyethylene) 1ﬁuﬁﬁmﬁqmmﬁ 4 pIAYaLTed
AnLUasI5v09 Kochayklang [19] iutfelfivuziioea
(Solanum melongena L.) LﬁU%’ﬂmﬁquQﬁ 4
IANTALTYE AUNINILUININAADY

3. IM3PUAITANARINGIT2

i desenls 100 n$u inadagetindu
300 fladans snsnd S19ndndu Wy 13 (W)
FanUariSves Tvade war Aadnn [20] Wasumvh
azm&ﬁwfﬁauqmmﬁ 80 aurnLalTadILazlonILea
50 Waskiud ma3sues Chiou [21] ¥nnsarinruedes
Fand1w1e aud 60 Hz Wunan 30 undl andu
ﬁmmgum‘%mﬂhum%d centrifuge i 4,500xg Junan
20 Wil Wweswamilenzneu (Supernatant) fildun
nsneaenely dmsuresralvlionynouvesEIs
afransdfiunsatassenuea 50 Wesidus
ﬁwlﬂizmaLLaaﬂaaaémuLﬂ%ﬂﬂé’uizmachgywmﬂ
(Rotary vacuum evaporator) ntuthensatame 3 35
yuseendiu 2 @ dwit 1 thluneaeunisduds
miLﬁmUﬁﬁ%ﬁﬂfﬂma (browning reaction) Tu
wridesnaladan uazdui 2 vintheandeinies
FuFuuuwtEenuds (Freeze dryer) aldiansaiiiia
Tlun1smeaeumUsinaasiluedn waznaaougns
AueYyadasyreTs DPPH uay ABTS

4. MRV ueAnI I
MyiATIEIUSINAAueanTI (Total pheno lic
content, TPC) 1435 Folin-Ciocalteu colorimetric
assay [22] Inewwseuansatnsdfienududu 1,000
lulasnsureliadans Wiuneg1say 1 Haddns LA
ansazane Folin-Ciocalteu (3oanedaetin 10 wh) 5
faaans uag Sodium carbonate (1Wudu 7.5 Wosidus)
4 fiadans weuuaziwe iy daield 30 Wit Saan
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mi@dﬂﬂﬁmmﬁmmmm?{u 765 wluums Tunns
naaesildnsaunadn (Gallic acid) iuasuinsgu
(nsawnadneIeainnududu 200, 175, 150, 125,
100, 75, 50 wae 25 lalasnSusiofiadans) Nt
MUSUALENTINIINNTINUINTZIUNTALNGEN Loy
ﬁwmaﬂ,ﬁ’aeﬂwmaﬁaaﬂ%’mmﬂammﬂimmaaﬂﬁiaﬂfw
NINNTUVDIAITANA (MgGAE/g Ext.)
5. MsvadeUgMSAuBYYaBAsEA1835 DPPH
AAngvidngnnnisidneyyadaslagls
DPPH [23] ln38uansaninsn919@ 198198 5 ANULNTU

. % Inhibition =
lngi

AA = AMNNSPANAULEIYDIANTAIBEN

(1000, 500, 250, 125 way 62.5 lulAsnSuseiiagans)

'
1 =

Tneldionueadusivarats Wrasadadlogai
ANULTLTUANSY Weggay 0.1 lulasnsuneladans
Wanuea 0.2 lulasnsudediaaansuavansazane 0.3
fiadluans DPPH (2,2-diphenyl-1-picrylhydrazyl) 0.4
lulasndusofiadans nauuazwelhdfudanals
Tufide 30 wndl 'E’Whmi@mﬂﬁuumﬁmmmaﬂﬁu 517
wluns Muameiudmseengrisuenyadeasy
(% Inhibition) AeaunIs (1)

AB — AA (1)

x100

AB = ANNSRANAUIAIYBIFIAIUAN (@SNIMLALNLIUANTFIDEN)

s I IC,, s vldunsIand
AuduiussEninsderarANaNIaRUBYYadaTY
fuassosnsluusazeududu vavaayinnisvageu
%13 A%1 (n=3) uanwmalunmanadoussmandonuy
11m3gU (S.D.)

6. ManAFBUAYERLBYLABAIEA IS ABTS
AATgvidnenInnsidneyyadaselagls
ABTS [24] wisseuya ABTS™ lngldansazany ABTS
0.0768 n3u wazlnuva@uulosdan 0.0132 nsu
avanesetngu 20 fladans iulilufidadunan 26
s mndudesrstrseniuealildainisgandu
AAULET 736 unlung Wiy 0.70040.02 Fumeunis
NAFOU LWSENETANNSIT1IRI0E98E 5 ANUTNTY
(1000, 500, 250, 125 waz 62.5 lulasniureiiadans)
ananududuay 0.1 Haddns Wuansazaigouya
ABTS™ 0.9 fladans nasuaviue il dafisls 6 wiil

mﬂﬁ?uﬁfmm@mﬂﬁuumﬁmmmmﬁu 734 Uluuns
Funamiesidudnisesngrisinuenyadassiiaunis
(1) wazAnnamAn IC_ Wudiediu3s DPPH Hamn
ﬁﬂﬂ’]‘i%ﬂﬁﬁ]‘uﬁg’] 3 ﬂ%ﬂ (n=3) LLﬁmNﬁiu‘gUﬂlﬂLagﬁJLLaz
vAnDeauumnsgu (S.0.)

7. nagaumsiudanininufizendinnia
duuzi@esnlvdannumun 2 Sadwas 1nald
VLU waznsuenansadasidaa 3 ¥R Ay
4 fadans asutuusdesnliguiety Wisudioy
Uszansnmnsdudanisiindinaadieansiedl fe
nsndn3nuaznsaweanestnfiautudy 1 Wesidus
T dnduduiaiuau (control) udawrluinana
L* a* b* fI9an 0, 0.5, 1, 2, 3, 4 uaz 5 4l thendi
I8lufuanAnsisdinmaluauns (2)
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B =2L* 100 )
Lo
Tnei
BV = Amsifindtmia
AL* = washavesmauanafiiuasuly
L = ArANLEIN SRy

¥nsvnaeses 3 91 AnTgnteyanieaiia
AelUTNTL SPSS MeHUNIINAaBILUU Completely
Random Design (CRD) wazitAasizianunlsusiu
Wisuifisuaniadslag Duncan’s Multiple Range Test
(DMRT) fiszdiupnande 95 wWesidus (p<0.05)

NAN15IVY
1. MsdwsedUSinassUssneuiivednnavun
nsmdsuaasusenauiiueansiulaeis
Follin-Ciocalteu assay vesansafnainsidndilaain
et 3 33 Tnewfieufunsmanasgiunsaunadn
(y = 0.0045x - 0.0631, R? = 0.9914) WUI@3& N9
fiatasefviazaisieniuea 50 Wesiiud fusuu
asUsEneUTueANTIINTIgn TneduTina 73.99:1.72
ﬁaéﬂ%fmamgasummmLmaaﬂ@iaﬁmﬁﬂﬁmmm'ﬁaﬁ’m
sosaunfomsatainilaindeihieutigumgd 8o
gurwalded (47.0240.13) wavansannigafiate
Faeth (36.7621.23) pudndu (s19ft 1)

b4

2. nManadeUaMSALDYYaBaszA1835 DPPH was
ABTS

nsMAdeUMSFueYYadaTzeaEIE DPPH
uway ABTS wesansatnsidnifiainududu 1,000
lulnsnfusefiadans nuihansadasiinfiataessh
avaneievuen 50 iesidud fiuesiduinisdudoyya
DPPH™ i1y 49.29+0.89 (IC, =1293.15 +7.53
lulasniusreliadfdng) wazeoyya ABTS vy
41.00+0.14 (|C50:1385.33i3.56 lalasnsureliadans)
daansatasidniatadesharaeiuasifeu
fuesidudnssudieyyadasedosniansatiniidng
afiasesvharaaleniueansds DPPH wag ABTS
(51971 1) egslsfnmansatasiinildannisate
i 3 35 fvdsudinmaiauiisereendintulioandy
a1sunsgIunInseanasin

M13199 1 YSnaansusenauiluefinnavan (TPC) Wavgnadueysadasyveda1saing1ni1ing

Rice brain TPC DPPH ABTS
extracts (MIGAE/ZEX) g idud inhibition Ic,, wWasi¥ud inhibition Ic,,
(1,000 pg/mL) (ng/mL) (1,000 g/mL) (1e/mL)
RB-001 (50%EtOH) 73.99 £1.72 49.29+0.89 1293.15 £7.53 41.00+0.14 1385.33+3.56
RB-002 (HZO/RT) 36.76+1.23 14.63+3.48 nd 18.03+0.27 nd
RB-003 (HZO/8O°C) 47.02+0.13 17.09+2.56 nd 19.11+0.24 nd
Ascorbic acid - 100+0.00 53.57+0.95 100+0.00 55.82+0.43

wanewe: feyaiinaueidudnady +SD 9NNFIATIZN 3 91 (0 = 3)

nd = lanu



UA 8 auun 1 unsAU - TOuau 2565

2. ong. InAlU. FoIBaonauwsinasa 47

3. msiudansiiadinana

91nn15AnwINsTudanisiindiiniad
Wedestueulainuii ansatnansdniithunisanio
et 1h¥eu (80 swrwalius) ansaftinannsidai
Kunsatameleniuea 50 Wesidud nsaueanason
waznsndnindudy 1 Wesdus aunsadudinsiing
dhanald ewdsuifisuiviinduiigumgiines
(control) Tagen L* a* b* uagAnsiindtna (V)
flanuunnsisegreifedfyiisyfuanudetu 95
Wosldud (p<0.05)

Wetuzidesalad finunisueadae
ansazanesineg WinAn L* a* way b* fivan 0, 0.5, 1,
2,3, 4 way 5 1lug thuUTeuifisuudisuanenis
Andina nadilduansdinnsned 2, 3 uay 4 nnsanas
Y9N L* LARSINISIARERSTY nSiiuTuresAn a*
wansiansasudandmaeadudinna uaznisanas
999A7 b* wansiInIsanasesdmisusiindiina
sty [25]

M19719% 2 AN L* 99auzidoeniUSeuiisuwmazis 91 0, 0.5, 1, 2, 3, 4 uay 5 93lu9

L*
Time (hrs)

Treatment 0 0.5 1 2 3 q 5

control 52.43+0.23°  40.80+0.07°  32.31+0.05° 31.51+0.28" 30.59+0.08° 30.48+0.10°  29.92+0.04°
citric 54.37+0.40° 40.87+0.07° 3556+0.19° 34.40+0.30° 42.59+0.19° 46.87+0.04°  52.68+0.00
ascorbic 54.77+0.12° 34.01+0.06°  39.80+£0.02° 37.92+0.13° 41.17+0.14" 40.57+0.09°  49.23+0.02°
Rb+water 54.47+0.65° 36.57+0.40° 34.21+0.23° 43.78+0.09° 4528+0.10° 46.20+0.13°  49.52+0.22°
Rb+hot water ~ 54.32+0.29°  35.94x0.21°  35.06+0.09° 41.89+0.66" 42.84+0.11° 46.17+0.10°  51.48+0.37°
Rb+ethanol  54.60+0.35"  35.64+0.05° 38.44+0.18° 33.43+0.33° 42.51+0.18° 49.83+0.04°  55.92+0.15°

e 8nes > ° Auandeiuluwuacs ianeds Anadeteyaiininuuaneiaiu (P<0.05)

60.00

50.00 %

40.00

30.00

e CONtrol
el CitriC

L*
20.00

e ascobic

10.00

== Rb+water

0.00 T T T

et Rb+hot water

time (hrs. )

«=)—Rb+ethanol

= ' o = = a 9 ~ ¢
AINN 2 A1 L WU@I‘UN%LGU@EJ’]'JLﬂiEJULV]EJUﬂUVJﬂWiWLNU@]
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nen397 2 Hunisuansravesan L* wiom
anuaITildannsIndve stz esalaniniu
NISNUAAIAITAAAVINTIVIIAIIAIVINBZAUR 199
Wisuisutuansiaflild Ae nsedasinuaznse
woanoitn Tasldthndudufmuay ssiiulddn
dlonanruludausededalusouds 2 $alug fn L*

1 =

YoiIegsdulugaziiananas Lagndsantuaziig
Jusew enviudn L* Talaaindieg1sniunuazia
anatagesiaiiles ansaiuwanslugliuunsm

AINN 2 NNSTAN L* anaenunegfanisiananuinay

wanslifiuiniinsindimaiuinntu fsesietuly
Frenseilususnuarassinsiiluaudeialusd 1 uas 2
vty f L* sty Dululginludiusn
wuleyd PPO vinUfAsenduaisusznauiiusdnues
wsidosmaunliiAnansatimaty uilesinisldans
afnansdnseivharaesneg wazansaiiitediuds
naifndimaluugidesdlad wud o 9 feg
fAnuahaiindy fwmssuiuiegnsnuauiien
AUEINANAY LAASINETANARINSITINALETSLAN
annseldlunstudinsiindiimald

M19719% 3 AN a* VBINLRYLUSEUWIBULAALIS 71 0, 0.5, 1, 2, 3, 4 kay 5 I3L9

a*
Time (hrs)

Treatment 0 0.5 1 2 3 4 5

control 0.45+0.05" -0.42+0.09° -0.45+0.06° 0.63+0.19° 0.73+0.03° 1.30+0.01° 1.87+0.04°
citric -0.31+0.16°  0.38+0.00°  0.31+0.03°  0.41+0.02°  0.28+0.04° 0.35+0.27°  0.51+0.01°
ascorbic 0.11+0.03°  0.49+0.08°  0.54+0.05°  1.04+0.08°  1.08+0.01° 123+0.04°  0.94+0.06°
Rb-+water 0.70£0.01°  0.57+0.08°  0.46+0.13°  0.84+0.07°  0.75+0.03" 1.09+0.04°  0.64+0.04°
Ro+hot water ~ 1.06£0.01°  1.07#0.16>  0.85x0.14°  0.74x0.01°  0.85x0.02° 1.03%0.15°  0.47+0.05°
Rb-+ethanol 0.40£0.01°  0.61+0.03°  0.74+0.16°  0.88+0.06°  0.79+0.05" 0.65+0.04°  0.36+0.01°

nuewe: fsnes *° Auandeiuluiuns vnes Aededeyaiinuuaneiaiy (P<0.05)

a3197 3 uaneA a* wiemATen (a*) Tud
uns (+a%) Tagen a* Aifiuannfunansiansiindiiaa
funty Wemetafiiiunsenansainidiagae
asavanesingg wavanall lutiausnazilen a* iudu
wazilonaWulvaziiuwiliuanas sniusegn
muauﬁﬁm a* Lﬁumﬂﬁuﬁ'a&m Lﬁaﬁmmamﬂugﬂ
wuureInIaEldRan g 3 Feaunsaeiuneleinly

LI UHIINNLAFITANNAINTIT1IAIBEITAZAE
fineg wazasiaflasiuuutunzifess weuled PPO
Sreasefiselnandinauandenadlvas
afnani iz seiidndudinsinuveneules]
PPO ¥ilsiufAsennindiiniaanas assdudy
fhogumunuiidinaiafiimafiniuges
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2.00

1.50

e CONtTOL

1.00

a* 050

0.00

el Citric

e ASCODIC

e RD-+Water

=i Rb-+hoOt Water

-0.50

-1.00

«=@==Rb+ethanol

Time ’ hrs.—

= ' =gy = = a 9 ~ ¢
AINN 3 A1 a* WU@I‘U@J%LGIJ@fJ'l'JLTJifJUW]EJUﬂUVJﬂWiWLNUm

A15199 4 A1 b* YeeurlaeUSeuLisuLAasis N1 0, 0.5, 1, 2, 3, 4 way 5 T2lu9

b*
Time (hrs)

Treatment 0 0.5 1 2 3 q 5

control 17.69+0.28°  15.82+0.20°  15.39+0.23° 14.96+0.13° 14.75x0.06° 14.93+0.11° 13.42+0.18°
citric 10.50+0.08°  12.50+0.59°  12.83x0.19° 13.28+0.15° 14.01x0.01° 16.41+0.05° 16.73+0.23°
ascorbic 14.96+0.17°  11.43x0.22"  12.08+0.12° 11.80+0.01° 14.86+0.30® 16.02+0.26° 18.79+0.11°
Rb+water 14.83+0.23°  13.90+0.12°  13.86+0.01° 13.03x0.08° 12.91+0.12° 13.90+0.25° 14.26+0.16°
Rb+hot water 13.53+0.45°  13.83+0.27°  13.77+0.28° 14.87+0.03° 15.22+0.25° 16.08+0.12° 18.65+0.40"
Ro+ethanol  12.74+0.21°  12.88+0.25°  1551+0.20° 15.88+0.00° 19.83+0.17°  21.33+0.18° 22.58+0.04°

e I8nes *° Auwandeiuluuuads vueds Aladedeyaiinnuwansieiy (P<0.05)

51971 4 uanIAn b* MuneEeAnEmEe na
b* anasArAuudindesavanasluvnzifeniuand
thmaszanniy avdiuldindetheiitinsldansara
sr9meiviazansleyuea 50 Wesiius aglvien
b* figadian Fomnefafngiinatosiian was
se9auRofe 197iiinsld asannsIt 1R 86
Yavanoinfeu nsausdnasdn nsndR3n wazansann
S muddu daufegsmusunuindlenan
A1ulUAn b* azanasdennefaindtiniauiniy

anmaﬂ'whﬁlﬁml,l,aﬂﬂugﬂLLuusuaaﬂmWﬁamwﬁ il
nAdinanamisaesurelainsegsiifinnsldans
atns1tImeivhavareeniuea 50 wWesidud vinl
uzderndladifniinatiosiian sosmandensld
ansafasdndeiyharatsindeu nsaueanesin
n5AdR3n wavansadnsidadaetn ANy ay
fhoghamunudsldihndulilaunsaanniafindiema
asla
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25.00

W =g CONtrol
20.00

el Citric

15.00 .
e ASCODIC
b*

10.00 e Rb+Water

500 e Rb+hot water

=== Rb+ethanol

0.00 T T T T T )

Time (hrs.)

= ' Ao B ~ a Y = 4
MRl 4 A b* TdalunsldesiIeuiieuiuynvisameg

A15719% 5 Ansiingdnsna (BY) wWisueuwsasis 910, 0.5, 1, 2, 3, 4 way 5 9l

Browning value (BV)

Time (hrs.)

Treatment 0 0.5 1 2 3 q 5

control - 22.18+0.15° 38.37+0.14"  39.90+0.26 41.66+0.16°  41.86+0.17°  42.93+0.14'
citric - 24.83+0.24°  34.60+0.30°  36.73+0.35° 21.72+0.30™  13.80+0.22°  3.11+0.20™
ascorbic - 37.90£0.09"  27.33+0.07°  30.76+0.13° 30.31+0.13°  25.93+0.11°  10.16+0.07°
Rb+water - 32.86+0.53°  37.19+0.44°  19.63+0.37° 16.87£0.38°  15.18+0.39°  9.09+0.44°
Ro+hot water - 33.84+0.25°  3546+0.19°  22.88+0.48" 21.13+0.20°  15.00+0.20°  5.22+0.33°
Rb-+ethanol - 34.73£0.20°  29.60+0.27°  38.77+0.34° 22.14+0.27° 8.73+0.20° 2.41+0.25°

nuewe: Fones *° Muandeiuluunne vineis Anadedeyaiinauuanaieiu (P<0.05)

€

=o

A13N7 5 wansAnsiinduinia (browning  U3eu @15@nns191M8UINAULAENIALDEADS TN

value) vesuzidagnalan InednainAranuaing (%) Feawviniu 92.75 87.84 78.86 way 76.33 wWasidud

2

fdsulusilidalud o ldunnganaieddinnads  auddu egrslsfnudediidinnsldarsatnain
fwnaldanaumsi 2 wuhundesnikiunmen  $duarmnaifunlilunsiedthmasnas wu
ansafnnirinsedvinaraneionuea 50 Wesldud  1ieaiudunnd1aaindiegrsaiuaudisidinisifind
aunInvzaenAndinaldiniian (@1 BY anas)  dianaiugetusgteiidedidgymieadnissduni
wzavldts 94.38 Wosldud eiflsuriufiogemuan  Wesufesas 95 (p<0.05) Wnauslugluvunsnled
sesauNABNIAdnIn asainirddiediviazats  fanwd 5
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aAUTMELasaTUNANTTIRY
Nan1InagaunIUIuNIasUsEnauiluean
uazavSUeYYaBaTEeNEAE DPPH was ABTS linanis
nadeufiduiusty Tnsansatnsrdniilaannisaia
prefvinaratsleniuea 50 wWosidud Jusuaans
ﬂszﬂauﬁuaéﬂqaqﬂLLawwmﬁﬂé’ug’amﬂﬁmﬂﬁﬁ%m
ONTATUIABN1SNAFRUAIET0 DPPH Way3s ABTS 1a
Annansafindaeihazanetn uavindou witiosnin
ninsanearesn sidesanlusrdniaslungy
Fupdn WU Caffeic acid, Coumaric acid, Catechin,
Ferulic acid, Gallic acid, Hydroxybenzoic acid,
Methoxycinnamic acid, Vanillic acid, Sinaptic acid
waw Syringic acid [26]-128] Faduansitanunsaadauen
Tufvinavanedunidlannindh 291 Fwinlkadnans
Usznaufluednlaunnninuinlesyitasaieeniuea
50 Woedidus Inefinnsanananminvesivazaed
1Hlunsana fvhazangieniuea 50 wWasidus 1Husn
Yavaneduviditianmiadesninhdaiauanunse
Tumsazaneansusznevitueaniieglusninléfninans
afnni anslunauiiuednianaudfivhmeiifda
ouyadasy MuuTinaansfiuedngam (TPC) flarnld
Fauushudldhasatadldsiqisuoyyadasy (301

agdlsfimuansarinsidnmedvhazalsienuea 50
Weasidus azfignddudinisiinujiseteendindu

degndnansuiasgiunsakeanesin tilesainansann
MaifiesAdsznaumaaiivatesiinUsenouiued

2D o

Wesansusznovuneduy 1uiifigndsudeans
oyyadasz luvaziinsaueansidnagluguvesans
U3avis

nan1snaasulIeuisuussdnsainlunis
Fudinnsiiadihanaiifeadesiueuleflunzidesn
dlassvansatasidniildainnisatamedviazans
levuea 50 Woddud 1 wazthdeu wuiansadn
Fnamannsadudinisinginmaluuzesnalanan
warduunldululumaienfufunisiudanisiing
thaalaenisldansieiiansaueanasinuasnsndnin
‘LuﬁumzﬁﬁammﬁhLﬂuﬁfmé’uhjmmm€J’U€T’qmﬂﬁm§
thanaluuzifesnaladan enadumsiziniingans
Usgneunuednlungu hydroxycinnamic acid it
Uszanzamlunsiduddusendiaduiia [31] Tne
nuinlaseas1aves hydroxycinnamic acid wazoynus
Useneaulusieny -CH=CH-COOH [32] lngianiy
ferulic acid, sinapic acid, vanillic acid &g p-coumaric
acid anslunguifanansnduivleseuvedlavziniy
asdsauvivlossuvetlansluaunsasaujise
sontinduseluld [33] delumaiAauiiteinsind
danaseRanssuveaeuled PPO finesuns (Cu)
Juswisidulunalnvesuffsen (34] fedunsiians
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fannsoduivlessulszauinvemeunsisisanms
veveseuley PPO Thldnsindthaaanas 1wy
Fenfunsnnindanaushiduassudmaindihma
Foimihidulanzuazauandinudunsnazdae
Fudeuler] PPO freanswinuedalnawesain (acidic
polyphosphate) Lﬂumié’fﬂamﬁag"luimaa%wwa&
wulw! PPO Ferhediudansindimalagianzluin
wavnaliivaneuiin [35] dwunsaueanestnieuiagl
Igvhugfselaenssiueulel PPO wieluansduiu
Tanzwilounsndesnuiiduansiiduszansanlunis
Fudimsindinmaldmnszanunsasidanseiluud
Winanuisereendinduvesarsindanueanions
nsgviwes PPO Tinduinegluguvesansusznauiiuea
aafunoufiarsailuuszviujitedeluiduansd
dma [36] fmﬂﬂalﬂmawﬁﬁ%mmuﬁm%‘fﬂma
(nwil 1) ansdvmaiiindu (o-quinone) ilagn3fad
udravannsanauluiluansuszneuluedn (diphenol)
Al rofulutunouiizennsaldosueldinged
nManeaansatastadluuutunsifesn asataidl
qwéﬁumiﬁma%a5353%’%@é'fugaﬂmﬁﬂﬂﬁﬁ%mmi
\Aneendindudaduasiinuandiiduifdeu
Fudwiuiisentuiinafiindu (Duaiddliedes)
wdrilidimaanas Seazidiuldinadditnlalag
e f L* luthausndaraduazidessosnansiuly
fazainstu Inpansatnsdnisesvharaneioniues
50 Wediius aglinalumstsfamaindinnnaldiiae
dlaflsutusvhazanedudsdinnuuansieiunieda
atheflfudfyiisedunnudesiudesay 95 (p<0.05)
Viard L a* uay b* uismsiindinmnaliunnsnein
nsldnsndesn Seusrngrislunissudsmsinufazen
ganTwduavininIndninuaznsnuweanasoniialy
AU uRgauAnm (@satadudy 1000 ug/ml)
winmeaesmssussuiRtenafisdihmanaiildens
Duraananmsvhauvesensuseneufiuedniamund
fluasanasiin (TPC wusnniigaluasadindinge

lomuea 50 Wedldud) fiflqrdiiuasiuoyyadass
vidosueendndudiunils uazdndruniadunisdd
Fpvnen1svanuves PPO [37] wwiieafunstiudants
Aindiinavesnsadain (¢ BY ladumnshaiu) wenanni
Fafltadedug Saudne wu pnududuvesansadin vie
uardnunrlassaisvasansesngys uavesdusenay
maaiidug Allvaslunguiiuedn
Fetulunsnwindsd Fsagulddnisade
SveNNEdSUNTaeRug nu 15 faedviaraly
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Biodegradable pots from water hyacinth using cassava starch and cassava

pulp as binder
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Abstract

Two types of bio-pots were studied; The first type is a mixture of water hyacinth and cassava
starch and the second type is a mixture of water hyacinth and cassava pulp. The treatments consisted
of varying ratios of water hyacinth waste to binder, including 0:1, 1:9, 2:8, 3.7, 4:6, 5:5, 6:4, 7:3, 8:2, 9:1
and 1:0 by weight. The results revealed that the water hyacinth contains 0.51+0.01% wt. N, 0.15+0.01
% wt. P, and 6.25+0.18 % wt. K. The water hyacinth with cassava starch binder can be formed at the
ratio of 4:6, 5:5, 6:4, 7:3 and 8:2 whereas the cassava residue binder was formed at 4:6, 5:5, 6:4 and 7:3
The pots are intact, no cracks and no shrinkage. With the mechanical properties test, the flowerpots with
the ratio of 5:5 (water hyacinth: cassava starch) showed the highest compression test at 0.81 MPa, while
water hyacinth and cassava residue at the ratio of 5:5 gained 0.41 MPa. The water holding capacity of
the ratio 4:6, 5:5 and 6:4 (water hyacinth: cassava starch) did not decompose with water as well as the
ratio5:5 and 6:4 (water hyacinth: cassava residue). Moreover, the ratio of 6:4 of water hyacinth and cassava
starch pots gained 85.7 % porosity whereas water hyacinth and cassava residue pots gained 83.8 %.
Therefore, both types of biological pots at the ratio of 5:5 and 6:4 are suitable for molding and use. A
12-week study on deterioration with coriander planting showed signs of deterioration in the bio-pot from
the 3rd week onwards, then began to lose its shape in the 7th week. Considering on mechanical properties,

water hyacinth with both binder at the ratio of 5:5 and 6:4 were practical used for planting.

Keywords: biodegradable pot, water hyacinth, cassava starch, cassava pulp, deterioration
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Effect of ethanol polarity and temperature on antioxidant activity,
tyrosinase inhibition, and total phenol content of Garcinia atroviridis
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Abstract

In this study, the fruit of G. atroviridis was extracted and investigated their antioxidant activities
and total phenolic content (TPC) using many extraction conditions, including temperature (10 °C, 25 °C,
and 40°C) and polarity of solvent (90%, 70%, and 50% w/w of ethanol). The extraction percentage yields
were found in the range of 6.68 -18.97, depending on extraction temperatures and the polarity of solvents.
The highest percentage yield of providing condition was at ethanol 40°C and 50% (w/w). Because of a
different mechanism in assessing antioxidant capacity, antioxidant activities were performed using DPPH
and ABTS techniques and reported as the percent inhibition. According to both techniques, the percent
inhibition of crude extract was different in the range of 24.61 - 41.01 and 12.90 - 27.74 of DPPH and
ABTS assay, respectively, depending on extraction temperatures and polarity solvents as well. The extract
condition at 40°C and 50% (w/w) of ethanol provided the crude extract showing the highest antioxidant
activity at percent inhibition of 41.01 + 4.17 and 27.74 + 0.84 for DPPH and ABTS assay, respectively. In
addition, tyrosinase inhibition of crude extract displayed in the range of 42.88 - 56.13. The extracted
temperature at 50°C and 50% (w/w) of ethanol provided the crude extract showing the highest tyrosinase
inhibition at a percent inhibition of 46.13 + 0.63. However, the extract temperatures used in this study
did not affect the total phenolic content of crude extract, which was 13.39-17.41 mg GAE/g. The proper
condition for extracting the crude G. atroviridis fruit was 50% ethanol as a solvent and 40 °C as an
extraction temperature. The crude extract provided the highest yield, antioxidant capacity, tyrosinase

inhibition, and total phenolic content from this condition.

Keywords: Garcinia atroviridis, antioxidant activities, total phenol content, solvent polarity, tyrosinase

inhibition
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Introduction

Som-kak (Garcinia atroviridis Griff.) is a
medium-sized plant that is twenty meters in height
and belongs to the Clusiaceae family. This plant
was found in tropical rainforest countries such as
Thailand, Malaysia, Myanmar, and India [1]. Its fruit
is yellow-orange and popular for use as a seasoning
ingredient in food making sour taste. G. atroviridis
has been used as an agent to treat cough and throat
irritation and as a laxative. It is believed that it also
assisted in blood circulation, such as blood pressure
[2]. Moreover, the fruit is a lotion blended with
vinegar, which is used to relieve stomachache
associated with pregnancy by rubbing upon a
woman’s abdomen in confinement [1, 3].

The fruit of G. atroviridis contains natural
fruit acids such as citric, pentadecanoic, octadecanoic,
nonadecanoic, and dodecanoic. In addition, an
investigation of its chemical composition revealed
that it contains garcinia acid, atroviridin, atrovirisidone,
atrovirinone, and some flavonoids, which are a
group of compounds that showed widely
biochemical and medicinal activities [2]. For
example, the biological activities of crude extracts
and pure substances from different parts of G.
atroviridis showed antimicrobial activity [4],
anti-cancer cell lines [5-7], antioxidant activities
(1,1-diphenyl-2-picrylhydrazyl (DPPH) and ferric
reducing antioxidant power (FRAP) assays) [8, 9],
enzyme cholinesterase inhibition, reducing
hyperlipidemia [8], and tyrosinase inhibition [10].

Although solvent extraction has been
widely used to investigate antioxidant compounds
from plants, some antioxidant compounds may not
be soluble in a particular solvent [8, 11, 12]. Because

of the safe for humans, ethanol has generally been

used to extract plants containing high polyphenol
content. There have been reported that the
different extract conditions, such as solvents,
extraction time, and extraction methods, resulted
in different extraction yields [8, 11, 12]. In addition,
the determination of antioxidant potential has been
performed using different techniques because each
method has a different mechanism for assessing
antioxidant capacity [13]. In this study, G. atroviridis
fruits were extracted from varying conditions: the
polarity of solvent and extraction temperatures.
The crude extracts from different conditions were
determined and compared the extraction yield,
total phenolic content (TPQ), tyrosinase inhibition,
and in vitro antioxidant activities using 1,1-Diphenyl-
2-picrylhydrazyl (DPPH) and 2,2’-azinobis
(3-ethylbenzothaizoline-6-sulfonic acid) (ABTS)
assays. The results of this study could reveal the
suitable extract condition of G. atroviridis fruits for

applying in cosmetic ingredients.

Methods and Materials
Chemicals and Reagents

All analytical grade solvents, ethanol (EtOH)
and dimethy! sulfoxide (DMSO), were purchased from
RCI Labscan (Bangkok, Thailand). The 1,1-diphenyl-
2-picrylhydrazyl (DPPH), 2,2’-azinobis (3-
ethylbenzothaizoline-6-sulfonic acid) diammonium
salt (ABTS), sodium nitroprusside (SNP),
sulphanilamide, napthylenediamine dihydrochloride,
2,4,6-trripyridyl-s-triazine, Folin-ciocalteau reagent,
gallic acid, 6-hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid) (Trolox), mushroom tyrosinase
enzyme, kojic acid, and phosphate buffer were
purchased from Sigma (Singapore). All other reagents

were of analytical grade.
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Plant materials

The G. atroviridis were collected from Yala
Province, Thailand, in February 2018. The voucher
specimen was compared and stored at the Forest
Herbarium, Department of National Parks, Wildlife
and Plant Conservation, Bangkok, Thailand (BKF.No.
190331). The fruits of G. atroviridis were cleaned
with deionized water, cut into small pieces, air dried,
and oven at 50°C in a hot air oven (Memmert, UM
400, Germany) until stable weight (moisture content
< 5 %). Before extraction, the dried sample was

pulverized mill to get a 40 to 60 mesh powder.

Sample Preparation and Extraction

The G. atroviridis fruit powder was extracted
using three concentrations of aqueous ethanol:
90%, 70%, and 50% (w/w). In addition, 10 g of dry
powder was extracted with 100 mL of solvent in a
250 mL Erlenmeyer flask for each condition. The
mixtures were shaken at 10, 25, and 40°C for 24
hours at 200 rpm (JSR, JSSI-100, KOREA). After

extraction, the solution was filtrated, evaporated

(VIRTIS, Benchtop Freeze dryer, USA). The crude
extract powder was dissolved in DMSO and used
to investigate antioxidant activities and total

phenolic content.

Crude extract yield
The yield of crude extract was calculated
from {[Wcmde/Wplm]xloo}, where Woude was the

weight of dry crude extract and W was the dry
plant

weight of the G. atroviridis fruit powders.

DPPH assay

The 1,1-Diphenyl-2-picrylhydrazyl (DPPH)
assay was performed with a slight modification [14].
The 50 uL of crude extract (1.0 mg/mL in DMSO) or
Trolox (10 ug/mL in EtOH) and 150 uL of DPPH
solution (0.1 mM in 50% v/v EtOH) were mixed and
incubated in the absent of light at 25°C for 30
minutes. The absorbance of the mixture was read
at wavelength (A) of 517 nm (Biochrome, EZ2000,
UK). The percentage inhibition of DPPH radical of

each extract was calculated as the following

under vacuum (IKA, RV10, Germany), and freeze-dry ~ equation:
Inhibition (%) = {[A - (AS— Ab)]/AC} X 100% (1)
where A =150 uL DPPH + 50 uL DMSO
A =150 uL DPPH + 50 uL Sample/standard
A, =150 uL 50% (v/v) EtOH + 50 uL Sample/standard
ABTS assay microplate. The reaction mixture was incubated in

The 2,2’-azinobis (3-ethylbenzothaizoline-
6-sulfonic acid) diammonium salt (ABTS) radical
scavenging assay was investigated as previously
reported with a slisht modification [14]. The 50 uL
of crude extract (1 mg/mL) and 150 uL of ABTS

solution were transferred and mixed into a 96-well

the absence of light at 25°C for 10 minutes, and the
absorbance was measured at A of 734 nm
(Biochrome, EZ2000, UK). The experiment data were
analyzed as percent inhibition of the ABTSe+ radical

as the following equation:
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Inhibition (%) = {IA- (AS— Ab)]/AC} X 100% (2)

where

AC = the absorbance of control (150 uL ABTS + 50 uL DMSO)

A_= the absorbance of sample (150 uL ABTS + 50 uL sample)
A, = the absorbance of blank (150 uL Water + 50 uL sample)

Total phenolic content

The total phenolic contents (TPC) of G.
atroviridis fruit extract were tested using Oliveira
method with slight modification [14]. The 12.5 uL
of crude extract (1 mg/mL in DMSO), 200 uL
deionized water, and 12.5 ulL Folin-Ciocalteau
reagent were mixed in a 96-well microplate and
shaken for 3 minutes (Eppendorf, ThermoMixer C,
Germany). Next, the 25 uL of saturated NaZCO3 was
added, shaken for 3 minutes, and stood in the
absence of light at 25°C for 60 minutes. The
absorbance of the mixture was measured with a
microplate reader (Biochrome, EZ2000, UK) at A of
720 nm. TPC was expressed as gallic acid (10 — 200
ug/mL) equivalent.

Inhibition (%) = {[A

control

Tyrosinase inhibition [15]

The G. atroviridis fruit extracts or kojic acid
were dissolved in 50% (v/v) DMSO solution (2 mg/
mL). The 80 uL of phosphate buffer (pH 6.8), 40 uL
of 25 mM L-DOPA, and 40 uL sample or kojic acid
were mixed in a 96-well microplate and shaken for
3 minutes (Eppendorf, ThermoMixer C, Germany).
Next, the 40 uL of tyrosinase enzyme (500 U/mL)
was added and shaken for 10 minutes without light
at 25°C. The absorbance of the mixture was
measured with a microplate reader (Biochrome,
EZ2000, UK) at A of 490 nm. The experiment data
were analyzed as percent inhibition of the tyrosinase

enzyme as the following equation:

/A 31X 100% (3)

control

test sample blank

where ACOntrol = 80 uL phosphate buffer +40 uL 25 mM L-DOPA + 40 uL Tyrosinase + 40 uL 50% DMSO
st sample = 80 uL phosphate buffer +40 uL 25 mM L-DOPA + 40 uL Tyrosinase + 40 uL Sample
A = 120 uL phosphate buffer +40 uL 25 mM L-DOPA + 40 uL Sample

Blank

Statistical analysis

All data analysis was performed using SPSS
version 28.0 (SPSS Inc.). Values were expressed as
the mean + standard deviation (SD) of three
replications. For comparison among all groups,
one-way analysis of variance (one-way ANOVA) was
used and followed by Duncan multiple comparison
test. Differences were considered statistically
significant at P<0.05.

Results and Discussion

The yields of G. atroviridis fruit extract was
determined with varying polarity from higher to
lower (50%, 70%, and 90% w/w ethanol) at different
extraction temperatures (10°C, 25°C, and 40°C). At
a fixed temperature, the extract yields of G.
atroviridis fruit were significantly increased by the
varying polarity of solvents (Figure 1). According to

previous reports, the effect of solvent polarity on
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the percentage yields of the crude extracts
depended on various factors such as plant species,
chemical constituents, solvent polarity, and

extraction time [16, 17]. The G. atroviridis fruit mainly

30.00
25.00
20.00

15.00 =

%Yield

10.00

0.00
10°C

contained polar group substances, highly soluble
in polar solvents [18]. Therefore, the increase in
solvent polarity of the G. atroviridis fruit extraction

process provided a higher yield of crude extract.

1 90% (w/w) Ethanol
8 70% (w/w) Ethanol
[23 50% (w/w) Ethanol

T
KRR

55

R

Figure 1 Effect of solvent polarity and temperature on G. atroviridis fruit extract yield. Data are expressed as mean + SD.

Different letters indicate significant differences between groups using one-way ANOVA (P<0.05) followed by Duncan multiple

comparison test. n=3 per group.

The DPPH antioxidant assay of G. atroviridis
extracts and Trolox (20 ug/mL), a standard compound,
were compared (Figure 2). The antioxidant activities
of the extracts reported as percent inhibitions were
higher when the extraction temperature and the
polarity of solvent were increased. At 40°C, the
extracts showed the highest antioxidant level at
34.48 +2.28,37.58 + 2.13,and 41.01 + 4.17, for 90%,
70%, and 50% (w/w) of ethanol, respectively. The
crude extracted at 40°C and 50% (w/w) ethanol

exhibited the highest antioxidant activity, similar to
the Trolox value (47.10 + 0.46). While the crude
extracted at room temperature (25°C) displayed
lower antioxidant activity at the percent of inhibition
of 28.74 + 2.18, 29.75 + 1.57, and 34.59 + 2.40, for
90%, 70%, and 50% (w/w) of ethanol, respectively.
The crude extracted at the cool condition (10°C)
showed a low percent of DPPH inhibition instead at
24.61 +1.77,30.72 + 2.88, and 33.28 + 3.28, for 90%,
70%, and 50% (w/w) of ethanol, respectively.
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Figure 2 Effect of solvent polarity and temperature on radical scavenging activity (DPPH) of G. atroviridiis fruit extract. Data

are expressed as mean =+ SD. Different letters indicate significant differences between groups using one-way ANOVA (P<0.05)

followed by Duncan multiple comparison test. n=3 per group.

The antioxidant capacity of G. atroviridis
fruit extracts was also performed using ABTS assay.
The ABTSe+ radical can be soluble in both water
and polar organic solvents and can be used over a
wide pH range. Whereas ABTSe+ reacts rapidly with
antioxidants, the DPPH free radical was relatively
stable compared to the free radicals from reactions
born in the body [19]. From the previous reports,
the chemical constituents of G. atroviridis fruits
contained many organic acids high in polarity and
can be sensitive to free radicals using various
antioxidant assays [13]. The scavenging effect of the
crudes extracted from various conditions to the
ABTSe+ radical was shown in Figure 3 as percent
inhibition. The G. atroviridis fruits extracted at 40°C
and 50% (w/w) of ethanol displayed the highest
antioxidant activity at 27.74 + 0.84. While Trolox,
the standard compound (40 ug/mL), presented a

percent inhibition value to the ABTSe+ radical at
22.79 + 2.00. The G. atroviridis fruits extracted at
40°C with the solvent having less polarity (90% and
70% (w/w) of ethanol) manifested lower antioxidant
efficiency at 15.23 + 2.00 and 19.29 + 0.88,
respectively. The antioxidant activity of other
G. atroviridis fruit extracts from other extraction
conditions (10°C and 25°C) exhibited a similar trend
as mentioned above. The crude extracted at room
temperature (25°C) displayed lower antioxidant
activity at the percent of inhibition of 12.90 + 2.30,
17.86 + 1.43, and 22.51 + 1.15 for 90%, 70%, and
50% (w/w) of ethanol, respectively. While the crude
extracted at the cool condition (10°C) showed a
relatively low percent of ABTSe+ radical inhibition
at 13.83 + 1.60, 16.09 + 0.64, and 19.62 + 0.69, for
90%, 70%, and 50% (w/w) of ethanol, respectively.
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Figure 3 Effect of solvent polarity and temperature on radical scavenging activity (ABTS) of G. atroviridis fruit extract. Data

are expressed as mean =+ SD. Different letters indicate significant differences between groups using one-way ANOVA (P<0.05)

followed by Duncan multiple comparison test. n=3 per group.

The tyrosinase enzyme inhibition of G.
atroviridis fruit extracts using different temperatures
and ethanol ratios are shown in Figure 4. Their
tyrosinase inhibition percentage of them was 42.88
- 56.13. The crude extracts temperature of 10 °C
showed tyrosinase inhibition efficiency at 54.54 +
0.55, 53.10 + 1.26, and 52.27 + 1.55 for the ethanol
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ratio of 90, 70, and 50 (w/w), respectively. The
tyrosinase inhibitory efficacy of crude extract at 25°C
was 5391 + 0.77, 52.74. + 0.56 and 55.48 + 0.33,
respectively. In addition, an extraction temperature
of 40 °C showed an essential factor in the anti-

tyrosinase efficacy of G. atroviridis fruit extracts.
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Figure 4 Effect of solvent polarity and temperature on tyrosinase inhibition of G. atroviridis fruit extract. Data are expressed

as mean + SD. Different letters indicate significant differences between groups using one-way ANOVA (P<0.05) followed

by Duncan multiple comparison test. n=3 per group.
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Phenolic compounds, bioactive were informed in Figure 5. It was found that the
constituents present in many plants, exhibit crude extracted at fixed temperature with lower to
antioxidant effects [18]. In this study, total phenolic  higher polar solvents (from 90%, 70%, and 50%
contents (TPC) of G. atroviridis fruit extracts from  w/w of ethanol) displayed consecutive increases in
different temperatures and the solvent polarity TPC.
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Figure 5 Effect of solvent polarity and temperature on total phenolic content (TPC) of G. atroviridis fruit extract. Data are
expressed as mean + SD. Different letters indicate significant differences between groups using one-way ANOVA (P<0.05)

followed by Duncan multiple comparison test. n=3 per group.

Table 1 DPPH, ABTS, tyrosinase inhibitor and TPC of G. atroviridis fruit extract.

Sample % Inhibition TPC
Solvent Temperature DPPH ABTS Tyrosinase inhibitor (mgGAE/g)
10°C 24.61 + 1.77 13.83 + 1.60 54.54 + 0.55 13.47 + 0.96
90% w/w ethanol 25°C 28.74 + 2.18 12.90 + 2.30 5391 + 0.77 13.39 + 0.05
40°C 34.48 + 2.28 1523 + 1.23 42.88 + 1.92 13.03 + 1.16
10°C 30.72 + 2.88 16.09 + 0.64 53.10 + 1.26 15.56 + 0.50
70% w/w ethanol 25°C 29.75 £ 1.57 17.86 + 1.43 52.74 + 0.56 1591 + 0.68
40°C 37.58 + 2.13 19.29 + 0.88 5211 £ 2.21 14.31 + 1.56
10°C 33.28 + 3.28 19.62 + 0.69 52.27 + 1.55 16.75 + 0.97
50% w/w ethanol 25°C 34.59 + 2.40 2251 +1.15 55.48 + 0.33 17.05 + 0.50
40°C 41.01 + 4.17 27.74 + 0.48 56.13 + 0.63 1741 + 1.61
Trolox (20 ug/mL) - 47.10 + 0.46 - - -
Trolox (40 ug/mL) - - 22.79 + 2.00 - -
Kojic acid (20 ug/ - - - 50.47 + 2.10 -

mL)
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Conclusion and Suggestions

Solvent extraction is a widespread
technique to obtain a crude extract from various
plants. The optimum extraction conditions for
individual plants, such as temperature, extraction
time, and polarity of the solvent, were investigated.
These extraction factors significantly influenced the
extracts’ yield and biological activities, especially
the plants containing polyphenol compounds.
Some polyphenol compounds were less stable and
could degrade throughout the extraction process.
Overheating may be affected by the loss of
bioactivities, possibly relating to the decomposition
of polyphenols, resulting in a decrease in total
phenolic content and loss of antioxidant activity
[18]. From previous reports, the effect of temperature
on the extraction of G. atroviridis by solvent has
not been reported. Only the drying temperature of
slice G. atroviridis fruit was reported that using a
high temperature greater than 50 °C could reduce
vitamin C and acid contents [20]. This study found
that only slight differences in the total phenolic
content were displayed by increasing extraction
temperatures. This may be because of the other
compounds presenting in G. atroviridis fruit. Organic
acids and sugars were the primary chemical
composition [13]. There was citric acid, tartaric acid,
malic acid, ascorbic acid, and so on [13]. Because
of their high polarity, their solubilities in the high
polar solvent could increase when raising the
temperatures resulting in higher percentage yields
but could not affect the total phenolic content.

The significant increase in extract yield,
antioxidant activities, tyrosinase inhibition, and the

total phenolic content of the crude was revealed

by increasing the solvent polarity of the extraction,
reducing the ethanol ratio, and replacing it with
water. The reason could be from polyphenol
compounds and many organic acids present in
G. atroviridis fruit. In conclusion, the suitable
extraction condition of G. atroviridis fruits was using
50% ethanol as a solvent and 40 °C as an extraction
temperature. This condition provided the highest
yield, antioxidant capacity, tyrosinase inhibition, and
total phenolic content. From the above data,
antioxidant and tyrosinase inhibition activities of
G. atroviridis fruit extract that are beneficial as active

ingredients for cosmetic products.
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Abstract

This study aimed to assess the risk of growing safe rice by employing the fuzzy technique for

order preference by similarity to ideal solution (Fuzzy TOPSIS). The participants were purposively selected,

and they were 50 farmers from Prompiram District, Phitsanulok Province, who would like to grow rice

safely. The results showed that the knowledge of safe rice growing and modern technology was at an

extremely high level of risk with a suitable alternative value of 0.7988. The effects on household lifestyle

and a change in concept were also at an extremely high level of risk with a suitable alternative value of

0.9347. Also, marketing, economy, and the safe rice market were at an extremely high level of risk with

a suitable alternative value of 1.000.

Keywords: Safe rice, Risk assessment, Fuzzy set, Fuzzy TOPSIS
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Abstract

The objective of this research was to study the production of skincare lotion products from star
fruit beer and analyze its physical, chemical and microbiological properties. Three formulations of body
lotions were studied: control lotion, ale beer lotion and star fruit beer lotion to evaluate physical
properties by considering the lotion such as lotion texture, color and smell. It was found that in the
analysis of the antioxidant activity by the method 2,2-diphenyl-1-picrylhydrazyl (DPPH) a star fruit beer
lotion showed the highest antioxidant rate at 51.80%, followed by ale beer lotion at 37.41% and the
least was the control lotion with an inhibitory rate only 20.80% free radicals. In total phenolic compounds
assays by Folin-Ciocalteu indicated that star fruit beer lotion had the highest total content of phenolic
compounds followed by ale beer lotion and control lotion which have total phenolic compounds of
2,158.1,1,921.9, and 1,194.2 micrograms of gallic acid per milliliter respectively, and from the 3 formulations
of body lotions for microbiological analysis, i.e. the total number of bacteria, yeast and fungi aerobic
and pathogenic microorganisms, namely Staphylococcus aureus, Pseudomonas aeruginosa, Candida
albicans and Clostridium spp. The total number of aerobic bacteria, yeast and fungi in the three lotion

formulations was < 10 CFU/g and no contamination of all 4 pathogenic microorganisms was found.

Keywords: Star fruit beer, Total phenolic contents, Body lotion, Antioxidant
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Abstract

Tilapia processing wastes (skin, bone and scale) can be utilized to reduce waste and environmental
problems. Tilapia skin mostly contain of collagen and suitable for collagen hydrolysate extraction.
The objective of this research was to study relationship between molecular weight and amino acids on
antioxidant properties of tilapia skin collagen peptides. Tilapia skin collagen peptides was isolated by
ultrafiltration (1, 5 and 10 kDa). Soluble proteins, antioxidants activities and amino acids composition
were analyzed. The extracted collagen hydrolysate had high antioxidant activity of ABTS and FRAP. There
are 3 group of ultrafiltration peptide fractions by molecular weight: <1kDa, 1-5kDa and >10kDa. The <1kDa
peptide fraction had the highest antioxidant activity (ABTS and FRAP). Molecular weight of peptide fraction
influenced on antioxidant properties more than amino acid composition. Tilapia skin collagen hydrolysate,
was fishery processing by-product, contributed to antioxidant activity and useful in the development of

dietary supplement.

Keywords: ABTS, antioxidants peptides, fish skin, tuna pepsin, ultrafiltration
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Introduction

Tilapia (Oreochromis niloticus) is a
freshwater fish that has been of economic
importance since 1965. In 2020, Thailand exported
185.5 tons of frozen tilapia fillets and 0.5 tons of
chilled tilapia fillets [1]. The processing of fillets
produces large amounts of waste, including the
head (33%), bones (16%), intestines (8%), and scales
and skin (7%). These wastes are often disposed of
in landfills, causing environmental problem:s,
including ground water pollution and toxic gas
emissions [2]. The waste can be used to make
animal feed, but the resulting product has low value
[3]. Tilapia skin contains high amounts of collagen
and can be used as raw material to produce
collagen [4], gelatin [5] and collagen hydrolysate
[6].

Collagen hydrolysate can be extracted
from tilapia skin using thermal hydrolysis or
enzymatic proteolysis. Enzymatic proteolysis takes
less time than thermal hydrolysis and produces
hydrolysate with a higher antioxidant activity and
smaller peptides than from thermal hydrolysis [8].
Enzymatic extraction is a potential method for
extracting collagen hydrolysate. To maximize the
collagen yield and improve extraction efficiency,
several enzymes are used under optimal conditions
to increase the solubilization of collagen in the
acidic medium [7]. Commercial proteases and
protease from microorganism (Bacillus licheniformis
and Vibrio sp.) were used for extracted collagen
hydrolysate from porcine [9], common carp fish
[10], jumbo squid [11] and salmon skin [12, 13],
resulting in high antioxidant activity. Tuna pepsin
was used to produce fish protein hydrolysate with

high levels of antioxidant activity [14]. Tuna protease

can be used to extract collagen hydrolysate from
tilapia skin. This collagen hydrolysate is as effective
as commercial porcine pepsin [15]. The biologically
active peptide properties, antimicrobial and
antioxidant properties, depend on the type of amino
acids and the molecular size of the peptide chain
[16, 17]. Collagen hydrolysates, consist of various
molecular size of peptide chain, were separated by
ultrafiltration. Therefore, separation of the
hydrolysate by ultrafiltration can be used to increase
the biologically active peptide properties. Small
peptide fraction of tilapia skin [18], yellowfin tuna
skin [19], salmon skin [12], squid [20], and fish by-
products [13] collagen hydrolysate produced the
highest antioxidant activity. Tilapia collagen
hydrolysate consists of amino acid in peptide chain
that may affect to antioxidant properties. The
purpose of the current research was to study the
relationship between molecular weight and amino
acids on the antioxidant properties of tilapia skin

collagen peptides.

Materials and Methods
Reagents and raw material preparation

Skins from tilapia (Oreochromis niloticus)
were obtained from fillet processing waste from
Mankit Mankhong Co., Ltd., Samut Prakan province,
Thailand. Stomachs from tuna (Katsuwonus
pelamis) were provided by Thai Union Group PCL,
Samut Sakhon, Thailand. All samples were packed
in polyester bags and kept on ice in an insulated
box to maintain the temperature below 10 °C and
transported to the Department of Fishery Products,
Faculty of Fisheries, Kasetsart University, Bangkok,
Thailand within 2 hr, where they were stored at -20

°C until further experimentation.
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Preparation of tilapia skin

The tilapia skin was pre-treated by removing
blood, meat, mucus, lipids, non-collagen substances,
and fishy odor according to Tohmadlae,
Worawattanamateekul, & Hinsui [21]. The tilapia
skin sample was progressively soaked in 1.5%
sodium chloride solution for 1 hr, 0.2% sodium
hydroxide solution for 2 hr, 0.2% sulfuric acid
solution for 2 hr, and then 1% citric acid solution
for 2 hr (all at a skin-to-solution ratio of 1:4). After
chemical pre-treatment, the tilapia skin sample was
rinsed with water until the pH was neutral (pH 7)

and then mixed in a blender for 2 min.

Extraction of crude enzymes from tuna stomachs
The tuna stomach sample was homogenized
for tuna protease extraction according to Tohmadlae

et al. [15]. The sample was blended with a sodium

Enzyme activity (unit/ml) = ([Protein]

Sample

phosphate buffer solution at pH 7 at a ratio of 1:3
(W/v), stirred for 3 hr at 4 °C, and then centrifuged
at 10,000xg for 30 min at 4 °C. The supernatant was
collected and activated with 2 M hydrochloric acid
at a ratio of 1:1 (v/v) at 4 °C for 30 min. The protein
concentration of the crude enzyme was analyzed
according to Lowry et al. [22] and Peterson [23]
using bovine serum albumin (BSA) as a standard.
Enzyme activity was measured according to
Nalinanon et al. [24] and Tohmadlae et al. [15] using
hemoglobin as a substrate. The absorbance of the
resulting solution was measured at 750 nm using a
UV- 1700 spectrophotometer (Shimadzu, Japan).
The blank was prepared in the same manner, except
that distilled water was used instead of the sample.
A standard curve was prepared using tyrosine in the
range of 0-1 M. Pepsin activity was then calculated

using the formula:

- [Protein] )/(Time of the reaction (min)

Control

x Volume of enzyme solution (ml)) (1)

Specific activity was then calculated using the following formula:

Specific enzyme activity (unit/mg protein) = enzyme activity (unit/ml) / soluble protein

of enzyme (mg/ml) 2)

Methods
1.Tilapia skin collagen hydrolysate extraction
Tilapia skin collagen hydrolysate was
extracted using crude enzyme solution (1:10 (w/v))
[15] at 50 °C for five durations (1, 2, 3, 4 and 5 hr),
and then enzyme activity was stopped by heating
at 100 °C for 15 min. The mixture was centrifuged
at 10,000xg at 4 °C for 30 min. The supernatant was
collected and adjusted to pH 7.0, before the water

was evaporated to produce collagen hydrolysate

(with the same protein concentration as before
adjusting the pH) for fractionation and analysis of

chemical properties.

2.Fractionation of tilapia skin collagen hydrolysate
using ultrafiltration

Collagen hydrolysate was fractionated into
peptides based on molecular weight, following a

method modified from Charoenphun et al. [25].
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Amicon® Stirred Cells were used, along with 10, 5
and 1 kDa molecular weight cut-off (MWCO)
membranes and nitrogen gas pressure was set at
50-75 psi. Peptides of different sizes were collected

and analyzed for their chemical properties.

3.Chemical properties analysis
3.1. Soluble protein content

The soluble protein content (mg/ml) was
analyzed according to Lowry et al. [22] and Peterson

[23] using bovine serum albumin (BSA) as a standard.

3.2. Determination of degree of hydrolysis (DH)
The total nitrogen content of the tuna
protein hydrolysate was analyzed using the Kjeldahl
method [26]. DH of tilapia skin collagen hydrolysate
was determined by TCA-solubility index as describe
by Rutherfurd [27] according to the method of
Tohmadlae et al. [15] and calculated using the
formula:

DH (%) = Total nitrogen in tilapia skin collagen
hydrolysate x 100 / Total nitrogen in

tilapia skin (3)

3.3. Antioxidant activities

Antioxidant activity was measured using
2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2’-azino-bis
(ABTS) and ferric reducing antioxidant power (FRAP)
assays following methods modified from Sukkwei
et al. [28], Aleman et al. [29], Ketnawa and Liceaga
[30], and Wu et al. [31], respectively, with trolox as
a positive control. A standard curve was prepared
using trolox according to Tohmadlae et al. [15] in
the range of 10-50, 25.71-60 and 0-850 UM,

respectively. Metal chelating assay was modified
from Boyer and McCleary [32], using Ethylene
diamine tetraacetic acid (EDTA) as a positive control.
A standard curve was prepared using EDTA according
to Tohmadlae et al. [15] in the range of 0-150 UM.
The blank used was distilled water instead of the

sample.

3.4. Determination of molecular weight
distribution

Collagen hydrolysate samples were
determined for their molecular weight distribution
using high-performance liquid chromatography
(HPLC) (Agilent 1260 Infinity, USA) equipped with
an ultraviolet detector, auto sampler, and vacuum
degasser. The samples were loaded onto an
Advance Bio SEC column (300 x 4.6 mm, 2.7 lm,
Agilent Technologies, Wilmington, DE, USA) and
eluted with 150 mM sodium phosphate buffer (pH
7.0) at a flow rate of 0.350 mL/min. The injection
(Agilent 1260 Infinity auto sampler, USA) volume
was 2 Ul and the detection (Agilent 1260 Infinity I
Variable Wavelength Detector, USA) wavelength
was set at 220 nm. Ovalbumin (44 kDa), approtinin
(6.5 kDa), and neurotensin (1.6 kDa) (Advance Bio
SEC 130A Protein Standard 4.0 mg, lyophilized 1.5

mL vial) were used as the molecular weight markers.

3.5. Amino acid composition

Collagen hydrolysate and peptides in
different size ranges were hydrolyzed in 6M HCl at
110 °C for 24 hr and then analyzed using HPLC
(Agilent 1260 Infinity, USA). The samples were
loaded onto an Agilent Poroshell column (HPH C18,
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4.6 x 100 mm, 2.7 um, Agilent Technologies,
Wilmington, DE, USA) and eluted with the mobile
phase A containing 10 mM NaZHPOA, 10 mM NaZBaO7y
and 5 mM NaN_, with a final pH of 8.2 and the
mobile phase B containing acetonitrile: methanol:
water (45:45:10, v:viv) at a flow rate of 1.5 mU/min.
The injection (Agilent 1260 Infinity autosampler,
USA) volume was 1 Ul and the detection (Agilent
1260 Infinity Il Variable Wavelength Detector, USA)
wavelengths were set at 230 nm and 450 nm.

Determination of amino acids followed AOAC [33].

4. Statistical Analysis

A completely randomized design (CRD) was
used with three replications. Data were presented
as mean + standard deviation (SD) values. Means
among treatments were compared based on
Duncan’s multiple range test and analysis of
variance (ANOVA) was tested at a statistical

significance of 95%.

Results and Discussion

The tuna protease activity and specific
enzyme activity were 0.0475+0.0002 units/ml and
0.0010+0.0000 units/mg protein, respectively. Even
though both these values were lower than for
skipjack protease activity of 3.42+1.008 units/ml
and specific enzyme activity of 0.0983+0.61 units/
mg protein [15], the extraction time patterns were
similar. Table 1 shows that the DH of tilapia skin
collagen hydrolysate was not significantly different
for extraction times in the range 1-5 hr; thus, this
extraction time range was suitable for producing
tilapia skin collagen hydrolysate. The collagen
hydrolysate solutions were not gelatinous when
refrigerated at 4 °C, in contrast to the control
(collagen hydrolysate at 0 hr), which was gelatinous
at 4 °C.

Table 1 Antioxidant activities of tilapia skin collagen hydrolysate using 5 extraction durations.

FRAP Metal Chelating
Extraction DPPH ABTS
DH (%) (pmol TE/mg ~ (mM EDTA/mg
time (hr) (umol TE/mg protein)  (umol TE/mg protein) .
protein) protein)
1 72.23 +4.42% 2,171.69 £118.26° 5,215.43 +698.12° 758.54 +46.64° 44.10 +0.49°
2 72.23 £2.21™ 1,944.97 +287.86™ 5,676.96 +407.21% 702.83 +27.12° 45.03 +0.88°
3 73.50 £3.38™ 2,076.96 £209.25° 6,751.81 £293.66° 703.24 +16.89° 45.17 £0.77°
4 72.23 +5.58™ 2,105.58 +179.60° 428551 +567.31¢  610.80 +44.45° 44.13 +1.41°
5 72.87 £2.92" 1,763.69 +61.66" 6,199.71 +061.78% 533.13 +13.43° 39.56 +1.12°

* Values presented as mean + SD from triplicate determinations. Different lowercase superscript letters (a-d) in same

column indicate significant (p<0.05) differences between means; ns indicates no significant (p>0.05) difference in column.
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Figure 1 Fractionation ratio of tilapia skin collagen hydrolysate using ultrafiltration.

Table 1 presents data on the collagen
hydrolysate extracted at 1-5 hr. The levels for metal
chelating, FRAP, and DPPH scavenging capacity for
1-3 hr in the extracted collagen hydrolysate were
not significantly different. The hydrolysate after 3
hr extraction having the highest ABTS activity
(6,751.81 + 293.66 pmol TE/mg protein), which was
similar to the values for tilapia skin collagen
hydrolysate in another study [15], for jumbo squid
collagen hydrolysate [19] and for white jellyfish
collagen hydrolysate [34]. Based on the current
study results, the extraction time of 3 hr for tilapia
skin collagen hydrolysate was considered optimal.

Fractionated peptides were isolated from
collagen hydrolysate after 3 hr extraction and the
resulting ratios are shown in Figure 1. The yield of
peptides > 10 kDa represented 67.08% of the total,
peptides 1-5 kDa were 14.75%, and peptides < 1
kDa were 18.17%. Soluble protein contents were
986.65 + 18.02 mg/ml for > 10kDa, 204.93 + 20.38
meg/ml for 1-5 kDa and 202.73 + 26.39 mg/ml for
< 1 kDa. The <1 kDa fraction had the highest levels
of antioxidant capacity (ABTS, FRAP, metal chelating,
and DPPH), similar to yellowfin skin collagen
hydrolysate [20], tilapia skin [18] and fish by-

products collagen hydrolysate [13]. The antioxidant
capacity of the fractionated peptides decreased
compared with the crude collagen hydrolysate,
similar to porcine peptide fractions [9]. This may
have been due to a decrease in the protein
concentration [10, 13].

Extracted tilapia skin collagen hydrolysate
contained glutamic acid (449.07 mg/100g), glycine
(425.50 mg/100g), and proline (282.29 mg/100g) as
the main amino acids. As well as hydrophobic amino
acids (955.70 mg/100g) and hydrophilic amino acids
(267.68 mg/100¢), as shown in Table 3. ABTS radicals
can react with hydrophilic and hydrophobic
compounds, while the DPPH assay is only suitable
for hydrophobic compounds [20, 35]. Tilapia skin
collagen hydrolysate contains hydrophilic and
hydrophobic amino acids, resulting in high ABTS
antioxidant activity. Hydrophilic and hydrophobic
amino acids play an important role in antioxidant
activity as hydrogen donors [12, 36-39]. Tilapia skin
collagen hydrolysate contains acidic amino acids
(aspartic and glutamic) and basic amino acids
(histidine, lysine, and arginine) that play important
roles in metal chelating ability [40].
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Table 2 Antioxidant activities of peptide fractions from tilapia skin collagen hydrolysate.

Peptide DPPH ABTS

Metal Chelating
FRAP

(mM EDTA/mg
size (umol TE/mg protein) (umol TE/mg protein) (umol TE/mg protein)
protein)
<1 kDa 10.92 + 0.84 ° 3,178.22 + 11.85° 564.61 + 17.87 ° 151.48 + 1.58 °
1-5 kDa 8.28 +0.22° 2,830.58 + 58.09 ° 454.88 + 6.54 ° 119.00 + 3.23 ©
>10 kDa 8.14 +045° 2,639.57 + 23.46 © 466.62 + 3.69 ° 134,13 + 1.51°

* Values presented as mean + SD from triplicate determinations. Different lowercase superscript letters (a—d) in same

column indicate significant (p<0.05) differences between means.

From the current study on the relationship
between molecular weight and amino acids on the
antioxidant properties of tilapia skin collagen
hydrolysate, it was found that the molecular weight
of the peptide fraction influenced on the antioxidant
properties more than the amino acid composition.
The antioxidant capacity of the small peptide

fraction (<1kDa) increased. Peptides with a low

concentration of hydrophilic and hydrophobic
amino acids that contribute to antioxidant capacity.
While longer peptides with a high amino acid
content that cannot unfold and expose their amino
acid sequences to exert their bioactivity [20].
Indicating that the antioxidant properties depended

on the molecular weight.

Table 3 Amino acid composition of tilapia skin collagen hydrolysate and fraction peptides.

amino acid profiles (mg/100g) collagen Peptide fractions
hydrolysate >10 kDa 1-5 kDa <1 kDa
Alanine** 267.68 170.62 39.51 48.64
Aspartic acid* 261.72 165.29 37.25 -
Glutamic acid* 449.07 287.25 66.58 81.60
Glycine 425.50 293.90 67.42 77.31
Leucine** 177.57 108.37 24.39 32.26
Lysine* 221.17 137.71 32.23 40.19
Proline** 282.29 163.47 39.73 51.29
Valine** 131.46 75.01 17.07 23.89
Total 2216.46 1401.63 324.19 355.18
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Table 3 (cont.)

collagen Peptide fractions
amino acid profiles (mg/100g)
hydrolysate >10 kDa 1-5 kDa <1 kDa
Hydrophilic amino acids 267.68 170.62 39.51 48.64
Hydrophobic amino acids 955.70 614.99 141.11 173.65

* Hydrophilic amino acids

** Hydrophobic amino acids

Conclusions

Tilapia skin collagen hydrolysate had high
levels of ABTS and FRAP antioxidant activity. The
peptide fraction <1 kDa derived from this collagen
hydrolysate had the highest antioxidant activity,
mainly in terms of the ABTS antioxidant activity.
Thus, tilapia skin collagen hydrolysate could be
considered an excellent source of antioxidants,
making it possible to utilize this waste more
effectively and to add value to tilapia and tuna
resources. The further studies are needed to isolate
small peptide (<1 kDa) to apply for food, dietary

supplement and pharmaceuticals.
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B.Sc. (Artificial Intelligence)
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Bachelor of Science Program in Computer Science
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Bachelor of Science (Computer Science)

B.S. (Computer Science)
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Bachelor of Science Program in Medical Science
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Bachelor of Science (Medical Science)
B.Sc. (Medical Science)
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