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Abstract

Androgenesis is a biotechnological pathway of /n vitro gametic embryogenesis with the
potential leading to haploid plant production from male reproductive organ. Butterfly pea
(Clitoria ternatea L.) is a versatile leguminous plant with the floral shape resembling a butterfly
at full bloom. Based on the varying lengths of flower as well as petals and sepals, 5 stages of
flower development were delineated. When anthers from flowers of these various stages were
cultured on basal Murashige and Skoog medium supplemented with 3 mg/I 2,4-D and 60 or 80
g/l sucrose, it was found that anther-derived embryos (11.67 and 3.3% in the presence of 6
and 8% sucrose, respectively) were obtained only from stage 2 flowers. Light microscopic
observation also revealed that the microspores of anthers isolated from flowers at stage 2 was
uninucleate. This suggested that anther or microspore stage of butterfly pea played a very
important role in direct androgenesis and 8% sucrose in the medium was detrimental to this
process.

Keywords: androgenic embryo, anther, butterfly pea flower, microspore

Introduction

Butterfly pea (Clitoria ternatea L.), belongs to the sub-family Papilionaceae in
Fabaceae, and is a nutritive multi-purpose forage legume originated from tropical Asia. This
perennial edible leguminous twiner may be used as a nutraceutical, medicinal or ornamental
plant. Besides, it is also valuable in cuisine and for rotational fodder (Gomez & Kalamani, 2003;
Barik et al., 2007; Morris, 2009).

Clonal propagation /n vitro can potentially be achieved via an organogenic and
embryogenic pathway. For embryogenesis, adventive or nonzygotic embryoes are induced
either from somatic or gametic material. In gametic embryogenesis, androgenesis is a part of
this pathway involving the development of embryos in cell culture initiated from isolated anther
or microspore or immature pollen (Maraschin et al., 2005; Forster et al., 2007). Although there
have been many publications on organogenesis and somatic embryogenesis of butterfly pea,
there are few investigations of androgenesis of this crop (Barik et al., 2007; Nair & Reghunath,
2008; Mukhtar et al., 2012). In particular, the objective of this study was to examine the
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relationship between flower developmental stages and anther-derived embryo formation in
butterfly pea.

Materials and methods

Different sizes of butterfly pea flowers, blue flower with double petalloid cultivar, were
collected (before blooming and at anthesis) at around 8-9 a.m. from the garden of the Division
of Agro-Industrial Technology, Faculty of Applied Science, King Mongkut's University of
Technology North Bangkok. Firstly, the lengths of the outermost petal, sepal and entire flower
as well as flower width were measured. Subsequently, the various developmental stages were
operationally classified based on the different sizes of the floral parts. Then, the length and
width of the anther as well as the length of the filament at each developmental stage were also
determined.

For gametic embryo induction, butterfly pea flower at various developmental stages
were rinsed with sterilized distilled water for 5 min, surface disinfested by soaking for 15 min in
20% (v/v) Clorox household bleach containing 3 drops of Tween 20, followed by immersion in
sterilized distilled water 3 times (1 min each). Then, the petals were excised and discarded
while the stamens were placed on a sterile Petri dish. Afterward, the filament was excised from
the anther before the anther was cut transversely and transferred to induction medium [MS
(Murashige & Skoog, 1962) semi-solid medium supplemented with 3 mg/I 2,4-D and either 60
or 80 g/l sucrose]. Subsequently, the cultures were kept for 4 weeks in a culture room under
25°C and 16 h of 20.87 pmol/m?/s lighting daily. Afterwards, androgenic embryos formed were
transferred to grow on basal MS medium containing 30 g/| sucrose.

To determine the developmental stages of the microspores, a procedure modified from
Wang et al. (2010) was used. Two anthers dissected from a flower of an appropriate
developmental stage were placed on a glass slide and then covered with another glass slide
before a glass rod was rolled over the upper glass slide for 10 s. The upper glass slide was
removed so that microspores could be treated with 2 drops of 40% (v/v) Clorox household
bleach for 1 min, followed by adding 1 drop of distilled water and covered with a cover slip.
Finally, a tissue paper was used to absorb any excess solution and then a drop of 1% (w/v)
acetocarmine was added at one side of the cover slip to stain the microspores for 20 min
before observation under a light microscope.

Results and discussion

Various sizes of butterfly pea flowers were collected for size measurements of the
petals, sepals and the whole flowers so that 5 stages of flower development were identified
based on statistically significant differences in the lengths of petals, sepals and flowers (Table
1, Figure 1A). Similarly, the filament also exhibited different lengths in relation to the 5 stages
of flower development. This result is quite similar to the measurement of filament length in
most species of Collinsia as the filament gradually elongates from the first until the final stage
of flower development (Armbruster et al., 2002). However, there was little difference in the
anther size in relation to the first 4 stages of flower development while at stage 5 the anther
size was significantly reduced. This was an overall trend opposite to those of the other flower
parts (Table 2, Figure 1B and 1C).
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Table 1. Analysis of butterfly pea flowers, the petals and sepals to delineate 5 stages of flower
development (data from 10 replications)

Flower Petal length Sepal length  Flower length Flower width
stages (cm) (cm) (cm) (cm)
1 0.34+0.07a 1.05+0.10a 1.27+0.15a 0.54+0.07a
2 0.57+0.07b 1.30+0.07b 1.68+0.04b 0.66+0.05b
3 1.03+0.09c 1.38+0.08c 1.99+0.09c 0.73+0.05b
4 1.44+0.11d 1.47+0.08d 2.46+0.16d 0.74+0.05b
5 2.88+0.09%e 1.60+0.07e 3.99+0.17e 2.82+0.16¢

Means+S.D. in the same column with different letters were statistically significant different (P<0.05)

Figure 1. Butterfly pea: (A) flowers at various stages of development (scale bar = 1 cm), (B)
stamens at various stages (scale bar = 0.1 cm), (C) anthers at various stages of flower
development (scale bar = 0.1 cm)

After the different developmental stages were delineated, anthers from the flowers of
the different stages were cultured on an androgenic embryo induction medium (see Materials
and Methods). In preliminary experiments, it was found that there was no callus or gametic
embryo formed when the entire butterfly pea anthers were cultured for 30 days. However,
culturing the anther halves obtained by dissecting the anthers in the middle transversely
resulted in formation of androgenic embryos. Dissection of anther was a kind of wounding or
mechanical stress that stimulated androgenic embryo formation in some plants. For example,
excision of anther tip was also found to enhance this process in white cabbage (Osolnik et al.,
1993) and brussels sprout (Krzyzanowska & Goérecka, 2008).

-3-
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Table 2. Size of stamen at 5 stages of butterfly pea flower development (data from 30
replications)

Flower Filament length Anther length Anther width

stages (cm) (cm) (cm)
1 0.32+0.05a 0.20+0.02a 0.14+0.02a
2 0.46+0.06b 0.19+0.03ab 0.14+0.02a
3 0.74+0.09c 0.19+0.02ab 0.13+0.02ab
4 0.97+0.09d 0.18+0.03b 0.12+0.03b
5 1.84+0.10e 0.12+0.03c 0.11+0.02c

Means+S.D. in the same column with different letters were statistically significant different (P<0.05)

The procedure used for androgenic embryo formation in this study was slightly adapted
from a similar research of Sudhersan et al. (2008) on Sturt’s desert pea (an ornamental legume
which is like butterfly pea belonging to the family Fabaceae). Although the induction medium
used gave the best percentage of embryogenic callus initiation in cultured Sturt’s desert pea
anthers, the response of butterfly pea anther explants on the same medium was dissimilar. It
was found that androgenic embryos of butterfly pea developed directly from the cultured
anthers (Figure 2A) and only anther explants from flowers of the stage 2 development could
form this embryogenic structure. In addition, the number of anther-derived embryos in two
treatments (each from 60 replications) decreased from 11.67+0.32 to 3.3+£0.18% when sucrose
concentration in the culture medium was increased from 60 to 80 g/I, respectively.

An examination under a light microscope revealed that the microspores from the
anthers of flowers at stage 2 development were at the uninucleate stage (Figure 2B). It was,
however, found that without exine removal according to the modified method of Wang et al.
(2010), the nucleus of butterfly pea microspore was hardly to be seen. The uninucleate
condition of the microspores might be important for androgenic embryo induction in butterfly
pea. The same result was also found in other plants, such as peanut (Willcox et al., 1991) and
chickpea (Panchangam et al., 2014), that are in the same family as butterfly pea.

"ﬂ
m

Figure 2. (A) a group of globular embryos formed in excised anther explants from butterfly
pea flower of stage 2 development cultured on basal Murashige and Skoog medium
supplemented with 3 mg/l 2,4-D and 60 g/l sucrose for 30 days; (B) light microscopic
observation showing a microspore at the uninucleate stage

-4 -
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When the androgenic embryos of butterfly pea were transferred onto basal MS
medium supplemented with 30 g/l sucrose without addition of any plant growth regulators, the
globular embryos (Figure 3A) developed further into heart-stage embryo (Figure 3B).
Nevertheless, these embryos did not convert into plantlets. Thus, unlike Sturt’s desert pea, both
globular and heart-stage embryos of butterfly pea seemed to develop directly from excised
anther explants without any intervening callus formation. It would appear that different plant
species in the same family might have dissimilar responses to a comparable androgenic embryo
induction medium.

In conclusion, anther (or microspore) developmental stage and sucrose concentration
affected direct androgenic embryo induction in butterfly pea. Further studies are required to
refine the media used for androgenic embryo induction and plantlet conversion.

Figure 3. Androgenesis of butterfly pea: (A) globular embryo, (B) heart-stage embryo (scale
bar = 1 mm)
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Abstract

In this paper, we define the notions of ideals and congruences on BBG-algebras and
investigate some related properties. Moreover, we study the relation between ideals and
congruences on commutative BBG-algebras. We define the quotient in commutative BBG-
algebras induced by this relation and study its properties.

Keywords: BBG-algebras, congruences, ideals, quotient BBG-algebras

Introduction

In 1998, Dudek and Zhang introduced a new concept of ideals in BCC-algebras and
described connections between such ideals and congruences. (Dudek & Zhang, 1998) In 2007,
Ding and Pang introduced on the properties of the element and then the definition and
properties of congruences and quotient algebras are given and quotient algebras are the basic
tools for explored the structures of BCI-algebras. (Ding & Pang, 2007) In 2009, Prabpayak and
Leerawat introduced some kind of algebras which is called KU-algebras and defined ideals and
studied congruences on KU-algebras. Furthermore, they investigated some of its properties.
(Prabpayak & Leerawat, 2009) In 2010, Asawasamrit and Leerawat introduced an algebraic
stucture called a binary algebra and studied the relation between ideals and congruences.
Finally, they defined quotient binary algebra and studied its properties. (Asawasamrit &
Leerawat, 2010) In 2012, Asawasamrit and Sudprasert introduced to the genral theory of KK-
algebras and shown relation between ideals and congruences to defined qutient KK-algebra and
investigated fundamental properties. (Asawasamrit & Sudprasert, 2012)

In 2015, Tearnbucha and Asawasamrit introduced a new algebraic structure called a
BBG-algebra and studied its fundamental properties (Tearnbucha & Asawasamrit, 2015). They

defined a BBG-algebra as an algebra (X, %, 0) with a binary operation * which satisfies the

following properties:
(BBG-1) xxx=0,
(BBG-2) 0x*xx=x
(BBG-3) x*x(yx2=({(y«0)xx)*zforall x, y,ze X

Before proved the basic properties of BBG-algebras, they gave some examples
including the following (Tearnbucha & Asawasamrit, 2015).
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Example 1.1 Let X= {0, 1, 2} and * be defined by the Cayley Table 1. Then they showed by

a straightforward, but lengthy, calculation that (X, *, 0) satisfied the three axioms of a BBG-
algebra.

Table 1. Definition of * for example 1.1 with X'= {0, 1, 2}.

* 0 1 2
0 0 1 2
1 2 0 1
2 1 2 0

Proposition 1.2 Let (X, «, 0) be a BBG-algebra. Then, for all x, y, z€ X
1.(xx0)x(x*x)) =y,

.Xxx*x y=xx* zimplies y= z

(xx ) xz=yx ((xx0) x 2),

. xx y=0implies x = y,

.(xx0)x0=x

.(yxx)x0=xxy,

. y*x x=zx ximplies y= z

NO U ph~h WN

Tearnbucha and Asawasamrit defined a commutative BBG-algebra (X;*,0) as follows
(Tearnbucha & Asawasamrit, 2015).

Definition 1.3 A commutative BBG-algebra is a BBG-algebra with the property that (x * 0) x y
=(yx0)xx forallx, y, ze X
They then defined a binary operation A on a commutative BBG-algebra (X, *, 0) by x A

y=(xx y) x yand showed that x A y = y A xfor all x, y € X and proved the following
proposition.

Proposition 1.4 If (X ,x, 0) is a commutative BBG-algebra, then for all 3,5, x, y, ze X:
L(y+0)*(x+0)=xxy,

(xx P xy=x

(YD) x (xxa) = (ax D) x(xx)),

(2 X)x(Z2x YY) =xxY,

(yxDx(xx2=xx Yy,

(bx Y xx=(x*x ) = b

xx(yx2) = yx(xx 2).

NO U h~h WN

In this paper, we introduce the notion of ideals and congruence in BBG-algebras and
investigate some of their properties. Moreover, we will show some of the relationships between
ideals and congruences in commutative BBG-algebras to define the quotient in commutative
BBG-algebras and study its properties.



The Journal of Applied Science Vol. 16 No. 1: 7-16 [2017]
NsATINeAENTUsTY NG doi: 10.14416/j.appsci.2017.05.002

Ideals
Definition 2.1 Let (X x, 0) be a BBG-algebra and A be a non-empty subset of X. Then, A is

called a closed subset of X on condition that x x y € A whenever x, y c A.

Lemma 2.2 If Ais a closed subset of a BBG-algebra (X, *, 0), then 0 € A.
Proof. If x e A, then x* x € A From BBG-1, x x x = 0 and therefore 0 € A.

Definition 2.3 Let (X, x, 0) be a BBG-algebra and A be a subset of X. Then A is called an
ideal of (X, =, 0) under the operation x, if it satises the following conditions

(I-1)o0 e A

(I-2) For x, ye X if xc Aand xx yc Athen yc A

Example 2.4 Let X={0, 1, 2, 3, 4, 5} and let the binary operation * be defined by Table 2.

Table 2. Definition of x for Example 2.4 with X= {0, 1, 2, 3, 4, 5}.

* 0 1 2 3 4 5
0 0 1 2 3 4 5
1 2 0 1 4 5 3
2 1 2 0 5 3 4
3 3 4 5 0 1 2
4 4 5 3 2 0 1
5 5 3 4 1 2 0

Then, it can easily be checked that (X, *, 0) is a BBG-algebra and that 7= {0, 1, 2}, J
= {0, 3} and K= {0, 5} are closed ideals of X under the operation x.

Example 2.5 Let X= {0, 1, 2, 3} and let the binary operation x be defined by Table 3.

Table 3. Definition of * for Example 2.4 with X = {0, 1, 2, 3}.

* 0 1 2 3
0 0 1 2 3
1 1 0 3 2
2 2 3 0 1
3 3 2 1 0

Then, it can easily be checked that (X, %, 0) is a commutative BBG-algebra and that 7 =
{0, 2} is closed ideals of X under the operation x.
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Lemma 2.6 Let (X, x ,0) be a commutative BBG-algebra and let A be a closed subset of X.
Then A is anideal of X ifandonly if xe Aand zx y¢ A imply that z* (x* ) ¢ A for all x,
y, Z€ X

Proof. Let Abe a closed subset of X Since 0 c A, property I-1 of an ideal is satisfied. Now, we

prove that A is an ideal only if the stated conditions are true. We prove by contradiction.
Suppose that Ais an ideal of X for all x, y, z€ Xandthat x€¢ A and zx ( xx y) € A. By

Proposition 1.4(7), we have zx ( x* y) = xx ( Z* y) and therefore from condition I-2 of the
definition of an ideal, we have zx y€ A. Hence, if zx y¢ Aand zx (xx ) € A, then Ais not

an ideal. Therefore A is an ideal only if z+ y & Aimplies that z+ ( x x ) € A. We now prove
that if the conditions are true then A is an ideal. Assume that A is a closed subset of X, and for
all x, y, ze X, we have x e A, and that zx y ¢ Aimplies that zx (x x )) & A. Let x € A Then

since A is closed, 0 € A and property I-1 of the definition of an ideal is satisfied. We prove
property I-2 by contradiction. Assume that A is not an ideal and the conditions are true, i.e.,
thatif x€ Aand zxy & Athen xx (zx y) ¢ A. If A'is not an ideal, then there exists x € A, x x

(zxy) e Aand zx y ¢ A. From the conditions, we have that zx y ¢ Aimplies that z « (x * ))

¢ A. But, from Proposition 1.4(7), zx (x = ) = x* (z* y) and therefore x x (z* y) & A which

isI:1 a contgadiction. Therefore, if the conditions are true then Ais an ideal of X. This completes
the proof.

Corollary 2.7 Let A be a closed subset of a commutative BBG-algebra X. Then A is an ideal
of Xifand only if xe Aand y¢ Aimplythat x« y ¢ Aforall x, ye X

Lemma 2.8 Let A be a closed subset of a commutative BBG-algebra X. Then A is an ideal
of Xifand only if xx (yx2) € Aand xx z¢ Aimply y& A forall x, y, ze X

Proof. Let Abe a closed subset of X. Then 0 € A and property I-1 of an ideal is satisfied. We
now prove that property I-2 of an ideal is satisfied only if the stated conditions are true.
Suppose that for all x, y, z € Xthe conditions x « (y * 2) € Aand x x z ¢ A are satisfied. We

assume that A is an ideal and y € A We now prove that this is a contradiction. From
Proposition 1.4(7), x« (yx 2 = y* (x x 2) € A. Hence, if y € Aand Ais an ideal, then from
condition -2 of the definition of an ideal, we have x * z € A This is a contradiction, and
therefore if xx z¢ A, y+ (x* 2) € Aand y € Athen Ais not an ideal. Therefore Ais an ideal
only if x* (y* 2) € Aimplies that y ¢ A. We now prove that if the stated conditions x x (y x 2)

€A xxz¢g Aand y & Aare true, then property I-2 of an ideal is satisfied. We prove property
I-2 by contradiction. We assume that the stated conditions are true and that Ais not an ideal.
Then, if Ais not an ideal, there exists y € A, yx (xx 2 € Aand x x z ¢ A. From Proposition

1.4(7), x+ (yx 2 = y* (x* 2) and therefore y x (x x 2) € A But, from the conditions x * (y

2) € Aand x x z¢ Aimplies that y ¢ A. This is a contradiction and therefore A is an ideal. This
completes the proof.

Corollary 2.9 Let A be a closed subset of a commutative BBG-algebra X. Then A is an ideal
of X ifand only if x+ ye Aand y ¢ Aimplies x ¢ Afor all x, y, ze X.

Theorem 2.10 Let {J;: /€ N} be a family of ideals in a BBG-algebra X where J, C J,,; for all

oo

neN. Then U J,is an ideal of X

n=1

-10 -
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(0.¢]

Proof. We first note that 0 ¢ U Jn By definition, J is an ideal implies that 0 € J, and J; C
n=1

o

o (0.¢]
UJ. To prove property I-2 of an ideal, we will show that x U J, and x « ye U 7

n=1 n=1 n=1

o0 o0 o
implies that y e U1 J,. Since x ¢ U Jpand xx y e U1 Jy it follows that x € J;for some je N
n= n=

n=1

and x x y € ], for some k € N. Without loss of generality, we can assume that j < & Since J;
C J, we have x eJyand x x y € J. Then, since J;is an ideal, we have from property I-2 of an

o (o0}
ideal that y € J, C U J Therefore, property I-2 is also true for U J,. This completes the
n=1 n=1

proof.

Theorem 2.11 Let {J;: /€ N} be a family of closed ideals of a BBG-algebra X where J, C

o0
Ji foralln € N. Then U J, is a closed ideal of X.
n=1
oo (0.¢]
Proof. We will first show that U J, is a closed subset of X. Let x, y € U J,. It follows
n=1 n=1

that x € J;for some j € N and y € J, for some k € N. Without loss of generality, we can
assume that j < kand then J; C J. Therefore, x, y € J,and since J; is a closed ideal, we have

o oo o
that x« ye J, C U J,. This proves that if x, y e U J, then xx ye U J, and therefore x
n=1 n=1 n=1
o (0.¢]
ye U J, is a closed subset of X Finally, it follows immediately from Theorem 2.10 that U J,
n=1 n=1

is an ideal of X. This completes the proof.

Theorem 2.12 let { J;: jc J} be a family of ideals of a BBG-algebra X. Then N Ij is an

jeJ
ideal of X
Proof. We note first that 0 € [ I; because 0 € ;for all ideals 7; C X.
jeJ -
We now prove property I-2. Let x ¢ ﬂ I/ and xx y ¢ ﬂ I7 Then, x € Iiforall jand x x y €

jeJ jeJ
Ifor all j. Since 7 is an ideal there e;dsts w € I such t?]at X x yy € L. Similarly, since 5 is an
ideal there exists )5 * L such that x « y» € 5. By Proposition 1.2(2), x* )1 = x * ), implies that
¥ = p and therefore s = yp € ;, N L. Therefore, xe ;N L and xx y € I, N b, implies that
there exists y € 1 N L. Therefore, I; N L satisfies property I-2 of an ideal. This argument can
now be applied to (; N £) N L& to prove that (4 N L) N L is an ideal. A repeat of this
argument completes the proof.

-11 -
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Theorem 2.13 Let{ /;: jc J} be a family of closed ideals of a BBG-algebra X. Then N I
jeJ
is an closed ideal of X. 7€

Proof. By Theorem 2.12, [ Ij is an ideal of X. We now show that the intersection of closed
subsets of Xis a closed subsjeetJof X. We first show that the intersection of two closed subsets of
Xis a closed subset of X. Let x, ye€ L1 n L. Since ] is closed, we have x x y € ;. Similarly,
since & is closed, we have x « y € L. Therefore, x + y € I N L. We can now repeat the
argument for the two closed ideals /; N 4 and £ to prove that (4; N L) N & is a closed subset
of X. A repeat of this argument completes the proof.

Quotient BBG-algebras
In this section, we study congruence and quotient on BBG-algebras.

Definition 3.1 Let /'be an ideal of a BBG-algebra X. Define a relation ~ on Xby
x~ yiff xx yelIand yx xe L

Theorem 3.2 If /is an ideal of a commutative BBG-algebra X, then the relation ~ is an
equivalence relation on X
Proof. Let 7be an ideal of a commutative BBG-algebra Xand x, y, ze X. By BBG-1, x*x x=10

and since 7is an ideal x x x =0 € I That is x ~ x. Hence ~ is reflexive. Next, suppose that x ~
y. It follows that xx ye Jand yx xe€ I Then y~ x, so ~ is symmetric. Finally, we prove the
transitivity of ~. Let x, y, ze€ Iand x ~ yand y ~ z We will show that x ~ z Now, by
definition of ~, we have xx y, y* x, y* z, Zx y € I By Proposition 1.3(4), we have (z* ) *
(zx X) = yx x € I. However, we know that zx y € I'and therefore since 7is an ideal, we have
z+ x € L. Similarly, using Proposition 1.3(5), we can prove that x « z € I Thus ~ is transitive.
Therefore ~ is an equivalence relation.

Lemma 3.3 Let /be an ideal of a commutative BBG-algebra X. Forany x, y, u, ve X, if u~
vand x~ y, then ux x~ vx y.

Proof. We will first show that v« x ~ v« y. Since u~ v, we have ux ve Iand vx v e L
Since Xis a commutative BBG-algebra, we have from Proposition 1.3(5) that (v x) x (v* x) =
usxveland(uxX)x(vxx)=vxue L Therefore ux x~ vx x. We will next show that v
x X~ V= ). Since x~ y, we have x« ye Iand yx x € I Since X is a commutative BBG-
algebra, we have from Proposition 1.3(4) that (v« X) x (v ) = xx ye Iand (vx y) x (v x
X)=y* x € I. Therefore vx x~ vxy. Then, since vx x~ vx* xand v* x~ vx y, we have
from transitivity of ~ that v+ x ~ v y. This completes the proof.

Corollary 3.4 If Iis an ideal of a commutative BBG-algebra X, then the relation ~ is a
congruence relation on X
Proof. For the operation = of the BBG-algebra and for all x, y, ¢, v € X, we have from

Theorem 3.2 that ~ is an equivalence relation on X and from Lemma 3.3 that v ~ vand x ~ y
implies that v+« x ~ v« ). Therefore, ~ is a congruence relation on X.

-12 -
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Definition 3.5 Let 7 be an ideal of a commutative BBG-algebra X. Given x € X, the

erc]quivalence class [x]; of xis defined as the set of all elements of X that are equivalent to x,
that is,

Mr={ye X:xxy}.
We define a quotient set by X/7={ [x];: xe X}.

Lemma 3.6 letx, yc X/L If[x];e X/Iand [y]l;e X/I then [x* y]; € X/L
Proof. By definition, if [x]; € X/Ithen x ¢ Xand if y ¢ [)]; then y € X. Since * is a binary
operation on X, we have x *« y € X. Therefore, [x* yl; € X/L.

Definition 3.7 We define an operation o on X/ by

[Xro M= [x* Yl
From Lemma 3.6, this operation is a binary operation on X/1.

Theorem 3.8 If I is an ideal of a commutative BBG-algebra X with quotient set X /7= { [X];:
x € X} and a binary operation o, then o is a mapping from X/I x X/Ito X/1.

Proof. Let[x]; [x%];€ X/I From Lemma 3.6, we have [xi];0 [x%];€ X/L

We prove that if [1];= [x]70 [x%]; € X/Iand [y5]; = [xlr0 [X]r € X/ then [l = [)s]s

If [l = [xalro [els then [)a]r = [x]ro [x]simplies that )3 ~ x; * x. Similarly, if [5]; = [x]r
o [x%]s then ), ~ X * x. By the transitivity property of ~, we have 1 ~ y and [1]; = [)o]x

Therefore, if [x1]; € X/Iand [x%]; € X/I then there exists a unique [)]; = [x];o [x]; € X/L
The proof is complete.

Theorem 3.9 Let /be an ideal of a commutative BBG-algebra (X, « ,0). Then (X/I, o, [0])
i)s( f[commutative BBG-algebra. The set X/I is called the quotient commutative BBG-algebra
Proof. We first prove that (X/7, o, [0],) is a BBG-algebra.
(BBG-1) If [X5 [V [2lr€ X/1, then [0];0 [X];= [x* x]; = [0]
(BBG-2) Itis clear that [0];0 [X];= [0 * X]; =[X]~
(BBG-3) Consider
(X170 ([M:0 [2D) [Xlzo [y * 2;
= [x* (y* 2)]r
= [((y+0) x X) = 2];
= [((y*0) * X];0 [,
= ((Ly = 0]) o [X7) o [2:
= (N0 [01) o [A1) o [2]
We prove that (X/I; o, [0],) is a commutative BBG-algebra.
([X]70 [0]7) o [¥]: = [x*0]z0 [Vr
= [(x*0) = s
[(y = 0) * x];
[y* 0]ro [X];
= (X110 [0]) o [X]~
Therefore, from Definition 1.3, (X/I, o, [0];) is a comutative BBG-algebra.

Example 3.10 Let X= {0, 1, 2, 3, 4, 5} be a BBG-algebra with * operation defined in Table
2 of Example 2.4. We can define a quotient algebra as X/7= { [0];, [3];}, where [0]; = [1];

-13 -
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=[2];=9{0,1,2}and [3];=[4];=[5];={3, 4, 5}. The operator o can be defined on X/Ias

shown in Table 4.

Table 4: Definition of o for Example 3.10, with X/7= {[0];, [3]~}

* [0], [31:
(0], [0], (31
[31s [31s (0],

Example 3.11 Let X= {0, 1, 2, 3} be a BBG-algebra with x operation defined in Table 3 of
Example 2.5. We can define a quotient algebra as X /7= { [0];, [1];}, where [0];= [2];=
{0,2}and [1];=[3]; = {1, 3}. The operator o can be defined on X/Ias shown in Table 5.

Table 5: Definition of o for Example 3.11, with X/7= {[0];, [1]~}

* [0]; (1],
[0]; [0]; (1]
[1]; [1] (0],

Lemma 3.12 Let /be an ideal of a BBG-algebra X, and J be any subset of Xwith 7/C JC X.
Then J is an ideal of X if and only if J/7is an ideal of X/IL

Proof. Let /be an ideal of BBG-algebra Xwith 7C JC X We first prove that if Jis an ideal
of X then J/I is an ideal of X /1 Since /and Jare ideals of X, we have from property (I-1) of
anideal that 0 € 7and 0 € J. Also, since 0 x 0 = 0 € J, we have from Definition 3.5 that [0]; €
J/Iand therefore J/I satisfies property (I-1) for an ideal. We now prove property (I-2) for J/IL
We assume that [x]; € J/I and [X];o [V]; € J/I Therefore, x € Jand also by Definition 3.7, [x
* YIr = [Xlro [Vlr € J/L Therefore, x x y € J, and since Jis an ideal, x € Jand xx ye J
implies that y € Jand hence [y]; € J/I. We prove that if 7 /7is an ideal of X'/, then Jis an
ideal of X. From property (I-1) of an ideal [0]; € J /1, and therefore 0 € J. To prove property
(I-2) for J, we must prove that if xe Jand x x y € Jthen y € J We assume that [X]; [X];o [V;
€ J/I Therefore, x € J, since [x* yl; = [X];o [Vl; € J /1, we also have x = y ¢ J. However,

since J/Iis an ideal, [x]; [X];o [V]; € J /L implies that [y]; € J/I and therefore that y € J.
Therefore, J satisfies property (I-2) and the proof is complete.

Lemma 3.13 Let /be a closed ideal of a BBG-algebra X'and Jbe a subset of Xwith /C JC

X. Then J is a closed ideal of Xif and only if J/Iis a closed ideal of X/
Proof. Usincf; Lemma 3.12, we prove that the ideals are closed. We first prove that if Jis a
closed ideal of Xthen J/Iis a closed ideal of X /I From Lemma 3.12, J/Iis an ideal. Since J

is closed, if x, y € J, then x« y e J Now, assume that [x]; € J/Tand [y]; € J/I Since [x]; 0
Nr=1[xx* ylyand x « y € J, we have [X]; [X];o [V]; € J/I and therefore J/Iis closed. We
prove that if J/7is a closed ideal of X /Ithen Jis a closed ideal of X. From Lemma 3.12, J is
an ideal. Since J/Iis closed, if [X]; € J/Iand [y]; € J/I, then [x];o [y]l; € J/L Therefore, x €
Jand ye J Since [x x yYl; = [Xl;o [M; € J/I, we have x x y € J. Therefore J is closed and
hence J is a closed ideal of X.
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Lemma 3.14 If /and Jare ideals of a BBG-algebra Xwith 7/ C JC X, then [is an ideal of J.
Proof. Since Iis an ideal of X, we have that forall x, y€ X, if xe 7and xx ye I'then yc J

Now, since JC X, we have that forall x, yc J, if xe Iand x* y e Ithen y e I Therefore Iis
an ideal in J.

Lemma 3.15 Let /be a closed ideal of a BBG-algebra X. Forall g b€ X, Then:

(1) [al;=T1iff ae L

(2) Either [a]; = [b]; or [a]l;Nn [b];=2.
Proof. Let I'be a closed ideal of a BBG-algebra Xand g, b € X.
(1) We first prove that if [a]l; = [, then @ € L By definition, x € [a];if and only if x € Xand x
~ g i.e., xxaclandaxxe I Sincca~ aand ax a=0 e I, we have ac [a], Since [a];
= ], we have a € I. We prove that if a € 7, then [g]; = I by proving that if x € 7then x € [a];
and if xe [a];then xe I Let xe L Then, since @ € Iand /is a closed ideal, we have a x x €
Tand xx a € I. Therefore, a ~ x and hence x € [a]. Let xe [a], Then, ax xe Iand xx a ¢
I Since ac Iand a = x ¢ I, we have x ¢ Ifrom the definition of the ideal Z
(2) We consider three cases: For a closed ideal 7 either (a) a, be I, (b) ac fand b¢ I and

()a beg I.

(@) Frompart 1, if g, b e I, then [g];=Iand [b]; = I Therefore, [a]; = [b]-

(b) Assume that a € I, b ¢ Iand that [a]; N [b];is not an empty set. There exists an
element x € X'such that x € [a];and x € [b6]. However, by definition of [b];if x € [b]; then x
x*be Iand b+ xe I But, from part 1, if x € [a]; then xe€ I Therefore, xc 7and x« be L
By definition of the ideal 7, we have the contradiction that b ¢ L

(c) From part 1, if g,b ¢ I, then [a]; [b]; = I. Therefore, [a]; = [b];or [a];N[b];=2.

Corollary 3.16 If [is a closed ideal of a BBG-algebra Xand y € [, then [)];is a closed ideal
of X.

Proof. From part 1 of Lemma 3.15, if 7is a closed ideal of X and y € [, then [y]; = I is also
closed.

Example 3.17 Let X= {0, 1, 2, 3} be a commutative BBG-algebra with * operation defined
in Table 3 of Example 2.5 and 7 = go, 2} is closed ideals of X. Then the quotient set as X/I =
{[01;, [1];}, where [0];=[2];={0,2 }and [1];=[3]; = {1, 3}. From Lemma 3.15 we will
shown that,
1. [a];=1 iff ac I, wewillhave [0];=[2];={0,2}=7and 0,2 c I
2. [al;=[b]; or [al;n [b];=2.
(@) For g, bec I, wehave 0, 2 ¢ 7and that [0]; = [2]x
(b) Forae Irand b¢ I, we have 0 € Jand 1 ¢ I, such that [0];n [1];=2.
(c) Fora b¢ I, we have 1, 3 ¢ Iand that [1];= [3]-
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Abstract

This research compared the performance measures of the two continuous sampling plans: CSP-C
(generalized CSP-C) and MCSP-C (modified CSP-C). The average fraction inspected (AFI) and the average
outgoing quality (40Q) were the performance measures to be used. Simulations was carried out and inspected
with C and R program for different levels of five following parameters: 21 levels of lengths of the production line
(L), 7 levels of fractions of defective units on the line (p), 2 levels of the number of consecutive non-defective
units to be found during a 100% inspection of units (i), 2 levels of fractional inspection of units (f) and 3 levels of
maximum allowable number of nonconforming units in sampling fractions (c). The number of conforming units to
be found before allowing ¢ non-conforming units in the sampling inspection was also simulated for the MCSP-C
continuous sampling plans (m=i). The results showed that the AFI values of MCSP-C were lower than the CSP-C
in the case of the low levels of p (p=0.005, 0.01, 0.015, 0.02) for all sets of L, i, fand c. At high level of p
(p=0.025, 0.03, 0.035) and for a short range of L, the AFI values of MCSP-C were lower than the CSP-C. For a
long range of L, the AFI values of MCSP-C were a little higher than the CSP-C. The results for the 40Q values
indicated that the 40Q values of CSP-C were lower than the MCSP-C at the low levels of p (p=0.005, 0.01,
0.015, 0.02) for all sets of L, i, fand c. At high levels of p (»p=0.025, 0.03, 0.035) and short range of L, the AOQ
values of CSP-C were lower than the MCSP-C. For the high range of L, the AOQ values of CSP-C were greater

than the MCSP-C.

Keywords: performance measures, single—level continuous sampling plans, short production runs
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Abstract

The objective of this research was to retard degradation in color, anthocyanin content, total phenolic
content, antioxidant activity and free fatty acid content resulting in undesirable rancidity in purple waxy rice by
applying post harvested drying technique and packaging. Paddy with initial moisture content of 25%w.b. was
dried by a batch fluidized bed dryer with various temperatures of 100, 130 and 150°C till the moisture reduced to
18.0%w.b. The dried paddy was then dehulled and packed, 50 g/bag, in a polypropylene woven bag, laminate bag
and laminated bag within and without an oxygen absorber at ambient temperature for 90 days storage. After
drying process, the results revealed that the proper temperature for drying paddy was at 130°C which did not
affect the postharvested quality of sample. However, the dried rice should be kept in the laminated bag containing

an oxygen absorber for it was the most effective retarding rice quality degradation.

Keywords: purple waxy rice, post harvested drying, packaging, degradation
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Abstract

In automotive part manufacturing, part’s qualities are main important that manufacturers have to
concern during production process. The purpose of this research was to develope the automated quality inspection
by applying the gray image processing system to investigate the quality of plastic injection parts in vehicle part
industry in dimension measurement section which were complicated and had various geometries and to replace an
operator’s inspection. The results showed that automated inspection could reduce time and enhance precision of
inspection process. Therefore this automated part inspection by image processing system was able to increase

work’s efficiency and reliability to enhance customer’s satisfaction.

Keywords: automotive part, automated quality inspection, image processing system
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Vol. 16 No. 1: 45-59 [2017]
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Part name : Cover (TAD)

Original Tolerance Measuring Actual
No
Dimension (mm.) Min Max Human Project
1 320.80 -0/+0.2 20.80 21.00 20.81 20.48
2 12.70 -0/+0.2 12.70 12.90 12.81 12.74
3 11.30 -0/+0.2 11.30 11.60 11.58 11.26
4 14.70 -0/+0.2 14.70 14.90 14.98 14.50
5 1.40 -0/+0.2 1.40 1.60 1.47 1.47
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AT19N 2. HANITNATDUBUIIU Knob
Part name : Knob
Original Tolerance Measuring Actual
No
Dimension (mm.) Min Max Human Project
1 R35£0.1 34.90 35.10 - 35.82
2 ?1.60 -0/+0.1 1.60 1.70 1.58 1.54
3 4.05+0.1 3.95 4.15 4.00 4.06
4 15.90 +0.1 15.80 16.00 15.53 15.93
5 25 0.1 24.90 25.10 24.98 24.65
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Abstract

The objective of this research was to study three imputation methods including, regression imputation

method (RI), distance regression imputation method (DRI) and multiple imputation method (MI). The Monte
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Carlo simulation technique, conducting for 1,000 replications, was composed of one independent variable (X) and
one dependent variable (Y) with normal distribution, the mean of 10 and the variance of 1. The correlation
coefficients were 0.10, 0.30, 0.50, 0.70 and 0.90. The sample sizes were 30, 60, 100 and 300. The Percentages of
missing at random in the dependent variable were 5, 10 and 15. Confidence coefficient was 0.95. Coefficient of
variation (CV) and coverage probability (CP) were used as the criteria of comparison. The result of this research
showed that the three imputation methods led to similar coefficient of variations and coverage probabilities. When
the sample sizes increased, the coefficient of variation decreased, and the coverage probability was adjacent to the
confidence coefficient of 0.95. Since the Regression method was uncomplicated and easier, it was the most

appropriate imputation method for this research.

Keywords: imputation, missing value
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Abstract

Raw shrimp shell (RSS) and cooked shrimp shell (CSS) were used for chitosan extraction. The
demineralization and deproteinization step provided mineral and protein elimination from RSS for 95.65 and
49.38%, respectively and 97.38 and 50.59%, respectively from CSS. After deacetylation, chitosan obtained from
CSS yielded higher than that from RSS, 46.61 and 38.59%, respectively. At 1% concentration, chitosan solution
of CSS showed higer viscosity than that of RSS and commercial one, respectively (3203, 2888 and 620 cP,
respectively). No difference in L* and pH between chitosan from RSS and CSS (p>0.05) had been found. FT-IR
technique revealed that the obtained chitosan structures were similar to the structure of the commercial one. As
clarifying agent, chitosan solution (1% concentration) was able to decrease the turbidity of apple juice with no
effect on pH of juice. Among the samples, apple juice with CSS chitosan solution showed the lowest turbidity

than those with RSS and commercial chitosan solution, respectively.

Keywords: chitin, chitosan, shrimp shell, clarifying agent, turbidity, FT-IR
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