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ABSTRACT

This research aims to study the chemical and physical properties of (Cr-Al-Nb-Si-V)N films
deposited with varying nitrogen gas flow rates ranging from 0 to 5 sccm using the sputtering method.
The results indicate that the nitrogen gas flow rate significantly affects the film’s morphology and
crystal structure. At 0 sccm nitrogen gas flow rate, the film’s morphology appears smooth surface and
the crystal structure exhibits an amorphous. However, when the nitrogen gas flow rate is increased to
1-5 sccm, the film surface shows distinct grains with sizes ranging from 16.6+2.9 to 42.0+5.1 nanometers,
respectively. At a nitrogen gas flow rate of 5 sccm, the crystal structure exhibits a polycrystalline.
Al films showed the element composition with Cr as the predominant element. The hardness and
modulus properties are also notably influenced by the change in nitrogen gas flow rates. At nitrogen
gas flow rates between 0 and 3 sccm, the films exhibit average hardness values ranging from 10.4+0.8
to 11.8+0.4 GPa and average modulus values ranging from 145.7+13.7 to 157.3+5.8 GPa. These values
are lower than those of the films deposited at a nitrogen gas flow rate of 5 sccm, where the average
hardness is 14.7+0.8 GPa and the average modulus is 181.1+4.2 GPa. This demonstrates that when
the crystal structure of the film was changed from amorphous to polycrystalline, the hardness and

modulus values increased.
Keyword: Nitride film, Metallic glass film, Sputtering
uni
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26.9+1.3 WLUAT MUY Fauvinnsdeuiduildinalulagiay 5 scem nundnwaeuiundudiowney
fvuransu 42.0+5.1 Wlulums (Zhang et al, 2018)

()

)

MWA 2 PMEBANERYINTENUIS (Cr-ALND-SIFVN Tipdeumednsinisivavesinglulasinusinsiuiendesqanssel

BLENMTBULUUADINTIA N) 0 scem (V) 1 scem (@) 3 scem (9) 5 scem
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A 2 uanadunmsinunadiuansdnuase iidulasaumNYe gy (Cr-ALND-SIVIN Tndause
Snsmslnavesielulasiusieiu Ao 0 13 waz 5 scem tnefin1sndeuilan Cr-ALNb-Si-v Aildiumelulasiou
uaeld (Cr-ALND-SFVN Tifalulasiaud 1 scem nuhiidufidnuasdudodenfuniewansmuduedugu
somndlodululasioudl 3 scem nuildusuuanslifududnvaruiasenoduun (Columnar) uadslidniay
waziiloduielulnsioud 5 scem wuilduiidnunsduneduundidaeu (L et al, 2017)

AL (Cr-ALND-SIFVIN Teuanalslunmil 2 Fwandidiuinanununiialndlfeeiu
Fawansliiiuisnnsiiuiglulnsousening 0-5 scem demasannununvesiisuldunntnusdmane
Snwawveuilefidy Taefimsidufelulasauliiy 3 scom Fdufnadueduguuasdaumuniiuiuan
211 wilwans Wu 232 wiluues uadedufeglulasiau 5 scem nuhilduiidnvasfuwuudnvazaeduw
iesanlulasaudnluiuituasindouneduiundniiflassairanuugnuiad (Cubic structure) wazd
AT (Feng et al.,, 2022)

MAATIEEATEISNYESTEN (Cr-AlNb-SFVIN Alndoushesammsivavesinelulasiausiaiu
o 013 uaz 5 sccm laomada EDX TFauanslilunsadl 2 Jauansedosazesdusznousiglngeyney
(%Atomic Concentration) uinilevhnsiadoufiduozmenes Cr azanaafudnunnidlodisuivoznen
v Crludh Cr AL _Nb Si V. oAnnnUnaidnniullumsiuiduisiidudefieuiusndu
waznuIMsedeusednsnisivavesinglulasiau 5 scem anunsaairsiusyiufwlulnsiouldgan
Tnefiduiiifonazasdusznaumalngazman (%Atomic Concentration) vasislulnsiauiisesas 36.5 Seuans

audundndaauiigadsuandluna XRD

M137197 2 T3 MVOHANUN (Cr-ALND-SI-VIN Mipdeumednsinisivavesinglulasiausiieiy

v '3
saﬂaxmﬂﬂsxnaumqiﬂ&laxmau

ans1N15inavas N, (sccm)

Cr Al Nb Si v N

WhCr AL Nb Si Vv 44.4 10.1 0.4 43.5 1.6 -
0.35 0.25 0.12 0.08 0.20

0 114 10.7 2.9 64.4 10.6 -

1 9.9 8.4 2.5 57.6 4.3 17.3

3 6.9 6.1 1.9 53.2 2.8 29.1

5 5.6 5.4 1.3 49.0 23 36.5

nsfnulasasendnuesiidy (CrALNb-SVN findeusiesnsinisivavestglulasausiaiy
fi9 013 uaz 5 sccm semaiin XRD wanslunmil 3 Fwman1sneaesdnsnmsinavesinglulasiou fe 0 1
waz 3 sccm Wau (Cr-AlLNb-Si-V)N vziidnvazlassasisudnduiuveduguddliausoassiidulanglula
sale uisloldsmsnnisinavesinglulnseuiiadudu 5 scem wuindldu (Cr-ALND-SIVIN wansrsidiunEn
wuulnaasadalaudulsenaulime Al Cr waz V Inenssiu JCPDF wunetay 98-000-0062 04-015-0321 way
04-004-8452 paiddfy Fevtamuadulassairamdnuuy Cubic Tay Al wansszuny (111) fiyw 20 1 38.474
29A1 Cr kangszuu (210) ‘17'1'3411 28 il 44.386 p9A1 wavIZUIU (310) ‘17'1'1@ 28 7 64.577 09A7 UaY V wan
U (211) ﬁgu 20 i 77.180 @971 (Li et al., 2017)
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vmaifinsnsnslvavesiiglulasiouil 5 scem azvhloildrmegdafisdu 181 GPa 9 nmsTiduLAnIaTR
msdundniuies (Lee et al, 2015)
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ABSTRACT

This article examines the behavior of a piecewise linear map, particularly when initial conditions
are set along the positive y-axis. Our focus is on the emergence of 4-cycles and an equilibrium point
within the map. We identify specific regions on the y-axis where the solutions tend to move toward
these 4-cycles and the equilibrium point. By partitioning the positive y-axis into smaller segments,
we analyze the solution behavior through a combination of direct calculation and induction methods.
This approach allows us to demonstrate that the solutions consistently reach a prime period of 4
and an equilibrium point. Notably, this finding holds true regardless of the application of stability
theorems, indicating a robust pattern in the solution dynamics. This study looks closely at how these
solutions change over time, giving a clear picture of their paths. By carefully dividing the positive y-axis
and studying each part, we find out why the solutions move towards the 4-cycles and the equilibrium
point. This detailed look shows that the map’s behavior is predictable and follows a certain pattern
no matter where we start on the positive y-axis. Our research helps us understand piecewise linear
systems better, and these insights could be useful for other similar systems. Our findings prove that
periodic behavior and equilibrium are common in these maps, making it easier to predict how they

will act over a long time.

Keywords: Difference equation, Periodic solution, Equilibrium point
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Introduction

The Lozi map (Lozi, 1978) is a widely recognized example of a piecewise linear map (PWL),
representing the most basic form of a piecewise smooth map (PWS). Functioning as a simplified vari-
ant of the Hénon map, the Lozi map displays a peculiar attractor. An example of a piecewise linear
map involving absolute values is part of this category. It is acknowledged that PWS maps can exhibit
phenomena such as multistability (Simpson, 2010; Zhusubaliyev et al.,, 2008) and an abundance of
coexisting attractors (Simpson, 2014a; Simpson, 2014b). A noteworthy open problem related to a

piecewise linear system was outlined by Grove et al. (2012) as follows:

x  =|x |+ay +b
n+l | n | yn n :0’1’2’ (1)
Vou =X, +cly, [+d

where parameters a,b,c and d are in {~1,0,1} and the initial condition (x,,y,) € R*. Grove et al. (2012)
discovered that each solution of a specific instance of the system described in System (1) eventually
becomes a prime period 3 solution, excluding the unique equilibrium solution. In works by Tikjha
etal.(2010;2015;2017) and Tikjha & Lapiere (2020), various special cases of System (1) were investigated,
revealing the existence of periodic attractors. Through direct calculations and inductive statements,
they demonstrated that every solution ultimately converges to either these attractors or the equilibrium
point. Our objective is to extend the generalization to the parameter b in the specified case of System

(1), as outlined below:

x =|x |-y +b
{m—] | n| yn ,I’lZO,l,Z,K (2)

yn+1 :‘xn_|yn |+l

where b is any real number. In their research, Krinket & Tikjha (2015) examined a unique instance of
System (2) where they set b equal to -1. They observed that solutions, under specific initial conditions
on the axis, eventually become prime period 4. In their study, Tikjha & Piasu (2020) explored the

outcomes of an alternate scenario in System (2) where they assigned b a value of -3:

X =|x |-y =3
{nﬂ ‘ n| yn ,I’IZO,I,Z,K (3)

yn+1 :xn_|yn|+1

They determined that, when the initial condition lies within a specific region in the first quadrant,
excluding the positive y-axis, the solutions eventually converge to either an equilibrium point or
exhibit a prime period 4. As a result, we proceed to examine System (3) with the initial condition

located on the positive y-axis.
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Methods

We intend to employ direct calculations by substituting specific initial conditions into System
(3). An “iteration” refers to the process of repeatedly applying a function or map to a point or state of
the system. By verifying the negativity or non-negativity of the system in each iteration, we will utilize
this property to compute the subsequent iteration. The subsequent definitions (Grove & Ladas, 2005)
will be applied in this paper. A two-dimensional system of difference equations of the first order is a

system of the form:

{xnﬂ = f(xwyn)

Y+l :g(xn’yn)
where f and g are continuous functions which map R* into R and n > 0. A solution of the system

of difference equations is a sequence {(xn,yn )}w_o which satisfies the system for all n=0. If we

prescribean (x07y0) € R2 thenSOLUtionS (xl’yl) = (g(x(),yo),f(xo,yo)) ) (x2sy2) = (g(x19y1)7f(xlsyl))7"' .
A solution of the system of difference equations which is constant for all n>0 is called an

equilibrium solution. If (x,,y,)=(x,y) for all n=0is an equilibrium solution of the system of

difference equations, then (x,y) is called an equilibrium point, or simply an equilibrium of the

system of difference equations. A solution {(xn,yn )}Oo o of a system of difference equations is called an

n=|

eventually equilibrium point if there exists an integer N >0 such that {(xn,yn )}w,o is the equilibrium

point (X,¥); thatis, (x,,y,)=(x,¥) forall n=N .A solution {(xn,yn )}10 of a System (3) is called

an eventually periodic with prime period p or an eventually prime period p solution (or p -cycle) if
there exists an integer N >0 and p is the smallest positive integer such that {(xn,yn )}io is periodic

with period p; thatis, (xn+p,yn+p): (x,,y,) forall n= N .We denote {((a,b),(c,d),(e,f),(g,h))}
as 4-cycle which consists of 4 consecutive points: (a,b), (¢,d), (e, f)and (g,h) in xy plane. It s
worth noting that a solution is eventually periodic with period p (a solution is an eventually 4-cycle)

when orbit (forward iterations) contains a point of the cycle (eventually 4-cycle).
Results and Discussions

We will examine the dynamics of System (3) when the initial condition is situated the positive

y-axis, that is [, ul, where [ = {(O,y) eR’|y> 1} and [, = {(O,y) eR’|0<y< 1} . We assert that

System (3) possesses an equilibrium point (—1,—1), determined by solving equations ;:|)_c|—;—3
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and ;:;— | ; |+1. We also found two prime period 4 solutions (or 4-cycles):

Py ={((-5-1).(3:-5).(5-1).35)} and 2, = {((1.-1).(~L1).(3.-1).(1-3))}

of System (3). We will begin our investigation by calculating the first iteration for (xo,yo) el;:

X =|x|-y,-3=-y,-3<0 and y, = x, —|y|+1=-y, +1<0 (4)
x,=2y,-1>0 and y,=-2y,-1<0, (5)
x,=4y,-3>0 and y, =-1, (6)
x,=4y,-5 and y, =4y,-3>0 (7

5
If (0,,) is in the region for which y, 21 then x, 20 and so
Xy ==5 and ys=-1

So, we have the following lemma.

5
Lemma 1 Let (0, y,) e/, be an initial condition where y, ZZ. Then the fifth iteration of the solution
of the system (3) is (-5,-1).

We will investigate the solution with the initial condition (x,,y,) belonging to the remain

region of 11 as the following lemma.

Lemma 2 Let (0, y,) e/, be an initial condition where y, e [1,%). Then the solution of the system

(3) is an eventually (-5,-1) or (-L1).

Proof. If we choose the initial condition with y,=1then  (x,3)=(-4,0),(x,,»,)=(1-3),

(x3,»3)=(1,—1) which is the member of F,, . Suppose that y, e 1,%) We have a closed form of

the first four iterations in the form of equations (4) - (7) and x, =4y, -5 <0. The following sequences

2n

are used in the inductive statement of this lemma: a, =2TJ:1 and 8, =2""+1. Let P(n) be the
following statement:
“for y, €(,a,),

Xy =27y, +25,-5<0 and y,,., =-1,

Xy, =27y, =268, +3>0 and y,, ., =-2""y,+25,-5<0,

Xy =27y, —48,+5>0 and y,,.,=-1,

Xypy =277y, -4, +3 and y,,., =2""y,-465,+5>0.

if y, €la,,,a,) then x,,., >0 and so

Xypes =3 and Y5 ==L

if y, e(,a,,) then x,,,, <0”.
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) ) . 5
Firstly, we shall show that P(1) is true. By letting x, e(l,al):(l,zj we have,
X4y = Xs :|)c4|—y4 —3=-8y,+5=-2"""y +25,-5<0
Yayn = Vs =X, _|y4| +1=-1,
Xay+2 = X6 :|x5|—y5 —3=8y,-7= 22(1”1)’0 —26,+3>0
Yaye2 = Ve = X5 _|y5|+1 =-8y,+5= _22(1)+1yo +26,-5<0,
Xy =% = x| =y =3=16y,-15=2"""7y —45 +5>0
Vaayez = V7 = X _|y6|+1 =-1
Xytyes = Xg = |x7|—y7 -3=16y,-17=2*D"y 45 +3

Yayea = Vs =X _|y7|+1 =16y, —15=2"""y —45,+5> 0.

17 5

Iy, e[az,al):{g,zj then x, =16y,—-17=0 and so

Xayes = Xo :|x8|_y8 -3=-5 and Yayes = Vo = Xg _|y8|+l =-1.

17
If y,ea,)= (IEJ then x, =16y, -17<0.
Hence P(1) is true. Now we suppose further that P(k) is true for a positive integer k. We have

Xy =277y —46, +3<0and y,,., =27y, —46, +5>0

22k+2 +1

for W e(l,ak+1)= 1,227

j, We determine the sign of x,,,, by substituting 1 and q,,, into y,
of a linear function x,,,, as follow:

Xy (D=2 (D) - 427" +1)+3 =277 -2 —44+3=-1<0,

22k+2 1 22k+2 1
Xy (—J’ = g% 2—+ —4(2% +1)+3 =2 1 1-2%? _443=0.Thus, we have x,,,, <0.

22k+2 2k+2

From now on, we will determine the sign of solutions by using this method. Then
Xyt = Xares = | Xapra| = Vagrs —3==22D"y 485, —11=-22*"D"y 425, —5<0. We note that
85, —11=8(2% +1)—11=2%" 4+8-11=2%" _3=25,, -5.
Vit = Vares = Xaprs —|Varra| F1=27 9, =46, 32"y 445, —5+1=—1,

243 243
Kakay+2 = Xagve = 2 Yo—26,,+3>0 and Vatksy+2 = Vakve = -2 Yo +26,

kvl

5<0,

2k+4 — —
Xahey+3 = Xager = 2 Yo =46, +5>0 and Yatksye3 = Vaker = L

_  A2k+d
Xatkey+d = Xakrg = 2

Yo—46,,+3 and Vakryra = Varss = 22“4)’0 —46,,+5>0.

22k+4+1 22k+2+1 .
If vy €lay,,a,)= |:227=227 then x,, ¢ = 2% 4)’0 —-46,,+320
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and so
Xathetyes = Xakyo = =5 and Yakstyes = Vakwo = -1

Thus (Xgrmye5> Vagranes) = (5,1

92kt g
If y, e(la,,)= [I,ZTJ then x,,,, =2%"y,—46,, +3<0. Hence P(k+1) is true. By

the mathematical induction we conclude that P(n) is true for every positive integer n . We note that

lima, =1 and (-=5,-1)is a member of P,,. By the inductive statement P(n), we can conclude that

n—>o0

the solution is an eventually d-cycle (P, or P,,).

By the above lemmas, we immediately have the following theorem.

Theorem 1 Let (0,y,) e, be an initial condition. Then the solution of the system (3) is eventually

4-cycle P, or P,.

Next, we will calculate the first iteration for (xy,y,) e/, :
X =|x |-y, -3=-y,-3<0 and y, =x, —|y[+1==y, +1>0 (8)
x, =2y, -1 and y,=-3. 9)

1
If (0,y,) is in the region for which y, SE then x, <0 and so
X, ==2y,+1<0 and y,=2y,-3<0,
x, =1 and y, =-1.

So, we have the following lemma.

1
Lemma 3 Let (0,y,)el,be an initial condition where y, SE. Then the fourth iteration of the

solution of the system (3) is equilibrium point (-1,-1).

1
If (0,y,) is in the region for which E<y0 <1 then x, >0 and so
X, =2y,-1>0 and y, =2y,-3<0, (10)
x,=-1 and y, =4y,-3, (11)

1 3
If (0,y,) is in the region for which E<y0 SZ then y, =4y,-3<0 and so
Xy =—4y,+1<0 and y;=4y,-3<0,

X =—1 and y, =-1. So, we have the following lemma.

1 3
Lemma 4 Let (0,y,)el,be an initial condition where E< Yo <7 Then the sixth iteration of the

solution of the system (3) is (-1,-1).
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If (0,y,) is in the region for which Z< ¥, <1 then y, =4y,-3>0 and so
x;=—4y,+1<0 and y, =—-4y,+3<0, (12)
X, =8y, =7 and y, =—-8y,+5<0. (13)

3 7
If (0,,) is in the region for which Z< Yo Sg then x, =8y,-7<0 and so

x, =-1 and y, =—1.  So, we have the following lemma.

3 7
Lemma 5 Let (0, y,) €1, be an initial condition where " <Yy < r. Then the seventh iteration of the

solution of the system (3) is (-1,-1).

We will investigate the solution with the initial condition (x,,y,) belonging to the remain

region for which %< ¥, <1 as the following lemma.

Lemma 6 Let (0, y,) e, be an initial condition where y, e (%,1]. Then the solution of the system

(3) is an eventually equilibrium point (-1,-1).

Proof. We have a closed form of the first six iterations in the form of equations (8) — (13) but
xs =8y,—7>0. The following sequences are used in the inductive statement of this lemma:

b B 22n+l _1 B 22n+2 _1

n 22n+l ’Cﬂ - 22n+2

“for y, €(b,,1),

and y, =2 —1. Let Q(n) be the following statement:

— 22n+2

yO_yn and y4n+3:_1'

If v, €(b,,c,] then x,,., <0 and so

'x4n+3

_22n+2

Xgnsa = Yotv,—2<0 and y4n+4:22n+2y0_7/n£0’
'x4n+5 = _1 and y4n+5 = _1

If y, €(c,,l) then x,,., >0 and so

x4n+4:22n+2y_7n_2<0 and y4n+4:22n+2y_7n>0’
x4n+5 = _2’2n+3y0 +27n _1 < 0 and y4n+5 = _1
Xypre = p2n+3 Yo =2y, —1 and yg,.6 = —22"+3y0 +2y,-1<0.

If y, €(c,,b,,,] then x,,., <0 and so
x4n+7 =-1 and y4n+7 =-L

If y, €(b,,,,) then x,,,,>0".
The inductive proof for statement Q(n) mirrors the methodology applied in proving P(n).

Consequently, the detailed proof for Q(n) being true is omitted for brevity. It is noteworthy that
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selecting an initial condition within 7, , specifically y, in the interval (%,1), aligns the solution’s
closed form with that of Q(n).As n increases, the sequences b, and ¢, are observed to converge

towards 1, indicating that the solution asymptotically approaches the equilibrium point (-1,-1) .

By the Lemma 3 — Lemma 6, we immediately have the following theorem.
Theorem 2. Let (0,y,) e, be an initial condition. Then the solution of the system (3) is eventually

equilibrium point (-1,-1) .

As indicated in the articles by Krisuk et al. (2022) and Tikjha & Piasu (2020), the solution is
eventually an equilibrium point or a 4-cycle in certain regions of R*. Proving the global behavior of
map (3) is challenging, as it requires us to set an initial condition in each region of R* and verify that

the solution converges to certain invariant sets. As we know, the invariant sets of the map (3) consist

of an equilibrium point (-1,-1) and two 4-cycles. We believe that our results will serve as a tool for
studying this system with other initial conditions in the R’region. We conjecture that the solution to

system (3) will be confined to either the equilibrium point or 4-cycles.

Conclusions

We divide the positive y-axis into two segments, / and /,. For the first segment, / , when the
5
initial condition belongs to / and y, = —, the solution is (=5,-1), which is a member of P, within 5
4 :
5
iterations. For y, in the interval I,Z , the solution eventually becomes a 4-cycle (P, ) by utilizing

the first inductive statement. Specifically, if y, =1, then the solution transitions to a 4-cycle (P,,)
within 3 iterations.

1
For the second segment, lz, when the initial condition y, <—, the solution converges to

1
the equilibrium point within 4 iterations. Selecting — < y, <— results in the solution reaching the
2 4

3 7
equilibrium point within 6 iterations. Furthermore, forz <y, < g the solution becomes equilibrium

7
within 7 iterations. By applying the second inductive statement, we deduce that for §< vy <1, the

solution eventually reaches an equilibrium point.
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ABSTRACT

This research aims to study the planning of placing orders for raw materials used in the
production of liquid acrylic resin. The study uses the method of forecasting and material requirements
planning (MRP), and begins with determining product demands though appropriate time series forecasting
techniques. The results so obtained are then used for raw material order planning. It was found that
for the products (D)-362 and (D)-836, the Holt-Winters exponential smoothing method should be used,
for the product (D)-500, the regression analysis should be employed, for the products (D)-376 and
(D)-814, the moving average method is recommended, and for the product (D)-509, the exponential
smoothing technique is suitable. Forecast results were used to define the product structure for MRP,
and to identify optimal raw material ordering times, which resulted in completely eliminating loss
sales due to stockouts, while increasing inventory holding costs only slightly. A three-month trial of
the proposed method showed that stockout related opportunity costs dropped to 0 Baht, representing
a 100% reduction, while inventory holding costs increased by 751,770 Baht, or 5%, compared to the
previous three-month period. The trade-off between reduced opportunity costs and increased holding

costs proved that addressing this research problem is worth the effort and cost efficient.

Keywords: Liquid acrylic resin, Timeseries forecasting, Regression analysis, Material requirement planning
unin
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ABSTRACT

Butterfly pea is a plant with high nutritional value and contains biologically active compounds.
This active compound possesses nutraceutical and antioxidant properties, which belong to the
anthocyanin group. The drying and processing stages of using butterfly pea as a food ingredient cause
antioxidant degradation due to heat and sugar. Studying and identifying appropriate methods for
producing dried butterfly pea flowers using suitable techniques can serve as a preliminary approach
to preserving the degradation of antioxidant and anthocyanin compounds. This research studied total
phenolic content and antioxidant activities of 3 types of dried butterfly pea flowers: sun drying, hot
air drying, and freeze-drying. The results found that freeze-dried butterfly pea flowers retained their
shape and juice color similar to fresh butterfly pea flower juice. Additionally, this method effectively
preserved the highest level of antioxidants. Moreover, making syrup reduces the amount of phenolic
compounds and antioxidant activity. The butterfly pea flower juice had a total phenolic content of
41.41+1.13 mg GAE/g and antioxidant activity of 39.76+0.55% DPPH scavenging, whereas butterfly pea
flower syrup had a lower, total phenolic content and antioxidant activity of 37.74+1.56 mg. GAE/g and
37.01+1.08 % DPPH scavenging, respectively.

Keywords: Butterfly pea flowers, Butterfly pea flower juice, Drying, Anthocyanin
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U (Butterfly pea) fifan19ineneansin Clitoria tematea Linn. aiﬂu’sdﬁ Leguminosae WOulsl
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1% i 3 a Yo & a avy 1% a 1
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Iy wazlewisa (Sarma et al,, 2023; Gupta et al., 2010)
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\iosen #enszan veudia LLazmiam%aIiﬂ@hm (Ma’ruf et al,, 2022; Aziza et al,, 2021; Nugraha et al.,
2021; Adhikary et al., 2018; ALshamrani et al., 2018; Pakpahan et al., 2023; Kusuma, 2019; Anand et
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et al,, 2023; Verma et al., 2013; Gupta et al., 2010)
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weulvlwenfiusiaiinulunendaiiu léun Teratin Kaempferol Quercetin waw Myricetin (Singh et al., 2022;
Kazuma et al., 2003) (N 1)
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peroxidation Fevzasnisiinlsaluiiugadulunasaidon lsavaendenilowddy uazdunissniau Fiean
U3u1au Malondialdehyde (MDA) wagifiinisvinauvaseulysl Superoxide dismutase (SOD) wag Catalase
(CAT) (Patil & Patil, 2011) pendiyfuiiasznoussanslunduilueniisuua (Phenolic compounds) figuds
naineuyadasy ausnanidouitsesuassraentndouanmuasionts Sugniluliusslonilufuedes
dosdmiunmstraedy veniniasataainnendnytulignilunissudnatn dudelhta wuaile wey
FuSafivannuaasng 9| (Saetang, 2016; Cheewabanthoeng et al., 2021)

mﬂQmﬂﬁdwﬁ‘uaamaﬂé’aﬁuﬁﬂénmﬁﬁﬂﬁmaﬂé’aﬂulﬂuﬁﬁaamﬂmmmﬂ samslislendludy
ownsuazen luduonsiudnldnendayduuks emnmldte aunsamuauauduvesd wanzuing
usznoudusimslaynuszian miﬁwLLﬁqL{‘Iunizmumsﬁmmqmmﬁu%’ﬂmmané’m%’u‘lﬁmu%uuaz
Winyaaliiunendytu d9smsviuiaiuandsiudiasionanimuesayulnsfiunnsiisiy (Piskov et
al, 2020) NSy uULLEanuds nMsevanseu nsaumelulasian waznIsAINLAn ﬁdama@ia@mauﬂ’a
NUNEANLBZALVBINY (Rittilert, 2022)

v
a v A=

NATBEANYINAYRMITNTYIIUAILUUAS 9 TAKA N1TAINLAR NITEUANSDU LaEAISYILASLUY
wiiBonuds deqmnimmenisnm wasAnwiaunmmaeivenidunasindeunondydu fiunisviuds
# 3 wliaFsuiisutunenan lnsfinwin1siuasuulasd Usnnaflueaniiomauasnsiueyyadasy iewdu
wnmalunsdaedunisudssunendaduuidiivanzausiomslivsslonilugaanvnssuemsuaziaiasdions
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ad
0N13

1. @l

answndifdlunsinuniised 2,2-diphenyl-\-1-picrylhydrazil (DPPH) (Fluka, Germany), Ethanol
(Merck, Germany), Potassium chloride (KC) (US¥vionasaaiiiue, Useindlne), Folin Ciocalteu (MERCK,
Geramany), Gallic acid (Aldrich, Germany), Ammonium thiocyanate (Aldrich, Germany), Ferrous chloride
(Aldrich, Germany), Potassium ferricyanide (Aldrich, Germany), Trichloroacetic acid (Aldrich, Germany),

Ferric chloride (Aldrich, Germany) wag Sodium carbonate(Merck, Germany)

2. NMSA3BUABNIYTUKATNITINLHIRBNS YT
pendayduhunanviesiu o.nstes a.uunys nuludiadeuiiviau-wweu dnendydusn 300 n3u
asvihmnazenmeiUseln 1 ass ntuiheensaduluvnuismedsnisang o fadl

2.1 msanuan (Sun drying)
nendytuldanesgiifonvuin 33 cm x 4.5 cm x 2.5 cm antuluanuaaiuna
8.00-16.00 w. e 8 Falus Jefleamaiivaie 34 esrnwala (@uuglangn 30 - 38 adrwadua)

2.2 n1seuauseu (Hot air drying)
thaondgyiuldainesglifonvuin 33 cm x 4.5 cm x 2.5 cm hlusvaufouilgumgi
50 aerwadva WWuna 7 $lus (rruiSiaueds 4.2 wesdeiwd) ngldia3osiustauuan (Tray dryer
: Semon U MX-DO11E Useinelne)

2.3 msvwiswuuuidenuds (Freeze drying)
° Y ° v LA 2 A a = o &
“LJ’W]EJﬂEJnyU"LJbL‘LJVl”ILL'VNLL“U’ULL"UL‘EJEJﬂLLsUW]QZNMQZJ -50 paAwawad AN 50 Uraaia 1duian
7 43l IngltinTeq Freeze dryer : GOLD-SIM §u FD5-4 Usginean3gaiisnd

3. msAnwandaninienm

nendyduiitiiunisyius TuFsdoinuasimnamuananiaeua (Yield) mMendinisouwns
faannnsil 1 Wlermueilsk m, AD snaviusie (n33) waz m, Fomnafivdesgudsihus (134) uazIndvesaon
Soyfusneinieing luszuu CIE L*a*b* Color scale (Color meter : FRU 1 WR 10 Uszinadu)

M 100 (1)
m

0

Yield (%)

1

4. MIHFHUUIRUADND YTULAZNITHTHNUINITUADN DY TU

4.1 thiunendaydu
Fumensayuaavtin 150 ndu luthuSinms 500 fadans senslauienUszana 10-15 w7 91ndu
fdlidunsesnendyiuoen wdnfvlilugifuiionmafl 4 esmwadua axldhdunensyduandmiuincu
nendatuuiahlaedmendayduuic (Msnnuan) win 42 n¥u rendaduusia (Msouwie) wiin 27 N3 wax
endaytuwis (Mevhuiwuuutenuds) win 12 nfu luhuSines 500 Jadans saidliauienyszanas 10-15
wnit anduidliBunsemendnyiusonudnivlilugiuiigamnd 4 ssmwaBua azldthdunonsayfuuris
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4.2 ﬁﬂmmmaﬂé’zﬁu
mMsvmiunendytuanuaznensyuisiuReatue 3.1 Wunhmansevnie
fasua (USSmhmafinswa $1im Usenelng) wilh 100 n$u dufisliauienuszanas 10 e 15 wiit arn
fulidunsomendyiussnudaiulilugifuiioungd 4 osmwadea aglddmmunendyfuanuazivy
ADNDEYTUIAY

5. mswUsinailuadniisun

ﬁﬂﬁwé’umaﬂé’zy,%’uuazﬁwmwumaﬂa”zﬁu fhetheaz 125 lulAsans naufuinngu 500 lalasans 9anti
il Folin- ciocalteau reagent foaz 10 Usinns 125 llasans seiliuiu 6 wiit wdad Na,CO, 3oumz 7
US1ms 1,250 lulasans wazinndu 1,000 lulasans sansiiludisauny 90 wi ansdiunansilausunms
200 lailasans aslu 96-well plate shluinAmsgandunasiiaueniadu 755 uilums feedodlulasuna
yi3aino3 (Perkin Elmer $u L160000A Uszinaavsgowin) yinmsvnasssuau 5 61 iwisuidfisutinaituedn
ﬁ&ﬂwmﬁum’wﬂmmﬁgmmm Gallic acid (Chen et al., 2015; Miliauskas et al., 2004) %a%umaumﬁmawﬁ
mUaduedntuauanslunng 2

ansanndgydu
naenaz125 L >
0O 86 06

6. NITMNTAIUAYLADETE

Y
v

125 L, 6 min 1250 uL el 90 wndt ) udsdt 755 nm

H H Folin- ciocalteau 7% Na,CO, tn@u 1000 L e e ey Indnsganau
@ 0

(6]

o H S = a &
AN 2 URBDUNITIAUTUUNUDANTINNUA

3LmﬂmqwﬁmuaumaaivmEJmiaumEJ 2,2-Diphenyl-1- plcrythydrazy (DPPH) Wudu 3.9x10°
fadnsusietiadansluteniuea (Fasaz 99.99) mmmummmu 30 Wil MntueIsuasatinannendydu
wiazfegns Tnsazanenensaydu 10 ndu wazthmansiew 50 n3u ludndu 500 fadans wqqum 100
sswaded (Junan 5 wifl nunauansataanaendydu 50 Tulasans fu DPPH 50 lulasams thly
fmmmiﬂﬂﬂaul,l,mﬁmmmm?ﬂlu 517 wiluing fewn3e Microplate Reader (Perkin Elmer iq'u L160000A
UseimAansgelaisni) ﬁwuamquwéﬁmawaﬁaas DPPH scavenging activity (%) (Blois, 1958) fsaunisil 2
(Ay-A)

0
oo} A fFernsganduuacues a1sazats DPPH (ynmauay)

DPPH scavenging activity (%) x 100 2

A fofnsgandulesesiiegie
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7. nsATIzRdayanIeEana
i N a8 a = a v v a o 5 o w Y
Answasunlasd Usunauilueadn Sevaznisiueuyadasy vnisneaes 5 41 ihdeyailan

AATIZIAULUTUTIUNEDR (Analysis of Variance, ANOVA) liag AuLanaansannvasatadelay Duncan’s

New Multiple Range Test (DMRT) Ains1zvideyalaglilusunsumeuiiunesiseauanueduiaas 95

NANISNNABIAZIANT

1. ANWAENINNIBNINVDINDNDYTUIAS
pendayTunHuNMIYuislngMsanuaeiddiTulardvunndnas Wesuiunenan wWulRen

funendgdufidunsevanieuddduiunasivunidnandnios Turazinendyduiiniuniseuniawuuu

Wonudalldnsamaiivuinvesnaniidiy (nmwd 3)

aanan NITANLAN n15aU AISTLASUY
ausou utdianude

AN 3 ANYUZURINONDYTUNDULAZNAINITYILIN

A19199 1 MsUAsULUaNINTNYBINDND BTUNAINTVIWIAY

ANINAS Ywiinmenan twtinaanuis Ymtinusie
(n3%) (n3) (Govaz)
ADNER 300 - -
ATAINLAR 300 84+0.81 27.67+0.27
AsavUaNSau 300 54+1.08 17.62+0.20

ASYASL VUL DNUT S 300 54+1.22 8.62+0.99
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mavhuinendydu dmaliimvinvesnsndyduanas Tadurauanmsgaydeaudulunendydu

nsvhuimuuuigenudslvminaendgyduwiiosiian Weswinianissziiaveaiiesnainlassasnees
o W A ¥ A a P ' a o o W .

nondydu (i 4) InglaanavesiNsudinlidiinasonisiasuuladlasiaisvesnandnydu (Merivaara et al,,
2021) Bamsviwiiuuidigenudadunseuiunsidluanaveniefoufioanainaendydulaglivhanewad
= 1 o v 4' = v v v o oA v vl d' = ° A
Jreshwannveadlauniign Idldnendydunuisasasgulan (1wl 4) Ssanusarhnendyduiniu
meihuwisuuwidenudsludseauanuasemsia

Wnseiiin

Unseiiin

ABNDEY YU

o

AN 4 N19981ARTDUNDRNNABND QYU

o

A519% 2 ANd L*, a*, b* vesnandytu

N5 AANEI (L*) AauAg (a*) AnFunidu (b%)
ABNEAR 48.96+4.52 6.64+1.80 -18.88+2.85

NNTANLLAR 48.75+5.56 3.31+0.53 -4.97+1.31

AseUANSaU 50.26+4.68 4.21+0.43 -5.77+2.03

msv‘huﬁuwmmﬂﬁamﬁa 51.93+2.20 4.46+0.67 -12.64+2.52
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oA

60

50

i
—i
i
—iQ

*
40 mL

ma*
M b*

30

20

-20 b

ADNEN N1INTINLLAA N138U ﬂqiﬁqLLﬁ\‘iLLUU
audou uionuds
*Mean+SD luusazaund Inefishdnwsfisstussiinruunndstuogieiifodfomeeda (p<0.05)

o

AT 5 A1 L*, a%, b* 983nensaytu

PNANTNTA 2 LAz Md 5 nuieensgdunidunsyuisdiaianuadne (L) TndlAesiu Tnenns
puaNsounarnMsvwisuudenudslidnanuainafinduanios InefiAdunaiudu @) wazaduitu
anas (b*) Jdsmarddoainiu denadesiunisudsuliaswainendgydulunmi 3 waz 5

dlofinnsandnd b* (nndl 5) nuimsuidasnsanuanuazevanseuiinarhlvaainGuanas
anilo9n1ned UV 99nuauan (Purbaningtias et al,, 2017) wazarudeauainaudou (Sipahli et al,, 2017;
Oancea, 2021) Tiilwasemsaaresveeulnlesniu 91nUfjATE1 Protonation Mgy Hydration Wag
Tautomery anuansiu v liin O lulassaisweseulnloeniiu dwaliinnsaanedidu 4-Hydroxy benzoic
acid, Protocatechuic acid, Phloroglucinaldehyde, Gallic acid, Syring acid, 3-methoxy-4,5-dihydroxibenzoic
acid (nil 6) AiftaudFlunsiuouyadasziniueulnlveiy

1Y v W

2. ANWMUSVBIUIANNDND UTULAZUINITUADNDEUTU

droaiisunendgydunazinnitunensyduriunsviuiuuiduiadenuddidlndiAssiudi

<

[

pondaytuan (it 7) enafumeiivinaweuinlvedulndideaty dndidunonsytuiiniuainnis
anuAALaznIseUaLSey Tathduiiaininiideniidunendyuanuasaendyduiiiiunsiutuuy
wiiBenuiionadumssdvinaseulnlveniutosnit Fudunainannisaaedinnssd UV uazanudeu
(Purbaningtias et at., 2017; Oancea, 2021)
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O-sugar

Protonation
Hydration
tautomery

HO o)

)

9O
OH

l degradation

OH

o} 0
0 HO HO
HO_©_<OH : ;3"‘ :<< H
H OH
4-hydroxybenzoic acid Protocatechuic acid  Phloroglucinaldehyde

H3CO
H;CO o)

HO
o} o} HO
HO HO H
H H HaC
H H

Gallic acid  3-methoxy-4,5-dihydroxibenzoic aci  Syring acid

AN 6 NnabnnsaanesvaeulnlsetuaneIuSeu

3. mswasuwlasSinafluedniaviun

maﬂé’fg%’umﬁiﬁmm%uaaﬂﬁéﬁwmmﬂﬁqmﬁa 04.84+0.58 mg GAE/g 503a31Ae Aendayduiiniunis
uswuuwidenuds (41.41+1.13 mg GAE/g) éauﬁwmané’m%’uuﬁmwmm waraenSyduiiinunsnnuan
ﬁiﬁmmmﬁﬂixﬂauﬂuaaﬂﬁwmﬁa&Jﬁqmﬁa 26.97+0.72 mg GAE/g (nndl 8) aenadasfuauifuves
Rittilert (2022) finurU3unafiueadnainnisiuisieansoy warn1sanuaalupde) wiunyuanas
Suilonnandsd LV uazannudeu
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Save

%

y UnandgyTudu
//

MY NS UUE "
UIMITUABNAEYTU

ausou wLgonuas

o

AN 7 anuazUsANnendTuLaz i IUADNS QYT

50
d
d 2 '
40 B vwdan
B Ywnu
80 30
a
m
S
20
on
g
10
0
ADNER N1IANLLARN R ﬂ']iﬁ']LLﬁQLLUU
audou uidanuds
B vwah  44.8430.57 26.9710.72 31.7710.95 41.41%1.13
W dwinu 41.9241.32 23.7210.96 29.7611.69 37.74%1.56

Y

*Mean+SD %DPPH lpefifisnusiinsiuaziinnnuuanaisiusegeitsdingyn1eada (p<0.05)

Ly

29 8 Usinauiluednisvualuungydu
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a

s
4. gVEN1IAIUEYLAdETY

o A

WnendgytuiiunsyhuisuuwiiBonulafignssueyyadaseaiian (Seeay 39.76x0.55 DPPH

7

v '
I o

scavenging) %nqqrmmmaﬂé’zg%’uﬁchumiavau%au (fowaz 35.02+0.58 DPPH scavenging) LLawfwmaﬂé'fg%’u
Frumsmnuan (Sovaz 30.38+1.16 DPPH scavenging) dautimunandayuliien Total phenolic uay
USinauanssueyyadaszanas sensnytuivhuiswuuudidenidsaslsian Total phenolic Wiy 37.74+1.56 mg
GAE/g WAz ¥ouazvoanssnuoyuadasy 37.01+1.08 DPPH scavenging Bafunaannnszuiumsvhuriasuien i
nawBsuUinaituedniamun uenanismuhmaiuhmainarilieinisinueyyadaszanas faiwma
fnaseUsinaueulnleeidy Tnethaaluasulasadravesansueulnleenduluidy Antocyanidin-3-0-
glucoside (C3G) LLazLﬂﬁiauﬁ’lmavLﬂLﬂu 5-hydroxymethylfurfural (5-HMF) (Song et al., 2023) (mwﬁ 10)
0 5-HMF asvhufisenduseullveniuldmsiumsussnouilifgvslumssueyyadase (Antioxidant
inactive) (Song et al., 2023) (mwﬁ 11)

50
2z
L
©
< 40
en
R=
on
g 30
=
Q
w
= 20
2
o
[a]
—
s )
=
[aW)
o)
=20
ANERN N1IATNLLARA [ANFRAL) ﬂ'liﬁ’]LLﬁﬂLwU
aufou wigonuds
B dwlan  43.9311.54 30.381+1.16 35.021+0.58 39.761+0.55
M 1w 40.6810.89 25.251+0.64 31.8410.41 37.01+1.08

LY

Mean=SD Tuwsazanud lnefifsnysnasiuazdanuunnansiueg1ediduddgmieada (0<0.05)

7

1Y

AN 9 grSFueuYadaszYennendydu
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CH,OH CH,OH

0O
on © =
o
o cron Tt
o OH

Sucrose Anthocyanin (Ternatin) Cyanidin-3-O-glucoside  5-hydroxymethylfurfural

29 10 nsildsundasiassasnsveswoulnleenfiulaznsiin 5-hydroxymethylfurfural

Mnnalnmssurenima (Sucrose) funevlyilaeiiu viliinanswaniast Ao Cyanidin-3-O-glucoside
(C3G) wag 5-hydroxymethylfurfural (5-HMF) (nwdi 10) 9Nt 5-HMF %30 protonated 5-HMF agluduriu
C3G fisumisiueyyadasy (Active site) (Song et al, 2023) ¥inlUszanBamnsiuoyyadaszvos
weulnleuenduanas (1wl 11)

s
a

UsinnueulvlserdunazUiinafiueaniamunanas (amd 8) dawaligvidiueuyadaszanag
(il 9) wimaTinsIuauuuBonudisdnuuiinaueulnleenduliunnnitiinmsihuiauuudu 4
p1afleunannsiutuuuuiBenuoiliifngnululassamnniiisiu 4 Tuaeduiuiiiluns
dudatuirdsmaliluanaveshmaazansldundu venndanufouannsnnuaauaznisevanieu
gnhliansdfmiinnistosaaneviofanisasuuladlasadig

nuiTeiuandiiuidyiuivinueulnlenduserasiueyyedasyroudnigs Sumnzdmiy
vhsnfulsemuduesifiogunm Lwimaﬂé’z:g%’uamﬁmqmmﬁu%’ﬂmﬁau%qgu msvhuisuuigenuds
aunsadnwgrsiueyyadassldlndidssiunenanusfiailidereuinags Woanlunisudnuiu wagnssis
TunswanAaudnsgsenn Fafuisdenalimnsdmiunmshldlasily dumshudslaensninuandu
Fauagdifunulumandni wasildie wienafnaroUsuuasiueyyadassfianasossdaau Snv
fatuegiugania wazgionie nmsviuidlasnisevaniouiismsligeein aunsavildnaeanan dnvi
faraesnwusnaansinueyyadastlauinniinisanuan

ag19l5AMuAIsANSU T sRTa T ueIRUsENaU 1i199ANNINARBN1TANAIVDIATTAU

auyadasy ssulunsndmihdgydunieemsniisyduludmlsenovenadesmilsdUimnanimaildlu
GRPIGRINRRGTIGR
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CH HO,

HO™ OH
OH

C3G hemiketal form

1 | '

s X
H
8 4 ¢ + 1 6
9 + H 8 43
Ho/\'@/\d EEE—)  HO 1\ / )
OH
2 3

3 3
5-HMF protonated 5-HMF

I enol equilibrium I enol equilibrium

aaa

awil 11 M37UfATe1v89 5-HMF wag C3G hemiketal form

GELY

nondgyfuliansusvneuiueaniingvisiueuyadase Suweulnleeliulunendyduaminsaaanssilidg

S| I3

meanuSaukarssd UV nsvhwimendydusuuwdienulzhednuilsinaiiueinimunlafign uway
wimasglilseansnmnmssiedueyyadaszana

AnAnssuUsENA
ANLEITEvRvUAN ANgIneImansiasinalulad unInerdesvdgnszuas Naduayuaniun

v
awv Ao

wiealle Yanaunsal arsiall nasnawasesdielunisnsidased vlinuideddiSeaaasluied
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ABSTRACT

This research aimed to develop a habitat and environmental management model for the
wellbeing of the elderly in Bang Khla district, Chachoengsao province. There were two phases of research;
Phase 1 explored factors related to behaviour regarding management. Phase 2 developed a habitat
and environmental management model for the wellbeing of the elderly. The studied population were
elderly people aged 60 and above. The phase one sample was 175 people selected via a simple random
sampling method. The phase 2 sample was 35 people selected via purposive sampling. The Phase 1
research instrument was a questionnaire which studied knowledge of risk perception and behaviour regarding
habitat and management of the environment. Data was collated and displayed by percentages, mean,
standard deviation and Pearson’s Correlation Coefficient evaluated for statistical analysis. The phase 2
research instrument was a semi-structured interview, along with a focus group. Evaluation was via content
analysis. Results showed that risk perception regarding habitat and environmental management was
related to behaviour. This was statistically significant at 0.05. The habitat and environmental management
model for the elderly consists of 2 main parts; 1) appropriate housing infrastructure for the elderly and
2) facilities within the habitat.

Keywords: Habitat and Environmental management, Well-being, Elderly
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ABSTRACT

The purpose of this mixed-method study is to investigate the factors influencing
elderly people” COVID-19 preventative behavior and to create a model for altering conduct to shield
elderly people from COVID-19. The quantitative study made up the sample group of 400 senior
citizens (60 years of age and over) who reside in Bang Nam Priao District, Chachoengsao Province,
which used multi-stage random sampling. Tools used; General details, awareness of how to prevent
COVID-19, perceptions of preventing COVID-19, attitudes towards health, and the act of self-defense
against COVID-19. The nine factors were identified as influencing COVID-19 preventive behavior such
as lower secondary level, perceived benefits, perceived aggression, farming, spouse and kids, lack
of education, Islam, higher secondary level, and associate’s degree or vocational certificate.The
qualitative research: three groups of six to ten interview subjects by using content analysis on a range of
randomly chosen cases such as elderly people, carers for the elders, community leaders, professional
nurses, village health volunteers, and public health officers. It was discovered that elderly people
lacked knowledge and lacked awareness such as they did not share meals with serving spoons, did
not wear masks, did not wash their hands, had different beliefs, and were not afraid of contracting
COVID-19. To avoid COVID-19 in the elderly, the researchers used the factors they had collected to
create four primary activities; 1. public relations; 2. knowledge sharing; 3. altering attitudes and health

beliefs; and 4. encouragement.

Keywords: Behavior to preventing COVID 19, Elderly, Community participation
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dawansznusieguaw duuasiaAsugiavesszang wasiilodufeunnsay wa. 2563 fnsszuinlg
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fauls B 95% Cl Beta t P-value

Lower Upper

msfuiuselevivesmstesduladn 19 (X) 0402 0314 0491 0397 8942 <0.001

UNTANYITZAULTENNDUAY (X) 0375 0193 0557 0175 4.042 <0.001
nsfuianusuuswainistesiuladn 19 (X) 0069 0022 0116 0127 2877  0.004
UszNouUITNNEAIATIN (X) -0.185 -0.291 -0.078 -0.149 -3.409 <0.001
;:JQLLa ﬁjamal,l,axqmwmu (XS) 0.102 0.006 0.199 0.089 2.096 0.037
Lalgsunsdnen (X) -0.182 -0.351 -0013 -0.090 -2.114  0.035
MIduAIauNSaaN (><7) -0.105 -0.201 -0.010 -0.093 -2.167 0.031
UAsANMSEAUITsENRDUUAY (X) 0163 0006 0321 0087 2039  0.042
uMsAn¥IsEAU (Uia.)/eudsaan (X) 0946 0009 1883 0084 1985  0.048

Constants=2.036, Adj R? = 0.297

mnmssideyannideuaunisviune T
? =b0+b1x1+b2x2+b3x3+bdx4+b5x5+b6x6+b7x7+b8x8+b9x9
? =2.036+0.402+0.375+0.069+-0.185+0.102+-0.182+-0.105+0.163+0.946
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ABSTRACT

Khai Mod Rin rice is an important local rice variety of Nakhon Si Thammarat. The rice germplasm
was maintained by farmers for planting in the succeeding season. The main problem of rice cultivation
is the cost of production and increased rice production factors cost e.g. animal manure and chemical
fertilizers. The objective of this study was to compare the growth and yield of Khai Mod Rin rice after
being treated with different fertilizers. The plot experiment was conducted at the experimental fields
of the Faculty of Science and Technology, Nakhon Si Thammarat Rajabhat University from August 2021
to March 2022. The experimental design was randomized complete block design with 10 replications
and 4 treatments; (T1) chemical fertilizer (46-0-0) applied as control, (T2) goat manure, (T3) mixed
chemical fertilizer and goat manure (ratio 1:1) and (T4) Azolla. The results showed that using different
types of fertilizer had significantly affected the number of tillers per hill, the number of panicles
per hill, the number of filled seeds per hill, 100 grains weight, and total grain weight per hill. With
T2, the yield per hill was significantly (P<0.01) higher than the other treatments, at 18.59 ¢. However,
T4 showed the highest plant height at an average of 130.77 cm. It can be concluded that using Azolla

alone in rice cultivation did not provide enough plant nutrients for satisfactory rice yield.

Keywords: Growth and Yield, Khai Mod Rin rice, Fertilizers, Manures, Azolla
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ABSTRACT

This research aimed to identify suitable encapsulation materials for producing Gac fruit
powder using the tray drying technique and to assess changes during storage at different temperatures.
The encapsulating substances investigated included 20% Maltodextrin, 1% Tween80, a combination
of 20% Maltodextrin and 1% Tween80, and a mixture of 2% Gelatin and 1% Carboxymethyl cellulose
(w/w). Drying was performed at 60°C until the moisture content reached 10%. The encapsulated
Gac fruit powder was analyzed for moisture content, water activity, encapsulation vyield, color
values (L*, a*, b¥), bulk density, solubility, g-carotene, lycopene contents, and structural characteristics
using scanning electron microscopy (SEM). The combination of 20% Maltodextrin and 1% Tween80
demonstrated superior characteristics in terms of overall powder yield and solubility, suggesting
its effectiveness as a primary encapsulation matrix. Conversely, when assessing the preservation of
bioactive compounds, 1% Tween80 and a complex mixture of 2% Gelatin combined with 1%
Carboxymethyl cellulose showed notable efficacy. Storage tests in vacuum aluminum foil bags at 4°C,
30°C, and 40°C revealed that the encapsulated Gac fruit powder could be stored for over 8 weeks
under all conditions. However, significant changes were observed over time, including an increase
in color difference (AE) and a decrease in lycopene and g-carotene contents with higher temperatures
and extended storage time. Thus, storing Gac fruit powder in vacuum-sealed packaging at low

temperatures is recommended to minimize the loss of these nutrients and gradual physical changes.

Keywords: Gac fruit, Drying, Encapsulation, Physicochemical properties, Storage stability
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Introduction

Gac fruit (Momordica cochinchinensis Spreng), referred to as Fak-Khao in Thai, is indigenous
to Southern Asia, encompassing regions such as Vietnam, India, Bangladesh, China, Myanmar, Malaysia,
Laos, and Thailand. In Thailand, Gac fruit is traditionally consumed in its raw form. Upon ripening, the
fruit’s dark red seed aril is utilized in the preparation of beverages, food items, desserts, and cosmetics.
Renowned for its health benefits, Gac fruit is a staple in the production of nutritionally rich foods. It
is particularly noted for its high concentrations of g-carotene and lycopene, surpassing those found
in many other fruits and vegetables. Extensive research indicates that these compounds can miticate
disease risks and promote overall health (Tinrat et al., 2014; Abdulgader et al., 2019; Wimalasiri et
al., 2020; Darapong et al., 2023; Munsuk et al., 2024). Moreover, Gac fruit is abundant in essential
fatty acids, which facilitate the absorption of lycopene and g-carotene. The concentration of these
beneficial substances peaks when the fruit reaches full maturity, with the seed aril transitioning from
red-orange to dark red. However, post-harvest, the levels of these compounds diminish, and fresh Gac
fruit exhibits a short shelf life (Bhumsaidon & Chamchong, 2016). To prolong shelf life and add value
to agricultural products like Gac fruit, processing is imperative. The choice of processing technique is

dictated by the nature of the raw materials and the intended final product.

Drying is a prevalent method in food processing, enhancing both the physical and biological
stability of products by reducing moisture content. This reduction facilitates easier storage and
integration as an ingredient in other food products. Various drying methods, such as hot air drying,
spray drying, and freeze drying, each present unique advantages and limitations (Baeza & Chirife,
2021). Mai et al. (2013) demonstrated that optimal drying temperatures (50°C to 60°C) preserve color,
carotenoid content, and antioxidant activity, maintaining a moisture content of 15% to 18%, which
promotes quality and extends refrigerated storage life. This study adopts the hot air-drying technique
due to its straightforwardness, convenience, and cost-effectiveness, presenting an opportunity to
incorporate Gac fruit into the food industry as a natural alternative to synthetic food coloring while
enhancing nutritional and therapeutic benefits. However, the high instability, poor water solubility,
and sensitivity of g-carotene and lycopene to light, temperature, and humidity pose challenges in
processing and storing Gac fruit powder. Encapsulation technology offers a viable solution, enhancing
the stability, solubility, and protection of various important substances in food applications, it also
improves efficiency during the drying process. Maltodextrin, although limited in emulsifying properties,
serves as a common encapsulating agent, improving texture and water solubility. Carboxymethyl
cellulose, a cellulose-derived hydrocolloid, acts as a thickener, stabilizer, and emulsifier, while

Tween80 facilitates stable emulsions. Combined, these agents prevent clumping in powdered foods
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(Vuong & King, 2003). This research aims to investigate the encapsulation of key substances in Gac
fruit through hot air drying at 60°C. This study focuses on the types and ratios of four encapsulating
agents: maltodextrin, CMC, gelatin, and Tween80, and analyzes the physicochemical properties and

changes in Gac fruit powder during storage.
Materials and Methods

1. Materials
Gac fruit (Momordica cochinchinensis) was purchased from Uncle Choey’s farm in
Chachoengsao province, Thailand. The gac fruit cultivated in Thailand does not have a clearly defined
cultivar name. Based on studies, it is a hybrid between a Vietnamese cultivar and a local Thai
variety. Maltodextrin with a Dextose equivalence value of 10-15, Tween80, gelatin, and carboxymethyl
cellulose (CMQ) were purchased from Adinop Company Ltd, Thailand. In this work, all chemical uses

are food grade.

2. Preparation of Gac fruit
Mature fresh Gac fruit was chopped into two parts. In our experiments, we used only
seed membrane by separating of seed aril from the Gac fruit, it was then added with 20 ml of water
and blended in the kitchen aid (Artisan model, Hobart Company, USA) for 6 min to separate the seed
from the aril by sieve. The homogenized seedless aril was placed in a plastic box and kept at -20°C
for further studies and drying. Proximate analysis, Lycopene and p-carotene contents and L*, a*, b*

of fresh Gac fruit were studied.

3. Drying of Gac fruit

Encapsulation is a technique that aids in drying agricultural produce by removing
moisture, which is crucial for preserving quality and extending shelf life. This method involves
applying protective coatings to create a barrier that minimizes the loss of essential nutrients and
compounds during drying. Maltodextrin of 20%, Tween80 of 1%, a mixture of Maltodextrin of 20%
and Tween80 of 1% and a mixture of Gelatin of 2% and Carboxymethyl cellulose of 1%, (w/w) were
prepared and denoted as MD, T80, MD:T80, and GL:CMC, respectively. The Gac fruit was mixed
with the carriers using a KitchenAid mixer on speed level 6 for 5 min. Then, pour the mixture into an
aluminum tray lined with a plastic sheet, using 300 ¢ per tray. Place the tray in the tray dryer (Kluay
Nam Thai Co,Ltd.,Thailand) at a temperature of 60°C until the moisture content decreases to less
than 10%. The moisture content does not exceed the standard criteria for dry food products, which
is 15% or less, according to the Notification of the Ministry of Public Health No. 193 (Ministry of
Public Health, 2000). Finally, store the powder in aluminum foil bags at room temperature (30+2°C)
for further study.
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4. Chemical properties analysis

4.1 Proximate analysis

The proximate composition of the fresh Gac fruit sample as follows: moisture
(925.10), ash, (923.03) protein(960.52), fat(920.39), crude fibre (962.09) and carbohydrate (Calculated by

difference), was determined (AOAC, 2000).
4.2 pH measurement
The pH of the fresh Gac fruit paste was determined by a digital pH meter (Model
Denver instrument UB-10 (ultra-Basic, U.S.A)). A sufficient 50 mL of the sample was taken in a 100 mL
beaker and pH was recorded by the pH meter (AOAC, 2000).
4.3 Total soluble solid measurement
The total soluble solids in the fresh Gac fruit sample and the Gac fruit powers were
directly recorded by Abbe’s stagehand refractometer (Model N-1E0-25 “Brix ATAGO, Japan) and the
results were expressed as percent of soluble solids (°Brix)
4.4 Water activity measurement
The water activity (a,) was measured using a water activity meter (Aqua Lab, Series
3 WA, U.S.A). Water activity represents the ratio of the water vapor pressure of the food to the water
vapor pressure of the pure water under the same conditions and is expressed as a fraction. The water
activity scale extends from 0.0 (dry matter) to 1.0 (pure water). Approximation 2, of ground Gac fruit

powder was placed in the water activity tray and a, was recorded.

5. Physical properties analysis
5.1 Yield measurement
The yield was expressed as a percentage of the mass of the final product compared
to the total amount of the dried materials.
5.2 Color measurement
The color of the fresh Gac fruit paste and the Gac fruit powers were measured using a
colorimeter (Minolta, model CR-10, Japan) in CIE chromaticity coordinates L*, a*, and b*, where L*
describing lightness on a scale of 0-100 (where 0 = black and 100 = white), a* describing intensity in
red-green axis (positive a* values indicate red undertone, negative a* values indicate green undertone),
and b* describing intensity in yellow-blue axis (positive b* values mean yellow undertone, negative
b* values mean blue undertone). Sample color was evaluated in triplicates (Maisont et al., 2022). The

total color difference or change (AE) during storage was calculated by the following formula.

AE= J(Lo- L2 + (aj- a*)? + (by- b*)?

where L*O, a*O and b*O are the values of the samples at zero time, and L*, a* and b* are the

measured values of each sample after processing or reconstitution.
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5.3 Bulk density and solubility measurement
The bulk density was analyzed by following the method described by Goula et al.
(2004). The water solubility index (WSI) was measured (Vidovi¢ et al., 2014).
6. lycopene and p-carotene analysis
The lycopene and p-carotene contents in the fresh Gac fruit and the Gac fruit powers
were analyzed. The concentration of lycopene in a hexane extract was determined by measuring
the absorbance of the solution at 503 nm, while the carotenoid measurement was taken at a
wavelength of 471 nm (Anthon & Barrett, 2007).

7. Structural morphology analysis
Scanning electron microscope (SEM: JEOL, JSM-IT300) was used to observe structural
morphology within the Gac fruit powders. The voltage used in this experiment was 15 kV, with a
magnification of 1000x applied. The Gac fruit powder was prepared by defatting it with petroleum
ether for 12 hours, followed by a gold coating. This preparation allowed for clear images to be

obtained during the SEM monitoring.

8. Shelf-life study
Analysis of the shelf life of the chosen Gac fruit powder was carried out once in two
weeks for eight weeks. The samples were packed in laminated aluminum foil bags and stored in
three controlled conditions at temperatures of 4, 30, and 40°C, respectively. Storage stability or the
shelf-life of products could be defined as the maintenance of the characteristics of power associated
with nutraceutical content. Thus, the properties of the final product related to the lycopene, and

p-carotene contents change, including color, moisture content, a,, and solubility were observed.

9. Statistical analysis
The Gac fruit powder was prepared in three separate batches; mean values and standard
deviations were calculated, and all results were expressed as mean+SD using a Completely
Randomized Design (CRD) trial plan. Analysis of variance (one-way ANOVA) was carried out using SPSS
(IBM SPSS statistics version 16). Duncan’s new multiple range test was used to find out the statistically

significant differences in mean values between treatments at the level of p<0.05.
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Results and Discussions

1. Properties of fresh Gac fruit

The initial moisture content of fresh Gac fruit was found to be 83.45% (wet basis, wb), and
0.72% protein, 3.69% fat, 5.38% fiber, and 6.28% carbohydrate contents (db). The moisture content
of fresh Gac fruit was consistent with the findings of Dien et al. (2013). Their analysis on a dry basis
revealed that Gac fruit contains 94% moisture content Additionally, the contents of lycopene and
p-carotene were reported to be in the ranges of 18.95 to 50.11 mg/100g and 22.68 to 39.16 mg/100g,
respectively (Dien et al., 2013). Our findings indicated that the Gac fruit seed aril had a brightness (L*)
of 32.85, a redness (a*) of 25.21, and a yellowness (b*) of 19.74. These results are consistent with the
experiments conducted by Bhumsaidon and Chamchong (2016). Our analysis of the Gac fruit seed
showed different contents for protein, fat, fiber, and carbohydrates compared to other studies, which
may be due to differences in species and cultivation area of the Gac fruit at different ageing and

maturity stages, as well as analytical methods.

2. Physicochemical properties of Gac fruit powder
Drying gac fruit requires beneficial substances to preserve its nutritional properties and
address the challenge of extending the shelf life of gac during periods of high production when
immediate sale is not feasible. However, if the extraction of these substances is required before
encapsulation, it could result in significantly increased costs. We focus on encapsulation technology,
which improves the protection of various important substances during the drying process in food

applications.

2.1 Yield, moisture content and water activity of Gac fruit powder

Table 1 shows the yield, moisture and free water content of the Gac fruit seed aril
with different drying agents dried by a tray dryer at 60°C for approximately 15 h. The yield of Gac fruit
powders were 30.13, 12.64, 31.86, and 13.46%, for maltodextrin (MD), Tween80 (T80), maltodextrin:
Tween80 (MD:T80), and Gelatin: Carboxy methyl cellulose (GL:CMC), respectively. The yield of Gac
fruit seed aril powder treated with MD and the use of maltodextrin per tween80 (MD:T80) gave
slightly different yields; T80, gives the lowest yield. Since MD is a high T, substance, it can be used to
increase product stability (Asma et al., 2014; Chottanom et al., 2020) where T, or glass transition
temperature is the temperature at which macromolecular polymers change from glass (solid) to
rubber (viscous liquid). Therefore, if any product is at a temperature lower than T,, there will be a
brittle solid state. T80 is an encapsulation agent belonging to the group of emulsions. It facilitates

easy mixing and drying processes, like the substances found in Gac. Additionally, T80 helps reduce
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drying time, which can lead to a slight yield increase when combined with other agents. However,
when T80 is used alone, the yield is low because the final dry product has less yield. Asma et al.
(2014) reported that adding CMC reduced the T, of GL. According to Bopitsuwan & Rojanakorn (2017),
the T, of MD was approximately 76.76°C, subsequently, it raised the T, of the Gac fruit seed aril
product mixture. This is due to the reduced absorption of atmospheric water vapor by MD, which
causes the product to dry quickly. In addition, MD is a substance with a significant molecular weight
and a large particle size. It has a small overall surface area per weight. Resulting in the low binding
force between particles that causes decreased adhesion. Gac fruit seed aril powder, with MD as a

drying agent, has a high yield (Bopitsuwan & Rojanakorn, 2017).

Table 1 Yield, moisture content and water activity (aw) of Gac fruit powder

Drying agents  Content Yield Moisture content Water activity
(%) (%) (%) @)
MD 20 30.13°+0.15 5.05°+0.18 0.34°+0.00
T80 1 12.64°+0.58 6.75°+0.22 0.26°+0.01
MD:T80 20:1 31.86°+0.92 4.43°+0.07 0.31°+0.00
GL:CMC 2:1 13.46°£0.02 8.16°+0.15 0.42°+0.00

abc

Meanz+standard deviation values in the same column for each zone followed by different letters are significantly

different (p < 0.05).

"Meanz+standard deviation values in the same column for each zone followed by different letters are non-significantly
different (p < 0.05).

The moisture content mean values were 5.05, 6.75, 4.43, and 8.16 %, for the powder containing
MD, T80, MD:T80, and GL:CMC, respectively, as shown in Table 1. There was a statistical difference
(p<0.05). Using GL:CMC as a drying agent had the highest moisture followed by T80, MD, and MD: T80,
respectively. The difference in residual moisture in Gac fruit powder depends on its ability to bind
water to drying agents of different properties especially MD with high T, value, resulting in good drying
performance with low product moisture content (Asma et al., 2014; Chottanom et al., 2020).

The free water content of the powdered gac fruit seed aril dried by a tray dryer had a trend
of change consistent with the moisture content. According to Table 1, the free water content of Gac
fruit powder is between 0.26-0.42, which is in the criteria specified by the dry food products. The free
water content must be less than 0.6 (Jay, 1998).
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2.2 Color of Gac fruit powder
The color of the dried products is an important quality factor, which reflects the
sensory attractiveness, and the quality of the powders (Caliskan et al., 2015) Thus, the color of the
processed products should ideally remain unchanged after drying. The variation of color value for Gac
fruit powder samples depends on the drying agents contained as shown in Table 2. The L*, a*, b*, and

delta E values of Gac fruit powder containing other carriers were significantly different (p<0.05).

Table 2 L* a*, b* and AE of Gac fruit powder

Drying Content L* a* b* AE
agents (%)
MD 20 49.82°+0.69 27.11°+0.60 36.15°+0.46 2091.59°+1.71
T80 1 41.33°+0.60 25.58°+0.43 27.04°+1.01 1426.83°+0.96
MD:T80 20:1 50.16°+1.11 24.76°+0.28 38.52°+1.35 2147.00°+2.00
GL:CMC 2:1 41.24°+0.73 36.58°+0.34 25.46+0.59 2027.551.60

*“Meanstandard deviation values in the same column for each zone followed by different letters are significantly
different (p < 0.05).
AE of fresh Gac fruit = 1058.06

The mean L* values were 49.82, 41.33, 50.16, and 41.24 for the powder containing
maltodextrin (MD), Tween80 (T80), Maltodextrin: Tween80 (MD:T80), and Gelatin: Carboxy methyl
cellulose (GL:CMC), respectively, as shown in Table 2. Gac fruit Powder treated with MD and MD:T80
had the highest values, which were not significantly different (p>0.05). The dried Gac fruit powder with
MD:T80 as a carrier, was the most likely bright yellow-red color product, followed by the Gac fruit
powder containing MD, T80, and GL:CMC, respectively. This corresponds with the findings of Tkacz et
al. (2020), which showed that the addition of MD increased the brightness of Sea buckthorn powder.
Furthermore, Tkacz et al. (2020) noted that the addition of MD also increases the brightness of
raspberry powder, orange powder, and mango powder. This improvement in brightness may result
from a combination of substances present in the juice and the drying agent, which leads to the
release of compounds that undergo further reactions. Generally, higher brightness (L* values) is
associated with lower redness.

The a* value indicated the reddish color of Gac fruit powder using GL:CMC was the highest
(Table 2). The redness of the Gac fruit powder was different (p<0.05). The b* values, where positive
values indicate yellowness, had mean values of 36.15, 27.04, 38.52, and 25.46 for the Gac fruit powder
containing MD, T80, MD:T80, and GL:CMC, respectively. The use of MD and MD:T80 had the highest

b* color values, indicating that the addition of MD resulted in the yellowing of the Gac fruit powder.
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Significant differences (p<0.05) in AE of gac fruit powder were observed across the
encapsulation substances (Table 2). The AE values were 2091.59, 1426.83, 2147.00, and 2027.55 for
the Gac fruit powder containing MD, T80, MD:T80, and GL:CMC, respectively. The variation in drying
agents may cause the release of certain substances that further react with each other in the dried
mixtures (Tkacz et al., 2020). The addition of MD results in a more significant color shift.

2.3 lycopene, and p-carotene of Gac fruit powder
The lycopene and p-carotene content of Gac fruit powder is presented (Table 3).
The average lycopene contents were 26.48, 56.24, 15.20, and 57.55 mg/100¢g for the dried Gac fruit
seed aril containing maltodextrin (MD), Tween80 (T80), Maltodextrin: Tween80 (MD:T80), and Gelatin:
Carboxymethyl cellulose (GL:CMC), respectively. Among the drying agents used, Gac fruit powder
containing GL:CMC had the highest lycopene content, followed by T80, MD:T80, and MD, respectively.
MD has a large particle size and high molecular weight, resulting in a small overall surface area per
weight. As the dried powder is very porous, the product properties are expressed as the properties of
the drying agent (Tkacz et al., 2020). Therefore, the lycopene content of Gac fruit powder containing
MD is lower than other drying substances. The -carotene contents of Gac fruit powders were 22.82,
41.91, 32.23, and 36.94 mg/100g for MD, T80, MD:T80, GL:CMC, respectively. Among the drying agents
used, GL:CMC had the highest g-carotene content, followed by MD:T80, and MD, respectively. This
increase may be attributed to the surfactant properties of T80, which enhance the extraction of
p-carotene (Oncel & Sedef Dogan, 2016).
2.4 Bulk density and solubility of Gac fruit powder

The bulk density values and solubility of Gac fruit powders are presented in Table 3.

Table 3 Lycopene, B-carotene contents, Bulk density and solubility of Gac fruit powder

Drying agents Content Lycopene [B-carotene Bulk Density  Solubility
(%) (mg/100g Sample)  (mg/100g Sample) (g/cm®) (%)

MD 20 26.48°+0.02 22.82°+0.01 0.43°+0.01 67.39°+2.64

T80 1 56.24°+3.95 41.91°+7.52 0.36°+0.01 55.29°¢1.35

MD:T80 20:1 24.43°+0.63 32.23°+0.05 0.43°+0.01 71.87°+£0.91

GL:CMC 2:1 57.55°+0.85 36.94°°+1.54 0.36°+0.00  40.68°+0.95

abc

Meanzstandard deviation values in the same column for each zone followed by different letters are significantly
different (p < 0.05).
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The surfactant properties of T80 enhance the extraction of Lycopene and p-carotene (56.24
and 41.91 mg/100g). In contrast, GL: CMC likely resulted in a higher lycopene content due to the
stabilizing and protective properties of these polymers, however, may also impact the solubility or
increase the susceptibility of p-carotene to oxidative or thermal degradation during the encapsulation
process.

The bulk density values of the Gac fruit powder were 0.43, 0.36, 0.43, and 0.36 g/cm?’,
respectively. The density of the Gac fruit powder was the highest when MD and MD:T80 were used,
and the values were not statistically different (p<0.05) when compared to using T80 and GL: CMC.

Regarding the solubility of the Gac fruit powder, the average values were 67.39, 55.29, 71.87,
and 40.68%, respectively. The solubility of the powdered Gac fruit seed aril was highest when using
MD:T80 and MD, followed by T80 and GL:CMC as drying agents, respectively. These experimental
results were consistent with the findings of Suriyajunhom & Phongpipatpong (2017), who reported that
the solubility of gac fruit powder used for drying maltodextrin ranges from 57.57 to 76.28%.

3. SEM surface morphology

Figure 1 illustrates the SEM magnification images of Gac fruit power using MD, T80, MD:T80,
and GL:CMC as drying agents. Images were magnified 1000x to display the surface morphology and
structural characteristics of the encapsulated particles from samples subjected to various drying
agents. The results indicate that the particles may have a smooth appearance if the encapsulation
is uniform, suggesting successful coating by the encapsulating materials (Figure 1). Maltodextrin and
gelatin typically create a dense matrix that surrounds the gac fruit powder, while Tween80, a surfactant,
enhances dispersion and helps stabilize the emulsion. This may contribute to the uniformity of the
particle surface. Additionally, carboxymethyl cellulose (CMC) improves viscosity and structural

integrity, which could result in smoother or more compact particles (Chaudhary et al., 2024).

GL:CMC

Figure 1 SEM images of Gac fruit power under 1000x magnification
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4. Shelf life of Gac fruit powder

Storage stability, or the shelf life of products, refers to the ability to maintain the
characteristics and potency associated with their nutraceutical content. The properties of the final
product can change over time. The variations in color, moisture content, a,,, and solubility, particularly

with lycopene and pg-carotene levels, were demonstrated.
The initial color at week 0 of the Gac fruit powder containing maltodextrin (MD), Tween 80
(T80), Maltodextrin: Tween80 (MD:T80), and Gelatin: Carboxy methyl cellulose (GL:CMC) were presented
in Figure 2. The changes in the color of L*,a*, and b* values of Gac fruit powder stored at different

temperatures for 8 weeks are demonstrated in Figure 3.

SO00O

Ftatnte

MD T80 MD:T80 GL:CMC

Figure 2 Characteristic of dried Gac fruit
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Figure 3 Color of Gac fruit powder during storage

During the storage period, the lightness (L*) of Gac fruit powder increased significantly (p<0.05)
at all temperatures. The initial lightness value of Gac fruit powder at week 0 was 41.24, and there was
no significant difference in brightness for Gac fruit powder stored at 4°C and 30°C for up to 6 weeks
of storage. After eight weeks of storage, the L* values of Gac fruit powder were 43.96 and 42.93 at

temperatures of 4°C and 30°C, respectively. For Gac fruit powder stored at 40°C, there was no
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significant difference in brightness after four weeks of storage, but at the sixth and eighth weeks of
storage, the Gac fruit powder became brighter. The lightness values were 40.63 and 44.46 at 4°C and
30°C, respectively, after eight weeks of storage.

The a* values of Gac fruit powder decreased significantly when the storage time increased for
all temperatures (p<0.05). At week 0, the a* value was 35.58 for all temperatures. At 4°C, there were
no statistically significant differences in a* values between weeks 2, 4, and 6. For the temperature of
30°C and 40°C, the a* values decreased when the storage time increased.

The b* values of Gac fruit powder significantly increased (p<0.05) when the storage time
increased for all temperatures. The b* value was 25.46 at week O for all temperatures. After eight
weeks of storage, the Gac fruit powder demonstrated the highest yellow b* value at a temperature
of 40°C, with an average of 31.43. This was followed by the average at 30°C, which was 28.00, and the
average at 4°C, also at 31.43.

Moisture content Water activity (a,,) Solubility
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Figure 4 Moisture content, water activity, and solubility of Gac fruit powders during storage

The moisture content, water activity, and solubility of dried Gac fruit powders were evaluated
after being stored at 4°C, 30°C, and 40°C for eight weeks, as shown in Figure 4. The GL:CMC sample
was selected as a benchmark for analyzing the changes during storage. Throughout the storage
period, the moisture content consistently decreased. Initially, at week 0, the average moisture
content of the Gac fruit powder stored at 4°C was 8.20%. During weeks 2, 4, and 6, there were no
statistically significant differences in moisture content. However, by week 8, the moisture content of
the Gac fruit powder stored at 4°C had dropped to its lowest level, measuring 6.00%. For the Gac
fruit powder stored at 30°C, the initial moisture content was high at week 0, but it decreased during
the 2", 4", 6", and 8" weeks of storage. Similarly, the moisture content of the powder stored at 40°C

remained statistically unchanged during the 0, 2", and 4" weeks of storage.
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Different storage temperatures at 4°C, 30°C and 40°C had a different effect on the water
activity (p<0.05), with all storage temperatures at week 0 having a value of 0.50 and at the 8" week of
storage, the water activity values were 0.33, 0.30, and 0.30 for sample stored at temperatures at 4°C,
30°C and 40°C, respectively. It was observed that the amount of free water decreased weekly at all
storage temperatures. Free water decreased and then consistently maintained at an aw of 0.3 across
all storage temperatures, indicating a stable aw for our rice powder sample.

The solubility of Gac fruit powder was found to be statistically significant (p<0.05). In the
8" week of the storage, the Gac fruit powder stored at 40°C demonstrated the highest solubility at
37.21, followed by the powder stored at 30°C with a value of 36.56, and the powder stored at 4°C,
which had the lowest solubility at 30.68. These findings align with the experimental results reported
by Suriyajunhom and Phongpipatpong (2017), which indicated that the solubility of Gac fruit powder
ranged from 57.57% to 76.28%, confirming that the solubility was lowest at 4°C.

Lycopene content B-Carotene content
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g 40 E 31
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30 29
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Figure 5 Lycopene and p-Carotene of Gac fruit powder during storage

The contents of lycopene and pg-carotene of Gac fruit powder were observed in Figure 5
during eight weeks of storage at temperatures of 4°C, 30°C, and 40°C. The study showed that the
lycopene content significantly decreased with longer storage times (p<0.05). The average lycopene
content in the Gac fruit powder was 58.20 mg/100¢g during week 0 of storage at 4°C, 30°C, and 40°C.
However, there was no significant difference in lycopene content during weeks 0, 2, and 4 of storage.
On the 8" week of storage at 4°C, the average lycopene content was 54.01 mg/100g, while at 30°C
and 40°C, the average lycopene content was 44.26 mg/100¢ and 44.08 mg/100g, respectively.
Lycopene content decreased as storage time increased, which was consistent with the study of
Bhumsaidon & Chamchong (2016) where the Gac fruit powder was stored for 8 weeks at 26°C and 7°C.
The study showed that high temperatures during storage decreased lycopene content because the
heat stimulated oxidation, causing the decomposition of lycopene through a chain reaction involving

free radicals with oxygen, light or heat as initiators (Chottanom et al., 2020).
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The p-carotene content in Gac fruit powder significantly decreases (p<0.05) with increasing
storage time (Figure 5). The study found that at week 0, the p-carotene content was 35.03 mg/100g
at all storage temperatures. There was no significant difference (p < 0.05) in the g-carotene content
during weeks 0, 2, 4, and 6 when stored at 4°C and 30°C. However, Gac fruit powder stored at 40°C
exhibited a notable difference, with an average p-carotene content of 30.08 mg/100g. Additionally,
Gac fruit powder stored at 40°C showed a rapid decrease in g-carotene content each week, while
the Gac fruit powder stored at 4°C experienced a slower decline. By the eighth week of storage, the
Gac fruit powder at 4°C had a -carotene content of 33.07 mg/100g, whereas the powder at 30°C had
an average of 31.25 mg/100g. The lowest g-carotene content was observed in the Gac fruit powder
stored at 40°C, averaging 30.08 mg/100g.

Conclusions

This research investigated the suitability of various encapsulating materials for producing Gac
fruit powder using tray drying and evaluated its stability during storage under different temperature
conditions. The combination of 20% Maltodextrin and 1% Tween80 emerged as the optimal
encapsulant for achieving high encapsulation yield and solubility, making it suitable for applications
where cost efficiency and process scalability are priorities. In contrast, 19 Tween80 and the mixture of 2%
Gelatin and 1% Carboxymethyl cellulose (w/w) demonstrated superior retention of active compounds
like -carotene and lycopene, which is critical for maintaining the nutritional and pigment integrity of
the powder. Vacuum-sealed packaging and low-temperature storage (4°C) are recommended to
mitigate nutrient degradation and preserve physical and sensory quality. This study underscores
that the choice of encapsulation materials depends on the desired balance between functionality
(e.g., pigment stability) and production considerations (e.g., solubility and yield). The results provide
valuable insights for optimizing Gac fruit powder production and storage, ensuring both quality and
cost-effectiveness in food applications. This powder is suitable for use in a variety of products,
including baked goods, beverages, noodles, and Thai desserts. Additionally, it can enhance the
natural color of these items. Future research should focus on incorporating Gac fruit powder into
various food products and investigating its shelf life within those formulations. Different processing
methods and food matrices may affect the stability of g-carotene, lycopene, and the color properties

of the final products.
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