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Physical and Biological Factors on Textural Characteristics of

Feta Cheese from Goat Milk

Tuf dulndaed nomoz A3ae fefinn dszaeAning
NIRENS 2WARNT WAL LansunNg aullseys’

Bow Tinpovong, Kritsana Sriwilai, Rungthiwa Prasongsap,
Malaiporn Wongkaew and Aekarin Inpramoon’

AYIITININAAUASUTANTINGIMIT INeaena Tuladuasananegnig
umamenaumalulaiiganaaiuug A, @enluy 50220
Food Production and Innovation Program, College of Integrated Science and Technology,

Rajamangala University of Technology Lanna, Chiang Mai 50220, Thailand

*Corresponding author: Email: aeengineer@rmutl.ac.th

(Received.: 28 February 2022; Accepted: 9 July 2022)

Abstract: The Mae Ta Nuea Royal Project Development Center has enhanced the value of goat milk by
processing it into Feta cheese, which is one of the functional products. Feta cheese is brined white soft
cheeses made from goat and sheep's milk, but other types of milk are currently used, including cow and
buffalo milk. This research aimed to determine the commercial bacteria and rennet enzyme contents for Feta
cheese production using goat milk to compare quality with commercial Feta cheese. The design of
experiment using a 3 x 2 factorial in a completely randomized design was used. In addition, the influence of
stirring time on Feta cheese yields was also investigated. The texture profiles of all six treatments with
commercial lactic acid bacteria (0.0010, 0.0015 and 0.0020 % w/w) and rennet enzymes (0.0035 and 0.0040
%w/w) were identical to the texture profile of a commercial Feta cheese. All of the treatments produced Feta
cheese with a textural profile identical to that of commercial Feta cheese. The Feta cheese treated with the
least bacteria (0.001% w/w) and the most rennet (0.001% w/w) had low hardness, great springiness, and
adhesiveness, as well as a texture similar to commercial Feta cheese. Furthermore, the yields of Feta cheese
obtained from 20, 30 and 40 minutes of stirring time were 13.50, 12.68 and 12.64, respectively. The longer
the stirring time, the lower the yield was obtained because of the breakdown of some fats in the curd proteins.
This process can be applied as a Feta cheese processing guideline for farmers and entrepreneurs who are

interested in value addition goat milk.

Keywords: Chemometrics, curd stirring, lactic acid bacteria, rennet, soft cheese
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Table 1.

using a completely randomized factorial design
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ImﬂmuauﬂmmwﬁmuLwaﬁﬂﬁLﬂuMmm
NIMIFIUNTENIIUNATUAZAUNIA] (Ministry
of Agriculture and Cooperatives, 2008) 1& un A N
AN UNTA-AY (6.5-6.8) AaeipansTa AT
N7A-A19ULLNAWA S Oakton 71 WATERPROOF
pH TESTRE® 30 LAY ANANEINNANNL (13Jrﬁi”mdn
1.028) rﬁ")f;lLﬂ?l'a\‘iLL@ﬂTmﬁLﬁl'ﬂ‘a“r(Lactodensimeter)
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NTYLAUNIHAR FHAINUA LU UN R 1
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@mqﬂﬁﬁ@Lmﬂﬁmm%mmeﬁﬁﬂmmmm?zyiﬁ)
FnideuapRnueTauuaf3annanisdnlugLluuung
?ﬁ\iﬂi:ﬂfauﬁw Lactococcus lactis ssp. lactis WAL
Lactococcus lactis ssp. cremoris ?jﬁ‘ﬂ CHR Hansen
(Chr. Hansen Holding A/S, Hoersholm, Denmark)
1uﬂ?mm5h<1 7 fAaugnalu Table 1 At il
Wam‘vmm 38 paATaLTed tunan 45 m'w
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NFALATATLNA 5 x 8 119 IfieszLneinadaanan
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Optimization conditions of lactic acid bacteria and rennet for Feta cheese production from goat milk

Rennet enzyme

Lactic acid bacteria [% (w/w)]

[% (w/w)] 0.0010 0.0015 0.0020
0.0040 Treatment 1 Treatment 2 Treatment 3
0.0035 Treatment 4 Treatment 5 Treatment 6
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Percentage yield of Feta cheese (%)
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Figure 1. Texture profile characteristics of six Feta cheeses compared with commercial Feta cheese;

(a) Hardness 1, (b) Adhesiveness, (c) Springiness, (d) Hardness 2
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Figure 2. The chemo metric PCA of the relationship between different levels of lactic acid bacteria (A),

rennet enzyme (B) and treatment (C) with the texture characteristics of Feta cheese. A number

1 to 7 in (C) represents treatment 1 to 6 referred to in Table 1, as well as treatment 7, which is

commercial Feta cheese.
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Figure 3. Influence of the stirring times on percentage yield and physical characteristics of Feta cheese.

Different letters on the bars in the same stirring time indicate statistically significant differences

(P < 0.05)
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Factors Affecting Members' Participation in Participatory Guarantee Systems (PGS)
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Agriculture Network, Chachoengsao Province

ARANA BUNA FOINT FITTUNAUNIA 1Az A2NNA UUSAAN 5990 ImY
Adisak Amthed’, Suneeporn Suwanmaneepong and Duangkamol Panrosthip Thunmathiwat

n’m?ﬁ’luiﬁmﬁun’J:‘ﬁ@mﬂmzw‘@mﬁﬂ’mﬂwﬁiﬁ‘ mnsznaluladinisinsms
antfumalulagdnszaeunaia1Ammsa1anszLs ngamne 10520
Department of Innovative Communication and Agricultural Development, School of Agricultural Technology,
King Mongkut’s Institute of Technology Ladkrabang, Bangkok 10520, Thailand
*Corresponding author: Email: 62604060@kmitl.ac.th

(Received: 3 November 2021, Accepted: 25 July 2022)

Abstract: The objective of this research was to investigate 1) general background of members of the
Pad Riew Participatory Organic Agriculture Network, 2) knowledge and attitude towards the PGS,
3) members’ participation in PGS development, and 4) factors affecting members' participation in PGS
development. Data were collected through interviews with a sample of 125 members. Data were analyzed
using descriptive statistics and inferential statistics employing multiple regression analysis. The major
findings indicated that most of the members were females with an average age of 54.82 years; they
graduated with primary school education, an average organic farming area was 5.03 rai; and has been a
membership of the PGS for 2.42 years. The sample’ exposure to PGS news and information from personal
media was at the moderate level (mean = 2.58) and from mass media at the lowest level (mean = 1.17).
Most of the members (81.60 %) had a high level of knowledge of PGS. The members had overall positive
attitude towards the PGS (mean = 4.30). Overall member participation in PGS development was at a high
level (mean = 3.92). When individual aspects were considered, all aspects were at a high level, namely:
Participation in decision making, participation in implementation, participation in receiving benefits, and
participation in evaluation The results revealed that members' participation in PGS development with
a statistical significance level (P < 0.05) included attitude towards PGS, exposure to PGS news and

information from mass media, and knowledge of the PGS.

Keywords: Participation, system development, PGS
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Score

Knowledge level
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Low
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Table 2. Scoring criteria for PGS attitude

Score Attitude level
1.00 - 2.33 Negative attitude
2.34 - 3.66 Neutral attitude
3.67 - 5.00 Positive attitude
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Table 3. Scoring criteria for members' participation in PGS development

Score Participation level
1.00-1.80 Lowest
1.81-2.60 low
2.61-3.40 Moderate
3.41-4.20 High
4.21-5.00 Highest
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Figure 1. The level of knowledge about PGS
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Table 4. Attitude towards PGS

ltem X S.D. Level of attitude
1) PGS organic farming is a simple process 4.31 0.67 Positive
2) New members need to pass the PGS guidelines
4.30 0.61 Positive
training course specified by the network
3) PGS organic farming can increase family income 4.33 0.53 Positive
4) Recording activities within the plot is a must-do 3.58 0.79 Neutral
5) PGS organic farming improves the qualit
o g1mp . Y 4.55 0.54 Positive
of agricultural ecosystems and the environment
6) PGS organic farming process prohibits all
synthetic agricultural chemicals such as chemical 4.44 0.49 Positive
fertilizers, herbicides, pesticides, and hormones
7) PGS organic farming is beneficial and safe
4.53 0.53 Positive
for producers and consumers
8) PGS organic agriculture can use biological agents
and herbal extracts to control insect pests instead 4.34 0.54 Positive
of using chemicals
9) Chemicals are not necessary for the control
4.59 0.55 Positive
of pests and pests in PGS farming
10) The 19 network standards are not complicated,
4.39 0.65 Positive
making success easy
11) The network standards certificate gives
consumers confidence that the quality of 4.34 0.55 Positive
the product is organic
12) PGS organic farming reduces production costs 4.07 0.67 Positive
13) Products from PGS organic farming are
4.22 0.59 Positive
in demand in the consumer market
14) The government regularly promotes new
3.97 0.73 Positive
knowledge and information about organic agriculture
15) Overall, you are satisfied with PGS organic
4.49 0.59 Positive
farming
Total 4.30 0.29 Positive
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Table 5. Level of members' participation in the PGS development

Item X S.D. Participation level
1. Participation in decision making 3.47 0.52 High
2. Participation in operations 4.16 0.60 High
3. Participation in receiving benefits 418 0.49 High
4. Participation in the evaluation 3.88 0.66 High
Total 3.92 0.47 High
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Table 6. Factors affecting members’ participation in PGS development

Variables B Beta t P-value
Constant -1.776 -2.379 0.019
Gender (X,) -0.004 -0.004 -0.045 0.964
Age (X,) 0.005 0.092 1.030 0.305
Educational level (X,) -0.003 -0.024 -0.262 0.794
Household income (X,) -2.781E-7 -0.078 -0.877 0.382
land areas of organic farming (X;) -0.007 -0.089 -1.048 0.297
Network membership period (X;) 0.101 0.133 1.741 0.084
Exposure of PGS news from personal media (X,) 0.060 0.081 1.067 0.288
Exposure of PGS news from mass media (X;) 0.147 0.212 2.359 0.020*
Knowledge of PGS (X,) 0.039 0.203 2.483 0.014*
Attitude towards PGS (X,,) 0.906 0.516 6.800 0.000**

R*=0.396 SE_=0.408 F =7.467

P-value = 0.000

* Statistically significant level at 0.05 ** Statistically significant level at 0.01
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Abstract: The volatility of natural rubber prices has a major impact on rubber farmers and rubber industry
production. This research aims to study the rubber price volatility in Thailand and factors affecting RSS3
(ribbed smoked sheet No. 3) price in Thailand by using GARCH and GARCH-X models. The secondary time
series data of RSS3 in Thailand and external variables including exchange rate (Yuan/Baht), RSS3 price in
Shanghai Futures Exchanges (SHFE), and crude oil price were collected daily from January 4, 2012 to
December 23, 2019 (1,605 datasets). The results show that exchange rate (Yuan/Baht) and crude oil price
have non-significant results on RSS3 price volatility, whereas RSS3 prices in Shanghai Futures Exchanges

cause an direct effect on RSS3 price volatility with the 99 % confidence.

Keywords: Price volatility, GARCH-X model, ribbed smoked sheet No. 3 (RSS3)
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UNARER: AINEUHIULBIIIATE NI EINANTENL AN HATNTUATGARNUNITHEAAEN miﬁnmﬁa{qﬁnm
AUTUNIUTIANE1INNT PasTaTTadERng y fidanasiamArensukusuATudy 3 vaslszmalng Tneld
LULANABY GARCH LAY GARCH- XTﬁﬂmﬂumuLq@’mﬂ'j"mmi’mmwLu:immf’fu%u 3 smdnesudi 4
WN3IAN 2555 B9TuT 23 FuanAN 2562 (1,605 1Al0YA) ‘Emﬁm@mmLLﬂiwmwumﬂummwmmm
memm Ioun @mmmmﬂ@ﬂummu (Mew/N) mmmmmmmummumu 3 lumanagasutin@edld
LATIANTNETUALILRAATAN ANNNNTALATIETAINLEEILRIANEN UL AT 3 Tadtszmalng Wi
FRruanilas uavsainguALlunanalan T HafeA L fHILT099 A8 LEUIL AT 3 aginad]
uﬂmﬂm Iummvmnmsn@mmqmeumwﬁu 3 lumanaaatin@edld Tuase L1893 AN ULy
AT 3 @mwuﬂmmmmwmwm@mu‘w 99 wafidus Tnafaruduius i lufan1amaaiy

ANRIATY: ANTNEUNIUTENTIAT LULIANABY GARCH-X 2IN9UNUsNAT LT 3

AN granngnlszmalnegdenanutaflu 5
Uszinn oA U199 S19uEWINASY 819wy
gamsuduisasegiandAyresdssma anauan ua mwﬁm%u 7 Tngeneunia dnenedu

o

e waziduAudrinemsiffiuunisdeeaniy LL@WEI’]\WJL!@@%“] undndusduus iudeaan
susuniaresdszmauazaasian desanniduiis sl luanefieusdusmaiy uszanauanfuua iy
flduaneuunuguiiefaufufissfiaiudsgela  deeenanas idesansnwindundafueiand
Wineasnafiniuilgnediesieiiias lnannald arn1snAtuAN AU N I IdNIRsgIulddnandn
ﬁﬁuﬁﬂqﬂmqwqmLl,mﬁﬂ?mmmmamu’mﬁqm asnalinaneesneudtanldmalulagnisnan
789891 A N1ANANS uazARzTUREN@aMile e1edeanneneuyianandu (Kiticharoonwit, 2018)
defiansauniuilgnunanimaeslssmalne asanizgaaivnssnsnernausludssinasy
wWrsuisuiuszmadseandnAty wudn Uszine ?ﬁ\iLﬁu‘ﬁmrmufaqmmuﬂﬁmmﬂum’n@'mﬁ@ sendnadl
Ineifuiidgnilududuaessesaindszind  w.a. 2545 - 2565 graunsssnausluLlsznAay
Sulailide willlSunumandanunigelulan  Sdmmninfulnedogededenas 11.2 deil i
Tutl w.A. 2561 ﬁuﬁﬂ@]ﬂﬂ’]\m’]ﬁ"l%\ﬁ@ﬂ fszinm funissdrsnsuseslanfiiulniasdesay 2.4
89 a1uls Tnafaulsemaduduanalun) Ae siall dnalilTuininnsdeaanasuisaastlszina
Uszndlng Bulailde uazaniade Siuidgneani Inedinguann 046 Ausu lull w.a. 2545 1w
NNnNIFeaaz 60 mm'ﬁu?{ﬂ@ﬂmq%\ﬂ@ﬂ (Table 1) 156 §1usu Wi W.a. 2565 annpdastunI NIy

g fudszmalnedudnanuazdeaan a9Funmnsdeeentinenaduid uun liuiad

gsssuanfsnalunnanaedian deust wa. 2534 an 0.23 arudulutl wa. 2545 1l 0.68 Ausiuluy
dudunn andeyadidnausegianisinens 0 w.A. 2565 118991NAINAEINI190IN B8N
(2562) Wu31 Mg291] W.A. 2540 - 2562 Uszinelng Qﬁuﬁqmmmmﬂuﬂizmmm:r}iwﬂi:mﬂiuﬁw
Wutlszmagaseandudui 1 unlounaen waafes  nsunsszuingeelsalrndn-19 uasiuua iy
az 35.56 1994n4auN1349eanvaLlsTinAdaaan getulull w.A. 2565 Ananunisalnisunsszunn
do o \ . - a o dd . o

ndrdnylunannian lnedszinaddseannddy  vedlsaladn-19 ludssimArunGuaanans nans

A a a A = a ¥ v o j a a

se9anNAe UszmABulnilide swiaime wazBaauin WdszneunimauniWuynisuan An1szene
ARG (Table 2) TreauuaznIsasuiugaaunasnsn i LNy
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iquiﬂﬁauiﬂmw@ﬁgm@ﬁmm?‘umeﬁumu
nnsldenansnng lulssimananiu (Royal Thai
Government, 2022) us311seimnalnsdanansnguiy
suATudY 3 anad Suiflunaunainniafinalaniiy
m‘l%mqLwiqu'm%ummzﬁa‘ﬂmqﬂndq aginalafimnu
g19uHuINATUTY 3 1e9dszmalne danailui
faan1suesnaalan Lﬁmmnﬁqm@uﬁﬁmq

nEn e uazilsymalned dagaunananunndd
Fauas 80 1a4UTUNUNANAALNSLHUTNAT UL
Tan wazihBunmdeeanunniigaidedfieuiudszme
Awtls 1 Uszimaaulatide Wnaide a1ananaleon
enausitsn AT 3 Lﬂumﬁmﬁmm‘mqﬁﬁqﬁ"mﬁi@
3zuumm§ﬁwmﬂa‘:wim desanniflunanan
PANUBILNEFATNT el (Daengkanit et al., 2017)

Table 1. Planting area and rubber production of major rubber production countries during 2540 - 2564 B.E.

Planting Area (million rai)

Production (million ton)

Year
Thailand  Indonesia Malaysia  Vietnam Thailand Indonesia Malaysia Vietnam
2540 11.94 21.98 10.22 1.72 1.89 1.54 0.97 0.18
2545 12.53 20.74 7.99 2.63 2.63 1.63 0.88 0.29
2550 15.35 21.34 7.80 3.03 3.02 2.75 1.19 0.60
2555 17.41 21.78 6.51 3.10 413 3.01 0.92 0.87
2560 19.11 22.66 6.76 3.43 4.60 3.62 0.74 1.09
2564 21.93 23.60 7.1 5.75 4.82 3.12 0.53 1.23
Source: Office of Agricultural Economics, 2021
Table 2. Volume of rubber exports of the rubber exporting countries during 2540 - 2562 B.E.
Year World Thailand Indonesia Malaysia Vietnam
2540 413 1.22 1.22 1.13 0.06
2545 6.02 2.55 1.44 0.82 0.31
2550 6.86 2.72 2.41 1.01 0.72
2555 8.67 3.02 2.52 1.29 1.02
2560 1217 4.10 3.27 1.22 1.28
2561 12.09 4.30 2.95 1.50 1.12
2562 11.44 3.74 2.57 1.03 1.68

Source: Office of Agricultural Economics, 2021

Unit: Million ton
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defansannisideuimigessanansusi
suATut 3 1e9tlsvmalnefinanananaanana
AIUTAGITAN WL ﬁmmﬁumumummﬂmﬁﬁ@
Tan nanaAe s2uInetl wW.A. 2555 - 2565 $1ANEINS
Leusn AT 3 fuua T fnguednesiaiies aan

naAuTnnuuAanszInAreIgAAIUN TN TDE LT
= -dld :’/ Y a &
1e9dszinAaundnisAu N ugnansn e s

dusy 1 va9lanlud w.A. 2553 upilszinaanly
ANHN1TDNUANT9E19 I ABAARDINLAIINADINIT
Iden9 A9siis s1ANeautisNATIT 3 Tull w.A. 2554
- X ﬁ Y ne e o -

R9g91unti1esn3a antduldliusaanasauiedl
W.A. 2558 AINNULATHFNAANTLARAD WATLITNY
NNTHARNANINNTINANNARIN1T 1T (Pisitsupakul,
2014) Aanlul W.A. 2559 1A LEWIN AT LT

3 Ususngaau wesaingnnialunia’ld dauali

Aﬂg’ dl = Yo al o
nunnIaeelifuaudeniadsznauiuliunm
HARAREN9NI9IANA19IuRAIARI9ANANAILATY
71T UALENUS LA geaY Tud w.A. 2560 371
HNUNUTHATIEY 3 NALLFUAIAARIENATY LlB9ATN
wisgnareslsTimAgAENTTaefAIad Inaianne
UszinAAu anigeissni uazdltlu §nsniszens s
10INIARAAMNITHANAY TUIUTLR AT UAIRIULN
c X A o a P o
udernduiemauiuanalustslssimandnigmn
nsgerelunaInateutin 1w analuneaansansy
lunainasantihdealls anaRuenlunainasamti
Price (Baht/Kg)
200
150
100
50
2552 2554

2550 2556

25

Source: Rubber Authority of Thailand (RAQT) (2022)

ILIGEE meqmLﬁuuﬂqulummmdwuﬁwL%\ﬁ,a”
fudu Al Anenaususu AUty 3 anad
uastlfudaingwlu wa. 2563 Wesannisuns
seunnvaslsnlrdn-19 denalianudenisnadiasna
Lﬁmz}jdﬁuﬁ/ﬂ@ﬂ (Committee on Agriculture and
Cooperatives, 2018) (Figure 1)

AL L9931 AN UEUINATUTY 3
saqtsemalnediF pdusananidenansznulnanag
sainmasnsuazdfiiaadeslugnamnesundnnng
LAZRENNE NN ANEN AR A TR A
FAAINNAUNIULAIIIAIRUA NN ATAIRANILAY
AENNITIlsmAlnauaznIniAeTeting
faliied daanunsautaTadeRidenananu Iy
sasmpAuAineaseanidu 3 ngu Ae nquiiuils
HutTasefifadasfuanudinaun 14y :auey
USunnunnsuaniniy Lﬂmmnﬁﬂﬂmﬂuﬁmqﬁu
dfylunsuanendainsed dadududnaun
F19NIFIBITUEA A1N91UIAS Thamthieng (2008)
LAaZ91U4289 Chiangkwa (2009) miu‘ﬁ'muﬂuﬁ@@?ﬂ
ARendeelnenssfusmAUANEAT 1T $1ATLAY
3ununisdennnenausiusuadudu 3 s1andudn
nenslunatnatantiuratszmalneg uag
AANARINUUNIANUTZNA A1NITULDS Sengsavvas
(2011) Az Pisitsupakul (2014) haz ﬂ@ummmﬂu
ﬂ“‘\]@ﬁmLﬂEJQ“IJT’J\‘lﬂUNﬂ"lWLﬁi“]:rﬁﬂ@‘ll@\‘iﬂﬁ‘ymﬁ

B.E. Year

58 2560 2562 2564

Figure 1. Monthly average price of ribbed smoked rubber sheet No. 3 of Hat Yai central market during 2550 -

2564 B.E.
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189531748 119114289 Choocheun (2009) uas
Lertsiwanont (2017) 1l
NN9ILATIZHANNHUNIUTAIRUANE AT
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ainlsfAnAufurauetieddesly anasetnann
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auifnTulusamitesndt aneasainlaiauanms
1a9A U uEuLLU Heulad Fund leverage
effect 1132n137 689 LWULS1089 GARCH f19un
THANAST LAZAIAIINARIALARBUTEITISIIAN
Aauniin daslifdudrauieatisduldanany
wilssaussinedldenlafidfuuaniane Bollerslev,
1986) Antdasniamaniaed fimuILL L9
AT AINNTUNIUENUA UL URNABY LTU
IGARCH, EGARCH, TGARCH, GJRGARCH RN
FULA LA URLLA1889 GARCH-X 284 Lee (1994)
ﬁs{m%uwmwﬁumqu‘lﬁmﬁwﬂ%ﬁ”ﬂmﬂu@ﬂm
Wanseundau Lngﬂﬁmﬂ%’ﬁ%‘umnhmumm
Apergis and Rezitis (2011) ‘ﬁlﬁﬂmmmﬁumumm
mmauﬁmﬁﬂﬂﬁummﬁmLuui:ﬂ:'g"ui:ud'm
AduA1LTinadudadantauanniasegna
unnimaludssimAna (Singvejsakul et al., 2021)
HanAsANEATaraudn LuLsIaed GARCH-X
Lﬂmmmmmmmmmmvmumn‘wm iasann
18ineuaresduevuuszssdunsladevia
FautlsnauenfidanasarALTEIuNRaNs 0N
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1
a

wisUsunuufNenlelieed Ae TiAauusilsn
panaalansuziiu MA(Q) adunsndisuglannng
1Rt

Of= Qo+ MEL1+ Qo ELr+ -+ ApElq ()

Thedn £ &2azilsznavdag 2 dau An AAsiiuas
AumaanIaIdeIrestfananluefn (ARCH term)
saun Bollerslev lAUNuULA1a89 ARCH
ldwmunse lnaninualdaiuudsdsauedned
lfil a1l (conditional variance) Janwosziiu
ARMA (autoregressive moving average) Fenuwuy
'ﬁmmﬁdﬂ generalized autoregressive conditional
heteroscedasticity 138 GARCH (p,q)

of=woty’_ a0ty By Eki )

Tned p AR A1ALURY autoregressive
g A8 ANALILEY moving average
NNTIATIZHANEUNIUTBITIANLNLR Y
suatuti 3 vegtlszinalng luassl I uuLsIaa
GARCH-X @ 414511 sWal LIN1A N LU LS 1 884
GARCH lagifiuannis Aa nsinenfautlsnneuen
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Wo A AR

OF 78 4914189 GARCH term 9198 Aanui
HALYD971 AN LE LN AT 3 1891l Alne
RSS3_price Tudaganuannaumin (t-1)
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ARNALAARILL DL 1981 t-1
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X2 P9 sansuRvlunatalan (GRRGRE
andg/uniea) (oil)

X3 A AT ENIuH T ATUTY 3 11
Ty R TG IRE (Me1914/M1) (SHFE_price)

NANISANEWAZIANT L

1. mewmﬂ@umwﬁwmﬂ’f’aga (unit root test)
1meAs augmented Dickey-Fuller test
mmqﬂmi‘wM@ummﬁwm%mﬂ@
3ANEN LT ATudY 3a09tlszmalne
(RSS3_price) ﬁmsmmmﬂﬁlﬂum@ N (M)
31A1nn AL uAa1aTan LaLIIANT RN
gNUH I ATUTY 3 lunataa G eld
Tunuudiaesiidaaingadauazuualiy
PAILIAT WU ANATA t (t-statistic) 1aIm2 WU T
mmmﬂfmmfmqmLLumﬂuu@u‘luLLm TYAL
gAY LansinFaLsanuaTdneLia nanaAe
dfiasannmgiundn (H) feyaldneuzdeya
wuw 10) wazliandudesmianisulasdayaliat
sl,ugﬂmmhﬂmzﬁuﬁ 1 (1% first difference) (Table 3)

2. N1SNAKBUNISLAANULULSIIRDY (model
selection)
Mﬁx‘i@’]ﬂﬂﬂﬁ‘%’lﬁ@@UﬂQWNﬁQTﬂQiBH@LLCZ?]’Q
Adeyallaieuuuanaeasaadsnnsaes Box
et al. (1970) T n1MuUAF TLL U autoregressive
AUAL p LALAILLL moving average AUA L g
Ammnzau faiy luntsfnEniasiiansmn AR (o)
LAz MA (Q) TpenITlAenLULS1aa9R AT
AU ZALTIVNA 4 LUUSN984 (Table 4)
iHlefiansnunen AIC wazAn SIC udanwudn
LL‘umfmm AR( ) and GARCH (1,1) LﬂuLLuuﬁmm
wmmvmmn‘wmm WIZHAN AIC uay SIC m‘vmm
andunaaannILd AT MIANEUNUTIDIAN
ﬂmmﬂ?ﬁi'ﬂu (serial correlation) IA&IN1INARBLUDY
Breusch-Godfrey serial correlation LM test NaN17-
mmmﬂ‘umﬂ'ﬁﬂﬂagmau&uﬁuﬁrﬂmmﬁmmmg@u
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muﬁmﬁuﬁm@qmﬂmmm?{ﬁu) {agIAN prob. chi-
square Winfiu 0.7347 ﬁﬁmmﬂﬂdﬁi:ﬁuﬁﬂdﬁﬁm
0053\‘1mmmmﬂ1ﬁ’dﬁ LLLUA1a89 AR (1) and
GARCH (1,1) ldiiadyunanduwusaasan
AATALAROUNGTIIAE LIS aesT0af LR 14T
AYNNWNZAN

naeanfildannisanededldd oy mn
AMANTLEIBIAIARNALARDUUAD AauNaNNIs
AF1U1F N1 71520 AN 2A N T U NI
fidenlaazyinnnmagaUmn ARCH effect [ilanmagal
JA1AANALARE AN AN NIRRT TLLA A
flan131im ARCH effect vrald Tnadiuuuanaes
w”l,mmmmmmm mmuummmn (H) An
mm@mLﬂ@@ummumimm@ﬂim ARCH effect
WATANNAFIUIRN (H,) AB ANAAIALAADLANNENANS
Anadadl ARCH effect

HANTINALEL ARCH effect Lﬁ'@ﬁm&mﬁ
prob chi-square WUIN mvfl,mwmu 0.0000 *"Num
mnma‘muum@mmmmmumhﬂ@ 0.05 Aalfjian
@mummmn (H) uuﬂ@ mﬂmmm@m’mmmi
AAE ARCH effect At anunsouinaunaaiiaas
Fla N lssannuannmemaiuuu i el s

3. mMsiszanaaranandsdsiuaassimenaun e
ﬁuﬂ’ﬁ’u‘ﬁﬂu 3 ARELLLANADY generalized autoregressive
conditional heteroscedasticity - GARCH (p,q)
WULIAN88Y GARCH (p,q) Hipannfgiu Aig
LansEnUaNnNsiLlAeLuaet 19Nz AgLaN
(&Er>0) Laznsiasuulaseten s uNI9a L
(Er<0) LU AT AL AL AL AADAIN I
wuilfeulawileuiu FeanansntszunaAnaanu-
ulstlsoueas A ensuEus AT 3 0 mANANANY
819NN3A Ty Tnedeufuaunisrneaeldaa

Table 3. Unit root test of key variables in GARCH-X model

Level
Variables
None Intercept Trend and intercept
RSS3_price -16.017 -36.019 -36.110
Exchange -16.043 -36.004 -36.109
t-Statistic
Qil -16.038 -36.010 -36.101
SHFE_price -34.319 -34.685 -34.674
1% -2.566 -3.435 -3.965
Mackinnon
5% -1.941 -2.863 -3.413
Critical value
10 % -1.616 -2.567 -3.128
Table 4. Model selection
Model Adjusted R-squared AIC SIC
AR(1) and GARCH(1,1) 0.077136 -5.889515 -5.868683
MA(1) and GARCH(1,1) 0.067540 -5.879008 -5.858189
AR(1) MA(1) and GARCH(1,1) 0.075304 -5.887950 -5.862951
AR(1) AR(2) MA(1) and GARCH(1,1) 0.074096 -5.885603 -5.856418
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Optimum Rate of Phosphorus Fertilizer for Pathum Thani 1 Rice Variety Grown
in Soils of Phra Nakhon Si Ayutthaya Province
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Abstract: Phosphorus (P) fertilizer is an important macronutrient fertilizer for rice cultivation as it contributes
to promote the growth, development of roots and inflorescences, which is directly affected on rice yield.
This research was conducted to study the effects of P fertilizer application at the rate of 0, 0.04, 0.08 and
0.16 g P,0O, / pot on yield and P uptake. Besides, the appropriate P fertilizer application rate for Pathum
Thani 1 rice grown in Tha Rua (Tr), Sena (Se) and Ayutthaya (Ay) soil series was assessed using the
quadratic equation. The results showed that Pathum Thani 1 rice grown in the Tr and Se soil series tended
to increase rice yields in accordance with the increasing P fertilizer rate. Meanwhile, Pathum Thani 1 rice
grown in the Ay soil series found that the application of P fertilizer at the rate of 0.08 g P,O,/pot gave the
highest of yield (24.6 g/hill). As for the uptake of P in Pathum Thani 1 rice, it was found that the application
of P fertilizer at the rate of 0.04 - 0.16 g P,O,/pot resulted in having higher P uptake than without P fertilizer
application treatment, especially in Se and Ay soil series. Evaluating the optimum P fertilizer application
rate using quadratic equation was found that the optimal P fertilizer rates for Pathum Thani 1 rice grown in
the Tr, Se and Ay soil series were 0.133, 0.127 and 0.102 g PO,/ pot. The highest yields obtained from the
application of fertilizers at the rates were 14.50, 29.38 and 24.79 g/hill, respectively.

Keywords: Phosphorus fertilizer, Pathum Thani 1 rice, Phra Nakhon Si Ayutthaya province, quadratic equation
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azieenlin 8.6-5-0nn.N-P,0,-K,0/ 15 darlu
o o+ aa = A )
gnsn1sldieninisresinensnsasnedniu
UFnnnungendndnauuziieguan n1santsunn
nneldijendninenansldludnageiidunnin-
N80 8 19U HI28IN 1IN BINITIN AL
dszme il AnrsldunudanasmisatinAtans
aa dll a o !+ d‘
warnuanedaive i lunisdsziiugnsinisldian
WNNZ@N LU linear model, cubic model ua linear
plus plateau model iRy 49! (Michel and Makowski,
2013) wazuilaludsninisiannldlunsdszidin
o V4 A A A .
fammmﬂaﬂqwmmmu‘luwm@ quadratic model
(Cuong et al., 2017; Jiang et al., 2020; Michel and
Makowski, 2013) Faiflunisanaaslaaanduannis
NUFIU (ANNITAIAIABT y = ax’ + DX + ) UAT
arungnAtuans ldaintdsunsndnifaglialy
(Zhang et al., 2018) A4iiaLuATN13U e R NER TN
14 A . ax & &
nsldflaniArntiauladnils Inaeunaaeeil
= o e o o
WunisAnednsinisldeneanaiantnany
o o w a A a o o
wrnzangmiuialuenil 1 NdgnluAudamdn
wezunsAsaysu1lnenduannisniaans lu
nstlsziludnaianeanaianuuizan anva
=2 o Y+ o d‘ ! o ]
Anw1amsInisldianeanasanuans1aiuse
nananuazn1Iga e anasaludatlyusiil 1

L4 aa
AUnsaluazInne

N152MUNUNITNARD
Wiusaadsiudadusounudulgndin
TUNUNAINTANTTUATATALFUIRTUIY 3 GARY

nlsurudaanefanduilsslunda luseiy
Uunans uazge laun gaAuvinGae (Tha Rua

o

A1
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soil series: Tr) ﬁmaumm (Sena soil series: Se) LAy
TAAUBEFE (Ayutthaya soil series: Ay) Tneid1984
RYANTITALAIBENFAUAINTIEIULBY Sukyanki]
et al. (2021b) ATUIUTARUAT 500 NN. Ynunfiaan
Wusfs wissdaededuuadinldunuazsoutu
ALUNTIUA 2 NH. UdFaetneAuTdl AT
Mﬁﬁau%uﬁuﬂm Uszneudae edu (Gee
and Bauder, 1986) Wia1184A1 (Thomas, 1996)
A A0 ALBL AR e (Rhoades, 1996)
UTunnu@unsadng (Walkley and Black, 1934)
sunmueanesaifudl s laaslnaaiagaein
&1 Bray Il (Bray and Kurtz, 1945) @ IR
PSununeanasafiainldlnaniswWauiddas
nsaluadianeanainuazldnsauaanasiniiu
m‘ﬁ‘ﬁ'mr(molybdophosphoric acid with ascorbic
acid-reduced method) (Kuo, 1996) U3u1ndlnuna-
Fon waadon uazuuni@euiuanlanuldlag
mﬁmﬁwﬁqm T™ NH4OAC pH 7 (Thomas, 1982)
LaRIATelSu T Inunaide N LAALTe
Lazuuniidoudaaiaie atomic absorption
spectrophotometer (Westerman, 1990)
lunsdgninaiienaaeuiulddasiug
Unusdl 1 Tngonsuaunimaassunuguany sl
(CRD) Usznaumaaszaunisldijanaanasa 4 svau
A9 0 (T1), 0.04 (T2), 0.08 (T3) LAz 0.16 (T4) n.P,0O,/
HEERN %'\‘u,ﬁﬂuLviﬁmﬂzﬁﬂﬂw'am\lfﬁmiuﬁm’] 0,
25,5uaz 10 nn.P,0./15 1d{lanaanasalugl
fililasWaamn (0-20-0) fariu Aafieuwianisld
Hagiulasaamnludne 0,02, 04 uar 0.8 n./
95014 ATNAFL LARLFNFLINARBIN 3 51 TumeL
ANNAFELBNA AL T AR ENUNNTE 9w
udanuliaziBan WENNITDNNANARNITHIAS
6.15 Ans aniudeAuldnszong 14z 5nn. ANt
Fudiudanauaudumanduiienud Ay
N T e TSN T I R T, S EVTAIEOY: 2 YNNI
a1 7 SAaihmstnAndndnaunusnil 1 lunsdn
anldnandadnusil 1 a1e 15 44 TnAnszneas
26U é“m:maxﬁuﬁﬂﬁzgqﬂixmm 543, ANHIAY
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AABATTEENAINITNAAEY budIuLeInsldie
51681MNIUANE 19895 N9 TE RN IIB9TURY

Rice Department (2019b) FagAawuziinigld

fleaduazdmnsnisldi]oludalaladatoauas
paadaiidean Tnoauildlunim mmﬂ%ﬁﬁﬁm@q
‘lumﬁmﬁmﬂmx@m FemuAuuziniuldanig
felulnsauuazreanesa laoilelulnsauiy
14 lugtaeagise (46-0-0) ludnsn 8.6 nn.N/ 13
WaaWin L 0.14 n.N/nsne uLivldaesniaiiszaz
7 Junasiinauazszezunnnegegn (Uszunn 70
Fundeilngn) ludmaasaaz 0.07 n.N/nszan
(Rice Department, 2019b) dquﬂaﬂamﬂa%@ﬁéu
Tdftsasadaafiszey 7 Sundadnanlugmaans
wunameaesiildnataudnesiu ludaunesniadiy
%’@H@ﬁu sianafuRaadnafiszay 112 fundadna
foyaifiudsznaudas nanandialudauiso
uaznads dsuinunisgnldnaanaialudiuingdn
nada Lm:wmrgumi@‘m%ﬁ’WmW@?”mslui’wv%mm
du

NN5AATITUNILAN

Apnzvipnndnduresasriaialuglaes
unnuaanasasianun (Total P) ialugauman
waznadalneeasdantfaat N TALNTANANED
7iim (acid mixture: HNO, - HCIO, lugmaaau 2: 1
v/Vv.) (Attanandana and Chanchareonsook, 1999)
anravanaiildainnisdeaaanasinllnsealae
1¥nsraNnsaaLes 59101 dnansazanala
Fld 3 iliuunearefaianuning
Waunasaansaanunialuadinneanasn (vanado-
molybdophosphorlc acid method) Lazdman
mmmn@uummmwmm@u 420 unluiume
AELA ﬁ“ﬂ\'l spectrophotometer (Kuo, 1996) L& 7
ﬁmqmﬁﬁmiqmmuw'amwg?mimﬁ@Lﬁlﬂﬁﬁj
wiazaqu lnauiAtA N uduaasnaanasa
@mﬁ/uﬁﬁ‘w‘ﬁfﬂ W9 (Akinrinde and Gaizer,
2006)
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nsdsziiiuansinisldianasnasa

ﬂ'ﬁﬂ?:l,ﬁuﬁmfmqislm'ﬂﬂw'aM\I@%mﬁﬂ
‘Lﬁ"l,r;ﬁ”mmamqmﬁ&u nanisdsviinlagldannis
N1AY@84 (quadratic equation) H31a99a1N19A 8
y=aX + bx+ cIngniqaaauni x (Usuimile
Weanasanmuns mu)‘ﬁ'ﬁmlﬁiﬁﬁmmam
4940 (WN1 y) ANGAT x = -b/2a UAWNUAT X it
Tuguniafindraundrefuiesui i nauan
gegaTiAnannnaldilalusnafiimunzan (Coung
et al., 2017; Jiang et al., 2020)

N5IATIUTAYANADH

n1gaAsvidayan1eanmlnedims s
ArANLLssaulaneds ANOVA wazilFauiiay
AINUANANITa9ATLaA e laAE DMRT 72yl
ANITasU 95 1lafius

NANISANHIWAZIANGTE

aninauildlunisnaaas
ANTRAUNAUNININARBILARI LY Table 1
ARUYINGED TARUIALT LATTARLDYFH ATUUNATN
FLULBYNINIBIUAY (soil taxonomy) LaiTlu Vertic
(Aeric) Endoaquepts, Sulfic Endoaquepts waz Vertic
Endoaquepts ANNANAL (Division of Soil Survey and
Soil Resource Research, 2019) ﬁ/ﬂwmzlﬁﬂamﬂu
Auwmtaauariumiantunseul UfAsenmuiu
neEAguLINDaNIALanilas (pH 4.8 - 6.5) lliluAu
VAN (EC,0.6-1.4 03T 1nud/1umns) UTuans
Bunsadngetlusrauliunaneafiagannn (15.4 -
52.30./NN.) ﬂ?‘mm%lmwm”mﬁLﬂuﬂ?:‘ﬂmﬁ@q
Iuizﬁuﬁﬂﬁqqq (3.9-26.9 1n./nn.) wazil3uo
Tnunaiden uaalden uazuuni@oufinanulasy
IhagluseAugaliageunn (94-234, 2418-5031
Uaz 385-698 1n./nn. ANANAL) (FAO Project Staff

and Land Classification Division, 1973)



ansilanasaasanuansandrusudranugilyuanil 1
nlgnlufAusminnszuasAsag a0

Table 1. Soil chemical properties prior to conducting the experiment

Soil _ Soil pH EC, oM Avail. P Exch. K Exch.Ca  Exch. Mg
Soil texture

series (1:1H,0) (dS/m)  (g/kg)  (mgkg) (mgkg)  (mgkg)  (mglkg)

Tr Sityclay  6.5(SA)' 0.6 (VL) 154 (M)  3.9(L)  94(H) 5031 (VH) 385 (H)

Se Clay 48 (VSA) 12(VL) 502 (VH) 13.7(M) 157 (vH) 2418(H) 443 (H)

Ay Clay 6.1(SA)  14(VL) 523 (VH) 26.9(H) 234 (vH) 4340(VH) 698 (H)

' The letters in bracket are interpreted according to FAO Project Staff and Land Classification Division (1973): SA= strongly

acid; VSA= very strongly acid; VL= very low; L= low; M= medium; H= high; VH= very high

NANARTND

ﬁwﬁ“ﬂLmﬁmmzmbﬁ”ﬁmﬂnumﬁ 1 Uang
u Table 2 n3ldilevaaneiadns 0-0.16 n. PO,/
nszane liflnadetininudeneds Tnelsiny
AMNLANFANNINADATZAINFNFUNAARS (P> 0.05)
mﬁzﬁ"ﬂmmﬁmﬁﬂLLﬁ’qmeﬁﬁmﬂnumﬂ 1 7lgnlu
TARUYINIGD 1AW WAL e HANTEMINg 35.2-44.8,
56.3-68.3 UAY 76.4-86.8 N./N8 ATNANFL U0LEH
SrinHaRARNARTIANTY 14 1Wefifus nudn
AANLANANIN AT A TENINNAITUN AR
(P<0.05) lugaRutauILAzayaEIN19 L4 1]
WaaWasadmen 0.04-0.16 N./NTenN INAKAR
wanlduanmA1aiunneads (24.4-28.7 uaz 20.5-
24.6 N./NTTON ANNAIAL) mmxﬁl‘gmﬁumﬁ@ N9l
{laneanaiadnsn 0.08-0.16 n./n3znn WHAKAR
WRA luANFANA R LAY (13.8 WA 14.2 1. /N92074
ANNANAL) m’quﬁﬁwmmﬁvlaiﬁmﬂm'ﬂm@mwg%m
lﬁmmﬁmLuﬁmﬁﬁﬁqmlu%qmwuqmau

nsldfeneanasadenalinananiudn
dralyuanil 1 ifingeluetra i dadAynieada
Tunnganu anduluganwauninudn nsldil
Woanasalusnsmn (0.04 n./ngzn4) TN
HANRALNAATIUNNET 1 uanFNaINFNFLNAREY
flaildi]e athelsfimunialdilalusmnan 0.04 0./
EHal N ﬁLLmIﬁm‘iﬂﬁmmﬁmuﬁm%mﬁu@ﬁu
LAz NT R Ha AR LAR L Tuat 19T AL
’Lumiu%?ﬁﬁhﬁ'ﬂm\lmw'aa?ﬁufa"mmﬁzgam'ﬂ 0.04
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n./nsenne WenFauwauiuiniunaaesililade
(Table 2) iasanWaanasadusnagnd1Anysie
7RI AL IALAZAINADSHANAATRINT AN
7184714289 Dobermann and Fairhurst (2000) §21J97
WaanedalaiudiAyseaniaasyaesiglag
wnnzaasusnaadnisEs ALl Tudnaiunasnasa
AualaamsmAanITuANNe NITLHTENEIUIA T
790 N UIzesnen lnanisldilaveanaianiy
wugth g dadszuusnideimun ldany sal
Wnnsanishunlgnilszauasne fanidulselam]
8¢ 1UTLAU A1 (Dobermann and Fairhurst, 2000)
=3 Yo v = d‘
anuan1snaaasazmiuladndinlyusiil 1 Adgn
UL ARUTNANNTARY (Table 2) HNTABLAUDIFS
{leeanaianldludnm 0.04 - 0.16 n.P,0,/nsznns
Lo LY ~

Wuad1ed el aradunannain 1) lunsdlaes
y a A 2 e Iy a

d1andgnlugaduriFatudanaladnluganu
e e o d
panaalsyavrssunadannuanlasuldag
TuszAUganIn (Table 1) Teuaaidanloaauly
asazanaAwmadilanianvindjisenivlessu
saenaanaialusaisaranafuuazidaauiily
a19dsznay Ca-P Tefinaliildunuvaaneialuy
guulseTaaiiUTunuanas (Dobermann and
Fairhurst, 2000; Fageria, 2001) Usenauiuseauaag
aanafaluausanancegluseauniaguaat
fualdil3uuneanesaniaganuladdenag
lan 2) lunstlassdmnlgnlugafuiauiuas
agse gaauldansusinuAaduAulunguay
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Table 2. Effects of different rates of phosphorus fertilizer on straw and grain yield in Pathum Thani 1 rice

Soil series

Rates of

Dry straw weight (g/hill)’
P,O (g/pot)

Grain yield at 14% moisture (g/hill)’

Tr Se Ay Tr Se Ay
0 38.6 56.4 77.0 8.8° 17.5° 14.5
0.04 35.2 56.3 86.8 11.4° 24.4%° 20.5%°
0.08 42.9 61.3 76.4 13.8° 27.4° 24.6
0.16 44.8 68.3 79.1 14.2° 28.7° 21.4
F-test ns ns ns * * *
CV (%) 20.4 10.2 10.2 14.7 12.0 115

' Means within the same column followed by the same letters indicate no significantly different among treatments using

DMRT; * significant difference at 0.05 probability levels, ™

N3ANNZHU (Attanandana and Vacharotayan, 1986)
Seanmnsasiareanaialige esanAudufien
unandedenalsivinuazezqiinazaisaanu
unuaznduivleesuasnaganasa (Attanandana,
1993; Ch'ng et al., 2014; Pierzynski et al., 2005) ag
il Sunuweanealugufidudselanily
ansazansAuiliiuinanas Feiudeinisld
{|laneaneaacliededinnsnevanassiet]aiild
Wuaeinem

nsaalinaanasarastng
Panaunsgaldveanasaludroyusiil 1
ﬁié’?ﬂﬂﬂWMW@%@‘luﬁmmﬁLmnm'wﬁummﬂu
Table 3 ANNANIIMARLINLG1 N13ldiluneanada
891 0 - 0.16 N. P,0, /N304 AnaliFuninisge
Iiaavasalunadellmnuunnsvedeildad Ay
San9gdR (P<0.01) anidunisgaldneanesalu
padednailgnlugaiuinde (P>0.05) ludauzes
neanldeanadaluuannudn HAauuansg
@ﬂwqﬁﬁﬁz@ﬁﬁﬁyéq (P<0.01) Iuﬁ”aqumﬁu wazly
@'qwmﬂ?mmmmmi%vxlﬂmvxl@é“mﬁ"wum‘&u
U ARBLAUILATEEBETNLG HATNUWANFNNBEN
ﬁﬁﬂﬁﬂﬁméwwdwﬁﬁwmm (P<0.01) 21l
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not significant

gaauringanud n1slifaeanasaludnaii
wansinsfuiualinisgaliveanasanuni
ANLANA1Net 9Tl dad Ay n1eadd (P<0.05)
mﬂz@'ﬂ&ﬂmﬂﬁmluﬁmm'ﬁ'qﬁuﬁmaiﬁmiqm
ldveanesasauaasdnalyusiil 1 dandudu
ati19tmLau (Table 3) Tnaanizluganuiann tng
nsldileneanaiadne 0.16 n.P,0,/n3rnne i

Psuunisgalineanasasauludialyusni 1

¥
P

zgq‘ﬁ'qm (0.69n./n) meﬁﬁmmmﬂdﬂmﬁmﬁuu
Tifsununnsgaldneanasasanludrodyusiil 1
wﬂ@ﬂiummmumw@mwmLmuﬂu (0.42 n./na)
mwwiummmuaﬂﬁmuuwmw nsldfeneanaia
8191 0.04 - 0.16 n. P,O,/N3zn14 WlFunainsgm
ldaanasfasinlud1odynusndl 1 lluansneiu
TnafAfidtszning 0.54 - 0.60 n./Na
Lﬁl@ﬁma‘mﬁmiamWWMWﬁmiuﬁm
Unuanid 1 fignluduieanuganuaziiuldsn
nsldijaneanaiadns 0.04 - 0.16 n.P,0,/N9ENN
danalidnaiinisgaldvearesaiiatuiie day
fusnfunaaesilildtavlaanasa uaziiofianann
datnusndl 1 ﬁﬂ@ﬂiumﬁumummﬂﬂﬁm WU9N
AnTsnaldlaanaiasan (total P uptake) @Jmm*‘?‘i
lannn1smaass (0.69 uaz 0.60 n./na) HAEING
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pndunlaidinisldijevieanada (0.35 uaz 0.35 n./na
AMFUTARUAUILATRETEN MINATAL) Hzuind
2 Win (Table 3) mumfaLﬁummmﬂﬂ?mmmﬂm
‘]JEWMW@MV]meumumﬁmwwmumumu
Tuntsduasupouiiulesloniaasnaanadalu
AulidAngaanluszndnanisilgndag nanapa aan
HANNFILATIEWABILIAIAUNLLIN NITARWAUILAE
Trausgsedaunsadnnatluszaugannn tng
a A o a A o A A
unzedng luAunauluaeg1999577 2 9 INTN
&A1y wanannidalununsdeantifinianianIn
uazaNIWIBIAY (Mala, 2007) AU AUAHTHN0L
a N o = = A ]

funsadnggeasilentanlandasssineiunsg
Winunaligenanlddos Gearadumsuadidny
A o vy o a a =
AN lidandgnluganuauinazgaiueg s
ﬂ:mqmmimmlmﬂa@w'amimmﬂmwmmumifa
mmﬂsmmwmmmmmq uanaIni ﬂ’]ﬂ'&‘ﬂﬁ
W@@WfammeumuuN@Immqmaﬂammmi@m
linaanesaresiangaauninlliog aanndas
FUT189114984 Sukyankij et al. (2015) TIANHINE
1995vAuNeanasa (0-7 nn.P,0./13) dauandn
uazni1ggaldeanedalud1aWug na41 wudn
Psnnunnsldiluneanaiangeauiinalnansesie
nisinauaesgaldneanaialud1e uanainil
10908 lun sa3yaesdafiduasanisenld

Waanasaduiv Inadranesluscuzunnnogegn
(Uszannd 70 TUNAININULNAR) q:ﬁﬂ?mmmi@m
livaanesagndndnluscaendvizeszaziiufen

mstlszifiudnsnisldilanaaradafimanzan

ﬁmamw‘lm’ﬂ&ﬂmﬂa%@ﬁmmmmﬁf]
n13dsziiulnefnudasann3snisaee Cuong et al.
(2017) Imﬂ%’ﬁuﬁqu@fmmma‘ﬁwﬁmm (quadratic
equation) A ea19N TN TE NI INANRALAZE AT
ﬂW?MQEWMWQMMﬂfuuﬁf‘gm@;mmmLé’uﬂmw
IALATUINIAT X (ﬂ?mmmi‘l,zdﬂﬂw'amwm”mﬁ%ﬁ
nalidalinanangegn) udoaunuAsauls x
luannisy=ax’+ bx+c %ﬂé’@m@jmmm
Wunsaw (ANHANAREIgA) AINHANITNAAS
wudn larinsarensmssudanandauazane
nsldflaneanesa Idannisdssiiudnonily
V\lfaﬂWfaé”m'ﬁ'mmmuz@mé’u%qﬂnumﬁ 1 ﬁlﬂqﬂ
TUgAAUNNITE LAUT UAzae 581 (Table 4 UaT
Figure 1) ‘Emﬁmmﬂaﬂ@mw‘ﬂ%ﬁLummuaf’wﬁ*U
Fratlyusil 1 fidgnlugaiuinde i wazvessen
HAinAu 0.133, 0.127 uaz 0.102 . P,0,/N3a14
Sz Il nanangegailldainnisdss fiudas
ANNTTANNANNINAL 14.50, 29.38 Uz 24.79 N./N8
AINANAL

Table 3. Effects of different rates of phosphorus fertilizer on phosphorus uptake in Pathum Thani 1 rice

Soil series
Rates of ] ] ]
P uptake in straw (g/hill) P uptake in grain (g/hill) Total P uptake (g/hill)
P,O, (g/pot)
Tr Se Ay Tr Se Ay Tr Se Ay
0 0.21 027°  0.27° 0.03° 0.08° 0.08° 0.25° 0.35°  0.35°
0.04 0.23 0.32°  0.48° 0.06* 013>  0.11* 0.29° 0.45°  0.60°
0.08 028 038"  0.40° 0.07° 0.15° 0.14° 0.35° 0.52° 0.54°
0.16 0.33 0.48° 0.42° 0.09° 0.21° 0.14° 0.42° 0.69° 0.57°
F_test nS *% * % *% *% *% * * % * %
CV (%) 20.9 9.58 10.2 17.7 14.7 11.7 17.7 791  9.66

' Means within the same column followed by the same letters indicate no significantly different among treatments using

DMRT; ** * significant difference at 0.01 and 0.05 probability levels, ™
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not significant
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Table 4. Maximum grain yield and optimum rate of phosphorus fertilizer in three

from quadratic equation

soil series with calculated

Maximum yield Optimum P fertilizer

Soil series Quadratic equation (@il (@/pot)
Tr y=-325.19x" + 86.458x + 8.7251 14.50 0.133
Se y=-723.34x° + 184.13x + 17.667 29.38 0.127
Ay y=-1000.3%" + 204.09x + 14.376 24.79 0.102

y = maximum yield of rice (g/hill); x = optimum rate of P fertilizer (g/pot) with calculated from equation (x = -b/2a)

20 9 Tr soil series 35 9 Se soil series A
30 R A
= = 25 | A A
g E
; - 20 A A
° 15 4
= £ )
® 5 {y=-32519+ 86.458x + 8.7521 2101 y"723'34§2f38743'11§)(+ 17667
o R2=0.7357 © ] =
0 T T T T 1 0 T T T 1
0 0.05 0.1 0.15 0.2 0 0.05 0.1 0.15 02
Rate of P, 05 applied (g/pot) Rate of P,O5 applied (g/pot)
35 7 Ay soil series
E
=2
=
3
=
£
© 10 1y =-1000.3x2 + 204.00x + 14 376
o 5 R2=07263
0 T T T T 1
0 0.05 0.1 0.15 0.2

Rate of P,O; applied (g/pot)

Figure 1. Quadratic regression model for estimating the maximum yield of rice and optimum rate of P

fertilizer in three soil series

natdsziiudnanisldilenmnnzandmiu
- = P a2 o o =
anlundaznunnedudedrdylsznismile

o o

3
il

v
o

WU N

Weti1l
Faignaiafunuiedenfulltendanaliie
anadranandmldlidiad auilldnannandnoiu
wiﬂimﬁuﬂ?ﬁmmmﬂdﬂﬂﬁ'Lummu&u
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gnu1rndsziiuldanndannisnainangaNnis
nsldaNn1In189d89%Te quadratic equation “Lilu
Hunilaludslgsuaiu ey (Zhang et al., 2018;
Jiang et al., 2020) FelunnImAneeA e lE¥NnA-
ﬂaﬁuﬁué“mmmﬂm’ﬂﬁw'mvmé“@ﬁﬁmmﬁﬂmﬂz
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drusunaulunsariuininaldannisniasdaady
fugulunisdsziiuldgnsnisldianeanasan
o [ ¥ = dl a 1 .
winzanguiudnalnueil 1 nlgnlugefuriniae
WU waTeyseNwinAL 0.133, 0.127 way 0.102 n.
P,0,/n3z019 il e e widuliuindneile
sialdiniy 8.299, 7.925 uaz 6.365 nn.P,0,/
pananay Walddnsnislailasanans ludsedu

HANAAAINANNIINA9a09 T191vus T 1 1%

NANARGIgAWINAY 14.50,29.38 LAY 24.79 N./
n9vnd wIeNAY 371, 752 waz 635 nn. /13 (14
szazvinglunnsiindn 25 x 25 4u.) € wsudanilgn

IUARUTIITD LAWY LAYRYIEN ANNATIAL 193

Department of Agriculture (2005) AUz em
nisldflaneanafadiniudialailasiadasuag
eudadunisldianiuddinszinuuaznisld
ﬂﬁmmﬁmﬁ@ﬁuﬁaﬁ TuAuidfsununlagrleds
sz Temfifeendn 5, 5 - 10 wazannngn 10 un.
P/nn. uwuzillildianeaneialudnen 6,3
waz 0nn.P,0, /13 mnandu daunislailemiu
zi”m:rmwL‘fzfaam%uuu“ﬁﬂﬁ’lzﬁﬂﬁw'amw@i"@é’mq
4nn.P,0; /'l Tumuwu@nwm WuRwuilaavse
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Effects of Vacuum Cooling and
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Abstract: This research aimed to study the effect of vacuum cooling and ice cooling on physico-chemical
quality and shelf life of Kailan. Study on ice cooling was conducted by using Kailan: ice ratio of 1 : 1
and vacuum cooling parameter was 6.5 mbar pressure for 20 min, compared with non-cooling Kailan.
Vegetable was stored at a temperature of 8 + 2 'C, 80 - 85 % relative humidity. It was found that cooled
Kailan had fresh weight loss, vitamin C content, chlorophyll content and phenolic compounds content
better than non-cooled vegetable, as a result the shelf life of Kailan was extended. Non-precooled, ice
cooled and vacuum cooled Kailan had shelf life of 520 + 0.18, 8.2 + 0.18 and 8.0 + 0.00 days,
respectively. However, cooling method had no effect on the total soluble solids content, leaf color and

antioxidant activity.

Keywords: Kailan, vacuum cooling, ice cooling, shelf life, weight loss
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Table 1. Effects of cooling method on weight loss and total soluble solids of Kailan stored at 8 + 2 “C for 5
days
Method Weight loss (%) Total soluble solids (%)

Control 4.96 £ 0.28a 543 +0.19

Ice cooling 3.39+0.34b 5.37 £ 0.10

Vacuum cooling 2.83+0.17b 5.30 £ 0.05

F-test 05 * ns

CV (%) 22.46 4.99

Different letters in the same column denote significant differences at P = 0.05, ns = non-significant

Table 2. Effects of cooling method on leaf color of Kailan stored at 8 + 2 °C for 5 days

Leaf color
Method
L* Chroma Hue angle

Control 48.32+1.12 16.65 £ 0.70 127.20+0.85
Ice Cooling 46.04 £ 0.40 12.31£0.28 129.42 + 0.27
Vacuum Cooling 48.09 + 0.85 1491 +0.22 129.52 + 0.44
F-test 05 ns ns ns

CV (%) 6.26 24.43 1.58

ns = non-significant
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Table 3. Effects of cooling method on chlorophyll content of Kailan stored at 8 + 2 C for 5 days

Chlorophyll content (mg/100 g FW)

Method
Chlorophyll a Chlorophyll b Total chlorophyll
Control 0.19+0.01b 0.08 + 0.01 0.26 + 0.01b
Ice Cooling 0.24+0.01a 0.09 +0.00 0.33+0.01a
Vacuum Cooling 0.20+0.01b 0.08 + 0.00 0.28 +0.01b
F-test o505 * ns *
CV (%) 8.20 11.90 8.70

Different letters in the same column denote significant differences at P = 0.05, ns = non-significant
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Table 4. Effects of cooling method on vitamin C content, antioxidant activity and phenolic compound

content of Kailan stored at 8 + 2 “C for 5 days

Method Vitamin C Antioxidant activity Phenolic compound
(mg/100g FW) (ug Trolox/g FW) (Lg GAE/g FW)
Control 37.58 £ 0.55b 301.98 + 35.52 13.16 £ 0.54a
Ice Cooling 47.32 £ 0.82a 368.92 £ 9.21 13.39 £ 1.15a
Vacuum Cooling 46.31 £ 0.82a 299.45 + 22.98 10.35+0.41b
F-test p_g05 * ns *
CV (%) 3.59 13.38 10.84

Different letters in the same column denote significant differences at P = 0.05, ns = non-significant
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Table 5. Shelf life of Kailan stored at 8 + 2 °C
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Method Shelf life (Days)
Control 5.20 £ 0.18b
Ice cooling 8.20+ 0.18a
Vacuum cooling 8.00 + 0.00a
F-test p_g g5 *
CV (%) 5.12

Different letters in the same column denote significant differences at P = 0.05



N@‘H’ﬂdﬂ’]‘a‘ﬂﬂ’ﬂmv]ﬂ&lLL‘LI‘IJ@FIJQJ"IH’]PILL@"

Cht—hd ]

LL‘IJUGL‘H‘H"I LL‘INGI’Q ATUNTIWUBN {nAzYdaIng

G

ﬂ:ﬁﬁﬁimm‘ﬁ'tif]ummmmugmm
Mdudeuazgruyniadiauninmianisnweas
wiAnIAY ﬁﬁﬁimmﬁiﬂﬂmmmmmuﬂﬁ
Tnenanie mmmmmumumm UTnaudnniug
mmmLaﬂmuunwu@ﬂmwmmmammwmu
nsanguunfinadesia daaldinilangniniu
SnufiununduasiinniAinisensng fefifiunn

AmiudNInnIln Nl BN1ang UMY
naAnssNUlsznA

1929uAMANTUInNITNmATuladnds
naaiuinaan linisaiuanuyun1sfnen3de uas
AUEARNATATINIINANY AUAUNITIEE 8naLies
o o o ¥ = a
Jmdnaealud Newnynlildirresanguuniuuy
AEUEUINIA

LANA1ITAN9D

Aharoni, N. and B. Yehosua. 1973. Delaying
deterioration of romaine lettuce by vacuum
modified

polyethylene

cooling and atmosphere

produced in packages.
Journal of American Society for Horticultural
Science 98: 464-468.

Artes, F. and J.A. Martinez. 1996.
packaging treatments on the keeping
quality of LWT-Food
Science and Technology 29(7): 664-668.

Barger, W.R. 1961. Factors affecting temperature

Influence of

‘Salinas’ lettuce.

reduction and weight-loss in vacuum-
cooled lettuce. Marketing Research Report
No. 469. United States Department of
Agriculture, Washington, D.C. 20 p.

Boonyakiat, D. 1997. Postharvest Physiology of

Horticultural Crops. Faculty of Agriculture,

377

Chiang Mai University, Chiang Mai. 222 p.
(in Thai)
Boonyakiat, D. 2013. Postharvest Physiology of
Horticultural Crops. Odien Store, Bangkok.
360 p. (in Thai)
D.
Handling Postharvest of Vegetables and
Odien Store, Bangkok. 236 p.

Boonyakiat, and N. Rattanapanone. 2005.
Fruits.
(in Thai)

Boyette, M.D., L.G. Wilson and E.A. Estes. 1990.
Postharvest cooling and handling of sweet
corn. North Carolina Agricultural Extension
Service, North Carolina State University,
Raleigh. 4 p.

Chaimongkon, N. 2002. Chinese kale. (Online).
Available: https://vegetweb.com/wp-content
/download/Kale.pdf (July 26, 2018). (in Thai)

Chinnapun, V. 2009. Optimal vacuum cooling
process of Pak Choi (Brassica chinensis).
M.S. Thesis. Chiang Mai University, Chiang
Mai. 175 p. (in Thai)

Chuamuangphan, C. and D. Boonyakiat. 2008.
Effects of harvesting maturity and icing on
broccoli shelf life extension. Research
report. Royal Project Foundation, Chiang
Mai. 100 p. (in Thai)

Dirapan, P., D. Boonyakiat and P. Poonlarp. 2021.

Improving Shelf Life, maintaining quality,

and delaying microbial growth of broccoli

in supply chain using commercial vacuum
cooling and package icing. Horticulturae

7(11): 56, doi: 10.3390/horticulturae7110506.

Kaewmaninobphachot, T. 2013. Effects of vacuum
cooling combined with active packaging
on postharvest quality of Chinese kale
(Brassica oleracea L. var.

M.S. Chiang

University, Chiang Mai. 178 p. (in Thai)

alboglabra

Bailey). Thesis. Mai



M5@19NAT 38(3): 369 - 379 (2565)

Kamon, N., D. Boonyakiat and P. Poonlarp. 2013.
Effect of vacuum cooling on postharvest
quality of Chinese cabbage. Khon Kaen
Agriculture  Journal  41(3):  247-256.

(in Thai)

SJ. 1991,

Perishable Plant Products. Van Nostrand

Reinhold, New York. 532 p.

S. 1985. Postharvest

Technology of Vegetables and Fruits.

Kays, Postharvest Physiology of

Ketsa, Physiology and

Department of Horticulture, Faculty of
Agriculture, Kasetsart University, Bangkok.
364 p. (in Thai)

Lee, S.K. and A.A. Kader. 2000. Preharvest and
postharvet factors influencing vitamin C
content of horticultural crops. Postharvest
Biololgy and Technology 20(3): 207-220.

Manthey, J.A. 2004. Fractionation of orange peel
phenols in ultrafiltered molasses and mass
balance studies of their antioxidant levels.
Journal of Agricultural and Food Chemistry
52(25): 7586-7592.

McDonald, K. and D.W. Sun. 2000. Vacuum cooling

the

review. Journal

technology for food processing

industry: A of Food
Engineering 45(2): 55-65.

McGuire, R.G. 1992. Reporting of objective color
measurements. HortScience 27(12): 1254-
1255.

Noble, R. 1985. A review of vacuum cooling of
mushrooms. Mushroom Journal 149: 168-170.

Panyakham, T. 2011. Postharvest quality of vacuum
cooled Cos lettuce. M.S. Thesis. Chiang
Mai University, Chiang Mai. 96 p. (in Thai)

Paull, R.E. 1999. Effect of temperature and relative
humidity on fresh commodity quality.
Postharvest Biology and Technology 15(3):
263-277.

378

Poonlarp, P. 2016. Precooling of Fruits and
Vegetables to Extend Shelf Life. Nopburee
Press, Chiang Mai. 147 p. (in Thai)

Ranganna, S. 1986. Handbook of Analysis and
Quality Control for Fruit and Vegetable

2" ed. Tata McGraw Hil
Publishing Company Limited, New Delhi.
1112 p.

Roura, S.I., L.A. Davidivoch and C.E. del Valle.

2000. Quality loss in minimally processed

Products.

Swiss chard related to amount of
damaged area. LWT-Food Science and
Technology 33(1): 53-59.

Sellappan, S., C.C. Akoh and G. Krewer. 2002.
Phenolic compounds and antioxidant
capacity of Georgia-grown blueberries
and blackberries. Journal of Agricultural
and Food Chemistry 50(8): 2432-2438.

Siriphanich, J. 2001. Postharvest Physiology of
Vegetables and Fruits. 4" ed. Kasetsart
University Press, Bangkok. 396 p. (in Thai)

Sullivan, G.H., L.R. Davenport and J.W. Julian.
1996. Precooling: key factor for assuring
quality in new fresh market vegetable
crops. pp. 521-524 In: J. Janick (ed.).
Progress in New Crops. ASHS Press,
Arlington Virginia.

Sun, D.W. and L. Zheng. 2006. Vacuum cooling
technology for the agri-food Industry: Past,
present and future. Journal Food
Engineering 77(2): 203-214.

Tambunan, A.H., Y. Sagara., Y. Seo., H. Morishima
and Y. Kawagoe. 1994. Developments in
Food

evaporative coefficient of water during

Engineering:  Measurement  of
vacuum cooling of lettuce. Chapman and

Hall, London. 1117 p.



Na‘ummsﬂmqmugﬁLLuuammﬁmﬁuaz

Cht—hd ]

wuuldihuderannmwaasinazingasna

Tao, F., M. Zhang, H. Yu and J. Sun. 2006. Effects
of different storage conditions on chemical
and physical properties of  white

mushrooms after vacuum cooling. Journal

of Food Engineering 77(3): 545-549.

and E. Celik. 1993. The effect of vacuum

precooling on the half cooling period and

Turk, R.

quality characteristic of Iceberg lettuce.
Acta Horticulturae 343: 321-324.

Witham, F.H., D.H. Blaydes and R.M. Devin. 1971.
Experiments in Plant Physiology. Van
Nostrand Reinhold Company, New York.
245 p.

Yodphet, C. 1999. Cruciferous Crops. 2™ ed. Roa
Khiao, Bangkok. 195 p. (in Thai)

Zheng, L. and D.W. Sun. 2004. Vacuum cooling for
the food industry — A review of recent
research advances. Food

Science and Technology 15(12): 555-568.

Trends in

379






HRNRALATAMNINAITUSINATRIE BN UE N TR NALTASSYNARNTIN 1
nlanmelalsaFaunaraninmanauazlsasaussuniln

Fruit Yield and Consumption Quality of F, Hybrids Cherry Tomato
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Abstract: Climate change can cause yield loss and unstable fruit quality of cherry tomato plants under
open-field production. The combination of plant breeding and improving production technology may
increase fruit production and the quality of cherry tomatoes. Therefore, this research aimed to study the
fruit yield and quality of cherry tomato F, hybrids under different protected environments. Three F,
hybrids, three varieties of male parents (102, 103 and 104), and two varieties of female parents (201
and 202) were grown under a plastic-net house and an evaporative cooling greenhouse in the dry
season from November 2020 to March 2021. Both environments assigned a randomized complete
block design (RCBD) with three replications. The results showed significant differences among
varieties, environments, and variety-by-environment interactions for all characteristics studied except
variety-by-environment interactions for total soluble solid content trait. This study also found that
the plastic-net house had high air temperature and low relative humidity. A stable and suitable level
of air temperature and relative humidity were obtained under the evaporative cooling greenhouse.
As a result, fruit weight and fresh yield of cherry tomatoes grown under an evaporative cooling
greenhouse (12.20 g and 704.0 g, respectively) were higher than those grown under the plastic-net
house (10.33 g and 642.0 g, respectively). On the other hand, cherry tomato fruit under plastic-net
house conditions contains more total soluble solid content (10.8%) than that under evaporative
cooling greenhouse (8.9%). F, hybrid from 201/102, 202/103 and 202/104 had higher fruit yield
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than their male parents and contain more total soluble solid content than their female parents. Therefore,
the cherry tomato hybrids production under an evaporative cooling greenhouse is suitable for producing
good quality and high yielding tomatoes.

Keywords: Tomato hybrid, fruit yield, fruit quality, greenhouse
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Table 1. Descriptors of eight cherry tomato (Solanum lycopersicum) varieties used in this experiment
Inbred ling
Generation Plant growth habit Fruit shape Fruit color
Cross
102 Inbred line Semi-determinate Ellipsoid Red
103 Inbred line Semi-determinate Ellipsoid Red
104 Inbred line Semi-determinate Cylindrical Yellow
201 Inbred line Indeterminate Ellipsoid Red
202 Inbred line Indeterminate Ellipsoid Yellow
201 x 102 F1 Indeterminate Ellipsoid Red
202 x 103 F1 Indeterminate Ellipsoid Red
202 x 104 F1 Indeterminate Ellipsoid Yellow
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Figure 1. Maximum and minimum air temperature (Tmax and Tmin) (A) and relative humidity (RHmax and

RHmin) (B) in plastic-net house and evaporative cooling greenhouse in the dry season from

December 2020 to March 2021
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Table 2. Combined analysis of variance for fruit weight, fruit number, fruit yield and

total soluble solids of five

parental lines and three F, hybrids grown in two different growing environments in dry season 2020

Mean square

Source of variation df
Fruit weight Fruit number Fruit yield Total soluble solids
] 93.0619 ** 1066.33 ** 342,042 ** 50771 *
Variety (G) 7
(81.8) (49.4) (86.9) (37.8)
41.4780 ** 1173.45** 46,071 * 42.2250 **
Environment (E) 1
(5.2) (7.8) (1.7) (44.9)
Error (E x Rep) © 4 1.1341 (0.6) 15.40(0.4) 5,307 (0.8) 0.7467 (3.2)
11.6356 ** 493.88 ** 32,362 ** 0.5823
GxE 7
(10.2) (22.9) (8.2) (4.3)
Error (E x Rep x G) 0 28 0.6129 (2.2) 105.76 (19.6) 2,450 (2.5) 0.3267 (9.7)
CV (%) ° 9.46 4.70 10.83 8.87
CV (%)" 6.95 12.32 7.36 5.81

Numbers in parentheses are % sum of squares which shows the % of variation
“and ” show coefficient of variation due to error (E x Rep) and error (E x Rep x G), respectively
*, ** Significant at P £0.05 and 0.01 levels, respectively

Table 3. Comparison of fruit weight and fruit yield of five parental lines and three F, hybrids grown in two

different growing environments in dry season 2020

Inbred line Fruit weight (g/fruit) Fruit yield (g/plant)
Plastic-net Evap Plastic-net Evap
Cross house system Mean house system Mean

102 1130 c-e 1495 b 1313 B 951.6 bc 9117 cd 9316 A
103 1221 ¢ 13.87 b 13.04 B 780.8 ef 1,096.3 a 9385 A
104 1423 b 2212 a 1817 A 840.7 de 9983 b 9195 A
201 6.48 f 593 f 6.20 D 396.8 jk 365.0 jk 3809 E
202 592 f 6.01 f 596 D 416.9 | 316.2 k 366.5 E
201 x 102 10.45 de 11.24 c-e 10.85 C 650.7 gh 7415 f 696.1 B
202 x 103 10.15 e 11.79 cd 10.97 C 579.7 hi 507.3 i 5435 D
202 x 104 1192 ¢ 11.63 cd 11.77 C 519.0 i 6954 fg 6072 C
Mean 10.33 B 12.20 A 642.0 B 704.0 A

Means followed by the same common letters are not significantly different at P<0.05 with two-way analysis by LSD

Different capital letters indicate significant difference between means affected by environments or by
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genotypes at P < 0.05 by LSD
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Table 4. Comparison of fruit number and total soluble solids of five parental lines and three F, hybrids grown

in two different growing environments in dry season 2020

Inbred line Fruit number (no./plant) Total soluble solids (%)
Plastic-net Evap Mean Plastic-net Evap Mean
Cross house system house system

102 97.75 b 92.47 bc 95.11 B 9.1 7.7 84 C
103 90.50 b-d 123.75 a 10713 A 9.9 8.1 9.0 C
104 62.30 f 70.02 ef 66.16 D 9.6 8.6 9.1
201 79.86 c-e 73.93 d-f 76.90 CD 11.3 9.9 10.5 AB
202 77.48 c-f 70.88 ef 74.18 CD 12.3 10.1 1.2 A
201 x 102 78.29 c-f 101.30 b 89.79 B 11.0 9.0 10.0 B
202 x 103 75.95 c-f 73.14 ef 7455 CD 11.2 9.0 101 B
202 x 104 66.21 ef 101.96 b 84.09 BC 11.8 8.8 10.3 B
Mean 78.54 B 88.43 A 10.8 A 89 B

Means followed by the same common letters are not significantly different at £<0.05 with two-way analysis by LSD

Different capital letters indicate significant difference between means affected by environments or by genotypes at P < 0.05 by LSD
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Abstract: Flowers are an integral part of the agricultural ecosystem. Many flowers provide economic,
ecological, and human health values. Flowers also contain secondary compounds with antioxidative potential
which are beneficial for human health. The knowledge of bioactive compounds can encourage people to pay
closer attention to flowers in the agricultural ecosystem. Therefore, this research aimed to study relationship
between pigment colour and the antioxidant compounds of selected flowers including total phenolic content,
total flavonoid content and antioxidant activity. Eight types of agricultural landscape flowers; namely
marigold, sunflower, yellow cosmos, purple cosmos, sunn hemp, flame of the forest, red and green quinoa
(Chenopodium quinoa W.) were collected during late winter (January 2020). All samples were lyophilized and
then extracted using methanol maceration. Colour values (CIEL*a*b*), bioactive compound contents, and
flower extract relationships were thus evaluated using chemometric method. The results indicated that flame
of the forest had the highest values of red (26.14), yellow (131.87) and total phenolic content (0.09 GAE
catechin/extract). While marigold contained the highest content of total phenolic compound (4.01 GAE
catechin/extract) and antioxidant activity (75.45 percent). As a result, the overall flavonoid content was
related to the red and yellow values of landscape flowers. The total quantity of phenolic compounds was
linked to antioxidant activity. Nevertheless, the brightness value (L*) of the flowers did not correlate with the
bioactive compounds. This research explored new economic possibilities for flowers in agricultural

landscapes and argues for complete and biodiverse agricultural ecosystem.

Keywords: Agricultural ecosystem, chemical quality, flavonoids compounds, landscape horticulture, phenolic
compounds
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Table 1. Eight types of agricultural landscape flowers

Common name Scientific name Landscape flower figure

Yellow cosmos Cosmos sulphureus Cav.
Marigold Tagetes erecta L.
Sunflower Helianthus annuus L.
Sunn hemp Crotalaria juncea L.
Green quinoa Chenopodium quinoa W.

Red quinoa Chenopodium quinoa W.

Purple cosmos
Bidens bipinnata L.

Flame of the forest Butea monosperma O. Ktze.

P

396



ANNANNUETEMINNRLAZENTRNNERIATINSTINN
aaslinandszauuilas

NSRS ENAIDLNLAENITILASITHUT NI UANS
AANHNTAATY
NSLATLNADENG
ul/ o ] Qldl o v £ a
Fasqatamnanldnniwiawsasinay 0.02
o o 3 % v
AN NANTULNNIURAAINN I NI USRI Ay 95 Tae
1347m7 1 1aaan3 lraan lulnsdunsiag auin
18a8ans Unldannlnaldaduidasnaiuiga
Aaeinsesdanfaloiia 89e VEVOR a19190u37
sanauan 1waan 30 WA anntis Wl
ARN59 500 $RUABUNT WNBLUNANTATARUMAZNDL
AANAINAYW ABNIUIAEN AN LANLARA19 10 Win
v v £ $%
FEANTATA NN BRAAN LT NT USRI Ay 95 Tng
iums s lddimanegfiliunuansdndny laun
1Funuans1sznauiueanss Usuimansdssney
WarTaueaaau LazANa NI luN1IFIUaYY 8-
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AL AL X100 (1)
A8 AINITAANAULAITD

sample) ‘control

DPPH (%) = [(A
Tnai A
v vy v % o
ansazateiuniueanNduduiasas 95 dmidn
AeLFuIRsNUgAseAuansazane DPPH
A ' A
Aprpe A8 AINNTAANAULAIIDIANS

anmNNIBeaAINNTUAATNIINITNUJAT Y
an9ava1e DPPH

control

annTldluaniae

Tunmaasaldmaedrenanldaiuiun 3
311un193iAsz R A AN 1 uasufeyan
Anmzianuduiussendiea@nuduinians
pangnanisianinluldaanyssiuudaois 8
gin lnan19amseiatiAuuuialuiunindaae
Tdsungu XLSTAT 1afdu 2021 (U39 Addinsoft
UszimAanigaLann)

NANISANEN
ANA
aInn1TA ARt 19 ldnan-
UszAuuilas 8 1l AT RAUAITL WU ANFa09
TdnandszauulasinnuuanstsaeelvadAny
NNANHE (P < 0.05) (Table 2) lagANANNATNS (L¥)

Table 2. Colour values of 8 types of landscape flowers

YRIABNANINTZANELUABILATABNATILTRINAN
Nﬁﬂ‘ﬁlqm 94.62 LAY 94.52 ATNAIAL AUAT a*
dafludFoudausenins@uasuaz@iden nudn
AN a* 189manNNednaNaNA1ANT A LAINN
‘1’7{2391 (26.14) d1nFuA1 b* 3aifluA ey
SEVINFNN G ULALA A0S WL A1 b* 199A0N
m@ammﬁm’ﬁmwLﬂuﬁmﬁmmn'ﬁ'm (131.87)
FAIANNIAD ABNNIUAZIL (95.55) waznanilainiad
(60.24) PANAIAL

FanuansdsznauWuaanuazwanlouaansan
a I =) a

A INN133LATIZIELTNN AU sEnea LW uean
sonlumresd 9l nentsyiunlas 8 1fia wudn

o a |a = a
aanmA1EaNHUTuIuasdsnauWueaangINuIn
N4n (4.01 nfuaNya199uANTUABNTNAIIAN)
FA9AINIAE ABNNDINGND (1.81 NTHANYALB
LANTUABNSNATETA) LATADNANINTZANL NI
(1.14 ﬂi"u@m,lummmﬁ%uﬁi@ﬂ%’ummﬁm)
A msuTunnuansdsznaunantauegdsan wWuan
AANNBINIII (0.09 NFHANYATDIULATIT UG BNTH
A19417) WATABNANITAY (0.08 NFHANYATDY

aa 1 o o = a2

LANTUAANTNANTAN M) HUTNuansdsznaunan-
TuessgandiaentiindusteliudAnynieana
(Table 3)

Landscape flower types L* a* b*

Yellow cosmos 94.62 +0.01° -9.96 + 0.01° 30.69 + 0.04°
Marigold 94.52 +0.00° -11.00 + 0.01' 34.56 +0.04°
Sunflower 91.81+0.32° -13.00 + 0.09° 95.55 + 0.96"

Sunn hemp 90.72 +0.01° -10.98 + 0.02' 60.24 + 0.06°
Green quinoa 86.84 + 0.04' -9.65 + 0.01° 38.55 + 0.12°

Red quinoa 87.27 +0.07° -5.87 + 0.03° 31.84 +0.05'
Purple cosmos 89.84 +0.03° 3.67 +0.01° 5.94 +0.02"
Flame of the forest 79.67 +0.03° 26.14 +0.04° 131.87 +0.11°

Average + standard deviation with different letters in each column indicate significantly different (P < 0.05)
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Table 3. Contents of total phenolic and flavonoid compounds of landscape flowers

Total phenolic compound

Landscape flower types

(g Catechin equivalent/g extract)

Total flavonoid compound

(g Catechin equivalent/g extract)

Yellow cosmos 0.84 +0.01% 0.06 + 0.01°
Marigold 4.01 +0.59° 0.08 +0.01°

Sunflower 0.34 +0.07 0.07 £ 0.02%
Sunn hemp 0.70 + 0.01% 0.03 + 0.00°
Green quinoa 0.41 + 0.06" 0.02 + 0.00°
Red quinoa 0.19 +0.78° 0.04 +0.01°
Purple cosmos 1.14 +0.23° 0.03+0.01°
Flame of the forest 1.81 £ 0.16" 0.09 + 0.02°

Average * standard deviation with different letters in each column indicate significantly different (P < 0.05)

ATNATNITD LUNITAIUAYNADRSE
AMNN133LATIZHANNATIN1T0 TUN19FN 1
ayyadaszludedelinendszauuilas 8 9n
WUIN ABNAEFRINATANNAIN1T0 TUNNTAY
@gn&@%@a‘zmﬂﬁlqm (5aeay 75.45) 704Q4NAD
AANAUINALAILAYADNANINTEAN 29 T4
AR NAINNTD luN IR ue Yy aBase InA ALY
(58182 41.19 WAL 40.14 ATNANAU) LHULAEQAY
ABNALINALTER AENNBININT LATABNAIINTLANE
wesidArAa AN salunsiiueyyadasy
InfAgariy (Fauay 33613223 way 30.86
ANNATAL) A1USUAeNNIUATIULaTAanl e
TuilAnaauanunsalunisfnueyyadaszides
ﬁzﬂ;m (5p8Ia 25.86 WAz 25.64 MNAAL) (Table 4)

n1sAAsIzARaaslinanlseauniaaTaLun-
Sned
a 1 _a aa a 5
aNNN133LA A A TR E N1 TN IN
gegldnandsedyu 8 4fia (Figure 1) WL ABN
NAININBAAINA TULT N N AT U UN I NN WA RS
AN203AAMLTUALAIEIg R (a* WU 26.14)
. o da_ s J
wazdananana luTnun nanudunsnnwana
AnaeAIA NI AR EIg94A (b* Winfy 131.87)
1 = al a A o
A9UARNANITRI ABNAUINALTED ARl ainaa
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Table 4. Antioxidant activity of landscape flowers

Landscape flower types

Antioxidant activity (%)

Yellow cosmos
Marigold
Sunflower
Sunn hemp
Green quinoa
Red quinoa
Purple cosmos

Flame of the forest

30.86 + 1.45°
75.45 +5.20°
25.86 + 0.69°
25.64 + 1.31°
33.61 + 2.54°
4119 +1.28°
4014 +1.15°
32.23 + 1.56°

Average * standard deviation with different letters in each column indicate significantly different (P < 0.05)

F2 (17.95 %)

Biplot (axes F1 and F2: 94.09 %)

-2

am-p”

-1 0 1

F1 (7614 %)

‘ « Active variables  * Active observations |

Figure 1. Correlation of colour values with 8 types of landscape flowers

MG = Marigold, QN-G = Green quinoa, SH = Sunn hemp, CM-P = Purple cosmos, CM-Y = Yellow cosmos, QN-R = Red quinoa,

SF = Sunflower, FF = Flame of the forest

CM-Y L

Biplot (axes F1 and F2: 96.71 %)

F2(23.02 %)

SHgtaNR
N-G o* N
o om-p

-1

0 1 2
F1 (73.60 %)
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“Phenolic *
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[ - Active variables + Active observations |

Figure 2. Correlation of bioactive compounds and 8 types of landscape flowers

MG = Marigold, QN-G = Green quinoa, SH = Sunn hemp, CM-P = Purple cosmos, CM-Y = Yellow cosmos, QN-R = Red quinoa,

SF = Sunflower, FF = Flame of the forest
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Effects of Water and Nitrogen Fertilizer Management on Leaf Proline Content
in Different Growth Stages of Thai Fragrant Rice Landraces
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Abstract: Proline is a precursor used in the synthesis of 2-acetyl-1-pyrroline (2AP) accumulates in the grains of
fragrant rice. Proline accumulation has been reported after exposure to stress conditions during cultivation
such as drought, high temperatures, low temperatures, or nutrient deficiencies. Therefore, this research
aimed to study the effect of water (unsaturated and waterlogged) and nitrogen management at the rate of 60
(N60) and 150 (N150) kg/ha in the fragrant rice landrace, Buer Ner Moo 4 (BNM4) and the popular rice
varieties Khao Dawk Mali 105 (KDML105) and Suphan Buri 1 (SPR1). The experiment was designed in a
factorial in completely randomized design with 3 replications. The proline accumulation in leaves of rice was
evaluated at the tillering, booting, and flowering stages. It was found that the proline content of the three rice
varieties responded differently to water and nitrogen fertilizer management during tillering and flowering
stage, In the booting stage, the proline content of all varieties responded to water and nitrogen fertilizer
management in the same direction. Under unsaturated condition, leaf proline content increased when
applied with N150 which was 37 - 46 % higher than N60. Under waterlogged condition, applying with N60
greatly increased leaf proline content by 52 - 66 % compared with N150. Comparing among the growth
stage, it was found that leaves proline content in the booting stage was the highest from the other. The data
obtained from this study can be utilized in appropriate water and nitrogen fertilizer management for each

variety. It is assumed that proline accumulation in rice leaves is related to aroma (2AP) in fragrant rice. Further
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studies may be needed on the relationship between 2AP and leaf proline content, and in-depth molecular
studies should be conducted to determine the gene expression that regulate proline content related to aroma

(2AP) in fragrant rice.
Keywords: Proline, fragrant rice, water management, nitrogen management
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Table 1.
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Aatwiniy 0.17 lulasTuasanin uaznisli
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AVNANAL

Combined analysis of leaves proline accumulation at tillering, booting and flowering stages of rice

variety BNM 4 KDML105 and SPR1 grown under different water regimes and nitrogen rates

Growth stage

Source
Tillering stage

Booting stage Flowering stage

Var
Water
Nitrogen
Var x Water *
Var x Nitrogen
Water x Nitrogen

Var x Water x Nitrogen

*kk

ns

ns

ns = not significant at P> 0.05, * = significant difference at P < 0.05, *** = significant difference at P < 0.001

LSD, ., 0VXWN) = 0.02
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Figure 1. Leave proline content at tillering stage in rice variety BNM4, KDML105 and SPR1 grown under

different water and nitrogen management. The different letter above the column indicates

difference at P < 0.05 by LSD test
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Figure 2. Leave proline content at booting stage in rice variety BNM4, KDML105 and SPR1 grown under

different water and nitrogen management. The different letter above the column indicates

difference at P<0.05 by LSD test
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Figure 3. Leave proline content at flowering stage in rice variety BNM4, KDML105 and SPR1 grown

under different water and nitrogen management. The different letter above the column indicates

difference at P <0.05 by LSD test
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Abstract: The different harvesting age of sugarcane depends on many factors such as variety, environmental
conditions and management. When the sugarcane is under water-logged condition, it may result in a
difference harvesting periods from the normal environment. This study aimed to determine optimum harvest
age of sugarcane varieties grown under natural water-logged condition in Phitsanulok, Thailand. The
experiment was conducted in sugarcane planting season 2020/64 at farmer’s field in Bo Thong sub-district,
Bang Rakam district, Phitsanulok province using a factorial in RCBD arrangement of 5x4 with 4 replications.
The first factor was 5 sugarcane cultivars, namely KPS 07-17-83, KKO7-599, KPS 07-21-4, KK3 and LK92-11,
and the second factor was harvesting age periods: 10, 11, 12 and 13 months after planting. The sugarcane
yield, sugar yield and sugarcane juice quality were evaluated and recorded at 10, 11, 12 and 13 months after
planting. The results showed that sugarcane cultivars KPS 07-17-83, KK07-599 and KPS 07-21-4 had the
highest sugarcane yield, sugar yield and sugarcane juice quality at the 13" month after planting. These
indicated that the 13" month after planting is the ideal time for harvesting these three sugarcane varieties.
The optimal harvesting age led to get the high levels of yield and yield components under the natural water-
logged condition of Phitsanulok Province. The information from this study could be used to encourage
farmers in Phitsanulok province, who are facing natural water-logged condition, to plant and harvest these 3

sugarcane varieties at an appropriate time.
Keywords: Sugarcane yield, sugar yield, sugar juice quality, harvesting ages, water-logged condition
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Table 1. Cane yield and sugar yield of five sugarcane varieties in plant cane (2018/19) and the first ratoon

(2019-2020) according to Boodseephum and Wongtamee (2022) under the natural water-logged

condition of Phitsanulok province compared with cane yield and sugar yield in plant cane

cultivated on the upland condition of Phitsanulok province (Rungmekarat et al., 2020)

Under the natural water-logged condition

Cultivated on the upland condition

Sugarcane  Source of Cane yield” Sugar yield Cane yield® Sugar yield
variety variety’ (ton/rai) (ton CCS/rai) (ton/rai) (ton CCS/rai)

PC FR PC FR PC PC
KPS 07-17-83 KU 275 25.2 3.7 33 26.7 34
KPS 07-21-4 KU 23.7 20.7 3.2 2.6 22.8 2.8
KKO07-599 KKFCRC 26.9 23.0 41 32 245 3.3
KK3® KKFCRC 24.2 22.0 4.1 34 22.1 2.8
LK 92-11° OCSsB 16.0 15.3 26 22 23.0 34

'KU, Kasetsart University Kamphaeng Saen Campus; KKFCRC, Khon Kaen Field Crop Research Center; OCSB, Office of the Cane and Sugar Board

°PC, plant cane; FR, the first ratoon
*KK3 and LK92-11 Varieties were check varieties
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Figure 1. Meteorological conditions including, total rainfall, minimum temperature, maximum temperature, and

relative humidity at sugarcane’s fields during cultivation of cane (PC) (1-396 days after planting (dap))
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Table 2. Interaction effects of sugarcane varieties and harvesting ages on cane yield, sugar yield, single stalk
weight, number of millable, °Brix, %Pol, %Fiber and CCS of five sugarcane varieties grown under
natural water-logged condition in Phitsanulok

Factors cY SY SSwW MC °Brix %Pol %Fiber CCs
Varieties (V) R * Hox ok ns ns ok ns
KPS 07-17-83 (V1) 15.2a 1.90a 2.5a 6056b 23.3 16.2 12.9a 12.2
KPS 07-21-4 (V2) 12.4bc 1.74ab 2.1b 5880b 23.6 17.8 12.8a 13.7
KK07-599 (V3) 14.0ab 1.81a 2.3ab 5963b 22.8 16.2 12.2a 12.8
KK3 (V4) 11.1¢c 1.31c 2.1b 5148c 23.6 16.8 11.4b 1.1
LK92-11 (V5) 11.7¢c 1.42bc 1.5¢ 7741a 23.4 15.2 11.3b 11.8

*kk *kk * *kk ,kk *kk ,kk

Harvesting age ns

(months) (A)

10 (A1) 10.9b 1.21c 2.2 6522a 22.6¢ 14.2c 11.1c 10.4c

11 (A2) 11.6b 1.36bc 1.9 5792b 23.1bc 15.1bc 11.9b 11.1bc
12 (A3) 14.3a 1.49b 2.1 5794b 24.4a 15.9b 12.7a 11.7b
13 (Ad) 14.8a 2.37a 2.3 6508a 23.2b 20.5a 12.5ab 16.0a
Var (V)*Age (A) ek ok ok ok ok ok . ok
V1A1 16.5AB 1.67DEF 2.5AB 6,504B 23.0D-G 13.6GHI  11.9BCD 10.1GHI
V1A2 13.4CDE 1.44E-| 2.4A-D 5,601C 23.0D-G 14.5E-| 12.6ABC  10.7F-I
V1A3 13.9BCD 1.57D-G 2.5ABC 5,611C 23.8A-D 15.4D-G  13.5A 11.3EFG
V1A4 171A 2.83A 2.6A 6,500B 23.3C-F 21.4A 13.6A 16.6A
V2A1 13.4CDE 1.68CDE 2.1CD 6,323B 22.3FG 16.3CDE  12.0BCD 12.6CDE
V2A2 11.3C-F 1.5D-H 2.1CD 5,426C 23.5B-E 17.2CD 12.9AB 13.3CD
V2A3 11.0EF 1.52D-H 2.1DE 5,420C 24.8A 18.1BC 13.5A 14.0BC
V2A4 14.0BC 2.10B 2.2BCD 6,333B 23.8A-D 19.5AB 12.8ABC  15.1AB
V3A1 17.4A 1.86BCD 2.6A 6,630B 22.0G 14.0F-I 11.4CDE  10.8FGH
V3A2 10.8EF 1.25GHI 2.0DE 5291CD 22.3FG 15.0E-H 12.1BCD 11.6D-G
V3A3 11.2DEF 1.40E-I 2.2BCD 5,296CD  24.3ABC 15.9DEF  12.9AB 12.4C-F
V3A4 16.5AB 2.67A 2.5AB 6,634B 22.5EFG 19.8AB 125A-D  16.1A
V4A1 13.0C-F 1.19GHI 2.4A-D 5,500C 22.5EFG 14.3F-I 10.4E 9.0
V4A2 7.7G 0.74J 1.6F 4,786D 23.8A-D 15.4D-G 11.2DE 9.5HI
V4A3 10.4F 1.061J 2.2BCD 4,796D 24.8A 16.5CDE  11.9BCD  10.1GHI
V4A4 13.2CDE 2.09BC 2.4A-D 5,510C 23.5B-E 21.0A 12.1BCD  15.8A
V5A1 11.0EF 1.051J 1.5F 7,648A 23.3C-F 12.71 10.4E 9.5HI
V5A2 11.0EF 1.12H1J 1.4F 7,834A 23.0D-G 13.4HI 11.1DE 10.2GHI
VBA3 11.5C-F 1.26F- 1.5F 7,844A 24.5AB 14.2F-I 11.7B-E 10.9E-H
Vb6A4 13.2C-F 2.19B 1.7EF 7,641A 22.8D-G 20.7A 12.0BCD 16.6A
CV (%) 18.3 15.13 13.2 7.2 3.5 8.4 8.19 9.87

CY = cane yield (ton/rai/month harvested); SY = sugar yield (ton CCS/rai/month harvested); SSW = single stalk weight (kg.);
MC = number of millable cane

ns = nonsignificant; *, *** = significant at P < 0.05 and P < 0.001, respectively.

Means within a line followed by the same letter(s) are not significantly different.

CV= coefficient of variation.
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Effects of Glyphosate and Paraquat Residues in Soil
on Germination and Seedling Growth of Rice
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Abstract: This study evaluated the germination of rice seed under soil contaminated with herbicide, glyphosate
and paraquat. Each of the herbicides was arranged in 2 x 5 factorial in CRD with three replications. The first
factor was application rates consisting of recommended rate and two times of recommended rate. Glyphosate
included 240 and 480 g (ai)/rai while paraquat was 82.6 and 165.6 g (ai)/rai. The second factor was the seeding
date at 3, 7, 14, 21 and 28 days after herbicide application. The results showed that the application rate and rice
seeding date after spraying both glyphosate and paraquat herbicides affect the percentage of germination,
shoot length and root length of rice. Glyphosate and paraquat herbicide application at two times the
recommended rate resulted in lower germination percentage, shoot length, and root length of rice than that of
the recommended rate. The percentage of germination at 21 days after glyphosate application at both rates
increased to 92 % compared to no glyphosate application, while the percentage of germination, shoot length,
and root length of rice at 28 days after applying at a rate of 240 g (ai)/rai were the same as with no glyphosate
application. For paraquat, seeding at 21 days after both rates of application resulted in the percentage of
germination, shoot length and root length being increased to 90 % compared with no paraquat application and
tends to increase when the soil is left for longer. This study concluded that the soil should be left at least 21 days
after glyphosate and paraquat application at both rates. Seeding before 21 days is not recommended,

especially at two times the recommended rate.

Keywords: Glyphosate, paraquat, residues, percentage of germination, shoot length, root length
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Table 1. Mean squares of two glyphosate rates and five seeding dates after glyphosate application for a

percentage of germination, shoot length and root length in rice

Source of Variation DF Germination (%) Shoot length (cm)  Root length (cm)
Replications 2 7.033 0.007 0.61
Rates (R) 1 440.83*** 1.97™ 0.01™
Seeding dates (SD) 4 959.92*** 0.53™ 28.36***
Rx SD 4 17.92"™ 0.75™ 0.39™
Error 18 10.99 0.76 0.19
CV (%) 4.60 5.94 4.15

ns= non significant difference, * and *** =significant difference at P < 0.05 and 0.001, respectively
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Figure 1. Effect of glyphosate application rates and seeding dates after application on percentage of

germination (a), shoot length (b) and root length (c) of Riceberry rice variety
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Table 2. Mean squares of two paraquat rates and five seeding dates after paraquat application for a

percentage of germination, shoot length and root length in rice

Source of Variation DF Germination (%) Shoot length (cm)  Root length (cm)
Replications 2 1.433 0.53 1.41
Rates (R) 1 246.53*** 0.01™ 0.85™
Seeding dates (SD) 4 607.03*** 6.69*** 32.89***
Rx SD 4 120.03*** 0.23" 2.09*
Error 18 3.66 0.48 0.38
CV (%) 2.53 4.67 5.56

ns= non significant difference, * and *** =significant difference at P < 0.05 and 0.001, respectively
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Figure 2. Effect of paraquat application rates and seeding dates after application on percentage of

germination (a), shoot length (b) and root length (c) of Riceberry rice variety
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Abstract: The objective of this study was to investigate the effect of dietary cysteamine hydrochloride (CTH),
guanidinoacetate (GDA), and methionine (Met) supplementation on growth performance and carcass quality
in finishing pigs. A total of 144 pigs was divided into three groups with six replications of eight pigs/pen. They
were randomly assigned to one of the three diets; 1) control: commercial diet, 2) CHGMet: commercial diet
supplemented with CTH, GDA, and Met 1,000 g/ton, and 3) CTH: commercial diet supplemented with CTH
700 g/ton. They were fed for 90 days. The results showed that pigs fed CTH diet had higher body weight gain
(BWG) and average daily gain (ADG) compared with pigs fed with control and CHGMet diets (P < 0.05) from
day 1 to 77. In addition, pigs fed with CHGMet and CTH diets had higher average daily feed intake (ADFI)
compared with pigs fed control feed (P<0.05) (day 78-90 and day 1-90) and pigs fed CTH diet had higher
BWG and ADG compared with pigs in the control group (P < 0.05) (day 1-90). Additionally, the result of
carcass characteristics in finishing pigs showed that loin and belly percentages from pigs fed CHGMet and
CTH diets were higher than those from pigs fed control diet (P < 0.05). In conclusion, supplementation of CTH

in the pigs diet potentially improves growth performance and carcass characteristics in finishing pigs.

Keywords: Cysteamine hydrochloride, guanidinoacetate, methionine, growth performance, pigs
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nMAResIud 1 - 77 zgmﬁ%”i‘”umma CTH S winda sty LL@zﬁm’]mm?fyLﬁuimmﬂﬂd’]@mﬁiﬁ%
21U1IAYLAN WAT CHGMet (P < 0.05) A5UlLT9NMARRITUT 78 - 90 UaL Sudi 1- 90 qﬂimé’i”ummi
CHGMet uaz CTH ﬁﬂ?‘mmmmiﬁﬁummdﬁmmﬁiﬁ’ﬁuafmwmw’m (P < 0.05) LAz lUT9N1TNAAR
4t 1 - 90 W mmmimummi CTH Svweingaf fiad WATERIINITATEYALIANINNTIGNINGNAILA N
(P<0.05) yanan HARBANHTTINgNIYU WuILefiduidunan mewmwn@mmm”lmi‘umma‘ CHGMet
waz CTH HArunnangnsnguaauAx (P < 0.05) annisAnenagd1ssnnisgsu CTH ueMsaNNNDTaEIia
Ust@ninmnisiasaiAuln waran Uz TIN189gn IYU

a/q

Adnay: danendulalnseanlsd Maliatuerdiem wnlslatiu dss@vsnmnssodun qns

AN gaalaunInaun#iv (somatostatin) @il uinwilnst
gasluu (peptide hormone) NaF1anANLUBIEBFNS 7
NINARANS IR NIIWEUINFREININTY lugnanne assisaseannlaliniansia (hypothalamus)

Tnainmmons wavfdsenaunisiinoaudesnisn  daduarsdudeladliinimasaesinmansluu
ALANUILANBNINNNINGR uazansuu ANl (growth hormone) Mistanlsanasdaumin inlw CTH
nsmwnag1esaiies lddnasfumieiuiugnssy Hdautdoalunisinlsz@ninmnisasgy v inaes

N33ANINFI N1sdAnIATLgENIN nstedriuisa 4ns wenaniinsldriatin wesdism (guanidinoacetate:
wazn19dnniasauemng laeldsuansnaantdads  GDA) luewisqnsdaduansiildaireansasieiv

~ v ' % . a A ° v o -
nmauaniawnsarauanls warldannsmacuauls  (creatine) ansa3ieAudnldld iwan1sdainsned
FaanualuiladeneLen ot aniaN AN IWR UL WA (ATP) Wunauiie uazitad (Tossenberger

e ldlanumnzanmallszdnsnwnisasyiule et al, 2016) N191830 GDA amaIn13 i F1enadl
WAZANNABINNIIRNANT IIARTTeny dmdlgns  dadausesnddilainniniu uaziginlueninsgns
svaviu-au luscasiignalinasgyiAuinlaaazan dosszazau Inaniunsimun ludouaesnduilegns
1y & o = o M o= 1% a v & A4 o
nanuie uazledi Feilaqiiuitliinasldansiasa WHAMAIMNEIN LazAMNIWILENA TIN196574
aruduiuilsc@nsninluanuisgnaiveaiuayy azarenulasesiiunlalatiu (methionine: Met) 11
naasy i ulavataeiio wu neeesllu Anndu  a9mesu Al Al annuadunaasdTunnasiilu
ussne uaziaulad iusiu afiatlfae (Majdeddin et al., 2019) TetlnFAuan Met
A A = - . o a ° o o o = %
dafedulalnsman’lsd (cysteamine Taidunsneriluanduandun 2 ngnsnednis
hydrochloride: CTH) #ail uan s uaywusson (Sitthigripong, 1997) ANTaLATBINTLLIUNITVINY

gaansnezl Tudainau (cysteine) Aailuansiallu m@\‘imwﬁ”\mdwﬁﬁﬁﬂﬁmwlummﬁumwumi—
g sulfhydryl compound fuaseszuuden|ived L@?@Lﬁuimmmﬁm’ﬁq&u aslainsAnEnanTIETN
RendaefUNITLNUN AN LIAT (metabolism) 484 @17 CTH, GDA waz Met luanussadsz@nsnin
fnanedm T (Duffel et al., 1987) ﬁqw%ramﬂmaﬁﬂmu nssguiAuTauazamunInainlugnsgu
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L4 aa
adnsaluaglsns

1. NMIFINUNUNITNAADY LL‘RS&G\’SVI ANBN

n1naaesdldgnignuaNaINaawug

srudnanugafa ol Wuduausisn uaziugnsen
(LW X LR X D) a1t 144 61 vinoin 55 - 60 Alansu
@WﬂL?NVI@@@Q 14 §Udanf mqéuzﬁmma‘mmm
27 fandi wilveenidu 3 nqunguaz 6 31wl
WAG 357 iveile 391 uAazand 8 6a aneuny
N1INAABILLUL Randomized Complete Block Design
mm%wumgm‘l,uiﬁ Fauilla (open house) tae
udailu 18 AaN muqnumﬂm 1 1AT A998
GHERIIG NuFinnsides 1.75 m3amnssefna
mi‘lum'am‘lluumagmwmmn mﬂumzﬁqmﬂwu
Aantsranny 50 1TuAWAT RuneniduaeuNTa 11
niedniuad (tattoo) meqmim”i“uﬁﬁ LATANUIT
athafud

2. ATWTNANDI
BININARDIN AU AINITNTUEH 79
MINAINABIN1TALTI981¢ 21894 n 3 (National
Research Council, 2012) Taeihi il 2 4295z e
A9 81119d115Ag1UNI9N19ATT g NITU LAY
sreeqnayu nautisanuimaaesaanidy 3 ngu
asialyi mjaﬁl‘ 1899194 N9N19N13A (control)
n@:mﬁ' 2mmmmm\mwé’wﬁm?u CTH, GDA
uaz Met Tua1mis Usunnd 1,000 nSuAaAWa1ng
(CHGMet) LL@::ﬂ@:EJ‘ﬁI 3 mm@zﬁmmwmsﬁﬁﬁm?u
CTH luea1117 U3unas 700 nSumasiuanung (CTH)

Vinmsguiiusnetnsenmamasesivern dmesd

asrlaznaumielnTus I4un Aonady Tulsa los
daly 131 uraday uarragnada (AOAC, 1990)
wazammeAInasausanlaeld bomb calorimeter
ANNATUR Hanbunchong and Sinchermsiri (1989)

3. MawusausIndaya
funnnisulaauulasaasdnmings 3 409
Aa Wminsagnanewdmases neuasuanmsann
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2IMIRNITTTTUTUBINNTGNIITELYY LATUAIAN
éummammm ﬂuﬁnﬂ?‘mm@’mwﬁﬁﬂuwmvﬁm
fmmmu,m ﬂ@mnmm ¥R AT nuN A
muunmm‘wmu (body weight gain: BWG) UFunoud
'mﬁﬁ‘mﬂum@ﬂmmu (average daily feed intake:
ADFI) 8m3n191a3ey i s RAtAad (average daily
gain: ADG) 'é”m’mmﬂﬁlﬂummﬂﬂuiwﬁﬂ (feed
conversion ratio: FCR) A 149 1A 1 aUATA eI Y
umuﬂ 1 Alansu (Feed Conver3|on per Gain: FCG)
Lu@mummmi‘wmmqmmﬂmmunmmﬂ@umfﬂm
LATLMTNTNTaA 144 fa anntiurinnn ez
ﬁﬂwmmm‘lﬁmﬂmiziu%mmﬂ@immm%mx 269
SUTINUA 36 7 mﬂzgmwm@m%wum 144 Fq
Taauunun ladudunds dranefillawuufanea
AR NP 2 BF, 4az1sziluA Lenden-Speck-
Quotient (LSQ) TneminnadaAunINgn Aoeiadiile
LUAARea TaEFARanun 3 ALIaRai Fumia
w3n BF, mqa;mﬁgu@'wwmgmgﬂmumﬁw SN
ﬂﬁﬂmﬁ@m‘iwrwdmﬂqﬁe“m 1Ada (gluteus medius)
ﬁTWLLmiﬁI 2 BF, mwm?{imﬁuﬁumﬁmﬁmmm
ﬂmmumviwmqummm NADA LAAIULNU
anvine bqm@mmmwummwmﬁﬁmﬂmumaw
m@anmmua@“ﬁwnmuﬂ@m@ fiaea ldsanniy
wurrasviatn ladunas uazdszifiuan LSQ Tnafl
4F9IN1IAIUI LSQ = BF,+BF, / 2b ANT5983
Sethakul et al. (1996) H1N13FARB09LHeF 28 kY
AeudATALaT 7 szdu fldn 0-6 AINNIATTY
LT L‘ﬁ@‘ﬂ@\‘i Canada Pork International (2014)
ViAn96A R S a9 wazHIIA NI INg W
Aavnmingnuazia lleesedlu Suinann
Aevminanldsonsia wefidusan wefifusl
Heuns uazilo A Ui udousing SGRHEEE TN
Jaturasitha (2004) wa i3 udaudunenuInIuiy
nsvAEllSauaaLNen1AAT191NA 1 x 1 HAR AT
LTt esie A e A uTinin e b du
(Rice et al., 2019)
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4. MIIATIZUTRYAN AR

U TRy ANINTIRABLNITNTZANUAD WAL
andayalueg luginisnszanadquuulng (normal
distribution) AwAs1eiamIHKY sLPIUBRIT R AR
WHUNNINAKRY randomized complete block design
(RCBD) waziFeLiiieinnauansingssninasniaas
{meA3% Duncan’s new multiple rang test ﬁ?xﬁu
AL e 95 wefidusl aagtlsunsndniagy
Rv.4.1 Tag/ld Proc GLM (general linear model)

NANTTNANBILA 33@']‘31’11

NaNsILATIEURLALsEnaumalnTuy
HANSALATYNN AT e nesAtlszne
194N TULANN 7 luB1IIMAReILAaTIZEEN-
Wiy uInresgns wudn esAdsznavaeslnaue
18uA Aoudu Tsa lasfu iels 13 waa@ e
NRANBTA LATNANIIUIIN TUBINIINARDITDY
gnausavszazninasyiulniA1esAlszney
rﬂ'mmwﬁmmﬁmum@mmﬁ"ﬁ 2928 AN
National Research Council (2012) Wa=n19L43 N

CHGMet lua1113gn3g1 UTuao 1,000 niusie
FURINNT LazNITEIN CTH U3untu 700 NSuFaAY
a1 IdanaseasAdsznauinausluanmeans
(Table 1)

uaradniIsidsndanaiulalnsnaalss
nalialuazdien waziunlalaiuluavissa
UszAnsmMwmsnangns

TutaeTuit 1 fa ui 77 TBINTNARDI N3
A1EFURNMIIN1INNIAN DIUNIN1NTAT LB
CHGMet 431104 1,000 NfuARAURIMT WAZAIUNT
N9N"3ATILETL CTH 1Funas 700 ﬂévwifaﬁufmmi
‘W‘]_I'J’] mmnawimmmmumu CTH umuunmmﬂ
Y uiy LL@w’ami’]ﬂ’]iL@‘imLﬁlUIﬁlN’]ﬂﬂ']’]
mmwimummmqmu 1aze"sLEFH CHGMet
(P<0.05) zgmnqwimummnmu CHGMet uaz
@33 CTH Hifsnunsiulaunnndngnangu
w”Lmarummamumu (P <0.05) mmﬂ@mimummi
\A3H CHGMet {1 ¥ 148111361 AUAMTNA TR NT U 1
ﬂ‘ll@niumrmfmqﬂmqmimummimuqu LAY
ans7LE3H CTH (P < 0.05) (Table 2)

Table 1. Nutrient content of the treatment diets
Periods
Day 1-77 Day 78-90
Nutrients ; ;
Treatment Treatment
Control CHGMet CTH Control CHGMet CTH
Moisture (%) 6.35 6.8 6.9 7.74 8.92 8.22
Crude protein (%) 17.64 17.67 17.61 16.55 16.55 16.53
Fat (%) 3.29 3.32 3.1 2.79 2.9 2.9
Fiber (%) 3.48 3.43 3.45 4.58 4.52 4.5
Ash (%) 6.35 6.8 6.9 7.29 7.18 7.15
Calcium (%) 1.1 1.13 1.1 1.62 1.69 1.75
Total phosphorus (%) 0.45 0.46 0.46 0.45 0.46 0.46
Gross energy (kcal/kg)  3951.56  3885.04 3948.62 3905.7 3894.14 3921.52
Feed cost (baht/kg) 14.32 15.02 14.91 13.83 14.53 14.43

'Control: commercial diet, CHGMet: commercial diet supplemented with CTH, GDA, and Met 1,000 g/ton, and CTH: commercial

diet supplemented with CTH 700 g/ton
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Table 2. Effect of cysteamine hydrochloride, guanidinoacetate and methionine supplementation in finishing

pig diet on growth performance (1 to 77 days of experiment)

Treatment!
Parameters SEM P-value
Control CHGMet CTH
Initial weight (kg) 57.05 57.08 57.10 3.67 0.99
Final weight (kg) 126.38° 127.91° 131.24° 9.87 0.04
BWG (kg) 69.47° 71.32° 74.25° 8.71 0.03
ADG (g/pig/d) 902.19° 926.25° 964.25° 113.07 0.03
ADFI (kg/pig/d) 2.83° 2.91° 2.92° 0.24 0.02
FCR 3.16 3.17 3.02 0.31 0.08
FCG (baht/kg) 44.24° 46.65° 44.14° 4.50 0.02

*°Means with different superscripts within a row differ significantly at P < 0.05

SEM = standard error of the mean

'Control: commercial diet, CHGMet: commercial diet supplemented with CTH, GDA, and Met 1,000 g/ton, and CTH: commercial

diet supplemented with CTH 700 g/ton

ludaeiuil 78 9 Suft 00 109N IMAans qmﬁ’mmnﬂdmmﬁiﬁummimuQu LAZ2IUIT
4nan IF5UR M MNINNd @ MenennsATiiEn L3 CHGMet (P < 0.05) gnangudl ld5uemnsuaiu
CHGMet 13104 1,000 NfuAefaIMT Lazaws  CHGMet uaze snafiaia CTH Sufunainisfls
ynennsdfiedn CTH U3unas 700 nfuslasiuanmng mrmdwzgmmjuﬁié’i”ummimu AN (P <0.05)
WUIN zgmﬂziuﬁ”lﬁi”ummim?m CTH Siamin (Table 3)

Table 3. Effect of cysteamine hydrochloride, guanidinoacetate and methionine supplementation in finishing

pig diet on growth performance (78 to 90 days of experiment)

Treatment'
Parameters SEM P-value
Control CHGMet CTH

Initial weight (kg) 126.38° 127.91° 131.24° 9.87 0.04
Final weight (kg) 132.59° 133.60° 137.98° 11.07 0.02
BWG (kg) 6.28 6.76 6.90 2.78 0.56
ADG (g/pig/d) 494.62 556.48 530.77 188.11 0.38
ADFI (kg/pig/d) 2.49° 2.88° 2.91° 0.358  >0.001
FCR 5.64 5.64 6.00 2.380 0.84
FCG (baht/kg) 63.82 65.16 66.83 15.63 0.81

*°Means with different superscripts within a row differ significantly at P < 0.05

SEM = standard error of the mean

"Control: commercial diet, CHGMet: commercial diet supplemented with CTH, GDA, and Met 1,000 g/ton, and CTH: commercial

diet supplemented with CTH 700 g/ton
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Tugaaduit 1 89 Suf 90 189N 1INARD
zgmﬁié’fé“ummmwﬂwﬁﬂﬁLz@u CHGMet U516
1,000 NTNFBFUAINNT LALANMNININTANTLEN
CTH U3u1au 700 NN UaIM1e WUdN zgmmimﬁl
14581991650 CTH SEnvein il udy uazdmna
ma‘w?mLﬁuimmmdmmﬁirﬁummimum
(P<0.05) mmn@uﬂmummmmm CHGMet {vu
AWt TR 1 ﬂiamumnm’mm‘ﬂam
[CE TRV P IEH LaZRNITIETN CTH (P<0.05)
(Table 4)

anafl#Fue v aadn CHGMet Uiunns
1,000 nfusiafua111s luaunsqnsgu Huase
dsz@nininnisiasoyiiuinuesgns dlagann
Fafenflugnuisndudanisineuean Sl
Trsnlnaunauld inldseaniadndnszdunisaing
Tnsnaefluufniuiedidantdaasinldieniefia
Use@ndninniaasoyiulale (Duffel et al., 1987)
i Zhou et al. (2015) n@MA91N"3LEBH CTH 7 700
faansusenlaniuemns a1unsnifiuts=Anaann
Wity utnaesgnyuls daenndasiy Liu et al.

a

(2009) NNA1997 CTH @190 N U2 @NTAIN
niaasayAuinlugneyu

(7

uaraInsiasndanantiulalnsnaalsn nalln
Tuasdian waziunlsladuluanuisraansue
NN

anslg5ua v Iman1efnliasu CHGMet
150101 1,000 NFNFABAUEIMIT LAZAIWIINNNITAN
63y CTH 15070 700 NFusaAuaNUIT WA
ﬁwﬁnzgmﬁwm@mm ﬁ’mﬁﬂm’mﬂ;u vwdngnnidu
wafidusann A1 LSQ Aunun e udunas
Nuiiveirdadedu weffuditauns uazdaeaile
uane19iuat vt d1Atyn1eads (P> 0.05)
(Table 5)

#usLaa9n191638 CHGMet 1n10u 1,000
NFUABAUEIMT LAZAIMNININNTANTETH CTH
130104 700 NFUARAURIUNT ARNANARILaTIEUE
Fudau wudn gnanguitléFuennsiain CHGMet
LazeMn ATy CTH Sdndauiady uazaudy
mnnrj’]zgﬂiﬁ”lﬁffu'mmimuqu (P<0.05) (Table 6)

ANNNANITANELEAS M NINNTIETN
CTH, GDA uaz Met luaunsgnassezayu d9uald
wefiuuduaeaiilodunen uavanudu oy
danvesiloundludadauiiganianguilallfias
ARAARBINUNANIINAABILRY Liu et al. (2009)

Table 4. Effect of cysteamine hydrochloride, guanidinoacetate and methionine supplementation in finishing

pig diet on growth performance (1 to 90 days of experiment)

Treatment'
Parameters SEM P-value
Control CHGMet CTH

Initial weight (kg) 57.05 57.08 57.10 3.67 0.99
Final weight (kg) 132.59" 133.60" 137.98° 11.07 0.02
BWG (kg) 74.89° 77.28% 80.38° 8.65 0.03
ADG (g/pig/d) 832.08" 858.66° 893.07° 96.10 0.03
ADFI (kg/pig/d) 2.78° 2.90° 2.93° 0.22 >0.001
FCR 3.32 3.36 3.31 0.28 0.75
FCG (baht/kg) 45.90° 48.72° 48.05° 5.22 0.03

*°Means with different superscripts within a row differ significantly at P < 0.05

SEM = standard error of the mean

'Control; commercial diet, CHGMet: commercial diet supplemented with CTH, GDA, and Met 1,000 g/ton, and CTH: commercial

diet supplemented with CTH 700 g/ton
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Table 5. Effect of cysteamine hydrochloride, guanidinoacetate and methionine supplementation in finishing

pig diet on carcass characteristics

Treatment'
Parameters SEM P-value
Control CHGMet CTH
Live BW (kg) 132.22 131.93 134.88 6.92 0.60
Hot carcass weight (kg) 109.20 110.24 111.35 6.44 0.35
Chilled carcass weight (kg) 99.82 99.97 103.58 5.33 0.20
Carcass (%) 75.49 75.76 76.83 1.33 0.22
LSQ 0.30 0.31 0.30 0.05 0.52
Backfat thickness (mm) 18.80 19.10 20.10 3.91 0.13
Loin eye area (cm?) 70.51 72.47 73.52 10.94 0.60
Lean (%) 43.61 4418 43.79 1.61 0.41
Meat color 3 3 3 0.39

SEM = standard error of the mean
"Control: commercial diet, CHGMet: commercial diet supplemented with CTH, GDA, and Met 1,000 g/ton, and CTH: commercial
diet supplemented with CTH 700 g/ton

Table 6. Effect of cysteamine hydrochloride, guanidinoacetate and methionine supplementation in finishing

pig diet on primal cuts yield percentage

Treatment'
Parameters SEM P-value
Control CHGMet CTH
Tenderloin (%) 1.02 1.07 0.99 0.08 0.12
Loin (%) 7.88° 8.44° 8.29° 0.57 0.03
Ham (%) 17.08 17.36 17.08 0.95 0.75
Collar (%) 4.44 4.42 4.54 0.27 0.71
Shoulder (%) 10.21 10.11 9.71 0.70 0.27
Bacon (%) 14.57° 15.53° 15.62° 0.68 0.04
Ribs (%) 4.99 5.07 5.13 0.40 0.81
Trim lean (%) 2.97 2.77 3.19 0.27 0.06
Fat (%) 9.88 9.90 9.21 1.22 0.85

*°Means with different superscripts within a row differ significantly at P < 0.05

SEM = standard error of the mean

'Control: commercial diet, CHGMet: commercial diet supplemented with CTH, GDA, and Met 1,000 g/ton, and CTH: commercial
diet supplemented with CTH 700 g/ton
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W41 NN7IaTH CTH ¥ e menisaanaldsiu
anad iileaflugnsdesulunisdanslilang uas
neldsutsiugnisedlulnnauiiaiu 635
wlefiSus wananni Zhou et al. (2017) 318911491
NMaEsNT AN udNasanistas Lazn19AnTN
Tlsiuluanistnunsifinnisminauaeslay
Lazdaaifinmaugiunsnluniseesveslilsiy
anadasunnsusaseentaansaaviiluan ldian
dauaqiiurinlisesmegafunsneziilduiniu
i Tao et al. (2020) NA1Y9INNTLEFNT AN B H 1
ganafadanszillsie wazann 174 sa N0
lasTu Lin et al. (2021) $1847UN171830 GDA lu
a M staef unisazanll s uitasnanie ania
Ostojic et al. (2020) 3181911491 GDA lua11138
ummﬂumm’qm?umm?mLﬁuimmfaqﬂﬁﬂwﬁ@
ey fifluansdunnssniaulunduiie

G

Anesearyui lAfuen1sniasn CTH lu
151104 700 nfusiaAuaINg wargnan laiuanmai
1&31 CHGMet 31194 1,000 niusiasiua1ng iu
szaiziaan 90 4u M IildszdnsnwnisaioAuls
4 P o A a & af o ¥ oo N
AT barH UM NI UATY ANt aeiiy
wefidusiduuan uazidafifusdannduresgns

naAngsNUsznA

22DUAMLITEN 20aRAN TuTewan (Uszne
Ing) a1ia AlFn1saduayunuise uaznipaie
ARIUNA ADUZINEAT NILANILAY NU1TNUAE
neAsAanT uazrnTugnsenTy i ldaTuay
ARG MU AN luAE
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Influence of Synthetic Carotenoids Supplementation in Feed on
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Abstract: The objective of this study was to study the effect of synthetic carotenoids on the egg yolk color
intensity of laying ducks. A total of 1,500 Khaki Campbells laying ducks, aged 23 weeks, were used. The
ducks were divided into 6 groups, each with 5 subgroups of 50 ducks each. The laying ducks were 26 weeks
old when the experiment began. The experiments were planned to use a completely randomized design
method. The 6 experimental groups were classified based on their dietary treatment as follows: 1. Basal feed
(without carotenoids supplementation); 2. Basal feed with 150 ppm canthaxanthin plus 100 ppm apo-ester;
3. Basal feed with 150 ppm canthaxanthin plus 150 ppm apo-ester; 4. Basal feed with 150 ppm
canthaxanthin plus 1000 ppm 2 % Xanthophyll; 5. Basal feed with 250 ppm canthaxanthin; and 6. Basal feed
with 250 ppm canthaxanthin plus 150 ppm apo-ester. Data were collected for 4 weeks. According to the
studies, adding synthetic carotenoids to feed at various doses had no influence on duck egg production
efficiency or quality (P > 0.05), but did have a statistically significant effect on egg yolk color intensity (P <
0.01). Canthaxanthin 250 ppm gave the best redness efficiency. The yolk color intensity was the highest
compared to all other groups (P < 0.01), while dietary apo-ester supplementation of 150 ppm gave higher
yellowness values than the extract supplemented diet from marigold (xanthophyll 2 %) 1000 ppm. When duck
eggs from each experimental unit were boiled and made to salted egg and salted egg yolk. Color of three
difference egg yolk types were compared boiled egg, salted egg and boiled salted egg. It was found that all
egg yolk types gave color intensity values statistically in the same direction as fresh egg yolks. Therefore, it
was concluded that supplementation of synthetic carotenoids in feed can effectively increase the color

intensity of egg yolks according to the level of synthetic additives in the diet.

Keywords: Laying ducks, synthetic carotenoids, egg yolk color
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Table 1. Components of feed ingredients used in the experiment

Feed Ingredients Amount (kg)
Broken rice 36.137
Wheat 20.000
Soybean oll 2.000
Soybean meal (48 % protein) 20.040
Fish meal (60 % protein) 5.000
Rice solvent bran 5.000
DL-methionine 0.168
Limestone 9.553
Monocalcium phosphate P21 % 0.982
Salt 0.350
Choline chloride 60 % 0.100
Premix 0.250
Sodium bicarbonate 0.150
Mold inhibitor 0.050
Toxin binder 0.200
Antioxidant 0.010
NSP enzyme 0.010
Total 100.000

Amount of nutrition

ME. for Poultry(kcal/kg) 2,780

Crude Protein (%) 18.500
Calcium (%) 4.200
Total Phosphorus (%) 0.700
Avail. P for Poultry (%) 0.413
Lysine (%) 1.004
Methionine (%) 0.472

1Composition per 1 kg premix: 2.8 MIU vitamin A, 0.56 MIU vitamin D3, 2,000 mg vitamin E, 300 mg vitamin K3, 200 mg
vitamin B1, 100 mg vitamin B2, 4.5 mg vitamin B12, 600 mg niacin, 100 mg copper, 10,000 mg Iron, 150 mg iodine, 8,800
mg manganese, 8,800 mg zinc, 130 mg cobalt, up to 1 kg filter
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Table 2. Effects of dietary synthetic pigment supplementation on egg production in laying ducks during

26 - 29 weeks of age

egg production  feed intake egg weight Egg mass Feed cost
Experimental diet FCR

(%) (g/duck/day) (), (g/day) Baht/kg egg
T1 Control 93.20+247 13337+6.78 69.08+1.13 64.38+201 207+0.05 30.58+0.74
T2 Cantha150+Apo100 96.89+129 137.77+£414 7053+125 6762+098 204+0.04 30.09+0.57
T3 Cantha150+Apo150 90.23+589 13469249 7018+1.31 6333440 214+0.17 31.55+2.51
T4 Cantha150+Xan1000 95.31+2.73 136.91+443 7018+1.00 66.89+228 205+0.05 30.24+0.69
T5 Cantha250 93.03+397 136.23+510 69.31+055 6447270 212+0.16 31.28+2.37
T6 Cantha250+Apo150 9126 454 13429+6.36 69.09+0.92 63.06+3.36 213+0.06 31.47+0.82
P-Value 017 0.73 0.14 0.08 0.49 0.49
SEM 0.73 0.89 0.21 0.57 0.02 0.28

SEM = standard error of means, Cantha 150 = 150 ppm canthaxanthin, Cantha 250 = 250 ppm canthaxanthin, Apo 100 =

100 ppm apo-ester, Apo 150 =150 ppm apo-ester, Xan1000 = 1000 ppm 2 % xanthophyl
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Table 3. Effects of dietary synthetic pigment supplementation on egg quality in laying ducks during 26 - 29
weeks of age

Shell breaking Albumen Albumen Yolk Shell Yolk :
Experimental diet strength height height weight ratio  weight ratio ~ Albumen
(N) (mm) (Haugh units) (%) (%) ratio
T1 Control 43.46 +3.18 7.90+0.34 85.77+215 3385172 9.85+0.08 60.24+4.87

T2 Cantha150+Apo100 41.86 +£2.83 8.32+0.21 88.42+138 3469+0.66 980+0.35 6248=+2.08
T3 Cantha150+Apo150 43.98 £2.32 7.72+0.37 85.05+233  34.92+137 991+020 63.36+4.15
T4 Cantha150+Xan1000  44.22 +1.58 7.99+0.37 86.38+290 34.79+091 991+027 6287272
T5 Cantha250 42.28 £ 2.86 7.89+0.18 86.56+1.20 3595+1.92 10.07+0.6 6527+3.85
T6 Cantha250+Apo150 4112 £1.02 8.11+0.51 8748+296  34.02+1.06 9.77+0.28 60.56+2.82
P-Value 0.28 0.18 0.254 0.21 0.77 0.26

SEM 0.45 0.07 043 0.26 0.06 0.67
SEM = standard error of means, Cantha 150 = 150 ppm canthaxanthin, Cantha 250 = 250 ppm canthaxanthin, Apo 100 =

100 ppm apo-ester, Apo 150 =150 ppm apo-ester, Xan1000 = 1000 ppm 2 % xanthophy!

DAY 1

DAY 2

DAY 3

DAY 4

DAY 5

<05
Figure 1. Egg yolk color accumulation when fed different levels of synthetic pigment
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Table 4. Effect of dietary synthetic color supplementation on egg yolk color in average laying ducks at the

age of 26 - 29 weeks

Experimental diet L* (brightness) a* (red) b* (yellowness)
T1 Control 48.96 + 0.89° -1.42 + 0.32° 16.42 + 0.83°
T2 Cantha150+Apo100 43.06 + 0.48° 12.71£0.72° 32.17 +1.05"
T3 Cantha150+Apo150 42.94 +0.78° 13.27 + 0.48™ 35.01 + 0.68°

T4 Cantha150+Xan1000

T5 Cantha250
T6 Cantha250+Apo150

P-Value
SEM

42.39 + 0.74™
4151 +0.79%
40.80 + 0.70°

<0.01

0.51

13.50 + 0.46°
15.40 + 0.61°
15.27 £ 0.23°

<0.01

1.09

31.85+ 1.47™
26.95 + 0.95°
30.54 + 1.00°

< 0.01

1.13

abed,

Means within a column with different superscript indicate significant differences with p < 0.05(Duncan’s test)

SEM = standard error of means, Cantha 150 = 150 ppm canthaxanthin, Cantha 250 = 250 ppm canthaxanthin, Apo 100 = 100

ppm apo-ester, Apo 150 =150 ppm apo-ester, Xan1000 = 1000 ppm 2 % xanthophyll

Table 5. Effects of dietary synthetic pigment supplementation on boiled egg yolk color

Boiled egg

Experimental diet

L* (brightness) a*(red) b* (yellowness)
T1 Control 85.09 + 0.60° 0.36 + 0.61° 14.60 + 1.10°
T2 Cantha150+Apo100 78.82 + 0.55 8.42 +0.34° 36.24 + 0.86"
T3 Cantha150+Apo150 78.99 + 0.58° 8.59 + 0.49° 40.86 + 1.35°
T4 Cantha150+Xan1000 78.17 + 0.59° 10.18 + 0.57° 36.61 + 1.02°
T5 Cantha250 79.99 + 0.33° 12.06 + 0.20° 27.97 +0.64°
T6 Cantha250+Apo150 78.52 + 0.34° 11.55 + 0.47° 36.89 + 1.37°
P-Value <0.01 <0.01 <0.01
SEM 0.45 0.73 1.64

**\Means within a column with different superscript indicate significant differences with p < 0.05(Duncan’s test)

SEM = standard error of means, Cantha 150 = 150 ppm canthaxanthin, Cantha 250 = 250 ppm canthaxanthin, Apo 100 = 100 ppm

apo-ester, Apo 150 =150 ppm apo-ester, Xan1000 = 1000 ppm 2 % xanthophyl
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Figure 2. The color of the boiled egg yolk on the supplementation of synthetic colorants in feed at different

levels

Table 6. Effect of dietary synthetic color supplement on egg yolk color intensity of Boiled salted egg yolks
and salted egg Yolk

Boiled Salted egg yolks Salted egg yolks
Experimental diet L* a* b* L* a* b*
(brightness) (red) (yellowness) (brightness (red) (yellowness)
T1 Control 55.56+6.50° -1.51+123" 11.44+213° 3292+278" 337+079  4.42+3.02

T2 Canthal50+Apo100  50.09 +5.86° 9.08+1.33° 30.16+378° 30.21+252" 9.09+0.90° 549+ 1.67
T3 Cantha150+Apo150  44.24 +4.40° 10.85+0.97° 25.01+9.62° 26.45+8.17° 8.69+1.07° 4.06%2.44
T4 Canthal50+Xan1000  40.09 + 1.50° 12.15+0.41° 22.75+2.93° 29.23+2.33" 0.4020.79" 4.36+2.24
T5 Cantha250 4099 +1.37° 13.04+045" 23.37+287" 29.65+1.07" 9.07+096°  2.09+2.01
T6 Cantha250+Apo150  42.20+2.89° 13.36 £0.74° 26.54 £3.56" 28.25+1.92° 10.32+0.63° 3.29 2.6
P-Value <0.01 <0.01 <0.01 0.21 <0.01 0.34

SEM 1.25 0.96 1.34 0.74 0.45 0.44

**Means within a column with different superscript indicate significant differences with p< 0.05(Duncan’s test)
SEM = standard error of means, Cantha 150 = 150 ppm canthaxanthin, Cantha 250 = 250 ppm canthaxanthin, Apo 100 =

100 ppm apo-ester, Apo 150 =150 ppm apo-ester, Xan1000 = 1000 ppm 2 % xanthophyll
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