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Effect of Fertilizer and Plant Age on Diosgenin Yield in
Costus speciosus

A @S Y wne FAnR ey

Pittaya Sreamsirt and Virgsak Cheemenochan

Abstract Costus speciosus is a high potential crop to produce an a source of diosgenin, a substance for
various medical used. Tmpoctimt informations for cultivation are howesver vuy‘]a.cking. In this experiment growth
hebitat of plant as well sa diosgenin eccumolatinn as affected by plant age, devolopmental stage and nytrition were
smdied. The resnlts revealed that Costos 15 a perennial plants with s constand 1 eyele of germination from rhizome
and dormancy every year. Plants mpnrndll:d very Telucnt to NPE-fertilizers applisd. However, growih and dry
weight of rhizome increased with plant age and were the highest in the third yeer, Diosgenm aceumuletion in
chizome was 0.19-0.45% at Oowering stage and decreaged o 0.05-0.10% ar dormancy. The weal yield of dioggenin
per enltivated aree remeined the highest ar flowering stage in the second year.
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Table 2 Monthly development of Costus speciosus growing in Chiang Mai

~ Plant development

Month Yepgetatve Reprodoctive
January Aerial porilons dried np -
February rmancy -
March Twrmancy -
April Aerial shoot germination, midde April -
May Aerlal shood with npen leavey -
June Azrial shood arrives lix highest polnt Flower hutls occur
July Aerlnl shont vemakns acllve Flawering and fruil st
Angt Aerial shoot remping aclive Fruit and seed development
Septernber Aerlal hont remains active Frudt yipening and dehisc
October Leal cofar tzrn yellow -
MNovember Leal turn hrawn end start dormancy -
Deceber Aerial poriions vrled up -

7-8 4-5

Tetad development perlod (months)

2, AnuaizAunISivnIINAnes

Ausinudanaaesdeudnlaisyia
] | L . o & o mr q’
AT 9 HﬂQﬂﬂﬁEﬂEUHT@lﬂﬂllﬂﬁﬁﬂﬂﬂ Y

Textore : Sand {%)
Slie (5%} !
Clay (%)
pht
Lime requirement {nmc-cﬂﬁﬁ
Ovgemle makter (%)
Mltrimeen {56
Phaspharmms (ppmeych,)
Paoeodom {ppinacech. )

Bd
249
20
540
17318
204
1102
AT.6O

153.27

autlgniduaninaumae 3 pH 540 i
Suriidngluszduihunan fie 2.04 % useg
fovthigruauypsal lromwzothibisdaavlofe
unzTrlimdey wssvndhunlamacsiild
mstlgnivsduedethaaieue
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2yl 3 9 9 @ewy duitrezfiswnonie
ADAE WdL 45 Hua (Table 3 LAT )

Table 8 Effect of fertilizer on cane height of
Costus at different apge

Cone height (o) ag ¥

Farifllzerz
1mth £ mth LA mih™ 20 wmh®

Mn {control) 0.5 1081 i023 1205
Cow monore (C)Y 444 2101 1066 1122
C+18 480 1i4.6 1102 130.0
415+ Urea 407 1131 1014 1i88

————

" Fach memy fram 25 plants LSO 005 within column = NS

¥ €= Cow manure Stai, 15 = 15-15-15  18-54 kg/mi,
Urea = 11-33 kafend

T4Cnne beight in Movember of the 2nd and 3nd yoar

respectivoly

Table 4 Cane number/plant of Cosfus as
affected by, different fertilizer used

Cane numberdplant at™

Feriillzers
imth 4 mth 22 mih
Mo {cantrok} 2 102 488
Cow manure {C) 8.7 B2 40.2
C4il a.2 1.0 108
C+15+Uren 2l 7.8 538

¥ G Cow toamre Strat, 15 = 15-15-15 18-54 kefeai,
Urea 11-33 kgfrai

YEach mesn frem 25 plmus, LT .05 withm column = NS

4 n
1. SnEwavesilarss wivhildonandn

AueaRsIfuBnERafiidonisnty
dula  silellsfllilvaadnitivddydo
nandanhanuazta disey 2 T(Table 5)
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Table 5 Effect of fertfilizers and develnpmental stage on fresh and dry weight of Costus

rhizome at 2 years of age

Flowering stape ¥ Darmancy atage

Ferillfms? Fresh wiipl Dry wt'pl  FreshiDry Fresh witpl  Dry wiipl  Freshifey

! fz) ] wh {p ig) wi
N {Contrnl) 4176 530.8 7.0 5180 a52.4 7.0
Cow mamare () 440 5005 TA 4520 f4m.8 7.7
C+b 4920 B5£.7 B B4H0 a12.9 74
C+15+1Trea 5180 5304 &7 8140 7245 8.5
mean 46438 6EB.1 - 0600 T8I -

"' O m Cowr roanure 5 grai, 15w 151515 36-36 kafmi Unren 11233 kaka
¥ finch mean From 25 plants, L0 005 within column = NS, wnit weight = gipl
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TH# 2 upzitnen 10049 1 2447.1 nidlu
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Table 8 Effoct of fertilizers and harvesting stage on dry waight of Costus rhizome”

Hervesting stage ]

Fertitizers ¥ Vear 1 Yenr 2 Year 8

Dormuncy Flowering  Doermancy Flowerlog  Dorttancy
No (Cantrel} 3838 408.0 B3A.0 D648 1,743.5
Cow manure (C) asr2 aaz.4 1,284, 1,085.4 27214
C+18 478.4 491.4 L028.2 L947.8 21472
C+L5+TIren 1398 489.8 1,049.4 A2Ed 21763
Harvesting stegr moan”™ RS 4130 1,088.2 1,087.8 2,4471

" Dry weght/plant (g}

T8 = Cow menure § thai, 15 = 15-15-15 18-54 kgfmi, Urea 11-33 kpleai

V15T 0,05 Fentilizer = NS, Harvesting stage = J72R

8. HaNBnoI InpoMmeTiy

yiniloR 1 hinanmaetrusuFade
misazemns Taeemaiuhan Pilasnnon
AR UINSTaIN T LTAINDDE 1IFAIIY
Tavluszozopnannasfiliuinianamatiu

0.19-0.45 % yas TuszezWndrezanaalszum
+ ar A » 1
3-5 tmAd  mresduitylduaaan Tiuds
| | =y Ll L] [ =] A
waRelTuts laspmsiusuiu Teeluiln
3 d5uaen? lasoesrotundinged Jatin iy
1 P o S | I
anamnnuidlfA 1 nazilne Falumasilused
szlimrazau lasemaiingd Indifuaiy

Table 7 Effect of fartilizers and hatrvesling stage an diesgenin content in Costus rhizome

Dinsgenin eanfert (% hy welght}™ at

Fertilizers” Yeor 1 Year & Yeor 3

Tharmancy Flowering  Dormancy Flowerlng ~ Doernaney
No {Control) 0.08 0.58 o0.07 L5 0.01
Cow matare {Ch 0.07 0.38 DAE 018 0.4
C415 0.14 .60 0,12 0.29 .04
C+16+Urea 1% 437 a.08 0.0% o.n7
Harveding stage mean &.19 DAL Q.08 019 0,06

¥ = Cow maonm 5 tfiai, 15 = 15-15-15  18-54 kgiei, Uren 11-33 kpfrai

 Mean from malytical values of 3 plastafireatment
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Table 8 Yield of diosgenin/rai when harvested at differeni stage of development

Months after | Tiry welght of Dinsgenin Hosgenine yleld/plant Trosgenin yleldiral
Haresticy rlage teansplent | rhizomeiplant (g} | contend (%) (e} (kg)
Bormancy, Y.l [ 498.5 019 040 9084
Firwering, ¥r 2 11 413.9 045 18.A3 &4, HY
Mormancy, Yi 2 17 I 1DE3.2% .08 085 2.072
Flowrering, Yr fl 2% 1094.8 0.1 b X H. 5192
Dermancy, ¥r 2 na 24473 006 122 3.045

Fiant sparing 60 cm = 2494 plants'rai .
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Effect of Paclobutrazol with Ethephon on Flowering
and Leaf Flushing of Lychee Cv. Hong Huay

Tawntchar Cﬂnﬂrakui’mbl'; Ryosuke ﬂgntam and Seranant .1‘:’m!rl':ﬂtﬂ'a.I!mmn'i'm”r

Absiract : In November-December, 1989, single spray of paclobutrazc] followed hy two ssquential sprays of
ethephom &t the concenimtion of SO0(IHI00), T50:(400:400) and 0005508} ppm. were applied on the half
mree plot of the B years oid l}r::ha: ey, Hong Huay, compared m the check on the othet half and the imtreated control
trees which wers not sprayed. The sxperiment was performed in the orchard at Mas Tang District, Chiang Mai,
Thailand, It was found that, all treatments did not affect percentage of flowering and leaf flusking, while there waa
no different and no corelation berween sprayside and non sproyside on the same lyches tee, In the meantime from
October-November 1989, single spray of paclobutrazal followed by single sprays of sthephon st the concentration
of S00:(300), 750:(400) and 1,000:(500) ppm. wers applied on whols ee plot of the & years old lychee cv. Hong
Huay, compared io (he unireated control. The expertrent was performed in the orchard at San Kum Pang District,
Chiang Mai, Thailand. It was found that, paclobutrazel : {ethephon} 1,000:(S00) ppm. reduced the percentage of
lcaf flushing about 10 percents compared to the ;:nueatcd contral, while ail chemical restmenin did not affect the

pereentape of finwering.

Index words | Peclobutrazol, Ethepnon, Flowering, Leaf Lushing, Lyches

INTRODUCTION (he required varicty iz essential for the profitable

yields, It is essential that lychees must be grown

Lychee s mainly grown in the northern in sites where conditions and management of the

part of Thailand, where the climate is classified ~ ©Top complimant with the trecs natural fruiting
asx seh-tropical, it i3 known o be less adaptahle cycle.  Since iychee is rather sensitive 1o the

than other crops. Selecting an svitable site for ~ £rowing conditions, so enly few places Jn

i Facalty of Agricalome, Chiang M Tniversity, Chiang Mzi 50200 THALLAND.
¥ Faculty of Agricalmre, Utaonomiya University, Utsupomiya 321, TAPAMN,
¥ Faculty of Agriculwme, Kasclrarl Universicy, Tianghkok 10907 THAILAND,
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Thailand are suitable far producing Iychee
commercially{Subhadrabandhu, 19%0). Even the
meat suitable location is selected for growing
lychee, the lack of profise and irregular flower-
ing is the major problem. This problem has been
attributed (o several fzctors, although ofien there
has been no obvions explanation{Menzel, 19830,

Improvment of genetic and new technique
of cultural practice including application of plant
growth repolators, are investigated bot the re-
Menzel and Simnpson {1990)
concluded that the main reason of low and

sults ame vanable.

irrepular cropping 15 excessive vegetative growth
in the 1-2 months before panicle formation and
They
tried to control cxecssive vegetative growth by

snbsequently poor flowering in spring.

the application of paclobuwtazel as foliar spray at
the eoncentration of 1,000-4,000 ppm. and soil
drench at 0.25-1.00 gm. ai.,(mE ‘ree ground cover.
They found that lychee trees increased in flow-
ering with paclebutrazol only when the growth
retardant inhibiled vegeiative prowth for -2
montha before panicle emergence.  There was
no improvement in flowering when paclobutrazol

merely delayed the vegetative flush.

However, ethephon was reporied to in-
crease lychee flowering in Thailand (Sub-
hadtabandhu, 1986} and in China (Huang and
Weng, 1978).

cthephon alone were reported to incroase flow-

Application of paclobitrazol or

cring in many freit tree, whereas some scientists
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Effect nf Paclobutrazol with Ethephm on Flowering and
Leaf Flushing of Lyciee Cr.Hong Huay

reportcd ta use paclobutrazol plus ethephon for
increasing flowering in pear (Jeumien, et al. ,
1986 b).

There are several experiments indicating
the use of more than one growth regulatar 10 be
better than when ¢ach was applied separately [or
the increase in the flowering of fruit crops. Such
as, the SADH and ethephon in combination conld
promote flowering in apple (Karaszewska, et al.,
1986; Sanzavini and Bonomo, 1%86; Bangerth,
et al., 1985),

The nbject of experiment reported hear was
to evaluate the effects of annoal paclobutrazol
and ethephon applied in comhbination treatments,
on flowering and vegetative flushing of lychee
¢v. Hong Huoay in the northen part of ;"_If'hai]and.

MATERIALS AND METHODS
First trial

The § years old lychee ev. Hong Huoay
were uscd as the half wee plot thalf wes = |
experimental onit) ir uncquai replication of
completely randomized design (10-12

replications}.

The combination of sinple spray of
paclobutrazol followed by 1wo seqeential s;rnrajrs
ol cthephon were tested,  The treatments an half

iree plot arz as follow :
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Treatment | - control

Treatment 2 - paciobutrazol @ ethephon - 500 ;

{300 : 300)

Treatment 3 - peelohutrazol ; ethephon - 750 :
(400 : 400}

Treatrnent 4 - paclobutrazol : ethephon - 1,000
(200 : 300)

Treatment 5 - chesk | (nnbeated on another
gide of treahment 2
Treatment & - check 2 {unireated on another
side af treatment 33
Treatment 7 - check 3 {untreated on another
side of rcatment 4)
Application date :
paclabutrazol - 15 Deccmber, 1989,
ethephen 1st spray - 25 November, 1989,
ethephon 2nd  spray - 22 December, 1939,

Location : Maz Tang district Chiang
Mai. Thailand.
Latitnde 19°15" North,
Second trial

The & years old lychee cv. Hong H;Ja}r
were used as the whole tree plot {one tree = 1
experimental wnit) in unequal replication of
completely ratdomize design (11-12 replications).

Single spray of paclobutrazel followed by
single spray of ethephen at the cancentration of

14

506 ¢ (300Y, 750 : (400) and 1,000 : (300) ppm.
were tested compared to the ontreated control.
paclobutrazol

- A0 October, 1089,

cthephon
- 15 Movember, 1985.

Application date

Location - San ¥um Peng district
Chiang Mpi, Thailand.

Latitzde 18 45 North.
RESULTS AND DISCUSSION
First trial

It was found ihat, ¢very reatment did oot
affec the percentage of flowering and leaf flush-
img, while there was no different and ne correla-
tinn bobween sprayside and non sparyside on the
same lychee tree.

Second trial

It was foumd that, peclobutrazol ; (cthephon)
= 100N = (300} ppm. reduced the percentage of
leaf flushing about 1§} percents compered to the
anirated contral {Table 1), while all chemical
treatmenls did not affeet the percemtage of
flormeering,
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Table 1 Percentage of leaf Nushing

Effect of Paclobutrazol with Ethepbon on Flowering and
Leaf Flushing of Lychee Cv. Hong Huny

Treatmens Dats transformed by J # 1 Raw da (%) _]
Comtrol 0w * 11.96
P B*= 500 ; (3007 ppm. 496 a 2%.60
P:E =750 : (4000 ppm. 4784 21.94
P:E o 1,000:(600) ppm. 1.57 b 1.46

* The mesns which fllowed by differan leners are siEnificantly different by LSD (P < 0,057

** P : E = Paclobatrazo! @ Bihephon

Tt was found that appicaloen of paclobu-
trazol and ethephon in both rials did net affect
Howering of [ychee ¢y, Hong Huay, but the
highest rate rednced leaf flushing in the sccond
trial, while in the first wial, there was very fow
leaf floshing in this onchard site, which seemed
to indicate that the chemical teatment could not
show the effect because of very low leaf flushing
percentage in this orchard. These might be
indicaled that, vegetative prowth at that period
was not strong and it was noticed that the
flowering percentage on untreated control tree
was very low {12-17%). This might be reasancd
that the chemical treatment could not increase
flowering of lychee, if the natural flowering
percentapge is toc low! Menzel and Simpson
{1990} also reported’ that the patential for
improved productivity is limited to orchards with
moderate hloom (40-G0%.
priblem is that growers can not predict the leve]

Then the main

of flowering of their trees in advance o detenmine
if the chemical would be applisd.
In the second wial, flowering percentage

16

ol the untreated controd was alzo very low  (11-
12%), the same 2% in the first inal, but the leaf
flushing percentage was high enongh that the
chemicais conld show their effcet. These results
suggesied that the chemicals combination of
paclobutrazol: (ethephon) concentration might be
higher than 1,000 : {500) ppm. for effeclive
reierdation of vegetative prowth, The ramge of
chesmicals concentration to be tested in further
experiment might be 1,000 - 5,000 ppm. , 12
sprays for paclobuirazol while 300-500 ppm. , 1-
2 sprays [or athephon, but it sccmed to be that
the date of appliction have o be investigated
more seriously.

Cytokinin is another group of plant growth
regulater, which should be considered 1o be used
in combination with paclobutrazoel and ethephan.

Chen (1990} reported that total cytekinin
content increased in the tylem sap at thirty days
before flower bud formation aad reaching =
maximum during flower turd formation and fufl
bloom. He concluded that (he high content of

cylokinin - like substances is correlatcd wath
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flower bud formation in Tyches as in mango
(Chen. 1987). and in Sirapis afba L. (Lejcone,
et al. , 1988},

Melanghlin and Greene (1984) reported that
an interaction between mbberlling and cytokining
was demonstated cleasly in their invesdgation
that, GA, reduced but BA increased flowering
of Gloden Diclicious apple, whereas Napier, of
al. (1986} reparted thai single application of BA,
applied during the flower induction phase,
increased flowering in Leucospermuom.

In the next expocriment, paclobulrazol,
athepkon and BA mighl be suggested 10 be used
tegether in combinalion for incressing the

flowaring of Iychee cv. Hong Huay.
CONCLUSION

1. The first trial

Every chemical treatment did not affect
percentage of flowering and leaf flushing, while
there was no differcnt and no correlation be-
baeen sprayside and non gprayside on the same
Iychee mee.

2. The second trial

The treatment, paclobuirazol : {ethephon)
1.000:{500) ppm. s2duced the percentage of learl
flushing about 10 pereents compared 1o the un-
treated control, while all chemical treatments did

not affect the percentage of flowering.
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Sesame Meal as Soybean Meal Substitute in Layer Diets

yewdan FaBasrga” aaz gyu AmFkand
Bosalom Cheva-fsaraiul” and Suchon Tongtaweewipat”

Absiract o Sceame mea) (SSM) which was used to subatitute soybean meal (SBM) in this study was from 3
sources, i.., 1) from & Jocal oil extraction plant, using mechanical process. 21 fram Myanmear {black meat). 3) from
Chino {white meal}, All of the meals hed comgiderably high protein confent, 70 - 90% af SBM. Methionine level of
the meal was twice higher (han SBM. The result from layer experimeont revealed that Incal S5M could be used m
pullets during 6 - 20 weeks of age at 5% of the dicts. Tt is not recomnmended to feed layers, Inported S3M of black
and white eolors conld be nsed at 8 - 12% of layer dicls which was equal o 75 - 100% SBM, rerpeciively, withont

atdverse cffect on agp performances,

unfinge - moaihn o Tlsfmsmumndamdeduens 18 dimdaisidad 2 unds
fio mniandamsTufedudhn inmatmhimnadnusiadniteg fumnasdmidmndalszma
Feiundannimlszmaminthntssnnmanda 841 nazntuiluldsnamudadun anane 3
ﬂivmmﬂ'l#“nﬂqmn"lmq'[mm'm"t:rqq ne11AD mlnnm'mmu 70 . 90% woamindunie
e WARTINSEN s ARz avean e unnmnuuaﬂmm'lﬂﬂuuqm{lu 2 mhueminduniieg
dei W ¥iduewm 16l wuh vineiiandaeshudeddy AR o Tusms lngusiaeny 6 - 20
Fim Tan iz W T uews1d 14 dumnantudslsuiaddnnsdr sunsalfldfdy s me
129% wlaviimmuimndamies 75 uaz 100% Awdy Taehim Idmssonmmsnaaldoras

Index words : am1idAd e IR1Y minet Auwied  Feedstuff, Layer dic, Serame mead, Snybean meal

awiniramead auznueTmted ammdedn g 0200
Diepartrsent af Antmal Scieves, Facolty of Agrcoitoro. Thinsp Mai Univentiy, Chiang Mai 50000, THAIL AMD.
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1). mTEmraviiandaeduiisadu

gruutEyAny {2535 A1) 1‘Eﬂ1ﬂ~1'1‘]mﬁﬂ
nRavinTrat e IAdEn ﬂf-:frﬂnmuuuuu
T naue sadnslml 1hhidsalnfummis
Wuifindateny 6 el drnu 400 @
uvheonidlu 4 ngu fieliesngyFuenns
A usamnimndluemnsiiszdu o, 5, 10
oz 15% pefinaenszaznsnaasy niedfivy
i lumifimadundoaszdu o, 26, 63 nie
100% LA=s=AY 0, 40, 80 W58 100% Tuams

guszeeil 1 eln 6 - 12 Flpd) uazazesh
1 ¥ & T_ .|
2 (5gln 13 - 20 dle) Aamanguid
TilsAuszdu 15 naz 13% heldqu 1 uaylagu
2 MUAIW ﬂi“rn;]'i".ﬁ'i'rni'ﬂﬁ"mm'lfim'lﬁm'i"r
3
ﬂqnﬂ‘:mjuﬂmﬂﬂuuﬁmm punAL TR
minarhuems a3 14iszdu 59 'I.Hmﬁuﬂm
Tismanguarugy 'Imrmmﬁm-umuwun
#ofl Sadadd e ¥onns Tagu 1 dnbitn
ieldeny 12 dianh ndimBnaennsiiu
Tusausnosda ldedufnm asehufusg
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Tommala{u 2 smsifusAadesIn
Fefinaldnnuanysaliufueldainaas
ms Wéhnona/ uﬂ*’nnﬂﬂ'ﬂuﬂmmnwmﬂd
i 1R3vemsHinneeenadie (Teble 1)

Tahle 1 Body weight change, feed intake and ape at 5% epg production of pullets fed diets

containing various levels of sesame meal (SSM) during growing peried from @ - 20

weeks (¥4 LAZYYAON, 2535, N)

S5M in dlet (%) 0 1 1a 1)
Bodyweight (kg

Initial welght .48 048 0.45 0458

Final weight 147 156 1.28* 1.00¢

Wuight galn 128" L3y [ 035
Feed intake tp/day)

8 - 12 weekn 515" 515" 5O.4" 45,0

18 - 20 weeks 867 g4d.3™ SRO" 30.0°

& - 20 weeks a1.9" - se.s* BE6.a* 47.0°
FCR 408" s1o™ 284" B.62"
Unifermity (%)Y 815" TLA™ a0.0" 514"
Agr at 5% egp prod. (fa¥s) 135" 144" 5™ los*
Moriclity (%) 3.0 2.0 2.0 8.0

** Yalmes within 8 colrmn with o commen Enperseripts am signifennily different (F < 0.05)

" &, of birds wiikin + (0% of the mean bady weigh,
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Sumnailuemisiafisedu 12 uae 169 Iia
dovapdnan Sadpanlfnurunisnaass

Epg producHen ie
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P mnsmamumnEmiathismanly

dunsaduifennsmngui hifims Hmna
unat 1 919 28 $u) udSandua e
naapsRinnn usssmandunadn 1 51
afufu'hlisui] dudsamsneaesd 5 Hudu
19 muAugammanes 1Ji1ng'h°lu1hqﬁﬁﬂ1s
‘Iﬁ'n1H1imuﬂuun'ln"lunqumﬂﬂ‘lﬁ'iun"mn
H'Tﬂﬂu Hl.l'i'iflﬂ'lﬂﬂ'ﬁ'ﬂﬂﬁ11ﬁ]uﬂﬁ" II-'HI-HH
ﬂﬁﬂ]l']rlﬁﬂ'lﬂ'l'f“ﬁﬂﬂﬂ“ﬂﬂ1ﬂ'ﬂﬂ‘uﬁﬂ ﬂ'ﬁﬂﬂﬂ
"edannadn ey il dueadt Fig 1
nsfinanaaivannei sissilumaiteantn
Tafuemis laasad mmﬂu‘lmﬁauﬁmmq
udyhswaunil¥man dhewnslidlouss
'lﬂq'uﬂma'l‘sﬂﬁmi"l*umﬂawuﬂﬂnnmﬂu
asall Tuilnadesenunim’y (Table 2)

w—4  Group 1 : Contral diet

& | | ) ¥ 3 ¥
perind [A)

Group 2 : 55M substitution for SBM at 75% in P, - P, , P, and P, and fad with contral

diet {G;} in Py, P, and Py

Group 3 : S8M substitution for 3BM at 100% in the period as same as Group 2.

Fig. 1 Egp prodaction of laying hens fed diets containing various levels of tocal SSM,
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Table 2 Production performance of laying hens fed diets containing various levels of local

sesame meal (7157, 2534)

Levels of sesame meal {53
In diet 0 1z" TH
Substituting for SEM 0 i 100
Egg production (%) 758" 5A.0* 40.8°
Feed intake (piday} ™ to48" 100.2°
FCR (kg Feed/daz. egps) 1.7¢" z.21" 281"
Hody weight gain {g) Zad" 220 262~
Mariality (%) o 4.2 4%
Egg quality
Egg weight (g) 821 ng.e 817
Specific pravily 1085 1.080 1.08%9
Haugh unle a0,n o200 £1.0
Egg shell ihickness from) D.348 0.348 0.348

™ Moams writhin 2 columm with 1o commpn quperacripis are stgniftcantly different (P < 0.05)
v Fel in perlod (T) 1 - 4, Py and Py, and 2 with 0% S50 contol diet in Py, Py and T,

2). M3 nawiananiuessunSaumay
DUMROIYHMTIN

FrULDZYLHON (2535 1) MnaTiia
mdmoauns sudodlny  Aurdaiudien
Uszmeminuusdedd Samnaiareria
ATusiu oy ueziBelo oiru 357 vs 36.3,
24.7 vs 0.1 U@ 12.1 vs R8% air dry basis,
andd T ugms o s 10 I iasdy 4,
8 18z 12% nIoniiumuiinndannaszdn
25, 50 UAY 75% l.‘a"m‘lﬁ'lﬂiﬂ'ufﬁ'uuﬁ'ﬂﬁﬂ"lq
36 dlan (1 1855 80% vare) S1uam
336 # wileenTasguily 7 ngu Taofl 6
nguldTuamsAinnarianialudasdy
wiowdaiudifisedudn 9 fu douBnngu
Tafusmisarugu waanailunas 252 fu

22

Uringi wasdnlvsoanduiildzunnnie
T i Tugsnnnguatuny daundui s
wilandnlukeedu Tdnandalidesniiode
Stedauilefivuiunguaivny 22 - 71.4
vs 75.6% muidy) adnlsfa ldwuany
upnea disidoussadnnsldnnadeiu
ancungufi lnnamiiafeduluseRugage
firussanmpandndponiingudu q dn
fwwﬁﬂ‘himﬁmlmnﬂﬂfju‘iﬁﬁﬂﬂmmmiuﬁ'u
Fmiunisdnaaduumanda v liefieson
pinemietwdss Tashiruainrnimaiism
il 60% wqmpf‘;"}mﬁm (5.50 vs 9.00 U
am drunemindsimaniosmaiaialy
UsngidunumtennTzgnaaie Mg
ua i Iduqumantnlinaas lsavinms
Wi 101 &uandn ldasnnguaugu
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pwnsh [fidensnae lgeiumuszdumasu
1y A
g1H1s annalsimy Wefernusnzny

mTEmnamenumndunisstusmsintd

ppnwiiadidt wudi Sduqumisedaligs
atmgumumuimios (381 - 892 vs 870
/-1 Tva, Table 3)

Table 8 Production performance and feed cost of faying hens fed diets nuntam:ng various
levels of sesame meal (SSM) for 262 days (qYuLDEYRADY, 2535, %)

Cronbrod Local 550 Imponicd 55M
Tn det 4 g 12 4 ] 12
Substirtion. for SEM 25 50 75 25 50 75
Epg prodnction (%) 757 1A T Y Y 126
uh b uh h wh w L]
Focd intke (miday) 1125 ™ 1ms™ wed”  1a0™ 127" 5158
1 wh U r wh wyh L]
FCR (kg feedfdoz. 6gas) .40 1.87 ' a1 s L 1.9
Body weight gain (g) a5 26" e wr ot 288"
Egg welght {2} 643 65.4 s48 643 64% 657 5.2
Faad cont
Pahikg foed” 481 477 AT A 477 an 464
Bahttdor. cgs .70 £.02 900  DR4  B92  RA 8.9

nhe Values within a colomn with no eommean awperserips are significanly different (P < 0.05)

" Mocmlity rate 4 - 8%

¥ Price of ingredient {Bfkp) * Yellow com 3,00, rice bram .50, 580 5,50, 5BM 2.00, fish vieal 14.00, dicalciom
phosphate: 1200, nyster shell 1.50, DL-Methinning 100, L-Lysve 100, sall 2,00 and premiz 64,

8). T l¥nmnadiatind

qrunazyydow (2536) ‘Immnawuﬁ
nidafuniidhnnlssmitu Sudigunmd
ﬂ'}'lﬂ"lf'l4'I'lf“ﬂlﬂﬂﬁﬁ'ﬂ"lﬂu"Il.ﬂl'l'i'rlﬂi'ﬂﬂl.ﬂﬂ'lulﬂl'.l
T o o o A T
pAvAeal Tsfu Tudu uastiolomiifu 449,
1.6 8% 7.3% air dry basis @1ua1AY

1 hhidesn iugFuundafinw 32 dlani

ldlszune 85% veade) $1mom 240 A2
wiseondiu 4 ngu nquaz 5 1 ma’lmmm
rdu o manriandadumiigns
pIMIIIEA O, 6, 0 LAY 12% wFanhiuumud
mndamBewszdu 0, 50, 75 Az 100% Andd
naneaiinaat 224 Ju Shinagihiivadods

mﬁ"ﬂmwmsﬂmmﬁﬂﬁﬂﬁmﬁmrmifuauu
iy uﬁmmma“l%’ﬂ1ﬂﬂnmmuﬁ1nmmamm
yuands ﬂumﬂim'uﬁquﬂnﬁmjﬂ'luumﬂ%mnn
Tuamia (13.3 vs 1.7% ) Rl a unauen
smuanisolunminmafouvSoeeradaly
152 Tont18idled ersnensrianuaznsn
TAnagiaudie iwwReIfunsfiveaniu
g umsuaze e veulion ldvsdngu
#lgFumnaTzdugy 02% Tugasorns &
vurTiudesndingudy q #lufinslénde
Wanalusedudr Taaszdanany18ludaa 6
IADUNTPUBIMTRNYT  uBzlssRpUTLNTS
Fawrnfafiiunmdelsuunssiy orndswa

° [ (- i ) J -; ] I
Il lnfaemanseunievinieiu a4
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‘i1.]l.lﬂﬁl‘h‘ﬂuﬂiﬂﬂﬂﬂﬂﬂﬁﬂuﬂﬂﬂﬂﬂﬂﬁ
wgneninafinnBoudoufunansdve
voarhdu 181l sziifasinmismonacs
spuz § (RO 0gizv i 6-8% szitulihénn
mamevoaniliiundgunsuguiidSnadnnn
Tuvngirguit ¥mnnsvdugaiifuugand
danalfifenuuandalunedd wams
Amndaiivaudafunsaumsanm fu “
fdvhns Wnnatifnaidodesasimsne
{Baghel and thkf: 1987 ; Bell et al,,1990 ;

qmuuﬁ"umﬁuu 2535 A, W) =‘i"w1n:rmam
mmwuamﬂnwmunq"!mnmmﬂnnm’lﬂz'hu
HAAMATATN N alninTmdy aadag

%12 Haugh unit mwuwmn}_ﬁnn‘lﬁ #ivuaq
wazdm m'hiﬂmmﬁiin gasvindrines
wilinaoaszuznisnaanslina Tinanmafu
diofinyandedunumemish ¥ miums
pan’ly Taudwualdmnawidsmilaniy
ax 7.00 U™ Tuvszfimndamesiism 9.00
v/ flandu Usingd mslinnniisaity
TN u i W dmsmswEa ke
nguilfuas Bildmnaluenmsduiu (.83
R.24 vz 8.11 W/l 1 Tva, ewddu)
yatitaemamsidmanlifinein s fniom
msens demandaly 1 Tua) Adund
whulddaion Aruuandasdununtands 1y
Fafhisnn (Tabte 4)

Tahle 4 Effect of feeding laving hens with imported sesame meal (SSM, cv. white seeds) dieis
on prodaction performance and feed cost during 224 days ({[3U unwmﬁ'ﬂu, 2537y

Level of S8M (%)
In dlet o 8 -8 12

Substifution for SBM 0 50 78 100
Fi: yroduaction (%) A 78.5 70,2 78.7
Feed Intake (g/day) 1047 108.8 108.4 108.7
FCR (dk feedidon eggs) 170 139 108 L78
Body weight gain (g} 145 178 167 108
Mortality (%] 17 50" 07" Bz
Egg iquality

Eqg weight (g) 62.8 62,9 81,7 018

Specific gravity 1.058 1,088 L087 1,088

Hargh unit 85.8 5.2 55,2 86.0

Fgg shell thickness {mm) 0.30% 0.96H a8n 0.965

Egz yofk color {score) L& L8 1.8 1.8

Second quallty eggs (5) 0.24 0.95 0,25 6.85
Feed cost

Bahtikg feed” 477 470 4.0 4.88

Baht/doz. eppy 811 T4 758 A.24

ab

Means within & coloma with no commm seperscripis are sigeificamly different (P < 0115)

" Tncluding cracked, soft shell and broken egis.
a

Prive of ingreadicor (Dukg) : Yellow omn 3,10, riee bran 2,50, soybean meal 200 fish meal 14,00, oymier shell 150,
DL Meathionine 100,00, L-Eysine 7500, sall 2.00 Premix £ nnd 55M ov. white zeeds 7.00

R
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Sesame Meal as Soybean Meal Substitute

in Broiler Diets

gn B3 narywden Sazbasrge
Snchon Tangtaweewipat' and Boonlom Cheva-tearakul”

Abstract : sesame is an importsnt oil sesd plant of Iropical and subiropical areas. Tt thrives well in many ol
types, tut not in walker logged g0il. Stnce it is well tolerated o dranghi. thus being Auitable to plant during dey
period. Sesame meel, a hy-product of 0if extraction, has high nutritive valuc. The local hydrolic processed scsame
meal contains nutrients on DM basis :- 20.6% CP, 14.5% BR and 100 % CF exd 3.0 keal/g. This kind of sesame
meal is not recommended ta wae 23 brofler feed. White sesame meal, from solvent extrection process is imported
from China. Tt consains higher nutritive value than the local sesame meal and conld substitute 50% of 3BM, which
was equal to 11 - 16% of broiler mation, withow adverse effects on animal performances. '
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vunuuiudalddnenas fammefestgnlndiuds nannoelnantadaduiuie nna
fnasmatnnnngs ndnfie massiandaeduiodu 385 onaiaiTudeiion TTikdu T
Bolo uazwieany1$iss Towiniiy 20.6, 345, 100% DM basis uoe 3.0 ATonreeimiuiaquis Ay
mnawilaf i e nnrlsde dunmastinudedviildnnmsadmivudomend
Fuivdemizzmaiu dgasmaTrnmstabronmsilasds hated ransoldmudiond mieshemr
Tonilo1RAszau som Wi lugasemsssdy 12 - 16% Tao i W russammmsnindoons

Index words | 0MEdRS ennslfe MG MNAAMEEs  Feedsmff, Broiler diets, Sesame meal,

Soyhesn meai

Y arwrivfaaond AnsmuRrneed sMTinedeResTay afeathni 50200
”Dupmnmlr of Animni Science, Faculty of Agteulture, Cuimmg Mal University, Chiang #Mai 50200, THAILAND,
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filsnarSaviiareamaaii i nwiuas
féhaBaTas NRC (1984 ; 1.23% vs 2.58 {lAg
2,.97% of CP @M ¥L) &3 Canale et al. (1975)
nshmstes Bvealafinlunnaniifiss 67%
fnrinTu Mustard oilcake a2 Linseed (Hossain
and Tauncey, 1989) dunistioeldusania
peiiTuritadu fifinaindifiosdu Aonde
81% (alif1 True amino acid availability valoe
35% Fefohdifnadofonfuiied Whii
#ruiu Tsemadamdssdaniity 92% nd

mriEmnemamamedamindemnsldil

Fuaruumas TsAunndwifua (94% , Yame-
zaki and Kamata, 1986) o4 sA@mnanozi
w15 o8l (Methionine) azmiBiiu (Argin-
ing) 4 [Ensmmger and Qlentine, 1978}
Tasshnansnniamsaiieunaaniy dunse
priiTuriiagn q SSinadndifiestu oy
mnniaRsainssu T mnie lAv eriiaR s
ﬂ':"m%'uuqqmu'lﬂ 1 mﬂqwunnnm’lﬂu
Fositu qiga® | suuaRa, Table 1) M3
Fnyusamunygdou 2535 Bakhmnn
fintaozii luduiudninlndinn Hudy

Table 1 Chemical composition (% DM BASIS) of sesamc meal (SSM)

Local SSM* buporied SSM Refernen (NRC, 1984}
A A ; Biack® White® SaM SEM
| A B

M 038 58 | 020 042 2.5 3.0 80.0
cr a1 205 l a9x 493 44.8 473 in.4
EE 288 ETH 0.0 1.8 70 . 53 0.9
CF 12.9 420 9.8 A0 LX) 10.4 BS
NFE 127 " 27.% ©7.3 . . asy
Ash L0 - 1.8 157 . - 0.5
ME [kealfg VM) 3,00 - 2.38 251
Ezgenttal aming acids (% of CP
Lyx 1.2% - G 2,687 g.48
Met 2,82 - B7a . 2.74 148
Cyn 0.84 . 2,10 - 1.84 iks
T 14 . 3.37 . 3.76 431
Trp - - - - 1.88 1.43
Tle 2.85 . 304 - 4.54 545
Len 5.8 - .30 .00 4,02
Phe 345 . 227 .07 k.14
Tyr - - - 4.li6 2.8
Vat 371 - 410 - 550 sag

- Dam not nyailsbi=,

¥ Produced by 2 small plant in Chisng Mai, (w1 uneyeydoy. 2535 uas 2537
¥ Inported foom Myaomer, extracied using a hydrofic press, (T4 (azymAey, 2535)
¥ Inuportect from China, suivent extracted. (w0 Mevsygufon. 2536 e 2557
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Tmitdadnveninay Tlsiuoadyldoana

dmiunrsEnneniemisiaiislu
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2531) émaneumidenidilelnideiegme
a fudronrs innaiiaia Tusdu ey
naz@els Al 33.7, 16,3 1105 8.2% AIMRD
uun'lﬁﬁuﬁ'm 7 Anudiuam 2 Tu #Henn
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Usingd dlelAfewuinndy 28 u wsoy
asamserman Betafudl Teonsdives
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pimmdennaliua ldnansadnin (Table 2)

Table 2 Apparent digestibility of nutrients and metabolizable energy (ME) of SSM in broiler

ADMUTOONRERME, 2531)

Age of hirds DigealibTity (%) ME
{dags) DM CP EE NFE (kcalig)
14 420" 400" es.58" 536" 241"
28 1.6 az1™ 78" 602" 254"
iz LY azs" 70.0° A" 248"
58 802" 448" 75.8° 801" a ko
X .8 43,1 740 604 2,51

™ Valuey within 2 colutn with no commen sopetkeripts are Algnificantly dHferent (P < B05).
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Table 3 Composition and nutrient contents of broiler diets during day 8-21 {1-3 weeks) of age.

(¥4 Mazyeydon, 2537)
Conirn) Lacat SSM(%) Tmported SSM(%)
In dist . 18 uy a6 11 19 21
Substitute SBAM - 50 75 100 50 3 100
Tngredients
SSM” - 1778 20,86  S6.00 1056 1588 B4l
Saybean mesl, SBM (44% CP) 2000 1600  5.00 - 1000 500 .
Yeollrw corm 8054 52,04 48.68 4448 apiz 053 1K )]
L-Lynine | . 018 026 041 08 023 085
Others 1018 1818  Bae 1818 lede 1816 16468
Total 100.00 100,00 100.00 100.00 10000 100.00 100.00
Calculated chemical compostion, (% as Ted Baxis)
Crode protein 2100  ZIO0  2L4D 2100 2100 T1H0 2100
ME (keal/kg) 3000 5020 5090  SD40 2890 2000 2080
Etber extract 3.97 944 1235 1500 455 485 GG
Crode flber .61 5.29 B84  GA® 514 G649 BIB
Calciom 134 téd 1as 180 132 142 151
* Avai. phosphor 052 057 038 QSR DEG 058 057
Lysine 180 120 120 126 120 180 180
Methbanime 0.50 068 D84 080 066 080 008

" Local and iraparted SSM contined 282 and 41.4% CP, 32.9 and 6.5% EE. and 9.5 and 12,65 CF, rspectivaly,
N .
it cach grviip contained (i %} : e bran 7, fish menl 11, oyster shell 0.6, DE-methionine 0.06, salt 0.25 and pramdx (.25
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Table 4 Composition and nutrient contents of broiler diets during day 22 - 42 (3-8 weeks) of
age. (J¥M URZYQARY, 2587)

Controt Local S5M{ %} Fmported SEM{(%)
n diet . 16 24 8 10 18 19
Substitute SEM . 50 78 100 50 6 100

Ingredienta
ssm” , . 1650 2446 8282 008 1462 1045
Snybean meal, SRM (44% CP) 17.54 BAZ  4AB - 595 444 .
Yellow comn 8508 57348 5368 408 940F 6371 8593
LLyslne - 020 030 040 014 081 027
Otbers™ 1710 1710 940 170 1710 1710 1710

Total 100,00 100.00 100,00 I00.00 100.00 100.00 100.00

Calmalabe] chembcnl compostion, {% as fod basks)

Crude protels 1000 19,00 1600 19.00 1600 000  19.00
ME (kealfhg) 3040  BUSG 8055  HOS0  S0Z0 3020  ADLO
Ether exfruct 102 904  ILSS 1408 455 483 8508
Crude fiber 4.85 5.28 580  &9Z 5018 548 673
Calclum 8.80 120 185 150 ° 107 038 D.24
Avai. phosphorus 0.40 DA6 D47 048 DAS D44 04D
Lyxine LOO 1.00 LG 100 LoD 100 100
Methimins 058 648 050 D54 Mdd D47 0.48
" Sex: Tabic 3

X
In each graop contalned (in %) : rice bran B, fish meal B, oyster shell 0.5, aall §.2% and premix 025,
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Table 5 Composition and nuirient contents of broiler diets doring day 43 - 48 (6-7 weeks)
of age. (q¥W tiazywhnl, 2537)

Coatrni Lacal SSM(%) Tanpurted SSM(%)
In diet . 19 8 . 95 7 1 15
Substitate SEM . 50 5 106 50 75 too
Ingredicnts
S5M" . 1230 1845 2480 780 1085 1400
Soybenn noeal, SKM (4% CP) 1540  8Y3  A86 . 878 638 .
Yellow corn T0.44  B472  GLBE  5EOR  ERIT  6D4%  60.09
L-Lysine ' . 0165 0%% 031  0DJ0 016 G2
Others 1818 1610 1010  J8I0 1610 1610 1610
Total 10000 100.00 10000 10000 100.00 10000 100.00

Calcnlaled chemical enmpostion, {% a5 fed basls}

Crude protein 1700 1700 1760 1100 1700 1700  17.00

ME fkeal/kg) $006 8100  $106 9110 SOROD 3075 BOTD

Ether extract 430 7980  OMIR 1188 450 470 48D

Crurfe fiber 480 198 B22 815 491 511 531

Calclum 0.51 1.04 11k L27 084 100 L7

Aval, phosphorus 0,37 040 042 643 088 030 040

Lysine 0.85 OB5 0BG OBF 085 D85 DAS

Meihionize 034 040 043 045 O3B D40 D42

" See Tubie 3

Y
In cach proop conlained {in %) @ ror bran A, fisk meat 7, oyer shell 0.6, salf 0,25 and premix .25,
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Table 8 Production performance of 7 week-old broilers fed diets containing either Kind of

SSM (74 uazynydew, 2537)

Feed cistl!

SSM substihuflan Body welght Fead intake PCR Mortality
fer SHM (%) gain (kg) {kg) {(Re) (kg vt guin)
0 184" £19" 208" 17 14.45
Local S5M
50 Lan" s.8." 2,28 5.8 14328
03 152° 3.00" 227" 17 14.70
106 11’ z.80° 258" 58" 16.89
Imaported 550
50 La1” 410" 251" pa™ 14.51
6 176" Py Vianl BA0 50" 1419
100 185" 80" 297" za" 14.38
5% Ser Table 2

I

Prca of ingredientz (Brkg) : commerdal hmiler dict 7340, yellow corn 3.90, s bran 5.20, Tocal 55M 5,50, mponsd S8M

G40, SBM 10.20, fish meal 1500, oyaier shell 150, DL-Melhonimne: 1D, L-Lysine 70, sakt 200 and pretni 160,00

r?wi'unamaﬁmqmmnwm’lﬂq‘mh
Tinanesitew 7 Fand  udadniminann
# lildauvesn Siznotus weddhadainnin
ﬁ}maz'i1|ﬁ:.|'luaiﬂ~aﬁﬂ~1ﬂ'mgﬂuﬂu%’ﬂﬂﬁwm
dimindadeiFanomaoinearmidalu
Table 7 1J570g 51 Iwiu luveakosfiuSinautiy
Tudeduszaumsl¥nmnluenns Taems
Wninawiiandalntodiuiinsdthannnh
'ﬂﬁﬁ:lhn’l'“l Iﬂumﬂ"lzmﬂ'ﬁ'ﬁ'i:ﬁ'uﬁq amud
mntedosmarug) e lniuluseatos
qqn'hnq'unﬁumﬁn1Laﬂ1qﬂﬁ'mhﬁ'm {421 vs
3.09% @Dy Weil i izomis
andafiluiuluszdugs (Table 3-5) lwiiu
#asuiiegniylidifonsinSgdiuTaves
F1my usiaainUFue Ty lusnnign
viulfrhduyagasluiuludiimdedsgn
ez TR luglune Ty usiosfosiudm
YBHUBINITAN 9 MNT19N (Kubena et al,
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Tukeadumn dei W dnaulugasonns
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(05-1.t%) Tuiuiters i tuvesweada hidion
niufFendfiay TasMnavaulafrrsanves
Bell et al. (1990} 4az Heo cf al. (1990) fié1e
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nuimpfidvdsinualiandain  dw
J1Hﬁ’ﬂﬁ’ﬂﬁuuﬂﬁuf;ﬁmﬂﬂl‘ﬁmnqﬂumﬂﬁ
Tunsd@iFeannai linuhivadegmomann

dmFunamadudasimsaoanbazeo:
msnease (7 sy Mlsingilidmou



FHUISINEAT 11{1) 27 - 3R {E534)

»

AOUYT (2 - 12%) ¥iM fnauleasnan
Al aluveaniniglugianeses 1
pnHITA Tusananafu uasfouunnly
1 1 d r 4 1 [
$13t ¥ laimedmlugifunindala
- o 4 - . LT
davzoiu 18vmagualFrufiovill idusa

hT) r ] J
F1nglann fndediFudmommninguiu q
E 1 - of L
'Iwmgﬂmﬂ‘lﬂml.ﬂﬂnnummﬂgqmﬂuﬂu
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"Table 7 Dressing percentage and welght of liver and abdominal fat of 7 week-~old broflers
fed diets containing either kind of SSM (7Y uaw:uﬁau, 253N

ESM shatibuilon Diressing Liver Faillf
for SBM (%) Percentage % Body weight
o 71" a3’ 9.08"
Locat S9M
50 7a.4" .95 8.60"
™ 787 2.89" aaa"
100 77.8° 2.09 401"
Imported S5M
50 77.6" 338" z.80"
76 T0.8" 230" so7
100 74,7 820" - a7
ave, value of male 70.91:0.75 2.08:0.25 8874045
ave. value of female TLTE+1.18 8.05-40.99 5.5540.80

Bae Tahle 2
" Abdominal plus viecoral fat

smsinnRend” dednnadumu
minde TasRasauemsduyuniannsesg
@1 munpnadoAdevisfuluieinais
mrnyiiandaludosduuazyiiadudrism
fTanfuas 550 uax 6.40 vm luvasfion
FimAeaiing 1020 wnAlandy dsngh
emmnaudnaigrasmms MEmnpnluenns
uelaiginarin Iiaequmanaaiie iameaie 14
mndvyiianan luesthrsdugs Matitpenn
HaveanInNEdaGIna 11 I 16 T Tauasil

dszdnEnmnldernnaina  daunine
ritmiud fduyumsnanlusigvinngy
WSsuifivundez 18RRI miTndnTavasths
[Bnsien (Table 6)
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o dhfnihdufdwaueaundounas
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nafeudl Su Bude wiy thuvafaing
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100 Seed Counter Designed for Mungbean
{Vigna radiata (L.) Wilczek) and for Soybean
(Glycine max (L.} Merr.)

wr r A
ginyd vipvge

K

Surat Nuglor

Abstract ! Sced weight war msported as the weight per 1,000 secds of working sampls. Procedure for 1,000
seed's welght determination starting from counting, eight replicates, cack of 100 seeds followed by weighing and
recording each replicates in grams, caleulale the avernge weight of 1,000 seeds and multiplied by 1D, Foliowing this
procedure, seed technologist should concentrate on the seed sample and counting 100 seeds by hand which take
timaes and causing more eaim due to longer practives Hy 100 sced coanter designed for mungbean and for
royhean make the procedure of 100 seed determination cavy sd saving times, Determination of 100 seed weight by
thie counter required an average of 10.5 and 23.4 seconds compared to 45 and 4.7 seconds by hand cl.:mnting for
mangbean and soybean, respectively.
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Table 1 Times used for 100 seed welght determination of mungbhean and soybean by han

connting and seed connter

Time igeconds)
Mmmghean Soybean

Replicatlon Hard comniing Seand couater Huand counting Sppil counter

1 45 14 40 30

2. 18 10 12 90

A, 5 10 i 20

" Y 11 45 20

B. 40 8 a7 20

s i 13 4B 25

7 46 10 4D 15

& 45 B 47 17
Average 1S 0.5 437 29.4

ONE10 1989 3 wafinuel seneiye, 2527, umlfiRnTTog

1. ISTA, 1976, International Ruoles fior Seed Teshing.
Seed Sei. and Technot. 4: 1-177.

2. ISTA, 1985, Internationol Rules for Sesd Terting
1985, Seed Sei, and Technol, 13£2):342-343,
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Towel Paper Dispenser Designed for Germination Test
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Absiract  Berween paper (B.P.) is ane method for seed permination test which nceds three picces, with the same
I -

lzngih, of paper substrata to meke a roll or one replication. Diffieulty found during preparation of paper substratum
is & manual rending of paper from n roll of tawe] paper that take times and get only one piece of paper. Towel paper
dispenser could be a great help for sesd technalogist in germination test. It's casy [0 build with low cnsts, saving

times and three picees of paper subsirata will reecive,
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Fig. 2 A picture of the finished towel paper dispenser.
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Nham Product Development Using Mixed Bacterial
Starter Cultures
5. Effect of Sodium Nitrate and

Sodium Nitrite on Nham Production

Twivor 350003 I/ dnvan qoneTnammd V' oz esewad thoad /
Pairote Wiriyscharec'/, Lakkara Rujasakrsicarnl and Onanong Sumang!/

ABSTRACT  The usc of different level of sodium mirate and sodium  nitrile for Mham produgtion with
mixed bacterial slarter cultures was investigated. In fact that 500 ppm and 200 ppn of sodium nitrate were ased
in Nbhem formmlation and 200 ppm and 100 ppm of sodium nitrite were aleo stodied. Tt was found that the Nham
formulation which was composed of 500 ppm of NaNCy and 200 ppm of NaNOg was the best formolation for
scceptability and the rate of red pink colowr development wa3 glsa better and mare quickly than the others. The
mean  ideal ratio score of overall seceptability of the b;st one was (.99+0.05. Addifonally, during 48 howrs

¥ mazguenmnTneay  wImntudeaind Fnated sez,
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of Nham fermentation, there was a marked decline i the proportian of pH which was 4.05-4.13 at the end of
fermentation. On the other hand, there was a ragid increase m mtal acidity during that periad. The acid development
wag 1.018-1.047% at the last poriod of Nhatn fermentabon. As a result of this, residoel niirfle had also been
changing and there was a very small amonnt of residual nitrite after 48 hours of fermentation (21.66-24.88 ppm).
On this basis, it may be concluded that some vesidwal mirite was reduced and then reacted with myoglobin

in meat for Nham colow  developmsni
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Table 1 2% Factorisl design and 2 center-
points with sodium nitrate and
sodium nitrite as main Factors at 3
different levels.
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Table 2 Ingredients and quantity for Nham
production made with mixed bac-
terial starter cultores (NaNOg and
NaNOg as the main stadied fac-

tors).
Ingredlents Onantity
Meat system:
Ciroumd dean perk {%) a0
Slieed perk im (%) 40
Curring npeats! % of mneat Lystem
Snditem chioride (NaCE 3
Sodlum nitrate (NANOg) 0.02-0.05

(200-500 ppm)

Sndlumn nitrite [NHHOE} 0.01-0.02
100-200 ppm)

Sodlum tripalyphrsphate (Naglg0yq) 03

Sodiom erythobate D08
Starter cultures : efn'e of meat systern

Lavtnhacifuy plantarow 108

Predloracens cerevkioe 18

Microcnceus varlany 10?
Carbohrdrate source. % of meal aystcm

Glurnse D.lil

Stleky rice - |

Cooked riex %
Seasovingy: % of _ttul xy~bem

Mincad garllc F 3

White pepper pawder 0,08

Minced Bird bl 1

MEG 0.2
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11010 cfofl ANTUIW 0.1 ml 1B siock cual-
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Wag stepwise regression analysis  1AH1E Stat-
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cb al 1950

manAnanlasnamdhunssdhie e
"luuﬂummﬂn'iﬂﬂ‘lﬁﬂﬂ‘fu'fnnﬁfﬂmqnmmﬁu
mayiwud) A1es pH Euduveauwiii
6.09-6.15 waannse1duds 6 'uﬂzlq A1 pH

anfdeumnlnadmior s mius=Guanng
Taelutae 12218 T  pH uBuIMIAI0S
aAnea I T waavImiu pH vBauMuy
Anzamnanthethg ounsests 48 $aTue weild
pH oflu¥1s 4.05-4.03 (Wf 1) A
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1 = G.I629 + 00019 (Time) R* = [,8808

pH

UBEIANIsTIAS1IEWIITeud wudh
Usunluesw uazlu'lasd hifinodAsants

affealssnmiinsmimaowdasas

Tuszaring 48 2 Tuavpamsniinumiy @19
&) Hammmshereifunioved pa 'hl!ﬂhq 48
Fa1luuesnraniowudifin 5.1940.80 nas
5.20+0.81 ilaitnas 1 Aoy Tuimsn 500 ppm
LR 200 ppm AWEIAY AR 5.2140. laz ey
5.18+0.80 ledini 19 TwRou lulas 200 ppm

m'l'ﬂ-mﬂinﬁmﬁuﬂmﬁﬁjﬁnﬂhﬁhﬂ#ﬂﬁ{ﬂfﬁm
s.nmvealmseylurmnosTwdnu Tl denangan

ilaz 100 ppm MUY (A5 4)

dansBuuninnihunsaiane
(Total acidity) ﬂnmuummmﬂﬂﬂ Tussrim
mandnuini whdrhuesaimua
mmuﬂummﬁ’umun’mq‘lumq%’num 0.506-
0,550 Hi‘lﬂ‘i}'lﬂl.]ﬁ'lﬂ'lullﬂ 6 $1Tua ﬂ'IFITI‘.I.I
Shunsenamuactiiviuinios  wdemmiu
hiaa s Frlne dmmushinsaienunesiiy
Fustresada Tasfiluna 48 -rﬂm NI
Funsermuanamirunsauanansziafae:
1.018-1.047 (IWH 1)

Table 3 Colour change during 48 hours of Nham fermentation using different levels
of nitrate and nitrite with mixed bacierial starter colinres,

Trestroent Fermentalicn Ume (hours)

a a 12 18 24 48
1} YR T4 1Nk T4 GH B/ 7.5R 7/4 T.5R 7/4 7.5R ¥4
a GYR 74 10R 7/4 ER Trd 7.6R Trd 7.5R T/d T5R 7/a
h BYR 7/d 10R ¥k BR Ti4 &R 716 TSR 7/4 7.5R T4
ab BYR 7/ GR Tid LR 84 GR B/ GR 0/ SR 8fd
oy EYR T/4 EYR T/4 BYR T4 BYR 74 EYR T4 BRIt 7/4 1
Cpa EYR T4 AYR 74 BYR 7M. YR ’ﬁ-!l BYR T/ SR T4
¥ = Yellow : R = Red
A =NaNOg; b = MaMDg; (1} = conbsal;  ep = centerpoint

61



FTRTENYAS 1I(2) G5 - 458 (T548)

Table 4 Mean of pH; total acidity and residdal nitrite during 48 hours of Nham
fermentation made with mixed bacterial starter cultures at different levels

of sodiam mitrate and sodinm nitrite

[ pi Fotal acldity Residual ndtriee
Imctic acld (%) (ppm}

Soditm nitrute

504 pom 5.16+0.80 0.7110.20 55.22+24,84"0

200 pn 5.5 00,81 0.71+0.19 43.84312,800
Soddiem nitrite

200 ppm 5.21+0.0 0.42+0.10 66,00+24.812

100 ppm , £.1810.80 0.70:0.19 4106410688

* moen withm colimn with diffeent superscripn differ -;igniﬁcanﬂlg-r (P=0.05)
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unsemyTulemsodi ¥ luges  onionuily
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Fig. 1 Acidity, pH and residual nitrite changes during 48 hours of Nham fermentation
made with mixed bacterial starter cultures with sodium nitrate and sodinm nitrite;
a = NaNQOg, b = NaNOg; (1) = control; ep = centerpoint.
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Table & Coded residual nitrite equation during 48 hours of Nhamn fermentation made
with mixed bacterial starter coltures al different levels of nitrate and nitrite,

Respimse rariable LCoded eqaailon rZ
NOyg~ {0 hoar) * B5.2475 + 85750 NaNOg) 0.9889
+ 10.7460 (NaNO)
NOyp™ (8 hours) = 80.9600 + 12.8800 (NoNOg) 0.0093
+ BATED (NaNDy) - B.E650 (NaNDgxNaNOy)
NOy" (12 paurs) = BR5150 + 40275 (NANCOg) 08008
' + 125675 (NaNOy) - £.7525 (NaNCqxNaNOy)
- 10,0675 (NaNDgHE
NOg~ (18 hoars) = 50,7400 + 06,7825 (NaNDy) 0.6098
+ RASTE (NaNDg) + D.FIZ8 (NaNOgxNaNOg)
- 81835 (NaNOy)?
NOg™ (24 hours) = 25.875 + 1,0800 {NaNOg) 08P
+ L3350 (NaNQy) + 0.8350 (NaNDgxNaNOo)
0.0802

NOg™ {48 honrs}

= 208500 + DAB25 (NaN{yg)

+ 11475 (NaNOg) + 0.2226 (NaNOgxNaNO ]

- 0.0025 (NANDgH

Ny~ = revbluad nitcils (ppm)

VIARTTNATELR AU TE A ave)
rnfafvrTaedmn Ty Todidorgnidui
ﬂmﬁﬁmﬁ’wgﬂqﬂﬁm‘lummmmﬁuuhhiﬁ
fuandafaiy v Ta@ey haasniieaded
lnnguasdaiusietheiishfamaaan
P<0.05 (a1514% 6) Taowudidmininmgld
'Ianﬁuu'lummﬁﬁﬁ’nqq {500 ppm) vziif
mean ideal ratio score WOABRUTINgUIR
1143024 uat s 1 for lumsniiszdu
#1 {200 ppm} $2UF1909 mean ideal ratio score
yoedilringuinfy 10650.19 othalsRamms

86

Mo lasihgrsmamdailszduuansa
A wui hiflendesdflsinguesidasas
AE1IAG A1 mean ideal ratin score IMTAY 1.00-
110 FuaasTuarsnil 6) wenniniins1d
T Tumsnuas Toiou Ty lasd Atlsedu
wanmenuiinademsuouiuT vanSaius
odthiothdnmiendan P<.0s  Fewnms
waapszttuddiiny 14 @y humsnaas
TaBen T lase Tusediga fe 500 ppm uas
200 ppm  ATNANRD 92N mean ideal ratio
score YOIMTOBDUTUTLENAU 0.04+0.12 LAz
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o A a v 1.

0.04+0,09 MWEAY  FalarlndAum ideal
o nr ar J

spandaius (1.00) daaaalue1saf §

L] ar A " o

pilsfmuguanyuedug veawdaiud

oz fiimantvinmnay Tadoy laasnuos
Tadontulram Huansanu 2 seduusesnla

Table 8 Mean ideal ratio score of Nham attributes after 48 hours of fermentation made
with mixed bacierial starter cultures at different levels of sodium nitrate and

sodium nitrite.

Nham attritmbe NNy (ppm) NaN(iy (ppon}
500 200 200 100
Colour 1.14+0.24"0 1.0A+0,i0b 1.09+0.19 1.10+0.24
Visual texture 1.02+0.23 0.93:0.20 0.8740.22 0.68:+0.28
Firmnesy 1.0530.32 1.08+0.28 1,08:0.26 1044054
Juiciness 0,04:0.18 0.94:018 0.86:0.19 0.92:0.19
Smoothness 0904016 0.6940.13 D92:018 0.87+0.16
Sourness 0.84+0.21 0.89+0,26 0.87+0.21 0.80.:0.26
Saltinest 0.9310.29 0.0840.91 0.9040.24 0.08:0.90
Spiciness 0.954+0.21 0.07+0.25 6.00+018 0.93:0.28
Overaf] 05440127 0.8440.1&h 0.04:0.00% 0.88+0.160
atoeptabillty

* mean + sumderd deviation
1 me i geneval panclists
2 mean wilhin rew wiih differnt soperrerips ae d e

3 ndeal mtio score for idoal podect i 1,00

. sinnIIInTE MG oudueedmann
Forualunisidondaiinus fmanadild
USunalafon lnasnuas Infon lulam
haseAugafio 500 ppm  UAZ 200 ppm AIWATAY
Emanasd 4 Tugnsmaniamuuesiing
dafifsnguoznaneusuruedailiotdy

ripmificanily at P=D1{}5

éé

MARAN P<0.05 Has P<0.01 AdWY Az
wihmsseufurmvesmdaiuel lugasdsndy
i mean ideal ratio score ML 0.9940.05
i Indud ideal product 3nitea Tuvaf
Fanannatiug didena 1Ay 0.80-0.88
@1 7) uiaAt mean ideal ratio seate 4048
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sxavedisidm e Tviinbhiinsddanamaems

flsng ludmaanaii 4 seliafouindgensiAl - TR NUAAR1QUBY mean ideal ratio scare
ideal product AeM As BAT 1.181021 (@15 W huudazFmaneudedls
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Table 7 Mean ideal ratio score of Nham attributes after 48 hours of fermentation made

with mixed bacterial starter cultures with different treatments,

“Treatment Crlrar Venal Firmnts Julcines
texture
(t 1.1140.28"ah C.80+0.20 L00+0.40 0.90:0.18
a 1080, 88be 1004089 1.07.0,92 0,80.40.14
b 1LOE+0.14" 0804018 1.044+0.17 0p2+018
ab 1.180.21% 1.0440,84 1021059 0.07+0,20
o 1.0740.10M¢ 1.0€:0.51 D.9940.77 0.0940.32
Py LO440,170¢ 1.02+0.25 1884095 0004026

Tahle 7 (continge)

Treatment Smenthness Sourness Safiness Spicines Overall
) nccephabllity
(1) 0.858+0.19 0.804.0.28 0.9540.88 0.99:0.92 0,81+0.19™
D.8540.52 D.E2+0.24 0.07+019 0.87:0,8% 0.8840,187
0605017 0.88+D,29 D.03.:0.24 0,8610.18 0.8720,08%
&b 0.0440.15 0.508+0,80 C.8840.25 104017 0.09.441,05"
oy .88+0.28 BT 091 0.85+0.80 np5+0.27 0.8040513
ey 0,69..0.19 0.88:+0,20 0.8840.2¢ 1024085 0.884.0.22°

& mean + standard deviaden; (1) eontrol; s = high level of anding niteta; b o hugh Jevel of sodiom nitdle; cp = centerpotnit
I wae I1 general panelists
2 meem within colomm with ifforent swperseTipts are different zipnificantly m P<h.05

3 ideal mtio ycore for ideal prodoct is 1,00
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Nham Product Development Using Mixed Bacterial
Starter Cultures
8. Effect of Sodium Nitrate and Sodium Nitrite and

Micrococcus . varians on Colour Development of Nham

Tnlso Fom?Y dovan jenelaspidl nar gwiemr eyazge!/
Paircte Wr‘riynubnrearﬂ": Lakkana Rujanakraikarn’/ and Suchada Anutarakon

ABSTRACT © Nham colour development is very imporant far comsumor acceptability. For this study,
sadimn nitrale sndfor sodium nitrite were used together  withfwithowt nitrate reducing bacteriz  to investigaic
the colowr development in Nham., It was found that the usc of 500 ppm of sodium nitrate and 200 ppm of sodium
nitrite with Micrococcus varians (10 efu/g} in the formulation caused apparently the red pink colonr development
with higher rate and hetter than other remples. The cotour develaped from red yellow (SYR 8/2) to red pick (5K

74 after 24 hoors of fermentation, The mean ideal ratin scores of colour ond  overall  aceeptability  were

¥ amzgamnrrsinunr swvinmandnahd Seald sozo0
1f Faculty of Agro-Indusiry, Chiang Mul University, Chiang Mol 50200,
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Tismnee T1(1) © 80 - 81 (2588)

L.02+0.02 and 0.9540.04 respectively, The developed Nham wes composed of pH {4.46-4.57) and tota] acidity as
Tectic acid 0.901-0.991%) after 48 hours of fermentation. There was also a very small amounit of residual nitrite
{21.84+0.10 ppm) in the product

unfinge ; snvasdilnnguesnmududiafyrenseouiivesduiiam TuntsFsorTaiitevhms
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rusnRsnivnfimdsumeombmaile YR 32) dumFrumuas (SR 74 ndavinirmind 24
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awdidy  Tusdafusiuruudwanndldy pH (4.464.57 uasiimudunasananusdamaunsaunnin
Yooas 0901-0.951 HATIR 48 F2lucwesmiain Emisas i luTaniRndoogheudiadusuiv
Tundafie (21,8420.16 ppmy

Tndex words © MUY AITWARINARADIAUNYY  Nham, Nham product development
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Firmness development
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Fig. I Effcct of mixed starter cultures on Nham system
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Table 1 Sodium nitrate, sodiom mitrite and

Microcaccus varians for this

experimentation.
Trestment NaNOg (ppra) NaMOg (ppm} Starter
cirlbusea
1 .47)) a LF, PC, MV
2 SO0 ] LP,. TC
a 0 200 LP, PO, MV
4 0 200 LP. I'C
1] 500G 00 LI, TC, MY
1] 500 200 L, PC

LP o Lactobscillus plantarm {10 cfnfig)
P = Pediococonr comvisiee (L0 cRufn}
107 cfvfzh

MV = Microeoocus varians
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Table 2 Ingredients and quantity for Nham
production made with mixed
bacterial starter cultures (NaNOg,
NaNOgand Micrococcns varians
as the main stodied Factors).

Ingradienis Quaniity

Ment gystem:

Ground lean pock (5) .34

Sliced pork skin (%) 4D
Coring agents % of meat sysrem

Sodlura chloride (NaCl) 3

Svdinm nifrate {NaNOq} 0.0.05

Sodlum nitrite (NalOg) 0-0.02

Sndiusn tripnlyphosphate (NagPgCy ) 0.4

Sodiuen erythahate 0,05
Fioarter eutthares : cfwly of mesd
sy¥atom

Lactpbaolifus plasfarom 108

Padincocons cerevisar 10"

Microcortts rarlans 1ns
Carboh¥drate source ; % of meat
Eyatemn

Gluiexsne 0.6

Sbicky rlee 1

Cooked rles 8
Seanonimgs! % nf meat
RyRtem

Minced garllc 4

White pepper powder .06

Minced bicd chilli 1

MSG 02

f T
ﬂmﬂ"mméau'iqﬂﬁﬁuﬁunﬁu

Lactobacillus plantarem I'l. lfl;: Pedipcoccus
cerevisine gnieSendudhudadudnluams
@vafo MRS Tﬁuﬂmmsu{a"luﬁ'w 30
saruwaiey un: 24 ¥1T0a 410 Microcoo-
cus varians Wetomudoduduluems
@uai8e BHI (Brain Hearl Infusion Broth)
Tanumzdeludon 30 ssuaidor un
a3 $1Tus

Aoufteztindeusgnisuudinan
MHlunszummsadaonun Feidndudes
arsife  msasanTuimudesindiime
Ansmansruiuouuag e sow Tufmutan
arrazdeadua luszuu ladaazth lilaow
dndmfidoams  TemSefdmuroatianTa
unafinldesgnasieiulunms@oads MRS
ager  drnudearinsadrd Tumsn iy
Tulas18 swgnasasinluewsdasie Bi
agar lﬁﬁm:uimmﬁmﬁu cfufml LA 923N
ARl

A10619UNUYABINTS P, corevisiaze 106
cfu/g Fot 1 Flanduveannarsnisiot
109%fe s stocll:; culture Y04 P, cerevisiae 1
1010 efu/mi @il 0.1 ml ¥4 stock culture
91D P. cerevisiae 109 of 1UAN w1y
ARTH 0.1 ml YDA stock euitre HWROMTIAY
wazmasmamabishiu unsinums daiuss
Wuindufeinieudans Bz 2 mw
siedradly preyTUMINER
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MmN ztvazinlan

FoyaiIRomms infmiednund Adad
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AMUEOA 17U Analysis of variance LA Stepwise
regression analysis Tﬂﬂul# Stat-Packets Package
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Table 3 Colonr change during 48 hours of Nham fermentation nsing with/withont sodium
nitrate and smdium nitrite and with/without M, varians as mixed starter cuftores.

Treatnment Fermentation time {houral
L] 4 12 12 24 48

1 EYR B2 GYR B2 YR 7/2 GEYR T4 BYR 7/4 YR 7i4
2 5YR 872 BYR 7/2 BYER 7/4 5YR 714 2.5YR 7/ BYR T/d
a BYR A/2 E¥R T4 BYHR TM LIYR T4 10R T4 10K Tid
4 BYR 8 BYR 7 BYR T/4 10R 74 7.65R T4 L5YR T/
B BYR 83 ZHVR T4 2.5YR TR 10R T4 SR Tid BR Tid
a8 BYR 812 YR T BYR 7/d Z5YR 0/4 10R ¥4 TAER T/d

Y =Yellow, R =Hed
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Fig. 2 Acidity, pH and residual nitrite changes during 48 hours of Nham fermentation
made with mixed bacterial starter cultures with and/or without sedium nitrate/

sodium mitrite] with/without M. varians.
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Table 4 Residual nitrite content during 48 henrs of Nham fermentation made with mixed
hacterial starter cultures with andfor without nitrate/nitvite] with andfor witheut

M. varians.
Tretment Resldual nitrite (ppm)
Fementailon time (hours)
0 6 12 18 a4 48

1 27.0240.24™  #1.34+0,10% 857540057 002540119 478740008 230440000
2 509840080  32.224008P 7044010  0075:017h  @ES.00e8P gosa.018b
£ 52.4840.00°  30.4740.08°  20.49-0.08°  99.B@+DOAT  ZL16:0.08°  22.3740.00°
4 51,07:0.009  4055:0000 34440187 2875.0000  2055:0081  17.4440.049
5 A0.5040.22° B2 8640107 70.42.+0008%  BR.Ta002% £2.52.40,028 21.8420106°
8 s158:0.080  sLoRnoRT  grame01s  sazesonsf z2osioae’  2oamio.0ef

* mean {+ siandard deviation aed mean within column with differont _cwl12

xuperscripls are different sipnificantly at P=<L01
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Table 5 Mean ideat rntio score of Nham  attrilutes after 48 hours of fermentation made
with mixed hacterial starter cultures with andfor withoui nitrate/nitvite; with

‘andfor withont M. varians.

Treaiment colonr ¥isual Firmneass JiHclnzm
Lexbura
1 £.96:0.09"2 0.8310.24 0.RA+0.14 0.81+0.25
z o.a410.010 078402 0.754+5.11 0.67:018
2 0020028 NARLNID 0.H0-+0.15 0701018
i {-B85640.07¢ {.884+0.13 0.88:0.14 O.68:0.28
5 1.02:0.02d 0.08.40.10 0.70+0,13 044018
8 0.98-.0.017 0.50+0,17 0,8040.10 0.804+0.19

Tabie b (continne) -

Treabment Smoothness Smirness Saltincra Splcinexs Cveralt
cceptabliy
1 0.BE 40,18 6,00.00.14 0.0040,20 DAT+0.00 0,010,012
2 0.89+0,14 0.83+017 0.82.0.17 0.8440.02 0.85-+0.05
2 D.FT+0.14 D.5040.54 0.96+0.13 C.0040,04 0.7040,04%
4 0.854+0.00 0.02:0.14 0.0040.12 0.94+0,08 0,81+0,06"
5 G.50+018 0.0440.17 094015 0.5%+0.04 0.85:0.043
A 0.804017 £.92.0.18 0.RE+0,18 0.8440.08 0.92:0.028

* mean + shmdud devindon;
I use & penernl panelists
2 mwan within cofomn with different superscripts are dlffecent Sipnifiemiy ot PS

Y idenl rane Roore for jdea] product in 1.00
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Nham Product Development Using Mixed Bacterial
Starter Cultures

7. Red-pink Colour Development in Product

whed Fonf V' dnwen youdeinud 2 gqeen yowen V

Tasami asamilonSen  gaz Barwad wanATgel/

Pairole Wirivacharee!, Lakkana Rujanakroikarn® Sutaya Boonthomom,
Wiwal Wattanatchariya!/ and Issoraphang Phongsirikul’/

ABSTRACT . Wham colour development can be messured by insmyment which is aliarnatively better than
used af comguner teating.  For thiz stody therefore chroma meter CR-110 was used for Nham colour " measmre-
ment. Sodivm nitrate andfor sodium nitrite were used topether withfwithout nilrate reducing bactetia as experiment
units for invegtigation of Nhan eolor development. It was fovnd thet the psed of 500 ppm of sodivm nitrate and
200 gpm of sodinm nitrite with L, plantarum (18 efufp), P. cerevisiae (106 cfu/p) and M. varians (107 efufg) in

Y pwdnumn TuTofinuRausfadus  nuzgarmnssuinym wyinordsdnadn odlid soz00

I Prodtuct Developmant Technolagy Deprrment, Factilty of Apro-Industry, Chiang Mai University, Chimng Mai, 50200
% mixrinemeaiivempTulalnmew s puegemwnsamown:  wwmedmEnalay 50200

2 Food Scicnee awd Technology Department.  Facolty of Agm-Indosity,  Chimmg Mz Unfverity, Chisng Mai, S0200
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the formulation caused significantly the bright red pink colour development with higher rate and better than other
samples significantly {P<0.05). The bright red pink colour was that hue a* (12.65409:0.3000 to 15.1042+{.2725)
chroma t* (9.2050.40.4150 o 9,8717+0.2768) and valne L" (33.916120.9858 o 56.042640,3142),

UNARED | madmuiinngmssdasadionamioianddmniede duiluwumanitsfter1ua
fineudhaBndnsTédnanoudinlsuii Fnfu umaifondaiitalfindesledef  Cioma meter CR-310
miamaAaufdringuadaiud  TeeinudnngermIrdau Inulfmn'iu'[nﬁt#nu?wﬁi‘uﬁu
weadimr Wl lummn  unsmieTedon b landiufunady wiohidudenunddeiannsodad
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sz MudndaatilmetaudrywaslngresdssudiTimddeiwiethduy ¢ edwilisthdgnn
aBAf P<0.05 ndrafin HthlsinguEaiesfIud bright red pink colour ndAE ST hue (™ IIAY 12.6549:40.3900
fil 15.104240.2725 A1 chrama (87) M1 52059404190 iU 0.8717:0.2768 tiazfid value (L*) mirfiy
51.0161+0.9858 U 56.042640.3142

Index words © (MUY AITARNOABATUAUMUN  Nham, Mham Product development

-] a = or Pt
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o =
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H & ar L] = - r-x - oy
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IJ [: %] - [-1) n El -,
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Bacteriologic Chemical
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Myoplobin —_— Metmmyoglobin
N ,
(Parple red) Reductinn L (Brown)

Fig, 1 Chemical changes involved in the development of coloring pigrments in meat product

m'iﬁmu1ﬁ‘ﬂf:.lggumqm~umuuixﬁ§u
upEdn A ilruﬁnﬂ?mmnﬂn%muﬁﬁﬂq'
tunfindad  FenashifuimeenBuudhiga
nazaTdynsaiiudnaisizdethafivawo
wnlrznsuluasmezgnalaviuTula
Tadr0giurSsRiuman denitrifying micrococci
Fefonssusendrainfadinnuiunsadh
AU SEIND 5.6 (Nurmi, 1966) MAiiuasA
Huganiv i Iudaduwssmsnta gduvids
1N microcoesi mﬂqnﬁ"ui?q danalniifFum
Twasnindoaguinlundasu 14

mssardemsdsenon i tnmfithluadn-
panled aunsauelfitadiadn1ddhems
1% Ascorbic acid #3% Sodiure ascorbate WiB
asilSumaml¥arnmiuasaiiudisd naz
qungiif lmiintige Aoantundnosnladee
saAafum 'y TeTnadwionidous Uiy
TunsSneanlsdumtuloTnaiy mitic oxide

84

. &t o
metmyogiokin FIRGUIREYAT mmflu"lu'i’m-
TaluTelnaiiu Iddnmuaaanizvownda-
Fasiumuy

Fuiums i hoam wazlulasismiu
TumadiaunFusindasuaimisilnny
difigta (wlaod uoe paiz, 2536) Tulami
unzndonnafifioglugasmsndanindus
n'fﬂﬂ:ﬂnaﬂ'Elﬂ1‘:ﬁ'm'}qﬂ1iqu;l.ﬁu'l_numﬁ{ﬂ
REunIEAN IRa T sauiaqBuridim
J.Hﬁﬂ'l‘.‘lﬁﬂmﬁﬂﬂﬂm'lwﬁﬂiﬂﬁﬂﬁ'ﬂlﬁ‘ {Adams,
1986 ; Woad, 1985) aavzny lasvozliunum
fddgdemaRanBuas i I air e
Tusradussamsmin  doufiszuuesiianm
Armnflunsafiduiutly Fa51091mv04 Deibel
HBERME {1961) HeahAanssuveude iy
msalfen sty lasviiunasesidaly
sendn 216 FrTlansnveamswiin vaisd
maadensa lnodouunfitefiadnsauanan



WoeduSundinn a6 $Tus Fauaadld
dhudaauh Faunmnfideffidnsenatann
FlundnSauviuumadaensauifeduoy
ﬂn.,qnu'uumﬁm-a*mﬁqmaﬁﬂnmi‘lumﬁum
u Fafu nw'l'ﬁmﬁ'Iu'[aumnu'sqnmmﬁ’u
e Sniuddinn WuRedizruraddods
msARuIRuasdnuae 1]i1ﬂgﬁm =| favna
HanF TN ﬂ111‘ﬂlﬂﬂll1.lﬁ1’ll‘i‘ﬂﬂﬂ‘lll'!'iﬂ
$ad il Soudunisihde
nuniGoRefnsauanin Tiazdumsnsedu
'lﬂumiﬂwu1ﬁ’!mswmﬁmmmlﬂuuﬁu
aamnsamndu ulasfezgnaldoudy
Tunngonlsd ﬁw::nuﬁﬁﬁ'unwi’nq'lun‘fa
TleTrathuuarniaaduivnmuaivesiins-
ToluToTnatiuTunarden (Wiriyacheree,
1990)

Tumsisenfriisetmlszasdifodnm
famsnldmanlasvemungasdn q A0
Al tudSuralamsn vaxlulasv
savfanaund luesnuaz helasiiufude
Hernrredandhunsndhylulng Microcooous
varians #oRnwzAfUsingveandaiudt
#2018 ms Te@nnnTestad (ud L”, 2",
b* system expressed as value, hue, chroma
muddy) wodsanani s waz@aaue
msRandwnipaaiusimun

gilnsainaziBntanaaes

MSIUNNITITRRRY  MsItenTal ims
MUMLATERARSS 2 1ALBaT

1. MINGNESH 1 ATITIUHINTNAAB
22 Factorial design Iaslasds=nou la@oy-

enriiannnEadneimaTaclfnaTuloBiderAemifiuman
7. m:ﬁmmimqum'lwﬁnﬁuﬁ
huwsnaz Tsdoyhlasddldadondnlums
A fafd

fafs A = TeAouhaaTy (Sodiom nitate ©
NaNO3)

500 ppm (TTAUTE)

200 ppm m:ﬁur';n

]

)

)

Hedn g = Tafmwiu'lasn (Sodium nimiee ;
NaNG5)
by = 200 gpm (FEAUTY
By = 100 ppm (rERuAn

vk Lo

gatunirnaaesiitalsznondae 4
Fanaans i1 1) nazilsznondas
ﬁmﬁﬁm & szAufnmavedazilefodn 2
Famnana saufh 6 Aamano

Table 1 22 Factorial design and 2 center-
points with sodizm nitrate and so
dinm nitrite as main Factors at §
different levels.

Trevment  Coded Tevel Factors Eor study
ey (ppnt) Nal?[}z {ppm;
S0 200
350 150
.1} nn
im
A *
b +
ehr i
oy 0
epg 0 o
a 7 MeMQy o b= NeNOy ; (1) = comiral
o = Genterpaint

B6
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2. MINARDAT 2 NTILHUAITHADE
Tasutadmaanseonilu 6 ﬁ"mﬁaaq’lu’z
Famansausnoz 1 dinvns TeRoy Tums noiniu
Tandmaaowmsnsz ddsnueiizofiadianta
nardaldsufu
Amaneanaeses W IHe Micrococeus varians
snfudedatinsaunninld oinlsfan

Micrococcus  varians

- =
Famaaoafi 3 Laz 4 o Mmwz Tandon lulesw

wnty Tanmandhdaneanierealudunts

%’mnmﬁ'mmuﬁ’uﬂﬂmwmmnummam
n 1 ez 2 mnmﬁn uepIIRT Aanaan
# 5 nas 6 12 Wi InGea Tumam un"'imﬁﬂu—
ulaTd ﬁi.rmjmﬁ&?mﬂu'fauwanﬁ[ﬂﬁ
uuﬁ'ummmmmmnummnmﬂ 1, 3 uax 2,
4 muddy @199h 2)

Table 2 Sodiom nitrate, sodium nitrite
and Microcnccos variang for this

experiment,

Treamewt WalNOg (ppm) MaMOg {ppm) Sianier cpliores

1 500 o LP, PC, MV
% [3il4 0 Lr B
3 ] 200 LE, PC, MV
4 0 200 LP, PC
5 i 200 LP, PC, MV
| 500 200 LP, BT

1P = Lagtohaeifuy pheraram (1Y ofufnd
PC = Pedioonerns  comviziee (308 efuin)

MY = Micrococcus  varfans (107 chafr)

84

nszu3umINdaunlaaldinalulad
wauSgnESudunay

mﬂgmﬂuﬁﬂmm zanusand N Los
ﬂl"lﬁ'ﬁ"lﬁnm lwﬂﬁuﬂﬂnﬂ'l‘fﬁmumﬁumw
vadaandoeusiin hlbiuludiiugangi
sginm 5 perusmdng  dauntiaaping
i utueeninnige  vinnduues
Fudhududn 4 won 01 x 24 EuANRs
il iludiuduin dpswimnsaivien
vaasibua winlnothy w:iﬂwqunnmﬂﬂ
dramiien uasdnudweazidoa aglna inde-
une Tdontas Tndiemyle TmRuus? I5un
Todienluasn lodeRdonny TndonTylasd
@edeiifoun unsmeyse Taowdeutedadu
Foudaaluens ™ tiaz 3 (mynaaesii 1) uaz
2 o 3 (MINAABIR 2)

Mnsnsudiusautnunddauiu
fronseanmuiintinids 40 sovdewud
']}"i‘“i.l'lﬂi 1 T aammﬁ‘ﬂmqnﬁﬁnﬁuwﬂu
ﬂmmuw‘luﬁﬂﬁmﬁamsmm 3 (mmnnmﬂ
1) Hae 1R 2 iaz 3 (Manaaped 2) Taems
nanesi 2 sxfmsRunsTudnes Micro-
COCCHS varans {'P'r'li'IQﬂ py nerihdandu Ty
mearampmniaseu 40 sausewndi sz
2 i dnanimueldueteq saffer
u‘a"ﬂﬁl‘l.l'lqqaﬂi‘l‘lﬂﬂﬂiﬂﬂi&ﬂ‘i..‘ljﬂﬂlﬁ'uﬂ"l
guinais 2 udiuas Mimindeuvialssina
100 1§y Falarmirmnebiiniudan cips mén
Wuisfigamall 30 evrusaiva



Table 3 Ingredients and guantity for Nham
production made with mixed bac-
terint starter cultnres (NaNQg,
NaNOg and Micrococcys varians

as the main studied factors).

TingredGents Oummiity
Mt gysiem :

Ground fean rest (%) LiLL

Sliced pork skin (%) 1))
Carlng agent : % nf mest system

Sodlum chinride (MalT) 3

Sodimn nitrate (NalNDg)! 0-5.05

Sodizm nlirite (NaNOg)H 0.0,01

Sodivm tripnlyphosphateNagFa( 5) 0.3

Sadiem eryihorkate .05

Starier culhires © dnfg of meit ayatem

Exctobrcilies plantsstm 104
Pedlocomnm  corevisiae 108
Micrococens  varfam® 1
Carbohydrate prurce % of meat gystem
Glucose 0.6
SHicky rice 1
Crnked Hes b
Bemimrings % of ownad syatem
Minced garic 4
White pepper pormder 0.05

Minced bivd chilll |

MSG 02

L. Faclors Far stody in oxperiment 1 and 2

L Facmm for siody in expetiment 2

mstisonnAnFasimnTanmTuTcadaTpnifufmm
7. ovsfmuidrgetuniniod

P
mauseuTgnBiaduney

Lactobacillus planfarire WAz Pediococcus
cerevigiac 'qnm%'ﬂuimﬂuﬁm’%uﬁtﬂuﬂmﬁ
duado Mrs Taoturnzdelugeud 30 sam-
waieg uni 48 $aTus 99U Micracocous
varians 1ﬁlﬁ?ﬂulﬂm§ﬂﬁinG'I’H'IHEI1H'I‘EI.=‘EI{‘E.I~H§‘E}
BH) (Brain Heart Infusion Broth) Teouy
wizifeludand 20 sem@mdon un 48
$1Twa

AoudezinFauiqniisudusndie
T nzguumsndndaisutiudoense
o msaseiudmmidedndruiedeans
wins iy wazmansoh luduamdnaTe
Avaudnad Il luszvumladeezidullaw
Fndmididoans  Tasdenmuirondiansa
unﬂﬁﬂ‘lé’n:glﬂﬂﬁ-aﬁu“lummﬂﬁ'w%a MRS
agar  dausedainaoidrdwam i
Tulrrildasgansraduluem 1idouile BHI
apar Lﬂﬂﬂﬂyﬁm’mﬁmﬂu cfu/mi B9z

AT

FIDONUNUNAENATT P, cerevisiae 106
clufg Auni 1 AlanFuupaunuy Aoamsiions
19 efn L U stock culture WA P, cerevisiae
7 1010 chum! AT 0.1 ml W8N stock cal-
are 935UM8 P. corevisiae 109 1w adhals
ARt 0.1 ml U8 stock culture OVAABMNTIAN
uazaausn Wi unszoums  Fndu
fadnhnduisindoudaachlén 2 m Aou
Aua URSEDTUMITHER
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TIMINWAT L)) ¢ BE - {1 (2635

niaszdgamwesdntling

niaedydunspanmund st
uupszgminnduduiiguvgd 30 sam-
xaidualuyndanmans uazeziinisgy
ﬁ"mcium?mﬂxﬁﬁﬂﬂm:ﬁﬁﬂﬂﬂ;} (colour
ApPEeArance} Tn Hul‘flﬂfil'ﬂd a8 Chroma meter CR-
310 {Minolta camesa Ce, Ltd, 1991} Tu%¥ 0,
6. 12, 18, 24 uax 48 41T TepiimsTas
L*, a¥, b* sysiem {expressed as valee, hoe,
chroma ATUAAY)

MY RS RN TINAaDY

foyafildninntsnaaneiadilsing
9211V 3iRs 12 HALaDR 19U Analysis of vari-
ance DY Slepwise tegression analysis
TaelE T sunsuneutunad Stat-Packets Pack-
age (Walonick,1987) anoannirfoyauni
msadupsidsznpumsfinsannaniTngnes
WednnnavesileSofifnurdodnyusds
trnQueandaiued Bissndumslinuru
fgmngil 30 eenwaidon Tuaat 48

HamsnaasduazdoTIel
HAMINAADINA 1

sInn1snanerdnury Tao¥ina Tu-

L= -lti.J Ly olf L] A o
Taown S gniSuaunoaitinsfusls R
TwdouTuasn wasTwdouluiasd  wid
ievisyununuganmadmdoudeouda
Usingimdsem 3 Frlnszilnmnlfouives
mnmrndihmasnniiuduss trnghiom
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Eudunsannmsiadsdumsnaadiwosiie
Foummeufsudumigusdos fansaes
axdm®iueing 5 YR 74 a5 YR 76 Aelid
mAnsdusninasen vezdlanamhims
Wannlasteufeiustisiada Taomwz
HmaapefilSua TmdonTumn 500 ppm
uaz Twidouiulasd 200 ppm HRvuyuas
nA4970 6 FaTuaveamandin Ao ffhilu sr
74 unzeailFruyewaadniioonanaszezim)
48 $rTuausmantdin (33am3 uaz gmen,
2536)

1z teAdons IdinSeeiad Caroma
meter CR-310 harunfinda Tanidme TuTad
WauSqniduduman  AimsdunlniSno
TwAmihansn  vozlxd@ouTulned nuda
L* Sudurniddammududonvodd szdu
FuifuraTsdenlulnsd 12 Hduaslliy
garluir Tuansnunenrsndnotsihiudfig
aataAn P <003 fwanelumums (coded
equation) ﬁ'ﬂﬁ'

L* () hout) = 61,2013 - 23244 (NaNO>) R2 = 0.7374

pinalsfimudiveg L* WdaTied 48 dedu
fuTua Trdou lulasd nazauduius
sawng Tadou humsmuee Ty lnmiedwihisdhdty
WaHDAR P <005 Agraalusunis (coded
equation) @41l

L" (48 houtsy = 55.1121 + 04466 (NaNCy)
+ 02909 (NaNO3 x NaNOp)
R2 = 09956



othalsmmees ¥ luthIvsusniFuves
msHfinaziia1of 1ue19 60.5369-63.4118
Fufhumstievan i Afnngueimaoudi
W weznuhludameaeafiilTina Tsdon-
Tamsn 500 ppr nae Tanden Tl 200 ppm
61 L* iy 56.7735 £ 0.2387 ailfmandre
pshainied R eaBRT P < 005 nindavaaes
fu 9 fumineia Faneoes Anaindini
Wu-sou ysdunanradua e una
ﬂlanﬂnnaﬁu A 'ﬁulﬂq

tuszrdamisminmuudr L* oxd
wua Tiunanavean L -Sevint i d iy
naadAluszndanmsndnumy 48 32 Tu
P<D01 fautapaluniums (ceded equation} &ait

LY = 636795 - 0.1543 (Time) RZ = 03275

gnamfl 2 oztfi g e L Tususn
YaIAIHINAAI0E 1UT13 56,7735-63.4118
sazSiua TudviudnTeondsennismin
) 6 FaTusTaotin L* vy 62.5808 -
64.2204 BASHAIDINAIIRGTNRTURAI 1 24
$1lua dwes L e Iiudeudhonad
aaduTuBamaseaniiliuTaden luam
uazTeen T e A dseduRenaaneszi
fiamn fa fUSuoTwdoylumsn 350 ppm
wazTawdonTulaT 150 ppm esduur Ty
annseetaraai et Tuaft 24 ndafa S L
winfU 533385 - 58.4029 uaEAAT T 24
Wi s Tfuvesi LY exaaatesiann
Tawdfif1 L* oiAL 54.5676-56.0426

mrAananinfutimsiTsolimhiiasdedqnidudiusem
1. mreisnadsuyginhwstindiu
uspend danenssfiiduTae TnRon-
Tumswuseduiiga 500 ppm (Fanpansdl 2)
yEofamrasfiiflFue Tmion Tyl
eduiiga 200 ppm (Fenaanedl 3) u3e
Faneai o Tedex husmluseduga
500 ppm)  FaAun s 1 S Tando-
tulasiluszfuga 200 ppm) Ay (Ananaaf
4y ozdif1 L* Tiuanmnpdnihivdidgmni
&A1 6 91 Tua (3195 4 1A TuE4 12 'i’;'ﬂu-?
- 48 ¥aTuaveammdn m L* lufmanedh
4 eziiRTamns Do Rywadan p
<001 vIndamangaiu q @5 4 ufnszia
Tt Tuadt 48 Fvaoesd 4 Feiinis1dl5ana
Todon s TedanTulasiluszdud
gefanaflanudu-don vneBuaaiiduni
danareadu 9  sdnuihisdiynuadan
P <005 (115130 4)

palshmninmsdieseinSoud
wumlSiw Tedonhaasuas Tmdon T lasd
lifinadensnifmuniainmes LY veawda-
sagonmlusznin 48 FaTuavsamsain
Ly @397 5) Banems e misdimasyes
1* ug 48 FrTusveamsmin wuhiim
61.3056+3.0260 60.913943.4054
dnfins Windenuamilszdy 500 ppm uaz
200 ppm AIMAIAD  daziivy LT Ay
61.427143.1767 WDe 60.792343.2444 tijadl
3 W Tadonhalasyiise#1 200 ppm ii02 100
pom AWEIRY @151971 5)

nax
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Fable 4 Value (L™ change during 48 houss of Nham fermentation using different levels of

sodinm nitrate and sodinom nitrite with mixed bacierial starter coltures.

Fermentailom fme thours}

‘Treatment
D a 1% 1B T4 48

(1) B3190140.3165% 32.5008+0,92407 83.0827+0.4475" 01.5032+0.1007% 62.0743+0.10T7L 54.022040.26037C

a  88,411840.4505% 63.2417+0.16078 02.078340.837T0 02.530040.T0860 AL L40240.98550 5ASATELDERELL

b 6D.5268:0.1002P 63.2183:0.2016M 62,0775:0.4151° 4mas21+40.9937% 52.7930.02405P 55.2843:+0.4070¢
sh BBI7H5L0.2987C 03.2000:D11408 GLITE0D.A400° BAOKZ0:0.2901° 651305:0.2026° 56.042640.9143b
opl AL812140.20589 8492044072765 69.750040.2601% 0281704010177 5238884058477 64,003140.60007
P OLBTTO40.4080" B2.4177+0.4408% 63.049040.69507 03.440040.2480% 5BL02040.2437° 56.00Z1+0.1086"

A= NalOy ; b = NalNO, @ (1) = contrd ; cp = conterpaine

ez within eolumm wiilh diffeent supescripts differ =ipnificantdy P03

Table 5 Mean of L* a* b* during 48 hours of Nham fermentation made with mixed
bacterizal starter cultures at different level of sodium nitrate and zodium nitreite.

Factors L Iy »*
Sodium mirare
500 pom 61305643 0260 34302 28 126059115174
200 ppro 9139+3.4054 AA6T5+2 4556 T2.5M4+1.3405
Sodiutt nitrita
200 ppm G1.A271+3.1767 01 +2.5130 12.620941.5132
100 ppm G0 IO 43,2444 8.617442,2227 12,4805+ 1. 3528
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7. nvswanOB el

a" value
13.0 — |

1204
11.5
11.0
10 5
140
9.5
8.0
B.5
8.0
7.5
: 7.0k
&6 55
£.0%
5557
s_n 1 ] 1 1 1 ] PJ
8§ 12 18 24 80 a5 42 48 C & 12 18 24 30 36 1z 4%
Time (hours) Time (hours)
b* valoe
- C(A)
T gy
—E'—b
ol
T ep
o2

0.0 — 1 4 i ] 1 1 ]
o & 1z ie 24 an 3n 4z i

Time (honrs)
Fig. 2 L"a"b* changes during 48 hours of Nham fermentstion made with bacterial starter
cultures with sodium nitrate and sodium nitrite; a=NaNOg | b = NaNOg ;

{1} = control ; cp = centerpoint.
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daumsaldoualasies o* Fully
it fador  TaeRdmniianan
v:iiRoenfuas dnniimaveziifoandifion
Fanmanaaswdaunuy Teoldma TuTad
L‘fi‘ﬂu?E[niri.fi"uﬁ'unﬂuﬁﬁm’sﬁuuﬂiﬂ?mm
Twdunluesn  vozTwRouTulasy wuhly
FluaanSuveanisada © $1Tug f a*
seuagAuFina Tndelu lasad ity
Migmeadail P < oo uamBinanu
FudutszninIndonlunm  vazlndon-
Tulnsdpasiiodrfgmeadadt P < 0.01
s lsiaalndaTuef 12, 18 une 24 ¥9ants
w6 2* ssanfulinueaTadoy-
Tumsnesnihfodfgmaadan P < 0.05
A luzunIg (coded equation) dail

a* (D hour) 59876 + 05841 (NaNCy)
+ 0.2342 (NaNOg x NaNQ3)
RZ = 09285
7.3841 + 05192 (NaNO3)
R? = 05966
a* (18 hours) = R3477 + 03110 (NaNO4)

R2 = 0.5039
a* (24 howts) = 10.6168 + 0.4147 (NaNOs)
R? = 0.9450

a™ (12 hours)

Mszwinansndoununlutis 48
Falua i1 a* oz fius Tfawud 1 il
funsunsnespAnfuates i ua el
Had Y MRaiA T TaMSNINIHUY 48
$2Tu9R P < 0.01 dsupmaluaunis (coded
equration) ‘511{

a* = 50038 + 0.1402 {Time} RZ = 15785

82

2nnA 2 sz 1d3 o* Tudaansn
4pIMTHINIMBL MY 5.2257- 6.3864
unsFa MheAvtudonam i 24
¥1Tus nafie /o Tu 24 $2T0s HFuvdu
10.1551-11.0668 Loz a* wsiituiuBn@ntia
naamsmin'ld 48 #Tuedle fid1a® My
11.3249-12.6549

Famanead 115na TeRonhuamy
TeRUTigs (500 ppm) aufums 1§ Tadon-
T lmrﬁm..ﬁuﬂqq (200 pprm) (Aaniaesi &)
axfifh a*  umnAedaihlodiRgmieadad
P <001 Tindmaassdu g namde dleiln

M TmBoulunin (500 ppm) sufUMs1H

TanAonlulash 200 ppm)lugninisuina
svus Tan Mime TuTaBid oS qni S udunm:
s Iinnadindaesdisngihifusannnd
n13légnintsndniudanaansdu q edwd
Gudifgmnadian P < 0.01 @3RA 6) uaz
gesmndaimugasitna e huasm
naxTwdonh lasihossdufigs ssuuaTiy
mn‘n.u-ifwmﬂuamﬂﬂnghﬂnnnmmmﬂ
fudes 9 Tuszwinmmmnin 48 $aTus Bk
fewuiiidauazdidsngdnm @ 8
nAnfe luFnanpenand s (ﬁq‘nﬁaaqﬁ L
fif wanmeduiiiodiamanan P < 0.01
rnfamaaeady q  wuduludasfiaom
uBImIIMEN 0, 6, 12, 18, 24 has 48 $1Tua
M1 6)

pamdmsinSod wuhdioa
Todsw luasnnas Tadon 1ulas laifina
Aamsaffsundasiwesdimeiiling %
wandmoiumunTusznde 48 $2lusveems

r



arimsrwinsoiimuaolimTiieddentgnidafwm
7. mrAsonEanquaddustinion
winumuy @59f 5 Gwamsimeed  uselifBunsidnnglui 48 Frlueved
Aunfiovesdnumsduncfitsngluda 48 mandnniiAu 84801 + 25199 uaz 8.6174 1
Frlnevasmanidowudtiian 84300 + 22891 22207 awdidy diefimaETwdo Tl
uny R6675 + 24556  plins1dla@on-  AssAu 200 ppm uBE 100 ppm AWAIEY
TuimsnHszd 500 ppm UaL 200 ppm AW (P131aA 5)

Table 8 Hue {a") change during 48 hours of Nham fermentation using different levels of
sodinm nitrate and sedium  nitrite with mized bacterial starter caltures.

Feircentating elme thours)

Treabment

(1) G.BHGT:O.INALY 6.0372:04038% 7.1750+40.26977 B AI5N+0.05447 10.2610+0.00807 12.058040.0811%
a  62257.0.2858% 61107018187 770494010087 &7an7:0a672Y  11.0888+0.15007 12149.082719F
b 6.3084:0.1702° B.1609+0.0806P 0.080340.2553% 5082Z.401048" 10.165140.1085% 12.5499,0,26527¢
sh  0.8024:0.27009 6.8417:0.20910 5.4044.0.2664° 484604008707 11.0866:0.0854P 12 8549.0,8000H
epl  GBTIO4016049 5.510040.0488¢ 0.9142401855% 5,9075+0,1654% 10.4694:0.1448° 11.5240+0.3904%
cp2  B.0020401398% 5.264440.1801° 710014021577  7.9990+010879 10.4878:0.10171 11.0019+0.28807

@ 2 NatiOy ; b = NaNDy , {1} = control ; &p = teaterpoint

mean within eedumn with diFarent spemserp dilfer signifcantly P05

daumsalfeuutasves o* Falln  Fluasneeansniin idesinansedmdniiy
iR dmdna iy Taofidminlian  $1Tuei 6 vesnismitn hudaTueit 24 M v*
oxiid@onmrmedmdes Svndludouesl  ssfusnBune gy lunsmuagay
mFaemnmediity  Fennunesemia Az Tedns lymsnuas Tndu.
umuu'[ﬂu'lﬁwﬁluTﬂﬁl‘fﬂﬂ?ﬁﬂﬁ?ﬁﬁunn’uﬁﬁ Tuinsd  edwfivediannadsn p < 605
el B TR lusswee Tadon bt u.yeiﬂ%ﬁﬂ;rh"lwfr’fimﬂ 48 1 b* axiupgiy
wurh TushausnGavesnninde s $aTuavas  walSue TR e mios Tm@sich lasd
msudn f1 b* aziuegfulinataden.  emadiludfunieniAn P <004 40y P <0.08
T lnsRadreitedt fgmendan oot Taofl  awdidiy ndnde SviedySng Tndou-
Smniiiuna Tndoulsrinndhozeef  Tumsmeme Ty Insfnniuosiuiwes
b* asndiiiodfymeafiif P < 001 T b* edhelitfod Wymeadin P < 004 umz

B3
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P< 0.08 AWEIALY RINAATUNNAIT (coded
M
equation) AU

b* { O hour) = 13.1005 - 04737 (NaNO4)
RZ = 05312

b { 6 hours) = 13,7672 + 0.4054 (NaNO3)
RZ = 09158

b* (24 hours) = 12.4008 - ¢.1975 (NaNO3)
- 0.1628 (NaNQ3 x NaNO3}
RZ = 09182

b* (48 houts) = 9.5961 + 0.1283 (NaNO3)
+ 0.0963 (NaNC7)
R? = 0.3723

Tuszwhamsnnumnluga 48 ST
# b* sz ivenas Wufe mdamfes-
i dsngluszypezildroanisiniide
difgmardan P < 0.01 Tusswinmsudn
uvuy 48 $1Tue Fauaaaluauns (coded
equation) ail

b = 140296 + 0.0817 (Time)  R2 = 0.804i

AT 2 s A b* Tughe
uTnuean TN 1M 12,5704 - 13,6640
wazfmn TluRududnorlugn 6 #2170
uazvzanasleranda 6 40 Tuaoudta 18 274
Faiifn b* sewdanafilusidind usezanna
athasicia Tusaa 24 F2Taavesnrswiin (A
bY N 11,9947 - 12.4933) LAZOTAARILIN
Tusaa 48 $aluapsmswiin nanfa fd b*
ARDANAD 9.5238 - 9.8717

Fmanoad MlTne Tadn Tulas 1y

94

szAURge (200 ppm) (A4maanadi 3) nie
dmeanait 47195 Tden hanuas
Ntassl Tusedudiga (500 ppm LoE 200 ppm
awddn  sxfidh ' falsngaendiann
damanesdu q  edreidodifymeadnn
P<0.05 na1afAp D1 0" pnu 12,5704 - 12.6204
TR 7 Haikeninassahniuesdiontu
fiaaoata 12 $2T wagwuh i v* exdii
apaspdrsmnlufnanead 4 Fafugas
uad a1 wm Tndoa haasnuas
Tmiowlulasw huse@ufiga (500 ppm iz 200
pom ANNEIAL) dafinmuandaedaihio
difgnnadaf P<0.05 (M b* nAaande
11.9947+0.2618) sea Tshmudamsniinums
a’ut[ﬁ'fi a8 $2Tuavaamrmuiinuda 4 b* hagn
dmaaesfimeglusi 9.52389.8717 S
aananLifinmunandveiihindvigmein
Tuunaz gasmMInABDIVBIMHUN (397 7

ponlsha InmsinsediGousy
vaarn b*  wud dTuinaTx@eushansnnas
Tﬂmﬁﬂu'lu‘lﬂiiﬂﬂﬁnﬂﬁﬂﬂm’l}ﬁﬂuuﬂmm
b4 fmdnesiudu fikong %) Tundadual
sz 48 $rlnaupemsulinamy
ta1519% 5) qf"}qm:‘m1'i"i'm'ﬂw'fi1m.ﬁu1lm
Sauaz dwdeainiu Hunagluga 48
$2 Tuavpersmln wuidimohiy 12,6059 +
15174 uRE 125044 + 13495  \Pelinsld
Twdnumasniisedy 500 ppm WAz 200 ppm
AEAY  uaslaunfy 12.620941.5132 uag
12.4895+1.3528 (iiofinis 19 iAo Tulasw
Hsed1 200 ppm UAS 100 ppm  MINGIA
@157 5)

Lp ]
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7. mrAmindssmasluntniood

Table 7 Chroma (b*) change during 48 hours of Nham fermentation using different levels
of sodium nitrate and sodiom nitrite with mixed bacterial starter culinres.

Femcoiadoh lime {hour)

Trestment
0 & 1 12 24 48
(1) 13421540, 11557 1343444000019 1318240 0604" 13397005700 12483340.3162% 94204302523
L 13660042628 13300012980 13.036440.34727% 1321405005350 ILADIGHIITRDYS 06482400631
b 1262M2062040 1410763032740 12542800, 11R80  13270540.1355° 1271524013317 9.5821:40.2050
ah  125704:0.1166% 1475033059645 1355461020030 1313504016047 119947402618 0.R71740.2768
cpl IB0SA026TE  1ASITRO203  TLRMEH29E  1RAR01401520F  (24667a00565% 05238403247
op2  132725:03268%%  13R97a04117C  12.8056+0.7945%  134510:0.2320°  123108:0.0847  5.5306:0.2122

= NaNOy ; b = NaNOy ; {1) = contral ; cp = centerpoint

mesn: within colomn with differer superveripts differ significarly P=0.05
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ﬁ“h}"lﬂﬁuﬁ":ﬁ’u myoglobin ﬁ'll::qm'ﬂ'rﬂ.lﬂ
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Fig. 8 L*a" and b* changes during 48 hours of Nham fermentation using nith/without
sodium nitrate and sodium nitrite and with/without M, varians as mived starter

cultures,
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Table 8 Value (L*} change during 48 hours of Nham fermentation using with/withont sodium
nitrate and sodinm nitrite and with/without M. variens as mixed starter coltiures.

Fermendaton Hime (hours)

Treatment

o fl 1%

15 24 48

1 SLHEBZI0M8Z17 BEEHTEO.Z4ATIY ADITETL04424D¢ 80.768140.2267" (5.99974DIR4D" 529948017209

2 52.5441:01618% BEI060+0.4500" 54004101084 EA.6RLTi020280 G1753s.01207b 53,230%4.01600P

8 54.0090:0.8065" £9.7818+0.2886° B0.2670:01096° G1.5228+0.1353% 5200304035405 54,2ZH06:0.12908

4 54.0072:0.40081 80,05084+0,4000° 50.6876+010012F 7103614025800 55411T+0.2F70 53,849540.25018

b 57.480040.4001% 80.6542:0.30760 8118774010881 61.6482401094° 524004060689 53.0101.0.06589

0 53.9320,057087 5004084011765 60.8647:0.8731T ANE0TTL01305™ B3,920540,3800° BA.5A2.010520

mean within colnmm with different supemscrpts dilfer sipnilficanily P (s

pthelsiauiifedunad duweaTudt
6 ymamsinEheiu ) grswnanTugasi |
wag 2 Hieslemzun Tdou luaim 500
ppm) Soudums e W18 e M varians
Wi Spsianodesmusaiininium qn fm
3.6 ofnilehAyyaafian P <0os Fnm
mﬂmnmﬂ"uumummunqmﬁ 1 uaz 2
nmlmﬁq'hfmu'tﬁ’ﬂmi"lwwumﬂn M. varians
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'Table 9 Hue (a*) change during 48 hours of Nham fermentation using with/withent sodinm
nitrate and sodivm nitrite and withfwithout M. varians as mixed starler cnliures.

Fermentution time [hours)

Treatment
0 a 12 18 24 48

AATI7+000009 BA754.013500 7.85144007TE" 084142014187 10.5278.4017T8M 11.836740.88278
A3600:01121"  £5188,0,0T880  0,4764+0,0004" 950824007067 1010412012047 10.5708.40,448T0
T2755:0.0520° BEASALDISHET  B.920840,1750° 1L8BAL:0.0AT2T 12.8108:0.2408° 1440534020407
07528:014080 7T5707.021629 0.0875:0.2604% 1134002017209 11.488150.08039 13,006440.12309
7.5804+010059 3032040.0870° D.4305403351° I1R45I+0.17I6% 13.5I00+0.%908% 15,1042.0.2725°
TEATN40.1080° 7.2215:017417 o.0zonc0azie?  11A2040.0691% 11.p82x0.1708T  14.072040.211850

o M e W MmO

Toesn within coloom with different superscrips differ significantly P<h0s
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i 1 uazgesdl 5 Liflanauandiiotefivo .
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'hll.i'fl‘u'hl‘lﬂ1nwu11q’ﬂiﬂﬁﬂﬂmmuun1%"
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AemsWann@fisnguemdasusivmu@nd

179 151 T 'i-r-.l o t 1 ' 4
naTng ﬁﬁ”"'ﬂ:’f?g M. varians ?“1““7 msmwzemsdanaetnlpediviinligas
- - L) [ 4 L] o J
mawdmeun wdlle b* dndildidednin . Tugrsmandanmuuit ¥ Taiou Tuarn

'lm‘_rnimmtmammuuﬁmmmﬂﬂﬂﬁﬂ P<0.05 500 ppmy wazTw@enlulesi (200 ppm)
(AN 1) ﬂ.i‘l"u'aﬂﬁmﬂm"muu']Tuunﬂm | nunmﬁamqmmmmmﬁ Ao L. plantaram,

99



NFEyInWn1 11401 . 82 - 101 (2630
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Table 10 Chroma {b*) change during 48 hours of Nham fzrmentation using with/withont
sodiom nitrate and sodiem witrite and with/without M. varians as mixed starter

cultres.

Fermentntlon tme (howra)

Treabnent

(L} 24 L L]

S A o A O -

11.020740,26127718.0702,0.12107 19.0901+0,0001% 12 4075+0,18767 10.022040.237%% 0.8E40+0.3176FC
11.4451+0.38920 19.3040:0.1124% 12.8058+0.08701 12,401610.0835% 111977:0.41567 0.0260+017057
118986043255 18.0425:0.25180 13370140,1488° 1245804034187 10,258040.1332" 91106409008
11.944040.4029%12.093350.15077 13.311040.1797°  12.21560+0,0708 11.088740.0717" 9.44324048071F
12 3020,40.4305® 14.249250.47949 13 352740,1102¢ 12 4529+:01134% 10,2501 :0.25609 9,5060.0.41900
12.201140.31907 12,0842:0.20210 132450401760% 12.2012:0.10880¢ 101225015752 0.4983+0,20800C

e within column with diffzrent ruperseripts differ fgoificmtly P<0.05
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