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Effects of Soybean Soapstock Supplementation in Broiler Diets on
Nutrient Digestibility, Productive Performance,

Carcass Composition, Meat Quality and Economic Benefit Return
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Abstract: Soybean soapstock is a by-product of the soybean oil refining process and it is rich in fatty acid
polyunsaturated fatty acids and also rich in yellow pigments. Two hundred broiler chickens (Ross 308%) were
randomly divided into completely randomized design with 2 treatments and 5 replication per treatment (n=20).
Dietary treatment included the corn-soybean meal base diet (control diet: without soybean soapstock
supplementation) and corn-soybean meal base diet substitution soybean soapstock for crude palm oil (SBS for
CPO (5:95)). The results showed that substitution SBS for CPO (5:95) in diet improved digestibility of ether
extract and gross energy with higher different to control group (P<0.05). Furthermore, substitution SBS for CPO
(5:95) in diet also increase feed efficiency ratio, productive index, salable bird return, net profit return per bird
and return of investment (ROI) with higher different to control group ( P<0.05) but there were not affect the

average daily gain, feed intake, carcass percentage, cutting percentage and meat quality (P>0.05).

Keywords: Broilers, digestibility, soybean soapstock, meat quality, carcass trait and productive performance
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Fadieu uaransdiaas IennsmaaesnieTie 1 Lufawuﬁ Ross 308° a1191d 200 #i7 zgmmmmuﬂ’mwmmmmmm
anysnd Usenavdian 2 vianmus vanmusias 5 i (n=20) anImaaedtlsznaUBgasiiidinn naLaznnd
m@@uﬂu‘wuﬁm (ﬂaummmiumwh"lmummafm) LAy mmawumum’lmimummmwmmuumuﬂmu
(5:95) HANNTNARBIATIT W17 mﬂﬂmummamwmmuuwum@u (5:95) TuawIsnun s NN stiog L
UsngredladisnuasnasausNgIndnaInNnguAILAN (P<0.05) faﬂmmﬂm"lmmm,mmmLmuu’muﬂmu
(5:95) TupnsgnanInfins s wasevnadhinuing fatlsyavanmnnsuan yarNsesiasanile
ANTFABFI LAY @mmmumrﬂfauLmumnma‘mmumm’m@umumu (P<0.05) wsi lfinasadnansasoy A in

1Bununsnuld wlafidusann Lﬂmmumumu IH ﬂmmwmfa (P>0.05)

=

Adaty: idle nedesld laaydowaes Anunmite ANEETIN WAL ANTIOULNIINAN

AU Tl nJ) (apparent metabolizable energy:

AMEn) 7,951 AlauAasisianlaniy QAININATAUUAL

Jaqiunisidauaznimaniiileluds  ndwedu 6,579 waz 3979 ilaunaeisanlaniy
Wﬁtﬁmﬂ’gqLﬁumﬂﬁ'uﬂizaw%mwmmam nasiu AANS1L) arie 3afaduiAmindeiieann
mnﬂ?{ﬂuuﬂamquﬁmnmmemmﬂmﬂﬁ@ @qmmummmmamﬁ”ﬁﬂuﬁqm'ﬁ@\uﬁ@miﬁiﬂmLLm
landaudenasetiuiunsnanuaznadagiy  nsuanluledioa dnneluaydanunselafungs
avnadad FarhAepnadfuesnedun s Tauifin 3 uaz Tewdin 6 sauvaansduauinailady
uaz LmeﬁmﬁumuwmqLﬁ@mﬁ'ﬁﬁ"ﬂﬂmwum nfussndnnAwmasslunguualsnuasfuazgaulyl
mumum (Hatachote, and Muapanya, 2017) ﬁ%uuu AAELIEN [51‘1'7{ anduresaniedng wu THAew
‘lliwwammummwmmﬂumwmumimmumuu Inunad@an neanefa AN NeLAY LazLAALTaN
AR RT A e laa1] (soapstock) ) A8 u1an 1udu (dos Santos et al., 2014) u@ﬂmn?ﬁmyjﬁq
N2rUAUNNHARNTUS Y WA e T URa U T 1H wiaesdadasAlsenavaesarsngunealnaile (King
133 (refining) TneninsTudaudesiiinunsuenda et al, 1998) 398l g s anTa il 87adlWiees
(gum) wdadingnezuaunisinliidunans (emulsifier) ARt idan s utinaangy Tunis
(neutralization) i e ¥ ansalasudass (free fatty nezangdredluuasuiuidudatueulndls
acid) mﬂmﬂmu‘iﬁﬁmvl,viwﬁﬂgmmnummhuu@mv wadenaliflutugneenuazapduldaiu (Zhou ef al.
WaueNnuimaes mmwﬂuuhmmﬂwmmm 2015) FatiaNnaeNLRauMTin Wi ﬂ’]?L@Qﬁ?NVL“HmEI:t%Q
Tudumeuil 17 34 31 Wesdud 1ednsviaunsLGn wiaesTisydy 4 wesFufluansliile (Pekel et al,
viseAadusiuu 1 lu s 2aaNTTHARTNTUE WA B 2013) uaz 2 lesidus dvFuetumisinla (Senkoylu

Waiislna (Borsatti et al, 2018) dvlaayjifluiammae et al., 2004) @1 TR U ANITOUENTIa TR LR
fagnin ¥ luapavnssunanatjuazansindne el wasliiauaslnlel ulidnldarjasdamuanifeiulung
= a o 1 v 1 1 v 1 o A 1 dgj 1 v
Huanaeuidanauniin wudn laayasanldfag Wuwnasludumnadanluaimisiiiie wnusnngld
nealadudnduninndt 0 wefidud wu  leayunsiudsilidedndn Ae daounilagaminliil
N30 10La8N NIAALABN WNTNNIALULAEN LaanIa Az mniumﬂ%zﬁwﬁummmmmmﬂwzﬁ\m@rfia
Tuiadn Wk (Pardio et al. 2005) Wana1Nil Pefia mmmmmm (uniformity) 289N THANBIUNIRTURS
et al. (2014) 91131 ladydoaesiA AW 1 NEMINT @mnw@m @mm%mmnuma\miﬂﬂmm
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ANTTANNNNSHAR DeALlsznauTIn @mmmﬁ’a LL@%N@@@ULWI%VI"NLFI‘IHE"EQ

5@mﬁ@ﬂuivﬁumﬂﬂuma‘m?‘umma‘zﬁ“m’ (Feed
additive) Tua1u19ln 1 e tian 39lunnsfinmn
iaadulunstiavdaa s e s unafidaaunnng wli
g uAtaiume i laadavaeailugsaaiag v
L@@§équﬁuﬁywﬂuﬂm‘ﬂuqmmmﬂﬁ e ite
Wannnsees i uaznisldUsslamildaeaanuns tne
nsAneTssgUszasdiieAnmnanisidalasy i
maesluemisresliidedenisdaslFaeslnaus
ANTINULNINAR BALTTNALEN ﬁMﬂ’]WL‘ﬁ/’abLﬁ LAY
m@mammummeﬂ@mmumimmvlﬂhmeiﬂ
Lu@LWQLﬂwmqL@fanLmvmmmmmmmﬂumw

L4 as
AUnTuazIaNg

AnIuaraIINAang

nmeaesiiiflniifeaneiug Ross 308° any
134 A7 200 A9 (WAE 100 A9 LAz WAL S 100
i) Tnegaiiifeudinguunnimasesuunguauysal
(completely randomized design: CRD) wL4aan v u

Table 1. Experimental diets

2 YAV YINUFAY 591 29uvianaa 10 widag
NAABI (=20 LWAE 10 A WAz WAL Y 10 69)
Usznauding U 1 Ae ewnslnileidlasyda
WA BN AU U U (SBS 0:CPO 100) kA%
vﬁmuuﬁ‘ﬁ 2 A8 81117l Lﬁy@m%imﬁfﬁmﬁm
NALNLEINTTLF (SBS 5:CPO 95) mu”Lﬂ anman
IEFuinazennuas mma‘ﬂmmmmwmmnm
(ad libitum) Tl svazinaniass 35 Ju wafy 2
svely A srasFuEY ¢ 1-21 34 (starter diets) &
TsRunenu23 wesidus warnaaanulilselonils
3,200 AlaupadisaRlanin uaz svezEsoALIR 21
22-35 54 (grower diets) {1t sRuneny 20 waFifusf
uazwaaald s lemdls 3,200 Alaunaeasenianiy
(NRC, 1994) Aquanaslu Table 1

se@nsmwnsdaslavastnagus
meindsz@nsninnisdeslfaesinauslng

8911 (indicator method) Aamminnssas Inmiten

lneenlas (Ti0,) 0.3 wWesdud acluamsvesiniile

Starter diets (0-21 day)

Grower diets (22-35 day)

Ingredient composition (%)

Control Soapstock Control Soapstock
Comn 48.45 48.45 56.60 56.60
Soybean meal, 44%CP 36.60 36.60 30.01 30.01
Corn gluten meal, 60%CP 5.70 5.70 5.00 5.00
Crude palm oil 5.00 475 4.80 4.56
Soybean soapstock 0.00 0.25 0.00 0.24
DCP, 18CP 1.80 1.80 1.20 1.20
Limestone 1.40 1.40 1.50 1.50
Salt 04 04 0.30 0.30
DL-Methionine 0.15 0.15 0.04 0.04
L-Lysine HCL 0.10 0.10 0.15 0.15
Vitamin premix* 0.20 0.20 0.20 0.20
Trace mineral premix** 0.20 0.20 0.20 0.20

* Provided per kilogram of diet: 15,000 IU vitamin A; 3,750 U vitamin D,; 37.5 IU vitamin E; 2.55 mg vitamin K,; 3 mg vitamin B,; 7.5 mg

riboflavin; 4.5 mg vitamin B; 24mg vitamin B, ,; 51 mg niacin; 1.5 mg folic acid; 126 mg biotin and 13.5 mg vitamin B,
**Provided per kilogram of diet: 37.5 mg Zn (as ZnSO,); 37.5 mg Mn (as MnO,); 37.5 mg Fe (as FeSO,.7H,0); 3.75 mg Cu (as
CuS0,.5H,0); 0.83 mg I (as Kl); and 0.23 mg SE (as Na,Se0,.5H,0)
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luta9 10 5uqmﬁqﬂmﬂ4ixﬂ:§uﬁu Tneiutivldidag
7 Suusn Ae szazlSudnd (preliminary period) waz
199 3 fugaving Aa szaziiufaatng (sampling
period) az#i1n13gNifiuanisli anaanddnuaL
1,000 NFNURILARUUILN mmm’lumﬁumm%”u
wazdafiuy azesliiled i Fuemmaaenas
m'm_iﬁinmLwi@wmmm@mﬁffuiuﬁmL%f]Lm:lﬁu
LLéﬁqmmﬁq@ﬂmﬂmﬂuqqﬁﬁmmsﬁ@?\lfﬁﬂ (H,80,)
AuLiindu 3 wesifus muiTaeg Fenton and
Fenton (1979) URIAALALARAL 19D MITURE mfamq
AU 4 UaY 20 a9ANLTATA mmmmu anifu
1/1ﬁma‘@umaaNmmnmwgmmw@@ui@uqummu
60 avANIAEa Al WiNuAazIBe A (Zampiga et
al..2016) LﬁﬂﬁﬁmﬁLmﬁzﬁmﬂ'ﬁmquﬁq BRI
veny Eelasan TaTumn B1 wasndsnusn Asia
184 AOAC (2000) Uaz3A1inn1 BRI TiO, Haeids
alaTnIn InumsA mNu3Bu89 Myers et al. (2004)
AN AAMNINTUZLALLTNIARY TIO, 109
Lmzfmmmmwﬁaﬁmqmmrﬁhmiﬂ'faﬂiéﬁﬂimg
184InTUL (apparent nutrient digestibility) ANNADU8Y
Kluth and Rodehutscord (2006)

amenmwmimmuamammumuwmﬁman
nsdnanssanwmsuamaesiriile Imam
nsdanindeddiilelunentunn 20x3.0 was
nmelulaaBauuund m‘ﬁ'ﬁmﬁmmmmumgmmﬁ
panan nuanfanluszndeteunaulguieu D
nanNYIAN 2559 Fadinnsdediideimun 35 5u
uthaiflu 2 429 A 0 119 21 Ju way 22 1ie 35 3u Tngl
hdinBunaewnsinul dminsaresli tle Gudu
uazgafineaasusazdae A uaulnae WazAATIAREA
nsnaaes Bidayaniuanunliuiunisiulé
St findy ARFINNIARIULFLIR LAZARIINIT
wasuevafuiimings (feed/ gain) ANNATUR
Mwale ef al. (2008) WAZATIIMERINN"IRETE
sNNATHLsEAVBNINNNINAR ANNAEURY Khaksefidi
and Rahimi (2005) LAZATUIUUIHARDLLNUNIY
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LA 91§ A (economic benefit return) A1« A%vua4
Nopparatmaitree et al. (2015)

asdilsznaumnuazaummiiie

dlelrileengas 35 susinsduliilean
WHATHUIENARES A1UI 4 5 (WWAE 2 A9 Lazina
el 2 6i9) Annssing unaziien aeflsznaumin
1aun wWeddusann (carcass percentage) Wadidus
41n1fl1d (chilled carcass percentage) Wazilafidus
TugIuFA LA (cutiing percentage) 1875284
Hossain et al. (2012) muﬂmmmu@ﬂ?”mumnm
AuuNge- mwmm@@ﬂ (7 45 w7 waz 24 m‘im
Tae'l% pH metter 7 45 U7 (pH 45 min) L@ “f 24
T (pH 24 h) Taeil4 pH meter §14 pH 211, Hanna,
Padua, ltaly AMNABU89 Zhou ef al. (2010) n1n135m
ﬁqmqummmlumiﬁuﬁ”f] (water holding capacity)
Ae drip loss, boiling loss, trawling loss A< roasting
loss ANaART84 Liu ef al. (2012) :9udeinandresile
16 (A 24 dTu9) Ae AANETNe (Lightness: L), A2
WBAwAa (Redness: @) hay A NI UAMADS
(Yellowness: b*) @28 Minota 410 chromameter AN
359049 Ao et al. (2011) WEIAIUINUMN Hue angle a1
4RM7 Hue angle = tan” (b*/a*) Waz ALY Chroma
A1ng 63 Chroma {(@’+b*)"? (Suriyaphan and
Bondang, 2014)

NSIATIENTRYAN AT

ey aiinsnzinanissu (analysis of
variance :ANOVA) Lazit /388l A N AN F9U8
AN Lfaﬁl gRE Tukey’s honestly significant test £ W35
984 Steel and Torrie (1992) Tneil4 lUsunss R version
3.3.1 MMNI5U89 R Core Team (2016) AszfuAanu
st 95%

NANISANBLATAIANTOS

nsAnuansE@sN lagy damaesluaiis
Iniasianisdaalfaasinaus wuda Inien iy
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a & a
ANTTONINNITHAR mﬁﬂiznfau*mn ATUNTINLUD LL@%N@M’EULLVI%VI'NLFI‘J‘HEF]Q

mmi‘ﬁ"lf-ﬂmmﬂﬁqmﬁmmmmuﬁyﬁﬁuﬂﬁu (SBS
5:CPO 95) Nﬂi”awﬁmwmamﬂmﬂmnmmhmu
FNUATNASUIINGININ N HanguAILIAN Ty
UsrAnsnimnistieslfUsngresinguits 8uisadng
@elaneny uazllsAunenulfinanisnaanai
WANANAUITNIWNGHN1INARES (P>0.05) Aauandly
Table 2

AIUANIIONINNNTHAAUATHARDLLNUN
s gRanealn e lEsunaeinlagy famdedlu
2193 WL maesdaensiaesriile 0-35 54 Iiled
1ﬁ§umma‘ﬁ15ﬂmqgfamﬁmwmLmuﬁ/ﬂﬁuﬂﬂﬁu (SBS
5:CPO 95) fi§nsnisulaauetmn i winmein i
hsnndgesen wassiisy@vsnmnisnangann
I ienguamuauil i Fuenmnafinfudadu (PO
100) (P<0.05) viaiudiinln el suemsi 14 laay]
fhudemeunuinaTudu (SBS 5:CPO 95) i fumu
mfmmwifaﬁng\mdﬂﬁL?:@ﬂ@jumuquﬁ”l’ﬁ%ummiﬁ
st (CPO 100) (P<0.01) WethilaAuans
m@m@uLmumammgﬁwmﬂmﬁ”m wudn lridled
”lfv”ﬁ*umm?ﬁﬁhmﬁqmﬁm‘wmmeiyﬂﬁuﬂﬁu (SBS
5:CPO 95) Hyjar1annisanesiasa (P<0.01) finls
gNaAafa (P<0.01) LAXEMINEIUNARDLILNUASNNS
aanu (P<0.05) gendnlriidenguasuaaitlisuemng
it hdu (CPO 100) Aauanslu Table 3 Tne/ln il
09818 0-21 Tu FIFFua w37 W ey Fawdes
A IO GECRILY £ (SBS 5:CPO 95) 44N LA s ®
ANTIONINNITNAFUATHARBL UNUN AT T

(P>0.05) Mnus A L‘ﬂuﬂmqu 22-35 Fu il TR
‘1'7{1%1%@14 SawdemaunuinuLdu (SBS 5:CPO 95)
fBununsivlEsadi nmnisasuetmad
timing uardailss@ninmnisnangendnlniile
mjmmuﬂuﬁ%”fwmmiﬁifﬁﬂumﬁu (CPO 100)
(P<0.05) uazlidmanniaascyiuinsadi zg\mfi'fl,mﬁ/ﬂ
ﬂ@'umumﬁ"[r?ﬁu'mmiﬁifﬁﬁumﬁm (CPO 100)
(P<0.01) Astanslu Table 3
u@m’mumﬂmuhmumma@ﬂummﬂﬂ
Lufamfamﬂavn@uemmm mmmwmfa wudn Nl la
@ummm\mmmummuﬂmu (SBS 5:CPO 95) 1
zgmmmiimmmmammuunmn wasidudan
weSFuiudan saianmun e iy assidlunse
pinsraaiiandasin mmmmmmlumié:mfwmLﬁyﬂ
anuazANRTasila (P>0.05) Fauandlu Table 4
MINAREIATIE LR s 09N
ﬁfaﬂ”lmjmngmmwmmumm@ﬂnLumm”lmummi
L’&iwiﬂmlm']LM@@\W]@LLV]WL&’]NH‘]J’]@M 5 iafiuslu
M99 Irandoust et al. (2012) afu1afenns e
arjdawdeslugmeaivslnlidanaldl AME gandn
mmiﬁyugm idasannlasiuluemnsasdiaandna
nsluariuzese it liinisagnindneiuisiu
el TlsienaAue N afinaY danasenIafiunng
WlssTemTlEanelnrus 19 losfu uile waziinana
uenanitluayjdanaestiasdilsznaaesansnga
NealWdadn (King et al, 1998) Inanea W lalladl

Table 2. Effect of dietary substitution SBS for CPO in broiler diets on nutrient digestibility

Level of dietary substitution SBS for CPO®

Nutrient digestibility (%) cV’ P-value
0:100 5:95
Dry matter 78.88+1.00 79.33+£2.091 2.07 0.71
Organic matter 80.45+1.37 81.26+1.97 2.10 0.52
Crude protein 81.10£1.71 81.29+1.81 217 0.88
Ether extract 91.61+0.87 93.65+0.54 0.79 <0.01
Crude fiber 55.89+2.20 54.60+2.51 4.27 0.47
Gross energy 80.44+1.22 83.42+1.06 1.39 0.01

SBS= Soybean soapstock, CPO= Crude palm oil
® Mean#Standard deviation
® Coefficient of variation {CV=(SD/mean)*100}
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Table 3. Effect of dietary substitution SBS for CPO in broiler diets on productive performance and economic

benefit return

Productive performance

Level of dietary substitution SBS for CPO®

CV°  P-value
and economic benefit return 0:100 5:95
Productive performance
0-21 day
ADFI (g/bird/day) 61.68+3.22 58.29+1.48 418 0.10
ADG (g/bird/day) 41.30£2.59 39.44+0.29 4.57 0.20
FCR 1.49+0.02 1.47+0.03 1.85 0.47
Viability (%) 98.33+2.36 100.00+0.00 1.68 0.21
Productive Index 271.47£13.73 260.92+6.02 3.94 0.57
22-35 day
ADFI (g/bird/day) 168.91+7.34 181.83+4.96 3.57 0.03
ADG (g/bird/day) 89.15+3.05 98.78+2.17 2.82 0.03
FCR 1.89+0.02 1.84+0.02 1.19 0.02
Viability (%) 96.49+2.18 98.25+2.48 2.55 0.36
Productive Index 302.95+16.01 351.66+15.24 4.78 0.04
0-35 day
ADFI (g/bird/day) 104.57+4.73 107.71£1.26 3.26 0.25
ADG (g/bird/day) 60.44+2.77 63.18+0.79 3.29 0.11
FCR 1.7310.01 1.71+0.01 0.74 0.02
Viability (%) 94.94+0.00 98.25+2.48 1.82 0.03
Productive Index 330.94+15.41 364.17+15.58 4.46 0.02
Economic benefit return (THB/bird)®
Feed cost per gain (FCG) 59.55+1.87 63.90+1.242 259 <0.01
Salable bird return (SBR) 70.91+2.07 76.50+0.882 216  <0.01
Net profits return per bird (NPR) 11.36+0.12 13.19+0.587 3.55 <0.01
Return of investment (ROI) (%) 19.09+0.32 20.47+1.359 495 <0.01

SBS= Soybean soapstock, CPO= Crude palm oil
* Mean+Standard deviation
® Coefficient of variation {CV=(SD/mean)*100}

°FCG = (FCR x feed cost x BWG), SBR= (price of live chicken (40 THB) x BW) NPR = (SBR - FCG), ROI= (NPR /FCG) x 100

ANNAATRtnsnniliasaniudiulsznataaadia (Zhang et al., 2011) ialasiad Iieasnvsinidaelu
nMsnszansisia nstae il uliumanea nsRNNL

Anvagladulunisdudadueuladlaunla lnaniau

Huimad Anvasad Ao AN TR LW Eﬁ@%iw ELH
(emulsifier) wﬂa‘m@umﬂmuwmum (hydrophillic)
uaz ltatiin (hydrophobic) mmmamummmmmm éfmﬁuﬁﬂﬁmﬂﬁuLﬁ'@ﬁfmlﬁhﬁugnﬂ@ﬂLmz@m%uiéﬂ
A (Zhou et al., 2015) LL@zLﬁﬂhﬁuLﬁﬁ@ﬂﬁﬁ“@mmi
ganelusii (lipolysis) wazidingnazuauniseiataas

N7 atU (emulsion) N1TAALINFNRLTBILRANAT
(surface tension) waznstiasrulilFadaduuendis
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Table 4. Effect of dietary substitution SBS for CPO in broiler diets on carcass percentage and meat quality

Carcass and cutting percentage and Level of dietary substitution SBS for CPO* b
meat quality 0:100 5:95 oV Prale
Carcass and cutting percentage (%)
Live chicken weight (g) 2,126.67+18.86 2,140.00+£32.66 1.25 0.56
Carcass weight (g) 1,806.67+57.35 1,806.67+61.28 3.28 1.00
Carcass percentage 84.94+2.12 84.41+1.58 2.21 0.69
Dressing percentage 76.64£1.53 77.27+£0.68 1.51 0.47
Chilled dressing percentage 75.10£1.50 75.72+0.61 1.52 0.47
Boneless breast 29.76x0.97 29.07+0.12 2.36 0.21
Pectoralis major 24.93+£1.09 24.04+0.37 3.32 0.17
Pectoralis minor 4.83+0.20 5.03+£0.37 6.10 0.38
Wing stick 6.61+0.29 6.72+0.35 4.80 0.65
Tulip 4.14+0.14 4.32+0.36 6.48 0.39
Thigh 16.88+0.80 17.98+0.91 4.93 0.12
Drumstick 11.141£0.24 11.1520.44 3.18 0.96
Skeletal bone 17.72:1.74 17.361£2.29 11.68 0.81
Internal organ 12.13+0.54 11.45+0.49 4.37 0.11
Meat quality
pH 45 min 5.93+0.04 5.93+0.17 0.50 0.55
pH 24 h 5.76+0.37 5.74+0.02 0.52 0.55
Water holding capacity (%)
Drip loss 3.85+0.19 3.61+0.16 4.79 0.13
Cooking loss 25.03+1.71 23.10+0.96 5.78 0.10
Trawling loss 9.23+0.45 9.21+£0.83 7.21 0.97
Roasting loss 21.46+2.32 21.28+1.44 9.06 0.60
Color
L* (Lightness) 55.83+£0.84 54.21£2.16 2.98 0.21
a* (Redness) 7.88+0.08 7.77+0.23 2.16 0.28
b* (Yellowness) 20.23+1.72 18.73+0.92 7.09 0.18
Hue angle 68.63+1.87 67.74+1.01 2.32 0.50
Chroma 21.71£1.57 20.27+£0.91 6.14 0.16

SBS= Soybean soapstock, CPO= Crude palm oil
* Mean+Standard deviation
® Coefficient of variation {CV=(SD/mean)*100}
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