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Study of potential use of dried palm oil sludge as an energy source partially substitute

for rice bran in concentrate mixture using in vitro gas production techniques
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ABSTRACT: Recent research aimed to study the effects of palm oil sludge (POS) partially substituted for
rice bran on in vitro gas production kinetics and digestibility. A completely randomized design (CRD) was
used as an experimental design with six treatments consisting of palm oil sludge substitute for rice bran in
concentrate diets at 0 (control group), 10, 20, 30, 40, and 50%, respectively. It was found that the a, b, and
a+b values were significantly different among treatments (P<0.05), with the highest value when rice bran
was replaced by palm oil sludge at 10%. Moreover, it was found that in vitro dry matter and organic matter
digestibility at 12 h and 24 h were significantly different among treatments (P<0.01), especially when
replacing rice bran with palm oil sludge at 40%. Based on the results, it could be summarized that palm oil
sludge could replace rice bran by up to 40%, which shows the potential of palm oil sludge as an energy
source for ruminants. Therefore, more in-depth in vivo research using palm oil sludge as an energy source
in a concentrate mixture should be done.

Keywords: dried palm oil sludge; in vitro degradability; gas production kinetics; in vitro gas production

techniques
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Table 1. Ingredients of concentrate mixtures
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Palm oil sludge (POS): Rice bran (RB)
Ingredients (Kg)

0:100 10:90 20:80 30:70 40:60 50:50

Cassava 60.00 60.00 60.00 60.00 60.00 60.00
Rice bran 16.00 14.40 12.80 11.20 9.60 8.00
POS 0.00 1.60 3.20 4.80 6.40 8.00
SBM 20.30 20.30 20.30 20.30 20.30 20.30
Urea 0.70 0.70 0.70 0.70 0.70 0.70
premix 1.00 1.00 1.00 1.00 1.00 1.00
molasses 1.00 1.00 1.00 1.00 1.00 1.00
Sulfur 0.50 0.50 0.50 0.50 0.50 0.50
Salt 0.50 0.50 0.50 0.50 0.50 0.50
Total 100.00  100.00  100.00  100.00  100.00  100.00

Chemical composition*

Dry matter (DM), % 89.82 89.71 89.60 89.49 89.39 89.28
Organic matter (OM), %DM 92.80 92.76 92.73 92.69 92.66 92.62
Crude protein (CP), %DM 14.43 14.54 14.65 14.76 14.86 14.97
Neutral detergent fiber (NDF), %DM 12.32 12.74 13.16 13.58 13.99 14.41
Acid detergent fiber (ADF), %DM 543 5.86 6.28 6.70 7.13 7.55
Total digestible nutrients, (TDN), %DM 75.48 75.53 75.58 75.62 75.67 75.72

* Data from calculation
ad =
2/N1IANEN

TRUHUN TG UUENANYSal Complete randomized design (CRD) lasuusngunaaesesnidu 6 nau

o v °

NP9 (NGUNAaDIAE 4 %7) Useneudae nnnznoulduthiusuuimeunusiasiBoaunsdiuiissiusng 9 laun 0,
10, 20, 30, 40 uaz 50 Wesidud audu TugnsensiidngRvuseneusie Sudu $aziden nMndaaDs NN
ngnoul gy (POS) g3 UIsMHAY mmiina fugdusazindo fuandliss Tablel ndmnduiluuadiu
pzunss vum 1w, laedl 6 ngunIsaaes Gl

Tl = g_jmmmiﬁﬁ dndruninagnouUiau: 51 (POS: RB) Wiy 0:100

T2 = qmmmiﬁﬁ dndruninagnouUiau: 51 (POS: RB) Wiy 10:90

T3 = qmmmiﬁﬁ dndruninagnouUiau: 51 (POS: RB) Wiy 20:80

T4 = qmmmimamd’mmﬂmﬂauméu: 31 (POS: RB) wi1AU 30:70

Ao

T5 = g_jmmmﬁwmmmumﬂmzﬂauméu: 51 (POS: RB) WU 40:60

T6 = g_jmmmﬁﬁﬁé’md’mmﬂmzﬂauméu: 51 (POS: RB) winfu 50:50
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nsNUAlE1HazNsIATIZRe sAUsTNaUM LA

Wit e msATzsdUszneumaall laua Jnguiis (dry matter, DM), 11 (ash) waglusAumeu
(crude protein, CP) Ether extract (EE) sns33n1sves AOAC (1995) uariinsevinsdusznaudelefiddny ldud (e
T NDF wazifiole ADF anu33n159e9 Van Soest et al. (1991) SiaszsimAndasusau (Gross eneray, GE) Tngld
1309 Bomb calorimeter MsANWIRALMARTYBINSHARLAE (kinetics of gas production) AALUAIIENITVDY
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ranuRa o 93 0, 1.5, 3, 6,9, 12, 24, 36, 48, 72, 96 uaw 120 As3an1swes Foiklang et al. (2016) annduinis
antufinUSinaunariAnty thamananusadldnmend a, b uay cimaiﬂﬂit,mimﬁ%%agﬂ fit curve Liieasuny
FAFNANTURINITHAALAANULUUTIRDIAUNITVEY Drskov and McDonald (1979) vinmsinAinstasaaievesing
WA (in vitro dry matter degradability, IVDMD) Waxnistovdaleuesdunseing (in vitro organic matter

q

degradability, IVOMD) (Tilley and Terry, 1963) A4auns

IVDMD (%) = [hwiindmguiiasusuy — dwilininguisiivaendinsuuhivtdnnguiasuau x 100

IVOMD (%) = [lwilndunseingisunu — wilndunsgingiivaendinisudlinin inguiasusu x 100
N139NUNUNITNARDY

AT AlALTENITIATIENAMULUTUTIVMUU Analysis of Variance (ANOVA) AalbHUN1SNARDILUUEL
awuysad (completely randomized design, CRD) Tngld Proc GLM waglUSeuliisunnuunngiaesriatevengy

NAABIALT Duncan’ s New Multiple Range Test (Steel and Torrie, 1980) Iﬂﬂﬂﬂmﬂiuﬁﬁﬁﬁlgﬂ SAS (1998)

wan1sAnELazINTal

NnMsiasziosrUszneumaailuiesjuiinng nuinnngneuuduiiviunainguiiaogi 8527
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Weslduduazidn 14.10 Woesidudvasinguits (Table2) dadlusiuveny whuagluturesninazneutrdueuuiiadl
ANEINTIINTTTIBUVRY TanauazAue(2549) Fesreeuilusiuneruaesninuidudiadageansiaiian 14.5
wWoesidus fflasfu 5.43 Wesiud uaziingausu (Gross energy, GE) 4,592 waaa3sonsy luvaeil 1iele NDF
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Table 2. Chemical composition of palm oil sludge, rice bran and rice straw used in the study

ltems Palm oil sludge Rice bran Rice straw

Dry matter (DM) 85.27 92.06 89.20

Organic matter (OM) 85.90 88.11 85.94
Crude protein (CP) 17.02 12.30 2.41
Neutral detergent fiber (NDF) 58.27 24.13 87.43
Acid detergent fiber (ADF) 44.03 18.56 55.86
Ether extract (EE) 13.02 12.25 1.72
Gross energy (GE), cal/g 4511.60 4320.04 -

Ash 14.10 11.89 14.12

HAYBIN1INARNUTIT IR IENINAEnaulIAuBYaurmansNsHanLia tawansly (Table3) Inenuiinis
naunustmennRgnouUdy axdsualiian a @uflazaeldviui) f1 b (dwitliazane) wagen (a+b) (@il
Ananlunisndaunia) danuunnsisegnidedAgyn1eada (P < 0.05) @A c (Bnsinswdaunia) L
uANANSEdA (P > 0.05) Ine a Trngsgelunquiinaunusrdnsennnzneuuduludngau 10:90 Ae 5.56
wagdndusedamfe 0:100 40:60 30:70 20:80 50:50 laedidn 0.33, -0.07, -1.03, -2.15 uag -3.44 AUANU 1 b
firgegnlunguiinaunusidndieninazneutdsludadu 0:100 Wesldud fe 136.63 uardndiusesasnie
20:80 30:70 10:90 40:60 waw50:50 ladian 134.54 134.54 134.44 130.52 waz128.00 auafy luvaizfiA a+b
fiAneg5wM319 127.08 - 140.00mL/0.5 gDM (P < 0.05) uenanidanudn Aufaazand 96 Falus faruuansing
fumsadd (P < 0.05) Ineilrgeamlunguiimaunusrdnfeninazneutdnludadau 10:90 Wesidus fe 114.67
wardnaIuTeIaIAe 0:100 30:70 20:80 50:50 Lar40:60 LWosidus lneilAn 113.67 113.67 112.33 109.75 uay

109.50 mL/0.5 ¢DM
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Table 3. Effect of dried palm oil sludge partially substitute for rice bran in concentrate mixture on in vitro

gas production kinetics and in vitro degradability

Palm oil sludge (POS): Rice bran (RB) P-
ltems SEM
0:100 10:90 20:80 30:70 40:60 50:50 value
Gas
Kinetics'
a 0.33° 5.56° -2.15% -1.03¢ -0.07¢ -3.44° 0.734  0.005
b 136.63° 134.44°°  13454®  13454%®  128.00°  130.52° 0753  0.068
c 0.02 0.02 0.02 0.02 0.02 0.02 0.001  0.584
a+b 136.96%° 140.00° 132.38°  133.51* 12793  127.08° 1.184  0.068

Gas (96 h)?  113.67% 114.67° 112.33° 113.67% 109.50¢ 109.75°  0.513 0.023

IVDMD?, %
12h 62.40° 58.95¢ 63.11° 59.97"¢ 60.20° 60.54°  0.453  0.001
24h 67.91° 65.51¢ 66.83" 70.65% 75.42° 65.65°  0.356  0.004
IVOMD*, %
12h 71.78 76.75° 70.14¢ 72.90° 73.71° 7451%° 0458  0.002
24h 80.22° 80.34° 80.09° 83.20° 87.31° 80.15° 0434  0.004

'a= the gas production from the immediately soluble fraction (mL), b= the gas production from the insoluble fraction (mL),
c= the gas production rate constant for the insoluble fraction (b) (%/h), a+b = the gas potential extent of gas production
(mL). *Cumulative gas after 96 hours of incubation time (mL/0.5 g of substrate). >IVDMD = in vitro dry matter degradability.

“IVOMD = in vitro organic matter degradability. SEM=standard error of the means.

N3¢ 08AAYBLINQWIAS (in vitro dry matter degradability, IVDMD) uazn1seegaaeveidunieing (in
vitro organic matter degradability, IVOMD) wuinnsgesaatsvedinguislunaenvaaes Faluedl 12 wazdalusd
24 fauusnaniunieada (P < 0.01) Ineflnnigalunguiimaunusidndeninagnouurdiludngiu 20:80
Ao 63.11 Wosldun wardndiusesasuife 0:100, 50:50, 40:60, 30:70 uay 10:90 laeilAn 62.40, 60.54, 60.20,
59.97 uar58.95 Wesldudnuau Tuvaedl IVOMD 9l 24 Anndigneglungsivaunusidndeninnznou
Uduludndiu 40:60 Ao 75.42 Wasidus wazdnaiu 30:70 HA1 70.65 Wasidus wardndiusatasuifs 0:100,
10:90, 20:80 uag 50:50 laediAn 67.91, 65.51, 66.83 uag 65.65 Wosidudaudwu IVOMD Falusil 12 fiaanu
uanAneiumeada (P < 0.01) TnsAundigreglunguiinaunusrdnmeninazneuthdsludndiu 10:90 Tnedia
76.75 Wosidun Lazdndiusesasuife 50:50 40:60 30:70 0:100 uay 20:80 lawilAn 74.51, 73.71, 72.90, 71.78
uaz 70.14Wosidud muddu @ IVOMD Faluedl 24 Sianuuandnafunisadd (P < 0.01) Tnsrannfignegilu
ﬂ&juﬁwmLmuf’lﬁﬁ'nﬁ’mmﬂmsﬂauméﬂué’mdau 40:60 IpedlAn 87.31 Wasiduduazdndliusasaduiae 30:70,
10:90, 0:100, 50:50 @z 20:80 lawdlen 83.20, 80.34, 80.22, 80.15 Ay 80.09 Wesliudnuasiu denraosiu Ju

a s av v a a 1% | 1 a v ! o &
1A wazAue (2554) Vllﬂﬂﬂ‘i%ﬂiﬂ’lﬂ;ﬂ’liﬂﬂﬂ ﬂ']ﬁ&]@ﬂlﬂaﬂsiﬂﬂqv\lﬂqﬁwamLLagﬁunuﬂqaqwqﬁmaﬂLLW%EQUWLaEN
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