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ABSTRACT

This thesis was conducted in order to determine chemical composition, physical
properties and nutritive value of crude glycerin; whereas productive performance and
carcass characteristics of broiler received diets containing different levels of crude glycerin

were also concerned.

In experiment 1 the analytical of chemical composition, physical properties and
nutritive value of crude glycerin from three biodiesel production scales (small, medium and
large scale) production were conducted by chemical analytical method and proximate
analysis. From the results, pH values of small scale was the highest (8.99) followed by the
medium (6.39) and large scale (6.40). The large scale showed the highest kinematic
viscosity (99.20 ¢St) followed by the small and medium scale (90.28 and 12.51 ¢St). In terms
of proximate composition, the small scale had 3.93% of moisture, 0.65% of crude protein,
5.05% of crude fat and 7,554.61 kcal of GE/kg while the medium and large scales had 13.85
and 4.27% of moisture, 0.85 and 0.48% of crude protein, 0.44 and 0.22% of crude fat and
4,387.45 and 4,650.22 kcal GE/kg, respectively. For methanol analysis, the medium scale
had the highest methanol level (2.87) followed by the small (1.10) and large scale (0.46).
Saturated fatty acid was detected only in the small scale (15.95 mg/ml), particularly palmitic
acid (C16: 0). In addition, the largest amount of glyceride in this scale consisted of

monoglyceride (2.78 mg/ml), diglyceride (0.19 mg/ml), and triglyceride (0.77 mg/ml). For



©)

dietary mineral determination, the medium scale had almost the highest. For determination
of the purity of crude glycerin, the large scale had almost the highest purity (87.65%) follow

by the medium (80.25%) and the small (72.65%).

In experiment 2, a total number of 240 males Ross 308 at 1 week old, with
183.50+0.45 grams of initial live weight were randomly distributed into 3 groups (4
replication by 20 birds/group) in completely randomized design (CRD). They were fed with
rations containing 0 (control), 5 and 10% of crude glycerin ad libitum for 6 weeks whereas
water was available all time. All birds were weighed and feed intake was measured and
recorded every week throughout the experiment. At 2 and 6 weeks of experiment (2 and 7
weeks old), eight birds from each treatment (2 replicates) were randomly selected and
sacrificed for carcass characteristics study. The results showed that birds received diet with
10% crude glycerin had a significantly higher feed intake than those others. Nevertheless,
no significant difference was found in live weight change (P>0.05). During 4 and 7 weeks
old, birds fed diet with 10% crude glycerin had significantly lower feed intake and live

performance than those feed diets with 0 and 5% crude glycerin (P<0.05).

In terms of carcass characteristics of broiler at 3 weeks old, all groups had
no significant difference in slaughter weight, carcass weight and organs (P>0.05). However,
birds fed diet at 10% crude glycerin had higher eviscerated yield than those received diets
containing 0 and 5% crude glycerin (P<0.05). At 7 weeks of age, bird fed with 10% crude
glycerin had lower slaughter weight, carcass weight, meat yield and breast meat yield than
others. Nevertheless, fat deposition and eviscerated yield of birds received 10 crude glycerin

were the highest (P<0.05).

From this study, the lowest feed cost per gain was found in birds received
diet with 5% crude glycerin (36.68 baht/kg) while birds received diets containing 0 (control)

and 10% had about 37.04 and 38.48 baht/kg, respectively.
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NNMIANYIVDY Dorsey (1940) GINVDNAIYINAINNNUUAVINNALEDTUAUNHNANINNTEAU
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4‘ a [ a dd‘ Y a = = a
M1319N 2 %uﬂ’)@]@ﬂ”ﬂLlﬁgﬁﬁmﬁ\lﬂi%iuﬂﬁNﬁﬂﬂﬁﬁh’@ﬁuﬂﬂ

Feedstock IdaGold  PacGold Rapeseed Canola Soybean Crambe WVO[a]
0Oil (g) 91.1 94.8 99.3 90.5 89.5 100.4 89.0
MeOH (g) 19.54 19.54 19.54 19.54 19.54 19.54 19.54
NaOCH, 0.46 0.46 0.46 0.46 0.46 0.46 0.46
Total 117.1 114.8 119.3 110.5 109.5 120.4 109.0

[a] .
* Waste vegetable oil

fn Thompson 4L81g He (2006)
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[b]

Feedstock IdaGold PacGold Rapeseed Canola Soybean Crambe WVO
Viscosity at 40 °C (cs)

Oil 43.86+0.02  39.03+0.03 46.69+0.0 3542+0.02  31.45+0.02 50.16+0.02  38.85+0.05
Crude glycerin 8.80+0.02 8.67+0..01 8.50+0.02 8.86+0.01 8.65+0.02 8.50+0.01 26.50+0.19
Heat of combustion (kJ/kg)

Oil 40,104+£93  39,854+100  39,784+67 39,508+93 39,223+67  40,418+123  38,877+126
Crude glycerin 18,600+374  19,428+228  19,721+270  20,510+£263  19,627+393  19,472+340  25,176+193

[a] . T
Data shows are in format of “average + standard deviation.

[b] .
Waste vegetable oil

nn Thompson 8¢ He (2006)
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M990 4 AANUHLAVOINAYOIUNANNUTNTLALYAUNNNTZAVAI (centipoise/mPa s)

Glyc. % Temperature (°C)

Wt. 0 10 20 30 40 50 60 70 80 90 100
0* 1.792 1.308 1.005 0.8007  0.6560 0.594 0.4688  0.4061  0.3565  0.3165  0.2838
10 2.74 1.74 1.31 1.03 0.826 0.680 0.575 0.500 - - -
20 3.44 2.41 1.76 1.35 1.07 0.879 0.731 0.635 - - -
30 5.14 3.49 2.50 1.87 1.46 1.16 0.956 0.816 0.690 - -
40 8.25 5.37 3.72 2.72 2.07 1.62 1.30 1.09 0.918 0.763 0.668
50 14.6 9.01 6.00 421 3.10 2.37 1.86 1.53 1.25 1.05 0.910
60 29.9 17.4 10.8 7.19 5.08 3.76 2.85 2.99 1.84 1.52 1.28
65 45.7 253 15.2 9.85 6.80 4.89 3.66 291 2.88 1.86 1.55
67 55.5 29.9 17.7 11.3 7.73 5.50 4.09 3.23 2.50 2.03 1.68
70 76 38.8 22.5 14.1 9.40 6.61 4.86 3.78 2.90 2.34 1.93
75 132 65.2 35.5 21.2 13.6 9.25 6.61 5.01 3.80 3.00 2.43
80 255 116 60.1 339 20.8 13.6 9.42 6.94 5.13 4.03 3.18
85 540 223 109 58 33.5 21.2 14.2 10.0 7.28 5.52 4.24
90 1310 498 219 109 60.0 35.5 22.5 15.5 11.0 7.93 6.00
91 1590 592 259 127 68.1 39.8 25.1 17.1 11.9 8.62 6.40
92 1950 729 310 147 78.3 44.8 28.0 19.0 13.1 9.46 6.82
93 2400 860 367 172 89 51.5 31.6 21.2 14.4 10.3 7.54
94 2930 1040 437 202 105 58.4 354 23.6 15.8 11.2 8.19
95 3690 1270 523 237 121 67.0 399 26.4 17.5 12.4 9.08
96 4600 1580 624 281 142 77.8 45.4 29.7 19.6 13.6 10.1
97 5770 1950 765 340 166 88.9 519 33.6 21.9 15.1 10.9
98 7370 2406 939 409 196 104 59.8 38.5 24.8 17.0 12.2
99 9420 3090 1150 500 235 122 69.1 43.6 27.8 19.0 13.3
100 12070 3900 1410 612 284 142 81.3 50.6 31.9 21.3 14.8

A Dorsey (1940)

Sl
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[b]

Feedstock IdaGold PacGold Rapeseed Canola Soybean Crambe WVO
Measurement on oils

Calcium (ppm) 27402 4.940.5 15.7+0.6 7.640.9 3.140.2 47.7+0.6 BDL"
Potassium (ppm) BDL BDL BDL BDL BDL BDL BDL
Magnesium (ppm) 0.8+0.0 1.3£0.1 2.1+0.1 1.60.0 1.240.1 28.3+2.1 BDL
Phosphorus (ppm) BDL 8.0£0.9 13.0+£0.9 10.0+0.8 10.0+0.9 256+5.8 BDL
Sulfur (ppm) 26.0+2.2 23.0+1.5 24.0+1.1 22.0+1.8 22.0+0.6 44.0+1.2 28.0+2.7
Sodium (%wt) BDL BDL BDL BDL BDL BDL BDL
Carbon (%wt) 77.3+0.58  77.0£0.00  77.3£0.58  77.0£0.00  77.0£0.00  77.7+£0.58  76.3£0.58
Nitrogen (%owt) 0.22+0.03 0.21+0.02 0.1740.12 0.224+0.01 0.224+0.06 0.224+0.01 0.25+0.03
Measurement on crude glycerol

Calcuim (ppm) 11.7+£2.9 23.0+1.0 24.0+1.7 19.7+1.5 11.0+0.0 163.3£11.6 BDL
Potassium (ppm) BDL BDL BDL BDL BDL 216.7+15.3 BDL
Magnesium (ppm) 3.9+1.0 6.6+0.4 4.0+0.3 5.4+0.4 6.8+0.2 126+5.8 0.4+0.0
Phosphorus (ppm) 25.3x1.2 48.0+2.0 65.0+2.0 58.7+6.8 53.0+4.6 136.7+£57.7 12.0+1.5
Sulfur (ppm) 21.0£2.9 16.0+1.4 21.0+1.0 14.0£1.5 BDL 128.0£7.6 19.0£1.8
Sodium (Ywt) 1.17 16.0+1.4 21.0+1.0 14.0£1.5 BDL 128.0£7.6 19.0£1.8
Carbon (%wt) 24.0+0.00  24.3+0.58  25.3+£0.58  26.3+0.58  26.0+1.00  24.0+0.00 = 37.7+0.58
Nitrogen (Yowt) 0.04+0.02  0.04+0.01 0.05+0.01 0.05+0.01 0.04+0.03 0.06+0.02  0.12+0.01

ol BDL indicates values that are below the detection limit for corresponding analytical method. The detection limits in ppm were as follow;
Calcium — 2, potassium — 40, Magnesium — 0.20, sodium — 80, phosphorus — 5, sulfur — 15, carbon — 200, and nitrogen — 100
Data shows are in format of “average + standard deviation.”

[b] .
Waste vegetable oil

nn Thompson 8¢ He (2006)
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M15199 6 AUUTNBUN TAFULHAZAINAINUTINVDINALFD T UAL

Speciﬁcation1 Value Analytical method

Analysis ih

Total glycerin,% 86.95 ASTM D 6584-00E01 (ASTM, 2006)
Methanol,% 0.028 Gas Chromatography (proprietary method)
pH 5.33 Orion 230 S pH meter with 9107 BN probe
Moisture, % 6.63 AOCS Ca 2e-84 (AOAC, 2000)
NaCl,% 3.13 AOCS Db 7-48 (AOCS, 2000)

Ash,% 3.19 AOCS Ca 11-15 (AOCS, 2000)

Total fatty acid,% 0.29 AOCS G 4.40, (AOCS, 2000)
Analysis 2’

Moisture,% 9.22 AOAC 984.20 (AOAC, 1996)

CP,% 0.41 AOAC 990.03 (AOAC, 1996)

Crude fat,% 0.12 AOAC 920.39 (A) (AOAC, 1996)
Ash,% 3.19 AOAC 942.05 (AOAC, 1996)

Na,% 1.26 AOAC 956.01 (AOAC, 1996)
Chloride,% 1.86 AOAC 9.15.01, 943.01 (AOAC, 1996)
K. % <0.005 AOAC 956.01 (AOAC, 1996)

Color, fat analysis committee color <1 AOCS Cc 13a-43 (AOAC, 2000)
Standard

Analysis 3’

Gross energy (kcal/kg) 3,625£26  Adiabatic bomb calorimeter

"Values reported by AGP Inc., Sergeant Bluff, IA Lot # GB605-03.

2Analysis by University of Missouri-Columbia experiment Station Chemical Laboratories,
Columbia, MO.

3Analysis by USDA, National Swine Research and Information Center, Ames, [A.

ﬁm : Dozier tlagAME (2008)
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9103184 (hydrolyze) Tasou'laallanla (lipase) 11ndUBOY Fai3onauasulunIzyIUM3
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Gluconeogenesis pathway
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¢ Phosphorylation in glycolysis
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NAUANTITAUAIICN

WAIZIUNITNATOY

ANHUSNIINENIN
ANUNIA (cSt/s)

pH

glass capillary viscometer

A [ I '
N399I NN UNTAAI

ASTM D445 (ASTM 2003)
AOAC 981.12 (AOAC 2005)
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a9asznouniunil
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k2
ANVTY (%)

MIANAUVUADIL DI
Aasy 4
IUeAAYA

a o ¥ o
ﬂ?i')!,ﬂi'lgﬂiﬂﬂu'lﬂuﬂ

aauadan AOAC 954.02 (AOAC 2005)
AOAC 981.10 (AOAC 2005)
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L‘aj"l (%) ﬂ?ﬁ%LﬂﬁWgﬁ’IﬂﬂﬁWﬁﬂjﬂ AOAC 942.05 (AOAC 2005)
o 94 =
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ICP emission spectroscopy
ICP emission spectroscopy
ICP emission spectroscopy
ICP emission spectroscopy
ICP emission spectroscopy
ICP emission spectroscopy

ICP emission spectroscopy

AOAC 985.01 (AOAC 2005)
AOAC 985.01 (AOAC 2005)
AOAC 985.01 (AOAC 2005)
AOAC 985.01 (AOAC 2005)
AOAC 985.01 (AOAC 2005)
AOAC 985.01 (AOAC 2005)
AOAC 985.01 (AOAC 2005)

Aa9158 (%wt) M3 nsa ASTM D512-10 (ASTM 2010)

msniihuilou

WNUDA (%) uda lasu Inna ASTM EN14110 (ASTM 2003)
AT NS (%) M3 lnnsa ASTM D7637-10 (ASTM 2011)
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Lﬂ%@ﬁalﬂﬁgﬁﬁﬂ'TWﬁlﬁﬁu

adiabatic bomb calorimeter
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A P s . . . . Ay ~
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g . . . . =) 1 I <l Aa
A1tlu kinematic viscosity Inviedlugunaland (cSt)

v=Cxt
. . . . ~ 1 I S a 4
v = kinematic viscosity Inuaau wuad land (cSt)
' = . = ' < 3 A 1 a =
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. ~ k) @ =1 [ a3 a ~
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d' A a 4 A 4 .
MAUN 11 1ATNUATISUANNUUAIAULUY glass capillary

(mwlag oA IATHTNIA WA, 2554)
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(MWIAY DART ATHTNIA W.A. 2554)
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a d S
2. MIUATZHADHUTMAUAN
2.1 M5UANETIUITUIN (crude fat)
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] Y r '
puiaaih lsaiminmeduueas 11
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Y
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9OI -7 % 1 = = =Y
w = WHUNAIDYWNNALYDITUAD

MW 13 19TeeanaYenyiae dmsuana luiuanndoiuay

(mwlag AR INTHIWIA WA, 2554)
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a d 1 .
2.3 M3IATILHANNTY (moisture)
o Y ¥ g a o J A y_ 9 y & Y
hageuiilunal 40 i hradsneunduin Tneunda neldldiau
d o = 3 v A o ' a = 3 2 o = Yy q¢
Faiuiinimvinfuiueu 1haredenames ugaigmin (i 15) udr1dvasanea
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(ﬂ]‘WIﬂEJ OAAS mmggwﬁ N.F. 2554)
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wnsznsaiuvualyl i ldende luaumfgungil 600 esraidea Hunar 3 %2 Tuq

U

¥ A
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IRRGIETREA
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A = WNUNDUNTLIUDUATD LN LUIHINVDIUD W AN
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= WNUNUIDIUNTEILDUAAD
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w = WNUNAIDY NN ALTOITUAL

MWA 16 MINATIZHNAFBIUAVAIMNITUDI AOAC (2005)

(mwlag oA IATHTWIA WA, 2554)
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2.5 MIIATIEHindre 15a (glyceride)

(J 1 { o

o [ a d A S Y = = a a =
ﬁ"l‘ﬁiiJﬂ”IS’Jmi"l%ﬁﬂal,c]iﬂlliﬂllﬂﬁﬂﬁ’mfﬂﬂﬂﬁl“]ﬂ’)iuﬂﬂllﬂ?]lﬂi”lxﬁﬂﬂuﬂ
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[ a 4 9 A 2 =
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#¥e HEWLETT PACKARD §' 1 HP 6850 gas chromatography with flame ionization
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a 4 ] .

2.6 MINATILTINTA 1VaTu (fatty acid)

o o ] Y o 1 = =l a a P s A A

dmiumansalviuladedredanameiuaulimnziigudinseile
a 4 a o a d a 1 a 4 a
ANeIEAT UNIINGIAEFIVAIUATUNS IneuvamIalra n15IATIEH 1A IFmalians
a 4 24 { o
WA 00 lawgaads una Iasun Inns W (auto headspace gas chromatography) N 1AW

Y

o a 7 Y A o A A
WANMIAATILHUDY ASTM D7638-10 (ASTM, 2011) Taglaaseaund lasuilnns il 8vie

HEWLETT PACKARD ';'u HP 6850 gas chromatography with flame ionization detector

a d
3. ﬂ‘lﬁ"]!ﬂﬁ‘lzﬂ!!ﬁ'ﬁ‘lﬂ
a Jd [ .
3.1 ﬂ’]i’JLﬂi']gﬁllj‘ﬁ'Wlﬁaﬂllaglluiﬂﬁlfﬂu (macro element and mtrogen)
a S 1 [ Y o [ o a A o =
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plasma optical emission spectrometry (ICP-OES emission spectroscopy) NMMUHang
a 4 ) [ a 4 L4 Y 1 o
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o I a a 4 o [ a L4
ﬂﬁ@“ljﬂulﬁml%}ﬂ’ljul@]!ﬁiﬁlﬂUEﬂﬂUﬂﬂ’]ijlﬂﬁ']gﬁ Iﬂﬂmqﬁquﬁaﬂﬂﬂljglﬂiﬁlgﬁmaq ASTM

D512-10 (ASTM, 2010)
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3. maamnzinsniluileu
a 4
3.1 MIAATIEHINNMUDA (methanol)

o (% a 4 ~ j’ =) = a FIR Y] []
mmumi:}miwwmﬂ‘%mmmmuaaﬂﬂugﬂauiuﬂmcﬁaiu@u Ul@ﬁ\‘m’?l’é]fﬂ\‘]
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ndwesuan Tz figuiialesiiodnnmans uminedeaevaruaiung Ineuva
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TaelFiaS oaufar Tasun Tnns1il % HEWLETT PACKARD 1 HP 6850 gas chromatography

with flame ionization detector
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a 4 a £ .
4.1 msamiwwmmusqmmmﬂﬁwaimu (purity)

= S A

a 4 a £ Y1 v 1 = A A a P
NITAATICHANUUIFNINALFDIUAL Ulﬂﬁ\‘i15]’Jf)fJ']\?ﬂﬂL“]ffJﬁUﬂUll‘]J'Jlﬂﬁ']gﬁﬂ
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. . I a a J o @ a 4
ul“VlW]ﬁ@] (titration method) WUnANANISAATIZH IﬂﬂﬂWﬁWNﬁaﬂﬂWﬁﬂlﬂiWﬁWﬂlﬂﬂ ASTM

D7637-10 (ASTM, 2011)
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MnsanszraInasnulue s Taslaasosdnsizyinnaaaiy (Bomb
calorimeter) 110 Gallenkamp ;i U CBA-305K 1@#7% adiabatic calorimeter I3U11N15%9n5A
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o91IA (pellet press) NIANALFO I UAUAVNTZIMEANNFUDDNUAa IR oudasn 3 Ty udn
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1 o . Aad A 3 o ' v 9 v A
ATNANNTU = (Heat capacity x Qmwgwmmummmama) —NANTURNY — wamuamﬂ%"’lﬂ

Y )
UMUNUDIAI0E 1

WRBIHR - NAINUMBTAUIINY 58.58 J/g
L oal o o ' . Agy
Benzoic ¥ M1InUseunas 1 5L A1 heat capacity lélszana 9,300 — 9,900

1A ] I
A lasvuaedu J/g veso1ms

a & o aa = A A 1 o a ¢ 1 o
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Free fatty acid Base Soap Water

mwi 18 Ufnsensletifinduvesnsa luiudasy iy Tmdeon laason lod

= v
NN gE19NY (2544)

d' = J = A Aa J
MINNN 11 ﬂcﬁmmﬂama‘l‘mmmnawaiuﬂumﬂ RENGH (mg/ml)

UHAINSHAN

a d
NIFUAIICH

VNAEN vinanay vinalnay
TuTundse'lsd (z/ml) 2.78 ND ND
lanawra’lsd (g/ml) 0.19 ND ND
lasnarelsa (g/ml) 0.77 ND ND

a

“TasamanaaluTefimaguasy an.5agl

u
s 3

"Tasaminaa luTofraninnandnthauingy vrianedoasvaiuasuns
TsanunanluTedma uSEnialuTedwa

W91 : ND = Not Detection Limited (W luifsuisitosnin 0.05 mg/ml)
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d' J o a v . ldy
M3197 14 d152neuVeIIngAUBITAAT (as-fed basis) az Inwuz lugnsemis Iniie

] @ 4
%¥3991¢ 2-3 dila

o A AGECRITRF
INYAVDINT T = =~ = = ~ A
NRNAIVAY NALEDIUAU 5 % NALEDIUAY 10 %

17 Tnava 55.23 49.14 4278
MNHANEDA 29.60 30.65 31.86
danlu 8.00 8.00 8.00
Ve 5.00 5.00 5.00
launaimen Weala 1.00 1.00 1.00
Nty 0.30 0.30 0.30
ANuI 51T ing’ 0.50 0.50 0.50
Auea-un 15 Loty 0.12 0.12 0.12
uoa-lagu 0.25 0.25 0.25
OO T UAL - 5.00 10.00
unaL - 0.04 0.19
59U 100.00 100.00 100.00
511 16.78 16.63 16.48
TNBUZDINMTIAIIEH (% VDINHINUHS)
Tdsausu 2422 24.11 24.46
lusiusau 6.71 6.94 8.47
g0 los 3.66 3.83 431
it 5.88 6.19 6.20
TAruz01nMsAIn (% vonimiinusa)
waanulslse Toanild 3,200 3,200 3,200
(ME: kcal/kg)
GGG 1.00 1.00 1.00
Woawosa 0.45 0.45 0.45
QI 0.20 0.20 0.20
ladu 1.00 1.00 1.00
wn 15 Tetiu + Fanu 0.90 0.90 0.90
53 oty 0.80 0.80 0.80
31 Taunlu 0.20 0.20 0.20

wneme | nlansudszneudas Iaiiue 2,000,000 videaing, AR 3 400,000 wiwEng, LD 500 Haansy, Iarliua 3 100
Haansy, Jandud 2 400 Haandy, Jniud 12 2 Haansu,luledu s dadniy, Induaae’lsd 40 Taansy, Iavead 10
Taansy, noduaa 88 Haaniu, loTedu 120 Hadniw, uuamila 5.5 n¥u g 3 nSu, Man 2.3 nSu, Falen 1.4 nfu, @
woam s Tofiu 10 n5u
2 HUIUTIMGATOININNIIATIAGAT (MI1MARWING 1)
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o A AGECRITRF
INYAVDINT T = =~ = = ~ A
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OO T UAL - 5.00 10.00
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i 6.89 7.91 7.81
TAruz01nMsAIn (% vonimiinusa)
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GGG 0.90 0.90 0.90
Woawosa 0.45 0.45 0.45
QI 0.15 0.15 0.15
ladu 1.00 1.00 1.00
wn 15 Tetiu + Fanu 0.72 0.72 0.72
53 oty 0.80 0.74 0.74
31 Taunlu 0.18 0.18 0.18

wneme | nlansudszneudas Iaiiue 2,000,000 mineaing, AR 3 400,000 wieEng, IAHUD 500 Haansy, Iarliun 3 100
Haansy, Jandud 2 400 Haandy, Jnaud 12 2 Haansu,luledu 5 dadniy, Induaae’lsd 40 Taansy, Iavead 10
Taansy, noduaa 88 Haaniu, loTedu 120 Hadniw, uuamila 5.5 n¥u g 3 nSu, Man 2.3 nSu, Falen 1.4 nfu, @
woam s Tofiu 10 n5u
2 HUTIGATOININNIIATIAGAD (MIMARLING 1)
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