% = =) a (~3 1 a =
NAURANTEAUNA masumﬂummsmwmq PIRAUL mwﬂ'ﬂu

nsTINIzglNULAzaNaa lulnsiauluune

Effects of Crude Glycerin Level in Total Mixed Ration on

Rumen Ecology and Nitrogen Balance in Goats

Ty quaw?” Wasung AnAawaw’ uas §57 TMUANE”

Pin Chanju/am, Patcharin Pakdeechanuan® and Sutha Wattanasit’

Abstract: Four male crossbred goats, with average liveweight 26 £3.0 kg were randomly assigned according to
a 4x4 Latin square design to receive four total mixed rations (TMR) containing 0, 5, 10 and 20% crude glycerin
(CQ), respectively. TMR was offered on ad libitum basis. Based on this experiment, there were no significant
differences (P>0.05) among treatments regarding DM intake and digestion coefficients of nutrients (DM, CP,
NDF, and ADF). Likewise, ruminal pH and NH,-N concentration were unchanged by dietary treatments, except
for 20% of CG, NH,-N was lower (P<0.05) than for the diets 10% of CG. No differences were found on mean
total ruminal VFA concentration, and molar proportion of butyrate and other VFA, except for molar proportion of
acetate (C,), propionate (C,), CH,, and the ratio of C,.C, were affected (P<0.05) by CG level. Rumen
microorganism populations and N balance were similar among treatments (P>0.05). Based on this study, CG

levels up to 20% in total mixed ration could be efficiently utilized for goats.

Keywords: Crude glycerin, rumen ecology, nitrogen balance, goat
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Table 1 Ingredients and chemical composition of goat diets containing increasing amounts of crude

glycerin (% DM basis)

Dietary crude glycerin (% of dietary DM)’'

Item
T1(0) T2(5) T3(10) T4(20)

Ingredients, %
Crude glycerin2, CG 0.00 5.00 10.00 20.00
Ground corn, CG 46.00 41.00 35.45 24.50
Soybean meal, SBM (44% CP) 16.20 16.10 16.55 18.21
Fish meal, (55% CP) 2.00 2.00 2.00 2.00
Leucaena leave meal, LLM 6.00 6.00 6.00 5.65
Plicatulum hay, PH 25.00 25.00 25.00 25.00
Molasses 3.00 3.00 3.00 2.54
Salt 0.20 0.20 0.20 0.20
Dicalcium phosphate 0.30 0.30 0.30 0.30
Urea 0.30 0.40 0.50 0.60
Mineral and vitamin mix’ 1.00 1.00 1.00 1.00
Chemical composition4 (% of DM)

DM 86.94 86.77 85.85 85.99

Ash 6.48 6.21 6.41 6.53

oM 93.52 93.79 93.59 93.47

CP 15.44 15.32 15.31 15.45

EE 2.62 212 2.25 2.15

NSC® 31.39 34.05 37.79 36.79

NDF 44.07 42.33 38.24 39.08

ADF 19.44 19.97 20.00 19.07

ADL 5.22 5.50 4.47 5.46

' T1 = Level of crude glycerin (CG) 0%, T2 = CG 5%, T3 = CG 10%, T4 = CG 20%

® Contained 87.61% of glycerin, 8.07% of water, 1.24% of sodium, and 0.64% of methanol (Colorless, odorless, viscous
liquid obtained from Biodiesel Producers, New Biodiesel, Surat Thani Province, Thailand)

® Minerals and vitamins (each kg contains): Vitamin A: 10,000,000 IU; Vitamin E: 70,000 IU; Vitamin D: 1,600,000 IU; Fe: 50
g; Zn: 40 g; Mn: 40 g; Co: 0.1 g; Cu: 10 g; Se: 0.1 g; 1: 0.5 g

* Based on analysis of composite feed sample, DM: dry matter; OM: organic matter; CP: crude protein; EE: ether extract;
NSC: non-structural carbohydrate; NDF: neutral detergent fiber; ADF: acid detergent fiber; ADL: acid detergent lignin

° Estimated: NSC = 100 - (CP+NDF+EE+Ash)
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Table 2 Effects of dietary crude glycerin level on feed intake (kg/d) and apparent digestibility of goats

3

o Dietary crude glycerin, % SEM Contrasts, P-value'
T1(0) T2(5) T3(10) T4(20) 0 vs. glycerin2 L Q C

Total DMI, kg/d 0.908 0.946 0.970 0.915 0.03 0.50 083  0.31 0.74
Apparent digestibility

DM 7192 7522 7422 7586 3.60 0.38 044 079 062

CP 75.73 79.21 79.45 7928  3.17 0.31 042 054 083

NDF 61.30 61.06 54.89 53.67 4.95 0.35 015 091 0.57

ADF 36.98 43.05 36.16 29.82 6.47 0.91 0.25 0.26 057

““ Means within rows followed with different superscript letters are statistically different (P <0.05)

" Treatment and contrast P-values; P-value for L = Linear effect, Q = Quadratic effect, C = Cubic effect

: Compares the effects of 0% glycerin with the combined glycerin treatment

® SEM = Standard error of the mean (n=4)

(<0.01; v/v) Waz Paggi et al. (2004) WUANANTINNNT
tiasaaneinag las lunIzinI L IUAARIANITALING
reseaTINTY eI RENITe favi Asdanaliinng
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Way Ruminococcus albus (Abo El-nor et al., 2010)
uailaifAsusnsneiusEdanguArLANTLNGLT
170 CG (0 vs. glycerin) AAARRAINLNNINAABITD
Rémond ef al. (1993) TinennunlifianuuAnsing
yaqifunaunsiuld uavduisyansnistasliveq
Bwitednnde CG  vaunuilslunimasesn
AugnEnsalunnstiesld widutlssAnannstiaely
m@quﬁ@@ﬂ@mﬁﬁ”w,@“ﬂﬁ@ﬂ uaz Avila-Stagno et al.
(2013) wusniBunaunsivlfaasinguiis (OMI) anlu
viaglas (ADFI) WASIIUIIN (GE) wazdunlsrdvianig
ginelAraslntus (DMD, CPD, NDFD uay ADFD) la
WANFA9AY wALBFNensRRlAYes NDFI uas CPI &
W linanad (P = 0.10 LAY 0.06 ANAAL)

HAinanlunssinizginy AN UEaINsA
lusiunszvals uasindusmulunszinzgiau

HAT1R93TAL CG  Tugnennmis TMR  siad)

AN uNsTA-ANg (pH) (6.48-6.53) wudnldiAanu

1 o dJ v o A o

WANGNAY (P>0.05) F9INAIALNALNENNUIBIRTIE]

13904 LATADLY (2554) HAN pH 6.22-6.53 LAz 6.53-
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6.61 (?Ju Lardaas, 2557) FaflusyAufiunnzause
NNINNULBIAUYTS inuasipaaiuAtenTHLe-
lulasian (NHN) (20.20-21.86  mg/dL) (a9l 3)
wuin i Panaumnainetiu (P>0.05)  aniu ngudl 4
(20 weddud CG) A1 NHN ﬁﬂﬂdﬁﬂ@juﬁlu@ﬂ'wﬁ
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Wang et al. (2009) fineendn Tmuﬂ@juﬁiﬁ%ﬂﬁm@
Tuiiszd 0-300g/hd/d Rrzauuanludie-lulnsian
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Slugaai iz 10-30 mg/dL (Ferguson et al.,
1993) #1115 UNsLAsYLAL IR AUYTY LazNng
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'
al

FLaRs TVFAS (total volatile fatty acids) 7
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wWafifus ﬁndﬁﬂ@:uﬁ'u | NUBURALTLTIBNULR

Mach et al. (2009) ﬁi"mﬂ’]udﬂ TVFAs ﬂ@QIﬂLWﬂE\I;



NaraIsEAUNALEasuALluaIMsHANLES AR a T AAI N1y

nszizginuuazaunalulasiauluune

Table 3 Effects of dietary crude glycerin level on rumen fermentation and volatile fatty acid profiles in

goats
Dietary crude glycerin, % SEM’ Contrasts, P-value'
em T1(0)  T2(5)  T3(10)  T4(20) 0 vs. glycerin’ L Q C
Ruminal pH 6.53 6.51 6.48 6.48  0.06 0.72 0.70 0.89 0.93
NH,-N, mg/d| 2127 21.86" 21.83° 2029 042 0.98 0.99 0.82 0.56
Total VFA, mmol/l
0 h-post feeding 67.73 7216 7401 7057 8.3 0.72 0.83 0.72 0.95
4 66.02° 68.22" 8863 80.69" 6.14 0.23 0.12 0.58 0.27
Mean 66.80 7019 8132 7563 4.38 0.25 0.21 0.49 0.41

Proportion of individual VFA, %
Acetate (C,)

0 h-post feeding 6559 6323  60.99 56.80 4.52 0.24 0.10 0.81 0.90
4 66.94° 64.02° 57.79° 6042° 1.79 0.15 0.12 0.44 0.45
Mean 66.27 6365 5939 5862 263 0.10 0.05 0.74 0.69

Propionate (C,)

0 h-post feeding 1923 2135 2232 2855 353 0.26 0.09 0.57 0.68
4 18.99° 21.23" 2736 2745 221 0.08 0.03 0.71 0.45
Mean 19.11°  21.30° 24.85° 28.00° 1.81 0.06 0.01 0.84 0.87

Butyrate (C,)

0 h-post feeding 1263 12.83 1388 1169 2.18 0.94 0.86 0.60 0.69

4 1199 1197 1297 1000 1.06 0.88 0.59 0.47 0.59
Mean 12.31 1240 1347 1084 121 0.97 0.69 0.47 0.58
Other VFA'

0 h-post feeding 2.53 2.53 2.71 352 058 0.59 0.27 0.51 0.87

4 2.07 2.74 1.79 212 0.39 0.78 0.71 0.71 0.19
Mean 2.30 2.64 2.25 282 049 0.65 0.43 0.69 0.52

Acetate:propionate ratio

0 h-post feeding 3.43 3.27 3.24 219 053 0.46 0.19 0.47 0.67
4 356" 3.03° 232 232" 020 0.01 0.01 0.41 0.52
Mean 3.49° 3157  278° 225" 025 0.10 0.03 0.80 0.94

Methane, mol%

0 h-post feeding 2932 2773 2691 2261 263 0.26 0.10 0.61 0.72
4 20.69° 27757 23.67° 2364° 161 0.08 0.03 0.66 0.52
Mean 2049° 27757 2528 23.01° 140 0.05 0.01 0.87 0.90

“° Means within rows followed with different superscript letters are statistically different (P<0.05)

! Treatment and contrast P-values; P-value for L = Linear effect, Q = Quadratic effect, C = Cubic effect
: Compares the effects of 0% glycerin with the combined glycerin treatment

® SEM = Standard error of the mean (n=4)

“ Sum of isobutyrate, isovalerate, valerate and caproate
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Table 4 Effects of dietary crude glycerin level on rumen microbes in goats

3

Item Dietary crude glycerin, % SEM Contrasts, P-value'
T1(0) T2(5) T3(10) T4(20) 0 vs. L Q C
glycerin2
Total direct count
Bacteria
(x10'°cell/ml)
0 h-post feeding 1.86 2.01 1.81 1.74 0.1 0.94 0.49 0.57 0.59
4 2.59 213 2.09 2.04 0.17 0.09 0.12 0.38 0.67
Fungal zoospores (x106 cell/ ml)
0 h-post feeding 2.09 1.88 1.42 1.41 0.19 0.17 0.10 0.79 0.61
4 2.34 213 1.84 1.79 0.21 0.20 0.13 0.76 0.79
Total Protozoa(x106 cell/ml)
0 h-post feeding 1.62 1.75 1.50 1.37 0.27 0.80 0.46 0.67 0.70
4 212 2.25 1.75 1.62 0.41 0.60 0.29 0.76 0.59

“° Means within rows followed with different superscript letters are statistically different (P<0.05)

" Treatment and contrast P-values; P-value for L = Linear effect, Q = Quadratic effect, C = Cubic effect

z Compares the effects of 0% glycerin with the combined glycerin treatment

° SEM = Standard error of the mean (n=4)

- &
wulmdanni@a (fugal

X Aa A = .
frontalis) wazwuARFeNeesaanedaly (cellulolytic

activity;  Neocallimastix

activity) 111 Ruminococcus flavefaciens — WaY
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succinogenes wiasdudaiiassfuauuiiy
N9 5 wlefiius dowtlszannsTusTadarianss s
ANHUANGNGAY (P>0.05)  TaadlAnagludas 1.31-
2.01x10° cell  ml ?ﬁﬂmﬂﬁﬂﬁﬂdﬁu Hungate (1966)
91897191 UszanslsladalunszimnsgmuiiaAneg

Taiag 10%-10° cell/ ml
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([?]’1?’1\‘1'17{ 5) Usngdn 1Bunaunsnulivedlulngian
Ve (Total N intake) Fanounnzdululngiau (N
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(Urinary N) 1Bunaunnsdululnsiauluga (Fecal N)
LL@:L@N’]MH’]?%UIWTL@uVF\WQJm (Total N excretion)
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Table 5 Effects of dietary crude glycerin level on nitrogen balance of goats

3

Dietary crude glycerin, % SEM Contrasts, P-value'
ltem T1(0) T2(5) T3(10) T4(20) 0 vs. L Q C
glycerin2

N balance, g/d
Total N intake 2245 2320 23.77 2262 0.84 0.56 0.82 0.39 0.75
N excretion, g/d

Fecal N 548 489 482 470 0.76 0.46 0.49 0.76 0.86

Urinary N 3.28 6.04 5.76 5.67 1.54 0.24 0.44 0.69 0.24
Total N excretion 8.76 10.93 10.58 10.37 1.95 0.47 0.65 0.59 0.78
Absorbed N 16.96 1831 1895 17.92 1.10 0.25 0.46 0.27 0.84
Retained N 13.79 1227 1319 1224 1.96 0.63 0.71 0.89 0.66
N output (% of N intake)

Absorbed 75.67 7922 7945 79.28 317 0.30 0.41 0.54 0.82

Retained 61.57 53.38 5531 53.33 7.78 0.47 0.58 0.73 0.73

““ Means within rows followed with different superscript letters are statistically different (P<0.05)

" Treatment and contrast P-values; P-value for L = Linear effect, Q = Quadratic effect, C = Cubic effect

: Compares the effects of 0% glycerin with the combined glycerin treatment

® SEM = Standard error of the mean (n=4)
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