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2. WaendrTudnlerds

or -2 at @ [:] ar A L]
3, manudlenas 4. infudnlendansiunsung

]
]

é s = Mme
MAMARUINA 2 YAV IUITAUINTINY
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o S 4
MHUMAHUINN 3 ﬂﬁ%"i]'.luﬂ'ﬁﬂﬁﬁiéuﬁfﬂf}ﬁﬂ
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MAMARLINT 6 nszuumInssymaudulends, Sudilends, mpdudlznag
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A = oy o o d LA o e o
MnmanwIni 7 nszuaumaminimintaaalumadudilends, fudnlenas,

masiudnlends uazalfenyFoy
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A o o’g A ar
2. Tauilogorauiugiuiiosmdaenmsnanos

J 4 =1 1

1 ‘g o o
mumanuanh 9 Tailegnnaniuiiudiosoudiniinanes uagndnisnanes
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spuumaIneiuuulszins (Proximate Analysis System)

ot ar 1] ﬁi [=-1
1. Jnqui (Dry Matter, DM) Tngoudindafigangii 100 °c
2. Birefiondunin (Bther Extract) ¥ielasiulasmisadadiedieday
P=3 o
Myazaudines
= A @ v Y =
3. Ysinaudeloneny (Crude Fiber) Taumsdudretindisnsadayfsn
Ay d . &
Bt 125 % uazeudas Tadvylansen lad 1.25 % i liavarsiui lusuuds 4
r? W [ d':a = ade Al g A A
smiuazirn daufidumdunidiegh hiavawimuadadalove
4. USunaTasAuventt (Crude Protein, CP) WHumsimiedt luTasou Tee
midosfasdrdaonsadarfin  wdeudaihlndudae luduleasoniad unedy
Wlasnudiensaunin uazthasazaie il lawsndronsaninnuanududu sy 35
Kieldhat At Igazalsuwidus lalsfunoy Tnugaidae 6.25
5. 3naudn (ash) Taonsrndredislumundigangd 475 °c dunim
ae19Ti08 3-4 92134
6. UsmmaslylaminnielulasunSiondunsn (Nitrogen Free

Extract, NFE) NFE (%) = 100-[H20 + CF + EE +Ash + CP (N x 6.25)]

msnnziminguifa ry Matter) (AOAC, 1985)
1 r o
inganlueudi 100 -105 °C wiu 12 -24 Falus udnivihmindeuuasnds
o AL (L Z 3 o & Sl §oo4
sumaufSinuandungaszmonmediv levhesnuenagauemts dniu daud

-1 x o M ¥ oo 3!
!.‘Pfflﬂﬂtﬁuﬁ'zuﬁlﬂ\m’m'iﬂflgﬂisz}ﬂﬂﬂﬂiﬂﬁtlﬂ’]‘l’!ﬂf}&t‘ﬁﬁ (Dry Matter)

gilnsal
1. vwezgiiiley (Aluminum Pan)
£
2. Togannudu (Desicator)

o1 100 °C (Drying Oven)

W

4. fuAudwiuiueuegiliiiey (Tong)

A4 .
5. ip5eeTeazioun melley 4 i)
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1
viwezgiidion (dedway 247

P a
auf 100 °C 15 -30 W

;

1 g v d
14114 Desicator el

] b
Faiwmiin tudiald

3 L4
42 - 5 n¥u @hethaude) wie 20-25 nfu aadlon) Tden Tudinimin

‘

aufi 100 °C U 12-24 2119

|

&
108018 Desicator Nia131¥ 1y

I o P
FIHIHUNAU

S 3
MEfIIM %DM = (minen + Sample 1A9) - 1NHINUNOUDY x 100

Ed 1
tiviln Sample il luMsTns e

&
% ANUFU = 100 - %DM

MSIATILHHUDN (Ash)

Wnaudifanun (Total Ash) Ae daufiiumseiunidfimiesgudann
arsaunsdgnunlndvua ‘Iﬂmf’fﬁmﬁ‘aag’i‘?“lﬁsﬁui’]mﬂnaﬁ%zﬂéiuﬁﬂymzsﬁu vsely
Winand vy luennsmnsuedueaunlsanin inuﬁwﬂﬁﬁ%‘mﬁuﬁauﬂsxﬂﬂué}u

! & ! P
oz Fudiansanm namamn Indfiguvgll 550 - 600 °C

gilnsel
&
1. densziivamuninudou (Porcelain Crucible)
2. 1R (500 - 600°C)
& 4,
3. Togaanudulaganauiu (Desicator)
4. fufudmiviuenogiition (Tong)

5. 1nseatenziDun (Matiuy 4 i)
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sl
IEMT
tg 3/ ar 1 3’
5'wﬂ'is:mmﬂum1mau (aIBYAY 2 97)

#1500 - 600 °C w1 2 Falug
T . [V °y ar
L’E}“lﬁﬂﬂ'lﬁ desicator UUNNHINUD

[ }
Fada001e 2-5 ndu ldludlonssdieg

Lo

i

#1550 -600 °C w12 -24 Falue

L
wioonld desicator WdITuNMImln

4 .
B 13dtou AlA de 'l

DIFATHIN %Ash = (A-B)x 100
W
@ & ks o o
mwfndaenszdios + 1 miin Sample HaN

L

¥ g
THUNDWNILIUDY

I
Toe oy

®

hd L

o d‘ = rd
windaeo1s Al lumsdmaed

s ® >

If
e

131438 %Organic Matter (OM)

a das . 1 Yoo °y
Suv3TTag (Organic Matter) H10de Fauvoseisi lisaunitazd % oM

=100 — Ash

mimTizndn liazaeliunsa (Acid-Insoluble Ash, AIA)

gilnael
A& . .
1. fawnszdie (Porcelain Crucible)
§ 4
Togana1udu 1agand13nl (Desicator)
11 1H7 (Muffle Furnace)

PIAdUNAY

I

NIWHNINY
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aisadl
nsAMED 2 Ho$1ea (2 N Hydrochloric Acid, HCL)

as =4
IENA Y
14 t

Gansamnaedudy 37.4 % s 164 iadans atlunaiaffnashthihndu

a o = ] T tg el o
PIUIU 836 UAARAT wm‘lﬁﬁ‘lumﬂm'sﬂu

ad
e hiiiak]

i lgmnmafiuiam Ash wawasluviadunay
= = gf I's o v-%
munsandodydy 2 wesyoa @N HCL) 100 innnns

i llduid deauumiosdaun: 5 uii

r §
JunnseessazaeifonTasl¥nszmunses Whatman No.41 uazldihioudansaeen

Titnua

o 1 ] [ ,3 @ A
Snszaynsesnaudndn luazawlunsaldadhutnszdiosdudy

o - =
uazii llimnigaiugdl 475 - 500 °C AnoaRY

3 ¥
o as

9
Jeennnmidildosia3ldduluTosuude uazdaimiinau

SR %ATIA = (A-B)X100

W
s o ¥
o w g ] o e 9 Ay o

A = fmidndhnszdies + hniind s biasaelunse
s, 2

B = imiiniinszding

3
o t

o t A =3 4
HIN ﬂﬂ’lﬂm\‘miﬁuﬂ'ﬁﬁlﬂﬂgﬁ

It
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menszinidelaveny (Crade Fiber, CF)

Hanms
M35as1eHn Crude Fiber lusmisdadhid lnshowvnndusunsauas
T 1 ] 2 = = do el :' o ]
dandegon asmssunissmanllsau ufle e uagarilulominunedise:
' = = oed o v A e ¥
saelunsa-ag  dauasdunsdivdennasadnilondt Crade Fiber Gedulng
¥
J5zn0u896 Cellulose YOAINTIHT Hemicellulose 10 Lignin 59uegfuidnilos uims
- Py § . T ' o o" =
Sas1evi delenmy (Crude Fiben) lildusuantnsfilszanuansmi lulamsah
o ; 4 \
gndeaiin  iffeavinmiTulamsafdiuTaseadis  (Structural Carbohydrate) 13U

Ed
Hemicellulose Ua Lignin 1nedavauninazas dluduaoumsinaed

gilnsel
1. 1n5esdpentely
wafunay

Filteting Flask

Cal I

Crucible
5. Buchner Funnel
6. fhaniu
CRRIAY
1. H,80,1.25%
2. NaOH1.25%

el

5N
1 o
Fadro89dszn 1 NSy (A9 2 1) Tdurndunay

ud Ay H,80,1.25% 200 addns

9! v oW A A o & Aa s/
wndunayliidefniedinszimideloni Condenser manguariduduvs

4
asazawldasfidluna 30 uf
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Srasasmeeennnnies udansesnsnaudauniesunfhBnilufil Bucher
Funnel ﬁ@iaﬁu Filtering Flask Tago1ffu Suction Pump
Sawdnenoudanindudon

)
yanznovoenvindnailuliruaunzldas vandunaudud
F814 NaOH 125 % 200 Baddas atluwadunai nashuginduady

madu 1,80, 1.25%

¥
aEsaza e sd S1edauhieuannuan1auad 19898 Bthanol
1l5zanaL 20 — 30 indans

yanznauaanvnfnaniiulaly Crucible weeniyARzAeesn IR
1 - d
111 Crucible Wiounznow leudigarvail 100 °c fisti 1 Alu
q’, g o @ a? as
111 Crucible aenuIfEutaz FimUn

-4 ci ﬂ; -
i1 Crucible Wiounznei ldwnfirmniigemagd 550 - 600 °C
dszune 2-3 93l

suaznevgaien ludlud

9 . ny -] . y oy as
111 Crucible ponu1a syl Desiceator udaFarimiin

NMIRIHIN % Crude Fiber = (A -B) x 100

w
¥ L3

» v
—~ msin Crucible + thwntinmnfidesudvdey

ar

¥ ¥
1 Miin Crucible + Wi RO IHAUNT

¥
or e r

o dq v -~ L4
UM ﬂﬂﬂ?ﬂﬂ]ﬁﬂi‘ﬁiuﬂ'ﬁ’)lﬂ ENEA ¢l

A
B
W



87

mﬁmwﬁsﬁa‘lﬂ NDF (Neutral - Detergent Fiber)

Py t A &
Sunsdudiotslymenfidiunme  Fednnlszneumybugadesgn

]
=

1 4 3 A t L é
azaweemneylumsasaw vasiidmiithubels (Cell wall) oz luigndevameld a9

F
T I é
BondruiiT NDF Fa1lsznovdan Cellulose, Hemicellulose (ing Lignin

qalnael
1. In304t08 (Heating Mantle Apparatus) s‘ﬂﬂm?aaammﬁﬂ‘l{ﬂﬁ‘lﬂaf’wu
2. 19AuNaY (Round Bottom Flask)
3. Gooch Crucible (837 100 °C 1 A 1l Desicator Fafmiindiufin

4
4. 19T9RAE NS INE (Vacuum Pump)

1
CRFIEY
1582818 neutral — detergent (neutral detergent solution) Tu 1 83 lszneudie
1. Sodium Lauryl Sulphate
2. Disodium Ethylene Diamine-tatraacetate (EDTA) dehydrate orystal
3, Sodium Borate Decahydrate (borax) (Na,B,0,.10H,0)
4, Disodium Hydrogen Phosphate Anhydrous
5. Triethylene Glycol %358 2- Ethoxy ethanol
aed &
IGIAIEY
1d EDTA (18.61 n51) unz NaB,0,101,0 681 5y avludninoivinalug
S &4 o o 4 o
lE’g'éWﬁijH’]ﬂﬁﬂlﬂﬂuﬂﬂﬁzf\’lﬂﬁ?iiﬂﬂiﬂﬂi‘ﬁﬂ’ﬂugﬂu%ﬁﬂi%ﬂﬁﬁ'ﬁiﬂuﬂﬂﬁ'mﬁﬂﬂ Llﬁ"’é
113 Sodium Lauryl Sulphate 30 n5u aY Triethylene Glycol 10 finddas o 2-Ethaoxy
o ¥ r
Ethanol 10 n¥y wasnntiui@iu Na,HPO, 4.56 a3 asludinnesudy@ninduaunsy
| Ans mienivdesnsazaenad Taeldanudeusuazaionumadudaasnasy
syRvasava1wnlsil pH 6.8 - 7.1
ol
hilil k]
3 ¥
Hafaodielsann 1 sy @edwaz 2 4)

Tdvandunay

1#1 NDF Solution 1511015 100 Taddas
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aulddoamulu 10 - 15 Wi

P a =l d ¥
aﬂmm%’au“lmmmﬂam‘wﬂamﬂueﬂ

L

-3

3 ot ) 4 o LY ¥ o
ATUAYAIDYIINAANTHYO VY IRAIBUINAU umﬁmamu l‘b"}'IiN

1910081584828 Goosh Crucible 1ny1dinToa Vacuums Pump

| 4 ¥
saznsosdndanifeuunsdudan Acetone diaisgaioliffinuiia
81 Crucible + iefindeh 100 °C aasaiy

1 ¥
101080 1d Dedicator F¥911113iN
NSAIHIE

b o
%NDFE = (1111sin Crucible + #o 1o NDF) - (iwiifn Crucible) x 100

by al ot 1
HHUNAIDEN

a -
MsSneviniiold ADF (Acid Detergent Fiber) ‘
[} 1 ﬁi 1 ﬂ;
13008 NDF 00nlny Hemicsliuloses vyasmvagluasveniidlunaa daud
wmaoh lagaw bli?{ufnﬂi?lu, Cellulose, Lignin {16 Bound Nitrogen

gilnsel
i. Lﬂémt‘lﬂﬂ (Heating Mantle Apparatus)
2. vafunall
3. Gooch Crucible
4, Vacuum Pump
msiak
17828 Acid Detergent (ADS) 1l5zne1d 28
1. ARz (H,S0, Reagent Grade) IN
2. Cetyl Trimethyl Ammonium Bromide (CTAB)
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FEmsnTe
A1593 8N Acid Detergent Solution (10 fin3)
1. #3 CTAB shwtin 200 a3 aeludnined pdadinduBies 1.5
203 e Iishuile@oafudae Magnetic Stirrer
2. dndindu 1,725 fiadans wdniudhdaiundades o Aunsaduedy
275 findtng (96 % H,80,) a1 Fuioduafudavitiaud
5. dnhndu 67 aas adlusufiuans udBufvalude 1 uazde 2
gy wensiidhudedn
4. Decalin (Decahvdronapthalene; Reagent Grade)

5. Acetone

ey
M5
' o < of .
auae781 NDF udnlfeuaisenidiy ADF uagii Gooch Crucible wiou
fradhefimas 1 3dient ADL sie'ld
MIATHIN

3§ 1 &
9%ADF = (3110 Crucible + 18910 ADF) - (3111317 Crucible) X 100

W
ihninalege

mﬁlﬂ‘iwﬁm ADL (Acid detergent Hgnin)

msvn/5ua Lignin Tu ADF Taomsidnsadiayin (1,80,) avas Cellulose
200917 Lignin 14A0193) Cutin 11ag Bond Nitrogen (iiR91n Milard Reaction) saudefSum
Silica

gilnsel

1. Crucible fiilfi2081¢ 910 ADF

b2

Vacuum Pump
uniaudn
o 4
LANBDI

3 o
f1auney

R

(0161 (500 BIFRIFUR)
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r-1
GREDEY

72 % Sulfuric Acid (HZSO4)
el
Ems
- gF o me . d'dq '4
dunsedudi 72 % H,50, 40 afitns avly Gooch Crucible MAININDS
vo o x w E awg 2L B
Wuradaudiuaiasnididaiald 3-4 $alus
o oy 9/ 3 3/
dunnsesldihfeudiaasdiniegeiiod s Acetone

auTaR 100 °C anoanu

1 W
@1080141 Desicator Fauaziiufintimmin

|

WA 500 °C ansady

1) ¥
101890 g Desicator 811N

D1SAIUIN

¥ 3 1
% ADL = ({wifa Crucible + hwiiauds Lignin) - (hwitin Crucible + Ash) x 100

:’ o o 1
WIHUNAIDEN

a5l sy (Crude Protein, CP) sazlulastou (V)

edias e TlsAuneTae3s Kiddahl H,80, dosamuetsdunid lu
o & A o = o A 1 & 2 T .
Taghuosithundinszy & awentuaouldiiy 3 duaey fie Msuay (Digestion),

13NaY (Distillation) Lmzmi"lmmsﬂ (Titration)
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gilnsel
1. vasanduTilsiu
2. wesdeuTilshu
3. inipanduTlshu
4, wngluy

5. NIZUONAN

manila3EmanIon

1. @usnlfisen (Catalyst) 14 X80, simin 179.5 nfu 3y cuso,
siwatn 205 3

2. YiFuINATEIY (Urea Standard) o 1y/5maevinn % Recovery w3
YsinariuTaseuiildnngse

3. nindf ﬁﬂ?ﬂ&ﬁﬂﬁ’ﬂ (Concentrate H,SO, - reagent Grade)

4. Iwdewlensonloddudi (40% NaOH) Rin1sazas NaOH 4000 0¥y
doil 10 Bas

5. nialalasnaefnuinsg 1y (Standard 0.1N HCL)

6. dsazaiduAMmeIHaY (Mix Indicator) A¥a1Y Methy! Red yiwtn
0.125 ATU L@y Methylene Blue dwnin 0.0825 03y Tu 95 % Ethanol U3ina3 100
fasaas nenifaymudhudioeafu Adindes Strer) v 24 $2Tus

7. €1TALAIWUB5A (Boric Acid Solution) AZAWNIAUDIA simin 87 niu
YshndualSinas 3 8as uduRvasazasaisazaduAnmesray (Mix Indicator)
55 8.33 Haddns udavmssayidflaiiodeaiu Adindes stirer) Wi 24 42T

(02 ldasazawing 3 ing)

nanmslfinTodon (Digestion) n18RT03 FOSS

Q5

4 L a &
matevvsdasefuszuyuganti Exhaust nfisadangidfignsiads

¥ o
sxdesaglndfeminiuiazian v
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pTa BRIt IneUNI S0l

1. Manisudiasds
ar L Qll Ov o QF 1 ar ‘i T
L1 fethats sasmiindisdedszane 1 afu lunssawsosi il
iatleadu hilddedrannuau
12 dretuiiluveunar malSuin 3 - 5 Tadnas aslunasadesudas
waen
¥
13 HudusulfAto Catatys) Taeld K50, vhmidn 10 ndy soudy
cuso,ilszines 0.3 a1y Taold 0.3 niumenaen
1.4 Aunsaderfin (,50) dudy adumasadesdredie dedu
(@113, yo MnsailSuns 25 Naddas dedandis 1 nil Tunsdidfuveamanfunsa 15
{infans Aad70t71 3 addns
¥
1.5 @361 Blank laemsduarsaiiamduasunis q wilaumyinsie
femstlndus hilides
o e 1 TN |
2. mahdaeiudndon
Reagent #1151 Serubber Unit
N ¢ . & & 8/ = e A ]
Scrubber Unit 9891114636 Air Pump Fevzvhmihfiganiufisemenntl
a & P Ao o ] dy 57 A i‘_l o 1
§4 Flask dudneiinimsnadatunineg mstemhidumsazaeidunaiaudarin
o -é o l:l o At :‘ 3 al 4
Y84 Flask mamaesihmihiidnduignilasssenlildundsueunies
W ¥
msazaednen as hidfusedudge daumedndhoosdudan
ot o gt o e :‘ Y nsv
a1sazane Tmdsylaason laddudu 40% USuian 0.4 Ansuaziin 0.8 aATHITASAIYULS
Foamedriumsdey 100 §061 wu 5 g dioldnasaniia 250 fladdas $1uau 20
naoa
91301 Qan el Digester
a  d d'i
1. AlaaInduaunios
2 a4 : o
2. dgamginwiideans Taenatu “seT felindoneit A weV
y 3 a A
iNefsgunginidesnts
QA 3 T
3. gamgiinasidezedlugae s °c B 440°C
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MR Iseaneuaton
1. smaoadetiinioyiiuda 11y Tube Rack udaiirlilnel3dhe
Digestor
asndeulduilehguugives Digesior Wieudmumseendy
1l Heat Shields 1‘138@?11&111‘1.;\11114 Rack
#73 Exhaust Manifold a3UHHa0AY0Y
v Rack e Tty Digestor

A T o

5 usefuuesnisgaveq Exhaust Manifold 1ua2uu8q Scrubber Unit
o dek v A = A o 1
Tnuendiegdudrovounios  rdesnisldinisgaunldnaainduiidumia 2

a o T P o 3 ] o ar 3 P o |
GuvnzSudumsdos s iniusn) uasndwiniuaeslSuszaulinaslasnaaIngy
11 4
ginnie 2 QuaniefiGumsees 5 wifusn) uazndenmivaestiuszdulinnacles na
aduindumis 1 hinmstesGadeduuudizing 1 $1Tus miml§ATommant wde
L4 er = t 1 A Ao ot A
auyralvzdunafiumsasaislunasadesgndesnua Felidnuue lilidnied
LELTAT
& o < o or o 1
7. dievhdouiadveuysaindaen Tube Rack 890 1Audall Exhaust 2310

1 d @ 1
8. (diodudien Exhaust Manifold 99n2191UUanseefuietioaiuns

3 - o 5
11ﬂﬂ”lf'ﬁ]Qﬂﬁﬂﬂ1ﬂuuﬁﬂﬁ'§ﬂ°ﬂﬂ]f}\uﬂ§ﬂﬁ

NISNAUUAZMNTIATATN
msBudumsiFau
(Y} L) 1 A oA 1
1. msasaousedtvedmehiivelduse i
Wamses

o .
@Wanemi

-

g o oL { o & 4
wimsguninelasld Digestion RUsIPIINFUATINARA AL Flask
' o S 3 & A &
i Taodla Steam Value uazpatjunduuazloth ninduseldindondu sz 5
-
il eguiaies
] b ] [
5. 111 Digestion Tube AfhumMsteudmudmingulsins 5oml o

53999719 1ag 11 Flask AL55Y 4 % Boric Acid 70 ml Jdif1sed11u Distillation
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13 13 Q t Fl
6. asandoUgIMaDANAnoAy Flask ofludumisiigndeunsie

Safety Door
[ [) 3 ¥
7. ﬂﬂﬂmmﬂzﬁ esudunsnaudeiunsuduaou
A o o ”‘l”: & oy A P L g
5. fensuadud Fifhhndudrefidamenornanid lvaasluiu Flask
udai Flask fangnlllasmsnfvarsasaionsaunasgy 0N HCL  Arwums

Standardize MWANATAUINT %N
ad
503

miston
A
AanseegorTilsau

saxroeturiaeadenllsdu 0.5-1 a5y wie 3-5iaddns
b
(@200WDY 2 1)

Tadmzas ladszan 1 -2 nfy

i

ifin H,80, 98% 15 dindang

masngdes Tulsidhtoslu Digestion Block iiagamgiitis 420°C

l

dosdetszanm 1.5 - 2 saluandeveunanla

Hansesden thoonun dseliibuuassemsniu

MINFUNBZMTIATINGN
& A 4 ya & A A
Slansos Warm 10509031 1aald3inau uagdsnunsosmylnnizy

¢ ¥ 3 1
PWihanssudmihngy 50 dadaas lunasandulilsiu

Thuasadnduilszanu 5 uf

udunlasmsnda 0.1 N HCL sufiagagd



95

MIMUIN

%N = 1.401 x (ml Tritant - mi Blank) x (M(mol/L) goansan 14 lasmin)

iimiindledie

%CP = 6.25x %N

¥
gmfumssnasmilnallsfundinnnannlfnavesiulasmwinun
merldmndt 625 ga s luTilsudningeeil Tulasuduesilsznesy

Ié er 3 { ar Lnd
sz 16 % Geaunsarliusined ldvinmsdfieuieyed lnsned 100/16

o A beya
msnsroiamInsguvetnIeanaullshu

=

maniidedd @afmily
1. Ammonium Sulphate, (NH,),80,
% Purity >99.5
Molecular Weight 132 .14
2, Ammonium Ferrous Sulphate Hexahydrate, (NH,)Fe(S0,)2.6H,0
% Purity >99.5
Molecular Weight 132.14

Emaassuda

1. fnsguinieslavld Digestion Tube ﬁnﬁggﬁﬂé’uﬂ?waaﬂ o
Flask tldwimsndudiseuna 3 i laenatly Steam On

2. Sanilszane 0.15 a3y stazdun uad 1 Famlszine 0.50 nu
otsazdualalu Digestion Tube

3. 11 Digestion Tube Asnauas Flask L‘Llﬁl’!ﬁlli 79 4% Boric AciD
ie325.00 Tadans lddmnlse$1iily Distillation Unit

4. nwﬁunﬁaé‘?&éwmﬁnﬂ%‘mm 50 fiadans unghemnanlumandu
5 U

5. AennIMULLY Auto tnztla Safety Door
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6. Honduatoudr it Flask denanld Tiate fuaisazaivnsa
310591 ON HCL &sfleqriims  Standardize yndnazdnsnesidudued
TuTasou

7. 9%N = 1.401 x [(Volume of Titrant with Sample - Volume of Titrant with
blank) x m'am’j’m’fwmﬂmmmgm}hﬁymifﬂmmﬁmdw (n3H)

8. A1W7% % Recovery & Alunsdl (NH,),S0, t1ag (NHFe(SO,)

2.6H,0)

%Recovery = Actual % N x Molecular Weight of Test Substance

0.2802 x % Purity of Test Substance
9. 1 Recovery 11 14n25001192498 - 102 %

HIENE)
i t s -
1. Ammonium Sulphate, (NH,),S0, sz 1ddesrinimaouigaimgli 130
1 b
saruaiied Sunmie $2 I udaid BlBudowbunldau

] o
2. fumsndudessi Blank Aa8ynas
=3 ¢ =, N N
mImszdmuenlaily — lulasou (Ammonia Nitrogen, NH;- N)

Q’ali‘\sai
1. vaoatesllsdu

2. p5eenauTdsau

o
BN

AITANBUHAININATEIZNIN (Rumen Fluid) Tno@oeriums Centrifuging

515117 U3ues 3 - 5 Hlanaas ldlunosandy
= :’ E‘J o oAae
Wanhndn 50 Naaans

ihndu



97

MSAIUIN
SudeasumsmlSnalesidud uTaseu

MsENd 0t e U1H01AN TN HUN (Rumen Fluid) st B ianed

w1 nsaluifufissmeldie (VEA) uozaayusfiadu Purine Derivatives

gilnsal
ar T A y A A =
Frotrairumsilumivedi 300-10000 s0/UTH

[

2. AITUDNRANUNIA 10 Hadans
3. ¥hnses (fiegWes HPLC Lap.) + AuAy
[ a
4. pazenuasesvIAiLgUInes 045 tm (flogied HPLC Lap.)

A o A 3
5. Y1AgAYIoVIAYUHIALG ﬂw%)ﬂuﬁ’i‘i;ﬂﬂmuﬂﬁﬁ’lﬂ NUFLDIALAZ DU

Vv
Han
L4 1 &
Y

6. 1hnau 1o 11 Milli Q (Deionized Water)

A
IHNI

insgansesldluianssaudanlssnounsyuldiniy

Wnssveniaugadedlszina 2 -3 Taddas

l

senoyyasinsesiunszueniay

) A N oo ] Qy 1 od o 9! ar ] >
Sunszuenian (ladetnisneudnies) 1ddedielnanslunasanu

Tashyanaeaudaedialduiy

o o [} L= q
iltfulugduniodudsoinne

[ )
Frnsai g dialusi1 Milli Q AeusznIssiiedisdaly
o v
S audadnilnselond 60 © ¢ defiurios HPLC Lap.

semssnnalSnamsildiii % BW sas gBW'"



98

] (4 .
Pinamsanidaadh % Bw = USnaomnsanu g (g hminuds)

¥
vinAa

SmmsaulZaadi % BW*” = IS mnammsfinu g shminuds)

3
thwiinda *”

AOAC, 1985. Official Methods of Analysis. Washington, DC: Association of Official

Analysis Chemists.



Av Ada 4 5 ~ Y o
HATH ﬁﬂﬂﬂﬂuﬂmml‘i"i‘ﬂﬁ’J"ﬁﬁ”ﬁ%‘iﬂﬂ'ﬁ‘igﬂ‘uu'lu'ﬁﬂﬂ

floglugudoya 1s1



Pakistan Journal of Nutsition 10 (12); 1121=1125, 2011
ISSN 1680-5194
© Asian Network for Scientific information, 2011

Supplementation of Cassava and Durian Hull Fermented Yeast
(Saccharomyces cerevisiae) on Rumen Fermentation and
Average Daily Gain in Crossbred Native Cattle
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Abstract: Ten, two-years old of crossbred native catile weighing about at 250:20 kg were randornly divided
into two groups according to receive two groups of supplemental dietary treatments by receiving YFCP1 +
YFCP2 (T1) and YFCRR + YFDH (72). The cows were offered the treatment diets at 2%BW and rice straw
was fed ad libifum. Means were compared using pair t-test. All animals were kept in individual pens and
received free acoess to water. The results have revealed that supplementation of dietary treatment on feed
intake was non-significantly different, while average dally gain (ADG) and rumen microorganisms especially
bacteria and fungi zoospores were significant different and catile in heifer fed YFCRR + YFDH (T2) freatments
and received YECP1 + YFCP2 (T1) (646.4 and 533.2 g/d). in addition, the ruminal pH, ammonia-nitrogen and
blood urea nitrogen concentration were non-significantly different. Supplementation of T2 could improve
population of bacteria and fungal zoospore higher than those fed T4, but decreased populations of Holotrich
and Entodiniomorph protozoa in rumen. The results indicate that supplementation of yeast fermented
cassava and durian hull as supplement diets with rice straw as roughage source could improve ruminal
fermentation efficiency, average daily gain in crossbred native cattle.

Key words: Saccharomyces cerevisiae, cassava, durian hull, rumen fermentation, crossbred native cattle

INTRODUCTION

The use of yeast products In dairy cattle nutrition has
become widespread over the last 20 yr. However, most
of the rasearch has focused on yeast culture and less
on Live Yeast (LY). Several benefils of yeast product
supplementation to ruminant nutrition have been
demonstrated: an increase in nutrient digestibifity,
alteration of the properticn of valatile fatty acids produced
in the rumen, reduction in ruminal ammonla and
increase of ruminal microorganism  population
{Chaucheyras-Durand ef al, 2008). However, the
mechanism of action of yeast products is not completsly
described. Yeast cuiture provides various growth factors,
pro-vitamins and other stimulants to bacteria growth in
{H# rumen (Miller-Webster et al., 2002).

The use of cultures such as Saccharomyces cergvisiae '

or its exiracts can improve welght gain, as a resuit of the
response to in creased dry matter intake. Especially,
Saccharomyoes cerevisiae, have been used in animal
diets for several decades and are considered sources
high quality proteins and B-complex vitamins, selenium
and zince {Queiroz ef al., 2004). In addition, dietary yeast

can be used as a ruminant feed especially
Saccharomyces cerevisiae because the yeast cell
contained useful nutrients for ruminant feed espectally
with high lygine composition (8.0 g/100 g of protein)
(Yamada and Sgarbieri, 2005). Previous study from
Kumar et al. (1997} reported that when brewer's yeast or
live yeast was included in calf diets at levels between
0.001% and 1.00%, DMI, Average Daily Gain (ADG),
percentage of Days Scoured (DS), rumen ammonia,
rumen lactic acid production and ruminal propionate
were either decreased or not affected. However, yeast
culture has increased Feed Efficiency (FE}, rumen pH,
total ruminal VFA concenfration and ruminal butyrate and
acetate production when included in calf diets. In
addition, utilization of local feed especially fermentation
of cassava peels by pure culfure S. cerevisiae could
increase its protein content from 2.4% in nonfermented
cassava to 14.1% In fermented products (Antai and
Mbongo, 1994). The fermented cassava flour with 8.
cerevisiae enhanced the protein fevel (from 4.4% to
10.9%) and decreased the amount of cyanide content
(Oboh and Akindahunsi, 2003). Furtharmare, Boannop
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el al. (2009) reported that cassava chip can be
nutritionally improved with 8. cerevisise call yeast
fermented-cassava chip (YEFECAF) and could be used
for animal feeding.

However, the use of yeast fermenting with cassava and
durian huli as diets not yet been investigated. Therefore,
the objective of this experiment was to investigate the
supplementation of yeast fermented cassava and durian
hull with rice straw as basal roughage in crossbred
native cattle.

MATERIALS AND METHCDS
Praparation of yeast fermented cassava and durian
hull: This technique Is based on the method developed
by Oboh (2008), Boonnop et al. (2009) and Khampa sf
al. (2610} which enriching nutritive value of cassava and
durian huil fermented by vyeast (Saccharomyces
cerovisiae). The method for synthesis of yeast fermented
cassava and durian hull are as follows:

. Weighing of yeast at 20 g + sugar at 20 g + distill
water at 100 mi into flask, then mixed and incubated
at room temperature for 1 h. (A)

il. Preparation of medium by weigh at 20 g of
molasses directly into & warring blender vessel
flushed with 02, add distill water at 100 ml and urea
at 30 g then pour solution and incubated at room
temperature for 10 min. (B}

W, Adjusting pH media solution by 70% of H80s
between 3.5-3.8 and continue mix with incubated for
1h.

IV. Remove yeast media solution in a fiask from (A)
into & medium (B) and continue flush Oz for 60 h.

V. After 60 h, then transfer yeast media solution about
50 ml mix with yeast fermented cassava peel
{YFCP1), yeast fermented cassava pulp (YFCP2),
yeast fermentéd cassava root raw (YFCRR) and
Yeast Fermented Durian Hull (YFDH) at 100 g and
then covered by plastic bag for a minimum at least
30 days before feading to animals.

Animals, diets and experimental design: Ten, two-years
old of crossbred native cattie welghing about at 250£20
kg were randomly divided inte two groups according to
receive two groups of supplementa! feeds by receiving
T1 = yeast fermented cassava peel (YFCP1) + yeast
yeast formented cussava root raw (YFCRR) + yeust
fermented durian hull (YFDH) ratio at 50:50%,
respectively. The compaesition of dietary treatments and
Rice Straw (RS) used are shown in Table 1.

Cows were housed in individual pens and individually
dietary treatments. All cows were fed ad libitum of rice
straw with water and a mineral-salf block. Feed intake of
dietary ftreatmenis and roughage were measured
separately and refusals recorded. The experiment was
run for 120 days, the first 15 days for freatment
adaptation and for feed intake measurements whist the

Table 1: Chemical composition of treatments and Rice Straw
(RS uged in the experiment

CC (%) YFCP1 YFCP2 _ YFCRR _ YFOH RS

DM (%} 45.1 223 346 40.7 87.8
oM 83.2 88.2 89.6 86.6 898.9
CcP 7.4 12.1 137 14.7 21
NDF 40.1 201 17.6 364 77.2
ADF 213 15.3 6.1 26.1 54.3
Ash 8.1 3.5 3.9 4.1 13.1

DM = Dry Matter, CP = Crude Protein, OM = Organic Matter, NDF
= Neutral Defergent Fiber, ADF = Acld Detergent Fiber, RS = Rice
Straw, CC = Chemical Composition (%), YFCP1 = Yeast
fermented cassava peel, YFCP2 = Yeast fermenied cassava pulp,
YFCRR = Yeast fermented cassava root raw, YFDH = Yeast
fermented dusian bl

last 30 days were for sample collections of faeces and
rumen fluid. Body weights ware measured each 30 days
during the sampling peried prior te feeding:

Data collection and sampling procedures: Rice Sfraw
(RS) and concentrate diets were sampled each 30 days
and were composted by period priot to anadlyses. Fesd
and fecal samples were collected by grab sampling
during the last seven days of each period. Composites
samples were dried at 60°C and ground {1 mm screen
using Cyclotech Mill, Tecator, Sweden) and then
analyzed for DM, ether exiract, ash and CP content
(ACAC, 1985), NDF, ADF and ADL (Van Socest of al.,
1991} and AlA.

Rumen fluid and blood samples were collected at 0, 2
and 4 h post-feeding on last period. Approximately 200
ml of rumen fluid was taken from the middle part of the
rumen by a stomach tube connected with a vacuum
pump at each time at the end of each period. Rumen
fluid was immediately measured for pH and temperature
using (HANNA instruments HI 8424 microcomputer)
after withdrawal. Rumen fiuid samples were then filtered
through four layers of cheesecloth. Samples were
divided into two portions, One portion was used for NHs-
N analyses where 5 ml of H280« solution (1 M) was
added to 50 ml of rumen fluld. The mixture was
centrifuged at 5,000 g for 15 min and the supematant
stored at -20°C prior o NHa-N analysis using the micro
Kieldahl methods (AQAG, 1985). i

The total count of bacteria, protozoa and fungal
zoospores were made using ithe methods of Galyean
{1989) based on the use of a haematocytometer
{Boeco). A blood sample {about 10 ml) was drawn from
the jugular vein at the same time as rumen fluid
sampling, separated by centrifugation at 5,000 g for 10
min and stored at -20°C until analysis of Biood Utga
Nitrogen (BUN) according o the method of Crocker
(1967).

Statistic analysis: The means of each parameter
measured were analyzed by the analysis of variance
procedure of SAS (1998) and means were compared
using pair t-test.
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Table 2: Effects of supplementation of cassava and durian hull
fermented veast as supplement digts on feed intake,
Average Dally Galri (ADG) and rurmer fartnemtation in

erossbred nalive caftle

ftem ™ 72 p-value
DM Intake (ka/day)

Treatmant 5.10 5.60 0.4016%°
RS 1.50 1.60 0.3800%
Total 6.60 7.20 0.0413*
ADG (g/day)} 533.20 646.40 0.0047**
Gost production (US$/kgBW) 0.78 141 0.0453*
Ruminal pH 6.70 6.80 007414
NHa-N {mg/di) 15.80 16,30 0.052388
BUN {ma/dl 7.80 8.40 0.13748¢

T4 = Supplementatien of YFGP1 + YFGP2 ratio at 50:60%, T2 =
Supplementation of YFCRR + YFDH ratio at 50:50%, NS = Non
significant (p>0.05), * = Significant (p<0.05)

RESULTS AND DISCUSSION

Chemical composition of feeds: The chemical
compositions of yeast fermented cassava peel (YFCP1)
+ yeast fermenled cassava pulp (YFCP2) ralio at 50:50%

(T1) and yeast fermented cassava root raw {YFCRR) +
yeast fermented durian hull (Y FDH) ratio at 50:50% (T2)
and Rice Straw (RS) fed in crosshred native cattle are
shown In Table 1. Crude proteins of digtary treatments
such as YECP1, YFCP2, YFCRR and YFDH RS were at
7.4, 12.1, 13.7 and 14.7%, respectively. Furthermore, the
chemica! composition of rice straw is presented in Table
1. Similar values for fice straw have been similar to
those reported by Wanapat (2000).

Effect on feed intake, average daily gain and rumen
fermentation: The effects of supplementation of
cassava and durian hull fermented yeast as supplement
diets on feed inlake, average daily gain and rumen
fermentation in crossbred native cattle are presented in
Table 2. The dietary trealments intake was non-
significant different among treatments and higher in
gattle receiving T2 than those fed T1 diets {5.6 and 5.1
kgDM/day) as well as rice straw intake was non=
significant different and higher in cattle receiving T2 than
those fed T1 (1.6 and 1.5 kgDM/day). In contrast, the total
intake was significantly differently among treatments and
higher in cattle receiving T2 {han those fod T1 (7.2 and
6.6 kgDM/day). Furthermore, the average daily gain was
significantly different and had higher in crosshred native
cattle receiving T2 was higher than those fed T1 (646.4
and 533.2 giday), respectively. This data indicated that
rate of digestion of carbohydrates was the major factor
controlling the energy available for growth of rumen
microbes. Furthermore, cassava root raw, cassava pulp
and durian hull contain high scluble fractions of starch
and sugar and can be to added in diets fo increase
utilization of ruminal ammonia-N for microbial protein
synthesis. A possible expianation for this effect is that
low DMI does not provide the microbial popufation with
enough soluble growth factors, such as organic acids,

B vitamins and AA. Callaway and Martin (1956}
suggested that yeast cullure provides soluble growth
factors that stimulate growth of cellulolytic bacteria and
cellulose digestion. In addition, supplementing diets
with yeast (S. cerevisiae) increases milk production of
dalry cows and weight gain of grewing cattie {Bressard
ef al., 2006). Boonnop et al. (2009) reported that there
was a remarkable increase in lysing content in the Yeast
(Saccharomyces cerevisiae) farmented-cassava chip
(YEFECAP) which provide endugh soluble growth factors
for rumen microbe which leading to increase fiber
digestion, which could increase rate of passage and
therefore improve feed intake and average daily gain.
These results suggested that the addition of yeast
increased fiber degradation. [n the present study, the
addition of yeast increased the degradability of forages.

Characteristics of ruminal fermentation and biood
metabolism: Rumen ecology paramelers were
measured for pH, NHs-N and BUN (Table 2). Especially,
BUN was determined to investigate their reiationships
with rumen NHz-N and protein utilization. Rumen pH at
0, 2 and 4 h post-feeding was changed by distary
treatments, however the values were quite stable at 6.7-
6.8, but all treatment means were within the normal
range which has been reported as optimal for microbial
digestion of fiber and aiso digestion of protein (6.0-7.0)
{Hoover, 1986). Furthermore, previous reports by Hoover
(1986) have suggested that the reduced pH decrease
digestion of fibers. {n addition, higher degradation rates
can result in a substantial decrease in ruminal pH and
fiber digestibility thus reducing feed intake. Moreover,
when ruminal pH was reduced below 6.3 in dairy cows,
ADF digestion could be reduced at 3.6% unit per 0.1 pH
and may result in depressed feed intake (Erdman,
1998). Other studies Melaku et &/, (2004) demonstrated
inhibitory effects of rumen pH on celiulolysis only at
values below 6.1 while Mould and Orskov (1984)
reported that lower pH have a maijor impact on fiber
digestion. tn addition, Cheng ef al. (1884) reported that
jow ruminal pH appeared to preventa strong attachment
of bacteriz to plant cell walls, resulting in fower fiber
digestion. In addition, Williams et al {1991) suggested
that calf diet supplementation with yeast culture may
increase rumen pH regulation via reduced lactic acid
production,

Ruminal NHs-N and BUN concentrations were altered by
supplementation of cassava and durian hull fermented
yeast as supplement diets which containing high
cassava-based diets. in addition, the result obtained
was closer to optimal ruminal NH=-N between at 15-30
mgfdl (Wanapat and Pimpa, 1999) for increasing
microbial protein synthesis, feed digestibility and
voluntary feed intake in ruminant fed on low-quality
roughage. The differences in NH:-N and BUN
concentrations among freatments may have been
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Table 3: Effects of supplementation of cassava and dusian hull
farmented yeast as supplement diets on rumen
microorganisms in crossbred native catlle

item T1 T2 p-value
Tofal direct counts (cell/ml)

Bacteria (x10'% 5.9 7.8 0.0473*
Protozoa

Holofrie {x10%) 3.9 4.1 0,0843%
Enfodinfomorpii (x10°) 5.2 4.1 0,072
Fungai zoospores {109 4.6 6.3 0.0498*

T1 = Supplementation of YFCP1 + YFCP2 ratio at §0:50%, 72 =
Supplementation of YFCRR + YFDH ratio at 50:50%, NS = Non
significant {p>0.05), * = Significant {p<0.05)

related directly to GP levels of concentrate. in addition,
Preston et al. (1965) reported that concentrations of
BUN were highly correlated with protein intske and
reflected the level of ammonia production in the
rumen. This study revealed that incorporation of
concentrate has increased NHs-N concentration with
ammonia being the main nitrogen source for growth and
protein synthesis by ruminal bacteria to achieve
maximum fermentation {Satter and Slyter, 1974; Hoover,
1986; Wanapat, 2000). Similary, Krebs and Leng (1984)
suggested requirements for rumen NHz-N of 20 mg/dl or
more for sufficient voluntary intake of low quality
roughage.

Rumen microorganisms populations: The Effects of
supplementation of cassava and durian hull fermented
yeast as supplement diets on rumen microorganisms in
crossbred native catle are summarized in Table 3. The
supplementation of dietary treatments was significantly
ditfarérit 4fRong treatments (p=0.05).

The crossbred native cattle received yeast fermented
cassava pee! (YFCP1) + yeast fermented cassava pulp
(YFCP2) ratio at 50:50% (T1) supplementation fad
highest increased population of bacteria and fungi while
protozoal population was decreased than those
crossbred native cattle fed yeast fermented cassava root
raw (YFCRR) + yeast fermented durian hull (YFDH) ratie
at 50:50% (T2) supplementation.

The yeast cells are known to be a source of vitamins,
enzyme and some unidentified cofactors which are
helpful in increasing the microbial activity In the rumen
as well as the beneficial effects of yeast
supplementation reported so far include befter growth
rats, feed conversation efficiency and milk yield (Dawson
ef al., 1980).

in addition, yeast are usually refated to stimulation of
cellulolytic and lactate-utilizing bacteria in the rumen,
increased fiber digestion and increased fiow of microbial
protein from the rumen which may be beneficial for
feediot cattle fed high-grain diets (Guedes ef af,, 2007}).
These results agreement with Jouaney and Ushida
(1999) reported that the number of protozoa per m!
rumen fluid depended on the rate of soluble sugars and
starch in the ration and also pH. The entodiniomorph
protozoa are predators of rumen bacteria and engulf and

digest them just as they enguif starch granules. This is
why baclerial numbers are higher when animals are
defaunated. Since protozoa tend to stay in the rumen
and largely do not pass to the small intestine, they
contribute little to the flow of protein and because they
digest the bacleria, total protein flow {o the small
intestine is generally reduced in the presence of
protozoa. This is supported by Nguyen et al. {2005) who
reported the higher bacterial growth efficiency in the
absence of the protozoa in the rumen is probably related
to the fact that protozoa engulf and digest bacteria. Leng
(1990) found that removal of protozoa or a decrease in
protozoal density in the rumen can be expected to
increase ruminant production under most feeding
conditions pertaining to roughage fed ruminants.

Conclusion: Based on this experiment, it could be
concluded that supplementation of yeast fermented
cassava and durian hull as supplement diets with rice
straw as roughage source could improved ruminal
fermentation efficiency, average daily gain including
increase populations of bacteria and fungi zoospores,
but decreased protozoal populations in rumen of
crosshred native cattle.
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