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ABSTRACT

A study was conducted to develop a new analytical method to quantitate chicken dietary fiber
{CDF). Four types of grain diets and 2 types of forages were used. Three broiler chicks at eight
weeks of age were uséd in the Latin square design to estimate the i vivo digestibility. Six quanti-
tative analytical methods(Southgate method, total dietary fiber or TDF, acid detergent fiber or
ADF, neutral detergent fiber or NDF, crude fiber or CF) including CDF were compared in this
study. ADF, NDF and CF contained the lowest amount of the unavailable carbohydrate(UC). The
value of TDF was higher than the values of ADF, NDF and CF and lower than CDF and the
Southgate method. The value of NDF showed the lower values than the CDF, Southgate fiber and
TDF. The recovery rate of the fiber in the feces was high in the TDF, ADF, NDF and CF, while
CDF and Southgate fiber showed lower recovery rates. TDF, NDF, ADF, or CF can replace chro-
mium in the digestibility test, while the CDF and Southgate fiber can not replace chromium, The
digestibility of TDF, NDF, ADF and CF in the chicken showed negative values or values close to
zero depending on the types of feed but the digestibility of CDF and Southgate fiber showed rela-
tively high positive values.

(Key words : chicken dietary fiber, NDF, ADF, TDF, unavailable carbohydrate)
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&4 R 819 (lignin) o]tk (Trowell, 19
72, 1976) 23 A2 w) HFEe)] WE de2e] A)
Y= 22 4 5ol g}
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Key 5-(1970) 3 Verney % (1984)l 2jsid =]
¢} 7 28T EY] $& AR ol dfE dhad g
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8 o188 = Qe Aoz By givk. meut 7ig
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Leclercq, 1985). 7F&dlAE NSP oAM= 84
o) RE (water-soluble fraction)®¥t 43} o] &8 #
glon 284 BE(water-insoluble fraction)2 7
o] 2818 A)7)1A] RFTH(Carré &, 1990). 2 o]f+=
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& B4 2, g5, slolE F2H, o= 229
6719, o]5e Willey millg o] &ate] 2N
on 7 ¢xte] =71 1 mmel et

2. 2812 Al

ANEE9] A £38E A HAste 87
87 3ulE)zt olgEATh Z AR ARE 1%
Cr0:5 #& ¥ 288 AgH Adfie A58 AP
o] o] &=t AH] AFE 3Y, B AFE 2= 3
I E AY 2 B S B AR AR F
79 AY AEE 3019 HollA FAIO HaiA 2d
EQ 25 AHF F oAl ARE AIRE Hole ¥
oz B AFAE AL
A3Fe Alatel o] &8 F42 ol 2T

%Cr in feed

288 (%)=100—100 % [m
(/]

% nutrient in feces
% nutrient in feed

3.Al o
2 APl AR Al FR9 TEE Tt 2
=3

Pepsin : No, P-7000(Sigma Chemical Co.)-°]
£ w7tx] A2 2

0.2 N HC! (pH 2.8~3.0) : HCI 16.6 mL./ DW
1L & 4& % pH meterZ o] &34 pHE
8~3.0 2.2 Z2F g}

0.5 N NaOH : NaOH 20g/DW 1L

0.5NHCl: HCl141.5ml/DW1L

3% Sodium lauryl sulfate(Ci,H;0SO;Na)

a-Amylase 899 (pH 6.6~6.8) : phosphate
buffer(pH 6.6~6.8) ; KH,PO, (3.56g) %t
Na,HPO, - 2H,0 (7.22g)5 1L9 &{F+ &
oA #81A17] t}e pHE 6.6~6.82 AT
% 1.0g2] a-amylase(No, A-3051, Sigma
Chemical Co. : ¥% R E o] &aiA1Z
o}, o]g Holle ¥R LolA A3(0~5T)
3T ARS Aol & BE o)A o] g3t

80% ethanol : 20 mL9| ZF< 80 mL9] etha-
nol& vl §ste] Az

Acetone

a-Amylase 29 (pH 7.0+0.05) : phosphate
buffer (pH 7.0+0.05) ; KH,PO, (3.56g) <+
Na,HPO, - 2H,0 (7.22g)& 1L9 S#/F+ &
o)A &322 Tk pHE 7.0+0.062 &%
% 1.0g9] a-amylase(No. A-3051, Sigma
Chemical Co. : ¥% 2% & ol &8X7
t}. o] & Aol ¥AL &ollA AF(0~5C)
AT ARR Aol & LA o] &3t

Ethanol

Toluene

8§ M urea £ :urea 480 g2 =75 1L
N Ed =

a-Amylase heat-stable &28(0.67 %) : 8 M

o 4

rS
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urea &4 1L &9 6.7 mLe a-amylase
heat-stable (No. A-3306, Sigma Chemical
Co. 1% HH)& Yol & 4o] &}, o]& A
ol ¥gnel Ag(0~5C) st AR Aol 2
SE0]A] o) &3}

Protease(No. P-3910, Sigma Chemical Co. : ¥
TR

ADF(acid detergent fiber) &< :Van Soest
(1963) ¥4

NDF(neutral detergent fiber) £ : Goering
7} Van Soest(1970) 113

0.312 N NaOH : NaOH 12.89 g /DW 1 L

0.255 N H,SO, : H,SO, 7.056 mL. /DW 1 L

H,SO, (95~98%, GR)

K,SO;,

CuSO,

45% NaOH : NaOH 642 g /DW 1L

4% Boric acid : H:BO, 40 g /DW 1L

1/14NHCI % 89 : HCl1 74 mL /DW 12 L

Tashino’s A2k : methylene blue 0.414 g3t
methyl red 0.625 g& ¢ 450 mL¢] 95%
ethanol o Y2 & &s)A210}). 973) %2
T UHRl= 95% ethanolS A}8-3te 500

mLE g
4. 2 AF0M O|2E AE MRA 2 iy

1) CDF

AIEE 250 mL A4S al =0 Ya pepsin 0.1 g
0.2 N HCI (pH 2.8~3.0)2 25 mL 7Vsla 40°C
] incubatorol] 1A17F B¢t A7}, 05 N
NaOHE o]&&te] Z3HpH 7.0+£0.5) % A7) & «
-amylase-§9% (pH 6.6~6.8) 25 mL9} sodium lau-
ryl sulfated 0.3 g 713 & oA 515 SoF =
o} 0.5N HCIE #7}sle pH 4.4~4.82 2% 5
40°C incubatoroll A thA] 1A17F E<F JgkAzich 9
o HHg AR NES 9UEYE tubeo] Wi 305
¢ A 2] F glass filters o] &84 nlEs 2
2 filtrationA]Zl & 80% ethanoli} acetoneo.2
glass filter 57 B Ho] £}, Algr) HEHow

A

Q h=)
\:lTri ;g OL.}'\‘-} Hol—t\':l-]

glass filter o] do} e AL 105C A=7|A 8
3¢ 2 ¥ RAS 249 e 209 AR
(glass filter) 3 Ul @ld A% o e 32
(ash) ol ol &g}

(1

CDF (%)=
mg residues —[(% protein in residues+
% ash in residues) X mg residues]—blank

mg sample weight x 100

Southgate 5(1969) 2] 43 Prosky £(1984)
o] AAIE A S tpdta st s A
AA 3 Hgsle] o]Z ol L),

712 e A9eM 23 o2 Sk A2
T UE A= (pH) o Wals B BN 33 o) oj4
55127 pepsind} a-amylaseE HrlslmzA] Alm
9 Afrart ofd BES AASEE 39 3%
sodium lauryl sulfate® 7}s) FojA] AlE W3o 3
FH e g RAE 2HAAAN A AR 5
k. = 80% ethanol% AH7lsle free sugarE | A
she |l o] 8t Alat 3AL JRAos HNea
At 34} FUSAT G2t 28 e
Ne A4sgEY B2 52 AASN: 22|

ol A7k o] etk

12

2) Southgate 2y

ANEE AR E tubeo] YT wE=d 2(80%¢)
10mLE 713k & 80°C incubatordlA] 308 ot F %
AR F AR 7E ol gdte 58 St QAEYS
AR o 9% Ag AtEdage) we moq
22 EE 3 WNEI & 1085 boiling water
bath(&& 7)ol £k ALox gz 4]
¥l % 5mLe] a-amylase €9 (pH 7.0+0.05)& 4
I toluenes 2~34H-g "olxd 3 40°C incubator
o 3HE% F<¢t Erh. tHA] ethanol YoAl-S 40 mL ¥
I 525 Y94EE] F glass filters o] &aA fil-
tration@ch. filtration =Fo] wEd B3 343
glass filter B-& At} 105C AFR7)NA sFurs
St T F FAE A 249 AE F =
WA A, o2 e 38 (ash) o) o] g3t}
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3) TDF

AEE & Azt=ela o) 0.67% a-amylase
heat-stable €9-8 30mL @11 A& 3X]7F 308~
4AZE 308 FRF M3 AFAIZIL proteased 0.
5mg ¥-& ¥ 50°C incubatorollA] s34 B¢t £},
glass filterg o] &34 FH]E A|8E filtration A|
Ity I v filtration sPAA wEd B2 glass
filter®] ¥ 3~43 AolFE F t}A] 80% ethanol=
Aol F=d}, 105C AR7A e & ZAE 243
o 2 9L 2709 AlE & 1ME gud, oE e
3|#(ash) & Z-435k= d) o] 83t}

4) ADF
Van Soest (1967) %3

5) NDF
Van Soest 5(1963, 1991) %

6) Crude Fiber
AOAC(1980) %8

6. SAHIX=]

Zt NEE Yo (3utE) o) ulel AL BAs}
Ak, o] W) L& HAANE-S B4t BA5IA Fe ghol
5% FFoNA ok A9 Duncand] oE #HA
(Duncan, 1955)¢l uie} 3zte] A Afol&
A st

R

m)'|_|

Table 12 o] o]&3kx] Zsh= @432 (un-
available carbohydrate) 2] o] dH-4 Azl
ztold] wet th2A vehd FXES HoFa i)
7% Atgol dig CDF&Ee: o S5 44
#Fuo} =4 vehd ok 2 ool Southgateshd
o 93ty doixl M4 FHEolth. NDFgol
TDFg## vxdt E4X& Hole Ak JARH
NDF7} #9138 22(P<0.05) %7 Jeh} ik 2
th2o] ADFglelil Mg W2 @52 CFIHE0I
o} @58l F HA), BT 52 ARLe] dRE
£ AZAAA 018" F UX(Keys T, 1970:
Vernay %, 1984) ®9 2§ o] hstseo] A
9] glom E3] i o] /o e HE (pec-
tic substances)& A& 435 FAZIcH(Carré %,
1985; Carré %5, 1990). wetx CDFge @9l Es&l
Alghe] A7k 7B o2 sl HRA FHE AR
3= Southgate@@wbHol L} TDFE 3oz o
ol Afa SR &8 4 ol glth

TDF&#e] Southgaterdfolu} 218 AxHe] 3
< NDF#iRth @2 ol TDFAZAME A
2 Yol rEo] e dAsES FE] s
w2 P4 AA AT Southgatedhd o)vk NDFw
HellM= 28 g #gol itk Ho] TDFA R R}
A e A3} @ Aoz A4dn. 395 E
oA e 48] Wl SASHL e Aol oste
HA de AEAEY RE BHES 4
(dietary fiber) 2t A 9] (Trowell 5, 1976) 3+

3] 2 HEAIA WEAE A1FOE She] ol

2 o
o B b

o

Table 1. Unavailable carbohydrate contents in 6 feed samples!

Samples CDF Southgate

ADF NDF CF

Chicken diet

Ground corn

47.9240.029? 31.55+0.178° 14.48+0.1389 6.64+0.020° 16.71+0.123¢ 4.20+0.000f
56.00+0.2062 38.43+0.558° 11.60+0.0629 4.0440.025° 17.89+0.110° 2.44+0. 0201

Ground wheat 46.28+0.0232 38.55+0.070° 8.45+0.0499 3.84:+0.006° 13.53+0.241¢ 2.68+0.015¢
Soybean meal  33.98+0.483% 21.58+0.195° 14.33+0.498° 8.46+0.019° 12.59+0.019¢ 5.66+0.064f

Orchard grass 51.61+0.101° 49.55+0.217¢ 50.58+0.078° 30.91+0.334° 55.76+0.059% 23.97+0.026f

White clover ~ 38.75+0.091% 29.78+0.096° 30.43+0.201° 20.92+0.032¢ 27.95+0.475° 12.13+0.136°

1 Means(X +SE) in the same row with no common superscripts are significantly different (P<0.05).
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Afra(cell wall) Aoole Mz th&Zdhe A (Van
Soest, 1963)°] Table 1614 HolFE uiel 2o
Southgatedt o2 d& 7+ NDFgEt 52 44
g Ko F3gle B Ade Aot gx|gvta 1A
t}. Table 19 Yel} &= ADFik2 NDFgollA
hemicellulose®-& A A3+ gt (Van Soest, 1967) 9]
3, CFat& Af4a dlol gfsolot & hemicellul-
ose & F oF 80% 1|2l 50~80%° o2& lig-
ninggo] LA ol A AlekA] ¥ 11 (Ferreira
%, 1983) E2 golrt.

Table 29 vieh} = FEL FFAEE A6
A B S0t 2 83 visaks 2 gelA
F9AIZ F ujdE 28 Z AR R 2 35k
Z+E Afrae] s A%s 2 2450t ADFat
2. NDFztll 4] hemicellulosezto] A|2)€ ztolw CF

2 SollA] AFE vt} 2ol 4d ¥ 29| hemicel-
lulose$} lignino] 4 A Ao A Aleba] M 7] of
ol 7P W& (P<0.05) E%& e dck T-
able 2¢] 2|3 NDF3-& CDFu Southgated ol
ojgt gAY TDFA SRR 24 Vv ok o
o g AEY geslES A RIE FEE.
3h = #74 A (the storage polysaccharide star-
ch) 22X aglucano.z EF50 & 3hls M2

W& o] F & Err8lE (cell-wall polysaccharides) 2

A 2317] Yol 9 a-amylased] 28-S A o
w2712 A 19 (rumen) W §917159] B4 (cec-
um) Wel] EAst= e ol 71} v EE] o3
o 43} Hej=ojze}, weha 3 43 AFE A
2 U2 BE(#E)Hole AR vjEle diiRe=
NDF&#o] HA vehtes 2 9dd dojnh. &
Table 20| e BEES] Ag=Ept e | &
3719} vikd oA AHFEA S CDFgte] &4
veht gith A1) 48] g mubete] A ZE
W AdeA e Se5el QolME Southgategtol
TDF#E EA(P<0.05) Jeht ok 2 o=
FHE FHEHo Je B84 NSPe| g3 7=
o] FF7F R ER Ho|F HolV|E dn) ARFE
o] FFol wEtAE AolE HolAl =H7| wEelth
(Carré, 1991).

Table 394l 47HA F7/ Al g 279
ARavE B (3) S Jehus 3985 8218k
o} B A vEh e AaES BH ALEE)
% 4w 3482 TDF, ADF, NDF, CF
ol 8] =A YeRt it o] Ade HellA 4%
AR S tigk NSPE 488 78.1~92.1%2 213t
Carré 5(1990) 9] 28 ZAxe} 028 ¢ ol59 1
3o wEH 2F, 2, tFE luping HAA 2(3)

o2 &% NSPE|+&S oA A3 22 (P<

e

Table 2. Unavailable carbohydrate contents in fecal samples !

Samples CDF Southgate

ADF NDF CF

Chicken diet
Ground corn

51.35%0.062% 48.64%0.2627 43.72+2.406° 22.34+0.287° 51.66+0.200% 11.17+0.401¢
48.96+0.226° 50.23+0.942° 44.79+1.760¢ 22.28+0.1689 56.95+0.2102 10.58+0.329°¢

Ground wheat 49.08+0.528° 50.76+0.059° 50.29+1.838% 23.72+0.074¢ 57.27+0.142 11.07+0.0159
Soybean meal 19.44+1.163¢ 27.97+0.421° 15.94+3.661¢ 34.06+0.1302 28.15+0.110° 10.32+0.0584

1 Means(X +SE) in the same row with no common superscripts are significantly different (P<0.05).

Table 3. Recovery rate of dietary fiber in fecal feces!

Southgate TDF ADF NDF CF

31.10+0.020% 44.28+0.012° 86.64+4.018° 96.55+0.962¢  8.79+0.563° 76.40+2.732¢
17.51+0.056¢ 26.18+0.1149 77.30+2.680° 110.44+0.409° 63.75+0.157% 86.79+1.9702
23.05+0.238° 28.58+0.021° 129.13+4.0842 134.17+0.170° 91.93+1.392® 89.50+0.2932
26.09+1.216° 59.15+0.368% 50.10+10.01¢ 123.77+0.357% 102.02+0.323% 83.2610.485°

1 Means(X +SE) in the same row with no common superscripts are significantly different (P<0.05).

Samples CDF
Chicken diet
Ground corn
Ground wheat
Soybean meal
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0.05) 232 Bty Bug vy} ik

3+ Table 39 2138 CF9 348 7t AlEE
2ol A433] fAM Aatg v, o] 48 Axe= 2
7ol & AR E oAl FEAZHE o CFoll Ol gk 8

F8o] 100.7%%} 99.7%=% FAM Axs 2 49
= 8% SANA 102.4%9 100.7%9] 348 B
?l AA e} vl sk Almquist 5, 1971),
HP‘:EOH CDFQ} SouthgateXty ol 2)ste] AH

a9 8482 AF3) WA veht sich "%1’1:4
7H 38 AE AEH (cell wall)olL} 1 Fo FEo=
¥+ NDF®} ADF(Van Soest, 1963), CF Ex&
TDF (Prosky %, 1984) ¢} €8] 487] oAl &
3l o|&HA = ’\fi}%(unavailable carbo-
hydrate) ARE A B+ CDF2} Southgate
A AoA dojxl= u%d: HFE 7h] #HE
o7k e AL FAsitt. B84 NSP(wa-
ter-insoluble, NSP)& E£43¢ 48 A X (wat-
er-insoluble cell walls, WICW) 2] Fa &2 g2 o]
E84 NSP+= WICW AgFol sl 70~95%F 2+
X gtc}, Mk WICW oA 88449 NSPE A9
g U Ae g ad(lignin) 3 g zx WICWE
%S A& (samples) o] R/ wet AA HElE o
oty Bugoe] vk (Carrést Brilouet, 1986). =

TDF(Prosky 5, 1984) F#ahi-S A% A B4
ol A o] S5 = A4 AR OB JHEA A
f-2(soluble dietary fiber)& A& golA A
A A7) w&e] CDFY Southgated ol A 73}
= unavailabel carbohydrateE 2jv|dle= AL ohy
oA MRE I g2 AAF AolE vEilE
Ao g Az}

Table 49M+= AlE AR Woll 832 chromium
o AP & Foll vidEs WS vlud F e
Hoz 7t AHE Wl E-fEo] e dhd
(#) Fodl IRH Ue A4 e vasty
&5 gl

Table 49 vebt Z3% Table 3o bt J&
A3 go] Yeht 9t Table 49 UERY Sie
7t%2 {4 (TDF, ADF, NDF, CF)g&2 chro-
miumX| ¢z HE BAIAR] AolE Holis AAT
7o Agrs Jehiz A o] =& TDF, ADF,
NDF, CF & »%7} 584 NSPEH o] 4317
wellA F <1852 Btz dR/4LEEA chro-
miume] X E-02 o] & F Yot Aojth £ 4
T A7 Almquist 5(1971) 0] B33k A+ g;}g}
2o A Holx ok E HE (pectic substan-
ces) & E84 02X (Thibault, 1980) 3} A &9

i

Table 4. Ratios of feces to feed(dry basis, ratios from Cr or fibers analyses!)

Diets Chromium CDF Southgate TDF ADF NDF CF

Chicken diet  0.310+0.004% 0.923+0.001% 0.649+0.000° 0.333+0.016¢ 0.298+0.003° 0.324£0.002¢ 0.377+0.014¢
Groundcorn  0.201+0.0037  1.144+0.004% 0.76520.003% 0.260+£0.009¢ 0.18120.0048 0.314%0.001° 0.231£0.005°
Ground wheat  0.273+0.004°  0.943+0.010% 0.760+0.001® 0.169+0.006¢ 0.162+0.000° 0.236+0.004¢ 0.243+0.001¢
Soybean meal  0.643+0.010%¢ 1.757+0.084% 0.772+0.005% 1.0010,228° 0.248+0.001° 0.448+0.001% 0.548+0.003%

1 Means(X +SE) in the same row with no common superscripts are significantly different (P<0.05).

Table 5 Apparent digestibility of each diet !

Diets DM OM CDF Southgate TDF ADF NDF CF
Chicken diet  90.35+0.280" 96,390,306 66.15+0.022¢ 51.82+0.0419 573+4.372f 506410482 3.39+06127 -16.87£2.971¢
Ground corn  93.04+0.612% 95.66+0.626% 82.44+0.056° 73.754£0.114¢ 225142.689° -10.71£04108 36.09+0.157¢ -12.99+1.975¢
Ground wheat  93.36+0.384% 96.40+0.393* 71.06£0.209% 64.074£0.027° -62.3245.134° 68.65£0.213¢ -15.554£1.751¢ -12.50+0.367¢
87.24+0.3877 94.90+0424% 63.26+1.712° 167240521 20.46+14.004° -158.73+0.502 -43.63+0.453° -17.21+0.681¢

1 Means(X +SE) in the same row with no common superscripts are significantly different (P<0.05).

Soybean meal
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v 9ol EA8l cotyledond] MEH o] 44~
71%7A &f5o] 9oh(Brillouet9} Carré, 1983).

olgj gt olf mEo] 2 AHPoA Hf4 HH(TDF,
ADF, NDF, CF)A] tFuh2 the F79 570l ¥
sto] A Ueht 2l CDF9 Southgaterdwiol
o3l dojA (A g2 (unavailable carbo-
hydrate) © A vehA 5= RoltHCarrés}
Brillouet, 1989).

Table 50l& ZF Al&E gt R4 288F
o] Yelt gtk ADF¢} CRollA = 47HA] 72 AR

7b AR (=) x3kgE et glen TDFS

NDFejlX= S5AE 2 3 S99 3% A (+H) 9
*%— Bolm AT &4 Lot E4 dFuke] A
= 7o 4388 veplz o H
Southgate® ol 9J3le] Lo HHALES 52 &
3-8-S ®o)x Ut} Antoniou 5(1981)& &9 AH
4 Aggo] il iy Bagh vk glow, Carrést
Leclercq(1985) = HolA AEAxHe] FHEHE
(cell-wall components)dll gk 43}8-0] 0o 7zt
A Fe] A4S BTl RS 21‘31‘4
TDF$} NDFe] A%y Sl olFx 4849 v}
7} de4a W) &Ast2 2 (Terry$t Outen, 1973)
Ay Algoll A= TDFF NDF 44 Aol 43182
BRI = Aoz Azt Table 59 Yel Q=
g g Al e 4882 R4 T/ wEbA
22 zol& v QIt(P<0.05).

Carré®} Leclercq(1985) = ol® Z8F9] FEAA]
= A BROE ARRZE & o go] HE9)
e oA AlEet £ Fo| AEA gk A3
Aol & YEpfA] FIHAL glojA dR4e] ke
AFEA Ve flvka EJ—O}%{‘:} ez
W) o] Ashgo] W2 olH5 Hel Af Al dH
A7 HEE AlZke] #7] wEo|t}H(Sibbald 5, 19
80) 2t st A= glom digw) SR 4

fréo] diftito] Ao g Zolylx] Ratu vtz A
7] i Eo) Wyl EAlste vAEES
71818 ZtA] Z3t7] wEol gl A4 A 43}
€9 W& Ao AdEgn rud sRe ok
(Bjornhagsperber, 1977).
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