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Concentrated sulfuric acid H2SO4 (96-98%).

40% sodium hydroxide solution: 400 g of NaOH (99%) in 1 L distilled water.
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Calculations

%N = [1.4007%x(Va-Vb)xN]/W

Va: volume of acid used for sample titration
Vb: volume of acid used for the blank

N: Normality of acid

W: sample weight in grams

1.4007: conversion factor milliequivalent weight of nitrogen and N percent
Calculation: Percent Crude Protein (CP)
%CP = %N x F

F = 6.25 for all forages

F =5.70 for wheat grains

F = 6.38 for milk
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Neutral Detergent Fiber in Feeds Filter Bag Technique (For A200, A2001)

APPARATUS

1. Analytical Balance—capable of weighing down to 0.1 mg.

2. Oven—capable of maintaining a temperature of 102+2°C.

3. Digestion instrument (ANKOM200, 65 rpm agitation, ANKOM Technology).

4. Filter bags—capable of being heat sealed closed and able to retain 25 micron particles while permitting rapid solution penetration
(F57, ANKOM Technology).

5. Heat sealer

6. Desiccator

REAGENTS

1. Neutral Detergent Solution—Add 30.0 g Sodium dodecyl sulfate, USP; 18.61g Ethylenediaminetetraacetic disodium salt,
dihydrate; 6.81 g Sodium borate; 4.56 g Sodium phosphate dibasic, anhydrous; and 10.0 ml Triethylene glycol, in 1 L distilled
H20. Check pH range to 6.9 to 7.1. Agitate and heat to aid solution.

2. Alpha-amylase—Heat-stable bacterial alphaamylase: activity = 17,400 Liquefon Units / ml

3. Sodium sulfite—Na2S0s, anhydrous (FSS, ANKOM Technology).

PREPARATION OF SAMPLE

Grind samples in a cutter type (Wiley) mill with a 1 mm screen.

PROCEDURE

1. Weigh filter bag (W1).

2. Weigh 0.45-0.55 g of prepared sample (W2) directly in filter bag. Avoid placing the sample on the upper

4 mm of the bag. Spread the sample uniformly inside the filter bag by shaking and flicking the bag to eliminate clumping.

3. Using a heat sealer, completely seal the upper edge of the filter bag within 4 mm of the top.

Note—Use sufficient heat to completely seal the filter bag and allow enough cool time (2 sec) before removing the bag from the
heat sealer.

4. Weigh one blank bag and include in run to determine blank bag correction

5. Pre-extract only samples containing soybean products or >5% fat: Extract samples by placing 24 bags with samples into a
container with a top. Pour enough acetone into container to cover bags and secure top. Shake the container 10 times and allow bags
to soak for 10 minutes. Repeat with fresh acetone. Pour out acetone and place bags on a wire screen to air-dry. Exception — Roasted
soybean: Due to the processing of roasted soy a modification to the extraction is required. Place roasted soy samples into a container
with a top. Pour enough acetone into container to cover bags and secure top. Shake the container 10 times and pour off acetone.
Add fresh acetone and allow samples to soak for twelve hours. After soak time, pour out acetone and place bags on a wire screen
to air-dry.

6. Place a maximum of 24 bags into the Bag Suspender. All nine trays should be used regardless of the number of bags being
processed. Place three bags per tray and then stack trays on center post with each level rotated 120 degrees. Insert the Bag Suspender
with bags into the fiber analyzer vessel and place the weight on top to keep it submerged.

Note—Prior to inserting the Bag Suspender, if the vessel temperature is warm from a previous run, add cold water and exhaust.

7. When processing 24 sample bags, add 1900- 2000mL of ambient ND solution to the fiber analyzer vessel. If processing less than
20 bags, add 100 ml/bag of ND solution (use minimum of 1500 mL to ensure Bag Suspender is covered). Add 20 g (0.5 g/50mL
of ND solution) of sodium sulfite and 4.0 mL of alpha-amylase to the solution in the vessel.

8. Turn Agitate and Heat on and confirm agitation. Set timer for 75 min and close lid.

9. At end of extraction, turn Heat and Agitate off. Open the drain valve (slowly at first) and exhaust hot solution before opening
lid.

Note—The solution in the vessel is under pressure. The exhaust valve needs to be opened to release the pressure and solution prior
to opening the lid.

10. After the solution has been exhausted, close the exhaust valve and open the lid. Add 1900mL of (70-90°C) rinse water and 4.0
mL of alpha-amylase to the first and second rinses. Turn Agitate on and rinse for 5 min. The lid may be sealed with the Heat on or
left open with the Heat off. Repeat hot water rinses a total of three times.

11. When the rinsing process is complete remove the samples. Gently press out excess water from bags. Place bags in a 250 mL
beaker and add enough acetone to cover bags and soak for 3-5 min.

12. Remove bags from acetone and place on a wire screen to air-dry. Completely dry in oven at 102+2°C (most ovens will complete
drying within 2-4 hrs).

Note—Do not place bags in the oven until acetone has completely evaporated.
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13. Remove bags from oven, place directly into a collapsible desiccant pouch and flatten to remove air. Cool to ambient temperature
and weigh bags (W3).

Note—Do not use conventional desiccator container.

CALCULATIONS

% NDF =

Where: W1 = Bag tare weight

W2 = Sample weight

W3 = Dried weight of bag with fiber after extraction process

C1 = Blank bag correction (final ovendried weight divided by the original blank bag weight)

ADF (s 5 o)lasl

Acid Detergent Fiber (ADF) in Feeds using Filter Bag Technique
REAGENTS
1. Acid Detergent Solution—add 20g cetyl trimethylammonium bromide (CTAB) to 1 L 1.00N H2SO4 previously standardized

PROCEDURE
The steps from 1 through 7 are similar as for NDF except for step 8, 10

8. Turn Agitate and Heat ON and confirm agitation. Set timer for 60 min and close lid.

10. After the solution has been exhausted, close the exhaust valve and open the lid. Add 1900-2000mL of (70-90°C) rinse water.
Turn Agitate on and rinse for 5 min. The lid may be sealed with the Heat on or left open with the Heat off. Repeat 5 min. hot
water rinses a total of three times or until water is neutral pH.

CALCULATIONS

% ADF (as-received basis) =

Where: W1 = Bag tare weight

W2 = Sample weight

W3 = Dried weight of bag with fiber after extraction process

C1 = Blank bag correction factor (final oven-dried weight divided by original weight)

ADL (5 o)lail

Determining Acid Detergent Lignin in Daisyll Incubator
Reagents
Sulfuric acid (72% by weight) — ANKOM Technology FSA72 or dilute reagent grade H2SO4 to a specific gravity of 1634 g/L at

20°C (24.00N) by adding 1200 g H2S04 to 350 ml H20 in a 1 L MCA volumetric flask with cooling. Standardize this solution to
1634 g/L at 20°C specific gravity by removing solution and adding H20 or H2SO4 as required.

L o o S pe 5l a9 a8l e O 5 (Lo 300 4 96% S jgidgar sl 1 oo 665) T2 S galgan aon
(1/634 PP (339 Il o..b'L..u)

Apparatus

a) Filtration device —- ANKOM Technology — F57 Filter Bags

b) Impulse bag sealer

¢) Desiccator

d) ANKOM Technology — Daisyll Incubator

Procedure

1) Grind the sample to pass through a 1 mm screen.

2) Weigh each Filter Bag (W1), record the weight, and tare the balance.

3) Add 0.5 g (+0.05 g) of air-dried sample (W2) directly into each Filter Bag.

4) Weigh and seal one (1) blank bag and include it in the digestion to determine the blank bag correction (C1).
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5) Seal the bags closed 4 mm from the open edge using the heat sealer.
6) Spread the sample uniformly inside each filter bag by flicking the bag to eliminate clumping.
7) Perform ADF determinations using Fiber Analyzer (See ADF Procedure).

8) After performing ADF determinations, place up to 24 dried bags with samples into a Daisyll Incubator jar, placing half of the
samples on one side of the plastic divider and half on the other side.

9) Add 500 ml of 72% H2SO4 to cover the bags.
10) Place jars into the Daisyll Incubator. Turn on only the Rotation switch (do NOT turn the Heat switch on). Leave the door of
the Daisyll Incubator open and allow the jars with bags to rotate for 3 hours.

11) After 3 hours pour off the H2SO4 and rinse with tap water to remove all acid.

12) Repeat rinses until pH paper shows neutral color when touching the bags. Rinse with approximately 250 ml of acetone for 3
minutes to remove the water. Handle the bags gently during rinsing. Fine lignin particles can exit the filter if not handled
carefully.

13) Dry the bags in an oven at 105C for 2-4 hours.

14) Remove the bags from the oven and place them directly into Desiccant/MoistureStop pouches and flatten to remove air. Cool
to ambient temperature and weigh the bags (W3).

15) Prepare each bag for the ash procedure at 525C for 3 hours or until C-free

Calculations
Cellulose = ADF — (ADL + Ash),

13
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Recommended procedure for soluble protein (buffer-soluble nitrogen)
Apparatus.

1. Erlenmeyer flask (125 ml>, Whatman #54 or 541 filter paper, analytical balance, waterbath, vacuum source, filter manifold fitted
with conical funnels (50 ml), Kjeldahl apparatus.

Reagents.

1. Borate-phosphate buffer, pH 6.7-6.8 including
monosodium phosphate (Nal-1,PO,.H,0) 12.20 g/L
sodium tetraborate (Na,B,0,.I0H,0) 8.91 g/L
tertiary butyl alcohol 100 ml/L
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2. Sodium azide 10% solution freshly prepared.

Procedure.

1. Weigh 0.5 g ground dry sample into a 125 ml Erlenmeyer flask.

2. Add 50 ml borate-phosphate buffer.

3. Add 1 ml of sodium azide solution.

4. Letstand at room temperature for 3 h.

5. Filter through Whatman #54 or #541 filter paper using mild vacuum.

6. Wash the residue with 250 ml cold distilled water.

7. Estimate N in residue by Kjeldahl. This gives the insoluble protein fraction. Soluble protein is calculated by difference from

total crude protein. The soluble true proteincan be obtained by subtracting the NPN by tungstic acid procedure, Section Ic.
Note that when tungstic acid is used the soluble protein will include the shorter peptides.

GRES (alig » plidy G5 o)1l 2

ol 3 al>yo 4l gy slo (g p Alex 5l e (g n (oaled Cgmy Sel dpl Siulg IS (65 Joloee 51 ool
G550 51 Ol 5955 S S oailadly i (JIS) CP (s 51 g w090 (g0 Dlind Slysy 3L 50 Jolomo (B1) (i 1e5g
odel Casy (SP) slome (g (50 (30,5 poS b (mizmod ol g0 ey (NPN) it i ol Lo L A i IS CP

Wl oo Gty BL ide A w5l LS al> e
Apparatus.
1. Erlenmeyer flask (125 ml), Whatman #54 or 541 filter paper, analytical balance, filter funnels, Kjeldabl apparatus
Reagents.
1. Trichloroacetic acid 10% w/v in water. Keep refrigerated!
Procedure.

8. 1. Weigh 0.5 g ground dry sample into a 125 Erlenmeyer flask.

9. 2. Add 50 ml of distilled water. Allow to stand 30 min.

10. 3. Add 10 ml 10% trichloroacetic acid. Let stand 20-30 min.

11. 4. Filter on Whatman #54 or 541 paper by gravity.

12. 5. Wash twice with trichloroacetic acid solution.

13. 6. Transfer paper to Kjeldahl flask and determine residual nitrogen.
14. 7. Calculate NPN as in the tungstic acid procedure.
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Dry filter paper overnight at 100 °C and weigh (WO0)
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I. Reagent:
A. 2 N Hydrochloric Acid (HCI)
1. Add 166.7 ml of concentrated HCI to approximately 700 ml of dH20
2. Stirandg.s.tolL
I1. Procedure:
A. Weigh a 5.0 £ 0.0040 g sample in duplicate into a tared 50 ml ashing crucible.
B. Dry overnight at 1000C. Allow crucibles to cool in desiccator and reweigh.
C. Ash 6 hours at 6000C.
D. Transfer ash to 600 ml Berzelius beaker adding 100 ml of 2 N HCI.
E. Boil 5 minutes on fiber rack.
F. Filter hot hydrolysate through Whatman 541 filter paper and wash with hot distilled water.
G. Transfer filter paper back into crucible and ash 6 hours at 6000C.
H. Place crucible in 1000C oven to re-dry. Cool in desiccator and weigh.

I11. Calculation:

STy s S Ao

S oole L oeoas CLBY =y x
ST R (@;vuﬁ,iw.w);

dfl‘)‘,:'-‘):‘)i?wwjb C,éd.«ﬁé.&ao:bwp
X
C"é.u‘))‘)ijww): ST, 55 (gdae eale Aoy

—

‘gu'\juﬂ‘,.e‘g_,asl.]év_a'_ag.:l{lé:\n-\nx

1V. References:
Van Keulen, J.V. and B.A. Young. 1977. Evaluation of acid insoluble ash as a natural marker in ruminant digestibility
studies. J. Animal. Sci. 44:282.

SIS )5 )Hlo Ylgiss ADF 50 Jgdxols piaus By (5 a5 0)l351.2

Van Soest recommends measurement of AIA as the residue from ADF after ashing at 5250C (Van Soest et al., 1991. J. Dairy Sci.
74:3583). Acid detergent quantitatively recovers all silica. This procedure is shorter than the Van Keulen and Young technique,
which is also liable to incomplete recovery of silica due to lack of sufficient acid dehydration. The AIA after lignin determination
by either K MnO4 or Klason procedures is identical to that of the original ADF residue.
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E ive d dability = a + b > kd
ffective degradability = a b<kp

R d dbl in (RDP),% =a + b kd
umen degradble protein ( )% =a b < kp
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) b xkp
Rumen undegradble protein (RUP),% = ¢ + X kd
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