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[Ap pli ca ble to the de ter mi na tion of 0.5–50% Kjeldahl N
(3–300% equiv a lent crude pro tein) in for age, an i mal feed and pet
food, grain, and oil seeds, and ap pli ca ble to the same ma trixes as
976.05 (see 4.2.05), 976.06 (see 4.2.06), 984.13 (see 4.2.09), 988.05
(see 4.2.03), and 990.02 (see 4.2.07); the method does not mea sure
ox i dized forms of N or heterocyclic N com pounds.]

See Ta bles 2001.11A and B for the re sults of the interlaboratory

study, ex pressed on a pro tein ba sis (N ´ 6.25), sup port ing
ac cep tance of the method.

A. Prin ci ple

The ma te rial is di gested in H2SO4 to con vert the pro tein N to
(NH4)2SO4 at a boil ing point el e vated by the ad di tion of K2SO4 with
a Cu cat a lyst to en hance the re ac tion rate. Am mo nia is lib er ated by
al ka line steam dis til la tion and quan ti fied titrimetrically with
stan dard ized acid. Alu mi num block heat ers in crease the ef fi ciency
of the di ges tion.

The di gest must con tain re sid ual H2SO4 to re tain the NH3. Wa ter is 

added man u ally or au to mat i cally to the di gest to avoid mix ing

con cen trated al kali with con cen trated acid and to pre vent the di gest

from so lid i fy ing. Con cen trated NaOH is added to neu tral ize the acid 

and make the di gest ba sic, and the lib er ated NH3 is dis tilled into a

bo ric acid so lu tion and ti trated with a stron ger stan dard ized acid,

HCl, to a colorimetric end point. The same end point de tec tion

sys tem (e.g., in di ca tor, wave length) must be used for the

stan dard iza tion of the HCl and for the analyte.

The analyte is re ferred to as “crude” pro tein be cause the method

de ter mines N, a com po nent of all pro teins. In ad di tion, N from

sources other than true pro tein is also de ter mined. (Ad di tional

di ges tion pro ce dures must be used in or der to in clude N from

ni trate.) The amount of pro tein in most ma te ri als is cal cu lated by

mul ti ply ing % N by 6.25, be cause most pro teins con tain 16% N.

The H2SO4 and NaOH used are in con cen trated form and are

highly cor ro sive. Wear gloves and eye pro tec tion while han dling the

chem i cals. Do not mix con cen trated acid and NaOH di rectly. If

chem i cals are splashed on the skin or in the eyes, flush with co pi ous

amounts of wa ter. Seek med i cal at ten tion. Do not breathe the sul fur

ox ide fumes pro duced dur ing di ges tion.

B. Ap pa ra tus

(a) Di ges tion block.—Alu mi num al loy block with ad just able
tem per a ture de vice for mea sur ing and con trol ling block tem per a ture 
(Tecator Di ges tion Sys tem 20, 1015 Digestor, Foss North Amer ica,
7682 Ex ec u tive Dr, Eden Prai rie, MN 55344, USA; Tel:
+ 1 - 9 5 2 - 9 7 4 - 9 8 9 2 ,  F a x :  + 1 - 9 5 2 - 9 7 4 - 9 8 2 3 ,
info@fossnorthamerica.com; or equiv a lent).

(b) Di ges tion tubes.—250 mL.

(c) Dis til la tion units.—(1) For steam dis til la tion.—Foss

Tecator 2200, or equiv a lent, to ac cept 250 mL di ges tion tubes and

500 mL ti tra tion flasks. (2) For steam dis til la tion and

autotitration.—Foss Tecator 2300, or equiv a lent.

(d) Ti tra tion flask.—500 mL grad u ated Erlenmeyer flask (for
col lec tion and ti tra tion of dis til late).

(e) Fume ex haust man i fold.—With Tef lon ring seals, con nected
to a wa ter as pi ra tor in a hooded sink.

(f) Weighing pa per.—Low N, Alfie Packers No. 201 (Alfie
Packers, Inc., 8901 J St, Ste 10, Omaha, NE 68127, USA), or Fisher

09-898-12A, 3 ´ 3 in. (76 ´ 76 mm), or equiv a lent.

(g) Pi petting dis penser.—25 mL, ad just able vol ume, at tached to

a 5 pint (2.4 L) acid bot tle.

C. Re agents

(a) Sul fu ric acid.—Con cen trated, 95–98% H2SO4, re agent
grade.

(b) Cat a lyst.—7.0 g K2SO4 + 0.8 g CuSO4. (Com mer cially
avail able in tab let form as 3.5 g K2SO4 and 0.4 g CuSO4 per tab let.)

(c) So dium hy drox ide so lu tion.—40% (w/w) NaOH, low N

(£5 mg N/g).
(d) Methyl red in di ca tor so lu tion.—Dis solve 100 mg methyl red

in 100 mL meth a nol.
(e) Bromocresol green in di ca tor so lu tion.—Dis solve 100 mg

bromocresol green in 100 mL meth a nol.
(f) Bo ric acid so lu tion.—4% (w/v). Dis solve 400 g H3BO3 in

5–6 L hot deionized wa ter. Mix and add more hot deionized wa ter to a
vol ume of about 9 L. Cool to room tem per a ture, add 100 mL
bromocresol green so lu tion and 70 mL methyl red so lu tion, and di lute
to a fi nal vol ume of 10 L. Ad just to ob tain a pos i tive blank of
0.05–0.15 mL with 30 mL H3BO3 so lu tion, us ing 0.1M NaOH (to
in crease blank) or 0.1M HCl (to de crease blank). Com mer cially
avail able.

(g) Bo ric acid so lu tion.—1% (w/v). (Op tional trap ping so lu tion
for titrators that au to mat i cally be gin ti tra tion when dis til la tion
be gins.) Dis solve 100 g H3BO3 in 5–6 L hot deionized wa ter, mix,
and add more hot deionized wa ter to a vol ume of about 9 L. Cool to
room tem per a ture, add 100 mL bromocresol green so lu tion and
70 mL methyl red so lu tion, and di lute to a fi nal vol ume of 10 L.
Com mer cially avail able.

(h) Hy dro chlo ric acid stan dard so lu tion.—0.1000M. Pre pare as
in 936.15 (see A.1.06) or use premade so lu tion of cer ti fied
spec i fi ca tion range 0.0995–0.1005M, and use 0.1000M for
cal cu la tion. Com mer cially avail able.

(i) Ref er ence stan dards.—Am mo nium sul fate, tryptophan,
lysine·HCl, or glycine p-toluenesulfonic acid, for use as stan dard;
99.9%.

(j) Su crose.—N-free.

D. Prep a ra tion of An a lyt i cal Sam ple

Grind dry lab o ra tory sam ple to fine ness of grind (ca 0.7–1 mm),

which gives a rel a tive stan dard de vi a tion (RSD) of £2.0% for 10
suc ces sive de ter mi na tions of N in ground mix ture of corn grain and
soy beans (2 + 1). Fine ness re quired to achieve this pre ci sion must be 
used for all dry mixed feeds and other non uni form ma te ri als. Mix
liq uids to uni for mity.

E. De ter mi na tion

(a) Di ges tion.—Turn on block digestor and heat to 420°C. Weigh 
ma te ri als, as in di cated be low, re cord ing each test por tion weight

(W) to the near est mg for weights of ³1 g, and to the near est 0.1 mg
for weights of <1.0 g. Do not ex ceed 1.2 g. For ma te ri als with 3–25% 
pro tein, weigh ap prox i mately 1.0 g test por tion; with 25–50%
pro tein, ap prox i mately 0.5 g test por tion; and >50% pro tein,
ap prox i mately 0.3 g test por tion.
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http://www.eoma.aoac.org/gateway/readFile.asp?id=976_05.pdf
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(1) Dry feed, for age, ce real, grain, oil seeds.—Weigh 1 g test
por tion of ground, well-mixed test por tion onto a tared, low N
weigh ing pa per. Fold pa per around ma te rial and drop into a
num bered Kjeldahl tube.

(2) Liq uid feed.—Weigh slightly >1 g test por tion of well-mixed
an a lyt i cal sam ple into a small tared beaker. Quan ti ta tively trans fer
to a num bered Kjeldahl tube with <20 mL deionized wa ter.
Al ter na tively, weigh slightly >1 g well-mixed test por tion into a
small tared beaker. Trans fer to a num bered Kjeldahl tube and
reweigh beaker. The dif fer en tial weight loss cor re sponds to the
amount of test por tion ac tu ally trans ferred to the tube.

(b) Stan dards.—Per form qual ity con trol anal y sis and anal y ses of 
stan dards with each batch. The stan dards avail able from Hach Co.
(PO Box 389, Loveland, CO 80539, USA; Tel: +1-800-227-4224 or
+1-970-669-3050), Sigma (St. Louis, MO, USA), J.T. Baker
(Phillipsburg, NJ, USA), the Na tional In sti tute of Stan dards and
Tech nol ogy (NIST; Gaithersburg, MD, USA) are listed in
Ta ble 2001.11C.

The var i ous am mo nium salts and glycine p-toluenesulfonate
serve pri mar ily as a check on dis til la tion ef fi ciency and ac cu racy in
ti tra tion steps be cause they are di gested very readily. Lysine and
nic o tinic acid p-toluenesulfonate serve as a check on di ges tion
ef fi ciency be cause they are dif fi cult to di gest.

In clude a re agent blank tube con tain ing a folded low N weigh ing
pa per with each batch.

(c) Di ges tion.—Add 2 cat a lyst tab lets to each tube. Add 12 mL
H2SO4 to each tube, us ing pipetting dis penser; add 15 mL for high
fat ma te ri als (>10% fat). Mix tures may be held over night at this
point. If mix ture foams, slowly add 3 mL 30–35% H2O2. Let
re ac tion sub side in perchloric acid fume hood or in ex haust sys tem.

At tach heat side shields to tube rack. Place fume man i fold tightly
on tubes, and turn wa ter as pi ra tor on com pletely. Place rack of tubes
in pre heated block. Af ter 10 min, turn wa ter as pi ra tor down un til
acid fumes are just con tained within ex haust hood. A con den sa tion
zone should be main tained within the tubes. Af ter bulk of sul fur
ox ide fumes are pro duced dur ing ini tial stages of di ges tion, re duce
vac uum source to pre vent loss of H2SO4. Di gest ad di tional 50 min.
To tal di ges tion time is ap prox i mately 60 min.

Turn digestor off. Re move rack of tubes with ex haust still in
place, and put in the stand to cool for 10–20 min. Cooling can be
in creased by us ing com mer cial air blower or by plac ing in hood with 
hood sash pulled down to in crease air flow across tubes. When
fum ing has stopped, re move man i fold, and shut off as pi ra tor.
Re move side shields. Let tubes cool. Wearing gloves and eye
pro tec tion, predilute di gests man u ally be fore dis till ing. Care fully
add a few mil li li ters of deionized wa ter to each tube. If spat ter ing
oc curs, the tubes are too hot. Let cool for a few more min utes. Add
wa ter to each tube to a to tal vol ume of ap prox i mately 80 mL (liq uid
level should be about half way be tween the 2 shelves of the tube
rack). This is a con ve nient stop ping point.
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Ta ble 2001.11A. Interlaboratory study re sults for the de ter mi na tion of crude pro tein by block di ges tion with a cop per cat a lyst and
dis til la tion into 4% bo ric acid

ID No. of labs
a

Mean, % RSDr, % RSDR, % HorRat

Pro tein block 10(1) 40.19 0.45 0.76 0.333

Swine pel lets 10(1) 37.04 0.47 0.60 0.256

Corn si lage 11   7.10 1.64 2.16 0.726

Grass hay 11   7.11 1.94 1.94 0.650

Fish meal 11  64.67 0.73 0.98 0.460

Dog food 11  24.50 0.87 0.91 0.369

Chin chilla food 11  18.01 0.89 0.99 0.383

Al bu min 10(1) 79.14 0.40 0.44 0.212

Bird seed 11  13.48 0.88 1.29 0.475

Meat and bone meal 11  50.06 1.90 1.90 0.857

Milk re placer 11  20.78 1.39 1.39 0.550

Soy beans  9(2) 38.76 0.49 0.54 0.236

Sun flower seeds 11  17.43 2.38 2.38 0.916

Le gume hay 11  18.81 1.45 1.45 0.565
a

Each value is the num ber of lab o ra to ries re tained af ter elim i na tion of out li ers; each value in pa ren the ses is the num ber of lab o ra to ries re moved as out li ers.

Ta ble 2001.11B. Interlaboratory study re sults for the re cov ery of ni tro gen from stan dard com pounds by block di ges tion with a
cop per cat a lyst and dis til la tion into bo ric acid

Com pound No. of labs
a

The o ret i cal yield, % N Avg. found, % N Avg. rec., % RSDR, % HorRat

Acetanilid 10(0) 10.36 10.37 100.1 1.50 0.53

Lysine×HCl 10(0) 15.34 13.32 86.8 4.16 1.53

Tryptophan 10(0) 13.72 13.55 98.8 1.04 0.39
a

Each value is the num ber of lab o ra to ries re tained af ter elim i na tion of out li ers; each value in pa ren the ses is the num ber of lab o ra to ries re moved as out li ers.



If di gest so lid i fies, place tube con tain ing di luted di gest in block
digester, and care fully warm with oc ca sional swirl ing un til salts
dis solve. If dis till ing unit equipped with steam ad di tion for
equil i bra tion is used, the man ual di lu tion steps can be omit ted. About
70 mL deionized wa ter is then au to mat i cally added dur ing the
dis til la tion cy cle.

(e) Dis til la tion.—Place 40% NaOH in al kali tank of dis til la tion

unit. Ad just vol ume dis pensed to 50 mL. At tach di ges tion tube

con tain ing di luted di gest to dis til la tion unit, or use au to matic

di lu tion fea ture, if avail able. Place grad u ated 500 mL Erlenmeyer

ti tra tion flask con tain ing 30 mL H3BO3 so lu tion with in di ca tor on

re ceiv ing plat form, and im merse tube from con denser be low sur face 

of H3BO3 so lu tion. (When an au to matic ti tra tion sys tem is used that

be gins ti tra tion im me di ately af ter dis til la tion starts, 1% H3BO3 may

be sub sti tuted.) Steam dis till un til ³150 mL dis til late is col lected

(³180 mL to tal vol ume). Re move re ceiv ing flask. Ti trate H3BO3

re ceiv ing so lu tion with stan dard 0.1000M HCl to vi o let end point

(just be fore the so lu tion goes back to pink). Lighted stir plate may

aid vi su al iza tion of end point. Re cord mil li li ters of HCl to at least the

near est 0.05 mL.

This is done au to mat i cally by us ing a steam dis tiller with

au to matic ti tra tion. Fol low the man u fac turer’s in struc tions for

op er a tion of the spe cific dis tiller or dis tiller/titrator.

F. Ver i fi ca tion of Ni tro gen Re cov ery

Run N re cov er ies to check ac cu racy of pro ce dure and equip ment.

(a) Ni tro gen loss.—Use 0.12 g (NH4)2SO4 and 0.67 g su crose per
flask. Add all other re agents as in E, and dis till un der same

con di tions as in E. Re cov eries must be ³99%.

(b) Dis til la tion and ti tra tion ef fi ciency.—Dis till 0.12 g

(NH4)2SO4, omit ting di ges tion. Re cov eries must be ³99.5%.

(c) Di ges tion ef fi ciency.—Use 0.3 g ac et an i lide or 0.18 g
tryptophan, with 0.67 g su crose per flask. Add all other re agents as
stated in E. Di gest and dis till un der same con di tions as used for a

de ter mi na tion. Re cov eries must be ³98%.

G. Cal cu la tions

Kjeldahl ni tro gen, % = 
(V V ) M 14.01

W 10
S B- ´ ´

´

Crude pro tein, % = % Kjeldahl N ´ F

where VS = vol ume (mL) of stan dard ized acid used to ti trate a test;
VB = vol ume (mL) of stan dard ized acid used to ti trate re agent blank;
M = molarity of stan dard HCl; 14.01 = atomic weight of N; W =
weight (g) of test por tion or stan dard; 10 = fac tor to con vert mg/g to
per cent; and F = fac tor to con vert N to pro tein.

F fac tors are 5.70 for wheat, 6.38 for dairy prod ucts, and 6.25 for
other feed ma te ri als.

Ref er ence: J. AOAC Int. 85, 309(2002).
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Ta ble 2001.11C. Stan dards

Stan dard
Ap prox i mate

weight, g 
The o ret i cal
yield, % N

Am mo nium p-toluenesulfonate
 (Hach 22779-24)

0.5   7.402

Glycine p-toluenesulfonate
 (Hach 22780-24)

0.6   5.665

Nic o tinic acid p-toluenesulfonate
 (Hach 22781-24)

0.2   4.743

Lysine monohydrochloride
 (Sigma L-5626)

0.1 15.34

Ac et an i lide (Baker A068-05) 0.3 10.36

Tryptophan (Sigma T 8659) 0.2 13.72

Am mo nium salts

 Diammonium hy dro gen phos phate
  (100% as say)

0.2 21.21

 Am mo nium chlo ride (100% as say) 0.2 26.18

 Am mo nium sul fate (100% as say) 0.2 21.2 

 Am mo nium dihydrogen phos phate
  (NIST 200)

0.3 12.18

Cit rus leaves (NIST 1572) 1.0  2.86

Urea (NIST 2141) 0.1 46.63

http://www.eoma.aoac.org/gateway/readFile.asp?id=cs2001_11.pdf

