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AOAC Of fi cial Method 991.20

Ni tro gen (To tal) in Milk

Kjeldahl Methods
First Ac tion 1991
Fi nal Ac tion 1994

IDF–ISO–AOAC Method 

Re sults of the interlaboratory study sup port ing ac cep tance of the
method [ex pressed on a pro tein ba sis (N  ́6.38)]:

sr = 0.014; sR = 0.017; RSDr = 0.385%; RSDR = 0.504%

A. Prin ci ple

Milk is di gested in H2SO4, us ing CuSO4×5H2O as cat a lyst with
K2SO4 as boil ing point el e va tor, to re lease ni tro gen from pro tein and
re tain ni tro gen as am mo nium salt. Con cen trated NaOH is added to
re lease NH3, which is dis tilled, col lected in H3BO3 so lu tion, and
ti trated.

Tra di tional Method

B. Ap pa ra tus

(a) Di ges tion flasks.—Kjeldahl. Hard, mod er ately thick,
well-annealed glass. To tal ca pac ity ca 500 or 800 mL.

(b) Dis til la tion flasks.—Same Kjeldahl flask as in (a), fit ted with 
rub ber stop per through which passes lower end of ef fi cient rub ber
bulb or trap to pre vent me chan i cal car ry over of NaOH dur ing
dis til la tion. Con nect up per end of bulb to con denser tube by rub ber
tub ing. Use grad u ated 500 mL Erlenmeyer ti tra tion flask to col lect
dis til late. Trap out let of con denser in man ner to en sure com plete
ab sorp tion of NH3 dis tilled into bo ric acid so lu tion.

(c) Di ges tion/dis til la tion sys tem.—Tra di tional ap pa ra tus with
ad just able con trols for in di vid ual flasks.

(d) Ti tra tion buret.—50 mL. Class A or equiv a lent.

C. Re agents

(a) Sul fu ric acid.—95–98% H2SO4. Ni tro gen free.

(b) Cop per cat a lyst so lu tion.—CuSO4×5H2O. Ni tro gen free.
Pre pare so lu tion 0.05 g/mL H2O.

(c) Po tas sium sul fate.—K2SO4. Ni tro gen free.

(d) So dium hy drox ide so lu tion.—50% (w/w) ni trate-free NaOH.

(e) Boiling chips.—Mesh size 10 sug gested. High pu rity,
amphoteric alundum gran ules, plain.

(f) Methyl red/bromocresol green in di ca tor so lu tion.—Dis solve
0.2 g methyl red and di lute to 100 mL in 95% eth a nol. Dis solve 1.0 g
bromocresol green and di lute to 500 mL in 95% eth a nol. Mix 1 part
methyl red so lu tion with 5 parts bromocresol green so lu tion
(com bine all of both so lu tions).

(g) Bo ric acid so lu tion.—4%, with in di ca tor. Dis solve 40 g
H3BO3 and di lute to 1 L in wa ter and add 3 mL methyl
red/bromocresol green in di ca tor so lu tion, (f). So lu tion will be
light or ange color.

(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.

(i) Am mo nium sul fate.—99.9% (NH4)2SO4.

(j) Tryptophan or lysine hy dro chlo ride.—99% C11H12N2O2 or
C6H15ClN2O2.

(k) Su crose.—Ni tro gen free.

D. Prep a ra tion of Test Solution

Add 15.00 g K2SO4, 1 mL CuSO4×5H2O cat a lyst so lu tion, and 8–10

boil ing chips to di ges tion flask. Warm milk to 38° ± 1°C. Mix milk as in

925.21 (see 33.2.02). Weigh warm sam ple (5 ± 0.1 mL) and
im me di ately place in di ges tion flask. (Note: Weights must be re corded
to near est 0.0001 g.) Add 25 mL H2SO4, rins ing any milk on neck of
flask into bulb. Flask may be stoppered and held for di ges tion at later
time. Di gest and dis till a blank (all re agents and no test product) each
day.

E. De ter mi na tion

(a) Di ges tion burner set ting.—Con duct di ges tion over heat ing
de vice that can be ad justed to bring 250 mL H2O at 25°C to roll ing
boil in ca 5–6 min. To de ter mine max i mum heater set ting to be used
dur ing di ges tion, pre heat 10 min (gas) or 30 min (elec tric) at burner
set ting to be eval u ated. Add 3 or 4 boil ing chips to 250 mL H2O at
25°C and place flask on pre heated burner. De ter mine heater set ting
that brings wa ter from 25°C to roll ing boil in 5–6 min on each
burner. This is max i mum burner set ting to be used dur ing di ges tion.

(b) Di ges tion.—Place flask in in clined po si tion with fume
ejec tion sys tem on. Start on set ting low enough so that test portion
does not foam up neck of Kjeldahl flask. Di gest at least 20 min or
un til white fumes ap pear in flask. Next, in crease burner set ting half
way to max i mum burner set ting de ter mined in (a) and heat for
15 min. Next, in crease heat to max i mum set ting de ter mined in (a).
When di gest clears (clear with light blue–green color), con tinue to
boil 1–1.5 h at max i mum set ting (to tal time ca 1.8–2.25 h).

To de ter mine spe cific boil time needed for anal y sis con di tions in
lab o ra tory, se lect a high pro tein, high fat milk test sam ple and
de ter mine pro tein con tent us ing dif fer ent boil times (1–1.5 h) af ter
clear ing. Mean pro tein test in creases with in creas ing (0–1.5 h) boil
time, be comes con stant, and then de creases when boil time is too
long. Se lect boil time that yields max i mum pro tein test.

At end of di ges tion, di gest should be clear and free of
un di gested ma te rial. Cool acid di gest to room tem per a ture (ca
25 min). Cooled di gest should be liq uid or liq uid with few small
crys tals. (Large amount of crys tal li za tion be fore ad di tion of
wa ter in di cates too lit tle re sid ual H2SO4 at end of di ges tion and
can re sult in low test val ues.) Af ter di gest is cooled to room
tem per a ture, add 300 mL H2O to flask and swirl to mix (for 800
mL flasks add 400 mL H2O). When room tem per a ture wa ter is
added some crys tals may form and then go into so lu tion; this is
nor mal. Let mix ture cool to room tem per a ture be fore dis til la tion.
Flasks can be stoppered for dis til la tion at later time.

(c) Dis til la tion.—Turn on con denser wa ter. Add 50 mL H3BO3

so lu tion with in di ca tor to grad u ated 500 mL Erlenmeyer ti tra tion
flask and place flask un der con denser tip so that tip is well be low
H3BO3 so lu tion sur face. To room tem per a ture di luted di gest,
care fully add 75 mL 50% NaOH down side wall of Kjeldahl flask
with no ag i ta tion. NaOH forms clear layer un der the di luted di gest.
Im me di ately con nect flask to dis til la tion bulb on con denser.
Vig or ously swirl flask to mix con tents thor oughly; heat un til all

NH3 has been dis tilled (³150 mL dis til late; ³200 mL to tal vol ume).
Do not leave dis til la tion un at tended. Flasks (500 mL) may bump at
this point. Lower re ceiv ing flask and let liq uid drain from
con denser tip. Turn off dis til la tion heater. Ti trate H3BO3

re ceiv ing so lu tion with standard 0.1000M HCl so lu tion to first
trace of pink. Lighted stir plate may aid vi su al iza tion of end point.
Re cord mL HCl to at least near est 0.05 mL.
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