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INTRODUCTION.

The new system of continuous-flow analysis adopted by
Technicon in its AutoAnalyzer | for automatic détermination of total
nitrogen (1), comprises a module called the "digestor".  The latter
is made of a pyrex glass helix heated to 300-400°C, in which the
digestion of organic substances by wet process takes place under the
action of a mixture of concentrated acids. After digestion the nitrogen
is determined as ammonia in an automated analytical system, by for-
mation of an indophenol-blue colour.  Sutton and Duthie (2) modified
the new concept of continuous N-determination in order to investigate
the nitrogen contents in fish muscle extracts. Intensive use of their
technique however, didnot lead us to recoveries of 100 %, relative
to manual Kjeldahl, but only of 90 %. Two reasons can be suggested
for the low recovery in cod muscle compounds during automatic di-
gestion.  Probably an incomplete conversion of nitrogen into ammonium
sulphate takes place or there may occur a loss of N from the
(NHMASOM- standard (3) (4).

It is apparent that a 100 % recovery can he obtained as
a resuit of décomposition of the (NH)ASOM without increasing digestion
efficiency.  This is not a reliable procedure to use however, since it
depends on the operating conditions remaining constant. A better method
Is to use standards having very similar heat stability characteristics to
the unknown (5) (6) (7) (8). In this paper an account is given of the
use of freeze-dried cod muscle as standardising material in order to
obtain more accurate total nitrogen (T. N.) déterminations with the
Sutton and Duthie technique. A number of cod samples has been
analysed by each of three methods : manual Kjeldahl, AutoAnalyzer
using as standard either ammonium sulphate or freeze-dried cod. A
statistical comparison between the three analytical systems has hbeen
carried out.



EXPERIMENTAL.
Apparatus.

An AutoAnalyzer consisting of digestor, sampler, pro-
portioning pumps, heating bath, colorimeter (625 nm filter) and recor-
der modules is assembled as shown in figure 1  The figure also gives
details of the flow rates required in each line. Figure 2 shows the
"chute" system adopted by Sutton and Duthie (2) to prevent précipita-
tion of protein where the sample met the acid mixture before entering
the revolving helix.

Reagents (2) (9).

digestion mixture :

sulphuric acid, concentrated 90 % v/v

potassium sulphate 10 % wlv

sodium sulphate 2.9 % wlv

selenium dioxide 0.3 % wlv
sodium hydroxide reagent :

sodium hydroxide 35 % wlv

EDTA disodium sait 4 % wiv
alkaline sodium phenate :

sodium hydroxide 20 % wlv

phénol 25.7 % wlv
sodium hypochlorite solution : 5% viv
sulphuric acid solution : 20 % vlv

Sample préparation.

4-5 g of cod muscle are macerated in 100 ml of 5 %
NaCl, adjusted to pH 7.0, using an Ultra-Turrax homogenizer. 20 g
of the homogenate are accurately weighed out, 10 ml of concentrated
H’2‘804 added, mixed, and after cooling it is diluted to 100 ml and
used for the T. N.-détermination.



Préparation of standards.

Freeze-dried cod is pulverized in a mortar and stored
in the freezer to prevent détérioration.

Standards are now prepared containing about 0,5 ; 1 ;
1,5 ;2 and 2,5 g of cod powder. To the weighed amounts 100 ml
neutral 5 % sodium chloride solution are added and the mixture IS
macerated for 1 min. at full speed using an Ultra-Turraxhomogenizer.

20 g of the homogenate are accurately weighed out into
a Kjeldahl flask and digested for two hr with 13 ml of 98 % HASO”
and 3 g Wieninger-selenium-mixture (Merck). Total nitrogen is
estimated by a manual technique (10), using the steam distillation
apparatus of Antonacopoulos (12). Another 20 g portion of the homo-
genate is weighed out and 10 ml of concentrated HASO™ are added
while mixing using a magnetic stirrer. After cooling the mixture is
washed with water into a 100 ml standard flask and made wup to the
mark. The shelf life of thisstandard, stored by 5*C, is more  than
30 days.

Procedure.

The operating conditions may be summerised as follows
©):
sample/acid ratio : 1/3,45 (see also Fig. 1)
sampling rate : 10 s.p.h. (i.e., a 20 s.p.h. cam with water hetween
each sample)
helix speed : 4 r.p.m.
helix temperature : 485*C first bank, 310-330°C middle and last banks.

Reagents are passed through ail the lines except the air
lines to establish the baseline and the 0 % transmission control.



After a delay period of 1 hour (11) the digestion and déter-
mination of T. N. contenté can be started.

Samples and standards are analysed in duplicate. The
mean value of the optical density readings from the standards are used
to prepare a calibration curve.

RESULTS AND DISCUSSION.

T. N. -déterminations have been performed in duplicate for
a number of cod samples, by each of three methods : traditional Kjel-
danl, AutoAnalyzer using as standard either ammonium sulphate or
freeze-dried cod. The results are shown in table 1, which gives also
the average recoveries of nitrogen from the automated procedures re-
lative to the manual method. Table 2 gives values of some statistical
parameters of each method calculated from the results of table L

The statistical analysis of nitrogen contents obtained by
each method, was made using Student's t-test and the F-test (13). The
critical values for the two tests (table 3) were calculated from the
parameters of table 2

The results in table 3 show that there is no significant
différence between the means of manual and automatic cod powder
method but that the différence hetween the means of the manual and
automatic (NHM)ASOM-method is significant.  From the critical values
for the F-distribution it can be seen that there is no significant dif-
férence in the precision of the means obtained by the three different
methods.



Table 1 -

Sample
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Results of T. N. -concentrations determined in cod muscle
by. a manual Kjeldahl technique and by the AutoAnalyzer
using either ammonium sulpnate or freeze-dried co
as standard.
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Manual

11-3.
14-3.
08-3.
12-3.
25-3.
19-3.
14-3.
05-3.
14-3.
10-3.

. 07-3.
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AA-(NHASOA
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2. 89-2. 87
2. 88-2. 86
2.90-2.96
2.92-2.94
2.84-2.90
2. 84-2. 80
2. 82-2. 88
2. 86-2. 80
2.59-2. 51
2.70-2.90
2.82-2.72
2.49-2. 49
2. 69-2. 69
2.72-2.76
2.71-2. 75
2. 80-2. 76
2.99-2. 95
2.71-2.65
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-cod powdet

96-3. 08%
. 00-3. 02
96-2.94
03-3. 01
.10-3.18
13-3.15
.03-3.09
05-3. 01
.02-3.10
07-3. 01
L8L-2. 71
01-3. 13
04-2. 92
67-2. 67
90-2. 90
.96-3.00
. 93-2. 97
3.01-2. 97
3.21-3.17
2.92-2.86

muscle

96.
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96.
98.
98.
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97.
100.
96.
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99.
97.
100.
96.
97.
101.
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Table 2 - Statistical parameters of each N-determining method.

Relative, stand,

Method Arithmetic mean  Standard déviation déviation
Manual XM = 3.05 %N s = 0.0272 %N vh =089 %
AA. (NHASO” = 2.80 st = 0. 0427 A = 1-53
AA. cod powder xM = 2.99 sh = 0. 0429 vAh = 1.43

Table 3 - Critical values for Student's t-test and F-test.

F-test

m - number of cod samples.



SUM MARY.

A modification of a previously reported method for quanti-
tative détermination of total nitrogen in cod muscle extract, using
the Technicon AutoAnalyzer digestor system, is described.

Freeze-dried cod muscle, made up as solutions and standar-
dized by manual Kjeldahl analysis, was used for calibration instead of
the ordinary ammonium sulphate liquid standard. 100 % recoveries,
relative to the manual method, were obtained with the former, while
only 90 % with the latter.
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