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Introduction

Nitrogen/Protein determination in juices and juice
products is a necessary tool, which allows producers to
monitor and control the quality of juices and juice
products. Nitrogen determination in juice is utilized to
calculate the protein concentration using a nitrogen
protein conversion factor. Protein characterization can be
utilized in the production of blended fruit and vegetable
juice products that have been formulated for optimal
nutritional or dietary values. The ability to determine
protein content in juices and juice products also allows
producers to meet labeling and regulatory requirements,
which provides the consumer with important nutritional
information. A rapid and precise method for the
determination of total protein in juices and juice products
provides a vital quality and process control procedure.

Instrument Model and Configuration

The LECO FP928 is a macro combustion nitrogen/protein
determinator that utilizes a pure oxygen environment in a
high-temperature horizontal ceramic combustion furnace
and ceramic combustion boats designed to handle macro
sample masses (~1.0 g). A thermoelectric cooler removes
moisture from the combustion gases before they are
collected in a ballast. The gases equilibrate and mix in
the ballast before a representative aliquot (3 cm® or 10
cm’ volume) of the gas is extracted and introduced into a
flowing stream of inert gas (helium or argon) for analysis.
The aliquot of gas is carried through a heated reduction
tube, filled with copper, to convert nitrogen oxide
combustion gas species (NO,) to nitrogen (N,). The
aliquot gas is then carried to a thermal conductivity cell
(TC) for the detection of nitrogen (N,).

Thermal conductivity detectors work by detecting changes
in the thermal conductivity of the analyte gas compared
to a reference/carrier gas. The greater the difference
between the thermal conductivity of the carrier gas and
the analyte gas, the greater the sensitivity of the detector.
The FP928 supports either the use of helium or argon as
the instrument's carrier gas. When used as a carrier gas,
helium provides the highest sensitivity and the best
performance at the lower limit of the nitrogen range. The
thermal conductivity difference between argon and
nitrogen is not as great as the thermal conductivity
difference between helium and nitrogen; therefore the
detector is inherently less sensitive when using argon as a
carrier gas.

The LECO FP928 offers the additional advantage of
utilizing either a 10 cm® aliquot loop or a 3 cm® aliquot
loop within the instrument's gas collection and handling
system. The 10 cm’ aliquot loop optimizes the system for
the lowest nitrogen range and provides the best
precision. The 3 cm’ aliquot loop extends reagent life

expectancy by approximately three-fold when
compared to the 10 cm® aliquot loop and provides the
lowest cost-per-analysis.

Note: When changing carrier gas type, the flow needs to be
adjusted following instructions provided in the FP928
Operator's Instruction Manual. The aliquot dose loop size is
changed by selecting the desired aliquot dose loop size in the
software's Method Parameters.

Sample Preparation

Juice samples should be analyzed at room temperature
and mixed thoroughly prior to analysis to ensure
homogeneity. Reference materials should be prepared
as directed by the certificate prior to analysis. Glycine
solutions should be prepared using the procedure
found on the last page of this document.

Accessories

528-203 Ceramic Combustion Boats* with 502-343
Nickel Boat Liners or 625-505-430 Nickel Boats, and
disposable pipettes.

*For optimal precision, ceramic combustion boats should be
baked in a muffle furnace at 1,000 °C for a minimum of 40
minutes. Once the ceramic combustion boats have cooled, they
should be transferred to a desiccator for storage. If the ceramic
combustion boats are not used within twenty-four hours, they
should be re-baked. After baking, handle ceramic combustion
boats with clean tongs only; do not use fingers.

Reference Materials

Calibration should be performed using a glycine
solution prepared using the procedure found on the
last page of this document. Verification can be
performed using a different concentration of a glycine

solution and/or 502-602 Ammonium Solution
(0.10% N).

Method Parameters**

Gas Type Helium or Argon
Furnace Temperature 1100 °C
Dehydration Time Os

Nominal Mass 1.0000 g

Purge Cycles 3

Ballast Equilibrate Time 10s

Ballast Not Filled Timeout 300 s

Aliquot Loop Fill Pressure Drop 200 mm Hg

Aliquot Loop Equilibrate Time  4s
Dose Loop Size Large (10 cm®) or
Small (3 cm’)



Element Parameters**

Helium Argon
10cm’ & 3 cm® 10 cm®
Parameter Nitrogen Nitrogen
Integration Delay Os 9s
Starting Baseline 10s 10s
Post Baseline Delay 15s 16s
Use Comparator No No
Integration Time 555 70s
Use Endline Yes Yes
Endline Delay 30s 30s
Ending Baseline 5s 5s

**Refer to FP928 Operator's Instruction Manual for Parameter
definitions.

Note: Due to the decreased sensitivity of the TC cell when using
argon as a carrier gas, it is recommended that a 10 cm® dose loop be
utilized when analyzing samples with low nitrogen content if argon is
being used as a carrier gas.

Burn Profile

Burn Step  Lance Flow  Furnace Flow  Time
1 No Yes 5s
2 Yes Yes 35s
3 Yes No End
Procedure
1. Prepare instrument for operation as outlined in the
Operator's Instruction Manual.
2. Condition the System.
a. Select five or more Blank replicates in the Login screen
(ceramic combustion boat is not required).
b. Initiate the analysis sequence.
3. Determine Blank.

a. Select five or more Blank replicates in the
Login screen.

b. Place 528-203 Ceramic Combustion Boats lined with
502-343 Nickel Boat Liners or 625-505-430 Nickel
Boats in the appropriate positions in the autoloader.

c. Initiate the analysis sequence.

d. Set the Blank following the procedure outlined in the
Operator's Instruction Manual.

Note: The standard deviation of the last five Blanks should be less

than or equal to 0.001% (10 ppm) when utilizing helium as a

carrier gas, and less than or equal to 0.005% (50 ppm) when

utilizing argon as a carrier gas. Additional Blanks beyond the
recommended five may be required in order to achieve the
recommended precision.

Calibrate/Drift Correct.

a. Select the desired number of calibration/drift
replicates in the Login screen (minimum of five).

b. Using a pipette, weigh ~1.0 g of an appropriate
concentration of glycine solution into a
528-203 Ceramic Combustion Boat lined with a
502-343 Nickel Boat Liner or a 625-505-430
Nickel Boat.

c. Enter sample mass and identification into the
Login screen.

d. Transfer the combustion boat containing the
glycine solution to the appropriate position in
the autoloader.

e. Perform steps 4b through 4d a minimum of five
times for each calibration/drift solution used.

f. Initiate the analysis sequence.

g. Calibrate or Drift Correct the instrument following
the procedure outlined in the Operator's
Instruction Manual.

h. Verify the calibration by analyzing several
replicates of ~1.0 g of a different concentration of
glycine or ammonium solution following steps 4b
through 4f and confirm that the results are within
the acceptable tolerance range.

. Analyze Samples.

a. Select the desired number of sample replicates in
the Login screen.

b. Using a pipette, weigh ~1.0 g of the sample into
a 528-203 Ceramic Combustion Boat lined
with a 502-343 Nickel Boat Liner or a
625-505-430 Nickel Boat.

c. Enter sample mass and identification information
into the Login screen.

d. Transfer the combustion boat containing the
sample to the appropriate position in
the autoloader.

e. Perform steps 5b through 5d for each sample to
be analyzed.

f. Initiate the analysis sequence.



TYPICAL RESULTS'

Data was generated utilizing a linear, force through origin calibration using a 0.3% N glycine solution. The calibration was verified using 502-602
Ammonium Solution (0.10% N), a 0.05% N glycine solution, and a 0.02% N glycine solution. All reference materials and samples were weighed and
analyzed at ~1.0 g. A protein factor of 6.25" was used for all samples to calculate the protein content.

10 cm® Helium 3 cm’® Helium 10 cm’ Argon
Mass (g) % N % Protein Mass (g) % N % Protein Mass (g) % N % Protein

|

Apple Juice 1.0102 0.021 0.131 1.0239 0.019 0.121 1.0250 0.023 0.147

Pasteurized 1.0774 0.020 0.123 1.0491 0.018 0.115 1.0291 0.023 0.144

100% Juice 1.0118 0.021 0.130 1.0080 0.019 0.116 1.0067 0.018 0.115

1.0475 0.020 0.127 1.0587 0.020 0.124 1.1030 0.024 0.151

1.0077 0.020 0.124 1.0361 0.023 0.144 1.0565 0.016 0.101

Avg = 0.020 0.127 Avg = 0.020 0.124 Avg = 0.021 0.132

s = < 0.001 0.003 s = 0.002 0.012 s = 0.004 0.022
|

Grape Juice 1.0295 0.036 0.223 1.0165 0.034 0.213 1.0550 0.038 0.235

Pasteurized 1.0188 0.036 0.227 1.0226 0.033 0.204 1.0416 0.040 0.247

100% Juice 1.0511 0.036 0.228 1.0552 0.046 0.289 1.0677 0.036 0.227

1.0092 0.038 0.239 1.0089 0.032 0.203 1.0182 0.041 0.255

1.0143 0.036 0.223 1.0577 0.030 0.186 1.0550 0.039 0.244

Avg = 0.036 0.228 Avg = 0.035 0.219 Avg = 0.039 0.242

= 0.001 0.007 = 0.006 0.040 = 0.002 0.011

Orange Juice 1.0022 0.101 0.628 1.0188 0.102 0.638 1.0552 0.096 0.601

Pasteurized 1.0195 0.100 0.627 1.0312 0.101 0.630 1.0270 0.102 0.640

100% Juice from 1.0092 0.101 0.633 1.0297 0.103 0.643 1.0287 0.097 0.607

Concentrate 1.0382 0.100 0.628 1.0922 0.099 0.617 1.0105 0.102 0.638

1.0081 0.102 0.635 1.0384 0.097 0.604 1.0573 0.098 0.612

Avg = o0.101 0.630 Avg = 0.100 0.627 Avg = 0.099 0.620

s = 0.001 0.004 s= 0.003 0.016 s= 0.003 0.018
________________________________________________________________________________________________________________________________________________________|

High Protein 1.0079 0.335 2.095 1.0205 0.334 2.089 1.0224 0.332 2.074

Sports Drink 1.0330 0.334 2.089 1.0143 0.334 2.088 1.0392 0.326 2.039

with 4% Juice 1.0030 0.333 2.081 1.0325 0.333 2.081 1.0431 0.326 2.037

1.0004 0.332 2.078 1.0140 0.337 2.104 1.0097 0.330 2.061

1.0303 0.333 2.079 1.0151 0.337 2.109 1.0023 0.333 2.079

Avg = 0.333 2.084 Avg = 0.335 2.094 Avg = 0.329 2.058

s = 0.001 0.007 s= 0.002 0.012 s = 0.003 0.019

Note: Due to the decreased sensitivity of the TC cell when using
argon as a carrier gas, it is recommended that a 10 cm® dose loop be
utilized when analyzing samples with low nitrogen content if argon is
being used as a carrier gas.

'Some juices may contain certain preservatives (such as EDTA) which
contain non-protein sources of nitrogen which could result in protein
values that are biased high. The results presented above were

FPazB
obtained from samples that did not contain preservatives. =

Protein factor was obtained from the United States Department of
Agriculture, Circular No. 183. The choice of protein factor to be used
for determining protein content in different materials is the subject of
some debate. As a result, if being used for commerce, the value of
this conversion factor should be part of the contractual agreement
between buyer and seller.
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GLYCINE SOLUTION PREPARATION

1. The following formula can be used to make a specific concentration:
G=— ¢
(0.99' * 0.18658)

where: C = desired nitrogen concentration as percent
G = grams of glycine powder

Example for 1% solution:

G = 1 = 5.414
(0.99' * 0.18658)

NOTE: A quick reference chart, shown below, shows the grams of glycine powder needed to reach given
concentrations.

N

Place a flask on the balance and tare. The flask should be large enough to hold 100 ml
(where 100 g = 100 ml).

Add the amount of glycine calculated in step 1 and record the mass.

Add distilled water until the total mass equals 100 g, then record the mass (W).

Seal the flask and mix the contents.

To figure the exact concentration:

% Nitrogen = G (18.658 * 0.99")
w

S

where: G = mass in grams of glycine recorded in step 3
W = mass in grams of water and glycine powder recorded in step 4

7. If the distilled water is not pure, determining the nitrogen concentration may be necessary.
a. Analyze five samples of distilled water.
b. Average the nitrogen content of the five samples (A).
c. Add this average to % nitrogen calculated for the calibration solution.

Example: To make a calibration solution of approximately 0.3% nitrogen:
where: G =1.672¢g
W =199.824¢g
A = 0.004%

1.672(18.471) 4 0004 = 0.313% N
(99.824)

QUICK REFERENCE CONCENTRATION TABLE

Nitrogen Concentration Grams of Glycine™
0.10% 0.541
0.30% 1.624
0.50% 2.707
0.75% 4.060
1.00% 5.414

"Assuming 99.0% purity of glycine powder.
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