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The Oceanic Institute evaluates application and
reproducibility limits of NIR in predicting the chemical
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Commercial near infrared (NIR) instruments were introduced in the 1970s. Today, NIR has become a
commonly accepted tool in the food and grain industries to almost instantaneously measure protein,
oil, moisture, starch, and other constituents without the use of chemicals or heat.

The process is based on the principle that certain types of chemical bonds absorb speci�c frequencies
of light energy in the near infrared spectrum. The amount of infrared light energy that is re�ected or
transmitted through the product has a direct relationship with its chemical composition.

In the aquaculture industry, NIR is gaining popularity, especially in the analysis of ingredients and feeds
as part of quality control and feed management. We evaluated the application and reproducibility limits
of NIR in predicting the chemical composition of two major shrimp feed ingredients: �shmeal and
soybean meal.

Samples and analyses
A total of 27 unique samples of �shmeal and 20 unique samples of soybean meal were collected from
suppliers in the United States and abroad. These samples were used in evaluating the reproducibility
limits of near infrared re�ectance analyzer, NIRSystems 6500 (Foss NIRSystems, Silver Spring, MD
USA). Other shrimp feed ingredients received did not have su�cient samples for the development or
expansion of a calibration. At least 30 unique samples are required to develop a calibration and at least
10 samples to expand an existing set of calibrations. Samples of �shmeal and soybean meal were
used to expand existing calibrations and were tested for protein, fat, and moisture. These samples were
scanned by NIR and then analyzed by conventional laboratory procedure. The typical spectra generated
by NIR for �shmeal and soybean meal are shown in Figs. 1 and 2, respectively.

Analyzing feed composition using near-infrared re�ectance.
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Calibration and evaluation
Evaluation of predicted (NIR) and actual (laboratory) values indicated the feasibility of expanding the
existing calibration equations for both �shmeal and soybean meal. Expanding the calibration set was
carried out by adding the new samples spectra to the existing calibration making it more robust. An
independent set of laboratory-analyzed �shmeal and soybean meal samples were used to validate the
new set of calibration equations. The result was evaluated using standard error of prediction (SEP) and

Fig. 1: Typical spectra for �shmeal.

Fig. 2: Typical spectra for soybean meal.
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correlation coe�cient (R). SEP measures the accuracy of the NIR method and is compared to the
standard deviation of the laboratory method. The correlation coe�cient describes the degree of �tness
of the data on the regression line.

Fishmeal
The calibration result
for �shmeal protein is
given in Fig. 3.
Fishmeal protein
shows a SEP value of
0.54, slope of 1.0 and
R value of 0.95,
indicating a 95
percent agreement
between laboratory
and NIR values.
Similar calibration
results were obtained
for moisture.
Validation of
calibration equation
was carried out using
independent sets of
laboratory-analyzed
�shmeal samples.
The validation result
for protein yielded an
average difference of
0.04 percent between
the laboratory and
NIR method. It had a
slope of 1.0 and R
value of 0.99. Result
for percent moisture
showed very similar
values.

Soybean meal
Soybean meal calibration result for percent protein is illustrated in Fig. 4. The �gure shows a SEP of
0.138 and a slope of 1.0. The correlation coe�cient value of 0.99 indicates a 99 percent agreement
between laboratory and NIR measurements. Calibration result for fat was not as consistent as the result
for protein. It had a correlation coe�cient of 0.93 and an SEP value of 0.196. Independent sets of
laboratory-analyzed soybean meal samples were used to validate the calibration equations for both
protein and fat. Validation result for percent protein yielded a SEP value of 0.112, slope of 0.98 and R
value of 0.99. Result for fat indicated a SEP value of 0.194 and R value of 0.96.

Conclusion, recommendations

Fig. 3: Calibration results for percent protein in �shmeal (SEP = 0.540, R = 0.95)
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NIR proved to be
an accurate
method for
measuring the
chemical
composition of
�shmeal and
soybean meal.
Acceptable and
reproducible
results were
achieved using
the existing and
expanded
calibration
equations to
predict protein
and moisture in
�shmeal, and to
predict protein
and fat in
soybean meal.
Our results
showed low SEP,
little or no bias,
slope of 1.0 and
R value close to
1.0, indicating a
very good
calibration for
both �shmeal
and soybean
meal.

The potential for
the use of NIR spectroscopy as a tool for rapid and accurate prediction of the chemical composition of
�shmeal and soybean meal, including other shrimp feed ingredients, deserves further investigation. The
collection of a wide and uniform range of representative samples is recommended for more calibration
work. NIR is matrix-sensitive and requires substantial calibration development and maintenance to
produce results with accuracy similar to chemical analyses, which require use of corrosive or toxic
chemicals, none of which are needed for NIR analysis.

(Editor’s Note: This article was originally published in the October 2001 print edition of the Global
Aquaculture Advocate.)
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Fig. 4: Calibration results for percent protein in soybean meal (SEP = 0.138, R = 0.99).
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