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FRESHNESS ASSESSMENT OF FISH FILLETS BY
VISIBLE AND NEARINFRARED (VIS/NIR)
: “ SPECTROSCOPY
' Gamal'ElMas,-.y-

ABSTRACT
This study was carried out to examine the gbility of visible/near infrared
(VIS/NIR) spectroscopy to predict the freshness of Catfish (Icatalurus
punctaius) and Atlantic halibut (Hippoglossus hippoglossus) fillets for
estimating their storage time. The fillets of both species were stored at
4°C in vacuum-packages. Spectral properties of individual fillets were
extracted using VIS/NIR spectroscopy throughout a period of 16 days to
constriict models for predicting storage time of fillets. Multivariate data
analysis using partial least-squares regression (PLSR) was used to
determine the correlation between NIR/VIS spectra and storage time. The
correlation coefficient between aclual gnd predicted storage time was
0.998 and 0.996, and the root ‘mean square error estimated by cross
validation (RMSECY) was found to be | 33 and 1.89 days for catfish and
halibut respectively. The accuracy, rapidiry and the low complexity of the
obtained models suggested spectiOscopy technique as a promising
method for rapid assessment of the degree of freshness in fish fillets by
identifying their storage period.
Keywords: Spectroscopy, fish, freshness, storage, Catfish, Atlantic
Halibut, multivariate analysis, PLSR, PCA_ NIR.
INTRODUCTION

ish are one of the most highly perishable food products, which

have limited shelf life (Erkan ¢; 57 2007). Also, fish are a rich

source of high-quality protein, essential vitamins and healthful
polyunsaturated fatty acids (Ashie ef o/ 1996). Quality evaluation has
come to be viewed as a highly useful tog] for determining the consumer
‘acceptability of fish, and researchers have therefore been working to
improve evaluation technique of assessing fish quality. The problem was
that the quality of fishery products has always been hard to define, and is
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typically based on the general perception of the consumer evaluating the
product. One general definition of fish quality is the ‘'degree of
excellence'. One thing that remains almost certain for any food product is
that quality decreases over time. In most cases, storage time is used as a
quality indicator and will be used as a sign of fish freshness throughout
this paper. That is because during storage time the freshness is reduced
until spoilage occurs due to biochemical, chemical, physical and
microbiological processes (Sivertsen et al., 2011). Expiration dates serve
as a guide, but the sensory appeal of a fishery product is generally the
deciding factor as to whether a product is deemed acceptable or not by the
end consumer. Expiration dates give the consumer a clear indicator by
which to tell that a food may no longer be safe for consumption (Dodd,
2006).

Some of the more important factors that determine quality from the
customer's point of view are species; ease of preparation; appearance;
odor; flavour; freshness; size; presence or absence of bones, blood and
filth; absence of specific microorganisms; packaging and composition.
Freshness is the most important quality factor to the consumer; thus
assessment of freshness is vital in quality control process. Fish freshness
is not a distinct parameter; it is a complex interaction of several
parameters where cach one to some extent may explain freshness.
Freshness can be explained to some extent by some objective sensory,
biochemical, microbial and physical parameters. which could be defined
as an objective attribute (Olafsdbttir er al., 1997). As fresh fish is a highly
perishable product, it is essential for proper commercialization to be abie
to estimate accurately its freshness {Huidobro er /., 2001). Commercial
decisions to accept or reject a product can be made by means of
physicochemical, microbiological and sensory methods (Arvanitoyannis,
et al., 2005). Unfortunately, there is no entirely satisfactory physical
method to determine fish freshness as the main parameter of the quality of
fish products (Kent, et al. 2004).

The standard method for monitoring fish quality is using a sensory panel.
Sensory evaluation is defined as the scientific discipline used to evoke,
measure, analyze and interpret characteristics of food as-perceived by the
senses of sight, smell, taste, touch and hearing (Olafsdbttir ef al., 1997).
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While using human senses has the advantage of being able to consider a
large variation of factors, it has limitations due to great efforts required to
perform a sensory panel analysis on a large number of samples. This
drawback makes it cost prohibitive and impractical to be used on a large
scale at processing plant for most food manufacturers. On the other hand,
while chemical tests provide quantifiable results, they are normally
destructive, time consuming, and expensive. Instruments that can
overcome both disadvantages of sensory and chemical methods as well as
rapidly and economically assess the quality of food products would be a
practical choice for quality control implementation. Recent developments
in multivariate analysis techniques along with advances in data
acquisition and sensing capabilities have led to the creation of new
technologies that can better monitor complex situations such as the
freshness of fishery products.

During the past few years, spectroscopic methods have gained great
attention in the evaluation of food quality parameters (Sun, 2008). The
advantages of spectroscopic methods are their ability to provide rapid
analysis and stmultaneous evaluation of several parameters, and their
potential for on-line use. Spectroscoptc techniques have been progressed
dramatically, particularly with the use of fiber optics, lasers and solid-
state components, which can facilitate the miniaturization of
spectrometers  {Scotter, 1997). Spectroscopic analysis exploits the
interaction of electromagnetic radiation with atoms and molecules to
provide qualitative and quantitative chemical and physical information
that 1s contained within the wavelength or frequency spectrum of energy
that is either absorbed or emitted. (Scotter, 1997; Pasquini, 2003; Garini
et al., 2006; Cen and He, 2007). It ts intrinsic that when a spectroscopic
technique is calibrated against a traditional chemical measurement, the
traditional technique is described as the ‘direct” method and the
spectroscopic analysis as ‘indirect” (Scotter, 1997). Therefore, the
versatility of NIR spectroscopy in food science has been demonstrated in
many applications. It is a non-destructive and rapid technique in the
assessment of food quality with the advantage of being easy to use in
combination with chemometrics analysis for qualitative and quantitative
analysis (Bokens et al., 2002). NIR spectroscopy reveals information
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related to the vibrational behavior of molecular bonds and therefore can
give details of the varieties of molecules present in the food (Cen and He,
2007). However, development of NIR methods for fish and fish products
has been limited (Wold et al., 1996). Despite that NIR spectroscopy has
gained a foothold as a quantitative method in food analysis, relatively
little is known concerning the applicability to fish freshness and
estimating its storage time.

Since both fish freshness and its overail quality decrease over time and
since spectroscopy measurements represent the fingerprint of fish
condition, this study was carried out to investigate the ability of detecting
changes in fillets of catfish and Atlantic halibut fish over storage time by
means of VIS/NIR spectroscopy and multivariate analysis techniques. In
this study, the main aim was to monitor spectral response of fish filiets in
the wavelength region of 400-2500 nm as a function of time. Multivariate
models are aimed to be used for predicting storage period as the
indication of physicochemical changes occurred during storage.

MATERIAL AND METHODS

Thirty fish fillets of two different species: Catfish (16 fillets) and Atlantlc
halibut (14 fillets) were purchased from a local fish retailer. The fish
fillets were fresh and of superior quatity. The average water contents were
72.60 and 74.50%, and the average fat contents were 9.15 and 10.14% for
catfish and halibut fillet samples, respectively (EIMasry and Wold, 2008).
Each fillet was vacuum-packed individually in polyethylene bags and
stored at 4°C for 16 days. In the first day of the experiment 6 fillets from
catfish and 4 fillets from Atlantic halibut were scanned using
spectrometer described below and its corresponding spectra represent
spectra of both species at zero time of storage. Two fillets from each
species were randomly chosen to be scanned after 3, 6, 10, 13 and 16 days
respectively. .

At 0, 3, 6, 10, 13 and 16 days of storage fillets were removed from the
vacuum packages and then scanned with NIRSystems 6500
monochromatic spectrometer (Foss NIRSystems, Silver Spring, MD,
USA) in reflectance mode. The instrument was equipped with a fiber-
optic reflectance probe (NIRSystems no. NR-6539) and measurements
were collected as an average of 32 scans in the spectral range of 400-2500
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nm with 0.5 nm increments yielding 4200 data points per spectrum. As
shown in Figure (1), the spectrometer mainly consisted of light source,
beam splitter unit (tunable gratings), sample detector, optical detector,
data processing system and a computer. The system was supplied with
software for data acquisition, communication and unit control. Each fillet
was placed in the instrument and the reflectance spectrum in the visible
and near infrared regions (VIS/NIR) was recorded from the surface of the
fillet. Five spectra per one fillet were recorded from five different
locations of each fillet which then averaged to give one spectrum for each
fillet. The locations of these five points where the spectra were acquired
were selected along the lateral line of the loin to express the whole fillet
and to consider any expected changes occurred in any part of the fillet.
The absorbance at a certain wavelength (A) was calculated as [log
(1/Reflectance}] at this wavelength () based on Beer Lambert law which
states that the log reciprocal absorbance is directly related to the
concentration of the absorbing bond pairs, or combination absorbances,
and is inversely related to the pathlength of light through the sample. A
reference spectrum of a white Teflon surface was taken at the beginning
of every testing time throughout the storage period of 16 days. Also, dark
current was measured automatically prior to each measurement. The dark
and white spectra were used for calibrating each spectrum individually.

Concave Order
holographic / sorter
gratinf \ Filters
Detector
&fsample
Gratirlg ~area
drive Exat slit
| ~ N
- Flat mirror Internal
~— | paddies
Entrance sht|
S — 1
"-n.\ /

Tungsten Halogen lamp with
power supply and regulator board

Fig. (1). Schematic diagram of the main components of the VIS/NIR spectrometer
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It has been proven that despite the precision and accuracy of robust
analytical techniques, detection of authenticity and freshness of food
stuffs could not be claimed without resorting to multivariate analysis
(Arvanitoyannis et al., 2005). Due to the large hidden information in the
spectral data and its high co-linearity, it is intrinsic to find a reliable
method to process and extract the characteristics of the spectra using one
or more of chemometrics tools which improve the potential application of
VIS/NIR spectroscopy technique in food industry. As stated by Cen and
He (2007) chemometrics in VIS/NIR spectroscopy analysis includes three
aspects as: (1) spectral data pre-processing; (2) building calibration
models for quantitative and qualitative analysis; and (3) model transfer. In
this study, different types of pre-treatment (such as mean centcﬁng, auto
scaling, Savitzky Golay smoothing, multiplicative scatter correction,
standard normal variate, and 1¥ and 2™ derivatives) of the resulting
VIS/NIR spectra were tested, but only the mean centering and then auto
scaling pre-treatments were chosen due to their simplicity and its
successful results in the final models. Multivariate calibration models for
quantitative or qualitative analysis in food analysis play a key role in the
analytical measurement. The reliability of measurement from VIS/NIR
spectroscopy method depends on the calibration model. The calibration
model built by VIS/NIR spectroscopy and its accompanying multivariate
analysis can be used for predicting the properties of unknown samples
nondestructively without any tedious preparations of these samples. Thus,
realizing the transfer of multivariate calibration models can help to
improve the VIS/NIR spectroscopic technology. In essence, the on-line
application of this system basically requires a carefully planned execution
of this off-line calibration models to ensure successful on-line
implementation. _

First, principal component analysis (PCA) was used to obtain an overview
of the systematic spectral variations among classes/storage times (0, 3, 6,
10, 13, 16 days). PCA is an unsupervised chemometrics tool because
there 1s no information about the samples was provided throughout PC’s
computations. This process determines most of the variation among
samples regardless of its source. PCA as multivariate statistics was used
to- reduce a large multidimensional array down to its most important
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principal components. The first component is the combination
representing the largest variation in the data, thereby giving the data the
best class separation. Whereas the second component gives the next best
class separation, and so on. Typically, the first few components are
usually graphed against each other for a visual representation of the data.
Therefore, fish fillet samples having similar spectral features tend to be
projected together along a principal component.

Partial least square regression (PLSR) is an extension of the multipie
tinear regression (MLR), but the main advantage of this technique is to
avoid co-linearity or inter-correlation problems and to deal with a number
of variables that is greater than the number of samples. Partial least
squares regression (PLSR), with full cross validation, was used to find the
correlations between spectroscopic spectra of the tested fillets (X-matrix)
and its corresponding duration of storage period (Y-matrix). PLSR finds a
mathematical relationship between a set of independent variables, the X-
matriX (Nsamptes X Awavelengths)» and the dependent variable, the Y-matrix
(Nsamples x 1). The X-matrix represents the absorbance values at 4200
wavelengths per spectrum in the range of 400-2500 nm for tested fillets
(N). The Y-matrix represents the tested storage periods (0, 3. 6, 10, 13,
and 16 days at 4°C). The optimal number of latent variables (LLV) for
establishing calibration model was determined using the mintmum value
of predicted residual error sum of squares (PRESS). Full cross-validation
was used to provide a predicted storage time for each sample (), which
was then compared to the actual duration of the storage time (y,) for all
samples from i to N. Cross-validation by leave-one-out method removed
one sample from the calibration data set and construct the model without
this data. The sample left out then has its storage time predicted by the
model and a calibration error is calculated. The procedure is repeated for
each sample and a root mean square error estimated by cross-validation
(RMSECV) was computed as:

RMSECY = (N

In addition, samples for which the difference between actual (1) and
predicted ( ¥,) values of storage time exceeded three times standard
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deviation were considered as outliers. By the way, no outliers were
detected using both spectral and storage time residuals. The predictive
ability of the calibration model was then evaluated by calculating some
statistics such as root mean square error of calibration (RMSEC),
coefficient of determination in calibration R?, root mean square error
from cross-validation (RMSECV) and coefficient of determination in
cross-validation R}, . The best model should have high determination
coefficients { RZ and R}, ) and the low errors (RMSEC and RMSECV) as
well as a small difference between RMSEC and RMSECV. All
multivariate data analyses were performed with Matlab 7.3 (The
Mathworks Inc., MA, USA) and the PLS toolbox (Eigenvector Research,
Inc., Wenatchee, WA).

RESULTS AND DISCUSSION
The average spectra of fish fillets at different storage times collected from
16 samples of catfish and 14 samples of Atlantic halibut fillets are shown
in Figures (2a) and Figure (2b), respectively. It can be observed that the
spectral characteristics of the fillets are different from fillet to fillet
according to its storage time. The absorbance spectra are rather smooth
across the spectral region. Even with limited chemical composition and

structural information of tested fillets, preliminary band assignments in
the 400-2500 nm region could be easily recognized for water, protein, and
fat. Two bands appeared at 430 and 560 nm in the visible region are
related to the presence of various forms of myoglobin (Liu ez al., 2000).
The broad peaks at about 980, 1440 and 1940 nm are assigned to the
second overtones of O—H stretching mode related to water H,O. Features
between 1100 and 1300 nm are from the second overtones of the C-H
stretching modes, whereas their first overtones appear in the 1600-1850
nm region. Bands in the 1300-1400 nm region are ascribed to
combination bands of the C—H vibrations. Broad bands in the 1400-1600
nm region are due to the overtaps of the first overtones of the O—H/N-H
stretching modes of self-associated and water-bonded OH/NH groups in
fish compositions (Liu ef al., 2000).

The bands in the 1850-2490¢ nm region arise from the combination modes
of different vibrations of C-H, O-H, and N-H as well as other functional
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groups such as C=0 group (Liu ef al., 2004). Protein has an absorbance
peak around 2200 nm corresponding to the third overtone N-H stretch,
which is difficult to discern in the figure especially in halibut samples,
The prominent offset variation between the spectra is mainly due to light
scattering phenomena caused by varying fillet thickness. However, the
main difference among samples is attributed to differences in the
distribution of crude chemical contents, in different fiber structures and
changes in chemical compositioﬁ in the fillets.

Fig. (2). Typical VIS/NIR spectra in the range of 400-2500 nm collected from
(a) catfish fillets and {b) atlantic halibut fillets at different storage time.
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As declared in Figure 2, it is noted that the intensities of two visible bands
at 430 and 560 nm decreased but are insignificant, whereas those of NIR
bands at higher wavelength (>1460 nm) decreased clearly with increasing
storage time. The difference in intensity among samples occurred in the
VIS/NIR spectral regions suggest color, physical, and chemical changes
in fish fillets (due to change in its freshness) which will help in sample
discrimination to different storage classes. Therefore, these spectral
measurements leaded to believe that there is a connection between
VIS/NIR spectra and fish fillet characteristics in terms of its freshness and
consequently its safe storage time.

Since PCA is an unsupervised technique and there is no prior information
about the sample was provided throughout the computations, the sample
having the same features tend to be projected together along the principal
component. This process determines the most variation regardless of its
source by retaining as much as possible of the information present in the
original data. Scores and explained variance were studied for the first
principal components. Score plots were used to visualize the relation
between samples for the comresponding PCs. In order to case the
interpretation of the principal component analysis, catfish and Atlantic
halibut fillets were analyzed separately. Figure (3a) illustrates the score
plot of the principal component analysis of catfish-fillet spectra at 0, 3, 6,
10, 13, 16 days. The analysis indicated that most variation among samples
(spectra) was retained within the first two principal components
(96.16%). The first principal component retained 87.78 % of the total
variation and the second component retained 8.38% of the variation.

As depicted in Figure 3a, spectra of fresh sampies at the beginning of the
experiment at zero time (0d) were projected together because they have
the same characteristics. The samples (fillets spectra) stored at 3, 6, 10, 13
days (3d, 6d, 10d and 13d) are projected together as if they have almost
the same features. The difference between these samples and zero time
samples was distinct due to losing some freshness attributes with storage.
However, this difference should be accentuated with chemical and
microbiological evaluation to ensure the validity of these fillets for
consumption. The samples tested after 16 days have exceptional trend
with different features and they are completely scparat‘ed in one class.
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This finding could be elucidated to the sharp.change occurred in
characteristics of these fillets. This could lead to conclude that the fillets
stored for 16 days have abnormal features compared with fresh fillets
(zero time samples) and fillets stored at 3, 6, 10, and 13 days.

In case of Atlantic halibut spectra shown in Figure (3b), the cumulative
variance explained by the first two principal components was 92.62%,
with the first component providing 66.49% of total varation among
spectra and 26.13% explained by the second principle component.
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Fig. (3). Score plot of principal component analysis (PCA) conducted on
VIS/NIR spectra of fish samples (a) catfish-fillets and (b) atlantic halibut-
fillets during storage time.
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The number in parentheses indicates the proportion of the total variance
explained by each principal component (PC).

" Similarly, the samples of fresh fillets (0-days of storage) are projected
with each other in one group as clearly shown in Figure (3b). Fillets
tested after 3, 6, 10 and 13 days are projected beside each other and could
be considered as one group indicating that fillets stored up to 13 days
have similar spectral behavior. The acceptability of these samples for
consumption would be permitted if chemical and microbiological tests
were proofed. The exceptional trend of samples tested after 16 days was
also observed because they are isolated in one group. This was ascnibed to
the distinct difference between spectral features of these samples and
those of fresh and/or the other samples. One of the most reasonable
conclusions that could be inferred from these results is that the fillets
stored for 16 days are entirely different from the other samples due to
unfavorable nature and unusual loss of freshness of these samples.

Since the samples were isolated tn distinct classes based on their spectral
features as proofed by principle component analysis, the next step is to
predict the exact storage time of each fillet according to its spectral
signature in the VIS/NIR region. Since characteristics of fish fillets are
changing continuously over time, a model was produced using PLS to
accentuate this fact. In essence, the storage time has an indirect
relationship with chemical, physical, and sensory attributes of the stored
fillets. With increasing storage time all of these features are expected to
be altered in certain manners depending on the initial characteristics of
the samples. The PLSR method is a modeling technique that uses
predictive data {(actual storage period) to select latent variables having the
variability among samples. Figure 4 shows the predicted storage times by
PLSR model applied to VIS/NIR spectra of catfish and Atlantic halibut
fillets. The PLSR is a bilinear modeling technique that extracts the most
relevant information for the prediction of chemical, physical, and sensory
attributes of the sample by considering its storage time as the predictive
criterion.

The PLS prediction model was developed using the absorbance at all
4200 wavelength channels of spectra as X-variables and the actual storage
period (0, 3, 6, 10, 13, and 16 days at 4°C} as Y-variable. In case of
catfish fillets the storage time was predicted with a coefficient of
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determination in calibration (Ré) of 0.98, root mean square error of
calibration (RMSEC) of (1.24 days, coefficient of determination by cross-
validation (R}, } of 091 and root mean square error from cross-
validation (RMSECYV) of 1.33 days using 8 latent variables as shown in
Table (1).

Table 1. PLSR models for storage time prediction of fish fillets.

PLS model
Fish Fillet Latent
variables (LV) Ré Ré,, RMSEC RMSECY

Catfish 8 098 091 0.24 1.33
Atlantic halibut 9 0.95 0.90 0.35 1.89
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Fig. (4). Predicted versus actual storage time using pls model applied to
VIS/NIR spectra of the (a) catfish-fillets and (b) atlantic halibut-fillets.
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For Atlantic halibut fillets, the PLS model predicted storage time with
coefficient of determination in calibration R2= 0.95, root mean square
error of calibration RMSEC = 0.35 days, and root mean square error
estimated by cross validation RMSECV = 1.89 days using 9 latent
variables. The resulted high correlation between actual and predicted
values of storage time justified the suitability of this technique for
predicting the storage time and freshness in fish fillets. However, the big
difference between root mean square error of calibration (RMSEC) and
root mean square error estimated by cross validation (RMSECV) in both
cases put some restrictions about the validity of this model. Strictly
speaking, this awkward confusion is attributed to the limited number of
samples used in this study. Lower RMSECV could be obtained by
examining greater data set which spanned the natural variations more
completely and gave a more stable prediction model. To obviate such
problem and to implement this teclinique in a large scale, increasing
number of samples accompanied with physicochemical, microbiological
and sensory tests are essential. In addition, testing various fish verities
and different levels of storage conditions for prolonged period of time is
very important before generalizing this technique.

Because this study was just to investigate the ability of VIS/NIR
spectroscopy to _predict stdragc time as an indication of various changes
occurred in the fillet during storage, the qualitative modeling indicated
that VIS/NIR spectroscopy is a useful tool for estimating storage period in
an objective way. While this does not tie to a specific chemical indicator,
time has the advantage of taking into account many different changes that
might be missed by any assay. From a customer and industrial points of
view, it is essential for proper commercialization to accurately estimate
freshness of fish fillets. The loss of major freshness charactenistics of fish
during storage leads to remarkable changes in its physicochemical
properties. Measuring these properties for quality assurance is very
critical to guarantee safe products. Assessment of quality parameters in a
rapid and non-destructive way became a prority in food industry.
Knowing the major fish composition and its evolution relating to different
storage and preservation conditions is an important in quality control.
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CONCLUSIONS

This paper presents one of the most significant applications of near
infrared spectroscopy to identify fish freshness as an indication of its
safety. Visible and Near-Infrared (VIS/NIR) spectroscopy in the range
400-2500 nm was investigated for classification and for identifying fish
freshness estimated by predicting storage time of catfish and Atlantic
halibut fillets. Multivariate data analysis using principal component
analysis (PCA) and partial least-squares regression (PLSR) were used for
these purposes. The current study suggests that establishing this technique
in fish quality assurance and quality control programs will provide more
consistent and expeditious analysis. The correlation coefficient between
actual and predicted duration of storage was 0.91 and 0.90, and the root
mean square error estimated by cross validation (RMSECV) was found to
be 1.33 and 1.89 days for catfish and halibut respectively. The resuits of
curreni study motivated more research for further application VIS/NIR
spectroscopy in quality change assessment in fish fillets using various
samples for elucidating more robust models.

REFERENCES

Arvanitoyannis LS., Tsitsika E.V. and Panagiotaki P. (2005).
Implementation of Quality Contrel Methods (Physicochemical,
Microbiological and Sensory) in Conjunction with Multivariate
Analysis towards Fish Authenticity. International Joumnal of Food
Science and Technology, 40 (1), 237-263.

Ashie LN.A., Smith J.P. and Simpson B.K. (1996). Spoilage and
shelflife extension of fresh fish and shellfish. Critical Reviews in
Food Science and Nutrition, 36, 87-121.

Bakzns N., Jensen K.N., Andersen C.M. and Martens H. {2002).
Freshness Assessment of Thawed and Chilled Cod Fillets Packed
in Modified Atmosphere Using Near infrared Spectroscopy.
LWT-Food Science and Technology, 35, 628-634.

Cen H. and He Y. (2007). Theory and application of near infrared
reflectance spectroscopy in determination of food quality. Trends
in Food Science & Technology 18, 72-83.

Connell J.J. (2001). Quality Control in the Fish industry. Ministry of
Agriculture, Fisheries and Food, Torry Research Station, Torry
Advisory Note No. 58.

The 18" Annual Conference of the Mist Soc. of Ag. Eng., 26-27 October, 2011 -302 -



PROCESS ENGINEERING

Dodd T.H. (2006). Monitoring of fishary product quality using electronic
nose and visible/near " infrared spectroscopy. Phd dissertation
Raleigh, N.C.: North Caralina State University.

ElMasry G. and Wold J.P. (2008). High-Speed Assessment of Fat and
Water Content Distribution in Fish Fillets Using Online Imaging
Spectroscopy. J. Agric. Food Chem. 56 (17), 76727677

Erkan N., Ozden O. and Inugur M. (2007). The effects of modified
atmosphere and vacuum packaging on quality of chub mackere!.
International Journal of Food Science and Technology, 42, 1297-
1304.

Garini Y., Young L.T,, and Mcnamara G. (2006). Spectral Imaging:
Principles and Applications. Cytometry Part A 69A, 735-747.

" Huidobro A., Pastor A., Lopez-Caballero M.E. and Tejada M. (2001).
Washing effect on the quality index method (QIM) developed for
raw gilthead sea-bream (Sparus aurata). European Food Research
and Technology, 212, 408-412,

Kent M., Ochlenschlager J., Mierke-Klemeyer S., Manthey-Karl M.,
Kndchel R., Daschner F. and Schimmer O. (2004). A new
multivariate approach to the problem of fish quality estimation.
Food Chemistry, 87, 531-535.

Liv Y., Barton F.E., Lyon B.G., Windham W.R. and Lyon. C.E.
(2004). Two-Dimensicnal Correlation Analysis of Visible/Near-
Infrared Spectral Intensity Vanations of Chicken Breasts with
Various Chilled and Frozen Storages. J. Agric. Food Chem. 52(3),
505-510.

Liu Y., Chen Y.-R. and Ozaki Y. (2000). Two-Dimensional
Visible/Near-Infrared Correlation Spectroscopy Study of Thermal
Treatment of Chicken Meats. J. Agric. Food Chem. 48(3), 901-
908.

Nortvedt R., Torrissen O.J. and Tuene S. (1998). Application of near-
infrared transmittance spectroscopy in the determination of fat,
protein and dry matter in Atlantic halibut fillet. Chemometncs and
Intelligent Laboratory Systems, 42,199-207.

Olafsdbttir G., Martinsdéttir E., Oehlenschiiger J., Dalgaard P,
Jensen B., Undeland 1., Mackie 1.M., Henehan G., Nielsen J.
and Nilsen H. (1997). Methods to evaluate fish freshness in

The 18" Annual Conference of the Mist Soc. of Ag, Eng., 26-27 October, 201 1 -303 -



PROCESS ENGINEERING

research and industry. Trends in Food Science & Technology, 81,
258-265. '

Pasquini C. (2003). Near Infrared Spectroscopy: Fundamentals, Practical
Aspects and Analytical Applications. J. Braz. Chem. Soc. 14(2),
198-219. '

Scotter C.N.G. (1997). Non-destructive spectroscopic techniques for the
measurement of food quality. Trends in Food Science &
Technology, 81, 285-292.

Sivertsen A.H., Kimiya T. and Heia K. (2011). Automatic freshness

“assessment  of cod (Gadus morhua) fillets by Vis/Nir
spectroscopy. Journal of Food Engineering, 103 (3), 317-323.

Wold J.P., Jakobsen T. and Krane L. (1996). Atlantic Salmon Average
Fat Content Estimated By Near-Infrared Transmittance
Spectroscopy. Journal of Food Science, 61(1), 74-77.

gl adldl
riahall Jalalh aladidy Slac¥ Aai b A o il
ﬁipm‘&&ﬁﬂ“gdﬂlgﬂ‘é
*g)‘.‘“.\ﬂ-ﬂd‘.@..’l

oo o s Anlph el 8 idall Jal Sl 5 e LAY i sms Al pall od Cy pal
ead a5 Zua dlgha JS (505856 sk il (3 yk e @3y ( Halibut s Catfish ) Hhaul!
€50 m A o Leu3as & Gl g QST 8 d 5 Cand Lty el gl il
saall b alall Lladll lea pladiuly dleni it 53 Scan e & Al aay 4 ghe Dila
gl e Lo V7 aad Adidae (pjad SE e el pen il e cu il S el
bk it Gy (adge ey 5 00333 5,58 JS ie e ity Abplall Hailiash
Ay bl oaeiall Blaal abaaiuly da bl Al UL Jdady @l O e
5y pill Sy 45 Al il el mlG oy jedal iy PLSR Awjall Sla il Ji ot )
Sl y g Litiall y Asdaiall 5 5370 5 38 (e okt ) Jaloce s 5 jicall el i 55 545
5 Catfish et 3 380 Loy VA 5 V7Y o jiaa Uady 5+ 997 5 0 994 0
daiyh Aa gl paill Al ode Ay de uy A3 o) il Ll Halibut
Aboadl any Ly 53t 5 iy el 3k 00 oa dan Sie o haS Jidas g )
syl el i Gl e 4l o3¢d o 5 3

g-elmasry@scuegyptedi.eg - ousad) 38 daala 46150 08 - 4635 Adighh paly (o jdat

The 18" Annual Conference of the Misr Soc. of Ag. Eng.. 26-27 October, 2011 -304 -





