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Abstract: The objective of this study was to evaluate the performance of different low-cost instru-
ments to measure pork colour in comparison to Minolta spectrophotometers and industry subjective
standards. Canadian pork colour standards and commercial meat (252 loin chops and 46 tender-
loins) were measured using two Minolta (CM 700D) spectrophotometers, four Nix sensors (two Nix
Pro II and two Nix QC), and four Spectro devices (two Spectro 1 and two Spectro 1 Pro). Using
Bland-Altman plots, all hand-held devices revealed similar performance on colour coordinates,
except for the Nix Pro II, which had more variability on a* value, and Spectro 1 Pro on b* value,
when compared to Minolta measurements. Low RSD values (< 5%) were obtained from repeated
measurements on Canadian colour standards. The trend of colour coordinates on colour scores (0-6)
were similar for all four commercial instruments, except for a* from Nix Pro and b* from Spectro 1.
The correlation coefficients between subjective standards and colour coordinates from the Nix and
Spectro devices were slightly higher than the Minolta spectrophotometers. Even though Nix and
Spectro 1 series instruments generated different absolute colour coordinate values on meat samples,
these pocket-size instruments presented great reliability to measure pork surface colour. However,
operational limitations of the instruments, such as the internal calibration time between samples for
the Spectro 1 series, should also be considered.

Keywords: CIE L*2*b*; Minolta; Nix; Spectro 1; RSD; correlation

1. Introduction

The consumer’s first perception of pork quality is heavily influenced by lean colour,
with darker lean colour being more desirable [1]. This highlights the importance of imple-
menting pork classification based on desirable quality traits, such as darker lean colour,
which can benefit specific demands in both the domestic and international markets [2,3];
however, there is a need to improve current lean colour measurement methods. In industry
applications, meat colour measurements are often performed by experienced graders by
assessing fresh pork surface colour against a subjective colour score standard, which is
susceptible to inconsistency of scores among graders [4]. Current spectrophotometer and
colourimeter technologies, such as the Minolta (Chiyoda City, Tokyo, Japan) and Hunter-
Lab (Reston, VA, USA) instruments are often used to produce colour coordinates (L*, a*,
and b*) of meat samples defined by the Commission Internationale de I'Eclairage [5]. As
up to 60% of journal articles use Minolta measurements to assess meat colour [6], and the
NPPC [7] assigns Minolta L* values to accompany colour standards rather than HunterLab
L* values [4], the Minolta is known to be used as a ‘gold standard’ assessment. Other factors
also influence fresh meat colour measurement results, including light source (illuminant)

Foods 2021, 10, 2515. https://doi.org/10.3390/foods10112515

https:/ /www.mdpi.com/journal/foods


https://www.mdpi.com/journal/foods
https://www.mdpi.com
https://orcid.org/0000-0001-8807-6912
https://orcid.org/0000-0002-2346-0451
https://doi.org/10.3390/foods10112515
https://doi.org/10.3390/foods10112515
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/foods10112515
https://www.mdpi.com/journal/foods
https://www.mdpi.com/article/10.3390/foods10112515?type=check_update&version=1

Foods 2021, 10, 2515

20f12

and observer angle, with Dgs illuminant at a 10° observer angle being the most used
conditions to assess meat colour [6].

Multiple limitations exist when using traditional colourimeters to assess fresh lean
colour in a commercial abattoir, including high cost, large size, and required operator
training, which has restricted their large-scale application in industrial settings. Smaller
and lower cost instruments such as Nix sensors (Nix Sensor Ltd., Hamilton, ON, Canada)
and Spectro 1 and Color Muse series sensors (Variable Inc., Chattanooga, TN, USA) have
attracted attention from commercial processing facilities. These sensors are designed
for cost-effective and accurate paint colour assessment in the interior design industry;
however, recent studies have demonstrated the potential use of the first model of the
Nix Pro instrument to measure meat colour for beef [8-10]. Preliminary results in pork
have revealed that other versions of these devices, such as the Nix Mini (Nix Sensor Ltd.,
Hamilton, ON, Canada), have lower correlations with traditional colourimeters than the
newer models, Nix Pro II and Nix QC [11]. Other studies have used the Color Muse
colourimeter, and revealed higher a* and b* values of meat samples from various species
when compared to Minolta instruments [12].

Currently, the Spectro 1 and Spectro 1 Pro instruments, two different models of a
compact spectrophotometer both produced by Variable Inc., have not been tested as an
instrument for colour measurements in meat. These four hand-held colour sensors may
be used to evaluate fresh pork colour with precise and reliable results. However, the
correlation of the measurements from these novel instruments and those from traditional
instruments and commercial subjective standards remains unconfirmed. Thus, the aim of
this study was to evaluate the performance of Nix and Spectro 1 series instruments (Nix
Pro II and Nix QC; Spectro 1 and Spectro 1 Pro) on assessing fresh pork colour, compared
to the Minolta spectrophotometer and subjective colour scoring standards.

2. Materials and Methods
2.1. Measuring Canadian Pork Colour Standards

Instrumental colour was measured using two Minolta CM-700 spectrophotometers,
four Nix sensors (two Nix Pro II and two Nix QC), and four Spectro 1 instruments (two
Spectro 1 and two Spectro 1 Pro). The aperture size of Minolta, Spectro 1, and Spectro 1 Pro
instruments is 8 mm. The Nix Pro II and Nix QC sensors have an aperture size of 14 mm.
All instruments were set to Dgs5 illuminant at 10° observer angle. However, the Nix Pro
II device uses native D5 illuminant at 2° observer angle, which are then mathematically
converted by the instrument to Dg5 at 10°. The Canadian Pork Colour Standard system [13]
is a subjective scoring method used to evaluate fresh pork colour, and is represented by
a visual chart with seven different colours representing seven different scores (range 0-6,
0 = extremely pale colour and 6 = extremely dark red colour). The standard score card
was printed with opaque and colourfast ink on white plastic sticker material, which was
then adhered to 2 mm thick opaque white plastic board. Standards were placed on the
black surface benchtop. To evaluate the performance of the instruments in homogeneous
and repeatable samples, the Canadian pork colour standards were measured using each
instrument and model. Each of the seven colour scores were scanned ten consecutive times
per day, on three separate days, using each instrument.

2.2. Instrumental Measurements of Commercial Pork

Fresh retail pork samples representing a wide variety of colour were purchased from
five different local supermarkets. All samples were overwrapped with plastic food film in
Styrofoam trays, and included 252 loin chops (longissimus muscle), and 46 tenderloins (psoas
major muscle). Tenderloin samples were included due to the lack of commercial loin chops
representing the darkest colours in the subjective scoring system. The average thickness of
both loin chops and tenderloins was 2.5 mm. Once the packages were opened, all fresh
retail pork samples underwent the same chilling (stored 4 °C for 24 h), handling, and
measurement conditions. The cut surface of each loin chop and tenderloin was measured at
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eight and four evenly divided areas, respectively, using the same instruments as previously
described. Meat samples were also subjectively evaluated by a trained grader using both
the Canadian [13] and Japanese pork colour standard cube [14]. Only whole scores were
assigned. The Japanese colour scores range from 1-6 (1 = extremely pale colour and
6 = extremely dark red colour). The Japanese colour standards were included to represent
the system widely used in international markets.

2.3. Statistical Analysis

Colour measurement data on Canadian colour standards and fresh pork were analysed
using PROC MIXED (SAS 9.4, SAS Institute Inc., Cary, NC, USA), with instrument model
as fixed factor. The order of each instrument was randomized. The Bland-Altman plot [15]
was also used to compare the Minolta and Nix series or Spectro 1 series instruments on
measuring Canadian colour standards and pork surface colour. The Bland-Altman plot
provides the mean difference (mean) between two methods of measurement (bias), and
the standard deviation of the differences (SD) represents the random oscillations around
the mean. The 95% limits of agreement were calculated for each colour coordinate based
on £1.96 SD (~2 SD) from the comparison of Minolta and the four handheld instruments.
For the values recorded from the colour standards, relative standard deviation (RSD) for
each instrument was calculated within the same day (intra-day), and among three different
days (inter-day), as well as between two models of the same instrument (intra-model).
Fresh pork data were analysed as “Whole muscle”, including all measurements from one
sample, and “Central area”, including only the four central measurements. Correlations
on the average value from fresh pork between each instrument and Minolta, as well as
correlations between instrumental measurements from all instruments and subjective
scores, were calculated using PROC CORR of SAS 9.4.

3. Results and Discussion
3.1. Instrumental Comparison on Canadian Colour Standard

From score 0 to score 6, the Spectro 1 Pro instruments had the highest L*, and the
Spectro 1 instruments showed the lowest L* value (Table 1). The difference between the
lowest and the highest value ranged from 2 to 3 units, which indicated the lightness value
from Spectro 1 Pro was higher than Spectro 1. For a*, the Nix Pro II instruments displayed
the highest values from score 0 to 6. The Spectro 1 instrument had the lowest a* value from
score 0 to 3, and the Spectro 1 Pro instrument had the lowest a* value from score 4 to 6. For
b* value, the Spectro 1 instruments had the highest values for score 0 and score 1 but had
the lowest value from score 4 to score 6. For score 3, the Minolta instruments presented the
highest b* value of 11.41, and the Spectro 1 Pro instruments had the lowest b* value of 8.51.
From score 4 to 6, the Nix Pro II instruments produced the highest b* value. The major
differences observed among instrument models may be due to their technical specifications.
The Nix Pro IT instruments use a different native illuminant (Dsg, 2°), with the illuminant
Dgs 10° setting being mathematically converted. Spectrophotometers, such as the Minolta
CM 700 and the Spectro 1 instruments, use reflected light to quantify energy across the light
spectrum. The reflected energy amount is then converted to colour value. Colourimeters,
such as the Nix instruments, use a detector to measure the energy which passes through
the filter (between the light source and sample) and reflects from the sample surface [16].
Additionally, each instrument uses different algorithms to calculate colour value, which
may not indicate the changes on Canadian pork colour standard in the same degree.
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Table 1. Instrument effect on mean CIE (L*, a*, and b*) values of Canadian colour standards.

Subjective Colour Score Minolta Nix Pro II Nix QC Spectro 1 Spectro 1 Pro SEM

0 76.78 P 76.33 ¢ 75514 75.28 € 77.57 2 0.06

1 71.88 P 71.35¢ 70.57 4 70.04 © 72932 0.05

2 67.49 P 66.94 ¢ 66.20 d 65.55¢ 68.55 2 0.04

L* 3 62.13b 61.43¢ 60.75 4 60.16 © 63.212 0.04
4 57.40 b 56.43 ¢ 55.81 4 55.25¢ 58.24 2 0.04

5 52.81b 51.61°¢ 50.96 4 50.66 ¢ 53.342 0.04

6 4931b 47.88 ¢ 47274 47.17¢ 49.882 0.04

0 7.95d 10.78 2 9.23b 7.71¢ 8.02¢ 0.02

1 11.04 ¢ 14.00 2 11.77° 971¢ 10534 0.02

2 15.10¢ 18312 15.31°P 13.34¢ 14.04 4 0.03

a* 3 17.07b 20.422 17.12b 15.44 4 15.62 € 0.02
4 20.11b 23.902 19.93 ¢ 18.654 18.00© 0.03

5 22.73b 26.68 2 22.31°¢ 21.344 20.04 © 0.03

6 22.70b 26.80 2 22.38¢ 21.414 20.05 € 0.03

0 16.97 P 16.62 4 16.88 € 17.202 14.90 ¢ 0.02

1 14.56 ab 14.37 ¢ 14.50 14.60 2 12.104 0.02

2 12.59 2 12.40° 12.41° 11.83 ¢ 9.65 4 0.03

b* 3 11412 11.31b 11.24b 9.80¢ 8514 0.02
4 9.75b 9.842 9.54¢ 7.05¢ 7.30d 0.03

5 7.76 b 7912 7.48¢ 3.96¢ 6.00 ¢ 0.03

6 6.19b 6.352 5.96 ¢ 2.66°© 4554 0.03

Means within the same row with different superscripts were significantly different (p < 0.05).

In addition to descriptive statistics of colour measurements, the Bland-Altman plot
(Figure 1) revealed that for L* value, both Nix and Spectro series instruments presented
relatively less bias (~1), and the range of agreement was narrower, compared to 4* and
b* value. For a* value, the Nix Pro II had the greater bias (—5.24), compared to other
instruments, and this bias was negative. For b* value, the Nix series instruments presented
less bias (0.36-0.48), compared to Spectro 1 series (2.51-2.62). When b* value ranged from 5-
10, Nix series instruments tended to have greater bias to Minolta measurements compared
to the Spectro 1 series. The mean comparison results also indicated that the instruments
from the same manufacturer produced similar bias (Nix vs. Spectro 1). The only exception
was for the a* value generated by Nix Pro II. These differences in colour measurements,
especially for a* and b* value, may be due to the different calculation mechanisms of
reflected surface light. In addition, the Nix Pro II device uses native D5y illuminant at a
2° observer angle, which is then mathematically converted by the instrument to Dg5 at
10° [17,18]. While the Spectro 1 instruments are designed to obtain different values from
shiny and matte surfaces (“visual colour”), the Spectro 1 Pro instruments account for this
difference and provide the same results for both surfaces (“actual colour”). Overall, all
instruments tended to generate equal increments or decrements for lower colour scores.

The RSD results of intra-day analysis were all under 5%, and ranged from 0.01 to
0.03%, 0.05 to 0.18%, and 0.08 to 0.46%, for L*, a*, b* trait, separately (Table 2). For inter-day
analysis, RSD results for L*, a*, b* were all under 1%, except for b* from the Nix Pro II
instruments (1.11%) and the Spectro 1 Pro instruments (1.59%). These RSD values ranged
from 0.07 to 0.48%, 0.21 to 0.98%, and 0.50 to 1.59%, for L*, a*, b* traits, respectively. RSD
results of intra-model ranged from 0.21 to 0.62%, 0.41 to 2.35%, and 0.53 to 2.84%, for L*,
a*, b*, respectively. Among all instruments, the Minolta and the Nix QC were the only
two instruments with all RSD values below 1%. According to the manufacturers, the
colour difference (AE00) value of short-term measurement and inter-instrument agreement
for the Spectro 1 series instruments are 0.05, and 0.2-0.5, respectively [17], and for the
Nix series instruments are 0.1, and 0.30-0.75, respectively [18]. Apart from these product
specifications, one Spectro 1 Pro instrument had unexpected calibration issues during the
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measurement process, which may have slightly altered the RSD results. Typically, accepted
RSD values are lower than 5%, and the observed low RSD values in the current study
suggest the data had low variability [19]. Although all instruments had RSD values < 5%,
some instruments had lower values (<2%), which would be beneficial if implementing an
instrument for colour measurement with high accuracy, repeatability and reproducibility
in systems that require greater precision, such as research environments or quality-based
export markets with low levels of acceptable sorting error.

L* Mean SD  +2SD -2SD
NixProll 071 043 157 -0.16
NixQC 140 058 256 024
Spectro 1 —027 021 0.16 —0.70
Spectrol 98 035 028 167
Pro
a* Mean SD +2SD 2SD
NixProll -524 122 -281 -7.68
NixQC 198 028 -143 -2.53
Spectro1  —0.82 041 001 -1.64
Specrol 30 049 068 128
Pro
b* Mean SD  +2SD —-2SD
NixProll 036 044 124 052
NixQC 048 0.4 075 020
Spectro 1 2.51 1.29 510  -0.07
Specrol 26 062 387 138

Pro

L*
Minolta - other

4.00
o 2.00
2 0.00 “‘ Lt L4 ¢
& -2.00
A -4.00
-6.00
-8.00
45.00 55.00 65.00 75.00 85.00
Average
®vs Nix Pro Il ®vs Nix QC ®vs Spectro 1 @ vs Spectro 1 Pro
a*

Minolta - other

4.00

3 2.00
£ 0.00
S -2.00 ‘.0 e ¥ %
A -4.00 S o &
-6.00 L Y ‘
-8.00
0.00 5.00 10.00 15.00  20.00  25.00
Average

® vs Nix Pro II ® vs Nix QC @ vs Spectro | @ vs Spectro 1 Pro

b*
Minolta - other
4.00
o 2.00 .
[
2 000 SV V8V e O
2
& -2.00
—
A -4.00
-6.00
-8.00
0.00 5.00 10.00 15.00 20.00
Average
®vs Nix Pro 11 ®vs Nix QC ®vs Spectro 1 © vs Spectro 1 Pro

Figure 1. Plot of differences between Minolta and other instruments when Canadian colour standards

were measured. SD = standard deviation.
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Table 2. Variability of instrument measurements of Canadian pork colour standards represented by average relative
standard deviation (RSD %).

Colour Instrument Model
RSD %
Coordinate Minolta Nix Pro II Nix QC Spectro 1 Spectro 1 Pro

Intra-day * L* 0.01 0.02 0.01 0.03 0.03
a* 0.05 0.13 0.14 0.13 0.18

b* 0.08 0.12 0.11 0.41 0.46

Inter-day i L* 0.07 0.16 0.47 0.48 0.09
a* 0.21 0.55 0.98 0.31 0.33

b* 0.50 1.11 0.86 0.69 1.59

Intra-model 1 L* 0.50 0.45 0.36 0.62 0.21
a* 0.56 1.03 0.93 0.41 2.35

b* 0.53 2.69 0.75 1.93 2.84

! Intra-day: measurements performed in same day. ! Inter-day: measurements performed over 3 consecutive days. 'l Intra-model:
measurements performed between two models of the same instrument.

3.2. Instrumental Comparison on Retail Meat Samples

The average L* values of fresh pork samples from the five instrument models ranged
from 44 to 55, and the Nix and Spectro 1 instruments were significantly different (p < 0.05)
from the Minolta instruments (Table 3). Minolta instruments presented the highest L*
values, and Nix Pro II instruments presented the lowest L* values. The average a* values
ranged from 4.3 (Spectro 1 Pro) to 7.7 (Nix Pro II), and the Spectro 1 instruments were not
significantly different (p > 0.05) from Spectro 1 Pro instruments. The average b* values
ranged from 8.1 (Nix Pro II) to 13.5 (Minolta). Nix Pro II instruments were not significantly
different from Nix QC instruments, and Spectro 1 instruments were not significantly
different from Spectro 1 Pro instruments (p > 0.05).

Table 3. Descriptive statistics of mean colour coordinate value of retail meat samples for each instrument and model.

Minolta Nix Pro II Nix QC Spectro 1 Spectro 1 Pro
L* 55.07 2 + 5.20 43.83¢ +5.83 45.694 + 5.68 52.00b +5.12 49.97°¢ + 533
a* 5.05¢ + 2.42 7.662 + 3.35 5.48P + 252 4409 +£2.72 4274 +201
b* 13532 +1.29 8.13¢ 4229 8.19¢ 4+ 1.94 10.48° +1.38 10.43P + 336

Means within the same row with different superscripts were significantly different (p < 0.05).

Although instruments generated significantly different L* coordinate values when
compared with Canadian colour standard scores (Table 1), the difference between maxi-
mum and minimum values were lower than the differences observed on meat samples.
This may be due to the different aperture diameter of each instrument and, therefore, the
percentage of meat surface being measured. The larger aperture size could also infer a com-
paratively greater susceptibility to edge-losses, indicating light on the meat surface would
be not reflected, and was considered absorbed (Holman et al., 2015). In turn, the reflectance
would interfere with L* (lightness). Meanwhile, meat surface is not homogeneous, unlike
the surface of a Canadian colour standard. The presence of two-tone colours, connective
tissues, and intramuscular fat on the meat surface may result in inconsistent measurement
results [20,21]. Particular to the current study, darker tenderloins were also mixed and
measured by all instruments, which could lead to the larger variance on colour coordinates.

For whole muscle measurements, a strong correlation (Ir| = 0.8 to 0.9) was observed
for the average L* and a* value for the Nix and Spectro 1 instruments with the Minolta
instruments (Table 4). For b* value, the correlation between Nix and Minolta instruments
was close to 0.7, > 0.8 for the Spectro 1 instruments, but lower for the Spectro 1 Pro instru-
ments (1| =0.32). Similar results were observed for central area measurements, indicating
that a narrower surface colour range (central area), and the number of measurements had
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very limited effect on correlation results. Additionally, the lack of effect between whole
muscles and central areas could be due to the central areas being adequately representative
of variability in the muscles in this study. In theory, more replicates or measurements
would decrease the standard error of mean [19]. In practice, based on the size of surface
area, replicates of measurement could vary from 3 to 30 [6]. In a previous study, seven
measurements could contribute to minimize the SEM (standard error of predicted mean)
value when assessing beef colour via Nix Pro instruments [8]. In the current study, correla-
tion coefficients of novel instruments to Minolta instruments did not present differently
between four and eight measurements.

Table 4. Correlations between meat colour measurements from Minolta and novel instruments.

Nix Pro II Nix QC Spectro 1 Spectro 1 Pro
L* 0.82 0.84 0.92 0.90
hv/}’h"lle a* 0.82 0.86 0.93 0.88
uscle b* 0.68 0.68 0.76 0.32
L* 0.85 0.87 0.93 0.92
Central Area a* 0.86 0.89 0.95 0.89
b* 0.68 0.69 0.78 0.30

All correlation coefficients were significantly different (p < 0.05).

Correlation is a statistical approach for determining if and how closely two vari-
ables are related. However, a strong correlation does not inherently suggest that the two
methodologies are in accord [22]. The Bland-Altman plot (Figure 2) based on whole mus-
cles revealed that for L* value, Spectro 1 series instruments presented relatively less bias
(3.07-5.10), and the range of agreement was narrower, compared to Nix series instruments
(bias: 9.54-11.25). The plot of differences from central areas presented similar results
(Figure 3). But all four hand-held instruments presented significant (p < 0.05) strong corre-
lation (1| > 0.8) to Minolta. At the L* value range of 60-70, Spectro 1 and Nix instruments
had lower bias when compared to Minolta. For a* value, the Nix Pro Il had the greater bias
(—2.61), compared to other instruments. When b* value ranged from 5-15, all instruments
tended to have less bias to Minolta measurements. However, Spectro 1 Pro presented
greater agreement bias, when b* value ranged from 10-20, when compared to the rest of
recently developed instruments. The calibration protocols might also alter the measure-
ments. Minolta, Nix QC, and Spectro 1 series instruments use calibration tiles, while Nix
Pro II instruments use built-in software calibration. Different calibration techniques may
lead to inconsistencies of colour coordinates [9]. At this point, it may not be conclusive to
determine why these instruments produced different colour coordinates for pork samples
in the current study. As the benchmark classification instrument, Minolta instruments have
often been used to estimate standard colourimetric thresholds. The difference in absolute
number value of colour coordinates from all instruments must be taken into account to
avoid false positive or negative results before establishing alternative colour thresholds [10].
The colour acceptability threshold equated to the corresponding colour coordinate should
be adjusted, depending on which specific instrument was used.

The measuring mechanism of the surface colour might impact the determination of
b* value. As discussed in the previous section, Spectro 1 Pro instruments account for the
shine of a surface. This feature may have had a large impact on the correlation of b* value
to the Minolta instruments. It might have been more important to investigate L* and a*
values when instrumental meat colour was measured, as the actual meat colour was a
combination of L*, a*, and b* values. The higher correlation of the L* and a* value between
novel instruments and Minolta, compared to correlations of b* values, may suggest that
the L* and a* value may assess the lightness and red colour of fresh meat as b* values
express the colour in the yellow-blue region of the spectrum, and the actual meat colour
may present less colour variability in the yellow-blue region [23]. Additionally, while
the Minolta was equipped with a xenon lamp as the light source, the Nix and Spectro
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1 instruments use LED lamps. The different types of light sources displayed different
emission spectra, which would affect how the colour was subjectively perceived. Red
colour generally ranges from 600 to 700 nm in wavelength, and LED light displayed lower
relative intensity (%) than xenon light in this region, which could result in different colour
readings from instruments [24].

L*

L* Mean SD  +2SD -2SD .
Minolta - other

NixProll 1125 1.54 1434 8.17

. ) 20.00 °
NixQC 954 521 1996 -0.89 WM
Spectro 1 3.07  1.19 546  0.68 8 10.00 ' wle,
Spectro 1 ¢ 5 85 ¢ £ 000 NECEIrEt oo
s 510 0.09 527 493 &
2 -10.00
-20.00
4500 5000 5500 60.00 65.00 70.00
Average
®vs Nix Pro IT ® vs Nix QC ®vs Spectro 1 © vs Spectro 1 Pro
a*
a*  Mean SD  +2SD -2SD Minolta - other
NixProll  —2.61 021 -2.19 -3.03 20.00
NixQC 046 132 219 -3.10 g 10.00
&= o
Spectro 1 0.65 0.64 1.93  -0.63 g 0.00 f ~
Spectol 427 046 169 015 £ e n Agp L ah®
Pro : . : ; 2 10,00
2000
0.00 5.00 10.00 15.00 20.00
Average
®vs Nix Pro I1 ®vs Nix QC ®@vs Spectro 1 @ vs Spectro 1 Pro
b*
Minolta - other
b Mean SD 425D -2SD 20.00
NixProll  5.40 2,60 1059 021 b4 10.00 W‘ B
Nix QC 522 1.34 791 2.54 ::j 0.00 s
]
- - s
?pgclml 305 036 377 233 3 1000
Specrol 340 462 1234 —6.14
Pro -20.00
5.00 10.00 15.00 20.00

Average

®vs Nix Pro Il ®vs Nix QC ®vs Spectro 1 @ vs Spectro 1 Pro

Figure 2. Plot of differences between Minolta and other instruments when retail meat samples were
measured from whole muscles. SD = standard deviation.

Since fat deposits and water residue on the surface may alter the instrument measure-
ment of surface colour b* value [9], instruments designed to account for or ignore these
differences would provide different results for this variable. In this study, the marbling
content in tenderloin samples was negligible. Although heavy marbling regions on loin
chops were excluded before dividing the meat surface into different locations for measure-
ment, the trace amount of marbling might not be completely avoided, which would result
in different number values on colour coordinates from different instruments. The strong
correlation and mean difference comparison of novel instruments on colour coordinates
(except b* from the Spectro 1 pro instrument) to the Minolta instruments revealed the
potential of these instruments in developing alternative pork classification systems based
on colour traits.



Foods 2021, 10, 2515 9of 12

L*

L¥ Mean SD +2SD  -2SD "
Minolta - other

NixProll 11.03 193 1489 7.16
20

NixQC 944 547 2038 -5 m&wm
. & .
Spectro 1 3.06  1.64 634 022 10 S B

w
2
o
Spectrol 506 173 852 16l 5 0
Pro o=}
a1
20
45 50 55 60 65 70
Average
®vs Nix Pro IT ®vs Nix QC ®vs Spectro | © vs Spectro | Pro
a* Mean SD  12SD -2SD a*
NixProll -254 041 -171 -336 Minolta - other
Nix QC 044 306 568 657 20
Spectro 1 0.66 1.04 274 -141 3 10
5"“;""' 067 116 299 166 2 \ @i boay
0 2 L e, g . =
2 .10
20
0 5 10 15 20
Average
®vs Nix Pro 11 ®vs Nix QC ®vs Spectro | @ vs Spectro | Pro
b'!:
b* Mean SD  +2SD -2SD Minolta - other
NixProll 561 253 1067 056 20
5.35 29 92 2.
Nix QC 1 7 77 g 10 -
Spectro 1 3.02 070 442 162 g w’w_ »
R 3 0 v
sl’ep“‘”" 325 426 1176 —527 &
o a .10
20
5 10 15 20
Average

®vs Nix Pro Il ®vs Nix QC ®vs Spectro 1 @ vs Spectro 1 Pro

Figure 3. Plot of differences between Minolta and other instruments when retail meat samples were
measured from central areas. SD = standard deviation.

3.3. Instrumental Measurements and Subjective Standards

For whole muscle measurements, the correlation coefficients (|r|) between Canadian
subjective standards and L* values from Nix instruments were >0.8 and were close to 0.8
from Spectro 1 series instruments and the Ir | from Minolta spectrophotometer was <0.7
(Table 5). The correlation between Canadian subjective standards and a* value from Nix
instruments and Spectro 1 instruments ranged from 0.6-0.7. Minolta instruments presented
lower correlation (|1 | = 0.47). Correlation between Canadian subjective standards and b*
value from Nix instruments and Spectro 1 instruments was between ~0.3-0.4, and Minolta
instruments had a lower correlation (Ir| =0.14).

For the central area measurements, the results were similar to whole muscle measure-
ments (Table 5), with the exception that Minolta had increased correlations (| |) on central
area measurements for L* (0.68-0.76) and a* values (0.47-0.59). Similarly, the correlation of
all instruments to the Japanese subjective standard were very similar (Table 6) to those with
the Canadian subjective standards. The current study of Minolta instrument correlations
presented stronger coefficients for L* and a* values, but very poor coefficients for b* value.
Interestingly, for b* value, Spectro 1 instruments presented negative correlations, but Spec-
tro 1 Pro instruments presented positive correlations. As discussed, the difference may be
due to the instrumental calculation of the surface shine. The Canadian colour standard is
divided into seven colour scores, which vary from pale pink (score 0) to dark red (score 6).
Similarly, Japanese colour standards are divided into six colour scores. The visual appraisal
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from human eyes may not be indicative of different colour coordinates, as the subjective
red colour in meat is a combination of L*, a*, and b* values [23]. The b* values had a small
range when compared to the ranges in the L* and a* values (Table 1), which could have
had less correlation to human score assignments.

Table 5. Correlation coefficients of instrumental measurement with Canadian pork colour standard
on fresh pork colour.

Minolta Nix Pro II Nix QC Spectro 1 Spectro 1 Pro

L* —0.68 —0.85 —0.85 —0.80 —0.78
Whole a 0.47 0.69 0.66 0.67 0.60
Muscle b* —0.14 0.31 0.32 —0.39 0.41
L* —0.76 —0.86 —0.84 —0.80 —0.78
Central a* 0.59 0.69 0.64 0.67 0.59
Area b* —0.13 0.31 0.31 —0.35 0.42

All correlation coefficients (r) were significantly different (p < 0.05).

Table 6. Correlation coefficients of instrumental measurement with Japanese pork colour standard
on fresh pork colour.

Minolta Nix Pro II Nix QC Spectro 1 Spectro 1 Pro

1p» —0.68 —0.83 —0.84 —0.79 —0.77
;’AVSSOCII‘Z e 0.47 0.68 0.64 0.65 0.58
b* —-0.13 0.25 0.29 —0.39 0.41

L* —0.75 —0.83 —0.83 —0.78 —0.76

Central a* 0.58 0.67 0.63 0.65 0.57
Area b* —0.12 0.26 0.29 -0.35 0.41

1 All correlation coefficients (r) were significantly different (p < 0.05).

In general, visual colour assessments are performed by trained personnel, and despite
regular calibration and proper training, human errors are difficult to avoid [25]. However,
the above hand-held instruments are also frequently operated by humans. In order to
minimize human error, there is a need to study alternative innovative colour assessment
instruments that can be automated. Although small hand-held devices like those evaluated
in this study present potential for automation due to their compact size and connectivity
capabilities, current versions may present difficulties for adaptation to in-plant use. For
example, Spectro 1 series instruments automatically initiate self-correction procedures after
approximately 10 measurements, which increase the single scanning time to up to 60 s. This
feature guarantees the adequate performance of the instrument but presents limitations
to their efficiency in meat processing lines, where an efficient scanning time is critical to
meet processing speed. Another future application for these hand-held devices may be the
establishment of acceptability thresholds for fresh and displayed meat for various settings,
such as wholesale stores and retail stores. Furthermore, the importance of accurate and
efficient assessment of a* values is emphasized, due to its association with fresh colour
stability during storage [26,27]. Additionally, other important pork quality traits, such
as pH and drip loss, may also correlate with instrumental colour measurement, thereby
highlighting the need for a more comprehensive pork quality assessment system that could
be established in the future.

4. Conclusions

This study explored the potential of Nix and Spectro 1 instruments as novel methods
to measure fresh pork colour. Although the latter instruments presented strong correlations
with the Minolta CM-700 spectrophotometer colour coordinates, the absolute values of
the colour traits varied by instrument. Instrumental measurement from all devices had
weak correlations for b* values between instrumental measure and Canadian subjective
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colour standard measure. The new hand-held instruments have the potential to become
an alternate to Minolta due the affordability and potential for automation, especially for
small-scale meat packers. All four hand-held instruments support cellphone Bluetooth
connectivity, which ensure the convenience to export data for analysis. Moreover, due to
the limited space in commercial processing facilities, the potential to develop the automated
colour classification system with pocket-size instruments will be meaningful for the meat
industry. However, specific technical specifications need to be considered before these
devices can be implemented for the meat industry, such as the long calibration time required
by the Spectro 1 series instruments after a number of scans.
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