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Quantitative Analysis of Fat, Protein, Moisture, and Salt
in Meat Products by Near Infra-Red
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Abstract

Near Infra-red (NIR) analytical method was applied to quantify fat, moisture, protein, and salt in meat products. To
ensure an accurate analysis, the NIR analysis method was compared with Korean food standard codex method. Cor-
relation coefficients were 0.961-0.997, and the ratio of standard error of prediction (SEP) with standard error of lab-
oratory (SEL) were 1.01-1.32. Z-score and Q score were —0.02-0.95 and —0.27-0.15, respectively. A control chart
was conducted for three meat products. Each control chart data consisted of fat, moisture, protein, and salt, and it
was produced by NIR analysis. The control chart of meat products was used for quality control.
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L;: Chemical analysis value of the i th sample
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M;: Predicted value of the i th sample obtained from
the calibration
N: Number of sample set

SEL = (Z(L,- L,)/N)"

L, and L,: Blind duplicate measurements
N: Number of sample

SEC = (X(Li- M)’(N-1-p))"?

L: Chemical analysis value of the i th sample

M.: Predicted value of the i th sample obtained from
the calibration (NIR analysis value)

N: Number of sample set

p: number of terms in the model
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Xema - The assign value, the estimate of the “true”

Z-score = 1505

Xenifies - The reported value of analyte
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Q score = (X - X )/X,

X: Results reported by laboratory
X,: Best estimate of the ‘true’ value (or assigned value)

HorratS AOAC (2012)9] '
& Aol este] A=A

Horrat = RSD,, (%) / PRSDy, (%)

W ARgsi e,

ol o}

RSD; : Reproducibility relative standard deviation
PRSDy: Predicted reproducibility relative standard deviation
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Table 1. Correlation of chemical analysis values with NIR prediction values

Linearity R’ Bias (%) SEP SEL SEC
Fat y=0.972x + 0.194 0.997 0.1 0.17 0.14 0.19
Protein y = 1.153x - 599 0.995 -0.1 0.51 0.48 0.57
Moisture y = 0.868x +2.648 0.969 -0.5 0.32 0.24 0.36
Salt y = 1.305x — 0.266 0.961 -0.1 0.14 0.14 0.16

* SEP: Standard Error of Prediction
SEL: Standard Error of Laboratory
SEC: Standard Error of NIR Calibaration

Table 2. Mean and Standard deviation (SD), Coefficient Variation (CV) of chemical analysis values and NIR prediction values

Chemical analysis values

NIR prediction values

Z-score Q score
Mean (%) SD CV (%) Mean (%) SD CV (%)
Fat 10.47 0.35 3.36 10.55 0.05 0.52 0.03 0.01
Ham Protein 16.30 0.15 3.39 16.84 0.08 0.10 0.01 0.01
Moisture 65.70 0.25 0.94 65.25 0.07 0.46 0.08 0.03
Salt 1.40 0.06 4.12 1.73 0.02 1.18 - 0.15
Fat 7.90 0.10 1.27 8.54 0.02 0.23 0.35 0.07
Bologna Protein 17.37 0.12 0.18 16.54 0.04 0.07 -0.02 -0.02
Sausage Moisture 64.73 0.15 0.88 64.94 0.01 0.07 0.14 0.06
Salt 1.17 0.06 4.95 1.97 0.03 1.92 - -0.24
Fat 6.83 0.15 2.24 7.18 0.02 0.28 0.26 0.05
Vienna Protein 16.93 0.06 0.09 16.80 0.01 0.01 0.01 0.02
Sausage Moisture 64.8 0.35 2.07 65.87 0.04 0.22 -0.02 -0.01
Salt 0.93 0.06 6.19 0.95 0.06 5.97 0.95 0.03
Fat 21.55 0.79 3.67 19.93 0.06 0.30 -0.10 -0.06
Frankfurt Protein 14.99 0.93 1.66 13.71 0.002 0.004 0.00 0.00
Sausage Moisture 56.28 0.63 4.17 56.44 0.05 0.34 -0.01 -0.01
Salt 1.42 0.04 2.83 1.26 0.01 0.77 - -0.27
shebd AR (FAME(A3F)3)F NIR 24| A t AF+A et A5k Aol th(Mika et al, 2003)
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Table 3. Assigned values of chemical analysis and NIR prediction value for Vienna sausage

Assigned values of chemical analysis NIR prediction
Lab Horrat
A B C D E value
Fat 10.1 10.2 10.1 9.5 - 9.7 1.85
Protein 16.2 15.9 - - 16.5 16.0 1.19
Moisture 63.7 63.7 64.2 64.5 63.9 63.9 1.16
Salt - 1.2 - 1.1 1.1 - 1.61
*Laboratory of A, B, C, D and E are assigned Korea Food Testing Laboratory from Ministry of Food and Drug Safety.
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Fig. 1. Control chart (I-MR) of Bologna Sausage.



158 olFd - AMFET LRI

. :@\é

i
9,
g
f

I-MR Chart of MOISTURE

8

UCL=67.526

R=64.799

LOL=62.072

2

Individual Value
2 8
; i

UQL=3.351

FR=1.026

Moring Range
o = N W
N
>~

Observation

I-MR CHart of PROTEIN

I WA
. \/\/\/

7 1Q=17.133

UCL=20.568

R=18.850

%

Olfservation

UQL=2.110

s
<
£ 1o
£ os] \\‘A/ FIR=0.646
0.0 4 =0
9 2 25 28

Olfservation

I-MR Chart of SALT

1.80 UCL=1.7995
3 165 .\'
=
3 1.50 Re1.4913
3 1354
120 L1832
1 1 7 10 3 16 ) 2 F3 2%
Observation
04 UQL=0.3786
o
i 0.2
B FR=0.1159
201
0.04 =0
1 4 7 it 3 16 ) 2 F3 2%
Observation

I-MR|Chart of FAT

® UQL=12.233

9 2 25 28

LOL=6.235

Indiridual Value
A~ 33
2 & 3

U
in

?
o

bservation

UCL=3.684

W\ Re1.128
=0

16 19 22 25 28

ration

Moving Range
<,/"

O ( O

]

3

Fig. 2. Control chart (I-MR) of Vienna Sausage.

Table 4. Mean and Upper Control Limit (UCL), Lower Control
Limit (LCL) of Vienna Sausage Control chart

Mean +20%
(%) UCL LCL Range of mean
Fat 923 12.23 624  £1.85

Individual Protein 18.85 2026 17.13  +3.77
Value  Moisture 64.78  67.5 62.07  +12.96
Salt 1.49 1.80 1.18  +0.283
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