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ABSTRACT

Context. Soxhlet extraction is commonly used for determining fat content of meat, because it is the
basis of the AOAC Final Action method for this analysis. Petroleum ether is used as an extraction
solvent but other solvents, such as chloroform, can be used. Chloroform has been stated to be a
safer solvent than petroleum ether and is used extensively for Soxhlet extraction for meat research
in Australia; yet, there has been no report that validates its use for this purpose. Aim. To compare
the use of chloroform with that of petroleum ether as an extraction solvent for Soxhlet fat extraction
in beef.Methods. The fat content of six beef samples, reported as chemical lean (CL, 100 –%fat), was
determined using Soxhlet fat extractionwith chloroform (by two independent research providers) and
petroleum ether (b.p. 40–60°C, using three commercial providers). Passing–Bablok regression and
Bland–Altman plot analysis were used to identify any differences and bias between the methods
respectively. Key results. Passing–Bablok regression showed that there was no difference between
the use of chloroform and the use of petroleum ether as a solvent for Soxhlet fat extraction in beef.
Bland–Altman plot analysis indicated that there was no bias evident between the uses of each solvent.
Thus, this would indicate that chloroform can be used as a solvent for Soxhlet fat extraction, providing
equivalency to petroleum ether. While some minor differences were apparent, this is most likely
attributable to sample heterogeneity. Conclusions. Chloroform was found to provide equivalency
to petroleum ether for fat extraction frommeat. While some minor differences were apparent in the
fat content ofmeat, this has been attributed to likely sample heterogeneity. Implications. Chloroform
can be used as an extraction solvent for Soxhlet fat extraction of beef.

Keywords: Bland–Altman, chemical lean, fat content, fat determination, meat quality, method
comparison, Passing–Bablok, Soxhlet extraction.

Introduction

Emerging technologies are being developed that will allow objective, precise and accurate 
measurements to be made of intramuscular fat (IMF) in Australian beef and lamb and have 
potential to improve the prediction of meat-eating quality for the local industry (Stewart 
et al. 2021). However, the development of such technologies will require industry 
standards that can be used as reference methods. With respect to fat in meat, Soxhlet 
extraction is, and has been often, used as the method of choice for this analysis, because 
it is the basis of the AOAC Final Action method for fat determination in meat (Anonymous 
1998, 2000). Petroleum ether is commonly used as the solvent for Soxhlet extraction, yet 
other solvents can also be used (Anonymous 1998, 2000). Chloroform is such a solvent and 
has been stated to be safer than petroleum ether, and has been extensively used for meat 
research in Australia (Perry et al. 2001). Perry et al. (2001) stated that chloroform was used 
due to ‘safety regulations’; yet, this solvent is a halogenated hydrocarbon, meaning that it is 
carcinogenic with an associated toxicity (Fang et al. 2008). Chloroform has been used as a 
replacement for petroleum ether in the extraction of fat from freeze-dried animal tissues 
(covering the range of 10–95% fat content) and has been found not to reproducibly extract 
fat for some samples (Firth et al. 1985). Given that, for the Australian meat industry, the fat 
content in beef and lamb ranges from 1% to 50% and 1% to 15% respectively, and 
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chloroform is used as a solvent for Soxhlet fat extraction in 
beef, a comparison was made on the use of this solvent to 
petroleum ether. This is particular for an Australian context 
where fat content is reported as chemical lean (CL), 
calculated using 100 − fat (%) content. This paper presents 
the results of this study. 

Methods

Meat samples

Six beef samples spanning approximately 10–35% fat were 
used for this study, spanning the approximate range of 
CL90–CL65, where CL = 100 − fat% (CL is the chemical 
lean content). These samples were prepared for an industry-
supported survey and their preparation is detailed elsewhere 
(Watkins et al. 2021). Briefly, meat was acquired from two 
Australian meat-processing companies, with 2 × 27.2 kg 
cartons acquired for each sample. After storage at 4°C, the 
meat was homogenised by combining the two cartons which 
were passed through a Thompson 42 mincer with a 6 mm 
plate (Thompson Meat Machinery, Crestmead, Qld, Australia). 
The homogenised material was combined and re-passed 
through the mincer and mixed using a commercial food/meat 
mixer (RC-100, Mainca USA Inc., St Louis, Mo, USA). The 
homogenate was separated and weighed into separate 1 kg 
packages which were then vacuum sealed (Cryovac® Barrier 
Shrink, United Kingdom). These were stored at −20°C until 
needed for analysis. Sets of six beef (1 kg) packages were 
distributed to three commercial vendors as well as to two 
research providers that use chloroform for Soxhlet extraction. 

Soxhlet fat extraction

A set of samples was forwarded to three different commercial 
providers, and the fat content was measured by Soxhlet 

extraction in duplicate by each provider, who utilise petroleum 
ether (PE) as the extraction solvent (b.p. range 40–60°C). The 
chemical lean (CL) content was calculated using 100 − fat 
content (%). For the purposes of this study, the results were 
aggregated together and used as reference values (i.e. n = 6). 
This method is the AOAC Final Action method for the 
determination of fat in meat (Anonymous 1998, 2000). The 
use of chloroform as an extraction solvent was completed at 
two different research providers where the samples were 
freeze-dried prior to Soxhlet extraction (Stewart et al. 2020). 
For the latter, one set of results consisted of five replicates, 
while the other consisted of six replicates. 

Statistical analyses

Analysis of variance
ANOVA was used to identify differences between tech-

niques on a sample-by-sample basis. Tukey’s range test was 
used to determine the associated P-values and an in-house 
R function (R Core Team 2022) was used to identify any 
significant differences among means, using either a letter or 
number summary (Table 1). 

Method comparison
Passing–Bablok regression. Passing–Bablok (PB) regression 
was used to compare each set of measurements on a sample-by-
sample basis (Passing and Bablok 1983). The PB approach is 
robust, non-parametric, assumes that measurements are 
continuously distributed (covering a broad concentration 
range, Bilić-Zulle 2011). The methods are also assumed to be 
linearly related (Bilić-Zulle 2011). The regression calculates 
the coefficients for the linear equation (y = b0 + b1x) as  well  
as the associated 95% confidence intervals (95% CI) for each 
coefficient, b0 and b1, which (if the linear relation were 
valid) would mean that b0 = 0 and  b1 = 1. Thus, if the span 
of CI intervals for the intercept and the slope contains 0 and 
1 respectively, then it is presumed that no difference exists 

Table 1. Chemical lean (CL, 100− %fat, mean± s.d.) of beef (Samples A–F) by Soxhlet extraction using petroleum ether (P1, P2, P3 and combined
results, PA) and chloroform (C1 and C2) as solvents.

Sample P1A P2A P3A C1B C2C PAB,D

A 64.4 ± 0.2b 63.3 ± 0.3ab 64.7 ± 0.8b 64.0 ± 0.6bX 62.7 ± 0.4aX 64.1 ± 0.8Y

B 72.0 ± 0.4ab 72.7 ± 0.4a 75.1 ± 0.6c 71.3 ± 0.4bX 71.6 ± 0.4abY 73.3 ± 1.5Y

C 79.9 ± 0.1a 80.9 ± 0.2b 83.7 ± 0.1c 79.3 ± 0.4aX 79.4 ± 0.3aY 81.5 ± 1.7B

D 84.7 ± 0.3b 85.6 ± 0.2bc 85.8 ± 0.1c 83.6 ± 0.3dX 82.9 ± 0.3aY 85.4 ± 0.6Y

E 87.4 ± 0.2ab 88.3 ± 0.4bc 88.5 ± 0.6c 87.7 ± 0.3bcX 86.7 ± 0.3aY 88.1 ± 0.6X

F 86.9 ± 0.1a 87.0 ± 0.1ab 88.4 ± 0.1b 87.5 ± 0.3ab 87.1 ± 0.7a 87.4 ± 0.8

Mean ± s.d. where, for n = 2, it is the average deviation or its usual meaning for n = 5 or 6.
Different lowercase letters (a, b, c) within a row denote a significant difference for P1, P2, P3, C1 and C2, while different uppercase letters (X, Y) within a row represent
a significant difference among C1, C2 and PA (=aggregated petroleum ether results).
An = 2.
Bn = 6.
Cn = 5.
DPA = aggregated petroleum ether results (i.e. P1 + P2 + P3).
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between the methods (Bilić-Zulle 2011), and so they be 
regarded as equivalent. The analysis was performed using 
the ‘PBreg’ command available in the ‘MethComp’ package 
(Carstensen et al. 2020) in  R  (R Core Team 2022). 

Bland–Altman analysis. Bland–Altman plot analysis was 
used to assess the presence of any bias present between each 
method. In this case, a plot of the mean difference (or bias) 
between measurements from two methods is made against 
the mean of the measurements, along with the limits of the 
agreements associated with the differences (Kopp-Schneider 
and Hielscher 2019). The lines of agreement are calculated 
as ±1.96s, where s represents the standard deviation 
associated with the differences. Plots were using the ‘plot’ 
command, while estimates of the difference and associated 
limits of agreement were undertaken using ‘BA.est’, both 
available in the MethComp package (Carstensen et al. 
2020) in R (R Core Team 2022). 

Results and discussion

Table 1 shows the chemical lean (CL, 100 − fat%) content of 
six beef samples (A–F), as determined by Soxhlet fat 
extraction using either PE or chloroform as a solvent. The 
petroleum ether results are provided, based on the individual 
commercial providers (P1, P3 and P3) as well as the results 
aggregated together (PA, i.e. P1 + P2 + P3 combined). Two 
sets of comparisons are shown in Table 1; that is, between 
the individual sets of PE results and chloroform (P1, P2 and 
P3 vs C1 and C2, denoted as lowercase letters within a 
row) as well as the aggregated PE results and chloroform 
(C1 and C2 vs PA, denoted as uppercase letters within a 
row). Differences can be seen between each provider across 
the different samples. For example, mean PE results for 
Sample A range from 63.2% to 64.7%, with a similar span 
observable for chloroform. Similar trends were evident for 
the other beef samples. It is apparent that there are differences 
among providers for the ether results. Unpublished work has 
shown that differences existed in the fat content across the 
original 1 kg packages, which was also found in previous 
work (Watkins et al. 2021). It had been assumed that when 
these packages were originally produced that the meat had 
been extensively homogenised. This assumption would 
have meant that no differences would have been observed 
across the packages; however, as can be seen, this was not 
the case. Variation in the fat content in meat is also known to 
exist among samples (Vander Heyden and Smeyers-Verbeke 
2007). The coefficients of variation (CV) for these results are 
generally very good and are less than 5%, which is regarded as 
an acceptable limit for precision (Gemperline 2006). 

In relation to the aggregated PE results, differences are 
apparent across the samples, except for Sample F. The use 
of PE gave slightly higher results than those obtained using 
chloroform (P = 0.013, based on a paired Student's t-test). 

If the results from PE are taken as the ‘true’ results, then 
the maximum relative difference of those obtained using 
chloroform are less than 3%. One reason for this discrepancy 
may be related to sample heterogeneity, as has been noted 
above. Other factors could also have an influence on the 
results. For example, in preparation for extraction by chloroform, 
the meat samples were freeze dried and ground prior to 
extraction, while those extracted using PE were heated at 
102°C for 5 h, as prescribed by the AOAC method. It is 
feasible that these different steps may have affected the 
results. There are also differences between the solvent 
polarities and boiling points, which may also contribute. 
For the former, chloroform is more polar (index = 3.1) than 
is PE (0.1), meaning that more polar material could be 
extracted from meat, than with PE, possibly providing a 
higher value for the fat content. Additionally, chloroform has 
a higher boiling point (61.2°C) than does PE (b.p. range 
40–60°C), which might have an effect as well. While these can 
be contributing factors, it is difficult to gauge their impact 
on the results and so, at this stage, this remains speculative. 
Further work would be required to determine what impact 
(if any) factors such as these would have on the extraction 
procedure/s. Additionally, no direct comparison was made 
using the two solvents at one facility, meaning that any 
solvent effect could (or would) be confounded with any 
effect associated with facilities. This is one aspect which 
would need to be addressed in any future work to ascertain 
whether this is a confounding factor or otherwise. 

Table 2 shows the regression coefficients obtained from 
Passing–Bablok regression analysis of the CL content on a 
method versus method basis, along with the associated 95% 
confidence intervals (CIs). The column sample identifica-
tion denotes the dependent variable, while the row sample 
identification denotes the independent variable for the non-
parametric regression. As noted above, if the span of CI 
intervals for the intercept and the slope contains 0 and 1 
respectively, it is presumed that no difference exists between 
the methods (Bilić-Zulle 2011). As can be seen, each intercept 
(b0) and slope (b1) CI intervals contain 0 and 1 respectively, 
indicating that no difference in the fat content existed when 
either PE or chloroform was used as as the extraction solvent 
(Bilić-Zulle 2011). Additionally, the use of Passing–Bablok 

Table 2. Passing–Bablok (non-parametric) regression coefficients of
method comparison for Soxhlet fat extraction of beef by using
chloroform (C1 and C2) and petroleum ether (PE) as a solvent (values
in parentheses represent 95% confidence intervals for the coefficient).

Solvent Slope Intercept

C1A vs C2B 1.00 (0.93, 1.03) −0.40 (−2.44, 4.91)

C1 vs PEC 1.00 (0.95, 1.61) −0.90 (−6.22, 2.57)

C2 vs PE 1.02 (0.97, 1.08) −3.53 (−8.35, 0.99)

An = 36, median: 81.4 (span: 63.3–88.0).
Bn = 30, median: 81.1 (span: 62.2–88.0).
Cn = 36, median: 84.1 (span: 63.3–88.9).
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regression is that it is less susceptible to non-normal variations 
that exist within the data. Fig. 1 suggests that this could be 
apparent with the result of this study, but the analysis 
indicates that this does not sufficiently affect the comparison. 

Fig. 1 shows a scatterplot of the meat sample CL contents 
with PA (aggregated PE) and chloroform as the solvent for 
Soxhlet extraction, along with the associated Bland–Altman 
(BA) plot. For the BA plots, the bold central line on the 
ordinate axis represents the mean difference between measure-
ments, while the upper and lower lines represent the limits of 
agreement (LoAs) of the comparison, where the LoAs are 
±1.96s, where s is the standard deviation associated with the 
differences. Where no bias is present between the methods, 
the points in a plot (such as Fig. 1) would be expected to be 
randomly distributed (scattered) above and below zero in 

the ordinate axis (Kalra 2017). With the alternative, where 
some bias is present between the methods, some structure 
(such as linearity in the plot) would be pronounced and 
evident. Inspection of Fig. 1 shows that, in the case of 
chloroform, there is not any strong evidence of structure 
within the plot, with most points being randomly scattered 
along the ordinate axes. In the case of PE, there does appear 
to be some structure evident, with most points being placed 
above the line for the comparison of PE to chloroform. Yet, 
there is no statistical evidence to support this observation 
(Table 3). Thus, it was concluded that there was no inherent 
bias between the methods. 

Table 3 shows the differences, upper and lower LoAs and 
the interval between the upper and lower LoAs, calculated 
using Bland–Altman plot analysis (see above). The interval 

Fig. 1. Scatterplot and Bland–Altman plots for chemical lean (100 − fat %) by Soxhlet fat extraction with chloroform
(1 and 2) and petroleum ether (PA, aggregated results) as the extraction solvent. The central blue lines represent the
mean difference between the result sets, while the upper and lower blue lines represent±1.96× s.d. associatedwith the
difference. The black lines represent 1:1 correspondence between the result sets.
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Table 3. Statistics from the Bland–Altman method comparison for
Soxhlet fat extraction of beef by using chloroform (C1 and C2) and
petroleum ether (PA, aggregated results) as solvents (Fig. 1).

Solvent Difference LLoA ULoA Interval

C1 vs C2 −0.57 −1.19 2.13 3.32

C1 vs PA 1.06 −1.90 4.02 5.92

C2 vs PA 1.58 −1.07 4.12 5.19

The statistics show the mean difference between the two methods, the values at
1.96 × s.d. above (upper limit of acceptance, ULoA) and below (lower LoA,
LLoA) the mean difference value, and the interval between these two values
(ULoA – LLoA).

between the LoAs represents a 95% confidence level for the 
mean differences gan 2018), ranging from 3 to(Do ̆  6, 
suggesting that consistency existed between the methods. A 
smaller interval range would be preferred because it would 
represent a narrower confidence level, also indicating closer 
agreement between the methods. Usually, increasing the 
number of replicate measurements results in narrower CI 
intervals for the mean difference and the agreement limits 
(Giavarina 2015), which would have been most likely for 
this study as well. 

Conclusions

In summary, a comparison has been made on the use of PE and 
chloroform as solvents for Soxhlet fat extraction. This was 
undertaken using Passing–Bablok regression and Bland–Altman 
plot analysis. The former showed no difference between the 
methods, while the latter indicated that no bias was evident 
between the methods. Thus, this would suggest that the 
use of chloroform as a solvent for Soxhlet fat extraction 
provides equivalency to PE. While some minor differences 
were apparent, this has been attributed to be the likely 
sample heterogeneity. 
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