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Collaborative Study of Modified AOAC Moisture Method
and Other Rapid Moisture Methods for Analysis of Meat

and Meat Products

JULIO D. PETTINATI, VIRGINIA G. METZGER, DAVID VAN HORN, and

EDWARD H. COHEN!

Eastern Regional Research Laboratory, Agricultural Research Service, U.S. Department of Agriculture,

Philadelphia, Pa. 19118

Three new methods for determining mois-
ture content of ground beef, frankfurters, and
fresh pork sausage were tested collaboratively
by 10 laboratories. Results were compared with
those obtained by AOAC official methods. The
new methods involved: 1) use of a gravity oven
at 125°C"in place of a mechanical convection
oven, 2) exposure of samples to IR radiation
for 40 min, and 3) azeotropic distillation for 30
min, using either cumene, m-xylene, or 2-
octanol. Determinations of moisture content
by the use of a gravity oven and IR radiation
were in agreement with the official methods,
but azeotropic distillation with any of the 3
solvents gave lower values for all 3 types of
meat product. The expected standard devia-
tion, s., averaged for the 3 types of meat prod-
uct in per cent moisture was as follows: gravity
oven, +0.65; IR radiation, +1.18; and azeo-
tropic distillation, +0.79, +0.86, and =+0.98,
using cumene, m-xylene, and 2-octanol, re-
spectively. For the-efficial methods, +0.64%
moisture was obtained for s.. An amendment
to the official final action method for the de-
termination of moisture in meat and meat
products, 24.003(b), was adopted as official first
action to provide for the optional use of an air
oven.

The official methods for moisture analysis of
meat and meat products serve as standards for
the meat industry but alternative, more rapid
methods are needed for process and quality con-
trol. Many unofficial methods in use have not
been evaluated collaboratively so that accuracy
and precision of these methods have not been sat-
isfactorily determined. Pettinati et al. (1) stated
that the ideal rapid method should be simple to
perform, inexpensive, and reasonably accurate.

1 Present address: Office of Research and Monitoring, En-
vironmental Protection Agency, Philadelphia, Pa. 19106.

With the need for rapid methods in mind, several
analytical techniques which were evaluated in our
laboratory and reported in previous communica~
tions (2, 3) were tested collaboratively with 10
laboratories. As with the previous studies, data
obtained with the new methods were compared
with those obtained by official methods (4). Mois-
ture analyses were obtained by the following
methods: (1) 24.003(a); (2) 24.003(b); (3) drying
samples 2 hr in a gravity oven at 125°C (similar
to method 2 above, except that a large gravity
oven which is more commonly found in laborato-
ries was used in place of a mechanical convection
oven); (4) exposure of samples to infrared radia-
tion on the Ohaus moisture balance, or similar
apparatus, for 40 min; (5, 6, and 7) azeotropic
distillation for 30 min using cumene, m-xylene,
and 2-octanol, respectively, to determine mois-
ture content directly as volume of water con-
densate.

The solvents selected for azeotropic distillation
were those reported to be the most suitable in the
extensive study by Cohen and Kimmelman (3).
Meat and meat products containing 35 to 62%
moisture were evaluated in the initial studies (2,
3). In this collaborative study the moisture con-
tent range was 42 to 63%.

Collaborative Study

A 100 1b lot of commercial grade lean beef was
cut into approximately 1” cubes and mixed thor-
oughly. The entire quantity was then passed 3
times through a meat grinder, using a }§” diam-
eter cutting plate, and mixed thoroughly after
each grind.

A 100 1b lot of commercial grade all meat frank-
furter was passed twice through a meat grinder,
using a 14" diameter cutting plate, and mixed
thoroughly after each grind.

A 100 1b lot of commercial grade, uncooked
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Table 5.

Collaborative moisture analysis results by the azeotropic distillation method using cumene for meat Table 6. Collaborative moisture analysis results by the method using yle for meat
product samples, ranked coilaborator results, and summary of statistical analysis of the data product samples, ranked collaborator resuits, and summary of statistical analysis of the data
Moisture, % Moisture, %
Ground beef Frankfurter Pork sausage Ranked results Col Ground beef Frankfurter Pork sausage Ranked results Col,
. .
Coll. % s 2 s % s B F P score Coll. % s 2 s 2 s 8 F P score
1(AR) 62,25  0.455 56.53  0.468 41.53  0.350 - 6 7 1.5 1.5 1(AR) 62.33 0.774 56.95  0.266 41.33  0.339 6 2 3 1n
2 62.97 0.841 57.92  1.262 40.60  0.540 3 1 8 12 2 62.70  0.721 §7.25  0.715 40.75  0.274 3 1 8 12
3 62.23  0.408 56.60  0.438 41.53  0.372 7 4.5 1.5 13 3 62.37 0.388 56.63  0.388 41.67  0.372 4 3 1 8
4 62.70  0.746 56.32 1.107 41,22 1,093 5 9 6 20 4 62,33 1211 56.40  1.095 40.93  0.372 5 4 5.5 14.5
5 63.12  0.436 56.60  0.200 41.30 0.616 2 4.5 5 11.5 5 63.57  0.476 55.47  0.789 40.93  0.367 2 9 5.5 16.5
6 62.75  0.524 56.58  0.417 40.28  0.256 4 6 9 19 6 60.76  0.689 66,40  1.133 41.33  0.427 9 10 2 21
7 64.70°  0.616 56.35  0.609 41.37  0.665 1 8 4 13 7 64.73  0.575 56.27  0.809 40.85  0.663 1 7 7 15
8 61.87  0.501 56.97  0.294 40.87  0.432 9 2 7 18 8 62.20 0,45 56.33  0.273 40.70 0.518 8 5 9 22
9 62.07 0.139 56.90 0.194 41.37 0.152 8 3 3 14 9 62.24 0.193 56.29 0.244 41.25 0.153 7 6 4 17
10 56.10  4.025 54.85  0.771 39.60 1.313 10 10 10 30 10 59.92  1.269 55.93  1.329 40.43  1.346 10 8 10 28
Statistic Beef Franks Pork Average Statistic Beef Franks Pork Average
Intermediate Results, Per Cent Moisture Intermediate Resuits, Per Cent Moisture
Grand mean, X 62,08 56.56 40.97 - Grand mean, % 62.31 56.29 41,02 —
Range -11.08t02.92 -~2.66t03.74 —2.97t01.83 - Range -4,31t02.89 ~2.29t02.31 —3.021t00.98 _—
sd4 2,246 0.757 0.634 1213 s 1.324 0.586 0.370 0.761
Sy 1.388 0.673 0.676 0.913 S 0.750 0.800 0.577 0.709
) 2,159 0.705 0.571 1.145 Y 1,289 0.486 0.286 0.687
Fina! Results, Per Cent Moisture : Final Results,® Per Cent Moisture
Grand mean, & 62.74 56.75 41.12 - Grand mean, & 62.58 56.33 41.08 ol
Range -1.54t02.26 —1.75t03.55 —1.52to1.68 —_ Range -2,58t02.62 —2.33102.27 —1.28%t00.92 -
82 0.847 0.487 0.439 0.592 sa 1.084 0.607 . 0.326 0.673
s 0.551 0.662 0.562 0.592 s 0.668 0.717 0.410 0.599
Y 0.811 0.405 0.375 0.631 » 1.049 0.531 0.280 0.621
9 Co 7 reported 5 repli values. © Data from Collaborator 10 omitted.

3 Data from Collaborator 10 omitted,

method being compared did not give the same
analysis values.

Conclusions on the merit of each method were
based in part on the expected standard error s,
calculated from the error components obtained
from all collaborative data as follows:

. =8 + 83/k
where k represents the number of replicate analy-
ses to be performed. For these calculations, k was
set equal to 1. The systematic and random error
values were averaged for all 3 samples to calcu-
late 8, for each method.

Results and Discussien

The ical values of standard deviation,
dom error, and systematic error obtained for
the 3 meat product samples were found to be
disproportional to sample moisture level. Dis-
similarities in the values of the error components
among the 3 samples were more likely due to the
fineness of grind of the samples. m,gﬁﬁsz erm
most finely inuted p! sy Ily

yielded the it d

rors, and the higher error usually associated with
moisture analysis of ground beef is evident in the
results for each method.

Method 1. 24.003(a).—Evaluation of results by
this method served as the basis for comparison
with the new methods. Table 1 presents the
reduced data from 180 single determinations. The
value of 3-0.637% moisture was obtained for s,.

Method 2. 24.003(b).—This method was found
to be equivalent to Method 1 in all respects.
Table 2 shows the reduced data for 180 single
determinations. The low F-value, Table 8, also
shows the equival of the 2 methods. The
value of =0.628% moisture for s, agrees well
with that of Method 1.

Method 8. Modified 24.003(b).—Data for this
Eooroa in A,m.Ew 3, reduced for 180 single deter-

dicated Laboratory 2 to be a proba-
ble outlier by the high random error and a score
of 30. After we d data from Laboratory 2,
the final results were equivalent to those of
Methods 1 and 2. The low F-value from Table 8

and sy ic er-

indicates that this method determines the same

per cent moisture as Method 1. The value of
+0.650%, moisture for s, agrees well with that of
methods 1 and 2.

Method 4. Infrared Radiation.—Table 4 shows
the reduced data from 180 single determinations.
A score of 30 and the consistently high random
error by Laboratory 7 indicated the reasons
those data were omitted to obtain the final
results for this method. Whereas mean moisture
values were estimated correctly by this method,
as indicated by the F-value in Table 8 being non-
significant, both sy ic and dom errors

shows significant F-values for the 3 methods. This
indicated that azeotropic distillation did not give
the same mean moisture values as the official
methods. Data for the regression “equations of
these methods in Table 8 indicated that the
source of deviation was due to the negative inter-
cepts. Thus, the Bms—on_m m&os.& a _svm, or a
tendency to und
tion g, an average of 1%. The average estimates
of errors are slightly higher than methods 1-3.
The value of the expected standard error for each
thod was calculated to be: 8 =

were about twice those of Methods 1-3. As a con-
sequence, the value of =1.176% moisture for s

uno qouﬁ moisture; m-xylene, 8 = 0.863%

is large also.

Methods 6-7. Azeotropic Distillation with
Cumene, m-Xylene, and 2-Octanol.—Tables 5 (cu-
mene), 6 (m-xylene), and 7 (2-octanol) show the
reduced data for the 3 Eooron_F from 179, 180,
and 168 single determi pectively. These
3 methods are di d ther b of their

tanol, 8, = =0.977% moisture.

C by Collab
Method £.—Collaborator 3 dried samples 4 hr

with blower on instead of 2 hr, by mistake.
Method 8.—Collaborator 2 reported that the

gravity oven on hand maintained 125:=5°C. Col-

similarities in _uolcﬂnEEM and in the results.
Outlier data from one lab -y were omitted

laborator 3 approved of this method as being
equivalent to the official moisture method. Col-

to obtain final results for all 3 methods. Table 8

1at 4, 5,7, and 8 used mechanical convec-
tion ovens with the blower off. Collaborator 5
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Table 5. Collaborative moisture analysis results by the azeotropic distillation method using cumene for meat
product samples, ranked collaborator resuits, and summary of statistical analysis of the data

Table 6. Collaborative moisture analysis results by the azeotropic distillation method using m-xylene for meat

product samples, ranked collaborator results,

and summary of statistical analysis of the data

Moisture, % Moisture, %
Ground beef Frankfurter Pork sausage Ranked results Coll Ground beef Frankfurter Pork sausage Ranked results Coll
Coll. 2 . % o % o B F P score Coll. 2 s % s 2 s B F P score
1(AR) 62,26  0.455 56,63  0.468 41.53  0.350 - 6 7 1.5 14.5 1(AR) 62.33 0.774 56.95  0.266 41,33  0.339 6 2 3 1
2 62.97  0.841 57.92 1.262 40.60  0.540 3 1 8 12 2 62,70  0.721 57.25  0.715 40,75  0.274 3 1 8 12
3 62.23  0.408 56.60  0.438 41.63  0.372 7 4.5 1.5 13 3 62.37  0.388 56.63  0.388 41.67  0.372 4 3 1 8
4 62,70  0.746 56.32  1.107 41,22 1.093 5 9 6 20 4 62,33 1211 66.40  1.095 40.93  0.372 5 4 5.5 1.5
5 63.12  0.436 56.60  0.200 41.30 0.616 2 4.5 5 1L.5 5 63.57  0.476 66.47  0.789 40.93  0.367 2 9 5.5 16.5
6 62.75  0.524 56.58  0.417 40.28  0.256 4 6 9 19 6 60.75  0.689 55,40 1.133 41.33  0.427 9 10 2 21
7 64.70  0.616 56.35  0.609 41.37  0.665 1 8 4 13 7 64,73 0.575 §6.27  0.809 40.85  0.663 1 7 7 15
8 61.87  0.501 56.97  0.294 40.87  0.432 9 2 7 18 8, 62,20  0.456 56.33  0.273 40.70 0.518 8 5 9 22
9 62.07 0.139 56.90 0.194 41,37  0.152 8 3 3 14 9 62.24  0.193 66.29  0.244 41.25 0.153 7 6 4 7
10 56.10  4.025 54.85  0.771 39.60 1.313 10 10 10 30 10 59.92 1.269 66.93  1.329 40.43  1.346 10 8 10 28
Statistic Beef Franks Pork Average Statistic Beef Franks Pork Average
Intermediate Results, Per Cent Moisture Intermediate Results, Per Cent Moisture
Grand mean, % 62.08 56.56 40.97 - Grand mean, & 62.31 56.29 41,02 -
Range -11.08t02.92 -2.66t03.74 —2.97t01.83 . Range ~4.31t02.89 -2. Nw t02.31 —3.02t00.98 -—
84 2,246 - 0.757 0.634 1.213 s 1.324 0.586 0.370 0.761
S 1.388 0.673 0.676 0.913 £ 0.750 0.800 0.577 0.709
sy 2,159 0,705 0.571 1.145 £ 1.289 0.486 0.286 0.687
Final Results,® Per Cent Moisture ) Final Results,® Per Cent Moisture
Grand mean, & 62.74 56.75 41.12 - Grand mean, & 56.33 41.08 -
Range ~1.54t02.26 ~1.75t03.55 —1.52t01.68 — Range -2, mu t02.62 ~-2.33t102.27 ~-1.28t00.92 —
sa 0.847 0.487 0.439 0.592 sa 1.084 0.607 0.326 0.673
S 0.551 0.662 0.562 0.592 s 0.668 0.717 0.410 0.599
£ 0.811 0.405 0.375 0.531 » 1.049 0.531 0.280 0.621
e C 7 reported 5 repl values. @ Data from Collaborator 10 omitted.

® Data from Collaborator 10 omitted.

method being compared did not give the same
analysis values.

Conclusions on the merit of each method were
based in part on the expected standard error s,
calculated from the error components obtained
from all 8__wvo§a<o data as follows:

&+ 8i/k
where k Eﬁ_.mwauaw the number of replicate analy-
ses to be performed. For these calculations, k was
set equal to 1. The systematic and random error
values were averaged for all 3 samples to calcu-
late 8, for each method.

Results and Discussion

The ical 4&:& of standard deviation,

dom error, and sy tic error obtained for
the 3 meat v_.oazaa samples were found to be
disproportional to sample moisture level. Dis-
similarities in the values of the error components
among the 3 samples were more likely due to the
fineness of grind of aro BEE@P H.,gw»ﬁemnm sﬁ
most finely Iy
yielded the smallest random 5& ystematic er-

rors, and the higher error usually associated with
moisture analysis of ground beef is evident in the
results for each method.

Method 1. 24.003(a).—Evaluation of results by
this method served as the basis for comparison
with the new methods. Table 1 presents the
reduced data from 180 single determinations. The
value of 3-0.637% moisture was obtained for ..

Method 2. 24.003(b).—This method was found
to be equivalent to Method 1 in all respects.
Table 2 shows the reduced data for 180 single
determinations. The low F-value, Table 8, also
shows the equival of the 2 hods. The
value of ==0.628% moisture for & agrees well
with that of Method 1.

Method 8. Modified 24.003(b).—Data for this
Bas.o.u in va_o 3, reduced for 180 single deter-

dicated Laboratory 2 to be a proba-

ble outlier by the high random error and a score
of 30. After we omitted data from Laboratory 2,
the final results were equivalent to those of
gmar&m 1 and 2. The low F-value from Table 8
dicates that this method di ines the same

per cent moisture as Method 1. The value of
+0.6509, moisture for s, agrees well with that of
methods 1 and 2.

Method 4. Infrared Radiation.—Table 4 shows
the reduced data from 180 single determinati

shows significant F-values for the 3 methods. This
indicated that azeotropic distillation did not give
the same mean moisture values as the official
methods. Data for the regression -equations of
these methods in Table 8 indicated that the

A score of 30 and the consistently high random
error by Laboratory 7 indicated the reasons
those data were omitted to obtain the final
results for this method. Whereas mean moisture
values were estimated correctly by this method,
as indicated by the F-value in Table 8 being non-
significant, both systematic and random errors
were about twice those of Methods 1-3. As a con-
sequence, the value of =:1.176% moisture for s,

source of deviation was due to the negative inter-
o%am Thus, sa :535% showed a r.»mu or &
y to i ist
tion by an average of 1%. The average estimates
of errors are slightly higher than methods 1-3.
The value of the expected standard error for each
method was calculated to be: cumene, 8 =
wue qemﬁ Eoso_:.ﬂ m-xylene, & = =+0.863%

is large also.

Methods 6-7. Azeotropic Distillation with
Cumene, m-Xylene, and 2-Octanol—Tables 5 (cu-
mene), 6 (m-xylene), and 7 (2-octanol) show the
reduced data for the 3 Emaro% from 50 180,
and 168 single d i pectively. These
3 method 1 3 o of their

tanol, 8, = =£0.977% moisture.

C by Collab
Method 2.—Collaborator 3 dried samples 4 hr

with blower on instead of 2 hr, by mistake.
Method 8.—Collaborator 2 reported that the

m_.vﬁew. oven on EE& maintained 125::5°C. Col-

are
similarities in performance and in the results.
Outlier data from one laboratory were omitted

tor 3 approved of this method as being
equivalent to the official moisture method. Col-
laborators 4, 5, 7, and 8 used mechanical convec-

to obtain final results for all 3 methods. Table 8

tion ovens with the blower off. Collaborator 5
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