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ABSTRACT

The composition of fatty acids at the [3-position (B-FA) and «, o -positions of the triacylglycerol was used to establish

new criteria for the detection of small amounts of lard in other fats. Determination of B-FA was achieved by a.new
simple method using a combination of lipase hydrolysis technique and GLC. The method was applied to the analysis if
15 tallow, 6 lard,. 6 mutton and 6 goat fat samples extracted from the fatty tissues of the meat taken from different
animal breeds and also laboratory prepared blends of lard and tallow at different proportions. The data obtained were
used to calculate a number of factors by means of some formulae. The value of each factor for a fat varied within a
specific range depending on the natural variation in fatty acid distribution within the triacylglycerols of that fat. The
minimum detectable amount of lard in tallow by any factor was proportional to the width of the range of that factor for
lard and tallow and inversely proportional to the difference between its average value for the 2 fats. The factor calculated

by dividing the palmitic / oleic ratio at the B-position by this ratio at the o, & -positions showed significant specificity
for lard and tallow. The difference between its average value for lard (38.05) and tallow (0.23) was wide enough to
detect less than 4% of lard in tallow.
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INTRODUCTION

Identification of fats in general is achieved using a variety
of features, the most important of which is the fatty acid
composition. The fatty acid composition of animal fats, unlike
oils, varies widely within the same fat depending on many
factors including the nutritional status and feeding habits of
antmals (Mattson et al, 1964), animal breeds and the
anatomical locality within the animal from which the fat was
taken (Hal et al., 1987 and Chacko & Perkins, 1964). Previous
investigations revealed that in spite of the natural variations in
fatty acid composition within the same fat yet the distribution
of some fatty acids in the triacylglycerol molecules remains
almost unchanged (Mattson et al., 1964). The distribution of
fatty acids within the triacylglycerols is obtained by lipase
hydrolysis, TLC and GLC (IUPAC, 1979, Chacko and
Perkins, 1964 and Jayme et al., 1988). Based on these data of
distribution palmitic acid enrichment factor, unsaturation ratio
and two other ratios were recommended by Bayoumy (1982)
for the detection of lard in other animal fats. Youssef et al.,
(1988) calculated the same factor and ratios for only one
sample of each of lard and beef tallow and also for prepared
blends of the same two samples at different proportions. They
used the values of these factors as criteria for estimating as
low as 3% of lard in a number of canned luncheon meat and
sausage samples imported from different countries. Saeed ef
al. (1986) reported that lard contained 11, 14 eicosadienoic
acid (C 20:2) which was not found in the other commonly
consumed fats. The presence of this fatty acid was used as a
marker for lard. However, C20: 2 was later detected in beef
and mutton by Firestone (1988). Sawaya et al. (1990) found
that for each triglyceride molecule with certain carbon
equivalent (CE) the ratio between the 2 isomers of the S2U
fraction (SSU/SUS), where S and U denote the saturated and
unsaturated fatty acids attached to the triglyceride molecule, in
lard was, contrary to other fats, significantly high. They used
this factor for detection of 2% lard in commercial meat
samples.

No consideration was given in these studies to the natural
variations in fatty acid distribution when the minimum
detcctable amount of lard was evaluated. Such variations may
lead to false detection results. Therefore, the aim of the
present work was to study the effect of natural variations of
fatty acid distribution on the detection limit of lard and to
determine new factors for the detection of small amounts of
lard in tallow.

MATERIALS AND METHODS
MATERIALS :

Pure lard from pig skins, containing about 0.5% free fatty
acids, was obtained from Sigma Chemical Co., US.A,,
another pure sample was obtained from Upland bacon factory,
East Africa and four more samples of lard were extracted from
the fatty tissues of pork imported from France. Different
samples of beef, sheep and goat fats were extracted from the
fatty tissues of the meat of freshly slaughtered animals. Other
tallow samples were extracted from frozen beef cuts imported
from U.S.A.; frozen minced meat imported from Denmark;
frozen beef cut imported from Holland. Blends of tallow and
lard containing 3, 5, 15, 50 , 70 85 and 90% of lard were
prepared in the laboratory.

Sodium cholate from ox or sheep bile and crude lipase
(triacylglycerol - lipase: triacylglycerol acylhydrolase, from
porcine pancreas, type II, contains amylase and protease
activity, were obtained from Sigma chemical Co., U.S.A. All
solvents used were of chromatographic grade and used
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without distillation.

Chromatographic standard fatty acid methyl esters (FAME)
were purchased from Merk Darmstadt, F. R. G.

Apparatus:

Chromatographic analysis was performed on a 50 m wide
bore (0.53 mm id) fused silica "WCOT" column coated with
CP WAX 52 CB operated at a programmed temperature
retaining 150°C for 43 min. then raised to 220°C at 5°C/min.
The column was installed in a Packard 439 gas liquid
chromatograph fitted with flame ionization detector and
connected to a data processor (Chrompac CR-3A" with
memory capacity of 180 K. bytes.

Methods:

Extraction of fats: Fat was extracted from meat overnight
using diethyl ether and dried by filtration through anhydrous
sodium sulphate. The recovered dry fat was used without
purification.

Preparation of methyl esters of fatty acids:
A. At the B-position of triacylglycerol (B-fatty acids):

Lipolysis of fat was conducted following the method of
IUPAC (1979) but using 40 mg of lipase and adapted amounts

of substrate to achieve quantitative release of a, o -fatty acids.

The ethereal phase produced, containing the B-monoglyceride
and the free fatty acids was transferred into 50 ml conical
flask, 10 ml of 0.01% methanolic sodium hydroxide was
added and refluxed for 20 min at 75°C. The methyl ester of
[B-fatty acids formed was extracted with diethyl ether the soap
solution washed out with water.

B. At the a, o -positions: The free fatty acids released from

the o, o' -positions (¢, o -fatty acids) were recovered from
their soap solution and converted into methyl esters using
sulphuric acid as a catalyst.

C . Preparation of the methyl esters of the total fatty acids:
The alkali catalyzed transesterification method of IUPAC
(1979) was employed for preparation of FAME
triacylglycerol.

Data Processing:

Estimation of o, o -fatty acids:

The composition of o, o -fatty acids was estimated from
the relationship:

a. FA = 3/2 t.FA. - I/, B.FA

Where o.FA. is the estimated concentration of the fatty acid

at the o, o’ -positions of the triacylglycerol of the fat; t. FA. the
concentration of the same fatty acid in the total triacylglycerol

and PB.FA.its concentration at the B-position of the
triacylglycerol of the same fat. The differences between the

value of o..FA as estimated by formula (1) and as determined
by GLC analysis were less than 2%. Therefore, the estimated

o.FA was considered in all calculations.
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Calculation of factors:

The factors 1, 2 and 3 were ratios between the percentages
of each of myristic, palmitic and oleic acids at the B-and «,
o’ -positions of the triacylglycerols respectively.

% of the B-fatty acid (i)

ie. FCTG) =

% of the o, a-fatty acid (i)

Where i is an integer from 1 to 3 representing the three fatty
acids respectively.

(% of B-palmitic acid/ % of B-stearic acid)
FCT(4) =

(% of A, a--palmitic acid/ % of @, (‘L-stearic acid)

(% of B-palmitic acid/ % of B-oleic acid)

FCT(5) =
(% of o, a-palmitic acid/ % of @, (-oleic acid)

(Total % of B-C16 /~Total % of B-C18)
FCT(6) = :

(Total % of &, @-C16/ Total % of @, ¢t-C18)

(Total B-saturated / Total B-unsaturated)

FCT(7) =
(Total @, o-saturated / Total &, Ot-unsaturated)

Total B-C14 fatty acids
FCT(8) =

Total «, A-C14 fatty acids

Total B-saturated fatty acids
FCT(Q) =

Total @, 0 -saturated fatty acids

Total B-C16 fatty acids
FCT(10) =

Total o, a-C16 fatty acids

Total B-C18 fatty acids
FCT(11) = —

Total o, a-C18 fatty acids

Where total C14, total C16 and total C18 are the total
percentage of fatty acids with 14, 16 and 18 carbon atoms
respectively. Total saturated and total unsaturated are the total
concentration of the saturated and unsaturated fatty acids
respectively.

Computer program:

A computer program was written in "BASIC" to calculated
the different factors from the data of fatty acid distribution and
select the most significant ones. The output data of the
program were stored in a "LOTUS123" spread sheet and
printed as Tables (Tables from 1 to 8).
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RESULTS AND DISCUSSION

The composition of fatty acids of the total triacylglycerols

and at the B, «, o -positions of the tested fats is shown in
Tables (1, 2 and 3, respectively). In line with previous reports
(Mattson et al., 1964) the data of Tables 2 and 3 indicate that
there was a general tendency for myristic and palmitoleic

acids to be concentrated at the B-position of the
triacylglycerols while stearic acid was found esterified more

heavily at the o, o -positions. In lard, the concentration of
palmitic acid was specifically higher at the B-position (57.19%
- 68.69%) than at the @, o -positions (4.46% - 6-68%) while

oleic, linoleic and linolenic acids were lower at the B-position
(14.56 - 22.23,3.73 - 5.78 and 0.01 - 0.28% respectively) than

at the o, o -positions (48.96 - 70.26, 10.73 - 12.77, and 0.44 -
0.51% respectively). In the other tested fats, contrary to lard,

palmitic acid esterified predominately at the o, o-positions
(29.24 - 32.79 in tallow; 20.54 - 30.85 % in lamb fat and 29.8
- 34.98 % in goat fat while the concentration of oleic, linoleic

and linolenic acids were less at the ¢, & -positions than at the

B-position. It is also obvious from Table 1 that palmitic acid
level in the total triacylglycerols ranged from 2386. to 28.01%
in tallow, from 17.02 to 23.28% in lamb fat and from 24.17 to

27.28% in goat fat. At the B-position of the triacylglycerol the
percentage of palmitic acid varied from 8.4 to 18.47% in
tallow, from, from 8.12 to 9.98% in lamb fat and from 11.86
to 12.9 in goat fat. In general the data of Tables 1, 2 and 3
show that the fatty acid levels at the different positions of the
triacylglycerol have wide ranges within the same fat.

In previous work (Youssef et al. 1988) small amounts of
lard was detected in tallow using ratios based on the fatty acid
distribution in the triacylglycerols. The ratios used were

between the percentage of unsaturated fatty acids at B-position
and in the total triacylglycerol (unsaturation ratio), the division
product of the percentage of saturated by the unsaturated fatty

acids at the p-position (R2) and the ratio between the
percentage of fatty acids with 16 carbon atoms and 18 carbon

atoms at the P-position (R3). The same study also used
palmitic acid enrichment factor (PAEF) relating the

percentage of palmitic acid at B-position to its percentage in
the total triacylglycerol. Using the data obtained in the present
work the above ratios and factor were evaluated for pure fats
taken from different animal breeds (Table 5) and for
laboratory prepared blends of lard and tallow (Table 6). Fig.
(1) gives the graphical representation of the data of Table (6).
The x and y-axis represent the percentage of lard in the blend
and the corresponding value of the factor respectively. Table
(5) shows that the values of the factors number 1, 3 and 4 were
bigger for tallow than lard while the values of factor number 2
were smaller for tallow than lard. The lower limit of the range
of each of the three factors for tallow was extrapolated to
intersect with the x-axis at points LM, LM3 and LM4
indicate the minimum detectable level of lard in tallow by
factors 1, 3 and 4 respectively. For factor number 2 the point
LM2 was obtained by extrapolating the upper limit of its range
for tallow. It is obvious from the data presented in Table (5)
and (6) that PAEEF for fat blends containing up to 10% of lard
(0.32 - 0.62) laid within the range of this factor for pure tallow
(from 0.35 to 0.66). It is also clear from Fig. (1) point LM1
that the minimum detectable limit of lard by this factor is
12%. The unsaturation ratio for tallow covered the range 1.32

- 1.56 (Table 5) while in lard the values were from 0.43 to

0.50. The values of the same ratio in Table (6) and Fig. (1)




Table 1
Fatty acid composition in the total triacylglycerols of different fats

€e

Animal fat Fatty acid composition percent
C140 Cl41 c¢15.0 C15:1 c16:0 Cl16:1 Uknl Ukn2 CI17:0 CI7:1 (C18:0 C18:1 (182 C18:3 Others
Tallow Range From 244 03 g8 06 238 232 045 078 069 042 1196 3186 185 032  0.01
To 405 152 105 049 2801 525 077 176 227 182 2299 48.03 437 194 046
Average 373 088 59 019 2505 393 059 097 135 085 1598 4235 258 075 0.1
Lard Range From 167 01 g9 001 2204 144 001 007 026 021 603 3749 g3 03 00l
To 1.77  0.11 1.17 002 2742 399 0.04 01 047 045 2236 5425 1044 043 0.1
Average 1.69 011 o311 002 2587 312 003 008 041 031 123 4793 981 04 003
Sheep fat Range From 1.69  0.11 o5 016 1702 075 035 0.8 22 053 983 3339 209 001 001
To 395 143 173 038 2328 348 065 143 31 334 3788 4828 285 001 0.4
Average 262 056 99 028 2049 223 048 1.17 264 171 2202 4209 258 001 0.3
Goat fat Range From 389 059 076 029 2417 169 051 093 173 079 1468 3849 179 014 026
To 515 034 91 03 2728 332 063 099 193 158 2237 4187 219 015 033
Average 421 04 g 03 2601 294 055 095 177 123 1689 4091 201 015 03

The fatty acids Uknt and Ukn2 are unknown branshed chain saturated acids with 16 carbon atoms.
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Table 2
Fatty acid composition at the B-position of the triacylglycerols of different fats

Animal fat Fatty acid composition percent
Cl14:0 Ci14:1 (150 C15:1 cC16:0 Cl6:1 Uknl  ykn2 CI17:0 Ci7:1 C18:0 Ci18:1 (182 Cl83 Others
Tallow Range From 344  0.68 0.12 0.08 g4 406 0.03 027 024 073 462 48.18 2721 0.01 0.01
To 9.56 337 079 059 1847 793 038 1 1.59 2,55 972 63.18 72  0.65 0.01
Average 5.62 1.83 032 0.21 1199 573 0.19 062 0381 1.34 7.08 59.16 43 2.84 0.01
Lard Range From 397 001 0.1 0.01 57.19 196 0.05 0.05 042 028 296 1423 393 001 0.01
To 419 004 26 001 6869 623 009 007 054 071 544 2223 578 028  0.01
Average 418 002 ¢p1 001 6154 465 006 006 052 047 389 194 426 021 0.01
Sheep fat Range From 2.25 0.2 0.28 0.2 8.12 1.21 0.11 0.61 1.09  0.47 379 53.64 412 0.01 0.2
To 528 244 g 052 989 424 024 138 127 502 1515 6848 55 15 547
Average 356  1.16 053 037 9.11 2.7 0.17 103 119 253 907 61.08 4972 058 2
Goat fat Range From 484 038 045 032 118 262 0.14 059 071 124 592 59.28 333 03 0.39
To 587 094 0.46 033 129 477 0.2 064 087 263 10.19 6275 432 032 0.43
Average 499 0.56 0.46 0.33 1267 3.52 0.16 061 0.81 1.85 7.57 6114 372 031 0.42

The value of 0.01-was given to the undetected fatty acids
Uknl and Ukn? represent saturated branshed chain fatty acids with 16 carbon atoms.
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Table 3
Fatty acid composition at the o ¢"-position of the triacylglycerols of different fats

Animal fat Fatty acid composition percent

Cl140 C141 (150 CI51 C16:0 Cl6:1 Uknl Ukn2 CI7:0 C17:1 (C18:0 C18:1 (182 C18:3 Others

se

Tallow Range From 195 001 3¢ 00! 2924 134 05 072 09t 001 1546 237 o079 015 001
To 482 092 119 043 3279 442 113 25 258 169 2963 3922 259 291 04

Average 279 04 73 018 3158 3.02 078 1.4 161 061 2044 3395 (72 092 0.4

Lard Range From 0.53  0.14 001 001 446 1.18 0.01 008 018 0.18 7.57 4896 1037. 044 - 0.01
To 056 016 21 003 678 287 004 014 043 032 3082 7026 1277 051 001

Average 063 015 ¢33 002 613 223 003 011 036 03 202 5747 1139 047 001

Sheep fat ~ Range From 141 001 o9 014 2054 053 046 09 275 055 1286 2327 108 001 001
To 329 092 25 031 3085 31 085 145 402 251 4924 3817 161 001 02

Average 215 026 122 023 2618 2 063 1254 336 13 2849 3259 141 001 001

Goat fat Range From 3.41 041 09 027 298 122 066 1.08 223 056 1906 2809 102 006 0.19
To 479 032 113 028 3498 26 087 119 246 106 2846 3143 112 007 - 028

Average ‘ 434 035 197 107 3156 196 083 1.18 239 098 2501 3007 108 0.07 0.25

The value of 0.01 was given to the undetected fatty acids
The fatty acids Uknl and Ukn2 are unknown branshed chain saturated acids with 16 carbon atoms.

4LOY ¥ 'V pue qHAVH-NOIV 4 ' N 'V
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Table 4
Fatty acid distribution in the triacylglycerols of of mixtures of tallow and lard at different proportions.

Fatty acid composition percent

C14:0 Cl141 C15:0 Cl16:0 Cl6:1 C18:0 Cl18:1 C18:2 Cl18:3

100% ot 2.88 037 0.7 28.28 37 501 5397 424 034
Tallow o 2.5 02 086 3797 3.04 41 47.45 322 0.66
B 365 072 039 892 501 683 6701 6.27 1.2
3% t 242 055 123 2129 357 1377 5058 478  1.81
Lard o 206 049 154 2733 333 1731 4115 429 249
B 313 067 061 923 404 669 6943 576 044
5% t 229 037 081 19.04 317 1666 5246 4.65 057
Lard o 1.82 022 075 2261 246 2178 4566 4.08 0.63
B 322 068 093 1189 457 642 6606 578 045
10% t 234 033 079 2126 362 1352 5271 475  0.69
Lard o 212 023 098 2531 338 1697 4624 414 0.63
B 279 053 041 1315 409 662 6564 596 082
15% t 206 034 077 2029 332 1354 54.14 48 0.75
Lard . o 1.3 007 064 2273 241 1755 4944 494 091
B 358 087  1.03 1539 514 553 63.53 45 043
55% t 271 081 066 22.69 53 787 514 769 087
Lard a 1.86 051 074 1579 42 992 57.25 87 1.02
B 4.41 1.42 049 36.48 75 378 3971 565 057
70% t 224 055 045 2213 516 662 53.06 923 0.56
Lard a 1.18 025 046 11.92 378 834 6254 1094 059
B 437 1.14 043 4257 792 318 3412 579 0.49
85% t 206 046 059 2153 498 6.4 5352 991 055
Lard a 1.15 042 075 8.48 3.8  8.02 6482 1192 0.63
B 387 0.53 025 47.63 734 3.15 3093 5.9 0.4
90% t 181 023 0.6 21.77 467 584 5526 971 0.56
Lard a 073 011 008 759 315 727 687 11.73 0.64
B 396 048 032 50.12 7.69 3 2837 568 039
100% t 1.69 0.1 0.18 2223 402 6.08 5472 1053 044
Lard a 052 014 021 439 288 7.63 70.83 1287 0.52
B 402 0.01 0.1 5792 631 299 2251 585 028

t, o and B indicate the fatty acid composition at the total triacylglycerol, the 1 and 3-positions and the 2-position re-
spectively.
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point LM2 revealed that for up to 22% lard in tallow the value
of the unsaturation ratio was within the range for pure tallow.
Similarly the ratios (R2) and (R3) were not sensitive enough
for less than 47% and 24% respectively of lard in tallow
(points LM3) and LM4 of Fig. 1). It is evident therefore that
the ranges of the unsaturation ratio, (R3), (R3) and (PAEF) for
tallow were wide enough to accommodate about 12%, 22%,
47% and 24% respectively of lard in tallow without being
detected or give false detection of these levels of lard.

Table §
Detection factors for tallow and lard determined using the data
of Table 1 and formulae taken from the literature.

Tallow Lard
Factor
Range
From To Average From To Average

PAEF 0.35 0.65 047 251 2.61 2.59

Unsat.

ratio 1.28 1.53 1.4 039 0.41 0.4

R2 0.25 0.66 0.36 1.86 384 312
‘R3 0.36 025 203 295 257

0.17

* Youssef et al. (1988

In an attempt to improve the detection sensitivity of lard
from the fatty acid distribution in fats, different formulae

involving the levels of fatty acids at the B-position and «,

o -positions were proposed and evaluated for the analysed
fats. The formulae showing different specific values for the
different fats were chosen as fat detection criteria (factors
from F1 to F11 in Table 7 and 8). The division product of

palmitic / oleic acids ratio at B-position by this ratio at q,
o’ -positions (F5) in tallow covered narrow range of small

values from 0.15 to 0.31 compared with its big values in lard
(from 34.3 to 41.8). It is obvious also from the data of Table
(8) that for blend containing less than 4% of lard the value of
F5 (0.33) was more than the upper limit of its range for tallow
(point no. mS in Fig. 2). The factor F5 was therefore, sensitive
to detect 4% of lard in tallow. The other factor in Table (8)
showed variable degree of specificity for the different fats and
different detection limits. The values of F7 for tallow covered
the range from 0.2 to 0.35 while it was ranging from 6.15 to
12.73 for lard. Fig. (4) indicates that (F7) had minimum
detection limit of 8% of lard in tallow. The value of F6 for
tallow was ranging from 0.27 to 0.55 while in lard it covered
the range from 10.22 to 13.55 and according to Table (8) it
was possible to detect about 11% of lard in tallow by this
factor. Figs. (2) and (5) also show that F2, F10 and F11
enabled minimum detection limits of 10%, 9% and 4% of lard
respectively. On the other hand the factor F1 was highly
specific for lard. Its values for the analyzed lard samples were
almost the same (from 7.6 to 7.7) while for tallow it was
ranging from 1.35 to 2.55. Similar specificity for lard was
shown by F3, F8 and F10 (Tables 7 and 8), where they ranged
from 0.30 to 0.32, from 5.56 to 5.88 and from 8.84 to 8.95
respectively and they were able to detect about 1% to tallow in
lard. The values of the same factors covered wider ranges fro
tallow (1.48 - 2.07, 1.52-3.81 and 0.39 - 0.65 respectively)
and according to the data of Table 7 and 8 F3 and F8 were
able to detect about 6% and 12% respectively of lard in tallow.

Quantification of lard in blends containing lard and tallow
was achieved using Figs. (2, 3, 4 & 5). The values of the

factors were calculated using the fatty acid compositional data

at B-position and o,o -positions, obtained by analysis. The
percentage of lard in the blend is then given by the mean value
of the percentages of lard at the x-axis corresponding to the
calculated values of the factors. At present a computer
programme is being written for quantitative determination of
the fat constituents of blends from the data of fatty acid
distribution at the triacylglycerols.

Table 6
Detection factors calculated using the data of Table (4) and formulae taken from the literature*

Percentage of lard in tallow.

formula 0 3 5 10 15 55 70 85 90 100
1 0.35 0.43 0.62 0.62 0.76 1.61 1.92 2.21 2.3 2.61
2 1.39 1.37 1.26 1.24 1.17 0.77 0.64 0.58 0.51 0.41
3 0.25 0.24 0.28 0.29 0.34 0.82 1.02 1.22 135 1.86
4 0.17 0.16 0.21 0.22 0.28 0.88 1.16 1.36 1.54 1.7

* The formulae (1, 2, 3 and 4) were taken from the work of Youssef er al. (1988)
Formula 1 = percentage of palmitic acid at the 2-position/its percentage in the total triacylglycerol.

Formula 2 = Percentage of unsaturated fatty acid at B-position/total triglycerides

Formula 3 = Total sum of saturated / unsaturated fatty acids at the [3-position
Formula 4 = Total sum of fatty acids with 16 carbon atoms/total sum of fatty acids with 18 carbon atoms at the B-position
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Detection factors calculated using the formulae pr(ri)?)l;:a(EiZn the data processing method for a number of fats.
Tallow Lard Sheep fat Goat fat
Factor Range Range Range Range
From To Avg. From To Avg. From To Avg. From To Avg.
F1 1.35 2.55 2.01 7.6 7.74 7.71 1.58 1.95 1.71 1.2 1.4 1.3
F2 0.27 0.56 0.38 1022 1329 1201 0.26 0.51 0.37 0.34 0.43 0.42
F3 1.48 2.07 1.74 0.3 0.32 0.31 1.67 2.52 1.98 1.97 2.06 2.04
F4 0.74 1.72 1.11 33.81 57.86 38.84 0.98 1.58 1.14 1.09 1.21 1.14
F5 0.15 0.31 0.22 3431  41.78  39.53 0.16 0.2 0.18 0.17 0.21 0.19
Fé6 0.27 0.56 0.38 1022 13.24 1272 0.26 0.51 ERR 0.34 0.43 0.41
F7 0.2 0.35 0.25 6.15 12.69 10.22 0.15 0.21 0.19 0.2 0.21 0.21
F8 1.52 2.63 2.21 5.88 6.09 6.01 1.64 2.88 2.11 1.2 1.49 1.41
F9 0.36 0.56 0.44 2.07 5.09 4.12 0.36 0.42 0.39 0.39 0.45 0.41
F10 0.39 0.65 0.51 8.88 8.95 8.92 0.36 0.56 0.44 0.44 0.49 0.46
F11 1.12 1.33 1.23 0.26 0.34 0.32 1.09 1.39 1.25 1.26 1.38 1.35
Table 8
Detection factors for blends of lard and tallow at different proportions.
Percentage of lard in the blend.
Factor 0 3 §) 10 15 55 70 85 90 100
F1 1.78 1.52 1.77 1.32 2.75 2.38 3.71 3.37 5.42 7.7
F2 0.27 0.34 0.53 0.52 0.68 2.31 3.57 5.62 6.6 13.2
F3 1.72 1.69 1.45 1.42 1.29 0.69 0.55 0.48 0.41 0.32
F4 0.74 0.87 1.79 1.33 2.15 6.07 9.38 14.28 16.01 33.61
F5 0.15 0.2 0.36 0.37 0.53 333 16.55 11.77 15.99 41.53
F6 0.27 0.34 0.53 0.52 0.68 2.31 3.57 5.61 6.6 13.15
F7 0.2 0.26 0.33 0.36 0.47 2.08 3.65 5.4 7.25 12.73
F8 2 1.49 1.91 1.41 3.23 2.46 3.85 2.8 5.29 6.06
F9 0.36 0.41 0.48 0.51 0.6 1.59 2.31 2.98 3.66 5.1
F10 0.39 0.43 0.66 0.6 0.82 2.2 3.22 4.47 5.38 8.84
F11 1.33 1.26 1.09 1.16 1.02 0.65 0.53 0.47 0.42 0.33
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