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A revision of European Union's total feed ban on animal proteins in feed will need robust 9 quantification methods, especially for control analyses, if tolerance levels are to be 10 introduced, as for fishmeal in ruminant feed. In 2006, a study conducted by the Community 11 Reference Laboratory for Animal Proteins in feedstuffs (CRL-AP) demonstrated the 12 deficiency of the official quantification method based on light microscopy. The study 13 concluded that the method had to be revised. This paper puts forward an improved 14 quantification method based on three elements: (1) the preparation of permanent slides with 15 an optical adhesive preserving all morphological markers of bones necessary for accurate 16 identification and precision counting, (2) the use of a counting grid eyepiece reticle and (3) 17 new definitions for correction factors for the estimated portions of animal particles in the 18 sediment. This revised quantification method was tested on feeds adulterated at different 19 levels with bovine meat and bone meal (MBM) and fishmeal, and it proved to be effortless to 20 apply. The results obtained were very close to the expected values of contamination levels 21 for both types of adulteration (MBM or fishmeal). Calculated values were not only replicable, 22

but also reproducible. The advantages of the new approach, including the benefits of the 23 optical adhesive used for permanent slide mounting and the experimental conditions that 24 need to be met to implement the new method correctly, are discussed.

The sedimentation was carried out with 10 g (accurate at 0.01 g) of sample material 89 (W). The recovered sediment was dried in the oven at 50-90°C. It was then weighed 90 (unstained sediment weight, S) at a precision of 1 mg and stained with Alizarin Red solution.

91

The stained sediment was allowed to dry and was then weighed (stained sediment weight, 92 Ss) at a precision of 1 mg. Having obtained Ss, the sediment was sieved using a 250 µm 93 mesh sieve. The two sediment fractions obtained, fine (< 250 µm) and coarse (> 250 µm), 94 were mounted separately on microscope slides. Classical slides were used for the fine 95 sieved fraction and hollow slides for the coarse fraction.

96 Slide mounting and observation 97 Permanent microscope slides were prepared with Norland Optical Adhesive 65 (Norland 98 Products, Cranbury, USA) which has a viscosity of 1200 cps at 25°C, refractive index after 99 curing n = 1.524. A few drops of resin were poured onto a slide, and then some sediment 100 was put on the resin using a spatula. The sediment was gently stirred to spread it uniformly 101 over the resin deposit and then a coverglass was immediately placed on the slide, which was 102 directly placed for curing under a UV source at 365 nm for at least 2 minutes.

103

The slides were examined using a Carl Zeiss Axio Imager A1 under conventional 104 transmitted bright-field light microscopy. All countings were done at a magnification of 100x. The counting area was the grid square with the crosses (Figure 1); the remaining 116 part of the field was not taken into consideration. Depending on the need for a dimensionless 117 reference [START_REF] Howard | Unbiased Stereology[END_REF] for point counting, a zero-dimension point was 118 associated with each cross on the grid (Figure 1). This required close examination using the 119 correct Kölher illumination (i.e. proper alignment of incident light by adjustment of the 120 condenser height) and a sharp focus on each particle limit before deciding whether a cross 121 hit could be considered.

122

Various numbers (cf. Experiments sub-section) of randomized fields per slide were 123 used for grid counting. In order to achieve randomization, the fields were selected blind by 124 going through a slide along the X and Y axes without looking into the eyepieces. For each 125 field, the following counts were reported: the number of fish particle counts (Fc), the number 126 of terrestrial animal particle counts (Tc) and the number of particle counts from other nature 127 (Oc). The randomized fields without any particles were not considered as effectively only 128 ratios from one type of counts over the others are relevant. Theoretical relative precision of 129 grid counting (over all fields of all slides), expressed in percent, was estimated by the 3) 230 confirmed that the component of variance was mainly residual rather than linked to 231 differences between analysts (r=R for 5 g kg -1 MBM and r=0.85R for 10 g kg -1 MBM).

232

The mean amount of stained sediment recovered from the weight of the sample 233 material (Ss/W) ranged from 7.53 to 8.28 mg g -1 and showed CV inferior to 15% for both 234 adulterated feeds.

235

The c values showed CV inferior to 30% for both MBM contents. For a same level 236 of MBM adulteration no significant differences or trends between analysts could be detected 237 for the c values (Table3). This was confirmed by the repeatability and intralaboratory 238 reproducibility found for c values. R and r were almost equals (r=R for 5 g kg -1 MBM and 239 r=0.83R for 10 g kg -1 MBM) thus illustrating the absence of differences among analysts.

240

The data of the second experiment with fish adulterated feeds are summarized in 241 Table 2.

242

The mean calculated fish contents were close to the expected values of 4 g kg -1 and 243 10 g kg -1 . Excluding 4 g kg -1 fish from analyst 1, a slight overall underestimation was 244 observed for both percentages of adulteration. With the exception of 10 g kg -1 fish content 245 from analyst 2, SEM were in the same range (from 0.28 mg g -1 to 0.44 mg g -1 ). In no cases 246 CV for the calculated fish contents exceeded 30%. Higher values of CV were observed for 247 analyst 2 for both fish content estimations. Nevertheless only estimations of the 4g kg -1 fish 248 differed significantly among analysts (Table 3). Equality of repeatability and intralaboratory 249 reproducibility (Table 3) revealed that component of variance was strictly residual for the 10 g 250 kg -1 fish content. This was not the case for the 4 g kg -1 fish content: the differences between 251 analysts impacted on the reproducibility (r=0.48R).

252

The mean amounts of stained sediment were similar (16.79 mg g -1 and 16.88 mg g - 253 1

) for both fish-containing feeds and CV were much reduced. 3) reflected the variability observed for the mean calculated fish content: no 256 differences at 10 g kg -1 fish and significant differences at 4 g kg -1 fish. As for the estimated 257 fish content, equality of repeatability and intralaboratory reproducibility for d (Table 3) was 258 noted for the 10 g kg -1 fish content while differences between analysts influenced for half of 259 the reproducibility (r=0.50R) for the 4 g kg -1 fish.

260

For both experiments relative standard deviations for the repeatability (RSD r ) and 261 reproducibility (RSD R ) were inferior to 30% (Table 4) except for the RSD R for the 4 g kg -1 fish. Finally, according to the manufacturer's data on the resin properties for spectral 278 transmission, it is possible to use the same permanent slides for analysis by infrared 279 spectroscopy (tests are in progress). This is very attractive as it would enable the 280 identification of the same material, even the same particles, to be made using two 281 complementary methods. For all these reasons, this type of permanent slide mounting is 282 strongly recommended.

283

Grid counting was easy to apply. Only a short adaptation period -a few hours -284 was required before an analyst was able to start quantification by grid counting. A Köhler 285 illumination and sharp focusing at the margins of particles are critical for accurate counting.

286

This was so particularly for grid counting on hollow slides for the coarse (>250 µm) fraction 287 particles. Not doing this could lead to an overestimation bias [START_REF] Howard | Unbiased Stereology[END_REF]. Also facilitates the counting process. However, with this grid a minimum number of fields have to 291 be examined in order to reach an acceptable level of precision, while continuing to ensure 292 probe independence [START_REF] Howard | Unbiased Stereology[END_REF]. Results (Figure 2) showed that 30 fields over 293 six slides were enough to get a counting precision above 96% under the defined 294 experimental conditions. A higher counting precision (e.g. 98.5% obtained by analysing 180 295 fields -as for the second experiment with fish adulteration) did not improve the values for 296 RSD r and RSD R . Analysing more fields would therefore not add useful information and 297 should not be done when the density of material on the slides enables achieving a mean of 298 25 counts per field. In this way, the density of material deposit is likely to be crucial: too little 299 material would lead to an increased number of fields to count, while too much material would 300 require difficult and inaccurate eye counting. Special attention should therefore be taken in 301 slide preparation in order to reach the adequate balance between an acceptable amount of 302 particles and effortless grid counting. In addition, the small sample sub-portions placed on 303 the slides should be as representative as possible of the whole sediment. This is especially 304 true when using the formulae for estimating c and d. If this representative homogeneity 305 cannot be achieved, the only alternative would be to prepare slides from the whole sediment.

306

The formulae used for estimating c and d are easy to implement as they are a 307 simple ratio calculations: counts from a given particle nature over the sum of all counts. The 308 values obtained for these two factors are repeatable and generally reproducible. It is worth 309 noting that, on one exception, repeatability and intralaboratory reproducibility for c (and d)

310
were almost equals (Table 3). Thus it can be concluded that variance components for c and values is likely to be observed. However, further studies are needed to verify this hypothesis.

333

As a concluding remark, it must be emphasized that the proposed protocol more 334 appropriately estimates on a well standardized way contents of PAPs in feed rather than 335 quantifying it sensu stricto. Effectively as mentioned in EC 152/2009 regulation, the value of 336 bone content, the f factor, varies among different PAPs depending on the processing ways, 337 but also the origin of the animal remains being used for obtaining PAPs. By fixing values of f 338 for terrestrial and fish meals, we intended to get free from this unknown variability. Results 339 obtained from the feeds adulterated with MBM (with a bone content of 830 g kg -1 , or a f of 340 0.83) showed there was no overestimations of PAPs content as it had logically be expected 341 by using a formula with a f fixed to 0.4. Thus the proposed protocol succeeds to circumvent 342 this difficulty although the accurate reason is still poorly understood. It cannot be excluded ). 
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For each slide, five random fields were observed. Nb = number; Ss/W = stained sediment weight over weight of sample material used for the sedimentation; c = c factor; SEM = standard error of mean; CV = coefficient of variation. ). 
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  based on point counting (Russ 2005; Howard and Reed 2005) and 114 carried out as described here. 115

  bones and others) per field. Figure2illustrates the influence of the number of 134 fields and the average number of total counts on the final relative precision of the counting.135 As a rule the average number of total particle counts (bones and others) per field was 136 decided to be fixed above a mean of 25. According to Russ (2005) special attention was 137 independence of sample probing. Hence in order to reach the adequate 138 number of fields allowing an appropriate relative counting precision, the following strategy 139 was used. As from stained sediment only a minute amount of material is required for 140 preparing a slide, it was chosen to increase the number of slides while keeping the number 141 of random fields per slide limited. This forced the analysts to observe a more representative 142 fraction of the sediment. This was preferred upon the option of increasing the number of 143 fields per slide up to reaching an acceptable level of relative counting precision but on the estimated constituents of animal constituents were revised versions of 147 the formulae described in the EC 152/2009 regulation. 148 The first computation required was the estimation of the portion of terrestrial bones 149 (or fish bones and scale fragments) in the stained sediment (the c or d factors, respectively). 150 The formulae used for estimating the c and d factors were based on the number of different 151 types of counts measured over all slides: The analyst (ANA) corresponded to the factor studied and significance 187 was declared if P<0.05 and trends expressed if P<0.10. 188 Variance components between analysts and error variance components have been 189 estimated, from these analyses of variance, to evaluate repeatability (r) and intralaboratory 190 reproducibility -or intermediate precision (R) (ISO 5725-2). Standard deviation of 191 repeatability (S r ) is equal to the square root of the error mean square (MS error ): is the mean square among analysts and n the number of replicates. 196 Standard deviation of reproducibility (s R ) is equal to the square root of the with results from Veys and Baeten (2007), relative 200 standard deviations for the repeatability (RSD r ) and intralaboratory reproducibility (RSD R ) 201 were calculated according to McClure and Lee (2003). the Norland Optical Adhesive 65 at room temperature is almost equivalent to 205 that of pure glycerol (ca. 1490 cps) which is one of the mounting media recommended in EC 206 152/2009 regulation. This high viscosity prevents the mounting medium from entering the 207 lacunae of the osteocytes. These appeared as mostly black structures when observed under 208 a bright field microscope and thus facilitated the diagnosis of the bone fragments (Figure 3). 209 The resin also preserved the visualisation of the faint network of canaliculi (Figure 3, 210 arrowheads) which usually fade over time when mounted using glycerol or paraffin oil 211 (Figures 4A and 4B). The UV curing process was rapid and did not generate a noteworthy 212 transient decrease in viscosity that would have allowed the resin to penetrate the bone 213 lacunae. The prepared slides were permanent and could be stored in boxes. No alteration 214 such as resin shrinking, development of air bubbles, or modification of the colour of the 215 stained particles was observed over a 12-month period. In addition, the Norland Optical . This held true for both MBM containing feeds. The values for the 229 repeatability (r) and the intralaboratory reproducibility (R) for the MBM content (Table

  d values had CV below 30%. The variability of d between analysts 255 (Table

  65 was shown to be very suitable for permanent slide preparation 264 from sediment material. The physical properties of the resin, such as its viscosity and its high 265 refractive index after curing, allow not only good visibility of the bone lacunae and other 266 sediment structures, but also facilitate other light microscopy analyses, such as differential 267 interferential contrast. The rapid UV curing is interesting when compared with other high 268 viscosity resins, because a great number of slides can be prepared at once and are then 269 almost immediately available for observation. This study showed the stability of Norland 270 Optical Adhesive 65 slides over time. The durability of these slides is a real advantage; for 271 example, it allows the results to be confirmed within a laboratory by different operators at 272 different times. In the case of counter analysis, the same suspect bone particles can be 273 analyzed by different laboratories. This possibility is an added value when compared with the 274 analyses of pictures that are limited to a single focus depth. The only minor limitation we 275 experienced with the resin use concerned its reactivity with UV, which generates a 276 background autofluorescence when exited under fluorescence microscopy at a of 365 nm.
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  288of importance is the randomised field selection which is needed to obtain an unbiased 289 the sediment. According to Russ (2005), a sparse grid (10x10) 290
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  are mainly residual and not linked to the analysts. The methods for estimating c and d are 312 thus reliable. Interestingly in this study, the smallest values of CV were detected for the 313 stained sediment amounts recovered after sedimentation and staining. This was already 314 noted by Veys and Baeten (2007) who presumed that sedimentation followed by Alizarin Red 315 staining was a limited source of variability. This all indicates that the final estimation of 316 constituents from animal origin in feed would eventually be more influenced by the estimation 317 c and d than by another factor -f being fixed. For that reason, the accurate definition for 318 the computation of c and d, as proposed in this study, is required if there is to be any 319 improvement in the quantification method based on the EC 152/2009 regulation. 320 Comparing the RSD R obtained in this study with those from the CRL-AP 321 Interlaboratory Study 2006 (Veys and Baeten 2007) emphasizes the improvements 322 supported by the present method. RSD R from the earlier study ranged from 85% (best 323 result) to 116% (worst result) for feeds adulterated with 10 g kg -1 fish meals. Those past 324 values of RSD R were calculated by robust statistics that are known to already attenuate 325 extreme values (von Holst and Alder 2005). Based on the proposed enhancements, the 326 current RSD R obtained without robust statistics are several-times better, even for the 4 g kg -1 327 fish containing feed presenting a RSD R of 45%. 328 The CRL-AP Interlaboratory Study 2006 (Veys and Baeten 2007) also showed a 329 generalised major overestimation for the final estimations of constituents of animal origin. In 330 the present study, apart from the results for the 5 g kg -1 MBM content, no overall 331 overestimation was demonstrated. On the contrary, a minor underestimation of the expected 332
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 39334 Figure 3. Bovine bone particle from a sediment stained with Alizarin Red, mounted in

  sediment For each slide, 18 random fields were observed (= 6 fields/slide x 3 repetitions). Nb = number; Ss/W = stained sediment weight over weight of sample material used for the sedimentation; c = c factor; SEM = standard error of mean; CV = coefficient of variation

  

Table 1 .

 1 Quantification results of feed material adulterated with bovine MBM (at 5 g kg -1 and 10 g kg

-1

-1 Bovine MBM

  

					analyst 1		analyst 2
	Replicate	Nb slides (<250 µm + >250 µm)	Ss/W (mg g -1 )	c	MBM content (mg g -1 )	c	MBM content (mg g -1 )
	1	6 (3+3)	7.49	0.29	5.51	0.36	6.76
	2	6 (3+3)	7.59	0.26	5.00	0.24	4.46
	3	6 (3+3)	8.99	0.38	8.58	0.30	6.75
	4	6 (3+3)	7.60	0.30	5.71	0.36	6.84
	5	6 (3+3)	6.00	0.24	3.59	0.29	4.32
	Mean		7.53	0.30	5.68	0.31	5.83
	SEM		0.47	0.02	0.81	0.02	0.59
	CV(%)		14.06	18.19	32.03	17.21	22.48
			10 g kg -1 Bovine MBM		
					analyst 1		analyst 2
	Replicate	Nb slides (<250 µm + >250 µm)	Ss/W (mg g -1 )	c	MBM content (mg g -1 )	c	MBM content (mg g -1 )
	1	6 (3+3)	7.88	0.55	10.89	0.34	6.79
	2	6 (3+3)	7.39	0.40	7.30	0.43	7.95
	3	6 (3+3)	9.16	0.47	10.69	0.27	6.29
	4	6 (3+3)	9.19	0.46	10.52	0.45	10.42
	5	6 (3+3)	7.77	0.50	9.64	0.46	9.01
	Mean		8.28	0.47	9.81	0.39	8.09
	SEM		0.38	0.03	0.66	0.04	0.75
	CV(%)		10.17	12.12	15.08	20.68	

Table 2 .

 2 Quantification results of feed material adulterated with fishmeal (at 4 g kg -1 and 10 g kg

-1

Table 3 .

 3 Repeatability and intralaboratory reproducibility on the final estimation of MBM and fish content and the estimation of c and d.

		MBM or Fish content		c or d
		P	r	R	P	r	R
	5 g kg -1 MBM	0.886 4.391	4.391 a	0.710 0.148 0.148 a
	10 g kg -1 MBM	0.124 4.380	5.166	0.108 0.195 0.235
	4 g kg -1 Fish	0.003 2.084	4.363	0.004 0.013 0.026
	10 g kg -1 Fish	0.559 4.682	4.682 a	0.533 0.027 0.027 a
	a values of R=r, because 2 ANA s	= 0			
	P = Probability F-obs. >F-crit.; r = repeatability (among analysts); R = intralaboratory
	reproducibility					

Table 4 .

 4 Repeatability and intralaboratory reproducibility relative standard deviations on the final estimations on the MBM and fish content.

	Page 29 of 29		
		RSD r (%)	RSD R (%)
	5 g kg -1 MBM	27.55	27.55 a
	10 g kg -1 MBM	17.67	20.84
	4 g kg -1 Fish	21.69	45.42
	10 g kg -1 Fish	19.18	19.18 a
	a values of RSD R =RSD r as 2 ANA s	= 0
	RSD r = repeatability relative standard deviation; RSD R = intralaboratory reproducibility relative
	standard deviation		
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