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10 19 0.1875 20 - 0.199 19 0.1225 20 0.1745
11 21 0.18 22 0.186 21 . 0.1385 22 0.177°
12 23 0.1875 24 0.1895 23 24 0.1955
I3 25 0.1985 26 0.1755 25 26 01885
14 i) 0.18 28 . 27 28 0184

EiE 0.182 _ 0.180 0.143 0.181

PR 0.013 0.012 0.011 0.012

TREAW 7251 " 6.692 . 7.664 6.549
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RF-#i% AR
4mins , 3 mins
Fm Eipid _ B
1 1 0.1165 ;. 0213 1 91
2 3 0.1075 4 0.2065 3 98
3 5 «0.115 6 0.2285 5 91
4 7 0.124 8 0.2355 7 80
5 9 0.117 10 0.2035 9 91
6 11 0.1265 12 0.2225 11 67
7 13 0.124 . 14 0.224 13 97
8 15 012 . 16 0.2005 15 13
9 - 17 0.1245 18 0.205 17 38
10 19 0.1195 20 0.2065 19 95
Il 21 0.132 22 0.2155 21 83
12 23 24 0217 23 103
13 25 0.1335 26 0.197 25 98
14 27 0.1225 28 27 75
15 0.227
16 0.2275
17 0.1975
SEIE 0.122 0214 90.714
PR . 0.007 0.011 11.776
R RE 5.764 . 5.168
CV%(HIR) _ 12.982
CV%IEER{E 9.524
R , 19.87
LS : 6.70%

i 1 W41, RF-B7EEME=ABAY 2 KESEETFRRRE, 3 ML, Be
BERMETIS, DURS 4 HEHBIF, P 5 WE 3 S H AR NESREN, B
BFH5, &RE-E FENELER S, ERFFMNESHESLRES 20025 KZE,
BREESE. | ' | |



R — . _.
=2 ﬁ.ﬁﬂﬂ@&'ﬂ*}fﬁﬂﬂiﬁ& (B RF &, FEEMIEEE) MEREKE— QHREAHD
RSt [E 2.5 min 3.5 min 4.5 min

Wil RF F  Salt RF . F Salt RF F  Salt
(ABS) No. %  (ABS) No. %  (ABS) No. %

Spots. inside
the mixer
1 0229 72 1.87 0.187 69 1.94 0.162 67 1.85
2 0.1815 78 1.69 0.174 68 1.98 0.1965 84 231
3 0.184 70 1.98 0170 71 1.79 01771 77 1.69
4 0.1865 94 1.83 0185 63 2.11 0.207 77 1.97
5 0.1475 89 234  0.1675 85 205 0.1855 70 1.87
6 0.150 1.92 0.200 82 196 0.1865 67 2.07
7 0.1595 68 221 0217 85 1.76  0.181 57 1.91
8 0.1995 , 82 .79 - 0.1925 77 213 01775 63 1.99
9 0.1455 36 1.99 0215 69 1.97 0.2135 82 2.03
10 0.151 65 2.07 0.198 77 1.85 02105 79 1.78

FEEME 0734 7267 197 01906 746 195 0.1897 723 1.94
PR 0.0275 1685 0.1966 0.0174 7.72 0.1252 00167 8.83 0.1503

ETREH 1587 2318 998 9.12 1035 641 883 1221 7.76

MRE 3 2 ERTA, 3. 5min # 4. 5min BAHEHENS, EEYWESHE
A 3min, JBEZE 4.5min, OV RWFE, F-40iE, RF-REME R R S R A —5,
RIMERER, BAMEL 4 5nin BEF, M RF-BH F-40H0 dnin BEAE, OV BRE,
ZROTENRR SRS T, RE LR ER, PN RE-EEOR0 SR BT
fla

AR TETERRBEERSENRE, :ﬁﬁmﬁAﬁéﬁ%ﬁ%ﬁiﬁﬂmé}ﬁo ,
e MR &L PR & B — VBT IHE A B4R, ESTRr=ch 19 R 4 FEZ A AT RE e
P2 VF 2K HIAESE . BTG, BREAS (OV) REBREEIE ST R 4T, W1cher
M1 Pool (1991) £, " kb FIE ¥ BERASHIERL ™ 5080 CV B35 4T3 24 s kvt Ro g e
BHITENRATE, & EIREMRATEER CV 35 5-10%, £ E&MEI OV NEE 5%, H
X BT YR R D, TR OV BARAEIE 5%, Wicher F Pool (1991) BT A
RIS 100 AIR-AHLAGIEAE, BRI 40-50%BANLIRA IR 2 R4, FHIEHA
BEBHAREESRE. BEERE. REEUEERASRELGER.

HATREREHRIITERE, SREAYEE. BOPET. Rk, WS
WU LSS (Pfost, 1976; #EM, 2001), —MiHick, XU ikeRibgss. HMEx
FNGYWER R RED RO TRERFOFIE, BL, RROSAAIEEE Ny 2E, &
ST, BATRGEANRRERR TR EHIETANE, TRE N E R ST
TERA LS, _ ‘

R RERANEE — LA, (1) T R R A A B LR e A e R
B, (2) HRMEREFREETE LR BN NEERRS SRS, It MSD
Agvet 7 Nicarbazin TR “HHE" 7 ~Erdl, 3£ Hoechst 2 Fl7EHER M5 TRRE
Stenorol FFIIA “HEERIE” RERM. Lilly 1 Pfizer 247 A B HoAth— 25 A A B 2E 25 TR A o
TR ERER . (3) BFBRIE RIS B AE A . 1, RF-Se-4% 270 M6 py i,
AT PR AR AR s in B BB el b, MBS TR h S B, DRI EE,
BT LR L rp i A ﬁ%ﬁﬂﬁm%&aﬁﬁﬁ%ﬁ%mﬁﬁg '
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Application study of Microtraces

on homogeneity measurement of feed
Yang shuming' Tian heshan' Yucheng® Yang junhong® David Einsenberg *

Proper mixing is essential for high—quality feed products in feed
processing. Optimummixing period must be determined for the mixers in feed
mills. If the performance of the mixer is not good enough, it will directly
affect the quality of feeds and cause microingredients uneven. Not mixing
uniform make the user loss in economy and much drugs or feed additives
residue in animal and poultry products.

For improving quality of products and reducing the cost of production
and heighten competence of products, it is necessary to routinely or
periodically test the effectiveness of mixers and determine the proper
mixing time economically and ethically.

Feed manufacturers often test mixing equipment by analyzing their feed
for one or more nutrients (or medications) normally present in the feed
or by adding a “tracer” specifically for the test. For all of routine
nutrients and vitamins except drug and Microtracer™ assays, results may
be confused by background “noise” where the nutrient is contributed to the
feed from more than one source. If many feed ingredients contain protein
(or salt) at significant levels, then the feed could appear well mixed even
if no mixing occurred. If an analytical method (i.e. for drug assays)
yields results badly, this can hardly be used to test mixing.
Microtracers™ offer an excellent mechanism for testing mixing because:
1. Microtracer analyses have little analytical error. 2. Background “noise”
does not interfere with results. 3. Cost per analysis is very low and
several different tracers can be tested in the same procedure, This allows
evaluation of several mixing times or microingredient addition locations
in one test. 4. Testing can be performed “on the spot” allowing immediate
evaluation of results and further testing the same day. This is because
testing is quick and needs less equipment and chemical reagent.

Material and method

F-Microtracers are a uniform steel grit and FD&C Food Dye coated
product. These particles are Magnetically Retrievable with a guaranteed
particle count of between 22 to 32 particles per milligram. Many colors
available. They are “harmless markers” may be used to determine mixing
quality of complete feed. F-Microtracers is to denote vitamins, minerals
and medication added to the feed.

Note 1: National Centre for Quality supervision and test of feed; 2: Beijing Chiatai feed limited

company: 3: Beijing Hualuo feed limited company; 4: Microtracer company .
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TRACER ADDITION

1. Microtracers F (colored iron particles) are usually added at 50 grams
of tracer per ton of mix, (i.e. 100 grams of a Red tracer may be added to
a two ton batch) '

2. This tracer should be premixed in 250 grams of carrier (i. e. ground corn,
salt etc) before adding the tracer to the mix.

3. The tracer can be added to the mix at the same time and location as a
“hand added” vitamin or medication. Alternately, tracer can be
incorporated in a vitamin premix (or a medicated premix) and added to feed
via a computerized micro-ingredient addition system

4. A second tracer can be added to the test batch one minute after the first
tracer or at a second location. This will yield a second series of
information from-<the same test.

SAMPLING THE FEED BATCH

(1) TIdeally, one takes "grab” samples from the mixer either at spaced
intervals during the mix or on completion of the mix.

(2) Samples should weigh at least 250 grams. and must be “grab” and not
composites, for composite sampling tells nothing about mixing quality.

(3) If one cannot take samples from the mixer, then take them as near
the mixer in the production system as possible. Often, the most feasible
location is from a screw conveyer leading from the surge bin.

(4) If one samples from a mixer, one should take at least three samples,
one from the middle and one from each end. If one samples from the screw
conveyer after the surge bin, one should take at least five and preferably
ten samples from spaced portions of the mix discharge.

(5) One may also want to sample from the following batch of feed to
determine batch to batch tracer “carryover”.

MICROTRACER ANALYSES

(1) Microtracers F (colored uniformly sized iron particles) are removed
from sub-samples (usually 80 grams) of each sample taken from the
batch utilizing a “Rotary Detector” magnetic separator.

(2) These particles are transferred to a weigh scoop, demagnetized using
a bulk tape eraser and then sprinkled on a large (i.e. 15 to 24 cm
Whatman #1) filter paper moistened with a 60% ethanol solution,

(3) When spots begin to develqp, one transfers the paper to a pre-heated
hot plate or oven and dries it.

(4)  When the paper is dry, one marks it for identification and then counts
all the particles.

INTERPRETING -MICROTRACER RESULTS

One interprets Microtracer mixer testing results utilizing Poisson
Statistics and related chi-squared calculations and tables.

If a mix is “complete” or “perfect”, Microtracer counts will exhibit
variability characteristic of a Poisson Statistical Distribution. If
Microtracer counts are more variable than one would expect from a Poisson



Distribution, one concludes the mix is not complete

Results and discussion

Part A
Tablel: The comparison of testing mixing homogeneity of a
three—tonne-mixer with RF-blue and F-red with 2.5mins, 3mins and 4mins

mixing
Test ,
mothed - RF-blue
2. bmins 3mins
samples odd even odd even
1 1 0.19 2 0. 186 1 0. 1535 2 0. 1895
2 3 0. 2025 4 0. 168 3 0. 1515 4 0.195
3 5 0.1675 6 0. 1525 5 0. 147 6 0. 1865
4 7 0.175 8 7 0.15 8 0.1765
5 9 0.185 . 10 0.1815 9 0. 1425 10 0. 165
6 11 0. 155 12 0.182 11 0.149 12 0.191
7 13 14 0.1795 13 0. 153 14 0.181
8 15 0.1895 16 0.18 15 0.1245 16 0. 1705
9 17 0. 1675 18 17 0. 1375 18 0. 1545
10 19 0. 1875 20 0. 199 19 0.1225 20 0.1745
11 21 0.18 22 0. 186 21 0. 1385 22 0.177
12 23 0. 1875 24 0. 1895 23 24 0.1955
13 25 0. 1985 26  0.1755 25 26 0. 1885
14 27 0.18 28 27 28 0.184
X 0,182 0.180 0. 143 0.181:
sD 0. 013 0.012 0.011 0.012

CV 7.251 6. 692 7. 664 ' 6. 549




Contitued to tablel

RF—blue F-red
4mins 3 mins
samples odd even
1 1 0.1165 2 0.213 1 91
2 3 01075 4 0.2065 3 98
3 5 . 0.115 6 0.2285 5 91
4 7 0.124 8 0. 2355 7 80
5 9 0.117 10 0.2035 9 91
6 11 0.1265 12 0.2225 11 67
7 13 <0.124 14 0224 - 18 97
8 15  0.12 16 0.2095 15 113
9 17 0.1245 18 0.205 17 88
10 19 0.1195 20  0.2065 19 95
11 21 0.132 22 0.2155 21 83
12 23 24 0.217 23 103
13 25 0.1335 26  0.197 25 98
14 27 0.1225 28 27 75
15 0.227
16 0. 2275
17 , 0.1975
X 0.122 0.214 90. 714
SD 0. 007 0.011 11. 776
CV 5. 764 5. 168
CV% (Fa#2) 12.982
CV%EE 1618 9. 524
*HE 19. 87
Bz 6. 70%

The results of trial 1 are showed in table 1, the repeatability of
RF-blue measurement for all three mixing periods is rather satisfied, the
mixing performance of all three periods are good, 4 minutes mixing is the
best. The results of F-red measurement also show that the performance of
3 minutes mixing is accepted, and comparable to RF-blue measurement. But
the practical coefficient variance is 20% higher than theoretical CV, it

implies it is necessary to improve the mixing performance.



Part II
Table2: The comparison of testing mixing homogeneity of a two—tonne—mixer
by RF-blue, F-red and national standard methods with 2. 5mins, 3. 5mins and
4, 5mins mixing '
Mixing 3.5 min
time 2.5 min 4.5 min
Test
methods RF F Salt RF F Salt RF F Salt
(ABS)  No. %  (ABS) No. %  (ABS) No. %

Spots
inside the

mixer
1 0.229: 72 1.87 0.187 69 1.94 0.162 67 1.85
2 0.1815 78 1.69 0.174 68 1.98 0.1965 84 2.21
3 0.184 17Q 1.98 0.170 71 .79 0.17711 77 1.69
4 0.1865 94 1.83 0.185 63 2.11 0.207 77 1,97
0 0.1475 89 2.34 0.1675 85 2.05 0.1855 70 1.87
6 0. 150 ©1.92 0.200 82 1.96 0.1865 67 2.07
7 0.1595 68 2,21 0.217 85 1.76 0.181 57 .91
8 0.1995 82 1.79 0.1926 77 2.13 0.1775 63 .99
9 0.1455 36 1

10 0.161 65 2.07 0.198 77 1.85 0.2105 79 .78
X 0.1734 72.67 1.97 0.1906 74.6 1.95 0.1897 72.3 1.94
SD 0.0275 16.85 0.1966 0.0174 7.72 0.12520.0167 8.83 0. 1503
CVi 15.87 23.18 9.98 9.12 10.35 6.41 8.83 12.21 7.76

1

1
.99 0.215 69 1.97 0.2135 82  2.03

1

1

The results of the second trial in the table 2 show that mixing
performance with 3.5 minutes and 4.5 minutes could be accepted, the
optimizing mix time is 3.5 minutes. The mixing performance is contrarily
slightly reduced, when the mixing is extended to 4. 5 minutes, the results
among F-red, RF-blue and chloride ion methods are comparable.

Feed manufacturers produce the diets to meet nutritional requirements
of animal growth, reproduction, and milk production. Mix is a key process
in feed mills in order to obtain diets with homogeneity of nutrients.
Perfect mixing is highly hoped in feed mills, but it is very difficulty
to come out it in practical operation due to a lot of limited factors. As
well known, coefficient variance (CV) is a good index to evaluate to
performance of mixing. Wicher and Pool (1991) suggested that the mixers used
in feed mills perform mixing with CV of 4-7%, practical coefficient
variance of formula feed mixing should be controlled to 5-10%, CV% of mixing
for young animal diets is better to be reduced to 5% for young animal intake
less quantity, same mixing performance is demanded to premix production,

They also showed that 40-50% of tested 100 mixers have poor performance,
in other word, compound feed out of the mixers are not homogenious,



incorrect mixing time and operation, and aged equipment are regarded as
the reasons. ‘

At present, there are many methods used for testing the mixing
performance, which are briefly evaluated by Pfost(1976) and &[E % (2001).
One main component test is a good method for vitamins, mineral elements,
and drug premixes, disadvantage of it is time consumed and costly; dye
tracer or radical tracer are well used abroad, which are simple and rapid.
Chloride ion and methyl violet are used for formula feed homogeneity test
as Chinese national method, which are limited for feed containing salt and
pigments.

Through our trials, Microtraces also show their potential other
functions in feed industry, for they are used online. They can be used
to inspect cleanness level between batches, which are very important for
mixing some drugs in feed mills. They can also be applied for showing some
micro—components and their homogenecity by a simple test process on spot.
In this direction, there are some practical application, MSD agvet uses
a special blue tracer in nicarbazin premix, Hoechst (USA) company adds
a special orange tracer in the stenorol premix, some other companies such
as Lilly, Pfizer also use microtracers in their drug premixes. There are
some special microtracers such as RF-Se-4%, which is a labeled selenium
additive, when simply testing the tracer, we could get the selenium
contents.

Our trials imply that microtraces is simple, rapid, online mixing test

method, which seems multifunction in feed industry.
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