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Abstract

The study was conducted to determine the effects of melamine on growth performance,
blood components and histological changes in hybrid catfish [Clarias macrocephalus (Gunther) x
Clarias gariepinus (Burchell)]. The trial comprised 7 treatments with 3 replications each.
Fingerling catfish with an initial weight of 4 g were released into fiber glass tanks with 30
fish/replication. Trial feeds were given twice daily for 12 weeks period. Melamine was mixed in
the diets at 7 levels, 0%, 0.5%, 1%, 1.5%, 2%, 2.5% and 3%, respectively. The results indicated
that fish fed diets containing melamine had significantly decreased on growth performance
reflected to melamine contents in the diets. Hybrid catfish received diets containing melamine
showed abnormal body coloration, i.e., darkening body and pitch-black body coloration in all
treatments. Blood components, i.e., hematocrit, white blood cell, serum protein and total
hemoglobin of fish fed diets containing melamine were significantly decreased (p<0.05).
Histological changes of gill, liver and kidney of fish fed diet containing melamine revealed
severity symptoms which related with increasing levels of melamine in the diets. Histological
finding included gill hyperplasia and lifting of the epithelium at the secondary lamellae. The liver
showed partial degeneration of hepatocytes, dilation of sinusoid and necrosis. The kidney showed
tubular degeneration of epithelial cell, shrinkage of glomerulus and necrosis of haemopoietic
tissue. In conclusion, accumulated melamine in the fish flesh was corresponded to the levels of
melamine in the diets. Fish fed diets containing 0.5-3.0 percent melamine had 63-450 mg

melamine residue/kg fish flesh.
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o a w & A
nitrogen free extract, —(% 0 0 ()
(nitrogen fi NFE) M9 100 — (% 11581 + % Jusi + %anudu + %itelo +

%181)



1

v £
M3190 3 drulsznovvesinganluermisnaaseia 7 gas

8

Ingay gnsl gns2  gns3  gaid  gass  gase  gns’
ailu 19.5 19.5 19.5 19.5 19.5 19.5 19.5
iodaTilntu 6.5 6.5 6.5 6.5 6.5 6.5 6.5
mMndnEed 35 35 35 35 35 35 35
Yanedn 18 17.5 17 16.5 16 15.5 15
3 15 15 15 15 15 15 15
vl 1.5 1.5 1.5 1.5 1.5 1.5 1.5
Iniuney’ 1 1 1 1 1 1 1
U3 IHaN’ 3 3 3 3 3 3 3
MSP 0.5 0.5 0.5 0.5 0.5 0.5 0.5
WAy 0 0.5 1 1.5 2 2.5 3
590 100 100 100 100 100 100 100
Tilsausan (%) 35.70 37.90  40.83 4247 4543 4727  49.03
T1l5A1959 (%) 35.70 3508  35.04 3499 3495 3491 3487
Tusauimen (%) 0.00 2.67 5.45 7.04 1012 1195  13.32
waduluems .
. Not detected’  0.64 1.31 1.69 2.43 2.87 3.20
NI A (%)

Fentiumay (UTuaaeIms 1 nlansuy) Usenoudao Thiamine (B,) 10 Haansu;
Riboflavin (B,) 20 ﬁaSn%’u; Pyridoxine (B,) 10 ﬁaﬁﬂfﬁl; Cobalamin (B,,) 0.05 ﬁaaﬂé“u;
Retinal (A) 7,000 IU; Cholecalciferol (D,) 4,000 TU; Phylloquinone (K,) 80 ﬁaaﬂé“u; Folic
acid 5 ﬁaﬁn%’u; Calcium pantothenate 40 ﬁaﬁﬂfﬁl; Inositol 400 ﬁaﬁﬂ%”u; Niacin 150
ﬁaaﬂ%“u; Tocopherol (E) 60 ﬁaaﬂ%”u; Ascorbic acid (C) 500 ﬁaﬁﬂ%“u; Biotin 3 4aansu
ussamay (USnareo1rns 1 nlansy) Yszneuaie Na 3.304 Taansu; Mg 25 Jaansu; K
76.471 Ha@an3y; Fe 8.842 1a@n3; Zn 0.664 Ha@n3u; Mn 0.329 4aaniy; Cu 0.069 Haansy;
Co 0.00199 UAAN3Y taz I 0.0098 HaANTY

1 Y 1 o a 4
3Not detected ﬁ’f) ulll‘IN‘UL%JﬁTﬁ‘LH]"Iﬂ@]’J’t‘)fJ"I\i@"lﬁ'liﬁﬁ\i@i?ﬂ’Jlﬂi'lZﬁ



4 d @ a
M3 4 931520 UNN INFINITVRITAYAVD T TUNIINAGDI (% as fed basis')

JngAve IS AT Tilsiu st (9 iiiole NFE’
anu 8.68+0.04 58.73+0.62 11.72+0.02 23.75+0.18 0.03+0.01 0.24+0.05
mnfmaes 10.40£0.04 45.25+0.05 1.52+0.04 6.88+0.06 1.93+0.01 34.030.11
o dasilntu 11.16+0.21 68.24+0.34 7.53+0.02 8.91+0.07 0.14+0.02 4.03+0.07
3 9.07+0.05 12.68+0.21 18.73+0.17 9.25+0.18 0.08+0.01 49.55+0.21
Yaetn 11.44+0.07 8.28+0.24 1.19+0.04 0.87+0.03 0.42+0.03 77.81+0.32
WA - 416.32+0.87 - - - -

% { o I J A 1 { a Jd o 1 2’
: duavinitauoduaunay + mrﬁmmummgm (ANNIFTAATITHAIDYN 3 H1)

* NFE = Nitrogen free extract
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4 1 { v { o ' v @ Y
MINN 5 QAUAIMNINFUINTVIDIHIINAADINUAIUHTVUVDUNANUNTEAVAN 9 U (% VUFIUVOITAQUAL)

AUMNILNFUINITVDIDIHIINARDINNTIUN ANV UNANUNTZAVEINS ] DU

YANINAAD WY (%) ,

’ Tas@Au TusTu 19 woly NFE’
1 0 35.70+1.11 8.74+0.21 12.19+0.05 0.778+0.016 37.54+0.28
2 0.5 37.90:£0.70 8.68=0.16 12.37+0.08 0.776:0.014 36.1140.21
3 1.0 40.83+1.03 8.63+0.17 12.360.10 0.774+0.021 32.1240.18
4 1.5 42.47+0.84 8.520.17 11.8140.08 0.772+0.013 32.1140.23
5 2.0 45.4320.84 8.45+0.22 12.05+0.06 0.770+0.012 28.53+0.28
6 2.5 47.27+0.81 8.49+0.11 11.67+0.05 0.768+0.013 27.71%0.18
7 3.0 49.03+0.88 8.40+0.23 11.64+0.05 0.766+0.016 26.02+0.22

1w A & 1 A v A a do 1 J
apvnavalua e + ANVYAUVUNIATTIU (INNTAATIEHAIDYN 3 1)

* NFE = Nitrogen free extract
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2.3.5 UAUMINAABY

imgmumsmamuuudmaaﬂ (Completely Randomized Design : CRD)
o e I @ Y 9 = v A
szeznalumInaaed 12 dlamt TaaluminagouszauaNUINIUIDANAINY 7 TZALAD
3 J o w '
0, 0.5, 1, 1.5, 2, 2.5 uag 3 1osiBua mua1ay 594 7 ¥ANITNAA0A (treatment) LAAZYANI
Y
nAa91l3znoUAIY 3 91 (replicate) MMIgunIsNINAADI IAeMstURAIN Trilenaned
4 1 ' v Y )
WanuA 21 wilenaned iesudunsnaassgudledisdainindieyuiaungaimin e
o a J 4 [ o a J J o 1
i lAmsgdmanuduludidar uazirldimszdesdlseneumaniivesdadarlaun
YsunaTdsau ludu uazidr amw3Tn1sves AOAC  (1990) Autiuninaaed lneguilain
YA g’ o A o v [ a @ v Y o
oyua Antvinaimminmae 3-5 nfu/aa asludananadn deag 30 a2 Teeldeninsiuaz
dﬁl A 1 9 ] < 9 a A A= :} @
2410 A0 FIUTFUIA8.00 U. 1azFINTUIA 16.00  U. Taglvilanuaudy unmimiin
A J 1 < o [ a
e Iiaaeaminaaes nouliemsyiuduliganznewinnuazeiadinaidaning
9 9 Y 9 J 9
Amamiwduduhanveinlimudunnase lusgrims@esdimssaiminilameans
o ¢ A a a a A 9 A
N9 2 dam iensdvaeumsnsyayla uaziseansnmms loe1risvestar uazie
o o d o S o ' A A o =2 J A
NINsnaaodnsy 12 dile imsinudiediadeameaiinisnisanyiednllsenoudon

o < @ l tﬂy A A o ) [ A tﬂy A
UASNINITINUAIDYINIUBDLYDLYINDN AL llagll@'l amsuaneIMsasunlasnuiieoved

lan

2.3.6 MINUIIVTINToYA
2.3.6.1 M3INTIVABUNGANIIMNAZANHMZNNaAIPRNVRIUM

Tus1119MINAae FUNANANTIVYDIUaINNYANIITNAGDI 15U N13I1Y
9
11 MIBBNTVOINT LazdUNAGNEULNIBUBN 1FU TY0IAIa1 MIandon N13AAIBUDY
ASUMAZNTZAN MINAVIALKADTIIN AT D AT azeTedzniguendun 9 msldeuas
a A Y o A o ' S o A 2 2
msniiietlostuTsadudumsawanmaealar mazimsnegliamsduioiaqums

2GRN

2.3.6.2 M3nsaeuMsIwAulnvesa

o a o 31 o [ s A 091 o A A d? ]
ﬂ’]Luuﬂ’]iG]f\TU’lWUﬂﬂa'lnﬂ 2 ﬁﬂ@’l‘ﬂ LWfJVIi’lﬂu'lfﬁuﬂﬂa’]ﬂlwuelluiﬂﬂﬂ’]iqf\‘]

Y

o o J 31 9 A o a o 1 Y 1 o 3’ o
HWWUﬂi’JM"UﬁNﬂaHmﬁ$°]f1ﬂ’JEJLﬂ§€J\‘]"]5\‘]Ul‘V\|‘1711‘I/IﬁuEJlI 2 AU (Qﬂclﬁi’]'lﬁ'liﬂi’]u“]f\‘]u’lﬁuﬂ 1
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dy Y v R A a o 4 o s ) M) oy o 09/’
u9) Wﬁ'EJNﬁ]ﬂﬂu%ﬂﬂWﬁWﬁﬂﬂa’]ﬂunﬂﬁﬂﬂ’]W Gluﬁﬂﬂ’]ﬁ‘ﬂ 12 agmms¥aivindainavva

9 v 9 ]
Tungazd uaziuswrudarimaseguosnnyanisnaass vintuhidoyan lduing

U

A3

=<

a 4 a a o oy o { A .
amiww%ﬂyamiﬁ]iﬂgmuiﬁ DHTINITIDANY (survival rate) umuﬂﬁmmm (% weight
. o a a ° . [ = <3| dy
galn) @@51ﬂ15ﬁ]5i§£@]ﬂ1@ﬁ]“w1$ (SpeCIﬁC grOWth rate, SGR) am”lmsyﬂaﬂummsyﬂuma
(feed conversion rate) AUIUAINITUDY Dupree 8% Sneed (1966) HAZOATINITNUDING (rate

of feed intake) AUIUMVITUDY Yone LAz Fujii (1975) AIANNIS
1. 9A51INITIOANY (survival rate)

) Y
. v o = Swulauleduganinaned (@)  x 100
8M351M15509018 (11035 1%Ua)

o A A g9 v
e oS uau ®)

Y d F4
%

° A A & . .
2. NHUNNNNVY (% weight gain)

Y ) 4 Y ] '
= Wmtinlauiledugansnaass (n3u) - ntinlaulesudumsnaass (nSU)  x 100

g’ o A A 9 [
imtndaniesuaumMInaass (")
[ a a o . S 3 1w
3 emwmmiﬂgmﬂﬂmmw (specific growth rate, SGR; L‘IJfJﬁL“h’qufnu)

g’ Y zﬂ' Qy [ oy % tﬂ' Q' 9 [
= (In umuﬂ‘ﬂmmeﬁuq@mimam(ﬂm) —1In umuﬂﬂmmmimumﬁmam) (h3y) %100

FzezIa1 (W)

[ { I g
4. 95 1M3lasuevisiiludie (feed conversion rate)

9

o £ d‘ a QSJ} QU
hnidnomsntdarnunaruae (")

[ ~ I~ dy
o5 1Nslague1sitluie

S o a2 2 o
WMNAla NN VIUARDANITNARD (P5Y)

5. 9ATINTNUDINT (rate of feed intake)

F x 100

@ a I3 ST v 1w
BATINIINUDINIG (Lﬂmmu@mmmm)
W,+ W, xt  Ny+N, xt

2 2
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Y v v
F o = ihwdnemsudendaniu (nfu) N, = wudaniudu ()
oy @ A A 9 Y] o 9 %
w, = dminlawndssudu (nsu) N, = fulagame @)
Y ] v
w, = ihwindaundegaie (nsu) t = szeznandanldsueninaaes (Tu)

d
2.3.6.3 Mmsfin¥vIndszneumaunivesa

Y
1w ' 1 o @ o a o [
q%@]?@ﬂ1ﬂﬂﬁ1ﬂQUﬂ1iﬂﬂﬁ®\1i]'lu')u 20 1N uﬂﬂamiwﬁmmm%uium
Y

v o a =)

] Y

Uan Taginlamsda lounguuigil 105 esmmaiFen sunita udrvaillaTogaanuiuse
1 W < =® o :’ v o d‘ a 4 dy @ Y K Y Y =

wnNaandu v mindlaunensizrinnuFuvesallal udrnauadllarlviazioen
0o w 1 a 4 4 [ 1 a ]

uazihdiegada limsiziesnlsznoumaniivesdlrtarldun Usua Tasau Tvdu uag

] Y
181 MIWATMIVDI AOAC (1990) ilpdugaANIINAaDIguAIE a1 IR dInadAnT Az
o a 4 g =1 o o 1 { o a A
2 @1 Tamsgimanuau Tasau vag vy vaziha Tdsaunld lddunalscansnw

M3 1971358U (protein efficiency ratio, PER) MM INITNNITV0I Zeitoun Lazaae (1973)

Aa A 9) =S k4 I Y o
Uszansammns g llsau - dmindafimudu (05y) % 100

@

U v
nnTdsaunlainu (p5w)

Tﬂiauﬁﬁﬂﬂj%}ﬂiﬂﬂ%ﬁ lJli;"g]}(productive protein value, %)
Talsauniin 1145 Teani()

1 4 1 v
= @ llsAudauledugamanaass(niy) - % Tlsaudlauieisudumsnaas(nsy))  x 100

Fld ]
ninlUsaunlarnuaasanisnaasd (ASN)

2.3.6.4 maanmanlasunlasiiatiovasila

1 < o 1 4 4 o 1 oy 4 o
Q’Mlﬂﬂﬂj@ﬂ’]\uﬁﬂlﬁﬂﬂlaqj_]a'] 2 ﬁ?ﬁlullﬁagclﬂsll@Q%ﬂﬂ’]ﬁﬂﬂﬁ@\ﬂﬁaﬂ']ﬂﬁlﬁ
o ¢ g XA A4 o & A J s A Y
NeAvIAIY 12 ﬁﬂﬂ’]‘ﬁ Iﬂﬂlﬂﬂlu@lﬂﬂlﬂ\i@ﬂ N1 Llagulﬂ ﬂ@\?lu@iﬂ@iuu']ﬂ'W‘IﬂﬁinﬁumﬁJsuu
sl ¢ A o K 4 o A A v & ~ L A y A
10 !ﬂ@ﬁl“ﬁu@ INBDINHITNINUDIUUDLIYD u%u’e)LfJ’e)ll‘lmeUWlﬂumiLmfnJLu’e)LfJE]TﬂEJGlGHLﬂS’fN

= tﬂy d‘ (% 2 . . ) dy tﬂ' LY a\ 9 o v Y
N TRIGRRI A (automatic tissue processor) dunowordelumisidlu udnihundaaie
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1n50491uTA5 AN (sliding microtome) 11 3 luAsou tazdondI1ed Hematoxylin 1Az Eosin
as as A o o 4

MNITY0 AIMITUIATTIUUDY Bancroft (1967) ttazHumason (1979) teti ldalaqans
o A zﬂy A FY J

nazih ldasrvaeumsuldsunasueuiloe Tnendeegans sAuiuusTIuaT (Olympus AX

70) waztiunnnmIanendne cooled CCD (Olympus DP 71)

= Jd =
2.3.6.5 Msfany1vInlszneviaenvesa

a s & A & 4 2 o 1
InTIzriesnlsznoudeanug I Taseduganisnaassiinmsguilainin
Y v Y
gAMINAaoaz 3 a1 davaleiiumungiiensldianududu 50 ppm  MMiuh
a = A aa <
mamzdeauinalaune lasldnszueniacvuia 1 ladans wazinaaevuia 256 x 1
Qs’ o w [} A A Y £ o a < A a < A
17 hdedwdeanm ladiuniai limdSnadadeauas Usmauiadenrnn uay
maulansa laedsaaudainain Blazhall uag Daisley (1973) uazidsuaalulnatu lag
75 Cyanmet-haemoglobin U84 Larsen (8g Snieszke (1961) anauih i lavasalulnsna
A Aaa QaJJ Qy 9 =} ) A ~ [ =} I =
dszanw 1 aaaes aeneld 30 Wi s ldvyusesi 3,000 seudewi Wunar s wid
<3 1 o a J 1a o (Y [ a P
nummeaIule (serum) W1z dUsnaldsauludsy Tagldaediedradinsieyin

a aa a Y a Ja ]
IAIFPINYITING ﬂﬂ!%!tWﬂﬂﬁTﬁ'ﬂif UN1INGAYTAIVATUATUNT 'Jﬂfl'llsllﬁﬁ"lﬂslﬁm

d
2.3.6.6 M3z uanmalula

I @ [ v 1% o [ o oa.ll o

Lﬂ‘]JG]'JE]fJ'N‘]Ja'KﬂﬂWuﬁWﬁMWﬁQﬁ]’lﬂﬂ’lﬂ’liﬂ@ﬁﬂﬂﬂiU 12 ’tff‘]Jﬂ']Vi MNMUUN

1 1 J o 1 a J = Y dy A

ﬂ'li!l,flL@W!Lﬁluﬂﬂa’lﬁﬂﬂ’lﬁﬂﬂﬁﬁ]\‘lﬁg 500 NIy Llag’(?N9’]5'Ji]'JLﬂfl"l%?iW']LiJﬁ'liJuﬁﬂﬂ'NzluLu@Vl
s A A td ] 9 a

ﬁuﬂlﬂiﬂﬂﬂ@ﬂﬁ’l\i ATENIIUNHATUASAINTU 't’].’ﬂ'lﬂel,ﬁiy .893UA" Iﬂﬂi“]ﬂ‘ﬂﬂuﬂ Gas

chromatography-mass spectrometry (GC-MS) (D1AKNUIN U.)

2.3.7 Ms5INTHTeYa
a 79 9 a d 1 Y
Inszideya Taomsl¥msimaziamnaumlsilsau ANOVA §9e CRD
=| =\ 1 1 d‘ 9 Aan . d' [
nazifSenifeAUIANA19UDIAURABA 83T Duncan’s Multiple range test N52AUAIN

A o 3 o o a sy 9 .
¥DUU 95 L‘]Ji’)il,“]fu@ IﬂfJ‘VI”Iﬂﬁ’JLﬂiWﬁﬂ’JEJI‘IJiLLﬂiﬂJﬁTLii]g‘lJ SPSS (version 11.5)
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3.1 dnvazveslmgniugruanilasue1risnaasgasnigg

mmamﬂmmammi‘wﬂammu"lﬂ 2 dlani wuhanii gy ig

=

H Yy 9
FIUNTUVDUNA N Y 2, 25 uag3 lﬂ@ilcﬁu@ liﬁJiJaﬂHﬂ! ﬁW'J"U@Qa']ﬁ'Jﬂﬂﬁ']sﬁu aglu
4

daudagniugraui lasy

E)

@ 7 A Ao Ao @ & Ao a @ ~

dilavin 4 Sudanyazdaseudugaain (ANM519N 6)
P

ana 2 d =

d‘d 1 = = o o 1Y o’d‘
DIMITINUFAIUNTUUDINANY 1 Uag 1.5 !‘]_]’f)i!,“]fu HUANIUDIAININAD 'l‘lllﬂuﬂ'ﬂ@ﬂﬁ“l/l 3

pazludla¥i 6 Adwvesaiiadain uay ﬂmﬂﬂwuﬁwaw"lﬁ’ U IS NHAIUNETY

aAaAa

v 9
VOIUANU 0.5 Lﬂ@ﬁl“]fu&;l mmmmmmmaﬂuﬁﬂmwm 4 wazlARIURIRIAINAR

A Al Yo = [] a a
AQDANTITNATDN “lummwﬂmm”lmummsqmwl (SWﬁWSQQiﬂﬂ‘UﬂN) ulllW‘Uﬂ’J'liJWﬂ‘]Jﬂﬁ

VDIAVDIAININADANITNARDI (AINNNA 6 - 13)

ﬂ1§1\1‘ﬂ 6 ANy t’fN'ﬁl’ENﬁ'l@]'J"Uﬂﬂﬂa'lﬂﬂWHﬁNﬁiJﬂhlﬂiﬁJ@1Vi1i'ﬂﬂﬁE]\1 ?huwﬁmm
IS d % 1
ATNUNTEAUA N
dal o
YAN3 - me NNNININAADdN
AU
Nnaag 1 2 3 4 5 6 7 8 9 10 11 12
1 0 R
2 0.5 - - -+ o+ o+ o+ + o+ o+ +
3 1.0 e S e e e e e
4 1.5 e S e e e e e
5 2.0 -+ e
6 2.5 -+ e
7 3.0 S e e e e e e e S e e e

[
~

Yy Y
o =K

an o w a an o w d' 091 an o w aa
(-) AHvead11na; (+) ARIVBIAIAINART; (++) ARIVEIRAINATIVY; (+++) AR

VIR INAEUN
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o A

M 6 uaasanyuzddaiveslagnituguaui ldsuomsnaaow@alungy (gash 1 4

El

=S 1 =) v A o o a
UAIUNTUVDAUNAINY) anvauzasdlng

d’ [ Ao w v J AY Yo ~ A
MAUN 7 Llﬁﬂ\iaﬂ‘lelil!gﬁﬁ'm'J"IJE]\1ﬂa'lﬂﬂ‘W‘H‘]j‘Nﬁ‘JJ‘VI"lﬂiﬂ@'l‘l’i'ﬁﬂﬂaﬂﬁ’q%iﬂ 2 (HaIUNTY

k4
%

| I <3 I = o A o I 3 4
VDUWATUU 0.5 L‘]J’t)il,“]iu@]) anHUTAAININGAAT 18.62+2.01 BIRHE I
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J

d' o Ao w o AN Yo A A
HMAN 8 Llﬁﬂ\iﬁﬂymzﬁa'lﬂ’JﬂJﬂQﬂaTﬂﬂwuﬁNﬁﬂJﬂl’lﬂ UBIMITNAADIFATN 3 (WAIUNTY

E]
% )

a R Ao A d s 7 o o
VDIUUATUU 1 lﬂﬂi!ﬂfu@l) ANHUSTAININTAAT 25.13+£5.13 lﬂﬂimﬂ!@l LLaSa1Iy

A o

S 3 4
AA1 17.09+6.40 11)os1%ua

d' [ A o o v J A X ~ =
MNN 9 LL?I’@NﬁﬂBm:ﬁﬁ1ﬁ’Jﬂlﬂﬂﬂﬁ1ﬂﬂWl&ﬁWﬁNﬂul,ﬂ UBIMITNAADIFATN 4 (WaUNTY

3

= I <3 I v = o S : I 3 4
VOUNATUU 1.5 L‘]J’t)il“]ﬂ!@]) ANHUSHANNINTAAT 27.69+3.88 Woesigua ag

%

o aA o I <3 J
ANAINTAT 25.35+6.51 iWesua
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% A

ﬂW‘WI 10 Llﬁﬂ\iﬁﬂielil!“’ﬁﬂ'lﬂ’wﬁliﬂa'lﬂﬂwu‘ﬁﬂﬁﬂﬂ U@'lﬂ'li‘i’lﬂﬁ’f)ﬂﬁﬁiﬁ 5 (ﬁdauwau

Q
Y
v AA o

VOUNAITY 2 L’]JE]SLGB‘L!@) anbazaMAINTAGT 31.56+8.02 L’]Jﬁ]i!,@]fu@ uag

o w

MATFR 49.23+8.68 1o51FUA

MR 11 uﬁmaﬂymuaawmmmﬂmﬂﬂwuﬁwauﬁ"l U IMIINARDIGATN 6 (NaIUHY

IS) A o w

Y
VDILWAINU 2.5 &‘]J’E)il,“]iu@'l) ANy AMAINTAGT 33.18+6.18 lﬂﬂi&“ﬁuﬁ uag

v AA

° o 3 4
1NINTAA 54.51+£9.46 BIRHE I
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ﬂTWTI 12 uamanym‘vﬁmmmmﬂmﬂnwuﬁwauﬁ U@'l‘l"iﬁ‘l’lﬂﬂ’f)iﬁﬁiﬁ 7 (ﬁd’JUWﬁN

E]

Ao w

Y
VOUNAINY 3 Lﬂﬁ)il“ﬁu@]) anbazaMAINaAGT 37.01£15.50 lﬂﬂil“ﬁuﬂ ag

o w

AT FR 54.98410.16 1losiFud

TiI T2 T3 T4 TS R TolT7

e

d' =) ~ [ Ao o o 4 ~ Yo 3
HMAN 13 Llﬁﬂ\‘llﬂ3?JiJﬁ’l?JiJﬁﬂBﬂl8ﬁﬁWI’J“U'E]Qﬂa'lﬂﬂwuﬁﬂﬁll‘ﬂnlﬂiﬂﬂ'lﬁ'ﬁﬂi 7 g9
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3.2 masginla

3.2.1. ihwilnaumasvesane

E4
] v @

Y v @ o 2 . ¢ '
@aﬂﬂﬁgﬂ$l3ﬁ1ﬂ15la‘(’J\jﬂa']ﬂ‘ﬂwuﬁp\lﬁuﬂ\iﬁu 12 ﬁﬂﬂﬁlﬁ WUIMUINUNA

[

A 1w A A 1 @ o s = 1 o 1 A o o
magveslawmedasulianuuanannuluddarin 4  uazlanuuananenuedeiiedinw

g

1 A Qy @ s 1 oy v @
(p<0.05) Glutl@]agﬁljﬂﬂ1ﬁﬂﬂa@ﬂ LlﬁzLNﬂﬁuq@ﬂWﬁﬂﬂa@ﬂiuaﬂﬂ’]ﬂﬂ 12 WUNUIHUNAD

9
=<

A A Yo 3 [ A A A A
Lﬁﬁﬂﬂl@dﬂﬁ?ﬂulﬂiﬂﬂiﬂﬁﬂﬂ 7 gaq anasnNszAvvauNa N uNNIU Iue s Tagdain

Yo A ~ [P=U] = = g’ @ A A A
llﬂiﬂﬂ”lﬁ”liqﬁi‘ﬂ 1 (amwsm”lmaauwammmamu) VUM UNRAYTINGA AD 69.80£11.37

U Q

A v o W

[ 1 [ = 1 [ 1 [ A Yo A A
nsuRedl nazlinnuuananuedliied Ay (p<0.05) nuldanldsueisgasous wil
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Iﬂﬂ@?ﬂTiﬂﬂﬁ@Qg@iﬂ 2 ﬂ\?@"@]i‘ﬂ 7 mﬂimamuﬁmmﬂumaagizmw 63-450 WaaNIY

1 a - dy o d'
aon lansuueutolal den1s1en 12

d' a 7 a = dy Y] 4 a A o 1A [
139N 12 wami’Jmswwﬂimmmamuiumaﬂmaﬂwu‘qwau (Naaﬂimﬂﬂﬂjaﬂiu)
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gy 0.5 osidud) TasimsmuiuivveuraauInialng (hyperplasia)
a a A . = 1 Yo
secondary lamellae UFNIUNUNION (gill lamellae) (A1WN 16 LA 17) drudarldsueng
A A = J 2 = o . .
NAADIPATN 3 (DIMTNUAIUATUUDAVANUY | 1WosiFua) UNSUINAIUDY epithelium cell
. . “ oy e = AN Yo A AA
(epithelial lifting) (NIWN 18 Ltag 19) uaxﬂam‘lmummiqmm 5-7 (@M ITNUAIUNTNUD
= 72 LA A o 7 a a . a a
Ay 2, 2.5 uag 3 teiud) ImMamui uuvessaduInialnd (hyperplasia) UTIUNI
1 [l v
M3on 7 secondary lamellae LAZUMILNAIVD epithelium cell FoznuaNuAalnatl
H b ) v ' 9
AANY (MW 20 uae 21) uazwummquuﬁﬂmﬂsﬁmﬁaizﬁmmmamuiummiﬁmwﬁu
1 tﬂy ¢£‘ Y] 1 o J L:' Yo L!'
ludruveuilowod wmwﬂmﬂﬂwuijwﬁw"lﬂsummsmamqmw ATGH
1 a a tﬂ" tﬂ‘ v td‘ 1 a a tﬂy tﬂ' v
3 linuanuralnAveutiemedy (A 24 uay 25) uanuaNNARUnAveilewedn
[ 4 1 ] 1 4 4 1 o
daaniuinani lasuomanaacigain 46 Taslimadondarsvousaauidiuili
SN 1 Y <3 SN 1w ~ [l ~ Yo
Faa LMLAINY LaHUVBIVATDLLan luTAY (1WA 26 waz 27)  divdarfildsy
A A o saA a (=} o = Y
91MIIFATN 7 lonvazveuvadnanlnd laelull lviiuazanluwas Imsversaives
. . (] 4 A
Sinusoid tag lifiuveuvAYRIYAa (AN 28)
Y ] ] Y ]
Tudmveailawe la nulinmsasunlasveslaseadrailowe la veaan

qnitugraui lasuemisnaaesgasn 2-7 Taelimsidouaaisves epithelium cell D19AI

q

]
=1

1 ] ] [ <
Yoo In (10N 30) ﬁmswﬂmmaﬂﬂamagaﬁ (Glomerulus) iimsaevesnisrzaiaia
Lﬁaﬂ(Haemopoietic tessue) (MINN 31, 32 wag 33) HarMIIADNAABVDIND AV LAY

= v 1 A £ o a R {
mﬂﬂmﬂaﬂuuﬂmmﬂanuﬂ:1mquu,ﬁa3J1mluﬁmammmmamuiummwL‘wmu



4' dy A A 4 A Yo A
MNAN 14 Llﬁﬂ\‘llumﬂﬂlﬂ\‘]ﬂﬂﬂlﬂ\iﬂfﬂﬂﬂW‘Ll‘leﬁ‘JJ‘VIulﬂi‘]JEﬂﬁﬁ‘Vlﬂﬂﬂﬂgﬂﬂ'JUﬂil (q@]i‘ﬂ 1
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k2 1
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A A [ ‘a’ ) A Yo . ' l‘-
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AU 0.5 Lﬂ@il“ﬂuﬁ ﬁﬂHm3&1!'E]LfJ'EJL‘VT\1ﬂﬂ‘JJﬂTi!WlI’ﬂTH'JUGUEN!“ImaN'mNﬂﬂﬂW

(hyperplasia) NGill lamellae (]9 %) (H&E stained, Bar = 50 pum, 40x)
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40x) PL- primary lamellae; EL - epithelial lifting
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wodidud Hnsiuiuiuveusadinninlnd(hyperplasia) U318 Gill lamellae
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dnvaziiiowe lnina (H&E stained, Bar = 50 pm, 40x) G — Glomerulus; H —

[ 9 < = ..
9382 AT NUALADA (Haemopoietic tessue); RT — renal tubules



51

4' dy A v A Yo A =
awi 30 uaaailowe lavesdmaniuiwauin 185 vems il dunauvouuaniiu
7l J o A 4 = A . . ' =
0.5 Wosiud anvaziiods lalimsidouaalsuea epithelium cell V19U (ATY)
HazUMINAAIURd Inaead (glomerulus) (H&E stained, Bar = 50 um, 40x)

X 5 4 A\

o

d' dy A ‘ . 4 d' Yo A =
MNN 31 uﬁmmawa"lmmﬂmﬂﬂwuﬁwﬁw"lmmmﬁmmuwammmamu

Y
I A

I A = A 1 [l A~
1 Lﬂ’aiwuﬁ) aﬂ‘blmzmmﬂﬁl"lmlmimmmmmjmwa"lmmm’m LTUUNITAYUDN

S A

E2
plozaiudianen (f5%) taziinsnadives Inameoaa(H&E stained, Bar = 50

o <
um, 40x) G — Glomerulus; H — ouzaiuiiaden (Haemopoietic tessue)
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MANUIN V.

GC-MS Screen for the Presence of Melamine, Ammeline, Ammelide and Cyanuric Acid
(Version 2.1)

This method for Melamine, Ammeline, Ammelide and Cyanuric Acid should be
regarded as interim. Because of the need to rapidly provide this information, the method has not
undergone the rigorous internal and external validation required for an official method. The
performance of the method may change when different equipment and supplies are used or when
different sample matrices are encountered. The user should validate the performance of the
method in their laboratory and pay particular attention to the recommended quality control

elements. Users should document with their results the version or date of the method used.

PURPOSE:

This procedure was developed by PRLNW and FCC to screen various matrices
for the presence of melamine and some related compounds at the established minimum reporting
level (MRL) of 10 pg/g and above using gas chromatography/mass spectrometry. Samples are
extracted using a mixture of acetonitrile/water/diethylamine and the analytes are subsequently

converted to trimethylsilyl derivatives for analysis.

SCOPE:
This procedure has been evaluated using dry protein materials (wheat gluten,
rice protein, corn gluten, and soy protein), wet and dry pet foods, and dry animal feeds. It is

anticipated that the method will also be applicable to a variety of other matrices.

RESPONSIBILITY:
It is the responsibility of the analyst to note any modifications to or deviations

from this procedure in the documentation associated with the analysis.

DEFINITIONS AND ACRONYMS:
TMS — trimethylsilyl

DEA — diethylamine
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SAFETY CONSIDERATIONS:

Accepted safety measures should be employed when working with chemicals
and pressurized gases. It is advisable to work in a fume hood whenever the procedure calls for the
use of diethylamine and pyridine. Use caution with diethylamine as it is a volatile strong base and

can cause chemical burns.

EQUIPMENT AND SUPPLIES:

1. Agilent 59751 GC-MS system equipped with a 30 m Agilent DB5-MS
capillary column (or equivalent) or other mass spectrometer system.

2. Laboratory Centrifuge capable of applying 5000 g to 50 mL centrifuge tubes.

3. Pierce Reacti-therm / Reacti-Vap Sample Preparation System or other device
suitable for evaporating solutions to dryness.

4. 50-mL polypropylene centrifuge tubes with screw caps.

REAGENTS AND STANDARDS:
1. Diethylamine (DEA), SigmaUltra, Sigma Chemical Co.
2. Pyridine, Certified A.C.S. Reagent, Fisher Scientific
3. Extraction Solvent: 10 /40 /50 : DEA / Water / Acetonitrile
Prepare a solution which consists of 10 parts (by volume) diethylamine, 40 parts water
and 50 parts acetonitrile. Store in the dark. The solution turns yellow with time.
4. Silylating Reagent: BSTFA with 1% TMCS: bis(trimethylsilyl)
trifluoroacetamide with 1% Trimethylchlorosilane (e.g. Sylon BFT, Supelco)
5. 2,6-Diamino-4-chloropyrimidine, CAS 156-83-2, 98%: Cat. C33204-5G,
Aldrich
For use as an internal standard. Prepare a stock solution at 1.0 mg/mL in pyridine.
For adding to sample extracts, dilute the stock solution in pyridine to a concentration of 5.0
pg/mL. Use of 2,6-Diamino-4-chloropyrimidine (DACP) as an internal standard is still
undergoing evaluation. It is up to each laboratory to verify that their internal standard does not
contain any of the analytes as impurities. The Aldrich standard has been found to be free of any
analyte impurities.

6. Melamine, CAS 108-78-1, Cat. 240818-5G, Aldrich
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Prepare a stock solution of 1.0 mg/mL in a mixture of 20 / 80: DEA / H20 (v/v)
7. Ammelide, CAS 645-93-2, Cat. A0645, TCI America
Prepare a stock solution of 1.0 mg/mL in a mixture of 20 / 80: DEA / H20 (v/v)
Brief sonication may be required to solubilize this standard.
8. Ammeline, CAS 645-92-1, Cat. A0676, TCI America
Prepare a stock solution of 1.0 mg/mL in a mixture of 20 / 80: DEA / H20 (v/v)
A modest amount of sonication may be required to solubilize this standard.
9. Cyanuric Acid, CAS 108-80-5, Cat. C0459, TCI America

Prepare a stock solution of 1.0 mg/mL in a mixture of 20 / 80: DEA / H20 (v/v)

Store stock solutions of standards in the refrigerator to rvetard hydrolysis. It has not been
established how rapidly the solutions degrade but the potential does exist. Stock standards have

sat on the benchtop at room temperature for three weeks and shown no evidence of degradation.

QC ELEMENTS:

A 1:1 (v/v) mixture of Sylon BFT and pyridine should be run at the onset of each
analysis and then occasionally throughout the analysis to show that there is no carryover.

A method blank which consists of 20 mL of extraction solvent taken through the
entire procedure including the addition of the internal standard should be evaluated to make sure
that there is no contamination from the reagents, the nylon filter or the containers.

Condition the system at the beginning of each sample set by making two
injections of the high standard (see below). These injections will not be used for semi-
quantitation.

A low standard, which consists of each analyte at 0.10 ug/mL, should be
analyzed at the beginning of the sample set to show that the necessary sensitivity is being attained
by the instrument.

A high standard at 1.0 pg/mL of each analyte is analyzed at the beginning of the
sequence and after all samples in the batch have been injected to provide a basis for semi-
quantitative evaluation and to demonstrate whether the amount of drift during the analysis of the

set of samples is tolerable.
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A control sample which is representative of the type of samples which are being
analyzed is fortified with each analyte (viz. melamine, ammelide, ammeline and cyanuric acid) at
a level of 10 pg/g. Analysis of this spiked control sample must indicate that the compounds are
present which serves to demonstrate effective system performance at the desired reporting level.

See Sample Fortification, below.

PROCEDURE:
This procedure should be used with the GC operating in the splitless mode for greater sensitivity.
A. Extraction Procedure

Weigh out approximately 0.5 g of a representative portion of the sample into a
50mL polypropylene centrifuge tube.

Add 20 mL of extraction solvent (10:40:50 DEA : H,0 : Acetonitrile).

Mix well to thoroughly wet the entire sample.

Sonicate for 30 minutes.

Centrifuge for 10 minutes at 5000 g (or better).

Filter a portion of the supernatant using 0.45um nylon filter discs (a two-stage or
molecular weight cutoff filter may be used for difficult extracts). For example, a 2 mL filtered
portion will allow 200 pL for the derivatization step and additional filtrate in the event that the

derivatization needs to be repeated or if further work is necessary.

B. TMS-Derivatives
Sample Extracts:

Transfer 200 pL of filtrate from Step A to a GC vial.

Note: A smaller aliquot may be used provided that the necessary sensitivity level (10
Og/g of sample) is achieved. Reducing the amount of matrix present improves the general

performance of the evaporation/derivatization step and saves wear and tear on the instrument.

Evaporate to dryness at 70°C (a low flow stream of dry air or nitrogen may be

used).
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Note: Taking the filtrate completely to dryness is a critical step in the derivatization
process. The presence of water prevents formation of TMS derivatives of the analytes. If the
internal standard response is much lower than usual (less than 30%), there may have been
problems associated with the derivatization step. In addition, if the vial warms significantly to the
touch after addition of the derivatization reagents, residual water was present and a new aliquot
of filtrate must be prepared.

Add 200 pL pyridine.

Add 200 pL Sylon BFT.

Add 100 pL of the internal standard solution at 5.0 pg/mL in pyridine. This
produces a concentration in the extract of 1.0 pg/mL. If you are not using the internal standard,
then add 100 pL of pyridine.

Shake well or vortex to mix.

Incubate at 70°C for 45 minutes.

Ready for Injection.

Note: If insoluble material is observed at the bottom of the vial after 45 minute

incubation, transfer liquid portion to another GC vial or filter before analysis.

C. Instrument Parameters

GC Conditions:

Column 30m DB-5MS 5% phenyl 95% dimethyl-polysiloxane

ID: 0.25mm  Film Thickness: 0.25 microns

Inlet Temperature 280°C

Detector Temperature 290°C

Injection Mode Splitless

Injection Volume 1 pL

Carrier Gas Flow He at 35 cm/sec (constant flow)

Oven Program 75°C (hold 1 minute) to 320°C at 15°C/minute (hold 2.67 min)

for a total run time of 20 min.
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Note: Alternate GC conditions may be used provided that adequate resolution is
obtained between the target analytes. Any such deviations from the method must be noted in
corresponding documentation. With small volume liners, some peak splitting has been observed
under the above conditions. Using a higher starting temperature (100°C) alleviated the problem.
To help overcome interferences, significant additional resolution may be obtained by decreasing

the ramp to 4’ C/min over the interval 150°C to 200°C, which will shift the retention times.

MS Conditions (Full Scan Mode):

Tune Autotune (to maximize sensitivity across mass range)

A +306V multiplier bump may be added after Autotuning

Acquisition parameters EI; scan mode, 50-450 amu

Sampling Rate 2 (scan rate at ~3.6 scans/sec)

Threshold 100

Filament Delay 6 minutes

MS Temp 230°C (Source); 150°C (Quad)

If the sensitivity which is required to detect analyte spikes at 10 Og/g in the matrix

cannot be achieved in full scan mode, use selected-ion monitoring (SIM) parameters below.

MS Conditions (SIM Mode): Select three or four ions to track: M, M+2, M-15 and another

a b
Start Time Tons
Group (min) M* M+1 | M+2 | M-15 | Other | Other
Urea / Biuret from 6 276 189 171
di- and tri-TMS (tri-tms) (di-tms)
derivatives of urea 204 261
(di-tms) (tri-tms)
345 346 347 330 188
Cyanuric Acid 9 .
(100) 30) (14) (33) (11)
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Ammelide 9.7 344 345 | 346 329 286 198
(100) 30) | (14 (50) (7) (28)

DACP (internal std.) 10.18 288 289 [ 290 273 275 237
Ammeline 10.5 343 344 | 345 328 285 198
(100) 3o | (14 (115) (30) (27)

Melamine 11 342 343 | 344 327 285 197

(54) (16) ®) (100) (12) (13)

* Start Times may need to be adjusted based upon the retention time of standards on your system.

® Dwell times should be adjusted to produce a cycle time of about 4 scans/sec

“M is the Molecular Ion for the tri - TMS derivative of the compound.

¢ Urea and Biuret are not formally part of the screen but they are related to the compounds of interest and may
be detected

¢ Percent relative abundance with respect to the most abundant ion from directly silylated standards under
Standard Spectrum Autotune. The relative abundances should be confirmed under the conditions of use by

evaluating standards.

D. Peak Identification and Results

The approximate retention times of the tri-TMS derivatives are as follows (minutes):

Cyanuric Acid 9.2

Ammelide 10.0

DACP 10.3 (di-TMS derivative)
Ammeline 10.7

Melamine 11.2

These need to be confirmed on your system and the parameters above adjusted
to fit. Figure 1 is a standard chromatogram showing the cyanuric acid tri-TMS derivative (9.2
minutes), ammelide tri-TMS derivative (10.0 minutes), ammeline tri-TMS derivative (10.7
minutes) and melamine tri-TMS derivative (11.2 minutes). Figures 2 through 5 represent the mass
spectra of each of these compounds. Figure 6 represents the mass spectrum of 2,6-diamino-4-

chloropyrimidine di-TMS derivative.
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When full scan mode is used and the matrix is even somewhat complicated, it is
usually necessary to examine tracings of individual ions (extracted ion chromatograms) to
observe the analytes. The extracted ion chromatograms may be generated for each analyte (see
SIM table above for appropriate ions) which will help simplify the process of confirming positive
or negative results (i.e. pulling things out of the grass). Ideally, each of these analytes and the
internal standard can be entered into the data analysis portion of the Chemstation software as a
target compound. By entering the appropriate retention time, ion ratios and peak area for each
compound, the software can calculate sample results automatically. Results can be reviewed using
the “QEdit” view which also provides an excellent visual display for documentation of sample

results (see Figure 7 for a sample QEdit report for melamine).

In full scan mode, the criteria for identification of target analytes include the
agreement of the retention times with those of the standards to within 0.05 minute. Also, the mass
spectra need to correspond to those of the standards with no significant peaks absent. There may
be additional peaks present due to overlap with other components but this should be examined

carefully.

In SIM mode, the criteria for identification of target analytes include the
agreement of the retention times with those of standards to within 0.05 minute. Mass spectral
confirmation of an analyte is based upon the ratios of the integrated areas for selected ions to the
integrated area of the most abundant of the selected ions being tracked. The criterion is that each
ratio (as a percentage) corresponds to that observed for a standard to within 10 units. Using
melamine as an example, track the ions at 342 (M), 327 (M-15) and 343 (M+1), use the data in
the table above as representative of a standard. For a peak nominally identified as melamine based
upon retention time, the ratio of the area of peak (at 11.2 min) from m/z = 342 (M) to that of the
area of the peak at m/z = 327 (M-15) needs to be between 44% and 64% while that of the ratio of
the peak at m/z = 343 (M+1) to that of the area of the peak at m/z = 327 (M-15) needs to be

between 6% and 26%.
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E. Sample Fortification and Mixed Standard Preparation

A Mixed Standard Spiking solution is prepared by mixing portions of the stock
standard solutions with 10/40/50 DEA/Water/Acetonitrile to create a solution which is 100

pg/mL of each analyte.

Spike Preparation

Weigh a 0.5 g portion of the matrix of interest into a 50 mL centrifuge tube. A
previously analyzed, representative “blank” matrix may be used. If a representative matrix is not

available, select one of the samples to be analyzed to use for spiking.

Add 50 uL (Low Spike) of Mixed Standard Spiking solution directly to the
representative control sample and proceed with the method. The Low Spike must be observed to
declare negatives as less than 10 pg/g. If it is not then negative samples will need to be re-

analyzed.

A High Spike may also be prepared by adding 250 pL of Mixed Standard
Spiking to another 0.5 g portion of the control. The High Spike provides an additional check in
the event the Low Spike is not observed. The absence of the High Spike would serve as an

indication of a major problem either with the sample preparation or the instrument.

High Standard

Dilute the Mixed Standard Spiking Solution to 10 pg/mL. Place 50 uL of this
solution in a vial and take it through the derivatization reaction including the addition of the

internal standard. This produces a High Standard at a concentration of 1.0 pg/mL of each analyte.

Low Standard

Dilute the Mixed Standard Spiking Solution to 1 pg/mL. Place 50 pL of this

solution in a vial and take it through the derivatization reaction including the addition of the
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internal standard. This produces a Low Standard at a concentration of 0.10 pg/mL of each

analyte.

F. Reporting

In the event that the analytes were observed in the representative control sample
that was fortified at 10 pg/g, and no analyte signals were observed in the samples at levels which
approach those in the fortified control, then the samples are not contaminated with melamine,

ammeline, ammelide or cyanuric acid at levels in excess of 10 pg/g.

When it is close (within 50%), consider preparing additional portions from those

samples along with a couple of additional fortified controls.

If it is clear that one or more of the analytes are present in the samples (based on
the identification criteria above) and at levels in excess of 10 pg/g, then a semi-quantitative
estimate may be obtained by comparing analyte responses to those from standards as described

below.

G. Obtaining a Semi-quantitative Estimate of Target Analytes

Choose an ion to use for estimating the amount of the target analyte (usually the
molecular ion). Using the High Standard (1.0 ug/mL) which was run at the beginning of the set of
samples and the High Standard that was run at the end of the set of samples, calculate the average

peak area for the selected ion. Apply the following formula:

Concentration in Derivatized Test Sample Extract (ug/mL) = Area (Test Sample) /

Average Area (Standard) X 1.0 pg/mL.

Then, Concentration in Sample (ug/g) = Concentration in Derivatized Test Sample

Extract (ug/mL) X 0.50 mL X 20.0 mL / 0.20 mL X 1 / Sample Wt. (g)

If the internal standard areas are very different (> 20%) between the test sample
and the standard then adjust the area of each analyte response by dividing by the integrated area

of the internal standard (from its molecular ion). Use these ratios in place of the integrated areas
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above. Consider re-analysis if the difference is extremely large since that may indicate a partially

clogged syringe or other instrumental problem.

Finally, if the signal is more than 25 X larger than the signal from the standard, then prepare a
new extract using 0.25 g of sample and 40 mL of the extraction solvent since the solubility limit

for ammeline and ammelide in 10/40/50 DEA/water/acetonitrile is being approached.

As a general rule-of-thumb, the closer the analyte signal from the unknown is to
the analyte signal from the standard, the better the estimate of the unknown concentration. So if
more accurate numbers are required, prepare additional standards and re-analyze the samples in

question.

H. Contacts for Further Technical Information

Jonathan Litzau, Forensic Chemistry Center (FCC), US FDA (513) 679-2700 Ext. 268
Email: jonathan.litzau@fda.hhs.gov

Greg Mercer, Pacific Regional Laboratory — Northwest (PRL-NW), US FDA (425) 483-4755

Email: greg.mercer@fda.hhs.gov(Primary contact for “QEdit” reporting option)

Kevin Mulligan, Forensic Chemistry Center (FCC), US FDA (513) 679-2700 Ext. 238
Email: kevin.mulligan@fda.hhs.gov

Table 1: Feasibility Study with Analytes Spiked At and Near the Action Level

Average Percent Recovery
(N=2, Range in Parentheses)
Spiking Level(
Matrix ng/e) Cyanuric Acid Ammelide Ammeline Melamine
84 90 86 79
10
Wheat Gluten (16) 20) (23) (10)
(2) 87 88 86 74
50
(13) (16) (13) 63))
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98 101 96 96
10
Rice Protein () 4) 3) 2)
(2) 107 108 108 101
50
(D ©) (D 0)
106 103 114 105
10
Wet Pet Food (D 6) (13) (6)
(2) 107 107 11 106
50
(3) (0) @) 5)
139 166 172 152
10
Corn Gluten (86) (96) (105) 93)
(b) 103 103 98 90
50
4) 3 Q) 4)
120 118 164 152
10
Soybean Meal (44) ®) (150) (76)
(bc) 97 90 90 88
50
7N (12) (10) (1)
Dry Cat Food 0 158 142 134 126
Salmon 41 (33) (44) (26)
Flavor 2 % 14 -
®) 50
3) 4) Q) Q)
Notes:

(a) 0.5 g extracted into 20 mL of 10/40/50 DEA/H20/CH3CN (v/v/v). 0.20 mL extract to 0.45 mL
silylated preparation. Analysis using scan mode on a 59751 MSD. Extracted ion chromatograms were used
to determine area response for molecular ions.

(b) 0.5 g extracted into 10 mL of 10/40/50 DEA/H20O/CH3CN (v/v/v). 0.20 mL extract to 0.45 mL
silylated preparation. Analysis by SIM on an Agilent 5973 MSD.

(c) Rubbery precipitate in some final extracts that can clog the syringe
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Figure 1: Standard chromatogram showing the TMS derivatives of target compounds
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Figure 2: Cyanuric Acid tri-TMS derivative mass spectrum

1[1] Average of 9.536 ko 9.562 min.: STDMIZZ.D (-} : | o =] |
A bundarnice 3

700000+

E00000

345

5000004

400000+

300000 '
147

2000004 100
330

100000+

I 172 188
L Jm[ 8L os ) w5 pm2 s o2 smosnzaa || J,355355 378 391
w =t ';I-I 1000 1&“ 200 7'J'|rl QIJln Ll !




&9

Figure 3: Ammelide tri-TMS derivative mass spectrum
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Figure 4: Ammeline tri-TMS derivative mass spectrum
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Figure 5: Melamine tri-TMS derivative mass spectrum
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Figure 6: 2,6-Diamino-4-chloropyrimidine di-TMS derivative mass spectrum
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Figure 7:Example of a QEdit report for melamine
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MANUIN A,
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1. ANOVA

H % = vV o o da
H1ﬁuﬂ!ﬂaﬂﬂ®ﬂ3ﬁﬂﬂ]ﬁﬂ 2

92

Sum of Squares df Mean Square F Sig.
Between Groups 5.510 6 918 7.038 .001
Within Groups 1.827 14 130
Total 7.337 20
2. ANOVA
viminmaadedadani 4
Sum of Squares df Mean Square F Sig.
Between Groups 16.870 6 2.812 4.301 .012
Within Groups 9.152 14 .654
Total 26.022 20
3. ANOVA
smitinasresdlaid 6
Sum of Squares df Mean Square F Sig.
Between Groups 34.195 6 5.699 2.383 .085
Within Groups 33.488 14 2.392
Total 67.683 20




4. ANOVA

o % a ' v o da
H1ﬂuﬂ!ﬂaﬂlﬂ®ﬂﬁﬁﬂﬂ1‘ﬁ‘ﬂ 8

Sum of Squares df Mean Square F Sig.
Between Groups 156.506 6 26.084 4.824 .007
Within Groups 75.704 14 5.407
Total 232.210 20
5. ANOVA
rinmassedidlayi 10
Sum of Squares df Mean Square F Sig.
Between Groups 703.688 6 117.281 5.348 .005
Within Groups 306.993 14 21.928
Total 1010.681 20
6. ANOVA
o % d‘ V' v o da
vtnmagnendlmvin 12
Sum of Squares df Mean Square F Sig.
Between Groups 1514.483 6 252.414 7.270 .001
Within Groups 486.096 14 34.721
Total 2000.579 20
7. ANOVA
T
HIUUDTNNUYU
Sum of Squares df Mean Square F Sig.
Between Groups 942546.478 6 157091.080 7.133 .001
Within Groups 308330.440 14 22023.603
Total 1250876.918 20




8. ANOVA

v a a o
@ﬂi]ﬂ"lil‘i]iﬂljﬂﬁiﬂ‘iﬂ!ﬂ"l%
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Sum of Squares df Mean Square F Sig.
Between Groups 1.567 6 261 6.714 .002
Within Groups 544 14 .039
Total 2.111 20
9. ANOVA
9N IMINUDINIS
Sum of Squares df Mean Square F Sig.
Between Groups .703 6 A17 1.495 250
Within Groups 1.097 14 .078
Total 1.800 20
10 ANOVA
0A91N13500
Sum of Squares df Mean Square F Sig.
Between Groups 94.141 6 15.690 529 77
Within Groups 414.896 14 29.635
Total 509.037 20
11. ANOVA
sanmsulasuermaiiile
Sum of Squares df Mean Square F Sig.
Between Groups 278 6 .046 2.292 .094
Within Groups 283 14 .020
Total 561 20




12. ANOVA

szansmumslvlsau
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Sum of Squares df Mean Square F Sig.
Between Groups 2.001 6 333 8.631 .000
Within Groups 541 14 .039
Total 2.541 20
13. ANOVA
TlsAunl¥iselonila
Sum of Squares df Mean Square F Sig.
Between Groups 566.273 6 94.379 10.712 .000
Within Groups 123.349 14 8.811
Total 689.622 20
14. ANOVA
=) a
mamnlanin
Sum of Squares df Mean Square F Sig.
Between Groups 459.929 6 76.655 13.036 .000
Within Groups 364.577 62 5.880
Total 824.506 68
15. ANOVA
YSnandiameauns
Sum of Squares df Mean Square F Sig.
Between Groups | 210696250000.000 6 35116041666.667 1.315 .286
Within Groups 694153750000.000 26 26698221153.846
Total 904850000000.000 32
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16. ANOVA
PSunandiamenun
Sum of Squares df Mean Square F Sig.
Between Groups 5166978125.000 6 861163020.833 | 55.877 .000
Within Groups 354471875.000 23 15411820.652
Total 5521450000.000 29
17. ANOVA
Tlsauluasy
Sum of Squares df Mean Square F Sig.
Between Groups 1.262 6 210 2.229 .146
Within Groups 755 8 .094
Total 2.017 14
18. ANOVA
lulnaiiusu
Sum of Squares df Mean Square F Sig.
Between Groups 440.090 6 73.348 19.381 .000
Within Groups 79.478 21 3.785
Total 519.567 27
19. ANOVA
Tsauluannlaniad
Sum of Squares df Mean Square F Sig.
Between Groups 210.514 7 30.073 4.587 .002
Within Groups 157.347 24 6.556
Total 367.861 31
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20. ANOVA
Tudfuluanmlaian
Sum of Squares df Mean Square F Sig.
Between Groups 358.380 7 51.197 138.089 .000
Within Groups 5.932 16 371
Total 364.312 23
21. ANOVA
v inannad
Sum of Squares df Mean Square F Sig.
Between Groups 26.277 7 3.754 13.176 .000
Within Groups 4.558 16 285
Total 30.835 23
22. ANOVA
A Y
anuruluanlanagd
Sum of Squares df Mean Square F Sig.
Between Groups 14.518 6 2.420 8.455 .006
Within Groups 2.003 7 286
Total 16.522 13
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ﬂﬁ1ﬂﬂWH§WﬁiJ[Clarias macrocephalus (Glnther) x Clarias gariepinus (Burchell)].

2. MU, RTVN 4. 64 : 331-340.





