a S v v
UHNUTAUIUY

1 a [ 54 ad = v 4
Qmmwﬂmﬂumnmnmznzﬁm ﬂ)ﬁﬂ1QLﬂNLtﬁ8ﬂﬁﬂQ@‘a1’liﬁﬁu

e

a aa al
“]29]3»]1 HUaANAA

a a 2 = 3 = ~ v 4
L 1UA ﬂﬂﬁgl 39 ITWWITNM LANHUIIVY WD AFBSUUN

a 5 a 6
f?]‘lé“liﬂ 219118y Llas NINI ﬂﬂlﬂﬂg

Abstract
Tantikitti, C.', Kuprasert, S.”, Laohabanjong, R.", Srichanun, M.",
Anuchit Arthan' and Supamattaya, K.’
Fish meal quality evaluated by chemical analysis and feed microscopy techniques

Songklanakarin J. Sci. Technol., 2005, 27(Suppl. 1) : 25-44

Quality of 20 fishmeal samples from the Southern Provinces produced by different raw materials and
processing method were evaluated using both chemical and feed microscopy methods. Samples were col-
lected from fishmeal plants, shrimp feed mills and local feedstuff store. One sample using sardine as a raw
material was produced in the laboratory by lyophilization as a control fishmeal. Five samples having protein
contents over 65% were grouped into shrimp grade including the control fishmeal which had the maximum
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protein content of 74.09%. Eight samples were grouped into Grade 1 including the imported fishmeal from
Chile. The rest of the samples which were mostly produced from trash fish fell into Grade 2 with low protein
and high ash content.

Chemical analyses of salt content, total volatile base nitrogen (TVN), ammonia nitrogen, histamine
content, free fatty acid (FFA), thiobarbituric acid number (TBA) and peroxide value showed the fishmeal
from feedstuff store was the most deteriorated sample. This high level of deterioration might be due to low
quality raw materials and a long storage time. Among the shrimp grade samples, the most denatured protein
was found in Pattani 1 with high level of TVN, ammonia nitrogen and histamine. Moreover, the high levels of
TVN were detected in Phangnga 1 (grade 1) and Trang 2 (grade 2). Lipid damage was associated with high fat
contents in fish meal which was detected in every group of the samples.

The results from feed microscopic examination were in line with those of the chemical analyses. The
most deteriorated sample from feedstuff store showed the highest decomposition level and was the only
sample that non protein nitrogen was detected. For feather meal adulteration test, seven samples were
positive with the highest level in unidentified sample and trace amount in other samples including 2 shrimp
grade samples. To confirm feather meal adulteration, protein digestibility test should be performed for these
samples.

Key words : fish meal quality, chemical indices, feed microscopy
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Table 1. Fish meal samples from different sources in the Southern provinces of Thailand

Sources of samples Sample name

Raw materials Processing method

trash fish, fish head and offal Steam

trash fish Steam

trash fish, anchovy Steam (Single boiler)
trash fish Steam

trash fish Steam

trash fish, by-products from

tuna factories Steam

Siganus, chub mackeral Steam

sardine Steam

sardine no information

no information no information

round scad Steam

round scad , sardine Steam

mixed fish meal using

shrimp grade and others Steam

no information no information
by-products from surimi Steam

round scad Hot oil (Single boiler)
sardine, anchovy, Lieognathus ~ Steam

no information no information

West coast
1) Trang Trang 1
Trang 2
Trang 3
2) Phuket Phuket 1
Phuket 2
Phuket 3
Phuket 4
3) Krabi Krabi 1
4) Phangnga Phangnga 1
Phangnga 2
East coast
1) Pattani Pattani 1
Pattani 2
Pattani 3
Pattani 42
2) Songkhla Songkhla 1
Songkhla 2 1
3) Nakhon Si Thammarat Nakhon Si Thammarat
4) Unidentified source Unidentified source
Imported fish meal’ Chile
Control fish meal Control

no information
Lyophilization

pelagic fish
sardine

'from shrimp feed mill ; *from feedstuff store

Aia 3 Unidentified source #8 Wes1 2 9281 2 uae
= o % Q 1 dld 6 = =
UAIAITIINIY mIudedeniadiiudlysdu s
171 55%
w1 039 1 gie 4 0392 Qe 2 Paenil 4

wazdadutaituinse 2 Mun  Yandu
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045 %  danduidszdulstuind aldun Uau
a8 1

Usunmaasladuludadwainumnasdng g wuin
Uanduass 3 waztandugiia 1 dedulodudni a
(6.28+0.81 - 6.56+0.29%) LLazéﬁﬂdmmﬂummu
Woer 1 laanil 4 daenid 3 gufie 2 e 3
un3A3p3ana1y | naxdl 1 Unidentified source #agn
6.95+0.08 - 9.03+0.07 (p<0.05)
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0.23 wazfmadnsfiduiuondtesd aldun Uaiu



2., UAIUAIUNS NN,
9 27 @uey 1) 2548 : 3w A

31

| a (34 adg =
aaumwilndunnmsinnziaisizimanil
AN AUANARA WAz ARE

Table 2. Proximate composition (%) of fish meal samples'

Sample Moisture Protein Fat Ash Fiber
1. Trang 1 4.18+0.14 56.76+0.59° 11.36+0.634 25.97+0.22" 0.021+0.002!
2. Trang 2 5.28+0.11¢ 58.78+0.60°¢ 10.74+0.17 22.41+0.251 0.019+0.006'
3. Trang 3 7.61+0.04* 62.20+0.15¢ 6.28+0.81° 23.16+0.14/ 0.013+0.001"
4. Phuket 1 5.06+0.12°¢ 61.28+0.45° 6.56+0.29* 26.77£0.42° 0.008+0.001¢"
5. Phuket 2 4.8+0.024° 59.74+0.60¢ 7.64+0.23% 24.51+0.19! 0.0110.001¢"
6. Phuket 3 5.05+0.03¢ 63.33+0.54 4 8.03+0.154 23.08+0.27H 0.009+0.0014
7. Phuket 4 6.80+0.08 56.94+0.75° 9.88+0.031 24.29+0.25! 0.008+0.001%"
8. Krabi 1 6.38+0.09 67.66+0.45% 8.71+0.15¢ 15.46+0.03% 0.003+0.001®
9. Phangnga 1 8.53+0.28! 66.46+0.43/ 6.99+0.21"% 19.80+0.23 ¢ 0.005+0.00 1 2bede
10. Phangnga 2 9.03+0.17™ 63.90+0.09 " 9.03+0.07" 18.44+0.01° 0.007+0.001 bedef
11. Pattani 1 7.33+0.09’ 67.22+0.18 i 12.76£0.13™ 13.25+0.10* 0.004+0.002 #<d
12. Pattani 2 6.54+0.01¢ 68.63+0.37! 11.83+0.17! 13.68+0.12° 0.004+0.001 #¢
13. Pattani 3 7.00+0.19M 62.13+0.45% 7.48+0.23< 22.55+0.161 0.009+0.001 °f¢
14. Pattani 4 6.04+0.11¢ 60.52+0.63 % 7.05+0.17% 25.62+0.05™ 0.007+0.001 cdef
15. Songkhla 1 6.03+£0.03° 55.84+0.23# 11.25+0.47 23.63+0.30% 0.003+0.001 #¢
16. Songkhla 2 7.14+0.18%1 64.23+0.37h 10.74+0.09’ 15.64+0.13¢ 0.010£0.001 et
17. Nakhon Si
Thammarat 1 7.69+0.13% 64.49+0.661 8.22+0.07 1 19.55+0.07¢ 0.004+0.001 @<d
18. Chile 2 7.57+0.12*% 63.84+0.95M 13.56+0.07" 14.37£0.21¢ 0.003+0.001*
19. Control ? 3.98+0.10* 74.09+£0.78 ™ 6.95+0.08"% 15.22+0.06¢ 0.003+0.001
20. Unidentified
source 6.26+0.04 1 63.81+0.18 ™ 8.94+0.13" 21.02+0.05" 0.004+0.001 #¢

IN = 3, Means within a column sharing the same superscript are not significantly different (p 0.05)

2From shrimp feed mill ;  3Using Lyophilization
Jamii 1 Sedlauuandsiudanduainunssaug
agnefivie dy (p<0.05) sasaswnloun  dartuain
famit 2 wae Uantudadedenviny 13.68+0.12
waz 14.37£0.21% awanay  UanduaiuguiyInim
Wiy 15.22+0.06% wianduinge 1 AuSunm
wogluang 15.64+0.13 - 23.16+0.14% uaziatlu
1n3a 2 Siuieglugae 22.41+0.25 - 26.77+0.42% lag
Uadluiidmnni @ (p<0.05) létun dardluqiie 1

Usunondaleludadrstantunuirdgesnin
lugae  0.003+0.001 - 0.021+0.002 (Table 2) lag
Uantufiduiuondiolasnd afo Uadudd  wasiia
Usnondals o7l ade Uanduass 1

3. madwnsrimaaiivesdalu
HAN13ILATIERAMAIWNIARTDIUA Y uAD

13nnminde, TVN, Ammonia nitrogen (NH,), Free
fatty acid (FFA), TBA (Thiobarbituric acid), PV
(Peroxide Value) uaz & aniu ¢islu Table 4 uaz 5

NN IiezFUSandelulantuainunas
@199 w1 Uatuaueudyianmndetosii a
(p<0.05) da A 1.35+0.10% (Table 4) 399891
Teurdatuandaanil 1 uasilaanil 2 Felawindy
1.61£0.01 uaz 1.61+0.03% awdd uastatufia
Unaundesnndt aldud darduannsed 1 Seuriiy
3.63+0.03%

USunm TVN a1nnmsdiesnehignedinianau
(MgO distillation method) #enagludaenireaoud
59.15+0.97 - 225.25+1.32 an. lulastan/100 n3u lag
Yaluaneds 1 Aenénd A (p<0.05) wazuandu
fifien oft efaffaanil 4 Godien 225.25+1.32 wn.
1ulasian/100 ndu
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Table 3. Classification of fish meal samples according to Thai fish meal quality standard

Grade Number of samples Sample % Protein % Ash
Shrimp grade Standard ' >65
(Premium grade) 5 Krabi 1,Pattani 1, 66.46-74.09 13.25-19.80
Pattani 2,Phangnga 1,
Control
Grade 1 Standard 2 > 60 <26
8 Trang 3, Phuket 3, 62.13-64.49 15.64-23.16
Pattani 3,Songkhla 2,
Nakhon Si Thammarat 1,
Chile , Phangnga 2,
Unidentified source?
Grade 2 7 Standard ? > 55 <28
Trang 1, Trang 2, 55.84-61.28 22.41-26.77

Phuket 1, Phuket 2,
Phuket 4, Pattani 4,
Songkhla 1

'According to market price criteria (The Thai Fishmeal Producers Association, 2003)
2According to criteria issued by the Ministry of Agriculture and Co-operative (the Ministry of Agriculture and

Co-operative, 2538 (in Thai))

310-20 % Hydrolyzed feather meal adulteration was detected.

Unoanluiianglugg 0.044-0.182% lag
daduniia 3 Ua1dudd Unidentified source fifia
1 0% 3 uazads 1 Aendnlndidseiulugag 0.045+
0.00 - 0.054+0.006%
vLuImiLauma afatfaait 1 (Yarduiniads) J09a9un

Sudatuidauanlaiie
fadandu daail 4 (i wmweingivainis ad)
@39 2 war feeni 3 Jen oy 0.182, 0.165,
0.136 waz 0.108% aNAGU

Ysnnad andudenuudsdsweglugaening
5.94-472.40 ppm lnzUanduindaiaeiusmd anilu
i auazliuandreiudaniu e 3 @%e 1 e 2
waEade 3 (p>0.05) lasfian 5.94+1.20, 12.61+0.24,
12.81+2.62, 16.66+0.23 waz 30.15+0.45 ppm @1
a1y udaiuiiden 9 efevanduilaniid 1 gl
AYNAL 472.40+13.25 ppm LazlaNLANANDEN
s‘iﬁfﬂ°1ﬁ'§yﬁ'uﬂmﬂummmd\1§'w] (p<0.05) 089
Uanufifsiinmd endu sldun Won 2 feendd 4
Nt 1 (n3afe)  daenil 3 (e 1) W 1 waz

81 2 (1n9a 1) Aauvindu 405.01x11.31, 391.26+
6.44, 281.57+3.14, 195.85+5.97, 179.40+13.80
uae 161.84x15.77 ppm awdeu  mTudanduda
UMW ey 91.73+4.07 ppm waztanil
fnandadedisinmaglutaeinszning 12.61+0.24
- 55.18+2.75 ppm

YSumwnsalusiud sz (FFA) danuudsdsiu
aglurranTslasdadu suan 1 JuSnmnsaludu
5 5z @ Wiy 9.00£0.23% Tasuantu ulwgd
Usnnmninlesiud szegluang 12.17+0.56 - 29.06+
0.58% uwazdaseiildniusems wituiunm
nanlasiud sz Ay 41.57+1.17% 3898981
‘wmiy PV

fendaudedlugag 0.43-22.73 meq/sadnslasiu

fa dlad1eda Newnny 33.17+1.42%

100 n¥u Uandufien PV é1 adeuaduda dau
Weor 2 naedl 1 uag 9281 wanevaseilte iy
Uatluanunasdng wasandudiden PV RRChL
Uailundaiosdeiien site 22.73+0.08 meq/dati
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Table 4. Salt, TVN, TMA, ammonia nitrogen and histamine contents! in fish meal samples

Sample Salt content TVN Ammonia Histamine (ppm)
(%) (mgN/100g nitrogen (%)
sample)
1. Trang 1 2.24+0.04 59.15+0.97* 0.048+0.001 12.81+2.62¢
2. Trang 2 2.20+0.02f 169.94+0.90 0.136+0.007 55.18+2.75¢
3. Trang 3 2.63+0.02! 68.31+0.64¢ 0.047+0.001® 30.15+0.45%
4. Phuket 1 2.56+0.07" 75.72+1.19¢ 0.050+0.008:* 31.98+2.67¢
5. Phuket 2 2.20+0.02f 77.78+0.79F 0.058+0.007° 16.66+0.23%
6. Phuket 3 2.36x0.01¢ 63.78+1.68° 0.044+0.003* 12.61+0.24
7. Phuket 4 2.43+0.08¢ 75.91+0.53¢ 0.060+0.004< 102.75+6.68"
8. Krabi 1 3.63+0.03¢ 97.07+1.51 0.077+0.003¢ 281.57+3.14
9. Phangnga 1 2.21+0.012f 108.81+0.82™ 0.064+0.008%f 179.40+13.80"
10. Phangnga 2 1.73+0.02¢ 110.79+1.16" 0.073+0.005' 405.01x11.31%
11. Pattani 1 1.54+0.01° 191.97+1.149 0.182+0.016* 472.40+13.25
12. Pattani 2 1.61+0.03% 105.46+0.28! 0.073+0.001°t 71.55+4.56°
13. Pattani 3 2.54+0.05" 121.25+0.50° 0.108+0.002" 195.85+5.97
14. Pattani 4 2.74+0.03} 225.25+1.32" 0.165+0.001 391.26+6.44¢
15. Songkhla 1 1.84+0.02¢ 99.44+0.23 0.058+0.003%4 33.35+3.92¢
16. Songkhla 2 2.63+0.03! 100.38+1.25' 0.063+0.009%f 161.84+15.77¢
17. Nakhon Si
Thammarat 1 2.72+0.08’ 102.25+1.63% 0.065+0.004%f 73.58+1.27¢
18. Chile? 1.64+0.02¢ 71.29+0.99¢ 0.045+0.005* 91.73+4.07"
19. Control® 1.35+0.10° 93.09+1.48" 0.062+0.004¢% 5.94+1.20°
20. Unidentified
source 1.65+0.04< 89.39+1.01¢ 0.054+0.006:¢ 116.15+£12.17*

N = 3, Means within a column sharing the same superscript are not significantly different (p 0.05)

2From shrimp feed mill ; 3Lyophilized sample

lasu 100 n¥w uazen TBA flehaglugaonireaoud
5.86 - 44.63 wn. waz Malonaldehyde/siaae19 1 nn.
Tadadstanduiindaiasdiandngd afla 5.86x2.29
an. Malonaldehyde/saaghs 1 nn. @vlauandreniv
Uatluandaait 3 (6.21+2.33) “wmsudandu svan
1 usz @59 2 A TBA it ey 44.6322.55
waz 44.06£2.70 wn. Malonaldehyde/@aoe1 1 nn.
ANAAY

4. aumwilnduninmsinunaisndesganssmivas
Fmaaiiegaing

=

f
Q
o
B
224M208 19U UUNALINNUARIA1 G NHAR

>3 a Iﬂl 1 > Ndndl 1 > 1 T
ntagAvndeiu - § Auandrsiulas ulngld
HeanaaadNaN I LA 8N NNEAL TR BauNIn
b @909 Figure 1

TwiudInnmuedaniunis 13 wudnludledne
ﬂmﬂuﬁﬁﬁmﬂﬂmﬂ@ LLazﬂmﬂuﬁ%ammn%wmnﬂ
Sonfuarms wSin fuSanamanddany wianvas
n339 N3IE ﬂuagjmﬂ (Table 6 waz Figure 2) 6'?3\153
ANNLANANIDENIF AL Bl ST sUR US04
aftundy 1589dntafindales  fisznaudae
e IUVBINTEGNUAZAT

Tumane auma ey awin S positive
3199% 7 eghs Tagdagrefiinis oy awenni A
fa oot 4 (I mveingiverns @d) sevas
W1 Aa dredy Qe 1, Qi 2, e 3 daanid 3
uwaz Unidentified source uazifailosfi Aludodn
Uailufinaates (Table 7) "wi5un13na au NPN NN
wumsiia NPN 1iigsdangnafian de faadl 4 &
Wudredannimegingivaiwis @3 (Table 7)
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Table 5. Free Fatty Acid (FFA) content, peroxide value (PV) and thiobarbituric acid
(TBA) content! in fish meal samples

FFA TBA Peroxide value
Sample (% free fatty acid (mg malonaldehyde/  (milliequivalents/
as oleic acid) kg sample) 100g fat)
1. Trang 1 12.17£0.56° 22.24+3.16" 1.00+0.11¢
2. Trang 2 20.98+0.92" 44.06+2.70x 0.89+0.09
3. Trang 3 20.18+0.51" 38.20+1.12 3.39+0.03!
4. Phuket 1 21.50+0.55" 10.90+3.70¢ 1.89+0.13
5. Phuket 2 14.60+0.17% 11.64+0.77¢ 1.17+0.08°f
6. Phuket 3 13.13+1.29% 6.61+4.96" 1.04+0.07%f
7. Phuket 4 14.52+0.48% 15.60£083¢%! 0.72+0.02%
8. Krabi 1 16.95+0.36¢ 19.08+2.35¢ 0.52+0.07%
9. Phangnga 1 23.02+0.90! 22.39+1.46" 1.46+0.342"
10. Phangnga 2 15.20+0.24%f 23.03+0.84" 0.50+0.02®
11. Pattani 1 21.38+0.19" 18.77+2.29% 0.88+0.08"
12. Pattani 2 14.79+1.20% 16.18+0.07< 2.34+0.06
13. Pattani 3 23.35+0.73 6.21+2.33® 1.13+0.20%f
14. Pattani 4 41.57£1.17 12.80+4.85¢% 2.90+0.41k
15. Songkhla 1 9.00+0.23¢ 44.63+2.55% 0.66+0.01%¢
16. Songkhla 2 14.05+0.37<¢ 14.80+3.07< 1.54+0.06"
17. Nakhon Si
Thammarat 1 15.63+1.35¢¢ 17.07+1.87< 1.03+0.03%f
18. Chile? 33.17+1.42¢ 27.54+2.63! 0.43+0.01°
19. Control ? 29.06+0.58 5.86+2.29° 22.73+0.08
20. Unidentified
source 16.46+0.05% 16.85+1.44° 1.29+0.03"

IN = 3, Means within a column sharing the same superscript are not significantly different (p 0.05)

2From shrimp feed mill ; 3Lyophilized sample

4 oo
MIne auwiaq vUaenduiu llwun1sdaew
dugiiauazmits “adlalasladludadislunisdne

a%il (Table 7) udnwunstasstuanlilalaslad lu

7 ¢ede  leadaadne Unidentified source &n1s
taanUuninyszanms 10-20% (Figure 3) " 1430620873
Qe 1-3 waz Taeid 1-3 i nswdeuudaszes”
a t&/ = U 2K @ a ! a 1
Wnednantas e udsgIwInoalnmIUaanty  ual

S i Ianuaziannlndifei

a (4 w % (4 (3 ~
5. MIINATLHANN  uNUsvesasndsTneumaadl
HASAMAINTNALAN
WWaILAIIERAIN NRUELlaan1TATIERLLY
L% a 6 £ v 6 A 6 o .
NUse Nt W NWuntdas w (Pearson correlation
coefficient) 3:wiﬂaaﬂﬁﬂ3:ﬂaumqmﬁua:qmmw

a 1, 1 1 1 a a
NILANVDIUAIUUINNLANIAE G WL lusandanw
v o € v o A o A o .

WS LUURNABAUUSIEN wazifiala & Figure 4
waz @1 TVN dann “wwusiuawanluialulasian
loaden r 90 ey 0.948 (p<0.01) uazn
TVN wazwanlusialulasiandany NwwsiuySum
§ anfluludied1eds Figure 5 1iafansamen FFA
TVN,
wanlaiie Tulasiaw wae PV laadaann “wwuslulu

wWua  Jew WRusad1elie diuen
a a Q/ L .
nenaLagINey Figure 6

J0130iKa

a 6 6 = [l
PMNNAINIUAIEANAUIENDUNNANVIUA U
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wudn  daedenldiududaduinsafedman S
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Phuket 1 Phuket 2 Phiket 3 Phuket 4

Trang 1

Pattani 1 Pattani 2 Pattani 3 Pattani 4

Songkhla 1 Songkhla 2 Makhon =i Thammarat 1 Chile

Control Phangnga 1 Phangnga 2 Unidentified source

Figure 1. Colour of fish meal samples
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Figure 2. Crab shell remnants in fish meal sample (Pattani 4) under microscope at 20X

Control replication 1 replication 2 replication 3

Figure 3. Result of hydrolyzed feather meal test (unidentified source)

30 m

0%
¥ = BAA0S - 0772 x y = 0,045 - 0.0006x
20 r = -07% p=001 - 5\:{-0.54?, p=0.01
< 5
£ 105 =i
B 2
[
0a 0.0 4
-10 -0
40 50 60 70 0 20 100 30 a0 =0 &0 70 a0 a0
Frotein (%) Protein (%)

Figure 4. Correlation between protein and ash and fiber in fish meal samples
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Table 6. Inorganic matter, organic matter and crab shell contents! in fish meal samples

Sample Inorganic matter Crab shell and Organic matter
(%) scrap (%) (%)
1. Trang 1 42.75+1.96 15.99+4.01¢ 55.21+0.784
2. Trang 2 35.28+2.05"% 6.27+2.15% 60.11+2.54¢hi
3. Trang 3 31.30+1.79%f 8.77+1.52%f 66.40x1.11%f
4. Phuket 1 41.67+5.051 15.87+3.69¢ 57.50+6.130K
5. Phuket 2 35.77+0.47% 2.95+1.11% 62.26+2.42°eh
6. Phuket 3 32.73+1.68f 9.22+1.73¢ 63.61+1.52°"
7. Phuket 4 34.80+2.26" 2.95+0.62* 56.64+1.424
8. Krabi 1 24.65+2.44%¢ 0.00¢ 72.69+4.73°
9. Phangnga 1 28.68+1.19 9.38+1.13f 60.43+1.108"
10. Phangnga 2 25.99+4.72% 6.49+2.10°% 60.87+0.46"
11. Pattani 1 27.12+1.92%4 0.00¢ 68.51+5.66>¢
12. Pattani 2 22.65+2.25%* 0.00¢ 71.00+1.53¢
13. Pattani 3 34.12+1.08" 2.35+0.53%* 61.89+2.391ehi
14. Pattani 4 37.89+3.32¢M 4.26+0.64" 57.03x1.66
15. Songkhla 1 39.82+4.10M 0.00¢ 52.89+1.07'
16. Songkhla 2 34.96+2.17"% 0.00¢ 60.63+3.008"
17. Nakhon Si
Thammarat 1 28.47+2.54% 0.00¢ 64.78+0.86%"
18. Chile? 23.10x1.75%* 0.00¢ 67.01x1.87°*
19. Control® 21.28+0.24 0.00¢ 80.36+0.35°
20. Unidentified
source 31.02+0.14%f 9.19+1.40° 59.90+0.29¢niik

IN = 3, Means within a column sharing the same superscript are not significantly different (p 0.05)

2From shrimp feed mill ; 3Lyophilized sample

fadns  INFIBEsINAaTwasINUara LT il
Tusiiu ol @ fAa 74.09% uazddadreidaiiulan
Uinsa 1 ansnmsinannualagnszniiensasuas
w3k 31mau 8 e @9smdaedne a0 2,
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o o 2 A
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Table 7. Test results on decomposition, non protein nitrogen' and adulteration of urea,
hydrolyzed feather meal and hydrolyzed leather in fish meal samples

Sample Decomposition Non protein

nitrogen

Urea Hydrolyzed

Feather meal

Hydrolyzed
leather

. Trang 1 - -
. Trang 2 - -
. Trang 3 - -
. Phuket 1 ++ -
. Phuket 2 ++ -
. Phuket 3 ++ -
. Phuket 4 - -
. Krabi 1 - -
9. Phang nga 1 - -
10. Phang nga 2 - -
11. Pattani 1 - -
12. Pattani 2 - -
13. Pattani 3 ++ -
14. Pattani 4 +++ +
15. Songkhla 1 - -
16. Songkhla 2 - -
17. Nakhon Si
Thammarat 1 - -
18. Chile? - -
19. Control ? + -
20. Unidentified
source

0N N kW=

++ -

- ++ -

N =3 ; from shrimp feed mill ;3Lyophilized sample ;

woy wWieny uazewuszluaglunndiadng (Table
6) anviu vaan 1 whavanduwdantuinanannies
A a o 6 % 1 d' =8,
VARDVDIL TN AAA N T2 Ang1nttuilan
Punse 2 s wmlwgdudarduininnndanie
d! a a 1 6 a o lﬂl
Fedanlusdnagluinmsiaaansa 2 wazlidn g e
a & L% v € 1 a [ 4' |
JAI1EFEANN WAUTIEHIN YA waziEiabawudn
fnn wutlufianiswnnduiiasnnaindagauniin
wndaadudamaing udaindnidvuielngd
wndates mlEldefidudallsdn suaziiladidud
U QI 1 Clld a el a I =1
WA udarndlusauainaaaintania a1aldwon
wisnvas naeduniding MIRElYsARaLaziin g
(8991 uazaAmy, 2546) uasUandunlamninaazi
Astnianvas sudantaan 1o easzlulSunm
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o MlEanlddauanAuiuaSiduditole
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7 Seulaweanuides aralusdunazninaziluli
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naalagldgmugden AMuualdduenludalulasian
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ar3danlaiin 90 un.lulas1au/100 n. (Ariyawansa,
2000)
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